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Preface
In 2002, the first edition of the book Sheep and Goat
Medicine was published. That first edition was the
culmination of two long years of writing and editing,
mixed daily with communications to the editorial staff
at Saunders and the great group of that book’s chapter
authors. It was a phenomenal experience. I benefited
from the experience, learned a lot, and was sure I never,
ever wanted to edit or write that much of a textbook
ever again. The first edition was well received and successful. I received emails from US Army veterinarians in
Afghanistan and Iraq, veterinary missionaries from all
over the world, and emails and phone calls from practitioners throughout North America, all who were using
the book on a daily basis. But I was determined never to
edit another book, or write that many words. In 2004 I
left my position as Professor of Large Animal Medicine
at Auburn University to join an erudite group of professionals, as a technical services veterinarian at Fort Dodge
Animal Health. During 2009, I was contacted by Teri
Merchant, a Managing Editor at Elsevier, about putting
together a 2nd edition of the book. Also in 2009, Pfizer
Animal Health purchased Fort Dodge Animal Health.
My career path was going to change again, Ms. Jayne
(my bride of 37 years) convinced me to revise the book.
I agreed, but only after I persuaded my good friend and
colleague Dr. Nickie Baird to be the co-editor. I have
had the pleasure of being in practice twice, working
at 4 universities, and visiting countless schools over
the past 30 years. I have never known a finer surgeon,
nor had a better friend than Dr. Nickie Baird. In mid
March of 2009, we started laying out the new edition.
Nickie authored or co-authored two chapters outright.
He edited and or wrote all the surgery throughout this
edition of the book, and contributed, gathered, and collected more than half of the figures in the book. I could
not have had a better partner in this process. Without
his tireless work, there would be no 2nd edition of Sheep
and Goat Medicine. As we went into the finishing stages
of the book, I found myself working within a small
ruminant private practice and as a veterinarian for an
ongoing research project at Auburn University. These
are both fun endeavors, but not conducive to writingediting books. If Dr Baird had not been available, I fear
this project would have failed.

The first edition of this text had an exceptional group
of chapter authors. We made authorship changes only
because some of the original group were unavailable,
as they had changed career directions. However, other
authors did become available. From the first edition,
we asked Drs. Darrell Rankins, Jr., (Chapter 2: F
 eeding &
Nutrition), Debra Taylor (Chapter-3: Parenteral Nutrition),
Christine Navarre (Chapter -5: GI System), Laura Reilly
(Chapter 11: Musculoskeletal), Chris Cebra and Margaret
Cebra (Chapter 16: Multisystem Diseases, and Chapter 17:
Cardiovascular System), Hui-Chu Lin (Chapter 18: Anesthesia), Seyedmehdi Mobini (Chapter 19: Flock/Herd
Health), and Virginia Fajt (Appendix I: Suggested Dosages)
to all re-write their original chapters. We enlisted
Drs. Patty Scharko (Extension Veterinarian at Clemson
University) and Jason Johnson (Theriogenologist at
Ross University) to help Dr. Mobini with Chapter 19.
Dr. Hui-Chu Lin convinced Dr. Fred Caldwell to help us
with Chapter 18, and Dr. Baird recruited Dr. John Christian to review and update Appendix II.
In organizing the new edition, we felt we should
make a few structural changes to the original edition.
These included the addition of a stand-alone chapter
on fluid therapy and nutritional support (Chapter 3written by Drs. Walz and Taylor), a chapter on parasite control (Chapter 6, Drs. Miller and Kaplan) and a
chapter on Necropsy Procedures (Chapter 20-written
by Dr. Roberts). We also expanded the author list from
24 to 34. We were able to persuade folks from different
parts of the USA and Canada help us as either chapter
authors or co-authors. The six years at Fort Dodge Animal
Health allowed me to travel and meet many outstanding
folks. That experience greatly affected the authorship
of this second edition. While visiting the University of
Missouri, Dr. Dusty Nagy and I were teaching handling
and physical examination of sheep and goats to students
from six veterinary colleges. After watching her explain
physical examination, I knew we needed her involved in
this project. While I was at LSU, helping with a sheep/
goat producer short course, I was able to talk Dr. Jim
Miller into being the primary author for the chapter
on parasite control. Dr. Miller in turn solicited the help
of Dr. Ray Kaplan. Both men are two of my parasite
gurus. During a visit to Iowa State for a small ruminant
ix
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meeting, I learned so much from Drs. Plummer and
Plummer. I was very glad when they also agreed to add
their names to “the list.” Living just north of Auburn
University, I have been allowed to visit the Tuesday
morning food animal rounds. We were so pleased when
Drs. Walz, Edmondson, and Passler all agreed to help
in the book. They are the small ruminant ‘backbone’
for one of the finest food animal teaching groups in the
world. Dr. Jerry Roberson invited me to speak at a goat
health care short course at the University of Tennessee.
While there I learned much more from him than he
from me. I was relieved when he agreed to be part of this
book. Drs. Jones, Miesner, and Boileau were added after
I heard them speak and read some of their publications.
We were elated when all agreed to participate as authors.
I was fortunate to spend 2 weeks with the great Stanislaw
Bychawski, learning semen handling in small ruminants. We were thankful that he agreed to contribute
to this text. I am so proud that several former students
are part of this project (Drs. Caldwell, Edmondson,
Fajt, Roberts, and Whitlock). All of these folks rode in
a truck I drove while they were students, and all are so
much better veterinary clinicians, researchers, and writers than their old ambulatory instructor. We recruited

chapter authors from different backgrounds and different parts of North America: from the northeastern - USA
Dr. Reilly (Kennett Square, Pa); from the southeastern
USA – Drs. Kaplan (Athens, Ga), Caldwell, Edmondson,
Lin, Passler, Rankins, Roberts, Taylor, and Walz (Auburn,
Al), S Mobini (Fort Valley, Ga), Scharko (Clemson,
SC), Coffman, Roberson, and Whitlock (Knoxville,
Tn); from the western Gulf Coast – Drs. Navarre and
Miller (Baton Rouge, La), and Fajt (College Station, TX);
from the central USA – Drs. Baird, Baird, and Christian
(West Lafayette, In), Nagy (Columbia, Mo), Jones and
Miesner (Manhattan, Ks), Plummer, Plummer, and Still
(Ames, Ia) and Boileau and Gilmour (Stillwater, Ok);
from the west coast of the USA – Drs. Cebra and Cebra,
from Canada - Dr Bychawski (Regina, Saskatchewan);
and from the West Indies – Dr. Johnson (Basseterre,
St. Kitts). We tried to incorporate several different types
of expertise. We included one radiologist, 2 surgeons, 13
Internists, 6 theriogenologists, 2 nutritionists, 1 anesthesiologist, 1 clinical pathologist, 1 anatomic pathologist,
1 ophthalmologist, 2 parasitologists, 1 epidemiologist,
and 1 pharmacologist.
D.G. Pugh
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1

Handling and Examining
Sheep and Goats
Dusty W. Nagy and D.G. Pugh

PHYSICAL EXAMINATION
A complete physical examination is the foundation of
all medical, surgical, and herd health maintenance of
a herd or flock. Appropriate identification of a clinical
problem and its localization to an organ system allows
the clinician to make a list of disorders for the differential diagnosis. From there, a diagnostic and treatment
plan can be developed and prevention protocols can be
instituted, if necessary.
The physical examination begins with gathering the
signalment and history for both affected animals and
the herd or flock. Next, the animal is physically evaluated
first from a distance and then by a traditional “hands-on”
examination. Elimination of any of the steps described
for a complete examination may result in missed information and an impaired ability to appropriately and
efficiently address any problems that might exist.

Signalment and History
Ascertaining the signalment and taking a relevant history constitute an important aspect of the physical
examination. Noting the age, breed, and sex of the animal will help guide the clinician in obtaining the medical history and performing the physical assessment,
because many diseases are more prevalent within different groups (e.g., scrapie in Suffolk sheep). Specific questions associated with the history may vary in accordance
with the particular case, the familiarity of the veterinarian with the farm, and the degree of owner experience
and observation. Information gathered should include
chief complaint, duration and persistence of clinical
manifestations, signs and symptoms present, and reproductive or lactational phase of the individual animal.
Management and herd or flock details also are important aspects of the history for any clinical case. Information gathered should include the following:
Housing—including shelter type, pasture size and rotation, and pasture availability
Feeding—including type of feed, feeding regimen,
water source and any recent changes in feeds or
feeding regimen, and availability of browse

Animal contact information—including recent introductions to the herd, animal source for recently
purchased animals, transportation to shows, fairs,
or other facilities, and any contact with non–farm
origin animals.
Herd health information—including the status of
diseases monitored at the herd level such as caprine
arthritis encephalitis (CAE) virus infection, caseous lymphadenitis, or internal parasitism; results of
routine surveillance testing; previous diseases present on the premises; any vaccination programs or
anthelminthic, anticoccidial, or routine treatments
completed on the farm; and any standard operating
procedures (SOPs) that may be in place
Intended animal use (pet, fleece, leather, meat, milk)—
dictating all aspects of care and management

Distance Examination
Typically, the animals of interest are confined to facilitate efficient veterinary visits. However, this practice
compromises or potentially eliminates the ability to do
an appropriate distance examination. This component
of the physical examination allows accurate observation
of the interaction of the animal with its environment
and herd mates. As prey animals, sheep and goats will
attempt to remain with the group as long as this is
physically possible, even when they are sick.
Animals that are lagging behind the group or have
separated themselves from the group require closer scrutiny. In addition, abnormal respiratory pattern, droopy
ears, nasal discharge, and fecal staining of the perineum
may be signs that the affected animal is in need of further evaluation. Initial assessments of lameness (altered
posture or gait), body condition, conformation, body
symmetry, and neurologic status also can be made during a distance examination. This examination also may
allow the veterinarian to identify additional animals in
need of care that have not been observed by the producer. Once the distance examination is complete, the
animal can be appropriately restrained for a hands-on
physical examination.
1
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Approach to the Hands-on
Examination
Hands-on examination can be performed in a variety
of ways. Each clinician should adopt an appropriate
routine and use it consistently. Consistency in the
execution of the physical examination process makes
it unlikely that important information will be missed.
Our preferred routine, presented in this chapter, is to
start at the head and continue to the tail. Other effective
approaches to the hands-on examination, however, may
be developed to meet the needs of the individual clinician. Even with a systematic approach, some overlap of
information acquired on body systems or structures is
inevitable, but such repetition serves to ensure a complete examination.
Gloves and protective clothing should always be
worn for handling animals, both to decrease the potential for the transmission of zoonotic diseases and to
limit the movement of pathogens from farm to farm on
the clothing of the veterinarian.

Body Condition Score
Determination of body condition score (BCS) is an
effective tool for managing both individual animals and
herds (Chapter 2). In an individual animal, low BCS
may indicate disease or poor access to feed. In a flock
or herd, a trend toward low BCSs may be indicative of
inadequate feed quantity or quality or of managementrelated diseases such as internal parasitism. A preponderance of low BCSs should be a trigger for investigating
management diseases or introducing supplemental
feeding. Conversely, a preponderance of high scores
may indicate the need to decrease supplemental feeding.
Body condition scoring requires hands-on assessment of the animal. This is not a visual examination.
Evaluation of the muscle and fat covering over the lumbar region between the dorsal and transverse spinous
processes as well as the fat covering on the sternum
is used to determine BCS. Tables and charts with pictures are available and are useful tools for reference for

scoring. Sheep and goats are scored on a 1 to 5 system,
with 1 representing emaciation and 5 representing
extreme obesity (Table 1-1). Half-scores (in 0.5-point
increments) may be assigned when an animal’s condition falls between two traditional scores. Ideally, BCS
should be between 2.5 and 4.0, depending on the animal’s stage in the reproductive and production cycles.
The entire body surface of the animal should be
manually explored and palpated. Hair and wool have
the ability to mask swellings and abnormalities of the
skin. General quality of the hair and wool should be
noted, because a poor coat may be a sign of illness.
Systemic disease or severe nutritional stress may cause
wool break in sheep or telogen arrest in goats and haired
sheep, which leads to alopecia with normal underlying
skin. Local or patchy wool or hair loss may be indicative
of pruritus or other evidence of underlying skin disease.
Micronutrient deficiencies, particularly of copper, may
cause loss of crimp with a steely appearance to the wool
in sheep and a generalized dull-appearing, poor-quality
hair coat in goats. Zinc deficiencies may cause alopecia
with scaling, crusting, and hyperkeratosis. In addition,
animals with zinc deficiencies may have overgrown or
deformed hooves.
Wool or hair should be parted to permit close inspection of the fiber and underlying skin. This aspect of the
examination is particularly important in sheep, because
thick wool can hide dramatic disease of the skin. Close
examination of the hair or wool and at the level of the
skin will allow for identification of mites, lice, keds, and
fly strike. Ectoparasites typically are more common in
winter, when animals are housed in more crowded conditions. Pruritic diseases such as scrapie may be associated with patchy losses of wool with excoriations of the
underlying skin. In both mycotic and bacterial forms of
dermatitis, the presenting manifestation may be matting of the wool or hair with exudate. Dermatophilus
infections often manifests with thick scab lesions with
underlying exudate, but nonpruritic areas of hair loss
may be the only clinical sign in milder cases.
Light-skinned breeds or animals with severe
liver disease may suffer from photodermatitis or

TABLE 1-1 Body Condition Scoring in Sheep and Goats
Physical Finding
Assigned
Score

Spinous Processes

Transverse Processes

Loin Eye
Muscle

Fat Cover Over
Loin Eye Muscle

Condition 1
Condition 2
Condition 3
Condition 4
Condition 5

Sharp and prominent
Sharp and prominent
Smooth and rounded
Palpable as firm line with pressure
Not palpable

Sharp
Smooth, slightly rounded
Smooth, well covered
Not palpable
Not palpable

Shallow
Medium depth
Full
Full
Very full

None
Little
Medium
Thick
Very thick
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photosensitization. In such instances, erythema and
edema accompanied by pruritus and severe pain may be
noted on lightly haired or lightly wooled skin. In severe
cases, aseptic necrosis and sloughing of skin may be present. In colder months, frostbite may lead to alopecia with
swelling and erythema; severe cases may be characterized
by dry gangrene, necrosis, or sloughing of skin of distal
extremities.

Examination by Body Systems
and Structures
Head and Neck
General symmetry of the head should be evaluated. The
lips, nostrils, muzzle, cheeks, eyes, and ears all should
be symmetric, and the animal should carry the head
square on the neck, with no evidence of lateral, dorsal,
or ventral deviation. Asymmetry in the head and neck
may indicate cranial nerve deficits secondary to listeriosis or possible infection in one or both ears. Retained
cud or masses in the oral cavity may manifest as a swelling of the cheeks. This can be further evaluated with an
oral examination. The muzzle should be examined, to
include a good look at the lips, nares, and oral mucosa.
Presence of vesicles or crusty lesions at the mucocutaneous junctions of the face commonly is associated with
contagious ecthyma. Lesions associated with contagious
ecthyma may also be found at the coronary bands, prepuce, udder, and the site of recent shearing wounds or
tail docks. An atypical form of contagious ecthyma also
has been described in which the typical crusty proliferative lesions are found on the head and hind legs and in
other nonmucocutaneous locations. Swelling under the
chin is consistent with submandibular edema (often
caused by hypoproteinemia secondary to endoparasitism) or may be an enlarged submandibular lymph
node. Swelling at the level of the larynx may be indicative of goiter with an enlarged thyroid gland.
The ears and eyes should get at least a cursory examination in every animal. Ears should be evaluated for
evidence of trauma and exudative lesions. Ear mites,
bacterial otitis, and debris within the ear canal may be
the cause of head shaking or abnormal carriage of the
head. The eyes should be clear and free of discharge
and conjunctival inflammation. The presence of discharge may be indicative of viral or bacterial respiratory
infection, traumatic lesion, foreign body, or entropion, whereas a bluish hue to the cornea is indicative
of edema. Corneal edema most often is secondary to
trauma or keratoconjunctivitis. This finding warrants a
more detailed examination of the deeper structures of
the eye. Pupils should be symmetric. Direct and consensual pupillary light responses should be present in both
eyes. Evaluations of pupil diameter and function should
take into account the ambient lighting, because pupils
may be near maximally contracted on a sunny day.
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Evaluation of the oral and conjunctival membranes
is not complete without inspection for color change
and estimate of perfusion. This aspect of the examination is important for parasite control with use of the
FAMACHA method (see Chapter 6). Some breeds may
have pigmented oral mucous membranes, making these
assessments difficult. In such animals, preputial or vulvar membranes may be used instead. Pale membranes
may indicate anemia, most likely caused by Haemonchus
contortus infestation. Jaundice may be present in animals with liver disease or, alternatively, those that have
undergone a hemolytic event, such as that related to
copper toxicity. Reddish congested membranes may be
indicative of fever, septicemia, or toxemia.
A crude assessment of hydration status may be
made by pinching the skin over the upper eyelid. In a
normally hydrated animal, the skin should snap back
into place quickly. Normal structures of the head such
as horns and wattles also can be examined. Naturally
polled goats will have a central whorl of hair, whereas
horned goats may have palpable horn buds with overlying whorls of hair. Wattles may be present in both males
and females.
The oral cavity should be evaluated for structural
abnormalities and smell. The teeth can be used to estimate the age of the animal (Chapter 4). Prognathism
and brachygnathism are readily apparent on inspection
of the head. Subtler lesions, however, will be more
evident when the mouth is open and the maxilla and
mandible can be better evaluated for alignment. Cleft
palate can be seen as a gap in the dorsal mouth where
the hard palate failed to fuse. In animals in which the
mouth cannot be opened wide enough for visualization
of the hard palate, sweeping a finger over the palatal
surface should reveal any defect. A normal hard palate
in a ruminant animal has a rough feel similar to that of
corrugated cardboard.
Odor of the breath may indicate disease of the oral
cavity, rumen, or respiratory tract. Abscessed teeth or
infections within the mouth or laryngeal area may result
in a foul odor with or without an accompanying exudate.
Neonates with cleft palate may have a rancid milk odor
to the breath related to the presence of milk regurgitated
through the mouth and nose. Animals with pharyngeal
or esophageal obstructions and possible forestomach
motility disorders may regurgitate and have a rumen
odor to the breath. Ketoacidotic does or ewes with pregnancy toxemia may have a sweet smell to the breath.
Teeth should be evaluated for wear and the presence
of disease. Animals with abnormal wear patterns or
poor dentition (no teeth, lost teeth) may have difficulty
eating and maintaining body condition, particularly in
situations involving competition for food. Both sheep
and goats also can be aged on the basis of eruption of
the dentition. Age typically is estimated using the time
of eruption and wear patterns present on the incisors.
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After the permanent incisors have erupted, aging by
dentition becomes less accurate owing to the effects of
certain feedstuffs and behavior on tooth wear. Eruption
times for sheep and for goats are similar, although some
individual and breed variability has been documented.
Deciduous incisors erupt as follows:
I1 at birth to 1 week
I2 at 1 to 2 weeks
I3 at 2 to 3 weeks
I4 at 3 to 4 weeks
Permanent incisors erupt as follows:
I1 at 1 to 1.5 years
I2 at 1.5 to 2 years
I3 at 2.5 to 3 years
I4 at 3.5 to 4 years

Cardiovascular System
A good-quality stethoscope is critical to effective auscultation. In sheep and fiber-breed goats, thick wool
or hair may impede sound transmission, making the
quality of the stethoscope of greater importance than in
animals without such impediment.
Auscultation of the heart is performed by slowly
moving the stethoscope over the valves and locating the
point of maximal intensity. On the left side of the thorax, the clinician can auscultate the pulmonic valve (at
the low third intercostal space, below the elbow), the
aortic valve (at the high fourth intercostal space, above
the elbow), and the left atrioventricular (AV) valve also
known as the mitral or bicuspid valve (at the low fifth
intercostal space, at the level of the elbow). On the right
side of the thorax, the clinician can auscultate the right
AV valve or tricuspid valve (at the high fourth intercostal
space, above the elbow).
Rate, rhythm, character, and intensity of the heart
sounds should be assessed. The normal heart rate ranges
between 70 and 90 beats/minute in an adult goat and
70 and 80 beats/minute in an adult sheep (Table 1- 2).
Heart rate in kids and lambs is more variable at 90 to 150
beats/minute and 80 to 130 beats/minute, respectively
(Table 1-3). Synchrony of the heart beat and peripheral
pulse can be assessed by simultaneous auscultation of
the heart and palpation of the femoral artery on the
medial aspect of the pelvic limb in the proximal third
of the distance between the hip and stifle.
Tachycardia is not an uncommon finding on physical
examination of both sheep and goats and may be a normal variation in an excited animal or may indicate some
pathologic process. Tachycardia may be considered normal in young, ruminating, lactating, late-pregnancy,
or excited sheep and goats. Pathologic conditions that
may cause tachycardia include anemia, heart failure,
pain, and inflammation. Bradycardia may result from a
conduction block (AV node block) or vagal syndromes.
A sinus arrhythmia often is detectable during late inspiration and is considered to be a normal finding. Atrial

TABLE 1-2 Temperature, Pulse, and
Respiratory Rates in Adult Sheep
and Goats
Parameter

Sheep

Goats

Rectal temperature (° F)
Rectal temperature (° C)
Pulse (beats/minute)
Respiration (breaths/minute)

102-103.5
39-40
70-80
12-20

100.5-103.5
38-40
70-90
15-30

TABLE 1-3 Temperature, Pulse, and
Respiratory Rates in Lambs
and Kids
Parameter

Lambs

Kids

Rectal temperature (° F)
Rectal temperature (° C)
Pulse (beats/minute)
Respiration (breaths/minute)

102.5-104
39.5-40.5
80-130
20-40

102-104
39.5-40.5
90-150
20-40

fibrillation is the most common rhythm abnormality in
ruminant species, but other arrhythmias occasionally
can be heard. Generally, animals with abnormal cardiac
rhythms will have an irregular pulse.
Estimates of peripheral perfusion may be made by
evaluating the relative warmth of distal appendages
such as ears and feet, mucous membrane color, capillary refill time, and jugular filling time. Poor peripheral
perfusion may be noted in animals with heart failure,
hypocalcemia, hypovolemia, or profound hypothermia. Distention of the jugular veins and the presence
of pulsations may indicate heart failure. Peripheral
edema also is consistent with heart failure, but other
causes of edema such as hypoproteinemia, vasculitis,
and lymphatic obstruction should be ruled out. Bilateral abdominal distention with ascitic fluid also may be
present in animals with heart failure.

Respiratory System
The clinician can determine the respiratory rate by
observing the movements of the costal arch or nostrils
at a distance. The average respiratory rate for an adult
goat is 15 to 30 breaths/minute, and for an adult sheep,
12 to 20 breaths/minute (see Table 1-2); kids and lambs
have a respiratory rate of 20 to 40 breaths/minute
(see Table 1-3). An increased respiratory rate may be
a sign of excitement, high environmental temperature
or humidity, pain, fever, respiratory or cardiovascular
disease, or respiratory compensation for metabolic
acidosis. A decreased respiratory rate may result from
respiratory compensation for metabolic alkalosis.
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The clinician should carefully look for and note signs
of dyspnea or respiratory distress, including tachypnea,
extended head and neck, open-mouth breathing, flaring nostrils, abducted elbows, exaggerated abdominal
movements, and anal pumping.
The cranial border of the lung field is deep to the
triceps, the dorsal border extends from the point of the
shoulder to the last rib, and the caudoventral border
arches from the point of the elbow to the last rib. The
clinician can place a stethoscope well forward under the
triceps to auscultate the cranial lung fields. Because of
the goat’s relatively thin chest wall, normal breath and
bronchial sounds are readily detectable and may have
a harsh quality (louder on inspiration than on expiration). Bronchial sounds usually are loudest over the
craniodorsal lung field at the level of the tracheal bifurcation. Increased breath sounds suggest the conditions
causing tachypnea be considered. Decreased breath
sounds may be appreciated with pneumothorax.
Abnormal lung sounds include crackles (air moving
through inflammatory fluid in the alveoli) and wheezes
(air moving through inflamed, narrowed airways).
Respiratory conditions causing abnormal lung sounds
include pulmonary edema and pneumonia. Because
significant lung disease can be present without causing
an audible abnormality, other signs of respiratory disease (e.g., signs of dyspnea along with fever, cough, and
nasal discharge) must be assessed. An awareness of the
interrelationship of the respiratory and cardiovascular
systems is essential; detection of disease in one system
warrants careful examination of the other.
Symmetry of airflow from the nostrils can be assessed
using the back of the hand or a feather. Uneven airflow may be caused by blockage of a nasal passage
by a foreign body or, rarely, nasal adenocarcinoma.
The character of any nasal discharge should be noted
(i.e., consistency, volume, unilateral or bilateral, continuous versus intermittent). Food and water containers
should be examined for nasal exudate. A “scalded skin”
appearance or hair loss below the nostrils suggests an
intermittent discharge. Small-volume bilateral serous
discharge may be normal in animals, particularly sheep,
maintained in poorly ventilated conditions. However,
serous discharge also may be a sign of nasal inflammation or early viral infection. A mucoid discharge may be
a manifestation of early pneumonia, lungworm infestation, Oestrus ovis larval infection (a disease of sheep
that occasionally is seen in goats), traumatic injury, or
abscessation. A mucopurulent nasal discharge may be
seen in advanced pneumonia with bacterial infection.
A hemorrhagic discharge usually indicates more severe
nasal trauma. Unilateral hemorrhagic discharge indicates disease rostral to the nasal septum, while bilateral
discharge accompanies disease caudal to the septum.
A foul, rotten-smelling breath suggests pharyngitis,
laryngitis, or fungal pneumonia. A dull sound produced
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on percussion of the sinus area indicates fluid accumulation caused by an inflammatory disease (e.g., tooth
root abscess [in the maxillary sinuses], infected dehorning site, ascending respiratory infection [in the frontal
sinuses]). Rarely, tissue masses (e.g., polyp, tumor)
cause abnormalities on sinus percussion.
The clinician should auscultate the trachea for wheezing (as heard with tracheal collapse or an obstructive
lesion) and crackling sounds (characteristic of tracheitis). A cough sometimes can be elicited by palpating
the larynx and squeezing the trachea. A normal animal
may cough once or twice, whereas a diseased animal will cough repeatedly after tracheal compression.
Upper airway disease (e.g., rhinitis, tracheitis, foreign
body, compressive lesion) usually is characterized by a
loud, harsh, dry, nonproductive cough of acute onset.
Affected animals do not swallow after coughing. Lower
airway disease usually is characterized by a chronic,
soft, productive cough. Animals with lower airway disease typically cough infrequently and will swallow after
coughing. Examples of lower airway disease are chronic
pneumonia, lung abscess, and lungworm infection.
Coughing up blood suggests aspiration pneumonia or
pharyngeal abscess (Chapter 7).

Gastrointestinal System
The gastrointestinal system is one of the largest, most
expansive in the body, extending from the mouth to the
rectum. It should be evaluated in segments as the practitioner performs the physical examination. The mouth
should be observed for any erosions, ulcerations, swellings, ptyalism, or signs of periodontal disease. Teeth
should be evaluated for presence and soundness. Animals with excessive wear, malocclusion, or damaged or
missing teeth should be evaluated closely. Poor dentition is a major impedance to eating and may lead to
the demise of the animal. Teeth should be checked in all
kids before they are retained in the herd. Dentition in
adults should be checked annually. Wear patterns will
vary dramatically depending on feed and soil type. In
harsh environments, animals may have premature dental abnormalities that require removal from the herd.
Evaluation of the molars is difficult, because most sheep
and goats will resist this examination. Use of a mouth
gag and a bright light source will help. It is important
that animals have good molars because these teeth are
critical to grinding forages in both primary and rumination phases of eating.
The neck should be palpated along its course to feel
for any swellings that may impede passage of feed or
ingesta through the esophagus. Animals with esophageal disease or an inability to swallow may present with
excessive salivation or focal pain at the affected area of
the esophagus.
Because the gastrointestinal system occupies the
major portion of the abdominal cavity, abdominal
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contour is an important part of the examination of this
body system. Animals should be observed from behind
to compare both sides. The presence of the rumen on
the left causes a natural mild asymmetry in abdominal contour in both sheep and goats. The presence of
a heavy wool or hair coat can mask abnormalities in
contour, so these animals should be palpated for normal contour. The clinician should evaluate all areas of
the abdomen, alternating percussion and ballottement.
Rumen contractions can be auscultated and palpated in
the left paralumbar fossa. In healthy sheep and goats,
occurrence of one to two primary rumenal contractions (ingesta mixing) and one secondary contraction
(eructation) per minute is characteristic (Table 1-4). In
healthy animals, a gas cap will be present dorsally on
clinical examination, with the fiber mat sitting directly
below. Normal fiber mat should be firm but indentable. The normal fluid layer will lie below the fiber mat.
Decreased rumen contraction rate and abnormal striation of contents may be due primarily to indigestion or
disease of the rumen. However, rumen contraction rate
often is abnormal in animals as a result of other, nongastrointestinal illnesses. The presence of a “ping” indicates a fluid-gas interface, typically in a distended viscus.
Secussable fluid may be trapped within a viscus or free
in the abdomen. Large abdominal masses or fetuses
may be detectable by ballottement, depending on size.
A clear understanding of normal ruminant gastrointestinal anatomy is necessary for accurate evaluation
for abdominal distention. Distention high on the left
side with a ping would suggest rumen tympany. Severe
rumen tympany may cause distention present on the
lower right side of the abdomen as the ventral sac of the
rumen moves toward the right. Rumen impaction may
cause distention beginning on the left and progressing

TABLE 1-4 Some Physiologic Parameters
in Sheep and Goats
Parameter

Sheep

Goats

Rumen contraction rate
(number/minute)
Age at puberty (months)
Estrus duration (hours)
Estrus cycle (days)
Gestation (days)
Average birth weight (lb)

1-2

1-2

5-12
36
16-17
147
Breeddependent
8-13
7-10

4-12
12-24
18-23
150
Breeddependent

Single
Twins
Dairy
Meat
Fleece weight (lb)

6.5-9.5
6-15
7-15

ventrally to the right. In such cases, the lower left and
ventral right swelling will be firm.
Distention of the upper right quadrant of the abdomen typically is associated with cecum, spiral colon, or
small intestinal distention. Depending on the amount
of fluid and gas accumulated, a ping and fluid may be
present. Distention of the lower right quadrant typically
is due to abomasal impaction or, in late gestation, the
presence of fetuses. Rarely, severe rumen impaction will
manifest with distention of both the lower right quadrant and the left side.
Bilateral ventral abdominal distention is often caused
by abdominal disease outside the gastrointestinal tract,
although chronic indigestion or ileus may manifest
in this fashion. Fluid distention of the abdomen may
occur as a consequence of liver failure, endoparasitism,
or severe congestive heart failure.
The normal rectal temperature in sheep and goats
ranges between 102° and 103.5° F and 100.5° and
104.0° F, respectively (see Tables 1-2 and 1-3). Hyperthermia may result from elevated environmental
temperature and humidity, stress and excitement, or
inflammatory disease. Hypothermia may occur in malnourished or older animals. Diseases of the rectum are
uncommon in mature sheep and goats. Sheep with
excessively short tail docks or certain feeding regimens
are prone to rectal prolapse. Fecal consistency should
be evaluated. Of note, increased fecal water is attributable to many physiologic processes and is not always a
sign of infectious disease. Fecal soiling of the perineum
and the back of the hindlegs is a consistent finding in
animals with persistent diarrhea.
The abdomen of young kids should be palpated for
pain and swelling. Particular attention should be paid
to both the internal and external umbilical structures.
The remnants of the umbilical vein can be palpated
in the abdomen moving cranially toward the liver,
whereas the remnants of the urachus and both umbilical arteries course caudally toward the urinary bladder. Pain in any remnant with or without swelling is
indicative of infection. The perineum and pelvis of lambs
should be evaluated for fecal staining. Diarrhea can
quickly lead to life-threatening acid-base and electrolyte
abnormalities in young kids and lambs. In neonates,
the presence or absence (atresia ani) of the anus should
be noted (Chapter 5).

Urogenital Tract
On the distance examination the abdominal contour
may give some indication of disease of the urogenital
tract. Abdominal distention may indicate a rupture
of the urinary bladder, whereas caudal ventral edema
may be indicative of a ruptured urethra. Animals with
obstructive urolithiasis may stand stretched out, with
the thoracic limbs in front and the pelvic limbs behind
them. In addition, they may vocalize, strain, or flag the
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tail during micturition. Urine samples in both sheep
and goats often can be obtained by briefly occluding
the nostrils. Catheterization of the urethra is difficult in
females owing to the presence of the urethral diverticulum at the floor of the pelvis and close to impossible
in males, because multiple anatomic locations in male
anatomy (urethral process, sigmoid flexure, urethral
diverticulum) are difficult to traverse with a catheter.
The external genitalia of both males and females
should be examined (Chapter 8). The prepuce should
be examined for traumatic lesions and swellings. Lacerations, abscesses, and hematomas all may potentially
impair fertility and the passage of urine if not managed
appropriately. The preputial opening should be evaluated for the presence of crystals, blood, excessive dryness, scabs, or ulcerations, because any of these may be
indicative of urethral calculi, obstructive urolithiasis, or
ulcerative posthitis. In both sheep and goats, the penis
is difficult to examine without the use of sedation. The
examination can be performed with the animal in lateral recumbency or sitting up on the rump (we prefer
this method), by pushing backward on the prepuce
while pushing cranially on the sigmoid flexure beginning at the perineum (see Chapter 8). This maneuver
often is more easily accomplished with an assistant.
Once exteriorized, the penis can be grasped. Using a
piece of saline-soaked gauze makes holding onto the
penis easier. The surface of the penis should be examined for color, scabs, and any traumatic lesions. Palpation of the penis may reveal the presence of uroliths
or swelling or focal area of pain. The urethral process
should be examined closely for the presence of a urolith
or sandy grit, which may be indicative of urolithiasis or
urethral blockage (Chapter 12).
The scrotum should be free of lesions, with intact
skin and uniform hair or wool. Mange, traumatic injuries, hernias, and frostbite all may be the cause of scrotal
abnormalities. The testes and epididymes should be
palpated carefully for abnormal shape (epididymitis)
or size (orchitis, hypoplasia), freedom of movement
in the scrotum (adhesions, spermatocele or varicocele,
abscesses), and turgidity (poor testicular tone, usually
associated with suboptimal sperm production). The
phrase “big is beautiful, mobility meaningful, resilience
respectable, softness suspicious” is helpful to remember
in evaluating males for breeding soundness. Rams and
bucks selected for breeding should always have symmetric scrotal contents and meet the breed and age criteria
for scrotal circumference measurements. The urethral
process is normally visible at the end of the penis.
The vulva and udder of the female should be examined for color and size. Swelling and hyperemia may
indicate estrus or impending parturition. Crystals on the
vulva hairs below the urethral orifice suggest a urinary
tract infection. The clinician should note the color, consistency, and volume of any discharge from the vulva.
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A moderate serous to cloudy discharge is common in
late estrus. A reddish-brown, odorless discharge seen
1 to 3 weeks after parturition probably is lochia, the
normal breakdown product of the cotyledonary attachments. The finding of large protruding vulva lips or
clitoris or a short anogenital distance is suggestive of an
intersex condition.
Abdominal palpation is of some utility in evaluating
the genitourinary system. In neonates, the umbilicus
and internal structures including the urachus should be
evaluated for enlargement, pain, or secretions, which
may be indicative of infection or patent urachus. In
adults, fluid in the abdomen (e.g., urine) often can be
ballotted to produce a fluid wave. The left kidney, palpable in the middorsal abdomen, should be evaluated
for size, shape, consistency, and the presence of pain.
Animals with obstructive urolithiasis may have a palpable, enlarged urinary bladder that extends from the
pelvis into the abdomen. Finally, fetuses may be palpable in ewes and does, depending on stage of gestation
(Chapters 8 and 12).

Musculoskeletal System
Examination of the musculoskeletal system of both
sheep and goats should begin at a distance. Posture
and gait should be evaluated. Gait is best evaluated
while the animal is walking away from and toward
the examiner, as well as from the side. Animals with a
sore leg may prefer to not bear weight on the limb at
rest and use it sparingly while in motion. Sheep and
goats with footrot or goats with CAE may graze or
crawl on their carpi because of bilateral forelimb pain.
Particular attention should be paid to conformation as
poor conformation is a fatal flaw in extensive grazing
operations. Feet should be observed for appropriate
wear, separation of the hoof wall from the underlying
sensitive lamina, and defects in the sole. The interdigital
space should be checked for pain, exudate, or foul odor.
The coronary bands should be observed for pain, swelling, or separation from the foot. All joints should be
palpated and checked for appropriate range of motion.
A pain assessment should be made throughout the
range of motion. In neonates, septic joints may become
painful, particularly during motion, before swelling is
evident. In adults, hygromas and synovitis secondary to
CAE infection may be differentiated on clinical examination: Joint swelling due to CAE typically is painful
during motion, whereas that due to a hygroma is not.

Nervous System
Disease of the nervous system may be localized either
centrally or peripherally. A complete neurologic examination is a critical start to generating an appropriate list
of differential diagnoses of the neurologic patient. This
examination should begin at a distance and the animal’s posture, gait, and interaction with its environment
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should be noted. Traumatic and infectious peripheral
nerve disorders occur rarely in both sheep and goats.
A variety of peripheral nerves can be damaged that will
alter limb posture or the animal’s ability to bear weight
or to advance a limb. Damage to the femoral (inability to bear weight and advance limb, absent patellar
reflex), sciatic (knuckled fetlock with dropped hock,
intact patellar reflex), peroneal (hyperflexion of fetlock,
overextension of hock, inability to extend digit), tibial
(knuckling of fetlock, no dropped hock), or obturator
(inability to adduct limbs) nerves may affect the pelvic
limb. Sciatic and obturator nerve paresis and paralysis
are the most common peripheral pelvic limb disorders
in sheep and goats. Sciatic nerve deficits typically are
associated with injection site lesions, whereas obturator
nerve problems result from pressure ischemia secondary to prolonged wedging of a fetus in the pelvis. Radial
nerve paralysis, resulting in inability to advance the
limb, is the most common nerve palsy affecting the thoracic limb. Both botulism and tick paralysis may cause a
progressive flaccid paralysis, although these conditions
are uncommon in both sheep and goats.
The central nervous system can be divided into four
major anatomic sites to which clinical signs may be
localized: cortical, cerebral, cerebellar, and spinal cord.
Furthermore, disease at any of these locations may be
characterized by alterations in mentation (interaction
of animal with environment), gait, posture, and spinal
reflexes. Cortical or cerebral diseases are characterized
by changes in mentation, with normal gait, posture, and
spinal reflexes. Head pressing, propulsive walking, convulsions, and blindness also are common in sheep and
goats with cortical disease. Animals with cerebellar
and spinal cord diseases typically will have altered gait
and posture with normal mentation. Spinal reflexes in
both cerebellar and spinal cord disease may be present
or absent depending on the disease process and exact
location of the lesion. Ataxia with normal strength and
proprioception, truncal sway, hypermetria, and head
tremor are common signs in animals affected with cerebellar disease. Animals with spinal cord disease may
exhibit increased extensor tone and exaggerated spinal
reflexes or paresis to paralysis with decreased spinal
reflexes, depending on the portion of the spinal cord
affected. Disease of the brainstem is perhaps the most
variable in presentation, because changes in mentation,
gait, or posture and spinal reflexes may be present or
absent, depending on the disease process. Typically,
brainstem disease will be associated with cranial nerve
deficits, which may manifest as head tilt, flaccid tongue,
facial paralysis, circling, or ptosis (Chapter 13).

Lymphatic System
Superficial lymph nodes should be palpated for consistency and size as part of a routine examination.
In sheep, careful technique is especially important,

because smaller nodes may be difficult to identify
through thick wool. Enlargement of the lymph nodes
may occur owing to drainage of an infectious process,
Corynebacterium pseudotuberculosis infection, or rarely
lymphosarcoma or another cancer that has spread to
the regional lymph nodes. Evaluation of internal lymph
nodes generally requires diagnostic imaging, although
extreme enlargements occasionally may be palpable
externally. The routinely palpable superficial lymph
nodes include the submandibular, retropharyngeal,
parotid, prescapular, prefemoral, supramammary (in
females), popliteal, and scrotal (in males).

Mammary Gland
The mammary gland should be palpated for symmetry,
size, shape, color, consistency, and temperature. Contagious ecthyma, udder impetigo, and bites or abrasions
from suckling can cause external lesions at the base of
the udder or on the teats. A physiologic prepartal udder
edema occurs in some sheep and goats. This condition
generally is symmetric in distribution and ventrally
located on the udder. A diffusely hard or firm udder
noted in the first few days after lambing may indicate ovine progressive pneumonia (OPP) infection in
sheep or CAE infection in goats. Affected glands secrete
scant quantities of normal-appearing milk. No signs
of inflammation are present in most cases of OPP and
CAE, and both glands are equally affected. Asymmetry, enlargement, abnormal color, and abnormal temperature (hot or cold) all may be indicative of mastitis.
Abnormal shape or symmetry may reflect presence of a
mass (tumor or abscess) in the udder. A few streams of
milk should be stripped from each gland in all lactating
animals. This maneuver allows for evaluation of teat
patency as well as secretion evaluation. Abnormally
thin or thick milk with or without clots, flakes, or discoloration is indicative of mastitis.
It is important to recognize that the first signs of
a diseased mammary gland may be appreciated as
problems in the lambs or kids or as maternal-neonatal
bonding issues. Weak, malnourished neonates may
reflect poor milk production or painful udder conditions in the dam (Chapter 15).

Skin and Wool or Hair Coat
The skin over the entire animal should be examined for
abrasions, lacerations, papules, pustules, scabs, and hair
or wool loss. Haired sheep (e.g., Barbados, Katahdin,
Wiltshire Horn, St. Croix) and goats will shed winter
coats in the spring. In sheep, excessive wool may cover
the eyes, physically impairing sight—a condition termed
wool blindness. During colder months, snow or ice may
freeze to the surface wool, exacerbating preexisting wool
blindness. If matted wool with exudation is noted,
mycotic dermatitis is likely. If the wool is matted without exudation, the affected sheep probably has more
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than 1 year of wool growth or has been chronically ill or
underfed. With the onset of warm weather and sweating, wool can become even more matted. When numerous sheep are found to have a loss of crimp and the
wool takes on a steely appearance, a nutrient (copper)
deficiency should be suspected. Fleece rot results from
prolonged wetness accompanied by bacterial multiplication. Grass seed infestation may occur in range- and
browse-grazing sheep. Hairiness or abnormal wool
pigmentation, such as presence of brown fibers over the
nape of the neck in wool sheep, may indicate border
disease infection (Chapter 10).
Some common clinical signs of skin and hair or wool
coat diseases and their associated causes are as follows:
Pruritus—Mange, allergy, and scrapie are three common causes of pruritus.
Hair loss—Ringworm, mange, and poor or improper
nutrition all can result in loss of hair over the entire
body or in small, circumscribed areas.
Skin nodules—Abscesses, pustules, and demodectic
mange cause most skin nodules.
Dandruff—Dandruff and skin flecks generally are
nonspecific signs of illness or of poor or improper
nutrition.
Crustiness—Crustiness, most notably under the dew
claws, may indicate chorioptic mange.
Sunburn—Animals with white, thin skin can become
sunburned, especially on the udders and top line.

RESTRAINING AND HANDLING
SHEEP AND GOATS
Safety and Health Considerations
In 2007 the U.S. Bureau of Labor and Statistics placed
farming as the number 6 most hazardous occupation in
the United States, with 37.1 fatalities per 100,000 workers. This statistic highlights the importance of facility
planning for optimal human and animal welfare. Poorly
designed and maintained facilities may lead to human
or animal injury, as well as decreased efficiency and
loss of time and money. Stress and trauma to livestock
during handling should be avoided. Hyperexcitability
during processing is dangerous both for the handlers
and for the animals themselves. This problem can be
exacerbated by conditions in substandard facilities. Producers who are able to have frequent, nonthreatening
interactions with their sheep and goats will reduce the
flock or herd animals’ apprehension on being handled,
thereby creating a safer environment overall.
The potential for exposure to zoonotic diseases
during routine handling of animals is an important
consideration. Assessment of the herd’s health status
through the use of historical information and physical
examination should identify the potential risk for the
presence of zoonotic disease within a flock or herd. Lack
of evidence of disease on such assessment, however,
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is not foolproof. Accordingly, protective clothing and
gloves should be worn to ensure optimal protection of
all animal handlers.

Behavior
A clear understanding of sheep and goat behavior will
be an advantage to clinicians working with these species
(Table 1-5). One of the most basic concepts in handling
sheep and goats is the flight zone—an animal’s personal
space in which it feels comfortable and unthreatened.
When a handler is outside the animal’s flight zone, the
animal will turn and face the person. If the handler
enters the flight zone quietly and calmly, the animal
will move away from the handler in a similar manner.
If the flight zone is penetrated too deeply, or in an
aggressive or erratic fashion, animal behavior can be
unpredictable and dangerous. Sheep and goats are not
large, but they are quick on their feet and strong for their
size. Pile-ups of panicked animals in small enclosures
can result in injury, especially in small or weak animals.
The size of an animal’s flight zone varies and will
depend on the sum total of that animal’s experiences
with people. Sheep and goats that have not had much
human contact will have a large flight zone, whereas
pets may have a very limited or no flight zone. Sheep
confined to a small space will have a smaller flight zone
than sheep confined to a large area. Frequent, gentle
handling tends to diminish the size of the flight zone.
Mishandling will make animals wary of future confinement and restraint. Patience and an easygoing manner
in treatment hold rewards for the clinician.
Point of balance is another important livestock handling concept. The point of balance is located at the
animal’s shoulder. Animals of all livestock species will
move forward if the handler steps behind the point of
balance, and they will back up if the handler stands in
front of the point of balance. Many people make the
mistake of standing in front of the point of balance
while trying to get livestock to move forward through a
chute. Sheep and goats usually will refuse to move forward if they see people or large objects in front of them.
Taking advantage of the flight zone and point of balance is a fundamental part of successful handling. These
principles also can be applied successfully with groups
of animals to facilitate movement. Sheep and goats will
readily follow one another and will move away from
things that frighten them. They move better around
slight corners or curves and will not move toward an area
that appears to be a dead end. They will move away from
buildings and prefer to move uphill. They prefer lighted
areas and will resist movement into dark barns, alleys,
and chutes. Handling areas should be well-lit and free of
objects that may project shadows into the animals’ visual
path. Solid sides in alleyways will help maintain forward
momentum and minimize attempts at escape.
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TABLE 1-5 Behavior Patterns in Sheep and Goats
Behavior Pattern
Attribute/Activity

Sheep

Goats

Food preference
Food variety
Habitat selection
Antagonistic behavior
Fighting
Sexual behavior
Newborn young behavior

Grass and succulent herbage
Accept monotonous diet
Lowlands or hilly grasslands
Butt head on
Butt
Less herding
Remain by mother (“lying in”)

Alarm signal
Alarm
Hornless condition
Tail
Beard
Wattles
Response to low-flying plane
Stress

Snort and stamp forefoot
Form compact bunch
Fertile
Hangs down
Absent
Absent
Frightened and likely to run
Results from isolation or subjection
to unfamiliar environment

Browse (weeds, leaves, twigs)
Require variety
Climb rocks and elevations
Sideways hooking motion
Rear on hind legs
Herding of females
Standing motionless or freezing some distance
from mothers (“lying out”)
Frequent high-pitched “sneeze”
Form thin line
Sterile (usually) in males
Stands up
Present in buck and some females
May be present
Often stand and watch
More of a problem in young kids and doelings

Sheep have very little means of defense. In the face
of perceived danger, they may stamp their feet or “head
butt,” but generally they will attempt to run away. The
presence of the flock provides some protection for the
individuals that make up the group. However, in situations in which predation is a problem, a few individuals
may fall prey, allowing some relative safety to the rest
of the flock. Sheep have an extremely strong flocking
instinct. Under normal circumstances healthy animals
will rarely be far from the group. Therefore any individual animal that separates itself from the flock should
be suspected to have a condition requiring further
investigation.
For ease in catching an individual animal and for initial assessment of group behavior, the clinician should
first move the group into a small yard or enclosure. To
catch a sheep, the handler can cup a hand under the
animal’s jaw, grasping the bony part of the jaw—not the
throat. Once it has been caught, a second hand should
be placed behind the head below the animal’s ears.
The sheep’s nose should be pointed upward to stop its
forward motion. Sheep have a lot more power when
the head is down. Therefore keeping the sheep’s head
up will allow the handler to maintain control of the
animal. The wool or hair should not be grabbed. A crook
or lariat also is an acceptable catching device. A sheep
can be handled using various handling points—for
example, under the mandible, tail, and flank (Figure 1-1).
After it has been caught, a sheep can be “tipped” on its
rump for examination, shearing, foot trimming, and
other routine procedures (Figure 1-2). Regardless of

Figure 1-1 Handling points in sheep. The handler has his
right hand under the animal’s jaw/neck and his left hand
holding the tail. Note: It is acceptable for the handler to be
kneeling with one knee (usually the right) on the ground and
the right hand holding the right rump.

the method of capture, excitement and stress should be
avoided. Because these animals are so flock-oriented,
one panicked sheep has the potential to animate the
entire flock to chaos.
Compared with sheep, goats are not as concerned
about the herd. They will form close-knit relationships
with other animals and can be seen playing and socializing with herd mates. They are more likely than sheep,
however, to spread out while grazing and ruminating.
Animals of these species are similar in size, so most
techniques that are used to catch sheep also will work
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Figure 1-2 Sitting a sheep on its rump can be accomplished
in various ways. The following technique is recommended:
The handler’s left arm is placed around the animal’s neck at
the level of the shoulder. The right hand reaches under the
sheep, grasping the right hindfoot and setting it on its rump.
In this photograph, the ewe has been sat up, and the handler
is keeping her stationary.

on goats. Unlike with sheep, the horns or beard of a
goat are acceptable to use in restraint. The ears, however,
are not. Goats find restraint by their ears painful, and
owners consider it abusive. Animals that are housed
with a collar or halter can be led using these implements. Techniques to catch and hold a goat include
looping an arm around the goat’s neck and grabbing
its gastrocnemius tendon. A goat being held by a hind
limb, particularly more distally on the limb, may possibly dislocate a hip joint in an attempt to jerk itself free.

Restraint for Physical Examination
Clinicians should consider the layout and surroundings of the working facility, the physical condition and
temperament of the animal to be restrained, and both
human and animal safety when planning procedures
that require physical restraint of sheep and goats. Animals that are well socialized and have been handled
frequently and in a quiet, nonaggressive manner often
can be restrained and treated by one person. Handling
animals that have had only occasional human contact or those that have been aggressively handled will
require an assistant or use of a restraint device.
The use of an assistant or restraining device facilitates physical examinations, vaccinations, blood collections, artificial insemination, hoof trimming, and other
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procedures. Equipment such as stanchions, tilt tables,
squeeze chutes, cages, and raceways can be used. Some
procedures can be completed while an assistant steadies
the sheep or goat against a wall or fence by firmly holding a leg against the animal’s flank or thorax behind its
elbow. Both sheep and goats can be rolled up on their
rump and restrained in this fashion for a variety of procedures. Another useful strategy is to have the handler
straddle the goat and back it into a corner and then
firmly press the knees against the goat’s shoulders or
neck. This maneuver may frighten and cause struggling
in sheep that are unused to restraint. A handler also can
gently “flip” a sheep or goat into lateral recumbency,
where it can be held by a knee placed on the animal’s
neck (Figure 1-3, A and B). Kids weighing up to 30 lb
that are used to being handled can be placed with their
legs folded under them on the lap of an assistant, to
permit the clinician to examine the head. The choice of
restraint technique is dependent on the preference and
experience of the clinician, the clinical condition and
temperament of the animal involved, and requirements
for the procedure to be performed. As a general rule, the
handler should use the least restraint possible to permit
safe handling of the animal.

Restraining the Head
For procedures in goats, the clinician can control the
head by gripping the animal’s cheeks, beard, or horns
while straddling the withers or neck. One method for
head restraint is to place one hand on each cheek and
wrap the fingers under the mandible, with care taken to
avoid pressure on the trachea. Alternatively, the clinician can hold the beard with one hand and wrap the
other arm around the goat’s neck (Figure 1-4). A third
method involves gripping the horns. The ability to control a horned goat’s head depends on the temperament
of the animal as well as on the skill and strength of the
handler.
After the head is stabilized, the goat’s ears, eyes, nose,
and mouth can be inspected. For an oral examination,
the use of a speculum is recommended to ensure a clear
view of the oral cavity and prevent the goat from biting
instruments or the clinician’s fingers.

Restraint for Administering
Medications
Veterinarians and sheep and goat producers working as
a team can ensure that only wholesome meat and milk
products enter the human food chain. Inappropriate
premilking and preslaughter drug withdrawal regimens
and chemical contamination of feed and pasture give
rise to drug residues in products for human consumption. Although some sheep and goats are considered
pets by their owners, an important point is that the U.S.
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A

B
Figure 1-3 Goats can be restrained in lateral recumbency if increased restraint is required. The handler
leans over the goat (in this case, from the left) and grasps the goat’s left pelvic limb with the right hand and
the goat’s left thoracic limb with the left hand. A, The goat is lifted and leaned into the handler. B, The goat
is placed on the ground and a knee is placed on its neck.

Figure 1-4 Goats can be restrained and led by placing one
hand under the animal’s jaw and slightly lifting the chin. The
second hand is placed behind the head under the ears.

Food and Drug Administration (FDA) classifies sheep
and goats as food-producing animals no matter what
the owner’s intended use.
Owing to the limited number of pharmaceuticals
labeled for use in sheep and goats, the veterinarian often
is in the position of prescribing drugs to be used in an
extra label fashion. According to the Animal Medicinal
Drug Use Clarification Act of 1996 (AMDUCA), extralabel use of a drug is permissible only under the following conditions:
•	The drug must be given only under the supervision
of a veterinarian.
•	Only FDA-approved human and animal drugs can
be used.
•	A valid veterinarian-client-patient relationship must
exist.
•	The drug can be given for therapeutic use only.
•	Only dosage-form drugs and drugs administered in
water can be given for extralabel applications.

•	Drugs given for extralabel indications are prohibited
in feed.
•	Extralabel drug use is prohibited if it results in violative food residue.
•	FDA prohibition of a specific extralabel drug use
precludes its administration for that purpose.
If a drug is to be used in an extralabel fashion,
appropriate labeling and record-keeping criteria must
be met. In addition, it is the responsibility of the prescribing veterinarian to institute a withdrawal regimen
appropriate for meat and milk production, to avoid
potential contamination of the food chain. Recordkeeping requirements to comply with AMDUCA should
include the individual or group animal identification;
species being treated; number of animals treated; condition being treated; drug name and active ingredient;
dosage prescribed and the duration of treatment; and
appropriate withdrawal, withholding, or discard times.
In addition, the records must be kept for a minimum of
2 years, and the FDA must have access to these records.
At the level of the farm, the producer also may want to
consider keeping records of the date(s) of the extralabel
drug use and contact information for the person who
administered the treatment. A prescription label that
conforms to AMDUCA should include the name and
address of the prescribing veterinarian; the drug name;
specific instructions for use including identification
of the animal(s) to be treated, dose, dosing interval,
route of administration, and the duration of therapy;
cautionary statements; and an appropriate withdrawal,
withholding, or discard time.
Veterinarians should advise their clients on the ethical and legal ramifications of not following all labeled
guidelines for drugs used in food-producing animals.
Awareness of potential risk factors for disease and
adherence to conscientious management practices by
the producer will lead to reduced disease incidence and
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B

Figure 1-5 A, A single handler can draw blood or give an intravenous injection by straddling the goat and
holding the head against the handler’s leg using the elbow. The hand on the restraining arm can then be used
to hold off the vein while the free hand is used to draw a sample. B, A helper is holding the ewe while the
clinician in drawing from the right juglar vein.
the need for drug therapies. In these ways, individual
owners can ensure that products from their sheep
and goats are wholesome and safe for human use or
consumption.
The veterinarian should always ascertain the animal’s
intended use (e.g., leather, meat, breeding, exhibition,
pet) before administering any medications. Reactions to
vaccines and antibiotics can cause lesions in commercially valuable skin and muscle and cosmetic flaws in
hobby, pet, and show goats. Meat producers prefer that
injections be placed in the neck, which yields a meat cut
of low value. Breeders prefer the axilla, in which a nodular mass of scar tissue will not be visible and cannot be
readily mistaken for caseous lymphadenitis.

Oral Drugs
When drenching, dispensing boluses, or passing an
orogastric tube, the clinician should hold the animal’s
head in a straight, natural position with the mandible
parallel to the ground. The dose syringe is inserted well
into the cheek pouch at the commissure of the lips. The
animal must be given time to swallow as the fluid is
slowly dispensed. Tilting the head upward can lead to
aspiration pneumonia. To safely and properly place a
bolus, the clinician moves the balling gun over the base
of the tongue, but not into the pharynx. After administering the tablet, the clinician maintains the position
of the animal’s head and holds the mouth closed until
it swallows. This maneuver prevents the animal from
spitting out the medication. Using a speculum, the
clinician can pass a 1.2- to 1.5-cm-diameter stomach

tube through the mouth of an adult sheep or goat. An
8 French red rubber urethral catheter with an attached
60-mL catheter-tip syringe can be used as an orogastric
tube to feed or provide oral medications to very young
or weak lambs or kids.

Injectable Drugs
Intramuscular Injections. Intramuscular injections commonly are given in the area of the neck
enclosed by the cervical vertebrae ventrally, the nuchal
ligament dorsally, and the shoulder caudally. Other
muscles used for injections include the longissimus in
the lumbar region as well as the gluteals, semitendinosus, semimembranosus, and triceps. The clinician must
pay special attention to the location of the sciatic nerve
in the thighs, because irritating drugs introduced in this
region can cause permanent damage. Additionally, the
small muscle masses in young goats limit the volume of
the injectable substance.
Subcutaneous Injections. Subcutaneous injections can be given in the axilla or on the chest wall. The
triangular area of the neck, as described previously, also
is used. Any injection site reactions near the prescapular
lymph node, however, may be erroneously diagnosed as
caseous lymphadenitis.
Intravenous Injections. The jugular vein often is
used to administer intravenous drugs and collect blood
samples (Figure 1-5, A and B). In sheep and goats the
jugular vein can be found lying in a line starting at the
base of the ear running down the neck to the thoracic
inlet. In sheep it may be necessary to part the wool
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to give adequate visualization of the vein. Adequate
restraint is critical to avoid inadvertent puncture of
other structures such as the trachea or esophagus.
A 4-cm, 20-gauge needle can be used for venipuncture.
Additional Injection Routes. Intradermal injections call for 1.8-cm, 25-gauge tuberculin needles. Intraperitoneal injections, primarily used in neonates, are
given with 1-inch, 18- or 20-gauge needles inserted no
deeper than 1.8 cm. While the kid is held hanging by its
front legs, the clinician inserts the needle perpendicular
to the skin approximately 1 cm to the left of the navel.
The clinician should clean and swab the teat with
alcohol before giving intramammary infusions. Singleuse teat cannulas are used for each teat and inserted just
deep enough to gain entry into the teat cistern. In ewes
and does with small teat orifices, sterile tomcat catheters
can be used to infuse medications.

Restraint for Hoof Trimming
Setting a sheep on its rump (tipping) is the easiest mode
of restraint for trimming hooves (Box 1-1). Sheep in
this position struggle very little and are easy to handle,
even for a single person. To rest comfortably on its
rump, the sheep should be off center, so that it is sitting
on its hip and not its dock. If the sheep struggles, the
handler can place a hand on its brisket to move it into
a better position.
Unlike in sheep, trimming goat hooves typically is
done with the animal standing. With the goat standing,
the clinician flexes the pastern and raises the foot and
limb until the sole faces upward. The clinician can then
work facing the head or tail of the goat while positioned
at the animal’s side. An assistant can hold the goat,
place it in a stanchion, or halter tie the animal while
the clinician trims the hooves. In caring for fractious
animals, sitting them on the rump (as is done with
sheep) may be useful.

Restraint of the Neonate
Lambs and kids can be restrained easily in a standing
position for physical examination by a single handler.
Castration, horn disbudding, and tail docking typically
will require one person to restrain the animal and another
to perform the procedure. Both lambs and kids can be
restrained for castration, and for tail docking in lambs, in
a similar fashion. With the handler in a seated position,
the animal’s right thoracic and pelvic limbs can be held
in the restrainer’s right hand while the left thoracic and
pelvic limbs are held in the restrainer’s left hand. The
animal’s back is then supported between the handler’s
legs (Figure 1-6). Disbudding can be accomplished by
the handler holding the animal in sternal recumbency.
The person completing the disbudding can restrain the
head by holding it down on the table. A rolled-up towel

placed under the neck will better support the head and
neck for the procedure. Alternatively, the animal can be
placed in a disbudding box, which allows a single person
to perform the procedure (Figure 1-7).

Facilities
An important goal of management in small ruminant
operations is to gather, restrain, and handle animals
with minimal stress. Injury prevention for both animals
and personnel also should be considered. Well-planned
working facilities will promote achievement of these
aims.

Fencing
Fencing is used to confine stock, separate animals into
management subgroups, exclude predators, and protect
ornamental and commercial crops from consumption
by goats. Goats typically are more difficult to confine than sheep. The selection of appropriate fencing
material is dictated by purpose, size, and cost. When
planning permanent enclosures, owners may want to
consult fence contractors and suppliers of commercial
handling equipment, as well as other sheep and goat
keepers, who may have proven ideas for consideration.
Smooth-wire, high-tensile, and multiple-strand electric fencing deters goats and predators alike and is easily
maintained. Appropriate training of animals to electric
fencing will minimize escapes and maximize animal
respect of the fence. Such training can be particularly
important in sheep with heavy wool, because they may
not perceive shocks through the wool. The potential
for loss of power to the fence is the major drawback of
electric fencing, because the current is the major deterrent for both livestock and predators to penetration of
the fence.
Goats can damage field fencing by standing on their
hindlimbs and leaning their front feet against the fence.
A single strand of electric wire placed near the top and
and another at the bottom of a woven wire fence will
discourage goats from leaning on the fence and may
prevent predators from crawling underneath. Horned
sheep and goats, particularly those with backwardpointing horns, are likely to get caught when withdrawing the head from the 6-inch-wide by 5-inch-high
spaces in the woven fencing. The entrapped animal
is then indefensible against butting by herd mates or
attack by predators. A possible fatal outcome is strangulation. Similarly, sheep and goats can catch a foot in
the open spaces of a chain-link or 2×2 woven wire fence
and fracture a leg in the struggle to free it.
Although welded-wire panels can withstand the
pressure of goats, they can entrap horned animals if the
panel openings are the standard size of 8 inches wide
by 6 inches high. Furthermore, lambs and kids weighing less than 15 lb can step through these spaces to
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	How to Tip a Sheep

1.	Stand to the left side of the sheep.
2.	Hold the sheep’s head in your left hand by placing
your hand under its jaw.
3.	Your left knee should be near or just behind the
sheep’s left shoulder.
4.	Your right leg should be touching the sheep’s side near
its left hip.
5.	Place your right hand on the sheep’s back over the hips.
6.	Turn the sheep’s nose away from you toward its shoulder.

Figure 1-6 Demonstration of restraint for castration and
tail docking in sheep.

escape confinement. Welded-wire panels with openings
smaller than 8 inches wide by 4 inches high can eliminate these concerns.

Housing
Housing facilities may provide shelter for livestock;
storage for feed, equipment, and supplies; and a work
area for routine animal care procedures. Shelter that
provides warmth, shade, and protection from wind, precipitation, and predators establishes an environment of
comfort and calmness in the herd. Unlike cattle, sheep
and goats will interrupt their grazing to seek cover from
rain. The shelter should promote the productivity and
well-being of the animals it houses.
Heating and cooling, ventilation, flooring, and water
supply should be considered under the guidance of a
person knowledgeable and experienced in farm building construction. Additionally, space should be planned
for loafing areas, feed and water troughs, lambing and
kidding stalls, and shelter for disabled animals and animal groupings specific to the facility (e.g., young does
and bucks, recently shorn goats, research study groups).
Feed and equipment storage areas must be designed to

7.	You should feel the weight of the sheep leaning against
your legs.
8.	Put pressure on the sheep’s hips with your right hand
so the animal cannot pick its back feet off the floor.
9.	Take a step back with your right leg.
10.	The hind leg of the sheep should start to go down.
11.	Continue to bring the animal’s head around until it is
sitting down with its back leaning against your legs.

Figure 1-7 Demonstration of the use of a goat or ‘disbudding box for horn disbudding.
eliminate the potential for consumption of excessive
amounts of grain and ingestion of stored chemicals.
Floor space alone does not determine adequate
living space for animals. Enclosure shape, floor type,
ceiling height, the location and dimensions of feeders
and waterers, and other physical and social elements
affect the usefulness of the space. Mature ewes and
does require an average of 16 square feet of stall space,
excluding troughs. A buck or ram may need as much as
30 square feet, whereas a lamb or kid needs approximately 10 square feet. Shelters in outside pens or pastures should allow 5.5 square feet per animal. Fence
heights vary, ranging between 4 to 5 feet for ewes and
does and 5 to 6 feet for rams and bucks in rut.
A clean, dry, draft-free, well-bedded stall or pen is
ideal for “for lambing and kidding and bonding of the
dam with her offspring. Housing for ewes and does at
parturition facilitates observation and enables the producer to manage difficulties experienced by the dam or
her lambs or kids in a timely manner. Limiting the dam
to a stall gives her a quiet, undisturbed environment for
bonding, which is a crucial event requiring a minimum
of 5 minutes.
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In large herds, it may be impractical to provide individual stalls for preparturient ewes and does. In such
cases, they may be group-penned 2 to 4 weeks before
parturition, giving the owner ample opportunity to
monitor for potential problems. Neonates are highly
susceptible to hypothermia in cold or wet weather.
Therefore owners should take precautions to ensure that
their ewes and does do not deliver in the field during
adverse weather.
Feed and Water. Good feed and water hygienics
are essential to promote healthy animals and reduce
wastage of feed. Sheep are not as particular as goats
about the cleanliness of feeders and waterers. In contrast with tales of tin can–eating goats, these animals
will decline wet or moldy feed and dirty water. Feedstuffs should be provided in well-designed troughs that
minimize contamination with feces, urine, and dirt
deposited by hooves.
A 15-inch-long feed trough space can accommodate
one adult sheep or goat. Lambs and kids should have
free access to a creep feeder when penned or pastured
with mature sheep and goats, effectively eliminating
competition with adult animals. Bunk space in the
creep area should be 10 inches per kid. Despite ample
trough space and the use of creep feeders, animals low
in the herd hierarchy may not be allowed access to feed.
To alleviate the effect of dominance, multiple feeders
may be used, or distressed animals can be isolated and
fed individually. Alternatively, animals simultaneously
restrained and fed in individual stanchions or keyhole
mangers will be unable to dominate or be dominated
by herd mates.
The volume of water consumed by livestock is
influenced by the water content of feed sources, environmental temperature, and water quality. A rough
estimate is 3 L per 45 kg of body weight per day (¾ gallon per 100 lb of body weight). To encourage consumption, the producer should offer clean water ad libitum.
Typical water troughs or self-waterers can be used. In
cold climates the use of water heaters improves intake.
Adequate drainage should be provided under watering
devices.

nonporous materials to minimize the potential for
microbial colonization. The area must be cleaned and
disinfected after discharge of recovered animals, to prevent pathogen transmission to the next occupant.

Introducing New Animals to the Herd
A pre-purchase health examination by a veterinarian is an important aspect of disease prevention and
the establishment of a new veterinarian-client-patient
relationship. Taking precautions to reduce the risk of
introducing disease into a stable herd is a sound business decision that contributes to increased profitability
through reduced veterinary expenses, time, and effort.
An ideal pre-purchase evaluation includes a health
assessment of the herd of origin as well as the individuals being considered for purchase. As dictated by the
history, physical examination findings, and knowledge
of diseases occurring on nearby livestock farms, the
veterinarian may perform diagnostic tests to assess the
health and reproductive soundness of animals offered
for sale. It also is important to consider screening animals of interest for diseases that the purchaser is actively
trying to eliminate or obtain a free status for before their
arrival on the farm (e.g., caprine arthritis encephalitis
virus, caseous lymphadenitis). In areas in which endoparasitism is a concern, prearrival fecal flotation and
treatment, if indicated, should be considered for all new
acquisitions.
All new additions to a flock or herd should be quarantined for a minimum of 4 weeks. Quarantine facilities should minimize physical and aerosol contact with
the existing animals. Although the hospital facility is a
tempting place to quarantine new additions, its use for
this purpose may allow exposure of sick animals to new
pathogens during a time of extreme susceptibility and is
not recommended. In addition to permitting observation for incubating disease, nutritional requirements,
and behavior patterns, quarantine allows the animal to
become acclimated to its environment with minimal
stress (Chapter 19).
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Feeding and Nutrition
Darrell L. Rankins, Jr., and D.G. Pugh

More than any other factor identified in veterinary management of sheep and goats, diet has a profound effect
on general health of both the individual animal and the
flock or herd. The diet will have an impact on all aspects
of animal health and productivity and therefore is
discussed in almost every chapter in this book. The goal
in feeding sheep and goats is optimal health as reflected
in productivity, reproduction, and performance.
Sheep and goats are able to optimally convert browse,
forages, and other feedstuffs barely usable for more
commonly encountered livestock species into usable
animal products (e.g., meat, milk, fiber) or to reach peak
performance (e.g., pet, show, breeding). These two small
ruminant species exhibit a high degree of mobility of
the lips and tongue, which allows selective consumption in the diet, choosing from among plants and other
foodstuffs available in the environment. Like other
ruminants, both sheep and goats can be characterized
by their grazing preferences.1 Sheep are grass or roughage grazers and tend to graze higher-quality portions of
the plant. Goats, as active foragers, tend to select highly
digestible portions of grasses. They also can use browse
that is woody or stemmy and will readily consume flowers, fruits, and leaves; they generally select grass over
legumes and browse over grass; and they prefer to graze
along fence lines and in rough or rocky pasture areas.
Goats typically perform poorly compared with sheep
or cattle on flat, improved, monoculture pastures but
usually flourish in areas featuring browse or numerous
plant species to graze. If given a choice, many meat goats
(e.g., Kiko, Spanish, Boer, Tennessee Wooden Leg) prefer
a diet of 15% to 20% grasses and 80% to 85% browse.1
Goats are extremely particular about their diet and
refuse to consume feeds that have been soiled but are
used for brush management in many regions of the
world. Goats maintained for brush control should be
closely monitored for changes in body weight, body
condition score (BCS), and hair coat; the clinician
also should look for any signs of toxicosis. Whenever
browse, with its deeper root systems, is the predominant
forage consumed, mineral uptake may be greater than
that expected with consumption of grasses grown on
the same land. Both sheep and goats also are excellent
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converters of browse and brush to meat, fiber, and milk,
but they are raised mostly as grazing animals.1

WATER
Although often taken for granted, water is an extremely
important nutrient. It is the major constituent of an animal’s body. If an animal were deprived of all nutrients,
it would succumb to water deprivation first. Although
sheep and goats may survive despite loss of most of
their body fat and up to 40% to 50% of their total body
protein, a water loss of only 10% can prove fatal.
Both sheep and goats are particular about the quality
of their water sources. A fresh, clean, non-stagnant source
of water should be available at all times. Water sources
should be easily accessible, safe, and should be monitored so they are not a source of toxins and/or pathogenic organisms. A paved surface 8 to 10 feet around the
water tanks/troughs helps prevent unsanitary conditions
conducive to many diseases, including footrot.
Daily water intake can be affected by several factors.
Pregnancy and lactation increase water requirements
and consumption—water intake is increased 126%
from months 1 to 5 of gestation. In addition, water
intake is greater for females carrying twins than for those
carrying only a single.2 Likewise, lactating ewes or does
consume twice as much water as that typical for nonlactating females: 7 to 15 L/day versus 3.5 to 7 L/day,
respectively. Animals grazing lush spring pastures, for
which the forage water content may exceed 80%, consume markedly less water than those restricted to dry
hay, which may be only 12% to 15% water. Obviously,
lactating dairy animals require even greater quantities
of water. When high-protein diets are being fed or when
mineral consumption increases, water consumption
also increases. Sheep may increase their water intake
12-fold during summer over that during the winter
months.2 Water quality also can affect daily water consumption. For maintenance, individual goats and sheep
usually consume 3.5 to 15 L of water/day.3
Water varies in quality according to the amount and
type of contaminant. The most common dissolved
substances in water are calcium, magnesium, sodium
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chloride, sulfate, and bicarbonate.3 If the salts of these
minerals are present in high-enough concentrations,
depressed performance, illness, and occasionally death
can result. In addition to causing various specific problems in animals, dissolved salts have additive effects on
suppression of production and health. As salt concentrations increase, water consumption usually is depressed,
with young animals generally being more affected than
adults. Over time, animals tend to adapt to water with
high concentrations of dissolved salts. Rapid or abrupt
changes from water with relatively low concentrations
to water with high concentrations of dissolved substances are poorly tolerated, however.3-6 High sulfate
concentrations in the range of 3500 to 5000 parts per
million (ppm) may result in suppressed copper absorption from the intestine. Nitrates and, less commonly,
nitrites occasionally are encountered in toxic concentrations from ground water. Most safe, drinkable water has
a pH of 7 to 8. As the alkalinity of water increases, its
suitability for consumption decreases.
Although water contaminated with coliform bacteria
has been associated with disease in humans, only rarely
is coliform contamination of drinking water implicated
as an agent of disease in sheep and goats. In general,
only very young animals are affected. Goats tend to
adapt to high ambient temperatures better than do
other domestic ruminants and require less water evaporation to control body temperature.7 In addition, they
possess the ability to reduce urine and fecal water losses
during times of water deprivation.
In summary, sheep and goats should have access to a
continuous supply of fresh, clean water, to ensure that
productivity is not compromised.

ENERGY
Energy generally is the first limiting nutrient under
most practical conditions where sheep and goats are
maintained throughout the world. Energy requirements
vary greatly depending on level and stage of production, level of activity, and intended animal use. Except
in situations in which rapid growth rates are desired or
milk production is to be maximized, the energy requirement usually can be met with medium- to high-quality
forage. Under maximal production pressures, however,
some sort of supplementation may be required. Energydeficient diets can result in poor growth rates, lower
BCSs, decreased fiber production, reduced fiber diameter, decreased immune function, and increased susceptibility to parasitic diseases and other pathologic
conditions. Angora goats and many wool breeds of
sheep are prone to various fiber production changes,
whereas cashmere goats may be less susceptible.
The greater part of the energy that is used by sheep
and goats comes from the breakdown of structural carbohydrates from roughage. Therefore roughage should
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constitute the bulk of their diet. Energy can be expressed
in terms of the net energy system (calories) or in terms
of total digestible nutrients (TDN) as a percentage of
the feed. The two expressions are interchangeable with
use of various prediction equations; in this chapter,
TDN is used as the measure. Currently, most feed and
forage testing laboratories estimate TDN using the Van
Soest fiber analysis. A representative sample is analyzed
for neutral and acid detergent fiber contents, and then
TDN is predicted based on one or both of these values.
This system works effectively for most forages but is less
reliable for feeds that are high in starch (e.g., corn). In
general, warm-season, perennial grass hays are approximately 50% to 54% TDN, whereas many of the cereal
grains usually are 80% to 90% TDN. Most forages in the
green, vegetative state are approximately 62% to 70%
TDN on a dry matter basis. Stemmy, dry, poor-quality
hay is less than 50% TDN. By comparing these typical
values with the requirements of various classes of sheep
and goats, keepers can ascertain when supplemental
energy sources are needed for forage-based rations. For
example, a 150-lb ewe requires a diet containing 52.5%
TDN for maintenance and 66% for the first few weeks
of lactation, with a steady increase from 53% to 66%
TDN during gestation. Therefore the dry (nonlactating),
nonpregnant ewe could use low-quality forage, but the
pregnant or lactating ewe needs a diet of lush, vegetative
forage. If a good to excellent forage is unavailable, some
type of energy supplement is required for the ewe in
late pregnancy or while lactating. Similar supplementation may be indicated for goats: A 110-lb doe requires a
diet containing 53% TDN for maintenance but higher
amounts during pregnancy and lactation.2
A variety of choices are available for energy supplementation. The most common choice is cereal grains,
corn being the most common of these. Corn is dense in
energy, and most of that energy is in the form of starch.
When appreciable levels of starch are supplemented to
ruminants consuming forage-based diets, the general
response is a decrease in forage intake and digestibility. However, the energy status in the sheep or goat
receiving corn supplementation will still be improved
because of the energy from the corn. Several other cereal
grains are available for use as energy supplements for
ruminants consuming forage-based diets (e.g., grain
sorghum, oats, barley, rye). Two other nontraditional
energy supplements are soybean hulls and wheat middlings. Soybean hulls are the outermost layer of the
soybean and are composed of abundant quantities of
digestible fiber. Unlike corn, soybean hulls do not suppress fiber digestion but may increase hay digestibility.
Even though soybean hulls have a TDN value 62% less
than corn, they produce similar results when used as an
energy supplement for ruminants consuming forages.
Wheat middlings, a byproduct of wheat milling, elicit
similar responses. Beet pulp, citrus pulp, and brewer’s
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grains all are byproduct feedstuffs that can be effectively used in both sheep and goat feeding, and these
byproduct-type feeds often are much more economical
than corn. All byproduct feeds should be analyzed for
composition and used accordingly in diet formulation.
Another source of energy supplementation is fat. In
general, total fat content should not exceed 8% of the
diet, or 4% to 5% as supplemental fat. In the southern
United States, where cotton production is prevalent,
whole cottonseed (which contains approximately 24%
fat) is used as an energy supplement for both sheep
and goats. In animals of both species, the diet should
be supplemented with no more than 20% of the daily
intake as whole cottonseed, assuming that the remainder of the diet contains no fat.

PROTEIN
As a general rule, a minimum of 7% dietary crude protein is needed for normal rumen bacterial growth and
function for sheep and goats. If dietary protein drops
below 7%, forage intake and digestibility are depressed.
Protein deficiency is associated with decreased fiber
production, slowed growth, decreased immune function, anemia, depressed feed use, edema, and death.
All of the protein reaching the small intestine is found
in bacteria or protozoa or dietary protein that escaped
ruminal digestion. The quality (amino acid content) of
the bacterial protein is surprisingly quite good. Therefore the quantity of dietary protein provided to adult
ruminants is much more important than the quality.
The opposite is true of the preruminant lamb or kid.
If lambs or kids are fed a milk replacer, it should be
composed of milk byproducts to provide an adequate
amino acid composition for maximal growth.
Crude protein content varies widely among the
various feedstuffs. Warm-season, perennial grass hay
samples can range from less than 6% to more than
12% crude protein, whereas legumes in the vegetative
state may occasionally be more than 28% crude protein.
The protein content of plants declines with maturity.
As with energy needs, crude protein requirements vary
with the animal’s stage of production. For maintenance,
ewes and does of most weight classes require a diet
containing 7% to 8% protein. During lactation, both
ewe and doe require 13% to 15% crude protein in the
diet, depending on the number of offspring suckling.
Supplementation of protein may be necessary for
heavy-producing animals. Whenever grass hay is fed,
protein deficiency should be a concern, particularly for
growing or lactating animals. The most consistent sign
of protein deficiency in lactating animals is poor weight
gain or slow growth in their lambs or kids, particularly
with twins or triplets.2
Typical protein supplements include the oilseed
meals (cottonseed meal, soybean meal), commercially

blended supplements containing both natural protein
and nonprotein nitrogen (NPN) (e.g., as range cubes
or pellets or molasses-based products), and various
byproducts (whole cottonseed, corn gluten feed, dried
distiller’s grains). Protein should be fed to meet, but
not greatly exceed, requirements. Excess protein usually
results in increased feed costs and higher rates of disease
(e.g., heat stress, pizzle rot).
Giving NPN is an inexpensive way to increase the
protein concentration of rations for sheep or goats.
NPN is any source of nitrogen in the nonprotein form,
but the most commonly used type is urea. Whenever
NPN is used, the diet should have sufficient amounts of
highly fermentable energy components. Feeding grain
with NPN can result in a decrease in rumen pH. In this
altered environment, the ability of the ruminal urease
enzyme to ferment urea is depressed, resulting in a
slower release of or breakdown to ammonia and carbon
dioxide (CO2). Slowing this metabolic pathway allows
more efficient protein synthesis by the rumen microbes.
By contrast, diets of poor-quality roughage result in a
higher rumen pH and enhanced urease activity. These
conditions result in a quicker release of ammonia, a
poorer “marriage” of chains of carbon atoms and nitrogen for microbial protein synthesis, and a potential
increase in the incidence of urea or ammonia toxicity.
Whenever NPN is added to the diet, feeds containing
a urease enzyme should be limited or avoided. Such
urease-containing feeds include raw soybeans and wild
mustard. Signs of urea or ammonia toxicity, which may
be fatal, include dull or depressed demeanor, muscle
tremors, frequent urination and defecation, excessive
salivation, increased respiration, ataxia, and tetanic
spasms. Treatment includes the infusion of a 5% acetic acid solution (vinegar and water) into the rumen
through a stomach tube. In severe cases, rumenotomy
and fluid therapy may be required.
The following guidelines are useful when urea is fed
as a protein source:
1.	Never use urea for more than one third of the
protein in the diet or more than 3% of the grain
portion of the diet.
2.	Ensure that a highly fermentable source of carbohydrates (e.g., corn, milo) is fed along with NPN.
3.	Avoid the sudden introduction of urea into the diet
(allow at least 8 to 10 days for its introduction).
4.	Ensure proper mixing of feedstuffs whenever urea is
used.
5.	If 1 lb of urea plus 6 lb of ground corn is cheaper
than 7 lb of cottonseed meal or soybean meal, then
the former diet may be efficiently fed. However, if
7 lb of either the cottonseed or the soybean meal is
less expensive, the urea should be avoided.
6.	If the crude protein of the diet is greater than 14%
of the dietary TDN, NPN is of little value. For
example, if TDN is 45%, which is typical of many
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dry hays during winter, NPN is of limited or no
value if the crude protein of the diet is greater than
6.3% (45 × 0.14 = 6.3).
Because of variable dietary intake and its relationship to body condition scoring, NPN is best used in
sheep or goats with BCSs greater than 2.5; they should
be avoided in animals with a BCS of less than 2. If NPN
is offered to animals, it should be fed daily; less is used
for protein synthesis if the supplement is fed less frequently. In one report, the inclusion of NPN in poorly
digestible forage diets for lambs resulted in increased
weight gain and wool production and decreased signs
of parasitic nematode infestation.8

MINERALS
Clinicians generally consider seven macrominerals and
eight microminerals when assessing mineral nutrition
for sheep and goats. The designations macro and micro
do not reflect the minerals’ relative importance but
rather characterize the amount of each that is required
as a proportion of the diet. Macromineral needs usually
are expressed as percentage of the diet, whereas micromineral needs generally are expressed as ppm or mg/kg.
The seven commonly assessed macrominerals are
calcium, phosphorus, sodium, chlorine, magnesium,
potassium, and sulfur. The eight microminerals are
copper, molybdenum, cobalt, iron, iodine, zinc, manganese, and selenium. Trace mineral deficiency is less
common than energy, protein, or macromineral deficiency. Such deficiencies evolve slowly over time and
rarely lead to the dramatic effects on productivity and
body condition seen in protein deficiency.2 In some
cases of mineral deficiency, liver biopsy is the diagnostic
tool of choice. The technique for liver biopsy is covered
in Chapter 5.

Calcium and Phosphorus
Calcium and phosphorus are interrelated in body functions and are therefore discussed together. Nearly all of
the calcium in the body and most of the phosphorus is
found in the skeletal tissues. Diets deficient in calcium
and phosphorus may delay growth and development
in young lambs and kids and predispose them to
metabolic bone disease (e.g., rickets, osteochondrosis)
(see Chapter 11). Likewise, calcium and phosphorus
deficiencies in lactating ewes and does can dramatically
reduce milk production.
Serum phosphorus concentrations are not highly
regulated but are still maintained between 4 and 7 mg/
dL for sheep and between 4 and 9.5 mg/dL for goats.
Phosphorus deficiency is the most commonly encountered mineral deficiency in range- or winter-pastured
animals. Most forage tends to be high in calcium and
relatively low in phosphorus; this is true especially for
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legumes. Beet pulp and legumes (such as clover and
alfalfa) are good to excellent sources of calcium. For
lactating dairy goats and sheep, supplemental calcium
and phosphorus are necessary to meet high demands
for milk production. Range goats may need less supplemental phosphorus than sheep because of their preference for browse and plants that tend to accumulate
phosphorus. Phosphorus serum concentrations of less
than 4 mg/dL may indicate phosphorus deficiency.2
Phosphorus deficiency results in slow growth, listlessness, an “unkempt” appearance, depressed fertility, and
depraved appetite or pica.2
Sheep and goats fed high-grain or high-concentrate
diets typically need supplemental calcium and little to
no additional phosphorus. Grains are relatively low in
calcium but contain moderate to high concentrations
of phosphorus. Although serum calcium is tightly held
in a narrow range, serum concentrations consistently
below 9 mg/dl are suggestive of chronic calcium deficiency.2 Chronic parasitism can lead to decrease in body
stores of both calcium and phosphorus.2 Common calcium supplements include oyster shells and limestone.
Defluorinated rock phosphate is an excellent source of
phosphorus. Dicalcium phosphate or steamed bone
meal (when available) are good sources for both. The
calcium-to-phosphorus ratio should be maintained
between 1:1 and 2:1.2

Sodium and Chlorine
Sodium and chlorine are integral components of many
bodily functions. Salt (sodium chloride [NaCl]) is the
carrier for most ad libitum mineral supplements. If salt
is not offered ad libitum, it should be incorporated into
a complete ration at a level of 0.5% of the diet. Sodium
is predominantly an extracellular ion and is important
for normal water metabolism, intracellular and extracellular function, and acid-base balance. Conversely, chloride is an intracellular ion, functions in normal osmotic
balance, and is a component of gastric secretions. Sheep
or goats that are deficient in salt intake routinely chew
wood, lick the soil, or consume other unlikely plants
or debris. The NaCl content of feeds may be increased
to 5%, particularly for feeding males, to help increase
water intake and reduce the incidence of urolithiasis
(see Chapter 12).
Salt commonly is used as a carrier to ensure trace
mineral intake, because sheep and goats have a natural
drive for NaCl in the diet. An important consideration
in the decision to use a salt-containing mineral mixture
to ensure mineral intake is that individual consumption may vary drastically. Furthermore, improperly prepared salt mixtures or blocks, feed supplements, liquid
feeds, or certain types of food or water contamination
may be associated with drastically altered mineral
consumption.
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Salt also is useful as an intake limiter for energyprotein supplements. A 10% to 15% NaCl mixture
of two parts ground corn and one part soybean meal
is approximately 20% crude protein. The added salt
usually limits intake of this mixture to 0.45 kg/day in
the adult goat or sheep. Whenever using salt-limited
feeding, the keeper should take care to introduce the
feedstuffs slowly over 2 to 3 weeks and provide access
to adequate quantities of fresh clean water. Only white
salt should be used as an intake limiter. If trace mineral
salt or ionized salt is used, mineral (e.g., copper, iodine)
toxicity is likely, particularly in sheep.

Magnesium
Magnesium is important for normal functioning of the
nervous system and is required for many enzymatic
reactions. Skeletal magnesium can be used by the animal during times of deficiency, but the skeletal magnesium reserve is much smaller than the calcium reserve.
Many fast-growing–heavily-fertilized-cereal grains or
grass pastures are deficient in magnesium. Magnesium
absorption is depressed by high concentrations of plant
potassium or rumen ammonia. Legume and legumegrass mixed pastures are good sources of magnesium.
A magnesium deficiency can lead to a clinical manifestation known as grass tetany in either sheep or goats.
Magnesium toxicity is very rare.

Potassium
Potassium is required for normal acid-base balance and
is an integral component of many enzymatic pathways;
it functions as an intracellular ion. The requirement
is between 0.5% and 0.8% of the diet, depending on
the stage of production. Most grains contain less than
0.4% potassium, whereas fresh green forages generally
contain more than 1%. Dormant forages, however, may
have much lower potassium concentrations.
Potassium deficiency or toxicity is rare in sheep and
goats. However, deficiency may occur in highly stressed
animals being fed diets composed mostly of grain.
Therefore, in stressful situations (such as weaning),
supplemental potassium may be indicated for animals
fed predominantly on grain.2

Sulfur
Sulfur is a component of many bodily proteins. It is
found in high concentrations in wool and mohair, in
keeping with the large amounts of sulfur-containing
amino acids (cystine, cysteine, and methionine) in keratin. Sulfur deficiency can reduce mohair production in
Angora goats.9 The general recommendation is to maintain a 10:1 nitrogen-to-sulfur ratio in sheep and goat
diets.2 Ideal ratios of 10.4:1 for maximal gains and 9.5:1

for maximal intake in growing goats.10 However, a ratio
as low as 7.2:1 has been suggested for optimal mohair
production.11 If the forage has a low sulfur content or
if large quantities of urea are used in the diet, weight
gain and fiber production can be increased by providing
supplemental sulfur.
In both sheep and goats, sulfur deficiency may result
in anorexia, reduced weight gain, decreased milk production, decreased wool growth, excessive tearing, excessive salivation, and, eventually, death. Browsing animals
such as goats may ingest enough tannins to decrease
sulfur availability. Sulfur deficiency also depresses digestion, decreases microbial protein synthesis, decreases
use of NPN, and lowers the rumen microbial population. Whenever NPN is fed to fiber-producing animals,
sulfur supplementation is indicated. With the possible
exception of oats and barley, the sulfur content of most
cereal grains usually is low to deficient, although cornsoybean diets usually meet requirements for the ruminal synthesis of sulfur-containing amino acids.
Sulfur toxicity occasionally is seen in settings in
which calcium sulfate is used as a feed intake limiter. It
also occurs when ammonium sulfate is fed as a source
of NPN or as a urinary acidifier. If sulfur is supplemented in the form of sulfate, toxicity may occur, particularly if the sulfur content is greater than 0.4% of the
diet.2 Sulfate can be reduced to sulfide in the rumen or
lower bowel. Sulfide in large enough concentrations can
result in polioencephalomalacia that is only partially
responsive to thiamine (see Chapter 13).
In the southeastern United States, use of ammonium
sulfate as fertilizer has increased appreciably with the
rising cost of commercial nitrogen. If signs of marginal
trace mineral deficiencies begin to appear in any group
of sheep or goats, forage sulfur concentrations should
be measured. An excess of dietary sulfur can lead to
deficiency of any of several trace minerals (e.g., copper,
zinc) without causing any overt toxicity problems.

Copper
Copper deficiencies can be primary (as a result of low
intake) or secondary (caused by high concentrations of
molybdenum, sulfur and/or iron, or other substances
in feedstuffs). In the rumen, copper, molybdenum, and
sulfur form thiomolybdates, which reduce copper availability. Specifically, copper’s ability to function as part
of the enzyme systems needed for specific biochemical
reactions is depressed. This impairment in metabolism
results in clinical signs of deficiency. Other factors that
alter copper absorption include high concentrations of
dietary cadmium, iron, selenium, zinc, and vitamin C as
well as alkaline soils. Zinc supplementation in the diet
(to a concentration higher than 100 ppm) will reduce
availability and liver stores of copper. Roughage grown
on “improved” (fertilized, limed) pastures is more
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likely to be deficient. Liming reduces copper uptake
by plants, and many fertilizers contain molybdenum.
Good-quality lush grass forages have less available copper than that typical for most hays, and legumes have
more available copper than most grasses. Liver copper
reserves last up to 6 months in sheep.2

Copper Deficiency
Signs of copper deficiency include microcytic anemia,
depressed milk production, lighter or faded-looking
hair color, poor-quality fleeces, heart failure, infertility, increased susceptibility to disease, slowed growth,
enlarged joints, lameness, gastric ulcers, and diarrhea.
These signs appear to be more severe with primary
copper deficiencies than with a lowered coppermolybdenum ratio. Sheep with copper deficiency have
inferior wool, which usually is characterized as “stringy”
or “steely.” Such wool lacks both tensile strength and
crimp. Growing lambs and kids are most susceptible to
copper deficiency, followed by, in order of predisposition, lactating females.
Several breed differences have been observed with
regard to copper metabolism. For example, some FinnishLandrace sheep may have lower serum copper concentrations than in Merinos, which in turn have lower
serum copper levels than in British breeds at similar
levels of intake.12 Milk usually is deficient in copper,
whereas molybdenum is concentrated. In lambs suspected of having “swayback,” liver copper concentrations usually are less than 80 ppm dry weight.
Anecdotal reports indicate that goats offered only
sheep mineral (with low to absent added copper but
with added molybdenum) may succumb to copper
deficiency. The risk of this deficiency may be magnified
in pygmy goats and young, growing animals. Merino
sheep and dwarf goat breeds require 1 to 2 ppm more
copper than other breeds. Copper is absorbed more
efficiently by young animals than by adults.2 Copper
supplementation appears to have some effect on the
control of nematode parasites.
Very young lambs or kids can present with enzootic
ataxia. Affected animals are born from copper-deficient
ewes or does. The swayback condition of lambs or kids
usually is seen at birth but may be diagnosed in animals up to 3 months of age. Neonates may experience
a progressive ascending paralysis. Manifestations of this
ataxia include muscular incoordination (especially in
the hindlegs) and failure to nurse. Most neonates die
within 3 to 4 days of onset of the first clinical signs
and symptoms. Affected older animals may survive or
die, depending on severity. Rear limb ataxia, muscle
atrophy, and weakness are noted in lambs or kids from
2 weeks to 3 months of age.
A definitive diagnosis is made with necropsy. Histopathologic examination of the spinal cord reveals
myelin degeneration and cavitations of cerebral white
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matter. Liver copper concentrations are invariably
depressed. Prevention and treatment consist of copper supplementation (using oral supplements, copper
needles, a trace mineral mixture, or injectable copper)
and maintaining an appropriate dietary copper-tomolybdenum ratio (see Chapter 13).
If copper deficiency is suspected, the copper, molybdenum, sulfur, and iron concentrations of the diet
should be determined. To confirm copper deficiency,
the nutritionist or clinician should measure body tissue concentration. Serum copper commonly is used to
determine body copper status, but much of the copper
is bound in the clot, making plasma a more reliable
indicator of body copper status. Unfortunately, from
a body assessment standpoint, blood copper concentrations may be falsely increased by stress or disease.
If serum copper is overtly low and animals were not
stressed during sampling, copper deficiency is likely. If
serum copper concentrations are used for assessment,
and copper concentrations fall within normal ranges,
additional copper supplementation is of little or no
value. An exception is those cases in which serum copper is normal but dietary molybdenum is high, or the
copper-to-molybdenum ratio is less than 4:1. In such
cases the assayed copper may not be available for use in
body metabolism. The dietary copper-to-molybdenum
ratio should be maintained between 5:1 and 10:1. Liver
is the best tissue to use in determining body copper
status, but among other limitations, it is a poor indicator of short-term copper balance. If liver copper is
marginal, but plasma or serum copper is in the normal
range, the animal may have a favorable response to
copper supplementation. In such instances, dietary copper probably is deficient, and the liver stores of copper
are being depleted. If a herd problem seems likely, the
clinician should sample not only a cross-section of ages
and production status but also as many symptomatic
animals as possible.
Forage samples should be taken for copper and
trace mineral analysis. Core samples of hay should be
properly collected. Feed samples should be placed in
plastic bags, not brown paper boxes or bags. Dietary
copper should range between 4 and 15 ppm. In areas in
which copper deficiency is a problem in goats, a mineral
mixture with 0.5% copper sulfate should be offered on
a free-choice basis. This level of copper, however, may
be toxic for sheep.2 In extremely deficient areas, copper
needles can be administered orally, or copper can be
injected parenterally.

Copper Toxicity
Copper toxicity is a much larger problem in sheep
than in goats. In sheep, the magnitude of difference
between copper deficiency and copper toxicity is quite
small. Copper toxicity can occur in sheep as a result of
simple mixing errors during the formulation of mineral
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premixes, or from feeding mineral mixes formulated for
species other than sheep, and can be exacerbated by the
ingestion of toxic plants (e.g., lupines, alkaloid-containing
species) and stress. Sources of toxic concentrations of
copper include premixes, trace mineral supplements
made for species other than sheep, copper sulfate–
containing foot baths, feedstuffs containing high levels
of copper (horse, hog, or chicken feeds), and some
nontraditional feedstuffs (broiler litter). Signs of copper toxicity include increased respiration, depression,
weakness, hemoglobinuria, and icterus, with sudden
death in some instances. Gross histopathologic findings
in affected animals include signs of a massive hemolytic
crisis and dark, hemoglobin-filled kidneys. Treatment
includes administration of d-penicillamine (26 mg/kg
once a day for 6 days) and ammonium tetrathiomolybdate (1.7 mg/kg IV every other day for three treatments).
The control of methemoglobinemia should be specifically addressed (see Chapter 12). Goats are closer to
cattle than to sheep in susceptibility to copper toxicity.

Cobalt
Cobalt is used by rumen bacteria in the formation of
vitamin B12. It is deficient in some highly organic or
poorly drained soils. Cobalt deficiency in sheep or goats
is characterized as a classic B12 deficiency, with signs
and symptoms including lack of appetite, emaciation,
anemia, and “wasting disease.” Cobalt deficiency is
associated with white liver disease, although phosphorus and copper deficiencies and chronic parasitism also
play roles in pathogenesis. Animals with this condition
have excessive ophthalmic discharge, and their skin
becomes extremely pale. Necropsy reveals a fatty liver
(see Chapter 5).
To determine whether a cobalt deficiency exists, the
clinician must evaluate the complete diet. Serum or
urinary methylmalonic acid is increased and serum vitamin B12 and liver cobalt concentrations are depressed in
cobalt deficiency. Diagnosis may be difficult, however,
because of the normally low tissue concentration of
cobalt. A diet with a cobalt concentration of 0.1 ppm
is adequate in most instances, but dietary levels below
0.06 ppm should be considered deficient. If a frank
deficiency exists, a cobalt-supplemented trace mineral
mixture should be fed ad libitum. Cobalt toxicity is of
minimal concern with most sheep and goat operations
under typical conditions in North America.2

Iron
Iron deficiency in sheep and goats is quite rare under
grazing conditions. Lambs or kids raised in total
confinement and deprived of access to pasture and
earth-floored stalls or paddocks may become deficient,
however. Iron deficiency is exacerbated when young

animals are fed a milk replacer deficient in iron. Newborn kids and lambs are born with minimal iron stores.
Iron is an important component of hemoglobin, and
a deficiency can result in microcytic-hypochromic anemia. Iron deficiency is a rare problem in adults, except
in cases of excessive parasitism.
In kids and lambs with diagnosed iron deficiency,
iron dextran (150 mg given intramuscularly) at 2- to
3-week intervals may prove a valuable therapy.9 Parenteral iron dextran may be toxic, and caution is indicated
with its use.9 If selenium deficiency also exists, the use
of iron dextran can result in painful muscle reactions.
The dietary iron requirement generally is 30 to 40 ppm.

Iodine
Iodine deficiency is more common in certain geographic regions of North America, particularly the
“Northern Tier” of the United States. Iodine availability
is depressed by methylthiouracil, nitrates, perchlorates,
soybean meal, and thiocyanates. Minerals that interfere
with iodine absorption include rubidium, arsenic, fluorine, calcium, and potassium. Iodine appears to be most
available for use by the body during winter months
and during lactation. The form or “state” in which
iodine exists in the feed alters availability—iodates are
absorbed more readily than iodides. Signs of iodine
deficiency include goiter, poor growth, depressed milk
yield, pregnancy toxemia, and reproductive abnormalities including abortion, stillbirth, retained placentas,
irregular estrus, infertility, depressed libido, and birth
of small, weak, and either hairless or short- and
fuzzy-haired newborns. Lambs or kids born to iodine-
deficient dams may have enlarged thyroid glands.
Affected kids can be treated with 3 to 6 drops of iodine
(Lugol’s solution) daily for 7 days.
An enlarged thyroid in the kid commonly is a congenital problem unassociated with dietary iodine (see
Chapter 9). After a thorough examination of the diet,
if iodine deficiency is still suspected, the clinician can
measure the serum or plasma thyroxine levels, which
are lowered in deficient states, to assess the body status.
Iodine is readily absorbed, so most sources will work
well in salt-mineral mixtures or feed supplements.
Iodine levels of 0.8 ppm for lactating animals and
0.2 ppm for nonlactating ewes or does usually are sufficient for normal function. Applying iodine (1 to 2 mL
of tincture of iodine or Lugol’s solution) to the skin of
a pregnant female once each week is a labor-intensive
but rewarding method of preventing iodine deficiency–
induced hypothyroidism. Hyperiodinism occasionally
is associated with the feeding of kelp or related plants
in mineral mixtures. This clinical problem may be
encountered in the occasional pet or dairy goat. Simply
removing the iodine source may be all that is required
for treatment of toxicity.2
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Zinc
Zinc deficiency–related disease or dysfunction has
been reported in sheep and goats. Zinc availability is
improved with the presence of vitamin C, lactose, and
citrate in the diet. Oxalates, phytates, and large dietary
concentrations of calcium, cadmium, iron, molybdenum, and orthophosphate all depress zinc availability.
Zinc concentrations usually are higher in legumes than
in grasses, but legumes invariably contain large concentrations of calcium, which can depress zinc availability.
Zinc tends to be less available from cereal grain. Signs
of zinc deficiency include dermatitis and parakeratosis,
depressed milk production, impaired appetite, poor
feed utilization, slowed growth, increased susceptibility to footrot, diminished hair growth on legs and
head, swollen joints, poor growth, decreased reproductive performance, reduced testicular development,
impaired vitamin A metabolism, and increased vitamin
E requirements. Male goats appear to be more sensitive to the potential for adverse effects of marginal zinc
intake.
When zinc deficiency is suspected, the clinician
should carefully sample all constituents of the diet.
Serum or plasma should be properly collected into
tubes specifically designed for trace mineral analysis
(royal blue top or trace mineral tubes). Hemolysis alters
the accuracy of serum and plasma samples, because red
blood cells have high zinc concentrations. Liver samples
yield the most reproducible measurements of the zinc
status of the animal. Both polystyrene containers and
brown paper bags may be contaminated with zinc and
should not be used for sample collection. Diets containing 20 to 50 ppm of zinc usually are sufficient, except
for animals that consume a high percentage of legumes
in their diets. In these instances, a chelated form of zinc
is indicated. Providing trace mineral–salt mixes with
0.5% to 2% zinc usually prevents deficiency. The difference between required and toxic amounts is quite large,
so zinc toxicity is rare under most conditions.2

Selenium
The absorption of selenium from the small intestine is
enhanced by adequate dietary levels of vitamins E and
A and histidine. Large dietary quantities of arsenic, calcium, vitamin C, copper, nitrates, sulfates, and unsaturated fats inhibit selenium absorption. Legumes usually
are a better source of selenium than are grasses, which
in turn are superior to cereal grains (see also Chapter 11).
The signs of selenium deficiency include nutritional
muscular dystrophy, particularly of the skeletal and
cardiac muscles of fast-growing young lambs or kids,
and retained placentas. Other signs associated with
insufficient selenium include poor growth, weakness or
premature birth of lambs or kids, depressed immune
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function, mastitis, and metritis. Most often, selenium
deficiency is observed in lambs between birth and
8 weeks of age.
Serum selenium concentrations are difficult to interpret because they may reflect dietary intake over the
past 2 to 4 weeks. Whole blood selenium is reflective
of dietary selenium intake over the past 100-plus days.
Liver biopsy is the the most accurate method for
diagnosing selenium deficiency. Our own preference,
however, is to use whole blood selenium to determine
selenium adequacy. Diets containing 0.1 to 0.3 ppm
of selenium usually are adequate. The upper limit
(0.3 ppm) should be fed during the final trimester of
pregnancy. Mineral-salt mixes should contain between
24 and 90 ppm selenium in deficient regions. Of course,
dietary limits may be restricted to different levels in
different countries and regions of the United States.
In cases of frank deficiency, injectable vitamin E and
selenium preparations may be given. Selenium toxicity
may occur, but deficiency is the more prevalent problem. Toxicity is characterized by wool break, anorexia,
depression, incoordination, and death.2

VITAMINS
Because the rumen normally synthesizes B vitamins
in healthy sheep and goats, the only vitamins needed
in the diets of nonstressed animals are the fat-soluble
vitamins: A, D, E, and K. If an animal has altered rumen
function, is parasitized, is on a low-fiber diet, or is being
given long-term antibiotic therapy, supplemental B vitamins may be of value.

Vitamin A
Vitamin A is involved in numerous bodily functions.
It is essential for growth, proper skeletal development,
normal reproduction, vision, and epithelial tissue integrity. Signs of vitamin A deficiency include weight loss,
depressed immune function, night blindness, decreased
fertility, and hair loss. Vitamin A can be stored in the
liver for 4 to 6 months or longer. Green, vegetative forage meets the daily vitamin A requirement for sheep
and goats, which is 105 international units (IU)/kg of
body weight/day for nonlactating animals.2 During
late gestation, the requirement increases to 150 IU/kg/
day, and for lactation, 175 IU/kg/day. For conversion
purposes, one retinol equivalent (RE) is equal to 3.33
IU. Plants are not a source of preformed vitamin A but
instead contain vitamin A’s carotenoid precursors.2
Hay that is brown and dry and has been stored for
long periods probably is deficient. Vitamin-mineral
supplements that also contain oxidizing agents (e.g.,
copper, iron) are subject to oxidative destruction during
storage. Although the label may indicate that vitamin A
is present, its activity may be minimal.
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Vitamin D

MINERAL FEEDING

Vitamin D requirements generally are met if the animals are exposed to sunlight. In confinement feeding
operations or during sustained overcast or cloudy conditions, vitamin D should be supplemented. Vitamin D
deficiency can occur in heavily wooled lambs raised
with limited access to sunlight or sun-cured forages.
Winter months tend to be the most common time for
marginal blood vitamin D concentrations.
Vitamin D, along with calcium and phosphorus, is
important for normal bone integrity. Deficiencies can
result in rickets (see Chapter 11). Plants, both fresh and
in the form of hay (particularly sun-cured hay), contain abundant quantities of ergocalciferol (vitamins D2
and D3). The vitamin D requirement for sheep is
5 to 6 IU/kg of body weight/day, except for early-weaned
lambs, which have a requirement of 6 to 7 IU/kg/day.2
For conversions, 1 IU of vitamin D equals 0.025 μg of
crystalline D3.2

A salt block or loose salt is just that—a block or loose
mixture of NaCl. Trace mineral salt in block or loose
form is composed of NaCl (usually 98% to 99%) with
added trace microminerals. The adequacy or content
of certain minerals in the block or loose salt mixture
generally is not specified. The nutritionist or clinician
should carefully evaluate the type of salt-mineral supplement that is being offered to sheep or goats.
Most adult ewes consume around 0.3 to 0.8 kg of a
mineral mix per month, or approximately 10 to 28 g
daily. Sheep and goats maintained in dry lots usually
consume more than this, whereas those that graze or
browse on range consume less. Although commonly
used, salt blocks are inappropriate for both sheep and
goats, and their use can lead to inadequate mineral
intake and the occasional broken tooth.
Complete mineral mixtures should be used for animals grazing poor-quality forages, and for breeding,
pregnant, and lactating animals. A useful mixture of
40% dicalcium phosphate and 60% trace mineral salt
offered ad libitum generally provides an effective yet
inexpensive salt-mineral supplement. If vitamin E supplementation is required, 1 kg (2¼ lb) of a vitamin E
supplement containing 44,100 IU/kg can be combined
with 22.7 kg (50 lb) of trace mineral salt. If animals
consume 10 to 17 g of the mixture daily, requirements
for vitamin E should be met. In situations in which
the amount consumed may not be adequate to meet
these requirements, the keeper can monitor intake by
weighing the mineral being offered weekly. If animals
are not consuming enough of the supplement, the addition of corn, molasses, or soybean meal may enhance
intake. If too much of the mixture is being consumed,
the addition of white salt will curtail intake. Mineral
supplementation should be based on individual farm
practices, forage analysis, stage of production, and
breed. As a general guide, mineral supplementation
should be year round.

Vitamin E
Vitamin E is a biologic antioxidant that plays a major
role in maintaining cell membrane integrity. It is
closely associated with selenium in its mode of action,
and a deficiency of either can lead to white muscle
disease, depressed immune function, and depressed
fertility in sheep and goats. Lambs from vitamin E–
deficient ewes may exhibit stiffness, paralysis, and
pneumonia. If a higher-than-expected incidence of
infection and disease is noted in the herd or flock,
the keeper or clinician should investigate adequacy of
vitamin E intake. In selenium-deficient areas, young
lambs generally should be given extra vitamin E and
selenium by injection. Vitamin E is poorly stored in
the body, so daily intake is crucial. Although vitamin E
is found in most good-quality forages, if females are
consuming poor-quality hay (particularly in seleniumdeficient areas), supplementation is required. Feeds
rich in vitamin E include alfalfa meal, cottonseed
meal, and brewer’s grains. Some feedstuffs (e.g.,
corn, feeds containing high levels of sulfur, onions)
decrease vitamin E availability. The 2007 National
Research Council (NRC) recommendation for vitamin E requirements of small ruminants is 5.3 IU/kg
of body weight/day. This recommendation is for all
classes of sheep and goats.2

Vitamin K
If a ruminant animal is healthy, the keeper does not
need to supplement vitamin K. Vitamin K is important
for normal blood clotting and vision. In healthy animals it is produced in sufficient quantities in the rumen
and lower gut.

FEED ADDITIVES
To date, very few feed additives have been approved
by the U.S. Food and Drug Administration (FDA) for
use in sheep and goats. Two antibiotics, chlortetracycline and oxytetracycline, have been approved as
feed additives for sheep in the United States. Dietary
antibiotics may improve average daily gain, increase
feed conversion, and reduce the losses associated with
certain diseases (e.g., pneumonia, enterotoxemia) of
lambs and kids when incorporated into creep feeds
or finishing diets. Responses are variable and depend
on management and the degree of stress the lambs
are experiencing. Chlortetracycline and tetracycline
are labeled in the United States for increased feed
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efficiency and improved body weight gain (20 to
60 g/ton of feed), for the prevention of Campylobacter
fetus-associated abortion in breeding ewes (80 mg/
animal/day), and for the treatment of bacterial pneumonia caused by Pasteurella multocida and enteritis
caused by Escherichia coli (22 mg/kg of body weight/
day). Both of these antibiotics have been successfully
used (off label) in similar dosages in goats to treat the
conditions listed for sheep. These antibiotics may be
milled into complete diets or top-dressed onto feeds
to treat footrot or conjunctivitis in situations in which
individual animal treatment is difficult. Individual
animal intake may vary, with resultant differences in
response to therapy. Whenever feed-based antibiotics
are used, anorexic animals will have insufficient intake
for proper therapy.
Two ionophores, lasalocid and monensin, are
approved by the FDA as feed additives for control of
coccidiosis in sheep and goats, respectively. Both are
approved for confinement feeding only, and neither is
approved for use in animals whose milk is to be used
for human consumption in the United States. Feeding these ionophores to ewes or does 30 days before
they give birth can reduce the shedding of infective
oocysts and may decrease pasture contamination and
resultant coccidiosis infection in young lambs or kids.
Both agents have value in improving weight gain and
feed efficiency in adults and young growing animals.
Ionophores also enhance propionic acid fermentation
in the rumen, thereby increasing the pool of glucose
precursors and aiding in the prevention of pregnancy
toxemia in late-term ewes and does. These drugs have
the added benefit of decreasing the incidence of free-gas
bloat in animals on high grain–low forage diets (e.g.,
show lambs, feedlot lambs).
Decoquinate is another anticoccidial feed additive that is licensed for use in sheep and goats in
the United States. However, it is not approved for
use in animals producing milk for human consumption. Decoquinate acts early in the life cycle of coccidia, before they can cause gastrointestinal damage,
therebye preventing some of the more serious consequences of infection. Decoquinate is very safe and can
be added to feed, mineral mixtures, and milk or milk
replacers. Lambs or kids at risk for the development
of coccidiosis secondary to stress or environmental
contamination and ewes or does in late gestation are
likely candidates for the use of this feed additive. To
maximize their effectiveness, decoquinate-containing
feeds should be provided continually for a minimum
of 28 days.
The dewormer morantel is approved as a feed additive for goats to control gastrointestinal nematodes. Feed
additive anthelmintics are valuable for use in animals
that are difficult to handle individually because of temperament or lack of facilities. However, if anthelmintics
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are fed continuously and consistent therapeutic intake
is not met, anthelmintic resistance will occur.
The anionic salts ammonium chloride and ammonium sulfate both are urinary acidifying agents that
help prevent certain types of urolithiasis when added
to the diets of rams, bucks, and wethers. Urolithiasis
may occur in males (in which the urethral diameter is
smaller than in females) consuming high-grain diets.
This is particularly true in pet goats, breeding bucks or
rams, and feedlot lambs. These anionic salts tend to be
unpalatable, however, and in effective doses (200 mg/
kg/day), their use may result in depressed feed intake.
The term yeast culture refers to yeast and the medium
on which it is grown. This product can be dried, preserved, and used as a feed additive. Although the mode
of action has not yet been determined, the feeding of
some yeast cultures may stimulate dry matter intake and
fiber digestion, especially in mildly stressed animals.
These yeast cultures may stimulate the growth of ruminal bacteria, which utilize lactic acid. The quality of
these preparations should be examined closely before
their use. Yeast culture may be useful in easing animals
into grain-rich diets and minimizing rumen upset during the diet transition phase.
Buffers are salts that resist pH changes, whereas neutralizing agents neutralize acid and therefore increase
pH. Some feed-grade buffers include sodium bicarbonate, sodium sesquicarbonate, sodium bentonite,
and calcium carbonate. Magnesium oxide, sodium
carbonate, and sodium hydroxide are neutralizing
agents. Buffers and neutralizing agents can be added
to high-grain diets (e.g., diets fed to feedlot lambs,
show lambs, and dairy animals) to help limit the rapid
changes in ruminal pH associated with the ingestion
of excessive concentrates. Sodium bicarbonate probably is the most widely used of these chemicals. The
response to feeding buffers appears to be variable,
except when they are used in dairy animals receiving
high-grain diets. Buffers are of less value when foragebased diets are fed. In dairy goats and sheep, buffering
agents improve milk production, minimize milk fat
depression, decrease the incidence of lactic acidosis–
rumenitis complex, and improve overall health. These
buffers may be fed ad libitum to dairy goats, included
in a total mixed diet at around 1%, or top-dressed
onto the feed.

FIBER
Fiber is an important component of the diet of a ruminant animal. Without adequate fiber in the diet, normal
rumination does not occur. In sheep, feeding a concentrate-based diet with limited amounts of fiber results in
“wool pulling” as the animals seek a roughage source.
To promote a healthy rumen, the dietary fiber content
generally should be greater than 50%.
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Fiber also is required in the diet to maintain acceptable levels of milk fat. The particle size of the fiber is
important. It is generally accepted that a minimum
particle size of 1 to 2.5 cm is appropriate to stimulate
normal rumination, although the effect of smaller particles is not well documented in sheep and goats. Pelleted roughage does not meet the requirement for fiber
size. Animals being fed pelleted forage or lush pasture
should be offered hay.13

PELLETED FEEDS
The process of pelleting compacts feeds by forcing them
through a die. Pelleting of feeds decreases waste, allows
for easier storage and mechanization, and decreases
labor. However, it usually increases the total feeding cost. Compacting the feed ingredients reduces or
eliminates fines and dust particles, thereby increasing
palatability. The pelleting process reduces separation
and feed sorting by the animal, preventing the intake
of only certain parts of the total feed. Because pelleting
usually entails grinding, particle size usually is reduced,
somewhat improving digestibility. However, feeding
pellets can result in decreased milk fat in dairy animals, an increased incidence of ulcers and choke, and
urolithiasis in males. Pelleted rations may increase the
incidence of phosphatic calculi, owing to decreases in
saliva production, thus lowering phosphate excretion
by the gastrointestinal tract. Pelleted rations can therefore increase urinary excretion of phosphorus. Pelleted
rations also are associated with increased mucoprotein
excretion in the urine. Pelleting also may reduce the
content of vitamins A, E, and K, or destroy these nutrients outright, in the feed. In formulating pelleted feeds,
manufacturers should fortify these nutrients in the pellet. The animal keeper or producer should weigh the
costs versus benefits of pelleted feedstuffs.

FEED ANALYSIS
Both sheep and goats can derive nutritional value from
numerous feeds. A listing of a wide array of feeds and
their nutritional content can be found in the 2007 NRC
recommendations for small ruminants.2 For simplicity,
energy values are reported as TDN. Many feeds have
limitations on their use because of such factors as fat
content, palatability, moisture content, antinutritional
factors, and other attributes beyond the scope of this
discussion.
To analyze the nutrient content of a given feedstuff,
the clinician must obtain a representative sample. For
hay analysis, random sampling of approximately 10%
of the bales is adequate. With large round bales, a core
sample into the round surface of the bale to a depth of
approximately 78 cm is ideal. Most sampling devices
provide an approximate 2.5-cm-diameter core from

the bale. All of the core samples should be combined
into one container and thoroughly mixed. From this
combined mix, the clinician should properly package
a subsample of approximately 0.22 kg and send it to
a laboratory for analysis. Samples of silage and other
high-moisture feeds should be frozen before shipment
to the testing laboratory. To analyze bulk feeds that are
stored in bins or other storage facilities, the clinician
should take several random grab samples as the feed is
being augered or unloaded.
Forage can be evaluated by appearance, albeit with
much less accuracy than with some sort of laboratory
analysis. Green, leafy forage that is free of mold or
weeds usually is more nutritious. Goats tend to select
leaves when fed hay; thus hay analysis may not always
apply to nutritional intake.
After a representative sample arrives at the laboratory,
it is analyzed for a variety of nutritive components. First,
the sample is assayed for moisture content. Most feeds
contain approximately 10% to 15% moisture, or possibly less in arid environments. The dry matter of a feed
is therefore important, and for comparison the nutrient
content of the feed is reported as percent dry matter.
If the moisture content exceeds 15%, mold contamination is typically a problem. In addition, total ash content also may be determined and amounts of individual
minerals measured. Total ash content may be of value
for analysis of various byproduct feeds in which dust or
soil contamination may be a problem.
The fiber content also should be determined. Most
laboratories use the Van Soest procedure, which is based
on the use of detergents. The first step is to boil the
sample in a neutral detergent solution and separate the
cell contents from the fiber. The undissolved fraction is
referred to as the neutral detergent fiber (NDF). This NDF
fraction is then boiled in an acid detergent solution to
dissolve the hemicellulose, which leaves behind the
acid detergent fiber (ADF). This fraction is dissolved in
72% sulfuric acid, which solubilizes the cellulose. The
remaining lignin and silica are separated by ashing the
sample. The NDF is an estimate of the amount of hemicellulose, cellulose, and lignin the sample contains,
whereas the ADF estimates the amount of only cellulose and lignin. As the NDF content of a feedstuff rises,
the bulkiness of the feed also increases—that is, NDF
is negatively correlated with dry matter intake. As the
ADF content of a feed rises, its digestibility is decreased.
Pelleting or grinding usually results in a greater dry matter intake, even for feedstuffs with relatively high NDF
content. Based on the determined levels of the various
fiber fractions, prediction equations are used to compute TDN content and various other values for energy
content (e.g., metabolizable energy, net energy).
The last major nutrient that is measured is crude
protein. The sample is analyzed for nitrogen content, and then crude protein is calculated as percent
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nitrogen multiplied by 6.25. The crude protein value
cannot indicate if any or how much of the protein has
been damaged by heat. Heat damage often results in
decreased digestibility. This method of protein analysis
does not differentiate between NPN and natural protein. Protein content reported as digestible protein is
formulated from crude protein content. Unfortunately,
digestible protein is of limited practical value in developing rations. Additionally, samples may sometimes
be analyzed for fat. Table 2-1 illustrates sample hay
analyses.
Different testing laboratories use different equations
to predict energy values. One such equation in common
use is as follows:
TDN (%) = 88.9 - [0.79 x ADF (%)]

The equation balances using either the ADF (39%)
or the TDN (58.09%) values from the analysis provided
in Table 2-1. In contrast with this simple equation, the
various net energy prediction equations use cubic and
quadratic terms, which are much more complex. The
NDF fraction can be used to estimate the animal’s voluntary dry matter intake:
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where digestible dry matter (%) = 88.9 – (0.779 × ADF [%])
For this example, therefore, the equation is completed
as follows:
RFV = (58.52 × 1.94) ÷ 1.29 = 88

RFVs can exceed 100 and often do so for goodquality alfalfa. However, this measure does not take into
account the crude protein content of the forage, which
must be evaluated separately. The poorer the quality
of a forage, the longer it requires for digestion. Poorquality forage remains in the rumen for a longer period,
thereby indirectly limiting feed intake. Keepers purchasing feeds would do well to make decisions based on
RFV. During diet formulation, however, TDN and protein concentrations most often are used as guidelines.

BALANCING A RATION
Substitution Method

Thus animals provided with the hay in Table 2-1 would
consume approximately 1.9% of their body weight in
dry matter.
Another nutritional measure that may be reported
on a forage analysis is relative feed value (RFV), which is
calculated as follows:

The substitution method for balancing a ration works
best when only two or three feedstuffs are to be used
in the animal nutritional plan In this chapter, pounds,
rather than kilograms, are used in demonstrating this
method of ration calculation. In the following example,
a diet composition is determined for a group of ewes
with an average body weight of 150 lb. These animals
also are in late gestation, with a high expectation for
twinning. Some grass hay is available and has been
analyzed to contain 51% TDN and 8.8% crude protein. Both corn and soybean meal can be purchased as
needed. Daily requirements can be determined from the
NRC recommendations.2 Dry matter intake is predicted
to be 4.0 lb/day, and the ewes require 2.7 lb of TDN
and 0.42 lb of protein. If x = lb of hay, then 4.0 – x = lb
of corn. TDN can then be determined as follows:

RFV = digestible dry matter (%) × dry matter intake (%) ÷ 1.29

0.51 (x) + 0.881 (4.0 − x) = 2.7

Dry matter intake (% of body weight) = 120 ÷ NDF (%)

Again, using the information from Table 2-1, the
equation is solved as follows:
Dry matter intake =120 ÷ 62% = 1.94% of body weight

TABLE 2-1 A Sample Analysis for Fescue Hay

Constituent
Moisture
Dry matter
Crude protein
Fiber
NDF
ADF
Total digestible nutrients*
Net energy—lactation*
Net energy—maintenance*
Net energy—grain*

Content Determined
on Dry-Matter Basis
12.75%
87.25%
12.31%
62.00%
39.00%
58.09%
1.31 mcal/kg
1.25 mcal/kg
0.58 mcal/kg

*Calculated from prediction equations.
ADF, Acid detergent fiber; NDF, neutral detergent fiber.

where 0.51 and 0.881 are, respectively, the proportion
of TDN in the hay and in the corn and 2.7 is the daily
TDN requirement in pounds. Solving for x indicates
that feeding 2.2 lb of hay and 1.8 lb of corn per day (dry
matter basis) will provide the ewes’ energy needs.
The next step is to determine the protein adequacy.
The provided hay contributes 0.19 lb of protein (2.2 ×
0.088); the corn contributes 0.18 lb of protein (1.8 ×
0.1). Total daily intake of protein is therefore 0.37 lb
(0.19 + 0.18). However, because the protein requirement
was determined to be 0.42 lb, the diet is still deficient by
0.05 lb (0.42 – 0.37). A protein source such as soybean
meal can be used to supplement the grain (corn). The net
gain in protein for this substitution is 0.34 lb for every
pound of soybean meal substituted for corn (0.44 –
0.1). Dividing the deficiency (0.05 lb) by the net gain
in protein gained by substituting soybean meal for corn
(0.34 lb) indicates that the ration can be balanced by
adding 0.15 lb of soybean meal and subtracting 0.15 lb
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of corn. The final daily ration is therefore 1.65 lb of
corn, 0.15 lb of soybean meal, and 2.2 lb of hay.
For conversion of this ration composition to an as-fed
basis, and for simplicity’s sake in this example, all feeds
are assumed to be 90% dry matter. Therefore the amount
of each feedstuff should be divided by 0.9, resulting in
1.8 lb of corn, 0.17 lb of soybean meal, and 2.4 lb of hay.
From a practical standpoint, we recommend offering
the ewes free-choice hay, supplemented with 2 lb of a
corn–soybean meal mixture that contains 90% corn
and 10% soybean meal. This ration is fed until lambing
commences, at which time the diet is reformulated to
meet the demands of lactation.

The hulls provide 0.022 lb of protein (0.52 lb × 0.042),
the corn provides 0.012 lb of protein (0.12 lb × 0.10),
and the oats provide 0.016 lb of protein (0.12 × 0.132).
Total protein in the ration thus far is 0.05 lb (0.022 +
0.012 + 0.016). The requirement is 0.099 lb, leaving a
deficit of 0.049 lb.
Cottonseed meal can be substituted for some of the
grain. An equal mix contains 11.6%, so the net gain of
the substitution is 32.7% (44.3% – 11.6%). Therefore,
to balance the ration, the keeper should add 0.15 lb
(0.47 lb ÷ 0.327) of cottonseed meal and take out
0.075 lb of corn and 0.075 lb of oats from the diet. The
final daily ration is shown in Table 2-2.

Fixed Ingredients Method

Pearson Square

Presented next is a method of balancing a ration using
a fixed set of ingredients. In this example, three different
grain sources are used: corn, oats, and wheat. The diet is
balanced for 30-lb kids growing at a rate of 0.20 lb/day.
In addition, cottonseed hulls are available as a roughage source and cottonseed meal is a source of protein.
The wheat was purchased at a bargain price, but feeding
wheat in large amounts is associated with potential problems. Therefore wheat is limited to 15% of the diet. In
this example, the owners have requested that equal quantities of corn and oats be used in the diet formulation.
The daily requirements for these goats are as follows: dry
matter intake of 0.9 lb, protein intake of 0.119 lb, and
TDN intake of 0.59 lb. First, the nutrients being provided
by the fixed level of wheat should be taken into account:

The Pearson square is a simple tool that is quite useful
for blending two ingredients on the basis of one nutrient. In the following example, corn and soybean meal
are blended to attain a concentrate mixture of 16%
crude protein. The square is formed by placing the percentage of the nutrient that is desired in the center and
then placing the percentages of the nutrient present in
the two feeds at the left corners:

Daily intake = 0.90lb × 15% = 0.135lb of wheat / day
TDN from wheat = 0.135lb × 0.873 = 0.12lb of TDN
Protein = 0.135lb × 0.151 = 0.020lb of protein

Subtracting these amounts from the requirement yields
the following results:

Corn

Soybean meal

0.451 (x) + 0.8275 (0.765 − x) = 0.47

where 0.451 is the TDN content of the cottonseed
hulls and 0.8275 is the TDN content of a mixture of
equal parts of corn (0.881) and oats (0.774)[0.881 +
0.774] ÷ 2 = 0.8275. Solving for x reveals that balancing
the ration requires 0.52 lb of cottonseed hulls and 0.24
lb of the corn-plus-oats mix, which equates to 0.12 lb
(0.24 lb ÷ 2) of each.
So far, the ration consists of 0.52 lb of cottonseed hulls,
0.135 lb of wheat, 0.12 lb of corn, and 0.12 lb of oats.

48.1%

6.0 parts soybean meal
38.1 total parts

The square is solved by subtracting diagonally across
the square without regard to the sign of the differences (in
other words, no negative numbers) and recording the difference at the right corners. Using the individual and total
parts, the percentage of each ingredient can be calculated:
32.1/38.1 = 84.25% corn
6/38.1 = 15.75% soybean meal

TDN = 0.59 − 0.12 = 0.47lb

An equation similar to that in the previous example,
in which x = pounds of cottonseed hulls and 0.765 –
x = 1:1 mixture of corn and oats, is now used to solve
for TDN:

32.1 parts corn
16%

Dry matter = 0.90 − 0.135 = 0.765
Crude protein = 0.119 − 0.020 = 0.02lb

10.0%

TABLE 2-2 Final Daily Ration Determined
Using a Fixed Set of Ingredients

Component

lb Dry
Matter

lb as
Fed*

% as
Fed

Cottonseed hulls
Wheat
Corn
Oats
Cottonseed meal

0.52
0.135
0.045
0.045
0.15

0.58
0.15
0.05
0.05
0.15

58.0
15%
5.0
5.0
17.0

*To calculate “lb as fed” values, the keeper should determine the
percentage of dry matter and divide it into the amount of dry matter
being fed (e.g., cottonseed hulls 0.52 lb at 90% dry matter, or 0.52 ÷
0.9 = 0.58 lb of feed). In this example, all feeds are 90% dry matter.
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Therefore a mixture composed of 84.25% corn and
15.75% soybean meal mixture yields a feed with a crude
protein content of 16%. This quick method can be used
to determine content for any class of nutrient.

Calculating Requirements
for Phosphorus and Calcium
Supplementation

Soybean meal,
mechanically extracted

Therefore dicalcium phosphate must make up 0.73% of
the diet to satisfy the phosphorus requirement.
It is now possible to solve for the required calcium
supplementation in the form of limestone, based on a
daily requirement of 0.6% and the percentages of dicalcium phosphate in the diet (0.73%) and of calcium in
limestone (38%):
0.6% = (81.75% × 0.0002) + (15.3% × 0.0026)

The next example illustrates a method for calculating
requirements for phosphorus and calcium supplementation, using the 84.25% corn–15.75% soybean meal
mixture from the previous example. Values for the calcium and phosphorus content of these two feedstuffs
are from the 2007 NRC recommendations for small
ruminants.2

Corn grain, grade 2
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Calcium
Content
0.02%

Phosphorus
Content
0.33%

0.26%

0.62%

+ (0.73% × 0.22%) + (x × 0.38%)

where 0.6% is the daily calcium requirement, 81.75% is
the percentage of corn in the diet, 0.0002 is the percentage of calcium found in corn, 15.3% is the percentage
of soybean meal in the diet, 0.0026 is the percentage of
calcium found in soybean meal, 0.73% is the percentage of dicalcium phosphate in the diet, 0.22% is the
percentage of calcium in dicalcium phosphate, x is the
amount of limestone required for supplementation,
and 0.38% is the percentage of calcium in limestone.
The equation is solved as follows:
0.6% = 0.016% + 0.04% + 0.16% + (x × 0.38%)
0.6% = 0.216% + (x × 0.38%)
(0.6% - 0.216%) ÷ 0.38% = x

All values are provided on a dry matter basis. Calcium
supplementation is with limestone, and phosphorus
supplementation is with dicalcium phosphate. The
corn–soybean meal mixture composes 97% of the diet.
This allows for the addition of a calcium and phosphorus source (dicalcium phosphate) and a calcium source
(limestone) can be added for needed trace minerals,
as well as a urine acidifier (if needed). Corn therefore
makes up 81.7% of the diet (84.25% × 0.97), whereas
soybean meal composes 15.3% of the diet (15.75% ×
0.97). Based on an assumed requirement of 0.5% for
phosphorus and the percentage of phosphorus in dicalcium phosphate (18.5%), the amount of phosphorus
supplementation (as dicalcium phosphate) can be
calculated by multiplying each feed ingredient by the
percent phosphorus in that feed and adding the results:
0.5% = (81.75% × 0.0033) + (15.3% × 0.0062) + (x × 0.185%)

where 0.5% is the daily phosphorus requirement,
81.75% is the percentage of corn in the diet, 0.0033
is the percentage of phosphorus found in corn, 15.3%
is the percentage of soybean meal in the diet, 0.0062 is
the percentage of phosphorus found in soybean meal,
x is the amount of dicalcium phosphate required for
supplementation, and 0.185% is the percentage of
phosphorus in dicalcium phosphate. The equation is
solved as follows:
0.5% = 0.27% + 0.095% + (x × 0.185%)
0.5% = 0.365% + (x × 0.185%)
(0.5% - 0.365%) ÷ 0.185% = x
x = 0.73%

x = 1%

Therefore limestone must make up 1% of the diet to
satisfy the calcium requirement.
The ration calculated in the previous examples would
therefore be composed of the following:
Corn
81.7%
Soybean meal
15.3%
Dicalcium phosphate 0.73%
Limestone
1%
Total ration
98.73%
Values for this ration are on an as-fed basis. With the
standard addition of 0.5 lb (equivalent to 0.5%) of
sodium chloride and 0.05 lb (equivalent to 0.05%) of
trace minerals, the resultant mixture is 99.28% complete on a dry matter basis.
Langston University in Langston, Oklahoma,
sponsors a website that allows owners, producers,
caregivers, nutritionists, and veterinarians to balance total rations, calculate calcium and phosphorus requirements, estimate supplemental concentrate,
and other diet and nutritional calculations for goats
(http://www.luresext.edu/goats/research/nutreqgoats.
html).
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BODY CONDITION SCORING
Theoretically, animals in livestock enterprises should be
provided with the exact amount of nutrients required
for each stage of production; however, this usually is
not practicable under field conditions. The animals will
therefore be subject to seasonal periods of undernutrition and overnutrition. A useful tool in assessing the
overall nutritional status of the flock or herd is body
condition scoring. The scoring system most commonly
used for sheep and goats has a range of 1 to 5, with a
body condition score (BCS) of 1 assigned to extremely
thin animals and a BCS of 5 to those that are extremely
obese. Body condition scoring is accomplished by palpating a relaxed sheep or goat for the degree of fat covering on the spinous processes and transverse processes
in the lumbar region1 (Figure 2-1). Because more than
85% to 90% of all healthy ewes receive a score of 2, 3,
or 4, half-scores often are assigned for greater accuracy.
For example, if the general score is higher than a 3 but
not quite a 4, the animal should be assigned a BCS of
3.5. Ideally, a majority of the flock should have a BCS of
2.5 to 3 at breeding and parturition.
If the flock animals were scored 45 days before parturition, and the average was less than 2.5 to 3, the keeper
should increase the flock’s energy intake so that an average BCS of 2.5 to 3 is attained by the time of parturition.
Animals in thin body condition at parturition give birth
to weaker babies and generally produce less milk during
early lactation. An ideal BCS is especially important in
accelerated breeding systems, in which the females are
rebred within 60 to 90 days after parturition. Likewise, if
the average BCS at 30 days before breeding is less than 3,
the keeper should consider “flushing” the females (recommended flushing regimens are discussed later in the
chapter). Moreover, condition scoring all of the females
allows the keeper to move the thin females (those with
a BCS less than 2) into one feeding group while leaving
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the others (those with a BCS higher than 3) in another
feeding group. In this way the thin females can receive
additional supplementation without the risk of overconditioning in the remainder of the ewes. A universally accepted condition scoring system is not available
for goats. In our own practice, we follow the system
presented in Figure 2-1 and use many of the same principles described for scoring both sheep and goats.2

FEEDING PROGRAMS
In North America, most farm flocks of sheep and goats
are maintained on pasture- or range-based systems.
Worldwide, approximately 80% of all nutrients for sheep
and goats are derived from forage.3 Both species are adept
at converting forage into high-quality products for human
consumption and use. Whenever sheep (and possibly
goats) graze large pastures or range, their maintenance
energy requirements may be more than 60% higher than
those of animals raised in dry lots.4 The more walking
required or the larger the range, the more work the animal must perform to consume enough forage to support
maintenance, growth, lactation, and fiber production.

PASTURES
Producing and providing good-quality forage ultimately
will reduce feeding costs and increase overall health and
usually results in a more profitable farming operation.
In a typical fall breeding–spring lambing operation,
supplemental grain feeding can be kept to a minimum
if a good forage management program is followed.
A variety of perennial grasses (e.g., fescue, orchard)
can be used by sheep and goats. Strategic incorporation
of legumes (e.g., clover) and some annual grasses (e.g.,
ryegrass or small grains) can provide excellent nutrition
for the flock. The addition of 30% legumes to a grass
pasture improves the nitrogen content of the soil and
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spinal ridge and ribs, hollow flank, no fat covering, little or no
muscle over transverse lumbar processes. Both sheep and goats
are emaciated. Plan: Complete physical examination, parasite
evaluation, clinical chemistries, and possible other tests (specialized testing-CL, Johne’s, OPP/CAE, etc), slow introduction
of good quality hay, parasite control, additional therapy should
be used with care as hepatic function may be compromised.

A

B

B, BCS of 2. Sheep: Animals are still thin, with prominent spinal ridge and slightly rounded transverse processes. The examiner’s fingers can be passed under the edge of the transverse
processes. Goats: Spinal ridge is visible; some rib fat is present
but bone is palpable; half of transverse lumbar processes
is visible. Plan: As with BCS 1, however, some grain can be
slowly introduced into the diet. Increasing grain intake before
breeding (flushing) will be of some benefit.
C, BCS of 3. Sheep: Animals have a smooth, slightly rounded
spinal ridge and transverse processes. Slight pressure is
required to palpate the transverse process. Goats: Spinal ridge
and ribs are barely visible, transverse processes are barely palpable, thick sternal fat. Plan: Similar to BCS 2; however, many
animals should be maintained in this “preferred” level of fat
covering. Increasing grain intake before breeding (flushing)
will be of some benefit.
D, BCS of 4. Sheep: These animals are fat. The spinal processes
are barely palpable. Goats: Spinal processes and ribs not visible,
sternal fat is prominent. Plan: Consider decreasing feed intake
and body fat covering in all but pregnant animals. Be cautious
of pregnancy toxemia in late gestation. Increasing grain intake
before breeding (flushing) will be of little or no benefit.

C

D

E
Figure 2-1 Body condition scores (BCSs) for sheep and
goats. These drawings show a cross-section through the lumbar region and depict the fat covering (or lack thereof).
A, BCS of 1. Sheep: The spinal and transverse processes are
sharp and no fat is detectable on the loin area. Goats: Visible

E, BCS of 5. Sheep: These animals are obese, with a midline
concavity running over the spinal process. Goats: Spinal ridge
under layer of fat, fat covering ribs, and sternum. Plan: Decreasing feed intake in all but pregnant animals. Be cautious of pregnancy toxemia in late gestation. Increasing grain intake before
breeding (flushing) will be of no benefit. Note: Because these
scores are broad, many owners or managers round up to halfscores (e.g., 2.5) if the animal has more fat covering then one
score but not quite as much as the next whole-number score
up. (Courtesy Jayne Pugh, RD, LD, MEd, SouthernTraxx Farm.)

increases pasture productivity. Clover can be part of
temporary pasture programs, or overseeded onto winter
pastures. Legumes improve the nutritional value of a
pasture but may predispose animals grazing the pasture
to formation of calcite calculi or bloat. Pastures that are
approximately 40% to 50% clover should be avoided
within 1 month of breeding through parturition, owing
to the potential for intake of excessive phytoestrogens.
Still, the benefits far outweigh the problems if legumes
are used judiciously.
When possible, a pasture grazing system should
include warm-season perennial grasses for use by the
ewes after weaning. During early gestation, these same
grasses can be used as mature forage. Approximately
60 days before parturition and through the first 90 days
of lactation, the females can graze on cool-season
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annual grasses. In some environments the warm-season
grasses then begin their seasonal production. With this
system, very little supplemental feeding is required. So
long as quantity of the various forages is not limited,
grain supplementation usually is not required. In practice, however, weather typically limits forage quantity for
60 days or more each year. A good-quality, pasture-based
forage feeding system often requires minimal energy and
protein supplements for nonlactating, nongrowing animals. Stockpiled forages can be an economical source of
nonharvested feedstuffs and are most efficiently utilized
when “strip grazed.” With use of winter annual pastures
for grazing, allowing the forage to reach a height of
8 inches before access by animals, strip grazing, and limiting grazing all enhance efficiency of utilization.
For proper forage management, adequate acreage
in grazeable land and several pastures are needed for a
rotational grazing program. Forage requires some periods of rest from grazing to maintain optimal productivity. Therefore pasture rotation is essential.
The pasture layout does not need to be elaborate
or to comprise many small paddocks. However, pastures do need to be divided for proper maximization
of forage production. Approximately 6 to 10 separate
paddocks or pastures are desirable, and further subdivisions can be added as needed. The divisions should be
based on the productivity of the soil and natural breaks
in the topography. They will not necessarily be of equal
size. The forage should be grazed in a way that optimal
leaf material is produced. Depending on the time of
year and amount of moisture, the length of time grazing an area and rest between each rotation will vary. For
example, the keeper may decide to have the flock graze
each of 10 paddocks for an average of 3 days at a time;
at the end of the rotation, the first paddock has had
30 days of rest and should have good forage regrowth.
This type of grazing management may not necessarily
increase animal gains, but it may increase the land’s
carrying capacity as well as the overall quality of the
pastures. Pasture rotation systems that increase grass
production do not necessarily aid in parasite control.
Between four and six ewes (and their lambs) and five
to eight does (and their kids) can be maintained on the
same amount of land that will support one cow and
her calf. In woodland or brushy areas, the same land
that will nutritionally support one cow and her calf will
provide enough forage for approximately 10 goats and
their kids.
A complete mineral supplement should be offered at
all times. An adequate mineral supplement for animals
grazing grass pasture contains 15% to 30% salt, 6% to
12% calcium, 6% to 12% phosphorus, and 1% to 4%
magnesium (except in early spring when magnesium
should be 8% to 14% of the minerals). Trace minerals suitable for the area and soil type also should be
offered.

RANGE
Many of the world’s sheep and goats graze on range
lands. The common goal for all range land enterprises
is to use as much standing forage as possible, with
minimal use of harvested forage or other supplements.
Supplemental feeding should be practiced only when
nutrient demands far exceed the nutrient supply of
the forage. Some deficiencies are acceptable because
of the female’s ability to regain body condition during
the period from weaning until breeding.
The amount and type of supplementation needed
are variable across range conditions. The two most
important factors in supplementation decisions are
stage of animal production (e.g., lactation) and weather
conditions (e.g., moisture or snow cover). A good range
mineral mixture includes equal parts of dicalcium
phosphate and trace mineral salt. The trace mineral–salt
component should be designed for the local forage and
soil types. In general, phosphorus should be supplemented under most range land conditions. Regardless
of its composition, the salt-mineral supplement should
be made available on a free-choice basis as the only
source of salt.
Additional supplements containing protein or energy
may be used as needed. Body condition scoring can
help in making the decision to supplement energy. If
the level of desirable performance can be attained by
using a supplemental grain in amounts equal to 0.5%
of body weight or greater, feeding grain can be economical. If greater quantities of grain are needed, however,
negative effects on forage use (e.g., depressed digestibility of forage) are possible. Several grain byproducts
are acceptable supplements for ruminants consuming
a forage-based diet. For example, soybean hulls and
wheat middlings can provide economical supplies of
energy without negative effects on forage use. Protein
supplements in the form of soybean meal or cottonseed meal are often used and may actually enhance the
digestibility of moderate- or poor-quality forage.
Whenever hand feeding is difficult, salt-limited rations
may be useful for range-fed sheep or goats used for
brush control. Depending on requirements, supplemental energy (e.g., corn, oats) or protein (e.g., cottonseed meal, soybean meal) should be ground and mixed
with salt in a 3:1 to a 6:1 salt-to-grain ratio, depending
on intake. If intake is too great, more salt should be
added. If intake is too low, salt should be reduced. In all
cases, only white salt (NaCl) should be used. The use of
salt-limited feeds decreases trace mineral intake. If trace
mineral deficiencies exist locally, and salt-limited feeds
are to be used, the keeper should add a suitable trace
mineral salt to the feed in quantity such that trace mineral consumption does not exceed 0.02% of the animal’s weight. Salt-limited supplemental feeding should
be introduced slowly over 2 to 3 weeks, and the animals
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performance should be monitored daily, particularly in
times of stress (predator attacks, weather changes).

CONFINEMENT FEEDING
Confinement feeding of sheep or goats in various small
vegetation-free enclosures or dry lots is used in certain
locales for all or part of the year. In climates with colder
winters and areas that lack winter grazing, some producers move sheep (and occasionally goats) to a sheltered
dry lot or barn for protection. Such situations usually
require more start-up money (for construction of a
barn to house animals, feeding floor or lot, and water
system) than that needed for range or pasture operations. Confinement management also may increase the
incidence of some contagious diseases, external parasites (particularly during winter), feeding costs, bedding
costs, and the need to handle and dispose of manure.
Nevertheless, the advantages can more than outweigh
the disadvantages in operations for which a cheap
source of feed and labor is available.
When properly performed, confinement or dry lot
feeding can all but eliminate two of the most serious
problems with sheep and goat production: internal
parasites and predators. However, during confinement
feeding, some access to outdoor dry lots is needed to
improve hoof and udder health and to decrease the
need for supplemental vitamin D. Because no grazing
is allowed and feedstuffs (hay, silage, grains) are fed
in bunks or other types of feeders, production losses
resulting from parasites can be curtailed. Also, less
energy is required for maintenance (walking to a feed
bunk versus grazing). Animals require 2 to 4 hours
to consume the same amount of dry matter from hay
that is consumed in 16 to 22 hours of grazing pasture.
Heavy-wooled breeds of sheep in full fleece require 1.5
times more space in a confined area than those that
have been shorn. Adult sheep and goats require 0.6 and
0.3 m, respectively, of linear bunk space per animal.
With confinement systems, ewes and does are more
easily separated by age (ewe lambs, adult ewes) and
production (lactating, dry or early lactation, late lactation). The ability to feed groups separately can improve
the use and efficiency of available feedstuffs and help
decrease the incidence of some production diseases
(e.g., pregnancy toxemia, hypocalcemia). A dry lot program can be used not only during winter but also when
pasture becomes scarce or for feeding young lambs or
kids for rapid gains.
In dry lot feeding, sheep or goats may be fed hay,
silage, “haylage” (hay silage), or green chop. For hay
feeding, “square” bales are associated with less waste,
but they tend to be more expensive than larger, round
bales. Nutrient loss from round bales can be as high as
50%. Storing hay in a shelter, above the ground, and
feeding in a hay feeder will reduce waste.
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The dietary habits of sheep and goats vary and affect
intake. However, dietary preference appears to be a more
important limiting factor in the use of certain feedstuffs
in goats. The smell, taste, and variety of feeds also affect
intake. Silage can be fed to sheep and goats, but animals
of both species may take time to adapt to its smell and
consistency. Sheep and goats appear to be more susceptible to infection with Listeria monocytogenes, and silage
that has been poorly packed or exposed to air or has not
attained a low enough pH (less than 4.5) may be contaminated with Listeria or mold. Such silage should be
avoided, as should bundle-fed, uneaten, frozen, moldy,
or spoiled silage. Hay silages (haylage) and corn silage
should have pH values of 3.8 to 4.5 and 4.0 to 4.2,
respectively. Corn silage will invariably be deficient in
both protein and calcium. (Note: Adding 20 lb of urea,
2 lb of limestone, and 4 lb of dicalcium phosphate/ton
of silage will improve nutritional content.)
Feed bunk design should minimize animal contamination. Adults and kids (lambs) should be prevented
from crawling into feed containers and soiling the feed.
Dry lot feeding also is of value in implementing a
parasite control program. If oral anthelmintics of the
benzimidazole class are to be used in a deworming
program, forcing the animals to fast or feeding dry hay
for 12 to 24 hours before deworming and then providing dry lot feeding for as long as 72 hours will improve
the results. This technique also allows for parasite egg–
laden feces to be “cleaned” or passed from the bowel
before the animals are placed on a safe pasture. Animals
may then be moved to pasture after deworming in a
relatively parasite-free state, reducing pasture contamination. Examples of confinement or dry lot rations are
shown in Table 2-3.

FEEDING THE ADULT MALE
Males should enter the breeding season in good body condition without excessive fat. Rams and bucks should be
maintained at a prebreeding body condition score of 3 to
4, because they may lose more than 10% to 12% of their
body weight in 1½ months of a breeding season. Condition scores should be assessed as part of a breeding soundness evaluation approximately 2 months before breeding.
It usually is beneficial to feed a concentrated energyprotein supplement to the males beginning approximately
4 to 6 weeks before the breeding season. Depending on
the body condition and size of the males and quality of
forage, a daily ration of 6 to 8 lb of forage and 1 to 2 lb of
12% to 14% crude protein concentrate usually suffices.
A good-quality supplement for grass-based forage is 80%
corn and 20% soybean meal. After the breeding season,
some concentrate may need to be fed to help the animals
regain an adequate body condition. For the remainder
of the year, adult males can be maintained on goodquality hay. If grass forage is fed, animals should have
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TABLE 2-3 Example Rations for Dry Lot Feeding for Nondairy Animals (lb/day)
150-Pound Ewe

Ingredient*
Alfalfa hay
Grass hay
Corn
Soybean meal

70-Pound Doe

Maintenance
A†
B†

Gestation
A
B

Lactation
A
B

Maintenance
A
B

Gestation
A
B

Lactation
A
B

2.9

4.25

5.5

2.0

2.8

2.6

2.9
0.25

3.6
0.75
0.15

1.0

4.8
1.0
0.75

1.67
0.33

2.3
0.5

0.4

2.2
0.4
0.4

*See Table 2-5 for average nutrient contents for each ingredient.
†A and B are different sample diets for each stage of production.

free access to a mixture of 50% dicalcium phosphate and
50% trace mineral salt. If legumes constitute a significant portion of the diet, a mixture of 50% trace mineral
salt, 25% dicalcium phosphate, and 25% defluorinated
rock phosphate can be offered. In both instances, these
mineral-salt mixtures should be the only source of salt
offered to encourage adequate intake. The trace mineral
component should be designed for the local soil types.
For sheep, low-copper mineral mixtures are optimal,
but goats can safely consume trace mineral mixtures
made for cattle. Because of the possibility of urolithiasis
in males, the keeper should take steps to prevent stone
formation by adding ammonium chloride or other urine
acidifiers to the mineral mixture.

During maintenance, the objective is to maintain the
female’s weight and health and replenish any losses experienced during lactation. Most pasture or range settings
provide adequate levels of nutrient intake to maintain
dry, nonpregnant sheep and goats for this entire period. If
extremes in environmental conditions occur (e.g., drought,
snowfall), some supplemental feeding is required.

and during the early breeding season increases the ovulation rate and thus the lambing or kidding rate. The
female’s age and body condition and the time of year all
affect the response to flushing. Mature females in marginal body condition usually respond best to flushing.
Moreover, the practice appears to be more beneficial in
attempts to breed the group early or late, as opposed to
during the peak of breeding season. Overconditioned
females either do not respond or appear to respond
only marginally to flushing. Flushing can be accomplished by the provision of lush pastures or by supplementation with approximately 0.14 kg (0.33 lb) to
0.45 kg (1 lb) of a 10% to 12% crude protein grain/
head/day. It is best to begin the hypernutrition approximately 2 weeks before the males are introduced and
continue for an additional 2 to 3 weeks into the breeding season.
The benefits of flushing include increased body condition, increased ovulation rate, and increased number
of lambs born. Adequate body condition is necessary for acceptable conception rates. Outside certain
biologic limits, a flushing effect is not observed. For
example, an extremely thin (BCS 1) female probably
will not achieve an increased ovulation rate because
she is too thin to have normal reproductive cycles.
However, within normal ranges (BCS 2.5 to 3) the
ovulation rate appears to respond to a short-duration
increase in energy and, to a lesser extent, to increased
protein intake (see Figure 2-1). Flushing does not
always increase lambing or kidding rates; however, it
does increase the number of females cycling early in the
breeding season, resulting in birth of a greater proportion of the offspring early in the lambing or kidding
season. In females, a BCS at or just under 2.5 to 3 is
optimal for most breeding flocks.

Breeding

Early to Middle Gestation

At the time of breeding, the practice of flushing females
has been used with some success. The basic premise is
that increased nutrition, specifically energy, just before

After the female has conceived, early gestation is
the time of partial fetal and placental development.
Nutrition is important for adequate development, but

FEEDING THE FEMALE
Breeding females have different nutrient requirements
as the stage of production changes. Although requirements are much lower for maintenance than for lactation, meeting these requirements is important for
efficient production. Body condition scoring all females
every 2 to 3 weeks is an important and cost-effective
management tool. Mineral feeding as described for the
adult male is applicable for the female.

Maintenance
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requirements are not greatly increased over those of
maintenance. If the diet is lacking in energy, protein,
and certain minerals, placental development may be
poor, resulting in poor fetal growth. A reduction in
lamb survival rates at birth can result from inadequate
feeding during early gestation. Likewise, adequate nutrition is required for proper attachment of the embryo
to the uterus. Midterm stress abortions can occur in
Angora goats as a result of energy deficiency. This stress
effect is more common in range conditions, particularly
after a weather change, predator attack, or decreased
feed intake. The incidence can be minimized by not
breeding the female until she has attained 60% to 70%
of her projected mature weight, and by maintaining a
steady nutritional state during pregnancy.5
During early gestation, ewes and does can be maintained on winter range or pasture or moderate-quality
hay, but grass-quality grass hay, grass-legume, or small
grain pasture would be best. If corn silage is fed, ewes
and does at this stage may need ¼ to 1⁄3 lb of a protein supplement daily. With seasonal decreases in feed
availability or with weather-associated increases in
feed requirements, some supplemental grain may be
required. Females should be fed to maintain a BCS of
2.5 to 3 during early gestation. The scores should be
assessed every 2 to 3 weeks, and any flock condition
score change acted on immediately.

Late Gestation
The nutrition of the female during the last 6 weeks of
gestation is extremely important. Approximately 70%
of fetal growth occurs during this period. Inadequate
nutrition can result in poor colostrum production,
low birth weight in both lambs and kids, lower energy
reserves in the newborn animals, and increased death
losses, especially during cold and inclement weather.
Birth weight is an important factor affecting newborn
survival. It can be influenced by breed, number born,
age of dam, and the dam’s preparturient diet. Extremely
low birth weights (less than 2 kg) in lambs can result
in increased mortality during the first 24 hours. Conversely, overfeeding of energy can result in obesity and
contribute to dystocia. Proper nutrition is crucial. In
general, more problems result from underfeeding than
from overfeeding during late gestation.
The process of converting dietary energy into fetal
growth is quite inefficient. Because 70% to 80% of fetal
growth occurs during the final 6 weeks of gestation,
the dam’s energy requirements increase substantially.
In many instances the only way to provide the extra
nutrition is to increase the amount of concentrate being
offered. This sharp increase in energy requirements is
compounded if the pregnancy involves multiple fetuses.
A large uterus filled with several fetuses physically limits
rumen capacity. In such cases, the mature female may
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not be able to consume enough forage to meet her
needs. The keeper may then wish to feed a supplement
of between 1⁄3 and 1 lb and between ¾ and 2 lb of grain
per day for goats and sheep, respectively. A ration of
free-choice grass hay, 1 to 2 lb of a 20% protein range
cube (depending on female size), usually will suffice.
During late gestation, feeding regimens should be
designed to minimize use of energy supplied by body fat
reserves. This consideration is especially crucial for ewes
during late gestation. Excessive catabolism of body fat can
result in pregnancy toxemia. The dam is at greater risk for
this condition with concurrent stress from some environmental factor or disease. Pregnancy toxemia is characterized by a buildup of ketones in the blood secondary to
accelerated fat catabolism. Affected ewes appear listless
and have a distinct acetone smell to the breath.
Maintaining the flock at BCSs of 2.5 to 3 and promoting adequate energy intake during late gestation
will help prevent pregnancy toxemia. During late gestation, ewes with a single fetus may consume as much
as 3.5% to 4% of their body weight in dry matter in
grain or excellent-quality forages. Intake may reach 5%
in some does. If poor-quality forage is fed, these pregnant females may be able to consume only 2% to 3%
of their body weight in dry matter. Treatment can be
successful, but as is the case with all nutritional problems, prevention is the best strategy. Ewes should be fed
approximately 1 kg (2.2 lb) of a cereal grain (e.g., corn,
oats) during the final month of gestation to prevent
pregnancy toxemia.
Goats also can develop pregnancy toxemia but
appear to be more resistant (see Chapter 5). Dairy goats
that are grazing or being fed good-quality grass hay can
be fed 0.5 to 1 kg (1 to 2 lb) of a 16% crude protein
grain/100 lb of body weight daily during the final 1½
months of gestation. The amount of grain may need to
be adjusted depending on body condition.
In addition to promoting the birth of healthy lambs
and/or kids, and preventing pregnancy toxemia, adequate nutrition during this time frame promotes significant mammary development during the last 30 days
of gestation. Stillbirths, pregnancy toxemia, and poor
milk production all are indicators of feeding an energy-
deficient diet in late gestation. Adequate nutrition should
be provided to support milk and colostrum production.
Feed or mineral supplements that contain added ionophore, antibiotics, or decoquinate may help control or
prevent coccidiosis, abortion, and pregnancy toxemia
(see earlier under “Feed Additives,” as well as Chapters
5 and 6 and Appendix 1).

Lactation
In both sheep and goats, milk production peaks within
2 to 3 weeks after parturition and then declines rather
rapidly to a low by 8 to 10 weeks after parturition.
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In dairy breed animals, this drop in milk production is
less profound. A dam nursing a single kid or lamb produces less milk than a female nursing twins or triplets.
This is because one lamb or kid is unable to consume
the full amount being produced, allowing a reduction
in total mammary output. A dam nursing twins produces approximately 30% more milk than one nursing
a single. Likewise, a lactating dairy goat being milked
two to three times per day for maximal production also
produces greater amounts. A dairy goat usually weighs
10% of a dairy cow’s weight but may require 12% to
14% of the nutrients. Lactating does may be capable
of consuming 4% to 5% or more (up to 10% to 11%
in some females) of their body weight in dry matter,
making feed intake the most important limiting factor
affecting milk production.
Milk production during the first 4 weeks of lactation
is important for good lamb and kid growth. If milk production is lacking, the lamb or kid can compensate by
increasing solid feed consumption. Because feed is less
digestible than milk, however, suckling animals cannot
consume enough feed to make up for a milk deficiency
and may therefore exhibit suppressed growth rates during early lactation.
Underfeeding energy during late gestation or early
lactation results in greater-than-expected death losses
in lambs, particularly twin lambs. Depressed milk production results in lambs that are “scruffy,” poorly kept,
thin, and weak. Necropsy findings in affected lambs
are nondescript—the gastrointestinal tract is filled with
straw, and the animal has little or no abdominal fat.
Lambs older than 1 month are less likely to starve as
they begin to eat on their own (See Chapter 20).
During peak lactation it is nearly impossible for a ewe
or doe to consume enough feed to meet her nutrient
demands. During this time, good- to excellent-performing
dairy animals use body fat to make up for this deficit and
therefore experience a downward shift (often by more
than 1 point) in BCS. This degree of loss is the reason
why an adequate body condition before parturition is
paramount. To make efficient use of her body fat, a ewe
or doe must have adequate levels of protein in the diet.
Whenever diets containing large quantities of cereal grain
are fed, some form of rumen buffer should be included
in the diet or offered on a free-choice basis.
Because feed intake can limit production in heavyproducing dairy animals, increasing the diet’s energy
density in early lactation may be required. The addition of fat to the diet is an excellent way to increase the
energy density of the diet. As a general rule, supplemental fats should not exceed 4% to 5% of the diet. Oil seed
(whole cottonseed), if locally available, is an excellent
source of additional energy in the diet. Approximately
2% to 3% of the added fat can effectively come from
oil seeds. If more fat is needed, 2% to 3% more fat can
be added in the form of specialty feed fats, including

calcium or magnesium salts or fatty acids. These specialty fats are expensive but for the most part bypass the
rumen. The fatty acids and calcium or magnesium salts
are broken apart for digestion in the small intestine.
Obviously, the concentrate portion of the grain can be
adjusted on the basis of BCSs. These recommendations
show the importance of adequate protein concentrations for maximal milk production. Whole cottonseed
can be included in the diet of lactating animals as
an excellent source of both energy (greater than 90%
TDN) and protein (21% to 23% crude protein). Whole
cottonseed should account for no more than 20% of
the diet. The requirements of most lactating ewes can
be met by feeding 3.2 to 3.6 kg (7 to 8 lb) of a 12% to
14% crude protein, 55% to 60% TDN diet. If hay is fed,
a grass-legume or legume-only hay helps supply protein
demands. If silage (approximately 2 to 3 lb) is fed, then
a protein supplement (¼ to ½ lb), grain supplement
(1 to 1.5 lb), and ground limestone (0.02 to 0.04 lb)
should be offered. If grass hay is offered (approximately
2 to 4 lb), then a protein supplement (1⁄3 lb) and grain
(1 to 2 lb) should be provided. With the exception of
that in dairy goats or ewes, milk production decreases
quickly; by 8 to 10 weeks post partum it has become an
insignificant nutrition source for the suckling lambs or
kids. Up to this point the dam’s requirements can be
met by grazing moderate- to good-quality pasture or
range. If animals are grouped and fed by production,
first-lactation dams with one kid or lamb should be fed
with mature females with twins. Also, if these first-lactation dams have twins, they should be fed with mature
dams with triplets.
Some dairy goats are susceptible to production of
“off-flavor” milk. Cabbage, onions, wild garlic, and
some species of weeds or browse all can negatively affect
milk flavor. If certain feed sources cannot be avoided,
feeding these off-flavor producers just after milking may
limit some of their ill effects. Still, avoiding the offending feedstuffs is the best method of prevention. Other
nonfeed influences on milk flavor are disease (metritis,
mastitis), filthy living conditions, and gastrointestinal
upset.

FEEDING THE LAMB OR KID
Bottle Feeding
Rearing orphaned lambs or kids on milk replacer is quite
expensive and labor-intensive. If at all possible, keepers
should attempt to graft the orphans onto another dam,
rearing them on milk replacer only if this cannot be
accomplished. Ideally, orphans need to consume small
quantities of milk many times per day, which generally
is not possible for most sheep and goat producers. Most
producers feed “bottle babies” only one to three times
each day. Many dairy kids or lambs are removed from
their dams somewhere between birth and 72 hours of
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age and fed as orphans. The most economical way to
raise orphans is to get them onto a dry concentrate feed
as soon as possible.
The newborn needs to receive 10% to 20% of its
body weight in colostrum, preferably within 3 to 12
hours after birth. If it is not available from the dam, frozen colostrum supplies can be thawed and used. Colostrum absorption decreases rapidly from birth through
36 hours of age. Hemolytic crisis has been observed
in some lambs fed cow colostrum. Still, cross-species
colostrum often is better than no colostrum. Dairy cow
colostrum usually is available but is relatively dilute in
its immunoglobulin content. Any colostrum fed to an
orphan should be free of caprine arthritis encephalitis
(CAE) and Johne’s disease. If lambs or kids are unable
to nurse, they need to be tubed. To pass a tube for
feeding, lay an 14-18 French, rubber feeding urethral
catheter along the lamb or goat from the tip of it’s nose,
along the neck so the tip lies at the last rib. Mark the
tube at the nose. Gently open the lamb/kids mouth and
pass the tube over the tongue, into the esophagus, and
on until the mark is just in front of the mouth. The tube
can usually be palpated just to the left of the larynx as it
passes into and down the esophagus.
After the initial amount of colostrum is fed, additional feeding should be withheld for as long as 5 hours
in newborn animals that are to be bottle-raised. This
strategy encourages sucking, easing the transition and
aiding in training to a bottle, nipple pail, or bucket.
If the owner wishes to feed by hand, a lamb nipple
attached to a soda bottle is a good system. The nipple
should be placed in the mouth and the newborn’s jaw
moved in a chewing motion by the handler. This usually stimulates the nursing reflex in all but very weak
newborn animals. Lambs or kids left with their dams
for more than 2 days require longer training to become
accustomed to a bottle or pail.
When a ewe or doe has too little milk to support
more than one newborn, it is imperative that sufficient
colostrum be given to all. The keeper should then leave
the strongest, most vigorous newborn with the dam and
raise the weakest artificially. Although immunoglobulin
may not be absorbed after 12 to 36 hours, colostrum
is a rich source of vitamin A, energy, protein, and local
gut-acting antibodies. It also acts as a laxative. If possible, colostrum should be fed for 2 to 3 days.
If lambs or kids are to be hand-fed, feeding 10% to
20% of their body weight in the form of good-quality
milk replacer divided into four equal daily feedings
usually is acceptable. Milk replacers for goats should
be around 20% protein and 20% fat, with most of
the protein supplied by an animal source (whey proteins). If the milk replacer appears brown, the protein sources may have been overheated, resulting in
decreased digestibility. Antibiotics commonly are added
to help reduce the incidence of bacterial respiratory
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and enteric diseases. Milk replacers should be fortified
with vitamin A (20,000 to 30,000 IU/kg of dry matter),
vitamin E (30 to 40 mg/kg of dry matter), and vitamin D
(2500 to 3500 IU/kg of dry matter). The composition
of sheep and goat milk is available in several publications.4 If lamb milk replacers are used for goats, they
should be diluted, because they contain more fat than
naturally occurs in goat milk. Good-quality milk replacers designed for calves may be fed to goats and lambs
in small quantities in several feedings (10% to 20% of
body weight divided into four to six equal feedings).
When mixing milk replacers, the keeper should take
care to ensure that the powder and water are properly
mixed into a suspension. Frequent feeding of small
quantities will help reduce the incidence of bloat.
By the third week of life, some kids or lambs can be
switched to a twice-daily feeding regimen. Because milk
replacers are expensive, animals should be weaned as
soon as possible. If lambs or kids are underfed or fed a
poorly digestible replacer, they may become emaciated,
weak, or comatose. Death is possible. Inadequately fed
lambs or kids have lower-than-normal blood glucose
and at necropsy will be found to be devoid of fat stores.
The abomasum in starved neonates often becomes
impacted with hair or poorly digestible items.
The most efficient and least labor-intensive system
is to place the orphans on a self-feeder using refrigerated milk or milk replacer. This strategy helps limit
milk consumption so that the orphans nurse more
frequently throughout a 24-hour period. A self-feeder
regimen in effect imitates the normal dam-newborn
nursing regimen. Keeping the milk cold also may help
prevent spoilage and lessen the extent to which the
milk replacer separates out of suspension. In addition,
kids or lambs using a self-feeder should have access to
an extremely palatable dry feed. In orphaned lambs or
kids, solid feed should be introduced as soon as possible. Offering ¼ lb/day of a mixture of corn, oats, alfalfa
pellets, molasses, and soybean meal that provides 14%
to 16% crude protein works well. Top-dressing the
feed with a dry milk replacer also may stimulate early
intake of the dry feed. Other ingredients known to be
extremely palatable to young ruminants are soybean
hulls and various sources of bran, including wheat bran.

Creep Feeding
The term creep feeding refers to the use of supplemental
feed for the nursing lamb or kid. The goals of a creep
feeding program are to promote an adequate intake
with a palatable feed and to provide all necessary nutrients in the most economical regimen possible. Both
lambs and kids use feedstuffs more efficiently before
weaning.
Lambs and kids will only nibble at the creep feed
until they are 3 to 4 weeks old. Nevertheless, the creep
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feed should be made available as soon as possible to
help the orphans get used to eating from one location and to help establish rumen function. The feeder
should be placed in a dry, well-lighted area where lambs
or kids can easily gain access but still retain visual contact with their dams, and kept clean, with a minimum
of 2 inches of bunk space per lamb or kid. A variety of
methods can be employed to maximize the acceptance
of the creep area. Strategies include hanging a light over
the creep feeder, retaining one or two dams and their
offspring in the area for a few days (with limited feed,
of course), and putting all of the animals in a small,
confined space adjacent to the creep area.
Creep feeds need not be complex, but they must be
palatable because they are competing with milk. Pelleting or coarse grinding feeds usually increases intake. Fine
grinding usually results in decreased intake as animals
(particularly lambs) age. Pellets should be small enough
for consumption. In goats, pellet size larger than 5 to
7 mm may decrease intake. After the lambs or kids have
begun to consume the creep feed, cheaper ingredients
can be used for a more cost-effective regimen. Until the
animals reach 3 to 4 weeks of age, however, palatability
is the key to successful creep feeding. If increased performance is to be attained from creep feeding lambs, they
must consume more than 0.23 kg (0.5 lb) daily from
3 weeks of age to weaning. Low-fiber creep feeds containing 16% to 20% protein usually work best. Enhanced
performance may be attained if salt (0.5% of the creep
feed), ammonium chloride (0.2 kg/440 kg of feed, or
10 lb/ton), and vitamin E are added to most creep feeds.
Some examples of creep feeds are shown in Table 2-4.
In general, creep feeding should provide an additional 0.5 kg of gain for each 1.8 to 3.2 kg (4 to 7 lb)
of feed consumed. The level of efficiency will vary from
one set of conditions to another, but generally when
feed costs are low and sale prices are high, creep feeding
usually is profitable. It is less profitable when feed costs

are high and sale prices are low. In the final analysis,
the feasibility of creep feeding is determined simply as
a matter of feed costs versus animal sale prices.

Weaning
Lambs and kids can be weaned as early as 3 or 4 weeks,
but better results may be obtained if weaning is delayed
until 8 to 12 weeks. Because of labor constraints, many
keepers attempt to wean milk replacer–fed young as
soon as possible. Kids of most meat and dairy breeds
should weigh at least 9.1 to 11.4 kg (20 to 25 lb) and
consume 0.23 kg (0.5 lb)/day of a 16% to 18% crude
protein grain.
Because weaning is such a stressful event, the immediate goal should be to get the lamb or kid accustomed
to eating out of feedbunks and drinking from a water
trough. The decision to wean lambs or kids depends on
age, season of birth, whether they have been consuming
creep feed, existing parasite or predator problems on
the farm, market price, and available labor. Feedbunk
location is important in encouraging newly weaned
animals to consume adequate amounts of dry matter.
If excellent-quality forage is available, however, it can
be used as the sole source of feed. A good strategy is to
place the feedbunks perpendicular to the fence line so
that the weanlings are forced to see and possibly investigate the feed as they walk (usually continually) the
fence line. For the first 2 days of the weaning period,
good-quality hay should be offered on a free-choice
basis. The weanlings should then be introduced to a
concentrate feed offered at a level of approximately 1%
of body weight/day. A lamb weighing 31.8 kg (70 lb)
therefore consumes approximately 0.32 kg (0.75 lb)/
day. After the lambs or kids have been introduced to
the grain, the keeper can gradually increase the amount.
Some managers prefer to remove all grain supplements and place the dam on a poor-quality forage

TABLE 2-4 Sample Creep Diets for Lambs and Kids*
Element

Sample 1

Sample 2

Sample 3

Sample 4

Ground corn
Oats
Soybean hulls
Soybean meal
Alfalfa hay
Bran
Molasses
Trace mineral salt
Ammonium chloride
Limestone

33%
—
—
6%
55%
—
5%
0.5%
0.5%
—

60%
—
—
8.5%
25%
—
5%
0.5%
0.5%
0.5%

63%
—
10%
10%
—
10%
5%
0.5%
0.5%
1%

40%
11%
—
6.5%
35%
—
6%
0.5%
0.5%
0.5%

*Diets 1, 2, and 3 should be fed with an excellent-quality hay offered on a free-choice basis. Diet 4 is a complete, pelleted feed.
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1 week before weaning. This reduces milk production
and decreases the incidence of mastitis. By 7 months,
most dairy breed kids should weigh between 27.3 and
36.4 kg (60 to 80 lb). A good-quality mineral mixture
should be offered on a free-choice basis. Potential
replacement animals should be identified and fed
a regimen to minimize excessive fat deposition and
maximize postweaning growth rates. The same guidelines described for mineral feeding in the male (50%
dicalcium phosphate and 50% trace mineral salt) are
applicable for weanlings.

Finishing
Finishing of lambs for slaughter can be accomplished
in a variety of ways. No one perfect diet for finishing has been defined. Instead, each feeding facility
accomplishes the goal by using feedstuffs that are available and economical to the geographic area. Feedlots
designed specifically for goats are not as common as
those designed for lambs. Most goats are slaughtered off
forage-based diets with little use of concentrate feeding.
At slaughter the lamb should have approximately
0.23 to 0.46 cm of backfat. However, the amount of
backfat often depends on specific market preferences.
Slaughter weights have a wide range because of the
variation in frame size among North American sheep,
although they generally fall between slightly below
45.4 kg (100 lb) and 68 kg (150 lb). Ideally, the lambs
should be marketed at the proper degree of finish,
regardless of their weight. Feeding beyond the lamb’s
ideal finish results in higher cost of gain because of
decreased feed efficiency. Adding lean muscle is much
more energy-efficient than adding body fat. Blackfaced
sheep and meat goat breeds generally finish at greater
body weights.
If high-quality forage is available, lambs can be
finished on it. This regimen generally works best for
smaller, younger lambs. Older, heavier lambs require
some concentrate feeding. For example, a small-framed
lamb born in January in the southeastern United States
could be ready for slaughter in June having been grazed
on only cool-season annual grasses (ryegrass) or grasslegume pastures. By contrast, a large-framed, springborn lamb in the western United States may come off
range in the fall at 6 months weighing 31.8 to 41 kg
(70 to 90 lb) and need a concentrate-based diet to be
finished by 1 year.
Many lambs in North America are finished in a feedlot or dry lot. Such lots vary in size and may be open
areas, confinement barns, or a combination of both. An
excellent feeding regimen is stepwise feeding, whereby
lambs (and occasionally kids) are given more grain as
they get larger. By the end of the finishing period, many
animals typically are consuming approximately 80%
concentrate and 20% roughage. However, when given
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free access to both roughage and concentrate, lambs
consume approximately 60% to 70% concentrate and
30% to 40% roughage. A variety of cereal grains, including corn, oats, barley, milo, and to some extent wheat,
can be used by lambs. Amounts used are based on local
economics. A protein supplement may be included
depending on the amount of protein being provided
by the roughage source. Alfalfa commonly is used as
a roughage source because of its wide availability, and
animals feeding on it may not need additional protein.
Mineral and vitamin premixes also are added to some
diets. Because the finishing period usually involves
institution of diets that emphasize grains, the nutritionist or clinician must be aware that excessive grain intake
can predispose animals to urolithiasis, enterotoxemia,
and bloat.
Processing of grains, with the possible exception of
sorghum, does not appreciably increase lamb performance. Cracking, rolling, or flaking milo to break its
hard seed coat increases its usability in lambs. Feeding
other grains whole may actually tend to decrease the
incidence of acidosis and other digestive disturbances.
Pelleting bulky rations may be of some benefit because
of the increased level of consumption. Pelleted feeds
help ensure a more uniform intake and are less dusty
and easier to handle. The most important factor to
consider with regard to pelleting or other processing is the potential for the lamb or kid to “sort” the
feed and consume only a portion of the diet. Sorting feed is more of a problem with self-feeding and
group feeding. Thus pelleted feeds are best used in
free-choice, self-feeding systems. For example, if the
protein, mineral, and vitamin premix is a loose meal,
cracking the grain may be beneficial in minimizing
sorting, despite its lack of effect on usability. Such feed
formulations, however, are more expensive, and their
use may be associated with an increased incidence of
some diseases.
As stated earlier, goats generally are not finished
in commercial settings. In North America, most meat
goats are slaughtered by the consumer; in small, local
processing facilities; or within niche marketing systems. With some exceptions, goats tend to be sold in
small groups over the course of the year. Because of
this method of marketing, goats generally are kept on
a forage-based diet rather than maintained with yearround feeding of grain. Still, some feedlots, or “grain on
grass” operations, do exist. If a group of kids is placed
on a concentrate-based diet for finishing, the same
basic principles discussed previously for lambs apply.
Table 2-5 provides examples of growing and finishing
diets for lambs and kids. Growing diets, which contain
14.5% protein and 68% TDN, are used for younger,
lighter lambs and kids. Finishing diets, which contain
10% protein and 80% TDN, are more effectively fed to
older, heavier animals.
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TABLE 2-5 Sample Grower and Finisher Diets for Lambs and Kids
Element

Grower 1

Grower 2

Grower 3

Finisher 1*

Finisher 2*

Finisher 3*

Corn
Alfalfa
Grass hay
Cottonseed hulls
Soybean meal
Molasses
Trace mineral salt
Limestone
NH4Cl

33.5%
55%
—
—
5.5%
5%
0.5%
—
0.5%

28.5%
—
50%
—
15%
5%
0.5%
0.5%
0.5%

32.1%
—
—
40%
21%
5%
0.5%
0.9%
0.5%

73.2%
20%
—
—
—
5%
0.5%
0.8%
0.5%

76.0%
—
17%
—
—
5%
0.5%
1.0%
0.5%

74.6%
—
—
14%
4%
5%
0.5%
1.4%
0.5%

*Finisher diets should contain enough limestone (or other calcium source) to provide a 2:1 calcium-to-phosphorus ratio.

Regardless of the species being fed, the introduction
of energy-dense diets in a feedlot setting is stressful and
associated with many metabolic diseases. The nutritionist or clinician should ensure that animals being fed in
the finishing stages be slowly introduced to these diets
and vaccinated for Clostridium perfringens serotypes
C and D infection and possibly other diseases (e.g.,
contagious ecthyma, pasteurellosis) that are locally
problematic. On arrival at the finishing facility, animals
should be offered free access to a good-quality legumegrass hay, fresh clean water, and a mineral mixture.
Animals should be introduced to the finishing diet
slowly over a 2- to 4-week period. For males, ammonium chloride or other urine acidifiers should be
fed to prevent urolithiasis (see Chapter 12). Rumen
buffers, antibiotics, ionophores (see earlier under “Feed
Additives”), and free-choice hay all are effective in minimizing some production diseases.

FEEDING YEARLINGS
Females
Each sheep and goat enterprise is unique in terms of
overall goals. Some operations place importance on
breeding ewes and does so that they have their first
offspring by 1 year of age. Other farms or ranches may
find it much more practical and economical to breed
their animals to have their first offspring as 2-year-olds.
A ewe’s lifetime production can be as much as 20%
greater if she is bred as a ewe lamb rather than as a
yearling.6
If the goal is to have the females lamb or kid as
yearlings, nutrition is crucial from weaning to breeding. Yearlings should be maintained on a steady growth
plane.
Depending on their weaning weights, most females
need to gain between 0.11 and 0.23 kg (0.25 to 0.5 lb)
per day from weaning until breeding. Replacement
yearlings should be kept on the best available pasture.

In most instances, however, this management approach
will require some supplemental energy or concentrate
feeding. Concentrate feeding of ½ to 2 lb (depending on
breed, species, size, and so on) of a 12% to 14% crude
protein should be offered in settings of poor-quality
forage. Overfeeding young females, however, can result
in excessive fat deposition in the mammary glands and
decreased lifetime milk production.
If females are to be bred as yearlings, a moderate
growth rate is most desirable. The female should obtain
65% of her projected mature weight by the time of breeding. In reality, a range of weights probably exists within
which small-framed sheep and goats may have acceptable
conception rates at 55% to 60% of their projected mature
weights, whereas some large-framed animals may need
to be closer to 70% of their mature weights. So long as
a good, well-planned forage system is available, females
can achieve desired weight gains with little or no grain
supplementation. Sheep or goats that can successfully
breed out of season should be bred at 13 months so they
can lamb or kid at 18 months. This approach requires
less nutritional input than breeding 7-month-old females
but still provides an acceptable generation interval for
increased female productivity. After the females have
been bred, moderate and steady weight gain is desirable
until parturition, with a weight goal of 85% to 90% of
the projected mature weight by 1 year of age.
Good-quality grass pasture will need to be supplemented with additional energy and protein sources.
Animals maintained on grass-legume mixtures will
require less supplementation.
Regardless of the breeding system, animals should be
weighed and body condition scored regularly whenever
possible. If the BCSs of the group begin to drop below
2.5, the keeper should offer a source of supplemental
energy; conversely, if the scores rise above 3.5, less
energy supplementation is needed. A good-quality mineral mixture as described for adult males is appropriate
for use in yearlings.
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Males
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TABLE 2-6 Concentrate Mixes for Show
Lambs*

Feeding developing males is quite straightforward. They
should be developed using as much forage as possible,
with just enough supplemental feeding to produce
desirable gains (0.34 kg or 0.75 lb/day). This goal is
easily accomplished with good genetics. Growing males
should be offered a good-quality mineral mixture
as described previously, with the keeper taking steps
to prevent urolithiasis and other production-related
diseases.

Element

Sample 1

Sample 2

Corn
Oats
Soybean hulls
Soybean meal
Molasses
Mineral mix

50%
35%
—
10%
4%
1%

45%
—
40%
10%
4%
1%

FEEDING SHOW ANIMALS

*Animals should be introduced to high-grain diets slowly over 2 to
3 weeks.

All show animals should be offered a good-quality mineral mixture and given free access to fresh, clean water.

Lambs
Feeding show lambs should be as simple as possible
while providing the desired rate of gain and appropriate “bloom.” Ideally, the lamb should be fed 30% to
40% of its total daily intake as good-quality hay or
forage; the remaining 60% to 70% of the diet should
be in the form of a concentrate or grain mixture
(Table 2-6). A lamb can eat as much as 3% to 4% of
its body weight daily. At least 0.45 kg (1 lb) of hay/day
should be fed with the concentrate. Lambs should be
gradually exposed to increasing concentrate portions
of the feed, taking 10 to 14 days to make the transition
from little grain to the full amount. Feeds should never
be switched abruptly, and fresh, clean water should
always be offered on a free-choice basis.

Mature Sheep
Mature show ewes and rams should consume approximately 1.36 to 2.27 kg (3 to 5 lb) of concentrate/day,
depending on their size. They also should be offered
good-quality hay on a free-choice basis. The requirements for mature sheep are found in the 2007 NRC
recommendations for small ruminants.4 Adult show
animals should be maintained in good condition but
should not be obese. A good exercise regimen is necessary to prevent overconditioning. When possible, forcing animals to graze or walk some distance from grain
to hay to water may prove valuable.

Show Goats
The feeding of young meat goats for show is similar to
the feeding of show lambs, as discussed previously. The
recommended approach is to use a simple diet that provides the desired level of gain and degree of bloom. The
forages and concentrates for lambs presented in Table
2-6 also are appropriate for young goats.

FEEDING FOR FIBER PRODUCTION
Sheep
Wool production is highly heritable; however, nutrition
can affect wool growth and character. Within certain biologic limits, energy intake is directly proportional to wool
production,6,7 although separating protein effects from
energy effects is difficult. So long as the minimal protein
requirement is met, additional dietary protein does not
appear to increase wool growth. Wool does contain an
abundance of the sulfur-containing amino acid cystine.
Accordingly, feedstuffs rich in sulfur-containing amino
acids are important for optimizing wool growth.
In general, the effects of nutrition on wool production are associated with quantity rather than quality.
Increased nutrient intake can increase wool production,
within limits. However, quality can be affected during
periods of severe nutrient deprivation. Under these conditions, fiber diameter is decreased. Extreme underfeeding can result in weak fiber with limited value.4
The nutritional status of the ewe during gestation can
influence the wool production of subsequent offspring.
Kelly and colleagues8 bisected embryos to produce clones
that were then placed in ewes fed at maintenance or submaintenance energy and protein levels from day 50 to
140 of gestation. The lambs that were born to the ewes
fed a submaintenance diet produced 0.136 kg (0.3 lb)
less wool from 0.4 to 1.4 years of age. The wool from
these lambs was coarser than that produced by lambs
born to ewes fed at a maintenance level. These effects
have been attributed to decreased hair follicle development in fetuses whose dams were fed deficient diets,
and they continue for the rest of the offspring’s life.

Goats
Angora goats produce large quantities of fiber per unit
of body weight. The 2 to 3.6 kg (4.5 to 8 lb) of mohair
obtained with each cutting can greatly increase nutritional demands. As with wool, mohair production can
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be improved with increased energy intake. However,
protein appears to elicit more of a effect on mohair
growth than that on wool growth. Whereas cashmere
wool appears to be only minimally affected by dietary
manipulation, increasing dietary protein above requirements increases mohair volume and fiber diameter.6,9 In
Angora does fed isocaloric diets containing either 12%
or 19% protein, an increase in grease fleece weight (of
approximately 0.57 kg [1.25 lb]) and fiber diameter was
noted with the higher protein intake.6 Mohair also contains abundant amounts of sulfur, so sulfur-containing
amino acids are important in Angora goat nutrition. Qi
and co-workers9 indicated that the NRC-recommended4
10:1 nitrogen-to-sulfur ratio for maximal mohair production may be on the low side and suggested that a ratio
of 7.2:1 may be more useful. Therefore, if NPN is used
as a protein source, sulfur supplementation is necessary.
Ranged Angora goats should receive nutritional supplementation during late gestation and early lactation.
Salt-limited feeds can be used to control both energy and
protein consumption under range conditions. Cottonseed
or soybean meal (or other protein sources), corn, and salt
(noniodized, nonmineralized) can be added at a 1:3:1
ratio. The keeper should introduce the supplement slowly,
adding more white salt if the animals are overconsuming
and decreasing salt if they are underconsuming. This saltlimited feeding system can be an effective way to increase
energy and protein intake for range-fed goats (and possibly sheep). Careful intake monitoring is important.
Adequate shelter should be provided to fiber-
producing animals, particularly young animals and
Angora goats, that have just been sheared. In early
spring or late fall, animals may be susceptible to cold
stress for as long as 4 weeks after shearing. The provision of shelters or wind breaks and an additional
0.23 to 4.5 kg (0.5 to 1 lb)/day of an energy supplement
(cracked corn) above the normal feeding regimen can
help minimize freezing and stress loss.

FEEDING PET AND GERIATRIC SHEEP
AND GOATS
Pet sheep and goats can live much longer than animals
in production units. The principles of nutrition presented
throughout this chapter apply to the proper feeding of pet
animals as well. The only dietary formulation, manipulation, or plan that appears to be associated with increased
longevity is lowered intake. Thus keepers should strive
to maintain a proper body condition and weight in pet
animals to help them achieve a long healthy life.
Obesity is a constant and major problem in the pet
population, to include both sheep and goats. Pet goats
tend to be more commonly affected by overfeedingrelated diseases than are sheep or goats in production
units. With the exception of feedlot animals and those
being prepared for shows, pet sheep and goats are

overrepresented in cases of obesity, bloat, acidosis or
ruminitis, and urinary calculi. The increased prevalence
of these disorders is related to a lack of knowledge
about feeding in many owners, inactivity of the animals, and pet status with its lack of performance or
production goals. A barn or paddock layout that necessitates walking, client education, and proper diet design
all are essential to combat obesity and will increase the
pet animal’s long-term health. Forcing animals that are
capable of doing so to walk (e.g., for grazing or access
to water, salt, or minerals) will enhance the chances of
the weight loss program’s success. Weight loss programs
should never be instituted in pregnant animals and
should be avoided until after midlactation.
A weight loss program should begin with a complete
physical examination, an accurate weight measurement,
determination of BCS, and a complete blood count and
serum chemistry analysis when possible. If the animal
has no overt disease, the weight loss program should
set goals for weight and BCS and a plan to attain these
goals in approximately 4 to 8 months. A generic weight
loss diet modification might be as follows: (1) first 4 to
6 weeks: feed moderate-quality grass hay at 2% of body
weight (accurate weight of animal and hay); (2) second
4 to 6 weeks: feed moderate-quality grass hay at 2%
of target weight. (Note: The hay should be 8% to 10%
crude protein; free-choice water and a mineral mixture
designed for the farm should be provided; and accommodation for some form of exercise should be made.)
Body weight and condition loss are common problems among geriatric animals. A complete physical
examination, complete blood count, and serum chemistry analysis may be indicated to identify ongoing
disease processes. Older animals may require special
feeding to address dental disease, parasite damage to
the bowel, and other general health problems. Goodquality hay, moistened pellets, lush forage, and palatable concentrates often are required for animals with
dental disease (see Chapter 4).
Allowing older animals ready access to feed, particularly if their social status has changed, along with longer
periods of noncompetitive time to consume it, will help
maintain good body condition. Because many geriatric
animals have arthritic conditions, minimizing excess
body weight, properly trimming feet, and placement of
water and feed such that animals are not forced to walk
great distances all are valuable in case management. Diets
designed for the geriatric horse can be used. With copper
concentrations greater than 10 ppm, however, these diets
should not be fed to any sheep or to goats with a history
of hepatic disease. If the animal has renal disease, the
protein content of the diet should be maintained at 7%
to 8%, and the calcium-to-phosphorus ratio should be
kept at 1:1. A good-quality granular mineral mixture of
equal parts dicalcium phosphate and trace mineral salt
should be offered on a free-choice basis.
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If older animals are losing weight, the keeper can
slowly increase caloric intake by 7% to 10% in the form
of fat. However, protein, fats, and copper should be
restricted in animals with hepatic disease. Animals with
hepatic or renal disease may benefit from the addition
of B vitamins, given orally or parenterally. If renal disease is present, the protein requirement should be met
but not exceeded. If anorexia is a problem, varying the
diet, offering lush grazing, and adding energy-dense
feeds are useful strategies. Obviously, all husbandry
practices that aid in overall health (e.g., proper shelter,
deworming) will enhance long-term survival.

NUTRITIONAL DISORDERS
The most common nutrition-related diseases seen
in late gestation in goats and sheep are pregnancy
toxemia (discussed in Chapter8), hypocalcemia, and
hypomagnesemia.

Hypocalcemia
Hypocalcemia can be a problem in dairy goats and,
to some extent, in ewes, meat and fiber goats, and pet
animals. It usually becomes apparent shortly before or
after parturition and is a result of low concentrations
of serum calcium. Some cases also are complicated by
hypophosphatemia and hypermagnesemia or hypomagnesemia. Ewes appear to be most susceptible in
late gestation and early lactation, particularly when
experiencing some sort of stress (e.g., hauling, predator
attack, lack of feed). Sheep may succumb to hypocalcemia 6 weeks before to 10 weeks after parturition. The
greatest demand for calcium for the nondairy animal
occurs 3 to 4 weeks before parturition in females with
more than one fetus, as a result of the calcification of
fetal bones. Goats may have hypocalcemia before parturition; in high-producing dairy goats, however, the
disease generally occurs after the dam gives birth. With
any abrupt demand for calcium, the body requires
1 or more days to accrue the necessary enzymes capable
of mobilizing bone stores of calcium. High intake of
calcium, phosphorus, or some cations (potassium,
sodium) decreases the production of parathyroid hormones. During decreased parathyroid function, less
1,25-dihydroxycholecalciferol is produced. Lack of this
hormone results in lowered absorption and mobilization of calcium from the intestines and bones. Low
dietary calcium or increased amounts of dietary anions
enhances the production and release of parathyroid
hormones.
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constipated. As the disease progresses, increased heart
and respiratory rates, regurgitation of rumen content,
bloat, and depression to the point of opisthotonos may
be noted. Corneal and pupillary light reflexes are normal at first but become depressed before disappearing
entirely. The rectal temperature usually remains in the
normal range but may be slightly low.

Diagnosis
Diagnosis usually is based on a history and signalment
conducive to development of hypocalcemia, as well as
on response to therapy. Serum calcium concentrations
less than 4 to 5 mL/dL in sheep and goats are fairly
diagnostic of this condition.

Treatment
In clinical cases, immediate treatment is needed, usually in the form of intravenous administration of calcium borogluconate (50 to 100 mL of a 23% solution).
Subcutaneous delivery of these calcium solutions or
the oral administration of a calcium gel designed for
cattle, but based on sheep or goat body weight, will help
prevent relapse. If the subcutaneous route is chosen to
develop a “reservoir” of calcium for affected animals,
solutions containing dextrose or numerous electrolytes
should be avoided if possible, because use of some of
these preparations has been associated with abscess
formation. During treatment, cardiac monitoring is
indicated, and therapy should be slowed or stopped
if arrhythmias occur. If the treatment is successful, the
animal will stand and urinate within 20 minutes. If left
untreated, affected animals usually die.

Prevention
To prevent or minimize the risk of hypocalcemia, particularly in dairy goats, the diet should be low in calcium,
with a low cation-to-anion ratio. The dietary modifications used for the prevention of milk fever in cattle
may be of value in dairy sheep and goats. Therefore
reducing or eliminating diets rich in cations (alfalfa)
or in calcium and phosphorus in the late dry period
may aid in prevention. Many legumes are rich sources
of potassium and calcium and can therefore contribute
to hypocalcemia. Immediately after parturition the calcium levels in the diet should be increased. This strategy
improves calcium reabsorption for bones and absorption from the intestine. Hauling or other forms of stress
should be minimized in sheep during the final 8 weeks
of gestation. Even with this strategy, some incidence of
hypocalcemia may be experienced.4

Clinical Signs

Hypomagnesemia

Early in the course of the disease, affected animals
exhibit a stiff gait, tremors, and tetany; they also
have decreased rumen motility and may be ataxic or

Hypomagnesemia, manifesting as grass tetany, can be a
problem in sheep and, to a lesser extent, goats grazing on
lush, rapidly growing forage. It usually occurs during the
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early spring on pastures that are well fertilized with nitrogen and potassium. A combination of elevated nitrogen
and potassium levels in the forage leads to a reduced
absorption of magnesium from the gastrointestinal tract.
The primary problem in hypomagnesemia is reduced
absorption by the animal, rather than low plant concentrations. Sheep, and goats that graze lush cereal grains
(e.g., wheat, rye), particularly in early lactation or late
gestation, are predisposed to this condition. Any type
of stress (e.g., weather changes, transportation, predator
attack) can increase blood concentrations of free fatty
acids, and excess blood from fatty acid concentrations
depresses blood magnesium. Other forms of hypomagnesemia occur during winter when animals are fed poorquality grass hay (with low magnesium content) and in
lambs or kids fed only low-magnesium milk replacers.
Kids or lambs with access to grain or legume-grass hay
are more resistant to hypomagnesemia. Ewes with poor
dentition and those that lose excessive weight during
winter are prone to develop the condition.

Clinical Signs
Hypomagnesemia generally occurs in ewes 2 to 4 weeks
after lambing. It is more common in females that had
twins. Affected animals are excitable and may exhibit
paddling convulsions, clonic-tonic muscle spasms, and
an increased respiratory rate. They also may simply be
found dead in the pasture. Rectal temperature commonly
is normal. Convulsions may be triggered by any number of stimuli, from being chased by predators to acute
changes in weather patterns. Lambs or kids with the milk
replacer–associated form of hypomagnesemia usually are
anorexic and hyperexcitable and may salivate profusely.

and magnesium compounds can be applied to the
soil to increase plant concentrations of magnesium.
The addition of such compounds is helpful but
not very economical, because as noted, the primary
problem with the occurrence of hypomagnesemia is
reduced absorption by the animal, rather than low
plant concentrations. Therefore prevention is best
accomplished by offering high-magnesium mineral
supplements before the growth of lush spring forage
and several weeks prior to lambing or kidding. Most
mineral supplements with high levels of magnesium
are unpalatable; feeders should be checked frequently
to ensure proper consumption. To enhance intake the
keeper can mix magnesium oxide with molasses, corn,
salt, or other feedstuffs. Daily consumption is important, because magnesium in a readily usable form is
poorly stored in the body. An average adult lactating
ewe needs 7 to 9 g of magnesium oxide daily. An economical supplement is a 1:1 mix of trace mineral salt
and magnesium oxide, but this combination appears
to be unpalatable. A more acceptable substitute may
be equal parts of ground corn, trace mineral salt, and
magnesium oxide. Other palatable grains can be used
in place of the corn. Legumes (e.g., alfalfa, clover,
bird’s foot, kudzu) are much better sources of both
calcium and magnesium, and their inclusion in a pasture helps reduce the incidence of hypomagnesemia.4
Maintaining a high soil pH (greater than 5.5) enhances
magnesium availability and intake by plants. The
inclusion of vitamin D (5 to 10 IU/kg/day) in a milk
replacer helps prevent hypomagnesemia in lambs or
kids fed indoors.

Diagnosis

Urolithiasis

Diagnosis often is based on signalment and history, as
well as response to treatment. Serum magnesium levels
less than 1.5 mg/dL may be indicative of this disease;
levels less than 1 mg/dL should be considered diagnostic. Postmortem serum samples are of limited value.
Magnesium concentrations in cerebrospinal fluid (for
12 hours after death), urine (for 24 hours after death),
or anterior eye chamber fluid (for 48 hours after death)
are good postmortem tests.

Urolithiasis is a common and frustrating problem for
owners of male sheep and goats, particularly pet goats,
and for clinicians involved in their management. In
Chapter 12 the pathophysiology and clinical signs of
urolithiasis and therapeutic modalities of relevance are
covered in greater detail than that provided here.
Formation of phosphatic calculi is seen with management practices that allow feeding of high-concentrate, low-roughage, low calcium-to-phosphorus ratio,
high-magnesium diets, and alkaline urine. High-grain
diets result in the excretion of large amounts of phosphorus in the urine. Oxalate calculus formation is
associated with the consumption of oxalate-containing
plants (Table 2-7). Urinary stones are composed of
salts and minerals arrayed in a crystal lattice surrounding an organic nidus.10 The nidus forms when urine
mucoproteins or mucopolysaccharides and saturated
urine precipitate to form crystals. Urinary mucoprotein-mucopolysaccharide production is increased with
ingestion of estrogenic compounds, inadequate levels of vitamin A, consumption of certain feedstuffs

Treatment
Treatment consists of the intravenous administration of
a solution which contains 20% to 25% calcium borogluconate and 4% to 5% magnesium (50 mL). Oral calcium
magnesium gel and subcutaneous injection of calciummagnesium salts both are beneficial to prevent relapse.

Prevention
Because grass tetany results from a reduction in available magnesium, a number of methods can be used
to increase consumption. Properly balanced fertilizers
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TABLE 2-7 Plants With a High Oxalate
Content
Common Name

Species Designation

Halogeton
Lamb’s quarters
or fat hen
Pokeweed
Russian thistle
Purslane
Bassia
Pigweed
Soursob

Halogeton glomeratus
Chenopodium album

Greasewood
Dock and orchard
sorrel
Cultivated rhubarb
Sugar beet leaves
Fungi

Phytolacca americana
Salsola kali
Portulaca oleracea
Bassia hyssopifolia
Amaranthus retroflexus
Oxalis cernua and Oxalis
pes-caprae
Sarcobatus vermiculatus
Rumex acetosella
and Rumex acetosa
Rheum rhaponticum
Beta vulgaris
Aspergillus niger
and Aspergillus niger

(e.g., cottonseed meal, milo), use of pelleted diets, and
rapid growth of the animal.4,10
Dietary risk factors for urolithiasis include highgrain–low-roughage diets, decreased formation of
saliva, increased amount of phosphorus excreted in
the urine, and increased levels of dietary magnesium.
Calcium-to-phosphorus ratio should be maintained
between 1:1 and 2:1. Cereal grains have an abnormal
calcium-to-phosphorus ratio of 1:4 to 1:6.4,10 Lowforage high-concentrate diets traditionally are deficient
in vitamin A or its precursors. Vitamin A deficiency can
result in desquamation of cells lining the urinary bladder, which may serve as a nidus for stone formation.
Clinical signs may include dysuria, stranguria, hematuria, urine dribbling, vocalization, prolonged urination,
tail flagging, colic, and bruxism. A complete examination should be performed, appropriate diagnosis made,
and immediate medical or surgical therapy instituted4,10
(see Chapter 12).
Access to fresh, clean water is crucial to the prevention of this condition. Water should be abundant, fresh, clean, palatable, and readily accessible. In
many geographic regions, maintaining water supplies
requires more attention during winter months. The
addition of sodium chloride to the diet (3% to 5%
of the dietary dry matter intake) will increase water
consumption, and the excess chloride ions may reduce
production of calculus-forming salts.10 Diets and feedstuffs rich in cations (e.g., alfalfa, molasses-sweet feed)
should be avoided. An anionic diet increases the urinary excretion of hydrogen ions, decreases urinary pH,
increases urinary excretion of calcium, and decreases
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the precipitation of struvite.10 The diet should be balanced for macrominerals (i.e., calcium, phosphorus,
magnesium, and sulfur). The addition of calcium
carbonate or calcium chloride to the diet to attain a
2:1 calcium-to-phosphorus ratio, with the dietary phosphorus content kept under 0.45%, may be required.
Pelleted rations probably should be avoided or used
at a minimum in animals with a history of urolithiasis
or in those prone to it, because such feed is associated
with both an increase in mucoprotein matrix formation
and urinary excretion of phosphorus. All cereal grains
(e.g., corn, oats, milo) are high in phosphorus and
relatively low in calcium, so their consumption should
be minimized. If cereal grains are fed, calcium should
be added to the diet to maintain the proper calciumto-phosphorus ratio (2:1). The addition of chlortetracycline or tetracycline and beta-carotene or vitamin A to
complete diets, mineral mixtures, or feed supplements
also can be helpful. Diets containing 30% green forage
probably are sufficient in beta-carotene content.10
In cases of calcium oxalate or calcium carbonate
calculi, feeding legumes (e.g., alfalfa, clover, kudzu)
should be limited. All of the plants listed in Table
2-7 are associated with formation of oxalate calculi,
so their ingestion should be avoided or minimized.
Management practices used to minimize oxalate stone
formation include slow introduction to new grazing or
browse and control of plants that accumulate oxalates
(e.g., by application of 2,4-D to pastures).4
Dietary protein should be fed to meet but not
greatly exceed requirements for maintenance or growth,
because excessive protein intake (e.g., pet goats, feedlot
lambs) can result in an increased urinary output of the
mucoprotein. Dietary estrogenic compounds, including phytoestrogens, should be minimized or avoided
because they may be associated with an increase in
secondary sex gland size and in the output of urinary
mucoprotein. Many legumes (e.g., white clover) contain
estrogenic compounds or have inappropriate calciumto-phosphorus ratios and a larger-than-necessary protein content, contributing to formation of some types
of stones. Although legumes in hay and forage may
improve growth and productivity, they should be used
and fed to calculi-prone males with caution. Addition
of ammonium chloride (200 to 300 mg/kg/day, or 2%
of the total diet) appears to be effective in maintaining
proper pH. Ammonium chloride can be added to the
feed or mixed with honey and sprayed onto forage to
ensure adequate intake. When individual medication is
cost-prohibitive, providing a loose mineral mixture with
an anionic salt can provide some protection (example:
2.5 lb of ammonium chloride well mixed with 50 lb
of trace mineral salt, provided as the only source of
available salt). Vitamin C (3 to 4 mg/kg/day) also can
help maintain pH balance, but administering the vitamin often enough for it to be of practical value may be
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difficult and may predispose animals to urinary oxalate
crystal formation. Urine pH should be maintained at or
slightly less than 6.8. All urinary stones should be submitted for laboratory analysis to aid in the development
of a preventive plan for the rest of the flock.4,10

Gastrointestinal Parasites
Gastrointestinal parasitism has a negative effect on both
energy and amino acid metabolism and also increases
requirements of these nutrients in sheep and goats. This
effect is due to an increase in gastrointestinal protein
turnover, a nutritional cost for increased immune stimulation by the parasites, direct gastrointestinal blood loss,
and possibly a reduced feed intake.4,11-13 Gastrointestinal parasites appear to have a greater effect on protein
requirements than on energy. Increasing dietary metabolizable protein intake in the face of subclinical parasitism
will help meet production goals.4 Compared with most
other amino acids, the sulfur-containing amino acids are
influenced to a greater extent by parasitism, which can
have a negative effect on wool and fiber production.
The strategy of feeding supplemental metabolizable
protein improves resilience and resistance to parasites in
sheep, particularly if the protein source is not degraded
in the rumen.14-16 The quality of the diet appears to
be more significant than the quantity.17 Feeding the
bypass protein fish meal (8%) to parasitized sheep in
late gestation has been shown to reduce Trichostrongylus
colubriformis and Trichostrongylus circumcincta burdens
by a factor of 3 to 4 and to improve body condition and
body weight.15 Rumen-protected methionine also has
a positive effect on wool production and weight gain
in T. colubriformis–infected lambs.18 Supplementation
with soybean meal and energy also will be beneficial to
maximize resilience.4 Dietary supplementation appears
to affect parasitism most profoundly if targeted. That
is, when specific nutrients are deficient in the diet and
the animal’s stage of development or health status
dictates requirements for those nutrients are greatest,
then those nutrients (e.g., protein, carbohydrates, copper, phosphorus) are supplemented. An example of
targeted supplementation is the addition of protein to
the diet during early pregnancy, which may promote
immunity to parasitism at parturition in sheep.16,19,20
In animals with access to forage containing plants with
condensed tannins, expected benefits include reduced
gastrointestinal parasite burden, altered parasite life
cycle, reduced parasite larval numbers, and stimulation
of the host’s immune system.21-23 Many plants containing condensed tannins also are legumes, which also will
improve protein intake (e.g., sulla, lucerne, Sericea lespedeza).23 However, tannin feeding is not without drawbacks. Some associated problems include depression of
food intake, binding of dietary proteins and digestive
enzymes (resulting in decrease in protein supply and

digestion), and injury to parts of the gastrointestinal
tract.24 With feeding of condensed tannins, a balance
must be drawn to maximize the positive effects on gastrointestinal parasite control while minimizing some of
their deleterious effects.
Ensuring adequate nutrient intake (energy, protein,
macrominerals, and trace minerals), supplementation
with rumen bypass protein, targeted nutritional supplementation, allowing access to browse containing condensed tannins, good grazing strategies (e.g., reduced
stocking rates, pasture rotations), logical anthelmintic
usage (e.g., targeted parasite control, use of only effective anthelmintics), and selecting for animals with parasite resistance all are needed in implementing a parasite
control program20,25 (see Chapter 6).
REFERENCES
1.	Russell A: Body condition scoring of sheep. In Boden E, editor:
Sheep and goat practice, London, 1991, Baillière Tindall.
2.	Santucci PM, et al: Body condition scoring of goats in extensive
conditions. In Morand-Fehr P, editor: Goat nutrition, Wageningen,
Netherlands, 1991, Pudoc.
3.	Holland C, Kezar W: Pioneer forage manual. A nutritional guide, Des
Moines, Iowa, 1995, Pioneer Hi-Bred International.
4.	Nutrient requirements of small ruminants; sheep, goats, cervids and
New World camelids, Washington, DC, 2007, National Academy
Press.
5.	Bratzlaff K, Henlein G, Huston J: Common nutritional problems
feeding the sick goat. In Naylor JM, Ralston SL, editors: Large
animal clinical nutrition, St Louis, 1991, Mosby.
6.	Sahlu T, et al: Dietary protein level and ruminal degradability for
mohair production in Angora goats, J Anim Sci 70:1526, 1992.
7.	Allden WG: Undernutrition of the Merino sheep and its sequelae:
II. The influence of finite periods of arrested growth on the subsequent wool growth, fleece development, and utilization of feed
for wool production of lambs, Austr J Agr Res 19:639, 1968.
8.	Kelly RW, et al: Nutrition during fetal life alters annual wool
production and quality in young Merino sheep, Austr J Exp Agr
36:259, 1996.
9.	Qi K, et al: Sulfate supplementation of Angora goats: metabolic
and mohair responses, J Anim Sci 70:2828, 1992.
10.	Belknap EB, Pugh DG: Diseases of the urinary system. In Pugh DG,
editor: Sheep and goat medicine, Philadelphia, 2002, WB Saunders,
pp 255–276.
11.	Adams NR, Liu SM: Principles of nutrient partitioning for wool,
growth and reproduction: implications for nematode parasitism,
Aust J Exp Agr 43:1399–1407, 2003.
12.	Sykes AR, Greer AW: Effects of parasitism on the nutrient economy in sheep: an overview, Aust J Exp Agr 43:1393–1398, 2003.
13.	Sykes AR: Parasitism and production in farm animals, Anim Prod
59:155–172, 1994.
14.	Coop RL, Kyriazakis I: Nutrition-parasite interaction, Vet Parasitol
84:187–204, 1999.
15.	Donaldson JD, van Field MFJ, Sykes AR: The effect of nutrition on
the periparturient status of mature sheep, Anim Sci 67:523–533,
1998.
16.	Kidane A, et al: Consequences of infection pressure and protein
nutrition on periparturient resistance to Teldorsagia circumcincta
and performance in ewes, Vet Parasitol 165:78–87, 2009.
17.	McClure SJ: Dietary impacts on the resistance of Merino lambs to
Trichostrongylus colubriformis, N Z Vet J 57:102–108, 2009.
18.	Coop RL, et al: The influence of protein and amino acid on the
resilience of sheep to intestinal parasitism, Proceedings of the
4th International Congress for Sheep Vets, Armidale, New South
Wales, Australia, 196–198, 1997.

Chapter 2 • Feeding and Nutrition
19.	Valderrabano J, Gomez-Rincon C, Uriarte J: Effect of nutritional
status and fat reserves on the periparturient immune response
to Haemonchus contortus infection in sheep, Vet Parasitol 141:
122–131, 2006.
20.	Kahn LP, et al: Enhancing immunity to nematode parasites in
single-bearing Merino ewes through nutrition and genetic selection, Vet Parasitol 112:211–225, 2003.
21.	Min BR, Hart SP: Tannins for suppression of internal parasites,
J Anim Sci 81(Suppl 2):E102–E109, 2003.
22.	Athanasiadou S, et al: Direct anthelmintic effects of condensed
tannins towards different gastrointestinal nematodes of sheep:
in vitro and in vivo studies, Vet Parasitol 99:205–219, 2001.
23.	Zafar I, et al: Review. Anthelmintic effects of condensed tannins,
Int J Agr Biol 4:438–440, 2002.

49

24.	Athanasiadou S, Kyriazakis I: Plant antimetabolites: antiparasitic
effects and their role in ruminant production systems, Proc Nutr
Soc 63:631–639, 2004.
25.	Kahn LP, et al: Regulation of the resistance to nematode parasites of single- and twin-bearing Merino ewes through nutrition
and genetic selection, Vet Parasitol 114:15–31, 2003.

FURTHER READING
Ensminger ME, Oldfield JE, Heinemann WW: Feeds and nutrition, ed 2,
Clovis, Calif, 1990, Ensminger Publishing.
Naylor JM, Ralston SL: Large animal clinical nutrition, St Louis, 1991,
Mosby.

CHAPTER

3

Fluid Therapy and Nutritional
Support
Paul H. Walz and Debra Taylor

Fluid therapy and nutritional support are basic treatments that can and often should be included in the
management of ill or injured animals. Proper use of
fluids and nutritional support can be beneficial and
life-saving, and these therapeutic modalities should
be viewed as important as administration of antibiotics, antiinflammatories, and other medications in the
management of sick or debilitated individual sheep
or goats. As with other medications, inappropriate use
of such therapies can lead to detrimental or even fatal
outcomes.
Fluid therapy and nutritional support are indicated
for many diseases. The immediate goal of fluid therapy
is to expand the vascular volume with the aim of
improving both cardiac output and organ and tissue
perfusion. Dehydration resulting from excessive loss of
body fluids or failure of fluid intake is the most common indication for fluid therapy. Examples of fluid
intake failure are a lack of thirst secondary to neurologic
depression or toxemia and an inability to drink as with
oral trauma or esophageal obstruction. Diarrhea is the
most common cause of excessive fluid loss, although
vomiting (as with rhododendron toxicity) and polyuria
(as in renal disease) also should be considered. Loss of
blood and fluids due to parasitism or skin and tissue
trauma (dog attacks) are also common indications for
fluid or blood component therapy. Other indications
for fluid therapy include hypovolemic shock, electrolyte abnormalities, disturbances of acid-base balance,
hypoglycemia, hypothermia, diuresis following toxin
exposure, malnutrition, trauma, and failure of passive
transfer. Parenteral nutrition (PN) is indicated for small
ruminants presenting with starvation, pregnancy toxemia, or severe enteric disease.

PHYSIOLOGY OF BODY FLUIDS
In order to administer fluids and electrolytes properly,
a general understanding of body fluid composition for
the patient’s species, and of how this fluid is lost during
disease states, is necessary. Total body water makes up
approximately 60% of a sheep’s or goat’s body weight.1
This percentage can vary with age, body composition,
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and breed. In general, neonatal lambs or kids have
relatively more body water than adults, and total body
water in neonates may approach 75% to 80% of body
weight. The larger total body water percentage is due
primarily to a large extracellular fluid volume. By the
age of 6 months, values for total body water and extracellular fluid volume are similar to those in adults. The
larger total body water and extracellular fluid volume
in the neonate do not provide a reservoir of fluid for
the sick animal in these species.2 Overweight sheep
and goats have decreased total body water content
compared with that in lean animals, because adipose
tissue contains very little water. Estimations of total
body water for fattened sheep are approximately 50%
of body weight.1
Total body water is distributed within two major
compartments, extracellular fluid and intracellular
fluid. Approximately two thirds of total body water is
intracellular fluid (40% of body weight), and one third
is extracellular fluid (20% of body weight). The extracellular fluid compartment can be further subdivided
into the intravascular fluid or plasma volume (5% of
body weight) and the interstitial fluid (15% of body
weight). The interstitial fluid compartment consists
of fluid surrounding cells, cerebrospinal fluid, connective tissue, and most importantly, the contents of
the reticulorumen and the rest of the gastrointestinal
tract. The reticulorumen is an important reservoir of
fluid for adult animals during periods of water restriction, and the gastrointestinal tract also can be a site for
water deposition during disease processes such as grain
overload or endotoxemia. Although the intracellular
and extracellular fluid compartments differ in electrolyte composition, they are in osmotic equilibrium and
water can freely diffuse between them. The movement
of water and electrolytes between compartments is
governed by hydrostatic and oncotic forces. Sodium
is the most important cation within the extracellular
fluid compartment, accounting for about 95% of the
total cation pool. Potassium is the major intracellular
cation. The concentrations of sodium and potassium
are maintained within and outside of cells by the Na+,
K+-ATPase pump. Chloride and bicarbonate are the
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major anions within the extracellular fluid space,
whereas phosphates, proteins, and other anions maintain electroneutrality with the potassium cation in
the intracellular fluid compartment. When fluids are
administered to dehydrated sheep or goats, fluid losses
are replaced within the extracellular fluid compartment;
therefore the fluids being administered should contain
concentrations of ions similar to those found in the
extracellular fluid compartment. Assessment of blood
electrolyte concentrations and determination of acidbase status are performed using techniques that reflect
conditions in the extracellular fluid compartment.
Dehydration is a common feature of many diseases.
Dehydration results from inadequate fluid intake in the
presence of increased fluid losses. With dehydration, all
fluid compartments are affected. Dehydration initially
results in reduction of the intravascular fluid volume,
followed by contraction of the interstitial and intravascular fluid compartments. Most disease processes
result in concurrent losses of fluids and electrolytes—
resulting in a pathophysiologic condition referred to
as isotonic or isoosmolar dehydration. In such cases,
providing both fluid and electrolytes (mainly sodium)
is important. Hypertonic dehydration, or a relative
water deficit, occurs when water losses exceed losses of
electrolytes; water deprivation is an example. By contrast, hypotonic dehydration, or relative water excess,
occurs when electrolyte losses exceed water losses.
Hypotonic dehydration also occurs with diarrhea, when
losses of electrolytes and water occur concurrently (isotonic dehydration) but the water deficit is replaced by
water consumption or administration of 5% dextrose
solutions. Another example of hypotonic dehydration
occurs in goats or sheep with obstructive urolithiasis,
when sodium depletion exceeds water loss as sodium
moves into the peritoneal cavity. In cases of urolithiasis
with urinary bladder rupture, administration of fluids
containing sodium is important (see Chapter 12).

Because this information usually is not available to the
clinician, clinical assessment is used to assess degree of
dehydration. The packed cell volume and total plasma
protein can be used as tools to assess hydration status,
but these measurements cannot be used to replace an
estimation of hydration status from physical examination. The reference ranges for packed cell volume in
healthy sheep and goats are 27% to 45% and 22%
to 38%, respectively3; these ranges are too wide to be
useful in estimation of hydration status. Total plasma
protein concentration is dependent on colostral intake
in neonates and may be elevated with chronic inflammation. In addition, a sheep or goat with anemia and
hypoproteinemia in conjunction with dehydration, as
occurs with intestinal parasitism, can nevertheless have
a normal packed cell volume and total plasma protein
concentration. Packed cell volume and total plasma
protein concentrations are most useful in monitoring
the progress of fluid therapy to prevent overhydration.
Although no standard method is available for assessing dehydration in sheep and goats, percent dehydration can be estimated by assessing heart rate; eyeball
recession; mucous membranes for tackiness, color,
and capillary refill time; and skin elasticity or turgor
(Table 3-1). Degree of enophthalmos has been used to
determine hydration status in calves4 and can be used
to assess hydration in sheep and goats as well. The
percent dehydration can be estimated by measuring
TABLE 3-1 Estimation of Percent Dehydration
from Physical Examination
Findings
Percent
Dehydration
<5%
5%

PATIENT ASSESSMENT
Physical examination of hypovolemic or dehydrated
sheep and goats is very important to ensure that the
correct fluid type is administered at an appropriate rate,
as well as for identifying the underlying disease process.
Intercurrent disease processes, hypothermia, and perinatal asphyxia can lead to difficulty in accommodating intravenous fluids. Fluid therapy can have adverse
effects such as volume overload and edema, so particular attention should be given to the cardiovascular and
renal systems. Cardiovascular diseases may result in an
inability to cope with an acute fluid load, and oliguric
renal failure results in an impaired ability to excrete
excess fluid (see Chapter 17).
Dehydration is most accurately assessed by changes
in body weight before and after a disease event.
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8%

≥ 10%

Physical Findings
History of fluid loss but no other
abnormalities
Minimal depression, normal to mildly
tacky mucous membranes, minimal
enophthalmos, normal heart rate,
normal capillary refill time (<2 seconds)
Depression, mild to moderate decrease
in skin turgor (skin tent duration
2-4 seconds), obvious enophthalmos,
slight tachycardia (heart rate
>90 beats/minute), increased capillary
refill time (3-4 seconds)
Severe depression, weakness, moderate
to marked degree of decreased
skin turgor (skin tent duration
>5 seconds), dry and dark mucous
membranes, tachycardia (>120 beats/
minute), increased capillary refill time
(>5 seconds), cold extremities
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the eyeball recession in mm and multiplying by 2. For
example, a sheep or goat with eyeball recession of 4 mm
is estimated to be 8% dehydrated. The duration of skin
tenting also can be used to estimate hydration status.
The percent dehydration is estimated by measuring the
skin tent (in seconds), multiplying by 2, and then subtracting 4. For example, a sheep or goat with a skin tent
duration of 6 seconds is estimated to be 8% dehydrated
(6 × 2 = 12 − 4 = 8%). Some caveats to this clinical
assessment of dehydration exist, and it is important to
recognize that the poor skin elasticity and enophthalmos of dehydration also are seen in emaciated small
ruminants.
Acid-base and electrolyte abnormalities are more
difficult to assess without the aid of laboratory testing.
Serum biochemistry and blood gas analyses can provide
information on serum electrolyte (sodium, potassium,
chloride, bicarbonate, calcium, magnesium, and phosphorus) abnormalities, acid-base disorders, or glucose
abnormalities that require correction. In general, most
cases of diarrhea in neonates and grain engorgement
in adults will be characterized by a metabolic acidosis,
whereas intestinal obstructions and renal disease will
be associated with a metabolic alkalosis. Although the
degree of acidosis can be estimated in calves with diarrhea using a clinical scoring system,5 no similar clinical
scoring system has been created for use in neonatal
sheep or goats with diarrhea (see Appendix 11).

FLUID AND ELECTROLYTE REPLACEMENT
THERAPY
Fluid and electrolyte replacement therapy in sheep and
goats is required when fluid intake by the animal is not
enough to meet metabolic needs. Rehydration, replacement of lost electrolytes, and restoration of acid-base
balance are the goals of fluid therapy. Provision of intravenous fluids can restore the circulatory capacity and
mental status sufficiently that nutrition and replacement of ongoing losses can be provided through oral
fluids. The aggressiveness of treatment is dictated by the
severity of the condition as well as economic considerations. In developing the fluid and electrolyte replacement therapy plan, three basic assessments should be
made: (1) quantity and rate of fluid administration,
(2) fluid type, and (3) method of fluid administration.

QUANTITY AND RATE
OF FLUID ADMINISTRATION
The fluid therapy plan is designed to replace deficits
while supplying maintenance fluid needs and accounting for ongoing loss of fluids associated with the disease
process (Table 3-2). The first priority for treating dehydration in a sheep or goat is to restore the extracellular
fluid volume to normal. The following simple formula

can be used to calculate the recommended amount of
fluid for restoration of the animal to a normal hydrated
state:
(Estimation of Dehydration) X (Body Weight in kg)
= Liters of Fluid Needed (in L)

Intravenous fluid therapy is recommended in cases
in which the estimation of dehydration is 8% or greater,
because oral fluid therapy will be ineffective.6 For example, a 50-kg sheep that is 8% dehydrated will need 4 L of
fluid to replace the deficit (0.08 × 50 = 4.00). A 5-kg kid
with diarrhea that is 10% dehydrated will need 500 mL
of fluid to replace the deficit. Because methods for precise measurement of the degree of dehydration are not
available, it is important for the clinician to recognize
that replacing the exact fluid deficit is not of chief concern. Rather, the clinician should replace a fluid deficit
to restore tissue perfusion and improve mental capacity
so oral fluids can be utilized. A general rule is to replace
half of the fluid deficit over 4 to 6 hours, with the balance given over 12 to 24 hours. More often, the fluid
deficit is replaced more rapidly (6 hours); however, care
should be taken in the hypothermic neonate or in cases
of sepsis, because generalized edema may result. Specifically, too-rapid delivery of intravenous fluid therapy can
result in pulmonary and cerebral edema. Alternatively,
the rate of fluid administration can be set at 50 mL/
kg/hour, which is less than the shock therapy rate of
90 mL/kg/hour.
Calculation of maintenance fluids is based on species- and age-specific physiologic requirements. The
normal, adult sheep or goat requires approximately
50 mL/kg/day to provide enough fluids for digestion and
to replace losses through urine and defecation (sensible
water loss) and sweat and respiration (insensible water
loss). As stated previously, neonates have higher total
body water than that in adults and therefore have higher
maintenance fluid requirements. The maintenance fluid
needs for lambs and kids can be up to 80 mL/kg/day.

TABLE 3-2 Components and Formulas
for a Fluid Therapy Plan
Category

Amount/Formula

Deficit
Maintenance

% dehydration × body weight in kg
Adults: 50 mL/kg/day
Neonates: 80 mL/kg/day
Up to 5% of body weight in kg
Adults: body weight (in kg) ×
0.3 × base deficit
Neonates: body weight (in kg) ×
0.6 × base deficit
90 mL/kg/hour

Ongoing losses
Bicarbonate deficit

Shock rate
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In developing the fluid therapy plan, both replacement
of the deficit and inclusion of maintenance fluid requirements should be addressed. The maintenance fluid
needs of sheep and goats, in 50 mL/kg/day, can be simply converted to 1 mL/lb/hour or 2 to 4 mL/kg/hour. An
important consideration is that this maintenance fluid
requirement can change with ambient temperature and
feed intake, because diets may vary in moisture content.
Careful monitoring is warranted for patients that are on
continuous intravenous fluid therapy or receiving large
volumes of fluids over a short period of time, because
they can become hypoproteinemic and develop edema.
Serial measurements of packed cell volume and total
plasma protein are needed to prevent overhydration.
Pathologic water losses can continue to occur even
with ongoing fluid therapy (e.g., with infectious diarrhea). Losses may continue as well with disorders characterized by third space sequestration of fluids, such as
grain engorgement or ruptured urinary bladder. Those
losses that are expected should be included in the fluid
therapy plan. Although it is difficult to estimate these
losses, up to 5% of the body weight per day may be
estimated as extra fluid losses for animals with severe
diarrhea.

Fluid Type
Many different and appropriately formulated fluid types
are available for intravenous administration in sheep
and goats. The decision to administer intravenous fluids to expand fluid volume is far more important than
the specific choice of fluid type and rate. A majority
of patients will respond adequately to any balanced
electrolyte fluid. The type of fluid to be administered
ideally should be based on the individual patient’s disease process and the measured or predicted acid-base
or electrolyte deficits that must be corrected. Four basic
categories of fluids are available for intravenous use in
clinical practice: crystalloids, colloids, whole blood, and
PN solutions.
Crystalloid fluids are the mainstay of fluid therapy
and consist primarily of water with a sodium or glucose base. Crystalloid fluids can be divided into four
groups based on purpose: replacement, maintenance,
hypertonic saline, and dextrose in water. Alternatively,
crystalloid fluids can be classified by tonicity, as hypotonic, isotonic, or hypertonic. Replacement crystalloid
fluids are required for sheep or goats with deficits of
either electrolytes or water or, most commonly, both.
The commonly used replacement crystalloids in small
ruminant medicine are isotonic solutions and include
the unbalanced solutions, such as normal saline (0.9%
NaCl) and sodium bicarbonate (1.3% NaHCO3), and
the balanced electrolyte solutions, such as Ringer’s solution (with lactate or acetate), Normosol-R (Hospira,
Inc., Lake Forest, Illinois), and Plasma-Lyte A (Baxter
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Healthcare Corp., Deerfield, Illinois). Balanced solutions resemble the extracellular fluid in composition.
All replacement and maintenance crystalloids have an
osmolality similar to that of plasma and can enter all
body fluid compartments. These fluids will equilibrate
quickly with interstitial fluids, so only 20% to 25% of
the infused fluid remains within the intravascular compartment 1 hour after infusion.
Normal saline (0.9% NaCl) has slightly higher
sodium and higher chloride concentrations than those
for plasma. Normal saline is considered an acidifying
solution because it lowers plasma bicarbonate levels
through volume expansion, reduction in renal bicarbonate absorption, and increased renal tubular chloride
levels, which in turn promotes bicarbonate excretion in
the renal collecting ducts. For sheep and goats with metabolic acidosis, such as occurs with grain engorgement
or diarrhea, normal saline is not the fluid of choice.
Normal saline is a crystalloid fluid indicated for sheep
and goats with metabolic alkalosis or hyponatremia as
would occur with gastrointestinal obstruction or stasis,
obstructive urolithiasis, or ruptured urinary bladder.
Balanced crystalloid fluids vary in their content of
electrolytes, but in general, balanced crystalloid solutions contain electrolyte concentrations similar to those
in plasma. Ringer’s solution is an acidifying solution
and is fairly similar to normal saline except for its
slightly lower levels of sodium, higher levels of chloride, and additional potassium and calcium. Lactated
Ringer’s solution is considered an alkalizing solution,
but the lactate present requires hepatic metabolism to
produce bicarbonate, and only the l-isomer of lactate
is metabolized efficiently to produce bicarbonate. The
balanced crystalloids Normosol-R and Plasma-Lyte A
also are considered alkalizing fluids because they contain sodium acetate and sodium gluconate. Acetate and
gluconate are bicarbonate precursors. Unlike lactate,
which is metabolized by the liver, acetate is metabolized
by muscle tissue. Gluconate has been shown to be ineffective as an alkalizing agent in calves when administered intravenously but is effective when given orally.7
Although some of these balanced crystalloid solutions
are considered to be alkalizing, they are regarded as
inferior in alkalizing ability to 1.3%, 5%, or 8.4%
sodium bicarbonate.2
Sodium bicarbonate is the crystalloid fluid of choice
for metabolic acidosis and can either be given as
isotonic sodium bicarbonate (1.3%), or hypertonic
sodium bicarbonate (5% or 8.4%), or added to other
crystalloid solutions. Common causes of metabolic
acidosis include absorption of d-lactate from the gastrointestinal tract (e.g., with grain engorgement or enterocolitis) and sodium loss with secretory diarrhea. Sepsis
or other causes of systemic shock also can lead to metabolic acidosis as a result of l-lactate accumulation from
poor tissue perfusion. To correct metabolic acidosis, a
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total carbon dioxide (CO2) measurement from a serum
biochemistry panel or blood gas analysis is needed. The
base deficit is calculated by subtracting the measured
total CO2 from the normal total CO2 (approximate normal total CO2 is 25 mEq/mL). The amount of bicarbonate to administer can be calculated as follows:
Neonates : mEq bicarbonate needed
= (base deficit) x (body weight in kg) x 0.6
Adults : mEq bicarbonate needed
= (base deficit) x (body weight in kg) x 0.3

Neonates have a larger bicarbonate space than that
in adult animals and thus have greater bicarbonate
replacement needs when losses occur.6 For example, a
5-kg kid with a base deficit of 15 will need 45 mEq of
bicarbonate to correct the metabolic acidosis: 15 (base
deficit) × 5 kg (body weight) × 0.6 = 45 mEq. If the 5-kg
kid is 10% dehydrated, the fluid deficit is 500 mL. None
of the crystalloid fluids previously discussed can provide
enough base in 500 mL to correct the acidosis in this
specific example, emphasizing the need for bicarbonate
therapy in cases of metabolic acidosis in ruminants. The
bicarbonate needed to correct metabolic acidosis can
be given to sheep or goats as a 1.3% isotonic solution;
alternatively, the deficit can be added to normal saline
and administered intravenously. As a general rule, half
of the calculated base deficit should be corrected if the
metabolic acidosis results from dehydration only. The
entire deficit can be corrected if the dehydration is due
to neonatal diarrhea or grain engorgement. Sodium
bicarbonate is available commercially as hypertonic
solutions of either 5% (0.6 mEq/mL) or 8.4% (1 mEq/
mL). Solutions of 5% sodium bicarbonate can be given
intravenously without dilution so long as the dehydration is corrected at the same time. The administration
rate for 5% sodium bicarbonate should not exceed
2 mL/kg/minute.8
Dextrose-containing intravenous crystalloid solutions such as 5% dextrose in water (D5W) should not
be used routinely in small ruminant practice for standalone therapy, because once the dextrose is metabolized, the fluid contains no active solute. Infusion of
5% dextrose can lead to dilution of serum electrolytes
along with the development of edema. However, glucose supplementation is important for hypoglycemic,
hypothermic neonatal small ruminants and in ewes
with pregnancy toxemia. Blood glucose can easily
be measured with commercially available hand-held
glucometers. To treat hypoglycemia, dextrose can be
administered intravenously as a 50% solution (at a dose
of 0.2 mL/kg of body weight) or as a 5% to 10% solution. Dextrose can be added to other crystalloid fluids
to make a 1% or 2% solution (20 mL of 50% dextrose/L
for each 1% of dextrose needed). For ewes with pregnancy toxemia, 5 to 7 g of glucose given intravenously
six to eight times daily has been recommended.9

Hypertonic saline solutions are a type of crystalloid
fluid that has gained increased use in ruminants over
the past 2 decades. Hypertonic saline solutions (7.2%
NaCl) rapidly increase intravascular volume by increasing intravascular hyperosmolality, thereby drawing fluid
from the intracellular and interstitial fluid compartments. The effect is transient and must be supplemented by additional volume replacement. Hypertonic
saline solutions should be administered at a dose of
4 mL/kg of body weight over 3 to 10 minutes. Indications for hypertonic saline solution administration
in small ruminants are severe dehydration, endotoxic
shock, and hemorrhagic shock. In cases of hemorrhagic
shock, blood transfusions should be performed after
therapy with hypertonic saline solutions. In cases of
dehydration, hypertonic saline solutions should be followed with intravenous isotonic solutions or oral fluid
therapy.
Colloids are high-molecular-weight compounds that,
unlike crystalloids, do not readily leave the intravascular
space. Examples of colloids are plasma, human serum
albumin and synthetic compounds such as hetastarch,
dextrans, and modified gelatin solutions. Plasma is
used primarily in cases of failure of passive transfer and
hypoproteinemia and is administered at a dosage rate
of 20 to 40 mL/kg of body weight.10 The use of plasma
for colloidal effects is relatively ineffective, because 50 to
100 mL/kg of body weight is required to raise serum
albumin concentration by 1 g/dL. Sheep and goat plasma
preparations are available commercially (Midwest
Animal Blood Services, Inc., Stockbridge, Michigan). The
use of colloids for expanding intravascular volume in ill
small ruminants has not been evaluated.
Whole blood transfusions are indicated primarily when
the red blood cell mass is inadequate to carry oxygen
to the peripheral tissues. Whole blood transfusions are
recommended in animals with clinical signs suggestive
of tissue hypoxia, such as elevated heart and respiratory
rates, weakness, and lethargy, or in which the packed
cell volume drops below 15% to 20% in acute anemia
and below 10% to 15% in chronic anemia. Whole
blood can be administered at a dose of 10 to 15 mL/kg
of body weight; however, this will result in an increase
in packed cell volume of the recipient by only 3% to
4%. For hemorrhagic shock, at least half of the estimated blood loss should be replaced by whole blood.10
Whole blood transfusions also can be used as a source
of plasma and can be given at a dose of 40 to 80 mL/kg
of body weight. Monitoring of the transfusion is important, and the whole blood transfusion should be started
at a slow rate (0.1 mL/kg/hour), with vital signs evaluated every 5 minutes. Clinical signs of anaphylactic
reactions to whole-blood transfusions include fever,
dyspnea, hiccoughing, muscle tremors, salivation, and
lacrimation. If a transfusion reaction is noted, blood
administration is ceased and epinephrine (1:1000) can
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be administered at a dose of 0.01 to 0.02 mL/kg of body
weight intravenously.

Method of Administration
Administration of fluids is primarily by either the oral
or the intravenous route. The choice of route is based
on hydration status and on whether the patient can
take in oral fluids. Subcutaneous, intraperitoneal, and
intraosseus routes are not commonly used. Subcutaneous fluids are contraindicated in animals that are
severely dehydrated as a result of poor absorption. With
severe dehydration, the intravenous route is required.
Intravenous fluids can be given as bolus injections or as
a constant rate infusion. Oral fluids have the advantage
of being the least costly, but this route is less effective in cases involving gastrointestinal stasis or severe
dehydration

Intravenous Administration
The jugular vein is very superficial and easy to visualize
once the hair or fleece has been clipped in most sheep
and goats. Placement of a jugular catheter is best accomplished with the small ruminant patient positioned in
lateral recumbency if possible. After aseptic preparation
of the jugular furrow, a local block can be performed
over the catheterization site with 0.5 to 1 mL of 2%
lidocaine using a 3-mL syringe and 25-gauge, 5/8-inch
needle. After the site is blocked, a small stab incision
through the skin is made with a No. 15 scalpel blade.
To prevent inadvertent incision of the jugular vein, the
skin can be either pinched up away from the jugular or
slid dorsally over the neck muscles. Use of the small
stab skin incision for this procedure is very helpful in
decreasing the amount of tissue drag with potential
collapse of the jugular vein during catheter placement.
Before insertion of the catheter, the jugular vein is maximally expanded by holding off at the thoracic inlet and
allowing time for it to distend. In severely dehydrated or
hypotensive sheep and goats, adequate vessel expansion
may take additional time. The catheter is held horizontally and flushed out with sterile heparinized saline.
Heparinized saline can be purchased commercially or
formulated from normal saline in a concentration of
10 U/mL. The catheter is held by its hub with the index
finger placed over and occluding the end of the hub.
The catheter is inserted through the stab incision. If any
skin drag is noted, the catheter is set aside and the skin
incision is deepened or extended with the scalpel blade.
Once the catheter is through the skin and lined up with
the distended jugular at an angle of 45 to 60 degrees, it
is advanced with a quick, short, forceful insertion. To
check for proper position of the catheter, the finger is
lifted off the hub and the catheter contents are observed
for a flash of blood. If a flash of blood is evident, the
catheter and stylet are advanced an additional 1 cm.
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If another check for blood flash reconfirms its position
in the jugular vein, the catheter is slid into the vein off
the stylet, which is then removed. With severe hypovolemia or hemoconcentration, a flash of blood may
not be observed in the catheter. Absence of this sign is
more common if the animal is standing or in sternal
recumbency than if the animal is in lateral recumbency.
In such instances, the position of the catheter within
the jugular vein is assessed as follows: A syringe filled
with heparinized saline is attached to an extension set
and used for periodic aspiration during performance of
the initial venipuncture. Once the catheter is inserted,
an injection port or extension set can be attached to the
catheter, and the catheter should be checked for blood
withdrawal and then flushed with heparinized saline.
Several methods can be used for securing and protecting jugular catheters: The catheter and extension
set or injection port can be sutured to the skin. White
porous tape also can be attached to the catheter injection port or extension set and this tape can be sutured to
the skin. The catheter can be additionally secured to the
skin using a cyanoacrylate glue (Superglue). Glue also
can be applied at the point of entry of the hub end and
catheter into the skin. Extension sets are very useful but
must be secured at another site on the body to prevent
the catheter from being pulled out if the extension set
or fluid line gets caught or tangled. Heparinized saline
can be used to keep catheters patent when intravenous
fluids are not running, and catheters should be flushed
every 6 to 8 hours with heparinized saline.
Intravenous catheters are available in various lengths,
diameters, and construction materials. Teflon, polypropylene, polyurethane, and Silastic catheter types are
available for use in small ruminant patients. Teflon
catheters need to be changed every 3 days, whereas
polyurethane catheters can remain in place for up to
2 weeks. For adult sheep and goats, a 16-gauge, 3.25-inch
Teflon catheter often is used. For kids and lambs, an
18-gauge, 2-inch catheter is of the appropriate size and
length for jugular vein catheterization. The rate of fluid
administration is proportional to the diameter of the
catheter and inversely proportional to the length of the
catheter.

Oral Administration
Oral fluid therapy can be used as indicated in both neonatal and adult animals. In general, oral fluid therapy
is preferred over other modalities because it is the most
physiologic. Oral fluids can be administered by orogastric or nasogastric intubation or through a previously
created rumenostomy. A syringe barrel or syringe case
can be adapted for use as a speculum. Milk tubing or
foal orogastric tubes can be passed all the way down
the esophagus in adult small ruminants. For neonates,
small red rubber feeding tubes are suitable, and these
are ideally passed down to the midesophageal region.
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Deposition of milk or bicarbonate- or sodium-enriched
fluids will stimulate esophageal groove closure and
diversion of the fluid to the abomasum for digestion
and absorption. Oral rehydration solutions formulated
for calves can be effectively employed. These solutions
all contain variable concentrations of glucose, sodium,
potassium, and chloride, and many contain an alkalizing agent (bicarbonate, acetate, proprionate), whereas
others do not. All oral rehydration solutions must
be mixed according to their label directions, to avoid
alterations in tonicity. In sheep and goats with diarrhea
where a metabolic acidosis is documented through
laboratory analyses or predicted based on clinical signs,
oral rehydration solutions containing an alkalizing
agent should be used. Nonalkalizing oral rehydration
solutions can be used in the absence of diarrhea or in
sick animals identified early in the disease process.
Oral fluids can be administered at a dose of 3.5% of
body weight at any one time. For example, for a 5-kg
lamb that is more than 8% dehydrated, with mild diarrhea and minimal depression, oral fluid therapy can be
implemented with a commercially available oral rehydration solution at a dose of 175 to 250 mL.

Parenteral Nutrition
PN is the intravenous administration of energy, protein,
fat, vitamins, or minerals as indicated for nutritional
support. In any state of debilitation in which oral nutritional support is either contraindicated (e.g., with enteritis or obstructions) or impossible (e.g., in esophageal
disease), PN may be warranted. Total parenteral nutrition
(TPN) can be used to supply 100% of the nutritional
demands intravenously, yet partial parenteral nutrition
(PPN) may be more practicable. PPN is used to supply a portion of the nutritional demands when limited
oral nutrition is feasible. Whenever only a peripheral
vein is available for use, PPN is all that can be safely
achieved. The acronym PPN also is used for “peripheral
parenteral nutrition.”11 This dual nomenclature may
seem confusing; with both terms, however, PPN denotes
partial fulfillment of nutritional requirements. Because
no scientific studies on TPN usage in small ruminants
have been reported in the literature, the recommendations presented here extrapolate basic TPN principles
from other species.
The TPN solution must include both carbohydrate
and lipids as energy sources, as well as protein (amino
acids) for body homeostasis and repair. Although TPN
and PPN are appropriate for sheep and goats of all
ages, economic considerations may restrict use of PN
to young animals or valuable adults. For PN with an
expected duration of less than 2 weeks, energy and
protein requirements are the most critical components
to consider in addition to ongoing fluid and electrolyte
therapy. If PN will be used for 2 weeks or longer, the

solutions must be balanced not only for energy and
protein but also for micronutrients and vitamins. However, supplementation of B vitamins from the outset of
therapy may be beneficial. A syndrome similar to polioencephalomalacia has been reported in human patients
receiving TPN.12 Although hypoalbuminemic patients
seem to be at increased risk, the syndrome is preventable with thiamine supplementation.12
All fluid deficits and electrolyte abnormalities should
be corrected before and adequate levels maintained
throughout the course of PN.13 Most PN solutions are
hypertonic, and their use has ben associated with
thrombophlebitis.14 Use of a Silastic or polyurethane
catheter reduces the risk of thrombophlebitis.14 Animals
on PN are at very high risk for development of sepsis
and should be monitored closely for clinical signs of
sepsis, which include elevated body temperature, neutrophilia or left shift, hyperfibrinogenemia, and hyperglycemia.15 Strict attention should be paid to aseptic
technique in mixing PN solutions and in working with
intravenous lines containing PN solutions. The patient
also should be monitored closely for derangements
in serum electrolytes, alterations in acid-base status,
increases in serum lipids, fluctuations in blood glucose,
and changes in blood urea nitrogen (Table 3-3). In
addition, urinary output should be monitored to ensure
normal hydration and proper renal perfusion.
In preparing a PN solution, we recommend first calculating the animal’s energy requirements. The caloric
requirements for various body weights are listed in
Table 3-4, which also includes the formula used for
the relevant calculations. Carbohydrates and fats are
the two energy sources used. Dextrose is the most commonly utilized carbohydrate source and has an energy
value of 3.4 kcal/g. The maximum infusion rate of
carbohydrates should not exceed 5 to 7 mg/kg/minute.

TABLE 3-3 Changes in Serum Chemistry
Values Indicative of Complications
of Parenteral Nutrition (PN)
Condition

Comment

Hypoglycemia
Hyperglycemia

Caloric needs not being met
Sepsis or inappropriately high caloric
content of PN solution
Dehydration or calorie–nonprotein
nitrogen imbalance
Inadequate protein supplementation
or hepatic disease
Lipid content of solution exacerbating
a fatty liver or other hepatic disease

Elevated BUN
Decreased BUN
Elevated liver
enzymes

BUN, Blood urea nitrogen.
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TABLE 3-4 Daily Caloric Requirements for Various Body Weights in Sheep and Goats
Body weight
(kg)

2

3

4

5

8

10

15

20

25

30

35

40

50

kcal/day

235

319

395

468

666

787

1067

1324

1565

1795

2015

2227

2632

Values shown were calculated using the following formula*:
Caloric requirement = 140 kcal/kg0.75 of body weight/day
Using a scientific calculator, punch in weight in kg, hit xy key, then punch in 0.75 and hit xy key again; multiply this number by 140 = kcal needed per day.
Note: The equation above yields a caloric requirement very close to that calculated by the total energy requirement (TER) equation: (30 × body weight
(kg) + 70 × “illness factor” of 1.8 to 2.0. Use of illness factors this large has been suggested to lead to oversupplementation.20 We recommend starting
TPN at 25% of the caloric requirement listed above and increasing nutrients as tolerated by the patient.
*From Nutrient requirements of small ruminants; sheep, goats, cervids and new world camelids. Washington, DC, 2007, National Academy Press.

Highly concentrated dextrose solutions are hypertonic
and will increase risk for thrombosis of peripheral vessels if infused at a rate greater than 10% in a peripheral
vein. Adult animals generally will tolerate up to a 20%
dextrose solution via a jugular venous catheter.
Lipids are isotonic and energy-dense, supplying
9.1 kcal of energy per gram. Lipids for PN are formulated
as a 20% solution, which can be infused at a maximum
rate of 2.5 to 3 g/kg/day (15 mL of 20% solution/kg/
day). From 30% to 60% of the calories in a PN solution
should be supplied as lipids. In animals with evidence
of hepatic disease, the low end of this lipid range (30%)
should be targeted, and liver enzymes such as serum
sorbitol dehydrogenase should be monitored closely.
Protein is supplied as 8.5% amino acid solution,
which has approximately 1.3 g of nitrogen/100 mL. The
protein requirement for young lambs and kids (extrapolated from data for other species) is likely to be between
2.0 and 3.75 g of amino acids/kg/day.13,16 The requirement for adult animals (extrapolated from other species) is 1.0 to 1.5 g of amino acids/kg/day.13 The ratio
of nonprotein calories to grams of nitrogen should be
maintained at 100:1 to 300:1 to avoid negative protein
balance.16,17 Grams of nitrogen can be calculated by
dividing the number of grams of amino acids / 6.25.17
(gms amino acids / 6.25 = gms nitrogen)

A central venous catheter is required for administration of more than 1 to 1.5 g of protein/kg of body
weight/day. Juvenile and adult animals require 23 and
11 mL, respectively, of the 8.5% amino acid solution/
kg/day to achieve TPN.
It is most convenient and practical to mix solutions
in 1-L aliquots. Both glass and plastic sterile containers are suitable for mixing.18 When plastic bags are
used, they should be made of ethylene vinyl acetate.19
The order of addition is an important consideration
in preparation of TPN solutions, because adding lipid
directly to 50% dextrose can result in destruction of the
lipid droplets. As a useful mnemonic, the l in lipid can
be said to stand for “last when mixing.”

Because the maintenance fluid requirement is
50 mL/kg/day, the volumes of nutrient solutions
administered must be subtracted from the total daily
requirement to avoid overhydration of the animal.
Continuing or ongoing fluid losses also should be
factored into total replacement volume, as previously
described.
Complications of PN can be avoided by minimizing
the handling of the PN line with the following practices:
•	Place the catheter in aseptic fashion.
•	Cover with a sterile dressing.
•	Use this line solely for PN.
•	Do not disconnect except to add a new PN bag.
The separate fluid line for electrolyte-fluid supplementation also will prevent precipitation of PPN with
concentrated electrolyte solutions if required. Sterile
povidone-iodine ointment may be placed on all connections and covered with tape to decrease the chance
of contamination.19,20
It is best to acclimate the patient by initiating PN
with a solution containing only 25% of the calculated
amounts of dextrose, lipid, and amino acids for TPN.15
The fluid difference should be supplied with a polyionic
isotonic fluid during acclimation. The energy and protein density should then be gradually increased over a
period of 2 to 3 days. During this acclimation period,
the animal should be monitored closely for complications. Monitoring these parameters while slowly
increasing the energy and protein density of the PN
solution will allow the clinician to adjust the protein,
lipid, carbohydrate, and electrolyte composition of the
solution to the individual needs and tolerance of the
animal. If the animal’s blood work remains normal during the acclimation period, the full maintenance TPN
regimen can be begun on the third or fourth day if indicated. The patient should be weighed, if possible, on a
daily basis to ensure that it maintains or gains weight
during treatment. The transition back to enteral nutrition should be made very gradually as well.15 Whenever
possible, enteral feeding in small amounts should be
continued during PN.
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TABLE 3-5 General Guidelines for Mineral
Supplementation
Mineral

Amount*

Calcium
Magnesium
Sodium
Phophorus
Zinc
Iron
Iodine

0.8 mEq (× 2 for growth or lactation)
0.33 mEq
2.26 mEq
3.6 mmol/day (× 2 for growth or lactation)
0.6 mg
0.6 mg
1.5 μg

When PPN or TPN is used for less than 7 days, minerals will rarely
need to be added to PN solutions, but when PN is used for longer
periods, close monitoring of serum electrolyte status may indicate a
need for supplementation.
*Per kg of body weight per day

Mineral supplementation is rarely necessary until
after day 7 to 10 of PN. Minerals should be monitored
by measurement of serum electrolytes and supplemented if needed (Table 3-5). Both trauma and diarrhea
may increase loss of zinc (and possibly other nutrients).
Vitamin supplementation (Table 3-6) generally is not
needed until after day 7 to 10 of PN, with the possible
exception of the B vitamins. The B vitamins may be of
benefit if given every 2 to 3 days at labeled dosages from
the onset of TPN. As a general rule, vitamin K, 10 mg
administered by intramuscular injection, can be given
once a week.
Dextrose solutions concentrated enough to meet full
caloric requirements (i.e., greater than 10% concentration) are thrombogenic to peripheral veins. Peripheral
PN—as noted, also commonly abbreviated PPN—has
been utilized (MacEntire D: Personal communication,
2009) and evaluated clinically in dogs.21 The goal with
this form of PN is to supply a portion of the daily
caloric requirements through a peripheral line without inducing thrombophlebitis secondary to excessive
hypertonicity. Administration of such solutions has
been shown to improve nitrogen balance.21 Chandler
and co-workers performed a prospective study using
a commercially available three-in-one solution.21 This
solution, which has higher osmolarity, caloric density (0.63 kcal/mL), and amino acid concentration
than the “custom” solution described further on, was
administered to dogs at 2 mL/kg/hour. Venous thrombosis occurred in the peripheral veins at 36 hours if the
solution was administered around the clock (i.e., for
24 hours a day). If the solution was administered for
10 to 12 hours each day, followed by isotonic fluid for
the other 12 to 14 hours, thrombosis did not occur.
A custom-made peripheral PN solution that has been
well tolerated in the small animal critical care setting

TABLE 3-6 Estimated Nutritional
Requirements for Some Vitamins
for Prolonged Parenteral
Nutrition*
Vitamin

Amount†

Vitamin A
Vitamin D
Vitamin E

25 IU
6.6 IU
224 μg

*More than 7 days in duration.
†Per kg of body weight per day.

(MacEntire D: Personal communication, 2009) is prepared as follows:
•	Remove 400 mL of polyionic intravenous fluid from
a 1-L bag.
•	Add 100 mL of 50% dextrose, 200 mL of 8.5%
amino acids, and 100 mL of 20% lipid solution.
This solution, which provides 0.35 kcal/mL, can be given
as a continuous infusion (i.e., for 24 hours a day) at the
maintenance fluid rate. Administration at the maintenance rate provides 30% of the caloric requirement for a
10-kg animal and approximately 40% for a 40-kg animal.
This regimen would be calorically similar to one providing 25% of the values calculated from a worksheet.
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4

Oral-Esophageal
Diseases
A.N. Baird and Debra K. Baird

Although pathologic oral-esophageal conditions make
up a very small part of small ruminant practice, such
conditions can be responsible for significant productive
and economic losses in the affected flock or herd. For
the practitioner called on to investigate possible oralesophageal disease, it is very important to gather a thorough history of illness, management procedures, and
treatments; to observe the flock or herd as the animals
eat, move about, and ruminate; and to evaluate body
condition in several individual animals.
Initial assessment of the oral cavity can be done
with the aid of physical restraint, a mouth gag, and a
good light. The gingiva normally is pale pink in color.
Although mild gingivitis is very common, association
with significant oral disease is unusual. More severe gingivitis, is frequently associated with more serious tooth
problems, including tooth loss within 1 or 2 years. With
more pronounced redness and edema present diffusely
throughout the mouth, deeper tissues may be affected,
leading to periodontal disease, with the potential for
tooth loss and consequent conditioning problems.
If such disease becomes a significant herd problem,
regular oral exams are indicated to identify changes in
the teeth and to determine if any specific management
or dietary changes are likely to help herd performance.1
A thorough oral examination can be a challenge in
sheep and goats. The small ruminant has a relatively
narrow intermandibular space, and the mouth does not
open as widely as in some other species. Sedation or use
of a short-acting anesthetic should be considered when
a very thorough oral examination must be performed
in an individual animal. With appropriate restraint,
the lips can be reflected to expose the buccal surface of
the incisors and gingiva. Further retraction of the lips
may induce the animal to open the mouth, permitting
inspection of the lingual surface of the incisors and part
of the tongue. The incisors should be checked for normal
tooth eruption, wear, and loss of teeth. Any abnormal
inclination of the incisors leading to incorrect occlusion
with the dental pad also should be noted. During the
examination, continual movement of the mouth structures in a chewing motion is to be expected, making prolonged study of the oral cavity impractical in this setting.
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Palpation of the cheeks can give some insight regarding the health of the cheek teeth. Direct visualization of
the cheek teeth requires use of a mouth gag and light
source. Even then, a thorough exam is difficult because
the animal will continue to chew against the mouth
gag. The cheek teeth should be checked for signs of
abnormal wear, such as wave mouth, and loss of teeth,
which may lead to overgrowth of opposing teeth or
food impaction in empty spaces. Molars often will be
black because of grass staining, which has no deleterious effect.2 The mandible also should be carefully palpated to detect any bony swelling, which may coincide
with tooth root disease.1
Dental care such as floating or clipping abnormally
growing teeth may be considered on a case-by-case
basis. Implementation of a management program that
includes a lot of such dental care probably is best
avoided. It can be time-consuming, and each intervention may propagate further imbalance of the dentition,
leading to more widespread dental problems within the
herd. In treated animals, it also runs the risk of making tooth problems worse if the sensitive pulp cavity
is exposed in the shortened tooth. In the case of shortening a cheek tooth overgrown because of a missing
opposing tooth, floating is of only short-term benefit,
because the missing tooth is the real reason for the
problem. The owner must make a decision regarding
the management of an animal with sufficiently abnormal teeth that grazing and maintaining body condition
have become a problem. This decision centers on supplemental feeding to maintain the animal in production versus culling. Specific considerations include the
costs of supplemental feeding as well as replacement
costs and availability of confinement facilities to allow
such feeding.1
Loss of incisors has important consequences for
productivity in most animal management systems
that require a lot of grazing. The normal dentition in
this area of the mouth should consist of short, closely
arrayed incisors. Incisors may become short and peglike in some young animals pastured on rough grazing.
The impaired dentition may become a herd problem
over time as a result of decreased grazing efficiency in
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affected animals. Abnormally long teeth with spaces in
between may be a predictor of eventual tooth loss, with
consequent significant nutritional problems.
In small ruminant operations, animals with oralesophageal disease frequently are found to have chronic
conditions by the time they are brought to the attention
of a veterinarian, largely because they are herd or flock
animals: Specific changes in food intake, body condition, and production are not noticed as quickly in the
flock as they are in animals that are raised as pets or
show specimens. Sheep with poor teeth may have lost
a lot of weight before being noticed by owners, because
these animals stay with the flock and are observed to
eat (although not very efficiently) and move normally.3
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DIAGNOSTIC PROCEDURES
Ultrasonography has become increasingly popular in
all aspects of veterinary medicine, including small
ruminant practice. Although ultrasound examinations
have been used for some time in reproductive examination, more and more reasons are emerging for use
of this modality to investigate any soft tissue abnormality. Conditions affecting the head, oral cavity, and
esophagus discussed in this chapter are no exception.
Ultrasonography can delineate abscess cavities, provide
follow-up monitoring of draining tracts, look for foreign bodies, and also help in evaluation of esophageal
obstruction. It also is a helpful imaging tool for use with
biopsy of soft tissue masses or lymph nodes. The wool
in the area will inhibit good contact with the probe, so
clipping will be more important in sheep than in goats.
Although depending on the location and length of hair,
the goat often will need to be clipped to allow a meaningful study of the area. Thoroughly soaking the area to
be examined with alcohol before application of ultrasound gel is helpful to obtain a good-quality image,
because such preparation removes small air pockets,
thereby permitting uniform coupling of the gel with the
skin. Superficial lesions such as lymph nodes or palpable masses are best visualized using a high-frequency
probe, with a range of 8.0 to 7.5 MHz. Deeper structures
such as muscle abscesses and retropharyngeal lymph
nodes often require imaging with a lower-frequency,
5.0-MHz probe for better penetration of the ultrasound
beam into the deeper tissues. The tradeoff is a loss in
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resolution, but visualization of the deeper tissues is
gained. The sonographic appearance of abscesses can
vary. Depending on maturity and contents, an abscess
can look anechoic (black) to hypoechoic (gray) with
ultrasound imaging. If the abscess contains thick caseous material, it may be hypoechoic in appearance and
similar in echotexture to a lymph node. Gas within an
abscess often will be evident as small, hyperechoic foci
that have an associated “comet tail.” Abscesses with a
very fluid-like center often appear black, or anechoic.
Ultrasound imaging performed to search for a foreign body often is very rewarding. Foreign material such
as wood can be missed on plain radiographs but is easily seen with ultrasonography. Material such as wood,
bone, or metal will produce a linear, hyperechoic focus
with “shadowing.” The foreign material strongly reflects
the ultrasound beam, so that a black shadow, or “tail,”
is formed below the foreign body. Draining tracts often
have fluid or gas within them; in such cases, ultrasound
imaging is useful to monitor resolution. The foreign
body itself often is surrounded by a hypoechoic rim of
fluid. Ultrasound-guided biopsy of a soft tissue mass is
extremely useful for obtaining a sample for histopathologic evaluation and diagnosis. The biopsy instrument
can be visualized using ultrasound imaging to guide the
needle to the correct location while avoiding vasculature within the mass to be biopsied. Ultrasound-guided
biopsy is commonplace in veterinary medicine but
underutilized in ruminants and other larger animals.
Radiography can add important information on conditions of the head, particularly the teeth. Tangential
views, typically lateral (Figure 4-1) and dorsoventral
projections, often are needed to make an accurate diagnosis and to localize an abnormality. Oblique views
are especially helpful in imaging tooth conditions.

Figure 4-1 Skull radiograph, lateral view, of a 6-month-old
Suffolk wether, obtained with the animal under general
anesthesia.
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In oblique views, tooth roots can be evaluated without
superimposition of the contralateral arcade. The angle
of obliquity is approximately 30 degrees (from lateral),
with the x-ray beam directed from ventral to dorsal
(Figure 4-2). The affected side should be placed against
the cassette. In the 30-degree left ventral–right dorsal
view, the right mandible and left maxilla will be profiled
on the image. Oftentimes it also is helpful to obtain the
opposite oblique view, so that the tooth roots of both
arcades can be compared without superimposition of
other teeth. Occasionally a 45-degree oblique view can
be useful to evaluate the crowns of the teeth without
superimposition (Figure 4-3). Tooth root abscesses,

Figure 4-2 Skull radiograph, 30-degree ventromedial–
dorsolateral oblique view, of a 6-month-old Suffolk wether,
obtained with the animal under general anesthesia. Compare
with Figure 4-3.

Figure 4-3 Skull radiograph, 45-degree ventromedial–
dorsolateral oblique view, of the same animal as in Figure 4-2.
Different oblique views may be required for optimal imaging
of tooth roots and crowns.

broken teeth, skull fractures, and nasal or sinus masses
are a few conditions for which skull radiography provides important diagnostic information.
Contrast radiography can be quite useful in investigating conditions of the esophagus. Barium is the contrast medium of choice unless a perforation is suspected,
in which case an iodine-based contrast agent should be
used. A contrast study of the esophagus (esophagram)
will determine type and location of diverticula and
will provide some information on obstructions of the
esophagus. Fistulogram is another valuable contrast
study that can be used in evaluating draining tracts.
This procedure can determine the extent of a draining
tract, outline radiolucent foreign bodies, and identify a
piece of infected bone or other structure that needs to
be removed surgically. A fistulogram is performed by
injecting an iodinated contrast agent into the opening
of the draining tract. Typically a small catheter such as
a polyethylene urinary catheter is used so that it can
be inserted a short way into the tract. Enough contrast
should be injected to completely fill the draining tract.
If the opening of the draining tract is ventral to the
bulk of the tract, a Foley catheter can be used with
the balloon inflated to keep the contrast within the
tract. Another method to overcome gravity’s effect on
the contrast is to perform the study with the animal
under general anesthesia, with the patient positioned
so that the opening is dorsal. Towel clamps also can
be used to help close the opening around the catheter.
In all instances, an initial film or image should be
made before contrast is injected. Multiple films may be
required to ensure that the draining tract is completely
filled. In some cases, the radiograph is best exposed
toward the end of the injection, so that the tract contents are under pressure.
Endoscopic examination may be useful for the
diagnosis of pharyngeal and esophageal conditions.
The relatively small size of the nasal passages in sheep
and goats prohibits nasal endoscopy with most of the
endoscopes of 10 mm or greater diameter that are used
in large animal practice. Smaller-diameter “pediatric”
endoscopes may be used, but again, adequate restraint
for a thorough examination that is safe for the animal
and the equipment is difficult to accomplish in the
nonsedated small ruminant. The oral pharyngeal region
and esophagus may be examined through an endoscope
placed through the mouth, with use of a tube speculum
to protect the scope from the teeth, but we still advise
heavy sedation or anesthesia for the best results and
maximum safety.

ORAL CAVITY
The muzzle and oral cavity in sheep and goats are
characterized by very mobile lips that are thin relative
to those in larger ruminants such as cattle. An obvious
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philtrum is present in the upper lip. The tongue and
palate are smoother than in cattle. The mouth opening
is relatively narrow in sheep and goats, compared with
that in cattle, making examination of the teeth and oral
cavity more difficult. Consistent with findings in all
ruminants, the dental pad is located rostral to the palate, where upper incisors are found in other species.1
Small ruminants have three pairs of lower incisors and
one pair of lower canine teeth, which look and function just like the incisors. (For the purposes of this
discussion, therefore, those canine teeth are referred to
as incisors in considering the front teeth as a group.)
The dental formula for sheep and goats is 2(Di0/3,
Dc0/0, Dp3/3) for deciduous teeth and 2(I0/3, C0/1,
P3/3, M3/3) for permanent teeth. Deciduous teeth are
in place by the age of 4 weeks in sheep and goats. Aging
based on tooth eruption is done by looking at the incisors and canines, which make up the four pairs of rostral mandibular teeth in the small ruminant (Table 4-1).
The eruption time for these teeth may vary by 6 months
or more, depending mostly on nutrition. The canine is
the most unpredictable of these teeth in time of eruption and may even be absent in some mature sheep.
One study determined that up to 15.4% of 266 sheep
examined lacked either one or both canine teeth, which
can interfere with aging by tooth eruption.2
The periodontal ligament holding the incisors is
relatively large compared with that in other animals
of similar size. This wider ligament allows the movement of the incisors normally seen in ruminants. The
normal incisors in sheep and goats are loose enough
to be moved a couple of millimeters with gentle digital pressure. The movement minimizes trauma to the
cartilaginous dental pad with occlusion and actually
aids in cutting plant stuffs when grazing. However, this
movability also predisposes small ruminant species to
loss of the incisors over time with grazing. Although
loss of the incisors can be problematic to the individual
affected animal, it may lead to a serious herd management problem with certain rough-grazing pastures if a
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large percentage of the herd or flock suffers incisor loss,
especially at a relatively young age. With loss of incisors, inadequate nutrition related to impaired intake
may lead in turn to poor performance by the individual
animal or herd3 (Figure 4-4). Loss of incisors is not as
dramatic an issue for goats, which are primarily browsers, as opposed to sheep, which graze closely. Goats
normally will lose incisors at an older age than is typical for sheep but maintain body condition better than
sheep after incisor loss.4
Incisor loss may be due to the use of pasture with
sandy soils and consequent wear on teeth from picking
up soil during grazing. The teeth are seen to wear on
their sides as well as the crown, raising the possibility of
other reasons for the excessive wear of the incisors. Acid
soils may contribute to this tooth loss, because tooth
dentin is demineralized when exposed to (ionized)
calcium and phosphate at a pH consistent with some
forage and soils.5
Dental health related to ability (or inability) to
graze is a very important factor in determining cull
rates of sheep. This is true especially in regions or
countries in which grazing may be a more important
nutritional factor than those in which a lot of supplemental feeding is done. In some management systems
it is financially feasible to move older ewes with a bad
mouth to supplemental feeding to get another year or
two of production, rather than culling and replacing
the animals in the flock. The true cost of incisor loss
will include increased costs of supplemental feed, lost
productive years of ewes, replacement costs for culled
ewes, lost production of wool and offspring in ewes
with poor dentition, and decreased price of ewes sold
with unsound mouths. Broken-mouthed is a term used
to describe sheep with one or more missing incisors;
gummy describes sheep with all of the incisors missing.6

TABLE 4-1 Ages for Permanent Tooth
Eruption in Sheep and Goats
Permanent Tooth

Age at Eruption

Incisor 1
Incisor 2
Incisor 3
Incisor 4
Premolars
Molar 1
Molar 2
Molar 3

1 to 1.5 years
1.5 to 2 years
2.5 to 3 years
3.5 to 4 years
1.5 to 2 years
3 months
9 to 12 months
1.5 to 2 years

Figure 4-4 Missing incisors in sheep may lead to early
culling from the flock, as was the case with this animal.
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In contrast with the incisors, the cheek teeth are very
stable, with ligamentous support and bone to help
grind foodstuffs and cud. Improper wear of cheek teeth
may lead to a herd health problem when ewes develop
higher-than-normal rates of pregnancy toxemia related
to inability to take in enough nutrition to maintain the
pregnancy and good body condition. Abnormal wear
or loss of cheek teeth may lead to buccal mucosal and
gingival abrasions from the remaining teeth as they
grow overlong in the absence of opposing teeth, causing
trauma to tissues of the oral cavity. The inefficient chewing and pain in the oral cavity will impair nutritional
intake, with consequent poor body condition.3
As mentioned earlier, sheep are more adversely
affected by lost incisors than goats; however, dental
issues that can affect body condition may arise in goats
as well: Cheek teeth may wear unevenly, resulting in
sharp points that can damage soft tissues of the mouth
and make chewing painful. In some animals, tooth root
abscesses may form that result in cold sensitivity, leading to decreased water intake. The cheek teeth normally
have sharp edges on the lateral aspect of the maxillary
teeth and on the medial aspect of the mandibular teeth.
If these sharp edges are the likely cause of soft tissue
injury, abnormal chewing, and loss of condition, the
abnormal points may need to be reduced by filing or
cutting. Either dental floats of appropriate size can be
used to file the hooks, or the points can be removed
by cutting with pliers or Gigli wire. Goats that are having trouble with cheek teeth may be observed to chew
on only one side of the mouth, or to drop food while
chewing. Some will act hungry but will not eat because
of mouth pain. In older goats, oral tumors such as
sarcoma, adenosarcoma, osteoma, fibrosarcoma, and
fibroma may be the cause of loose teeth, tooth loss, and
mouth pain. Cheek tooth root abscesses may cause firm
swelling of the area of the affected root. In some cases,
at least a temporary response to broad-spectrum antibiotics administered for several weeks may be obtained.
Most such abscesses will not heal with use of antibiotics alone, and it often is difficult to financially justify
surgical extraction or periapical curettage on any but the
most valuable goats.4
Cheek teeth abnormalities are more difficult to determine, because examination and visualization of the
cheek teeth can be a challenge. Although gingivitis may
lead to abnormal wear and even loss of cheek teeth,
the first clinical sign of cheek tooth loss may be loss of
body condition. Closer observation may reveal cheek
swelling from impacted foodstuffs, or palpation may
demonstrate loss of specific teeth. With loss of a tooth,
the opposing tooth then grows longer without normal
wear. Impact of food on tissue where the tooth was lost
or sharp points that form on the remaining tooth may
damage soft tissue structures of the cheek, gum, and
tongue.7

Sheep with poor dentition that has caused lacerations in the oral cavity will lose body condition, because
the oral pain will prevent proper food intake. In some
animals, wetting of the jaw with saliva from drooling
may be noted. Halitosis also may be noted. Cheek teeth
abnormalities frequently cause swellings in the cheek
from either oral lesions or impacted foodstuffs. Occasionally the swelling may be retained cud, which can be
mistaken for a soft tissue swelling by visual observation
alone. Oral examination as already described will make
this distinction. Molar teeth abnormalities may manifest as short jerky jaw movements, sometimes with the
mouth slightly open. With excessive quidding, fibrous
feed may be seen at the commissure of the mouth.
Radiographs can be helpful to evaluate cheek teeth; the
appropriate oblique view should be obtained to avoid
superimposition of tooth roots. The most useful information can be gained if the animal is under general
anesthesia for the radiographic study. Palpation of the
mandible may detect missing teeth or sharp points on
cheek teeth. Cheek tooth abscesses with draining tracts
are not frequently seen in sheep.8
The mandible may develop osseous swellings that
can be readily discovered on physical examination by
palpation of the mandible. Some of these swellings are
due to periostitis around tooth roots. Many are of little
significance and resolve without treatment. Indeed,
some lesions may go unnoticed by the owner. Ones that
become too large to ignore or that impair grazing ability
probably are due to abscessation of tooth roots. These
osseous lesions seldom constitute a herd problem, and
although surgical intervention may provide improvement, it often is more costly and time consuming than
is reasonable for all but the most valuable of small
ruminants. Conflicting results have been achieved with
antibiotic therapy, but this usually is worth an attempt
to improve the animal’s condition, especially in certain
cases, such as that of a pregnant female in which antibiotics may help ensure healthy offspring.3

Fluorosis
The skeletal lesions of fluorosis usually are not apparent
until after dental fluorosis is appreciated in the animal.
The pathomechanism of the dental abnormalities is
fluoride-induced disruption of the normal deposition
of mineral in developing teeth. The extent and severity
of the fluorotic changes are therefore dependent on the
duration of exposure and the age of the animal. The
clinical manifestations do not emerge until long after
the exposure to fluoride. The clinical signs of abnormal
development of dentition include a faster wearing of
the teeth that have discolored and chalky and pitted
enamel. The dental abnormality observed may be as
simple as a groove around a pair of teeth subsequent
to short-term exposure of the affected animal to toxic
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levels of fluoride.7 Details of the pathogenesis and skeletal lesions are presented in Chapter 11.

Malocclusion
Malocclusion of the incisors with the dental pad can
have a negative effect on grazing efficiency and, consequently, body condition and production. Brachygnathia
(parrot mouth) occasionally occurs as a congenital
defect in which the incisors meet caudally on the dental
pad or, in severe cases, behind the dental pad on the
palate.3 Some reports suggest that brachygnathia inferior
is heretable (the relevant genetics being far from simple)
in an oligogenic pattern including dominant and recessive loci, with further modifying loci likely. Craniofacial
abnormalities seen with brachygnathia inferior may be
related to viral infections, plant alkaloids, or teratogenic
drugs.9 Surgical treatment for this condition has been
described in horses,10 but the cost of treatment and low
chance of perfect results would make such intervention
feasible in very few small ruminants. The lack of upper
incisors to serve as an anchor for growth retardation
wires also presents difficulty in treatment.
The possibly hereditary nature of the condition raises
the question of the ethics of attempting treatment: If
the owner chooses to have the condition treated, early
surgical intervention, with refererence to equine data as
required, is indicated. The best course of action in such
cases, however, probably is to simply cull the animal to
decrease losses. More often the incisors are anterior to
the dental pad, which interferes with grazing, whether
because of the abnormal angle or length of the incisors
or the mismatch in depth of the mandible and the maxilla. The length and angle of the incisors change with
age. The angulation of the incisors leading to abnormal
occlusion is thought by some investigators to be more
a product of periodontal disease than of any heritable
predisposition3 (Figure 4-5). However, others believe
incisor malocclusion of both undershot (brachynathia)
and overshot (prognathia) types to be hereditary.6

Pharyngeal Lesions
Growing lambs can have a necrotic stomatitis caused
by Fusobacterium necrophorum. This condition also has
been reported in goats.11 Etiologic factors may include
poor hygiene related to use of milk replacer regimens
for raising lambs and trauma from oral dosing with
medication or oral fluids. Breaks in the oral mucosa
will then become infected. Affected lambs will be poor
growers because of oral pain leading to decreased feed
intake. Wet, matted hair around the mouth from excessive salivation may be an indicator of this condition.
Respiratory signs may develop as the infectious agent
migrates to the lungs, where abscesses form. Pleuritis
occurring secondary to abscess formation often is not

Figure 4-5 Malocclusion in a 3-year-old Suffolk sheep in
poor body condition.

responsive to treatment. The breath is malodorous.
Administration of penicillin, 50,000 IU/kg daily for at
least 1 week, is the treatment of choice. Prevention is
superior to treatment and involves simply attention to
good hygiene in bottle-raising lambs and proper care in
use of any dosing instrument to give oral medications.
Pharyngeal lesions are common after balling gun
use or drenching young lambs. Unfortunately this
injury may not be appreciated until the wound has
abscessed and either compressed the larynx to cause
abnormal breathing or even spread to involve the cervical veretebral canal to cause neurologic signs. Thorough
examination and visualization (or endoscopy) require
at least very heavy sedation and are best done with the
animal under general anesthesia.8 Pharyngeal abscesses
due to infection from any organism may be secondary
to trauma of the pharynx incurred during administration of oral medication, whether liquid or capsule
formulations. Trauma to the pharyngeal wall by the tip
of the instrument not only may allow secondary infection of the wound but often introduces medication
directly into the tissue planes, where it acts as a foreign
substance, causing irritation and an inflammatory reaction. The infection may migrate to the cervical spinal
cord, where swelling places compression on the cord,
potentially leading to paresis.8,12 Traumatic injury also
may be the underlying cause of compromised breathing
or painful swallowing. The pharyngeal discomfort will
lead to decreased food intake, so weight loss may be
one of the first signs noticed by the owner. A history of
recent drenching (less than 2 weeks earlier) will assist
with the diagnosis. By the time clinical signs are seen,
the likelihood of response to treatment with antibiotics is poor. Euthanasia probably should be considered.
Certainly, proper technique and prevention are greatly
preferred over attempts at treatment.8
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Herd outbreaks of pharyngeal abscesses sometimes
follow programs of medication administration by
drenching gun. Morbidity rates of up to 15% have been
reported. Affected animals may exhibit acute signs that
progress rapidly to death (malignant edema), whereas
others may linger for several months with weight loss
before dying or requiring euthanasia. In some animals,
an abscess forms in the mouth or pharynx and then
fistulizes to drain through the skin of the face.12
Actinobacillosis occasionally will be associated with
facial subcutaneous abscesses, which can drain through
the skin or, rarely, into the pharyngeal region. In
sheep, this infection usually is due to grazing on pastures with thorns or some potentially traumatic plant
capable of causing oral lesions, which subsequently
become infected. In the absence of any clinical signs of
decreased food intake or difficult breathing, no treatment is required. If breathing noise is due to pharyngeal
compression, treatment with steroids and antibiotics is
indicated, although the prognosis in such cases is poor.
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CONDITIONS OF THE HEAD AND NECK
Development of firm swellings of the rostral mandible,
known as dentigerous or odontogenic cysts, has been
reported in 2- to 4-year-old sheep. The incidence may
be high enough to result in a significant effect on the

flock as a whole. The swellings are osseous in composition and result in the displacement or absence of one or
more teeth. Radiographically, the swelling demonstrates
a classic “cystic” appearance with involvement of teeth
in or near the cystic area. Microscopically, a cavity of
thin alveolar bone lined with stratified epithelium and
filled with sterile fluid can be appreciated. The cause
of this cystic lesion is not known. The swelling occasionally is seen in sheep flocks with abnormal wear of
temporary teeth. Some investigators have suggested this
disease to be a type of dental malpositioning and maleruption. One as-yet unproven theory is that the cysts are
due to an abscess of the periodontal tissues during the
development of the permanent incisors.1 The affected
animals usually are culled when the tooth loss prevents
normal grazing to maintain body condition. A rostral
mandibulectomy is a treatment option for this condition only if the owner wishes to alleviate the animal’s
pain and is willing to supplement feeding, because the
animal will be rendered unable to graze.
A list of diagnostic possibilities for the cause of
soft tissue swellings of the head and neck region will
include thymic hyperplasia, thymoma, wattle cysts,
salivary mucocele, and caseous lymphadenitis (CLA),
as well as some esophageal lesions covered elsewhere
in this chapter.2,3 Thymic hyperplasia is seen as a soft
swelling on the ventral aspect of the neck in very young
goats. This normal enlargement may be seen as early as
2 weeks postnatally and usually will resolve by the age
of 6 months. No treatment is required. The clinician
merely needs to recognize this entity as the cause of the
swelling, to provide reassurance to a concerned owner.
A thymoma is a tumor that affects older goats. The
swelling associated with this tumor may be observed
at the thoracic inlet; in some cases, the tumor will be
in the thoracic cavity. Thymomas often have no clinical
significance and are an incidental finding at necropsy.
They can become large enough at the thoracic inlet to
impinge on the esophagus, causing signs of esophageal
obstruction such as bloat secondary to difficulty in
swallowing or eructation.
Wattle cysts are swellings at the base of a wattle. The
wattle itself serves no real purpose, and some producers may request wattle removal for cosmetic reasons if
these features are not symmetric. The presence of wattle
cysts may be especially undesirable in a show animal.
Although the location of the swelling is diagnostic for
these cysts, the lesion may range in size from barely
noticeable to several centimeters in diameter at the
base of the wattle. The tendency to cyst formation is
inherited and therefore will be seen more often in some
family lines. Aspiration is not curative. Histopathologic
examination of the resected cyst reveals stratified squamous epithelium with mature hair follicles.
Another potential cause of facial swellings is the presence of salivary cysts, also known as salivary mucoceles.
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These lesions are fluid-filled swellings that do not cause
pain to the animal. They arise either on the side of the
head or in the intermandibular area, depending on
whether they are associated with the parotid or the submandibular salivary glands. The cysts can be surgically
removed and the salivary duct ligated.3 Occasionally the
duct may be lacerated, resulting in a chronic draining
tract that discharges copious saliva when the animal
eats. These lesions also should be treated by ligation
of the duct, which will be followed by shrinkage of the
associated gland.
CLA will cause enlargement and abscessation of
lymph nodes of the head and neck. The causative agent
of CLA is Corynebactrium pseudotuberculosis. The disease
is present on all continents and can affect all breeds
of goats. The spread may have been enhanced by the
popularity and importation of Boer goats since the early
1990’s. The organism can survive for several months
in the environment after drainage of an abscess. Then
other animals are infected by contamination of an open
wound. The wound does not have to be more than a
skin break from head butting or even browsing forage.
The organism can be spread through use of contaminated equipment such as shears or tattoo pliers or by
contact with infected animals. The incubation period
is 2 to 6 months. More common in sheep than in
goats are internal lymph node abscesses and abscesses
of internal organs with hematogenous spread of CLA.
Animals with external lymph node abscesses may not
demonstrate other clinical signs, but those with internal
abscesses may exhibit progressive weight loss or even
respiratory signs if the thoracic nodes are involved.2
Further discussion of diagnosis and treatment (control)
is available in other sources.
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VIRAL DISEASES
Foot-and-Mouth Disease
Foot-and-mouth disease (FMD) is a highly contagious
viral disease of tremendous economic and biosecurity
importance to the cloven-hoof livestock industry as
a whole. The etiologic agent is a picornavirus. When
affected, small ruminants may exhibit only mild clinical signs but, more important, may serve as a source of
infection for other animals.1,2 In particular, a mild clinical course is usual in sheep, which in some cases may
become carriers of the disease after clinical recovery, so
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the risk is increased for exposure of other susceptible
species on the premises (or in more remote locations
consequent to management operations) to potentially
infectious animals.3 Young sheep and goats that are
infected will exhibit more severe signs and suffer a
higher death rate. The oral lesions of FMD begin as
vesicles that progress to mucosal erosions.1,2 With
oral lesions in sheep, considerations in the differential
diagnosis also must include contagious ecthyma (orf),
as well as traumatic lesions that have no infectious
component.2
The ulcers also are seen at the coronary band, as
implied by the designation foot-and-mouth.4 The presenting clinical manifestation may be acute severe
lameness in sheep.5,6 Erosions on dental pads also are
commonly seen.5 In one report, however, up to 27% of
sheep known to be infected with FMD did not exhibit
clinical signs of erosions or lameness.7 Sheep are susceptible to infection acquired through respiratory exposure and contamination of skin breaks with the virus.8
Laboratory testing is required to determine the
specific vesicular disease, because clinical signs for all
such conditions are similar. In the United States (and
many other countries), government agencies should be
enlisted to help with diagnosis and disposition when
FMD is suspected. FMD is the most important disease
constraint to international trade of livestock and animal products. The FMD virus is sensitive to pH ranges
below 6 and above 9 but is resistant to alcohol, ether,
chloroform, and detergents.8 Chapter 11 presents more
detailed information on the musculoskeletal components of FMD.

Contagious Ecthyma (Orf)
Contagious ecthyma, also known as orf and sore mouth,
is a quite common disease of sheep and goats caused by a
poxvirus. The classic clinical sign is crusting at the mucocutaneous junction of the nose and mouth (Figure 4-6).
Proliferative lesions affecting the oral mucosa also may
be present.9 The oral lesions usually are seen in young
animals born into endemic herds. In immunologically
naive older animals, clinical signs may develop after
exposure to clinically normal carrier animals.10 Orf
lesions are differentiated from oral lesions of FMD and
bluetongue by the clinical finding of crusty scabs, as
opposed to erosions and ulcerative lesions. The clinical
signs of contagious ecthyma usually are self-limiting,
with resolution in 3 to 6 weeks. Severely affected animals
may require supportive care and assisted feeding if the
mouth is sore enough to preclude nursing or if ewes have
udder lesions of significant severity to prevent the young
from nursing. Humans can be infected by the virus, as
well as acting as vectors transmitting the virus from one
animal to another, so extreme care should be taken to
use protective gloves in handling affected animals.
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Bluetongue

Figure 4-6 Orf lesions around the mouth in a mixed-breed
sheep. (Courtesy Dr. Janice Ktitchevsky, Purdue University.)

Animals usually maintain immunity for 2 to 3 years
after a clinical case of orf, although some may show
clinical signs of reinfection at 1 year after resolution
of the initial infection. Lesions usually are milder and
resolve more quickly during subsequent infections.11
In 18 outbreaks of orf over 4 years in India (6 in sheep
and 12 in goats), reported morbidity rates were 18.93%
for goats and 21.50% in sheep; mortality rates were
2.53% and 1.10% in those species, respectively. Kids
were more likely than older animals to have lesions on
the gums and tongue.12 Contagious ecthyma is endemic
in Northeastern Brazil.13 One lamb flock affected by an
orf outbreak exhibited significant facial swelling with
pitting edema in addition to crusting of nostrils, lips,
and muzzle. The disease ran its course, but the healed
animals showed some hair loss at the sites of the facial
edema.14 Although most cases of orf demonstrate
healing of the clinical lesions in weeks, a report of the
disease in sheep noted persistence of clinical signs for
as long as 6 months. The scabs of the chronic form
were well adhered to the skin, causing bleeding on
removal.15
In a survey of 48 goat flocks in Argentina, 81.2% of
keepers identified contagious ecthyma as an infectious
disease problem on the premises.16 In a report from
the United States, five sheep with orf from three different flocks exhibited proliferative skin lesions on the
limbs that were painful to touch and caused the affected
animals to be reluctant to move. Unlike in most cases
of orf, the lesions did not spontaneously resolve. The
disease also appeared to be less contagious than classic orf in sheep. All five animals were euthanized after
lack of response to empirical treatment with antibiotics
and topical medications. As is evident from this report,
although orf usually is diagnosed on the basis of typical
clinical signs and disease course, the classic presentation
is not an invariable feature.17

Bluetongue is an arthropod-transmitted orbivirus that
affects all ruminants. Clinical signs are seen more often
in sheep than in other ruminants. Bluetongue is more
often associated with reproductive disorders, but it is
discussed here because the associated vasculitis causes
clinical signs manifesting in the head and oral cavity as
well as in other organs. Rarely, the tongue may indeed
be cyanotic (or blue), but a more common finding is
edema involving the muzzle. Oral lesions when present consist of erosions progressing to ulcers of the
dental pad and commissures of the lips. Treatment is
basically supportive care, especially feeding in cases
in which the mouth becomes very sore from the oral
ulcers.18
Bluetongue causes economic losses from mortality,
reduced production, poor wool growth, and reduced
reproductive performance including ram infertility.19
Among domestic ruminants, sheep may be more frequently affected with clinical signs than other animals.
The clinical signs of bluetongue are associated with
injury to small blood vessels. Fetal infection can be due
to transplacental transmission.20,21
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DISEASES OF THE ESOPHAGUS
The esophagus is dorsal to the trachea in the anterior
third of the neck; it then passes just to the left of the
trachea until coursing dorsally again near the thoracic
inlet. The thoracic esophagus passes in the mediastinum
dorsal to the base of the heart and tracheal bifurcation. Then it continues straight back through the
mediastinum in a location ventral to the aorta and
through the esophageal hiatus of the diaphragm.
The muscular tunic of the esophagus is made up of
striated muscles in outer and inner layers of spiral fibers.
The muscular layer readily separates from the submucosa and mucosa when incised. The submucosa is very
loose, whereas the mucosa normally lies in longitudinal
folds in the normal relaxed esophagus. The folds are
seen to flatten as the esophagus dilates for passage of
food material. The vascular supply to the esophagus
is segmental, with little collateral circulation, which
makes preservation of vasculature very important in
esophageal surgery.1

Esophageal Obstruction
Obstruction of the esophagus is less common in small
ruminants than in cattle. It is more common in sheep
than in goats. Fortunately, choke in sheep usually is due
to rapid consumption of feed pellets, before saliva can
moisten them. Accordingly, most cases of obstruction
by feed material will resolve relatively quickly as the
feed takes on moisture in the esophagus. Affected animals may appear anxious and exhibit excess salivation
related to the inability to swallow.
Because of normal ruminant physiology and the
associated need to eructate, ruminal bloat will develop
in an animal with a complete esophageal obstruction.2
The practitioner should first attempt to pass a stomach
tube to resolve the obstruction. With use of a mouth
gag to hold the mouth open, the well-lubricated tube
is passed with care to avoid causing more trauma to
the esophagus. If this intervention is not successful and
the bloating persists, an emergency rumenostomy is
indicated to relieve the bloat, or at least decompression
should be accomplished by placement of a large-gauge
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needle or intravenous catheter into the rumen through
the left flank. Although the latter catheter technique
may be quicker, it also may allow contamination of the
abdominal cavity with rumen contents.
The emergency rumenostomy can be performed with
use of a small volume of lidocaine to achieve local
anesthesia in the left flank. A 2-inch skin and body
wall incision is adequate to permit grasping of the
distended rumen, which is then exteriorized enough to
secure the serosal layer to the muscular body wall with
four lengths of absorbable suture in a continous stitch.
The rumen may then be incised and the mucosal layer
sutured to the skin. This rumenostomy can be reversed
once the esophageal obstruction and secondary bloating have resolved.
If the obstruction does not resolve on its own in a
reasonable period (hours), further intervention is warranted. A second careful attempt to pass a stomach tube
to break down the obstruction may be undertaken.
Another method is to anesthetize the animal and
intubate with the cuff inflated to prevent aspiration
as a stomach tube is passed down to the level of the
obstruction, where it is used to lavage the esophagus
in an effort to hydrate and break down the obstruction. The clinician also may attempt to massage the
obstruction toward the mouth during this lavage. With
obstruction of prolonged duration, mucosal damage of
the esophagus and subsequent scarring with stricture
formation may result. Such strictures may be associated
with future obstructive episodes, with a poor prognosis
for the affected animal.

Esophagotomy
If the esophageal obstruction does not resolve with
conservative management, surgery may be indicated.
Esophagotomy is not a commonly performed procedure
in sheep or goats; accordingly, the practitioner may wish
to make an appropriate referral for any animal valuable
enough to warrant this treatment, rather than attempting the procedure under less than ideal situations.
This management approach is recommended especially
because esophagotomy is not an emergency procedure
in the ruminant; a more commonly done and less difficult rumenostomy can prevent life-threatening aspects
of esophageal obstruction, allowing release of ruminal
gases and providing a path whereby the animal’s caloric
and hydration needs can be met in case of complete
esophageal obstruction.
With that said, the esophagotomy is best done
with the animal under general anesthesia for ease of
exposure and closure. The animal is positioned in
dorsal recumbency. An orogastric tube is passed to
the level of the obstruction to help identify the proper
location. Alternatively, an endoscope may be placed
into the esophagus to the level of the obstruction. The
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scope allows visualization of the obstruction as well
as transillumination to direct the incision and dissection. It is preferable to make the esophageal incision immediately distal to the obstruction in healthy
esophageal tissue. An obstruction near the thoracic
inlet may dictate that the esophageal incision be made
proximal to the obstruction. This placement allows
for primary closure of the healthy tissue or gives the
option of leaving the esophageal incision open as
an esophagostomy to facilitate feeding while allowing the inflamed part of the esophagus to return to
normal before the temporary esophagostomy heals by
second intention. This point is actually less critical in
ruminants, because the rumenostomy can provide the
same feeding access.
Primary closure can be more difficult to manage in
the ruminant because of eructation, in contrast with
that in other species, in which a primary closure of an
esophageal incision would be managed by prohibiting
oral intake for several days, thus allowing the incision to
heal without stretching to accommodate food passage,
or to prevent potential leak of liquids through the closure. On incision of the mucosa, it easily separates from
the muscular layer of the esophagus. The mucosa is the
holding layer of the esophageal closure. It is recommended that the mucosa be closed with small sutures
in a simple continuous pattern, with knots placed in
the lumen. The muscular layer can then be closed. Care
is taken to preserve the blood supply of the esophagus.
The skin and muscle incisions are closed in a routine
manner. A drain should be placed next to the esophagus
to remove (and detect) any leakage from the esophageal
closure.3

Megaesophagus
Megaesophagus has been reported in a 2-year-old goat
that presented with intermittent regurgitation and
swelling of the distal neck. The diagnosis was made by
endoscopic examination and positive contrast radiography. The animal was not treated.4
Megaesophagus also has been reported in a ram5 and
is uncommon in other ruminants.6

The most common clinical sign associated with
megaesophagus is regurgitation occurring soon after
eating.5

Miscellaneous Esophageal Conditions
Formation of an esophageal diverticulum may follow
trauma from intraluminal obstruction or extraluminal
injury. Obstruction that develops in association with a
diverticulum is secondary to packing of foodstuffs into
the lesion. The diverticula are described as either traction or pulsion in type, depending on the shape. Clinical signs may include distention of the esophagus noted
in the neck area and recurrent, usually mild esophageal
obstruction. The practitioner may obtain visualization
of the diverticulum with endoscopy, but contrast radiography is the best imaging modality for identifying the
type and full extent of the diverticulum.
In one report, a kid presented shortly after birth with
a subcutaneous swelling that was found to contain milk
on aspiration. With repeated aspiration, the swelling was
observed to decrease in size but to enlarge again after
nursing. Further examination determined the kid to have
a congenital fistula of the proximal esophagus that communicated with the subcutaneous space.7 This particular
lesion certainly is rare, but goats are prone to a number of
congenital malformations of variable nature and severity.
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Diseases of the
Gastrointestinal System
Christine B. Navarre, A.N. Baird, and D.G. Pugh

In the sheep or goat, the gastrointestinal system is arguably more prone to disease than any other body system
or structure. There is no substitute for a thorough physical examination in trying to determine which body systems of a sick animal are affected; this is true especially
with diseases of the gastrointestinal system. A complete physical examination should include palpation
for body condition, assessment of abdominal shape
and rumen motility, observation of the consistency
of the stool, and evaluation for the presence of bloat.
Rectal palpation cannot be performed in sheep and
goats, however, so localization of a disease process to
a particular segment of the gastrointestinal system can
be difficult. Therefore ancillary diagnostic procedures
may be needed to characterize gastrointestinal diseases
properly.

DIAGNOSTIC PROCEDURES
Basic Laboratory Studies
Clinicopathologic data from laboratory studies consisting of a complete blood count (CBC), serum biochemical evaluation (SBE), and urinalysis can be helpful in
eliciting the presence of gastrointestinal disease, developing a prognosis and plan for treatment, and monitoring response to treatment. A CBC rarely identifies
a specific disease but can be helpful in evaluating the
severity of dehydration, anemia, and hypoproteinemia.
The clinician must take care to interpret the packed cell
volume (PCV) and total protein in light of the hydration status of the animal as noted on physical examination. An anemic or dehydrated hypoproteinemic
animal may have normal PCV and total protein values.
Both the CBC and SBE can be helpful in determining
the presence and severity of an inflammatory disease
process. Changes in the total and differential white
blood cell counts indicate acute or chronic inflammation; increases in globulins or fibrinogen suggest a
chronic inflammatory disease. Low protein levels, especially of albumin, can point to chronic blood loss from
intestinal parasitism or infiltrative bowel disease. Liver
disease should be suspected if liver enzyme or bilirubin levels are elevated. Of note, however, liver enzyme

concentrations can be normal in chronic liver disease.
Also, albumin levels rarely drop in ruminants with liver
disease as they do in other species.1 Changes in electrolytes can occur with gastrointestinal disease, especially
if affected animals are anorexic. Electrolyte measurements also are helpful in formulating a treatment plan.
Hypochloremia and metabolic alkalosis occasionally
occur in abomasal disease. A mild hypocalcemia may be
encountered in some small ruminants with gastrointestinal atony. Many animals with gastrointestinal disease
are dehydrated, azotemic, and possibly hypoproteinemic; therefore it may be helpful to rule out urinary
tract disorders in these cases.
Normal ranges for clinicopathologic laboratory values are available in Appendix 11 Tables A-D and also
have been published in several other textbooks.2-5 However, clinicians would do well to learn the normal values, especially serum biochemistry values, established
by the laboratory most commonly used for analysis in
their practice.5

Rumen Fluid Analysis
Analysis of rumen fluid can help differentiate among
diseases of the forestomachs. An appropriately sized
orogastric tube can be passed through the oral or nasal
cavity for fluid collection (Figure 5-1). For this procedure, proper restraint of the animal, using a mouth
speculum to prevent chewing of the tube if it is passed
orally, is essential. If the tube is chewed, its roughened
surface may damage the esophagus, and parts of a broken tube can be swallowed. Rumen fluid also can be collected using percutaneous rumenocentesis.1,6-10 For this
percutaneous technique, a 16-gauge needle is inserted
in the rumen through the abdominal wall caudal to
the xyphoid and to the left of midline. The clinician
then aspirates fluid with a syringe. Local anesthesia and
sedation of the animal may be necessary. This technique
avoids the saliva contamination that can occur during collection with an orogastric tube, and it appears
to be less stressful. Rumenocentesis carries a slight
risk of peritonitis, but this risk can be minimized with
immobilization of the animal through proper restraint.
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Large numbers of gram-positive rods (Lactobacillus
species) also may be seen in rumen acidosis. Elevated
rumen chloride concentrations indicate an abomasal or
proximal small intestinal obstruction (either functional
or mechanical).

Abdominocentesis

Figure 5-1 Passage of an orogastric tube through a mouth
speculum made from a polyvinylchloride (PVC) pipe. To
avoid oral and esophageal trauma, the animal should be well
restrained, and the tube should be lubricated and passed
slowly down the esophagus.

Figure 5-2 Fluid obtained by rumenocentesis should be
examined for both bacteria and protozoa. A drop of rumen
fluid is placed on a microscopic slide and viewed under a
coverslip. At low power (40×), normal rumen fluid will be
observed to contain 35 to 40 organisms/field from several
populations of protozoa, as seen here. Both low numbers
and loss of motility signal a need for medical intervention or
transfaunation.

Percutaneous rumenocentesis should not be performed
on pregnant females.
After the fluid is collected, it can be analyzed
for color, odor, pH, protozoal species and motility,
methylene blue reduction time (MBR), Gram staining
characteristics, and chloride levels (Figure 5-2). Normal values are listed in Table 5-1. Anorexia may cause
the fluid to appear darker, the pH to increase, and the
number and motility of protozoa to decrease. A gray
color, low pH, and dead or no protozoa are seen in
rumen acidosis from grain overload. The MBR is prolonged with any type of indigestion/digestive disorder.

Abdominocentesis is useful in discerning the causes of
fluid distention in the abdomen. Two methods can be
used. The first technique involves tapping the lowest
point of the abdomen slightly to the right of midline;
it is useful in ruling out a ruptured bladder as the cause
of general ascites1,11 (Figure 5-3). The clinician should
take care to avoid the prepuce in males and mammary
veins in females. The second technique is useful if
peritonitis is suspected. Because localized peritonitis is
more common than generalized peritonitis, four sites
are tapped.12 The two cranial sites are slightly caudal to
the xyphoid and medial to the milk veins on both sides.
The two caudal sites are slightly cranial to the mammary
gland and to the left and right of midline. For either
technique, manual restraint with sedation is recommended; the use of real-time ultrasonography may help
locate fluid pockets.
A 20-gauge needle or teat cannula can be used for
fluid collection.11 The clinician should prepare the site
using sterile technique and provide local anesthesia
when a teat cannula is to be used. Fluid should be
collected in a small ethylenediamine tetraacetic acid
(EDTA) tube for analysis and a sterile tube for culture.
Abdominal fluid can be difficult to obtain because of
the small amounts normally present in both sheep and
goats. It is important to minimize the ratio of EDTA to
fluid in the sample, because EDTA can falsely elevate
protein levels. Using EDTA tubes made for small animals or shaking excess EDTA out of large tubes resolves
this problem. Normal culture results are similar to
those for cattle (clear, colorless to slightly yellow, 1 to
5 g/dL protein, less than 10,000 cells)12 (see Appendix
Table H). Cytologic examination is needed to characterize the cell population and assess for the presence of
phagocytized bacteria.

Radiography
Radiography of the abdomen can be performed in small
ruminants using small animal techniques. In adults, the
rumen normally fills the entire abdomen. Radiography
can detect gas distention of the small intestine, abdominal fluid, and foreign bodies.12,13 Contrast techniques
are useful for diagnosing atresia of the rectum or colon.
Unlike in other small animals, contrast techniques are
not practical for characterizing small intestinal problems in sheep and goats, because the rumen dilutes and
slows passage of the contrast media.14
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TABLE 5-1 Normal Rumen Fluid
Characteristics of Sheep
and Goats
Characteristic

Normal Finding

Color
Odor
pH*
Protozoa†

Green
Aromatic
6.5 to 7.5
Mixed sizes and species rapidly
moving
3 to 6 minutes

Methylene blue
reduction time‡
Gram stain
Rumen chloride

Gram-negative rods predominate
Less than 25 to 30 mEq/L

Data from Nordlund KV, Garrett EF: Rumenocentesis: a technique
for collecting rumen fluid for diagnosis of subacute rumen acidosis
in dairy herds, Bovine Pract 28:109, 1994; Keefe GP, Ogilvie TH:
Comparison of oro-ruminal probe and rumenocentesis for prediction of
rumen pH in dairy cattle, Proceedings of the 30th Annual American Association of Bovine Practice Convention, 1997, p 168; and
Smith MC, Sherman DM: Goat medicine, ed 2, Ames, Iowa, 2009,
Wiley-Blackwell.
*Use pH paper with at least 0.5-unit gradations.
†Place a drop of fluid on a warm slide and cover with a coverslip.
Examine under 100× magnification.
‡Mix one part 0.03% methylene blue to 20 parts rumen fluid.
Measure time for blue color to clear to match a control tube of fluid.

Ultrasonography
Ultrasonography can be used to provide better characterization of abdominal distention, internal and external abdominal masses, and gross lesions of the liver.
With this imaging modality, ascites can be differentiated from fluid in the intestinal tract, and gas distention of the intestines can be differentiated from fluid
distention. The normal ultrasonographic examination
of the liver in sheep and goats has been described.15,16
The liver can be viewed on the right side from the seventh or eighth rib caudally to the 13th rib (Figure 5-4,
A and B).
Ultrasonography also can be used to guide tissue
sampling for biopsy of other organs or masses and to
locate pockets of fluid.

Laparoscopy
Laparoscopy more commonly is used as a reproductive
tool, but it also can be used diagnostically as an alternative to exploratory laparotomy in small ruminants.17-21
General anesthesia is recommended to allow a greater
degree of inflation of the abdominal cavity for a more
thorough examination, but laparoscopy can be done
with use of sedation and local anesthesia at portal
incision sites.

Figure 5-3 Ventral and caudal sites for performing abdominocentesis. The needle indicates the ventral site. The caudal site
is the clipped area below the flank.
The technique for laparoscopic exploration of the
abdomen in cattle and llamas can be modified for use
in sheep and goats.18-21 Laparoscopic evaluation of the
abdominal cavity is usually done through a ventral
approach, with the animal secured in dorsal recumbency. The abdominal cavity can be inflated with CO2
delivered by a needle or teat cannula or after placement
of a laparoscopic cannula. A time-saving method is to
make a “bite” through the skin and into the external
rectus sheath with a suture, which can be pulled tight
in order to tense the body wall. A stab incision can then
be made in the skin and external rectus sheath before
introduction of a guarded trocar into the abdominal cavity while tension is applied to the abdominal
wall using the previously placed suture. Next, the
laparoscope is placed through the trocar and the abdomen inflated under visualization through the scope.
The cannula is then placed in the inguinal area as
described for laparoscopic insemination (Chapter 8).
This technique allows a more efficient use of time and
minimizes the likelihood that the omentum will be
“ballooned.”
Laparoscopic placement into the right side allows
visualization of most of the abdominal organs (Figure
5-5, A to C). Obviously, the clinician should avoid the
rumen when introducing the laparoscope into the
abdomen. This procedure may be enhanced by lowering the head or rear of the animal, allowing better visualization of the entire abdomen. Visualization of the
abdominal cavity and the ability to manipulate organs
will be greatly improved by fasting the animal for 24 to
48 hours or at least decreasing the bulk in the diet.
Respiration must be monitored closely, and assisted
ventilation should be available during this procedure,
because inflation of the abdomen and lowering of the
head can put pressure on the diaphragm.
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Figure 5-4 A, Ultrasound image of the right abdomen obtained from the right eighth intercostal space
in a 3-year-old LaMancha cross doe, showing the right liver lobe with the characteristic hepatic and portal
veins, represented by the small, tubular anechoic structures within the liver parenchyma. The ventral border
of the lung is seen on the left side of the image. This ultrasound scan was obtained using a 7-MHz microconvex transducer. Dorsal is to the left of the image. B, Ultrasound image of the right abdomen obtained
from the right ninth intercostal space of the same animal as in A, demonstrating normal right liver lobe and
gallbladder. The gallbladder appears as an anechoic, fluid filled structure directly adjacent to the right liver
lobe. This ultrasound scan was obtained using a 7-MHz microconvex transducer. Dorsal is to the left of the
image. (Courtesy Dr. Karine Pader, Purdue University.)

Exploratory Laparotomy

Liver Biopsy

Exploratory laparotomy can be a valuable diagnostic
tool in evaluating gastrointestinal diseases when other
tests indicate abdominal disease. In some cases, therapeutic surgical procedures can be performed at the same
time. The technique of exploratory laparotomy used
in cattle can be adopted for sheep and goats with the
understanding that these animals are more likely to lie
down during surgery; therefore standing surgery should
be attempted only rarely.22
For this procedure, small ruminants should be heavily sedated or placed under general anesthesia. Animals
that show signs of postoperative pain, anorexia, and
depression should be treated accordingly with a nonsteroidal antiinflammatory drug (NSAID) (e.g., flunixin
meglumine, 1.1 to 2.2 mg/kg intravenously [IV]).12
The decision to use perioperative and postoperative
antimicrobial agents should be based on the conditions under which the surgery is performed and the
diagnosis made at surgery. Antimicrobial agents are not
necessary for elective exploratory surgery performed
aseptically, in a hospital setting, and without complications. However, they are indicated in field conditions, if
infection is already present, and if the intestinal tract is
opened. A combination of ceftiofur (1.1 to 2.2 mg/kg
intramuscularly [IM] or subcutaneously [SC] twice a
day) and procaine penicillin G (22,000 international
units [IU]/kg IM twice daily) can be administered until
culture results indicate an absence of microbes (see
also Appendix 1).

Liver biopsy in sheep and goats is performed using
the same technique and instruments as in cattle and
llamas.23,24 Sedation and ultrasound guidance are
recommended.24 The recommended biopsy site is in
the ninth to tenth intercostal space slightly above an
imaginary line from the tuber coxae to the point of the
elbow (Figure 5-6).
The site should be surgically prepared, and a local
anesthetic (2% lidocaine hydrochloride) infused subcutaneously. A small scalpel blade is used to make a
stab incision through the skin. A 14-gauge, 11.5-cm
liver biopsy instrument is inserted through the incision and the intercostal muscles and into the liver.
The biopsy instrument should be directed toward the
opposite elbow in most cases, but the use of real-time
ultrasonography can help determine the direction
and depth needed (2 to 4 cm). The clinician should
attempt to avoid large vessels along the caudal border
of the ribs. On reaching the liver, the clinician will
note a slight increase in resistance. Samples can be
submitted for culture (in a sterile plastic or glass vial
or tube), histopathologic study (in formalin at a 10:1
ratio of formalin to tissue), or mineral analysis (in
a plastic tube). When performing a liver biopsy for
mineral analysis, the clinician should rinse the biopsy
site with distilled and deionized water after sterile preparation to minimize sample contamination.
Samples for mineral analysis should not be placed in
formalin.
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Figure 5-5 A laparoscopic examination (peformed using a 10-mm-diameter direct vision scope) of the
abdomen in a 2-year-old Pygmy buck. A, The muscle fibers of the diaphragm are evident cranially in the
center of this photograph. A small part of the liver is in the lower left of the image. B, The larger organ in
the center of this photograph is the cecum. It normally appears darker in comparison with other portions
of the intestine and contains ingesta of a doughy consistency. C, This photograph shows part of the liver on
the right body wall.

Closure of the skin incision can be accomplished
by suturing or stapling, or if it is small enough, the
wound can be left alone to heal by second intention.
The clinician or the keeper should apply fly repellent to
the area. The animal’s production record should show
Clostridium prophylaxis; if it does not, vaccination during or before the biopsy is indicated.
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DISEASES OF THE FORESTOMACHS
Bloat

and some pharmaceutical agents (especially xylazine)
all produce conditions that interfere with rumen function and eructation.1,2,4,5

Bloat is less common in small ruminants than in cattle,
with goats being affected less commonly than sheep.
Bloat is the accumulation of either free gas or froth in
the rumen, which causes rumen distention. The causes
of bloat can be divided into three categories1,2:
Frothy bloat—caused by diets that promote the formation of stable froth
Free gas bloat—caused by diets that promote excessive
free gas production
Free gas bloat—caused by failure to eructate

Pathogenesis
Frothy bloat usually is associated with the ingestion of
legume forages or hay (particularly alfalfa) and with
grazing on lush cereal grain pastures, but it also may
occur with high-grain diets.3 In the case of frothy bloat
from a fine-ground diet (usually corn), mucoprotein
released from rumen protozoa stabilizes the foam at a
low pH. In legume-associated frothy bloat, plant chloroplasts released into the rumen trap gas bubbles. Regardless of the form of frothy bloat, the small bubbles fill
much of the rumen, preventing clearance of the rumen’s
cardia and resulting in a cessation of eructation. Free gas
bloat also occurs with grain diets, especially if the animals are not adapted to the diet. Failure to eructate has
a variety of causes. Physical obstructions of the esophagus such as with choke or swollen mediastinal lymph
nodes can cause free gas bloat. Any disease of the rumen
wall may result in impairment of contractions and eructation. Hypocalcemia, endotoxemia, pain, peritonitis,

Clinical Signs
Clinical signs of frothy bloat and free gas bloat from
either food intake or physical obstruction of the esophagus usually are more severe and immediately lifethreatening than those associated with bloat due to
rumen wall diseases and systemic influences. Abdominal enlargement occurs, particularly in the dorsal left
paralumbar fossa. This ruminal enlargement may be
subtle in sheep or Angora goats with full fleece. Signs
of colic and anxiety are common. The rumen may be
either hypomotile or hypermotile. Respiratory distress
is obvious, with mouth breathing evident in some animals; death can ensue if the bloat is not treated.3

Diagnosis and Treatment
Presence of bloat constitutes a medical emergency, so
diagnosis and treatment should occur almost simultaneously. If the animal is not in immediate danger of
dying, an orogastric tube can be passed. Most cases of
free gas bloat are relieved with passage of the tube. A
thorough history and complete physical examination
are then indicated to find the cause of the bloat. If the
bloat is not relieved with passage of an orogastric tube,
the tube should be removed and examined for evidence
of froth. Frothy bloat can be treated with poloxalene
(44 mg/kg) or dioctyl sodium sulfosuccinate (DSS)
(28 mL [1 oz]) delivered by orogastric tube. The froth
encountered in frothy bloat, caused by the ingestion of
finely ground grain, has a pH of less than 5.5. If frothy
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bloat develops while animals are being fed concentrates, mineral oil (100 mL) may work better. Peanut oil
(20 to 50 mg/kg), vegetable oil (100 to 200 mL), and
hand soap (10 mL) also have been recommended in
emergency situations.3
If the animal is in severe respiratory distress, the
clinician should insert a trocar or large needle into
the rumen at the paralumbar fossa. If gas does not
escape, or froth is seen coming out of the trocar, an
emergency rumenotomy is indicated (see later under
“Rumenotomy”).3 With occurrence of bloat in multiple
animals of a pastured group, the entire group should be
removed from the pasture and reintroduced slowly after
gradual acclimation. If only one or two cases of bloat
are encountered, the healthy animals can remain on
the offending pasture, but grazing should be limited, to
ensure gradual acclimation.

Bloat in lambs and kids can have the same causes as
in adults but also can be caused by improper milk feeding. Overfeeding, feeding of large infrequent meals, and
feeding spoiled or cold milk all have been associated
with bloat in lambs and kids.6 Rapid overdistention
of the abomasum and improper chemical or physical
composition of milk replacers both will inhibit rumen
motility, leading to bloat. Even though the feeding of
cold milk has been associated with bloat, the practice
can be used effectively in orphan feeding programs.
Lambs and kids tend to limit their intake of cold milk
after they have become accustomed to a free-choice
feeding system that delivers refrigerated milk. Milk usually is placed in the rumen when animals are tube-fed;
this may result in milk spoilage.1,6

Prevention

Simple indigestion is a mild form of upset of reticulorumen function caused by a change in feeding routine.
Such changes typically involve alterations in the type of
feed or in the amount of feed offered. The most common causes of simple indigestion are the addition of
grain to the diet, an increase in the amount of grain
fed, and an increase in the energy density of the diet.
Examples of such dietary changes are replacing oats
with corn and changing from whole to ground corn. If
the changes are drastic, rumen acidosis (discussed next)
can occur. Other common causes are changes in hay
or pasture, consumption of moldy hay, and ingestion
of weeds and toxic plants after overgrazing or drought.
Clinical manifestations include mild anorexia that lasts
for 1 to 2 days; mild diarrhea and bloat also may be
present. Rumen fluid pH may be unchanged, increased,
or decreased, depending on the inciting cause. Most
animals improve with no treatment.1

Prevention of frothy bloat involves limiting access to
offending pastures or feedstuffs; providing supplemental feed and providing poloxalene in mineral
supplements; and adding ionophores to the ration or
supplement. When grazing or consuming legumes as
green chop animals should be introduced to the feed
or pasture slowly, preferably over 2 to 3 weeks. Animals
should be closely monitored after a frost and during
the rapid growth phase of plants, because legumes,
particularly alfalfa, may be more likely to cause bloat at
this time. Certain varieties of legumes that are designed
for intensive grazing systems (e.g., Alfagraze) should be
planted and managed in a manner that decreases the
incidence of bloat (e.g., limited or creep grazing). Feeding dry, stemmy hay for 1 to 2 hours before allowing
access to the legume pasture also may help minimize
occurrence of bloat. Grass-legume pastures in which
legumes are limited to less than 50% of the forage are
safer but can still pose a problem with animals that are
selective grazers. Grazing legumes with high leaf tannin
concentrations (e.g., arrowleaf clover, kudzu) usually is
safer, because tannins help break down rumen foam.
The inclusion of poloxalene (10 to 20 mg/kg daily) in
the feed or mineral supplement is useful in preventing
frothy bloat. If poloxalene supplements are used, keepers should feed them for 1 to 2 weeks before moving
animals onto a problem pasture.
Free gas bloat from concentrate feeds can be controlled by slow introduction to these feeds to allow for
rumen adaptation and by the inclusion of ionophores
in the diet.1 Monensin (15 mg/head/day in ewes and
1 mg/kg/day in goats) and lasalocid (0.5 to 1 mg/kg/
day in sheep and goats) both decrease the formation
of free ruminal gas. By enhancing propionic acid formation, these drugs not only reduce the amount of
methane produced in the rumen but also improve the
efficiency of nutrient assimilation from feedstuffs.

Simple Indigestion

Rumen Acidosis
Pathogenesis
Rumen acidosis is caused by the rapid rumen fermentation of highly digestible carbohydrates that are ingested
in excessive amounts. Although corn commonly is
implicated, other cereal grains (oats, wheat, barley) may
be the offending feedstuffs, particularly if they are finely
ground. The smaller the particle size, the more quickly
rumen bacteria are able to ferment the carbohydrates
contained in the feed. The common name for this condition is “grain overload,” but breads, candy, apples and
other fruits, beets, and potatoes also have been implicated as sources of the excess carbohydrates.
Rumen acidosis usually occurs in animals that have
been fed predominantly forage-based rations and suddenly are given access to large amounts of highly fermentable concentrates or concentrated forms of energy.
It also can occur in animals that have been receiving
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concentrates previously if the amount is suddenly and
drastically increased; if access is denied for a time and
then suddenly returned (e.g., during weather changes or
with alterations in water availability); or if ration mixing errors occur (e.g., leaving out monensin and rumen
buffers).
As highly digestible carbohydrates are fermented,
rumen pH drops. Lactobacillus species, which are lactic
acid producers, proliferate in the acidic rumen environment and further lower rumen pH. As the rumen pH
drops, rumen protozoa and many of the lactate users
begin to die. Lactic acid production causes the osmotic
pressure in the rumen to increase. Fluid is drawn from
the systemic circulation into the rumen, resulting in
dehydration and possibly hypovolemic shock. Lactate
concentrations increase in the blood, potentially leading to systemic lactic acidosis. The lactic acid in the
rumen also is toxic to the rumen epithelium. Damage
to the epithelium can result in leakage of bacteria and
toxins into the portal and systemic circulation. Chronic
sequelae to rumen acidosis include fungal rumenitis
and occasionally formation of liver abscesses.1,7 Liver
abscesses are less commonly encountered in sheep and
goats than in cattle. Laminitis also can occur but may be
more of a problem in sheep than in goats.8 The severity
of the disease depends on the composition of the feed,
particle size, amount of feed consumed, and the period
of adaptation to the diet.

Clinical Signs
Clinical manifestations vary with the amount and type
of feed ingested and the time since ingestion. Signs first
appear 12 to 36 hours after ingestion of the offending
feed; they range from anorexia, depression, and weakness to recumbency in an animal suffering from severe
circulatory shock. Dehydration usually is severe, and evidence of toxemia is present (e.g., injected mucous membranes, increased scleral injection). Colic, bilateral ventral
abdominal distention, rumen stasis, and a “splashy” feel
to the rumen also may be noted. Diarrhea can develop,
adding to dehydration.1,8,9 The diarrheal output can range
from paste-like feces to very watery droppings with foam,
occasionally with pieces of easily recognizable grain.
Dehydration, lactic acidosis, and toxemia may result in
ataxia, head pressing, opisthotonos, seizures, and other
neurologic abnormalities.10 The body temperature initially is elevated but may drop as the condition worsens
or the animal becomes toxic. Secondary thiamine deficiency also can contribute to neurologic changes.11

Diagnosis
The rumen fluid pH may fall below 5.5. The fluid itself
is milky gray, and particles of the inciting feed may
be noted. Protozoa usually are reduced in number or
absent, and large gram-positive rods (Lactobacillus species) may be seen on Gram staining.9 Clinicopathologic

laboratory data are consistent with dehydration
(increased PCV and total protein, prerenal azotemia)
and metabolic acidosis.9 Liver enzymes (gamma-
glutamyl transpeptidase [GGT], aspartate aminotransferase [AST], lactate dehydrogenase [LDH]) may be
elevated on serum biochemical analysis.1,11 The leukogram can vary in appearance, ranging from normal to a
degenerative left shift, depending on the severity of the
case. Urinalysis reveals an increased specific gravity.

Treatment
Treatment is aimed at correcting cardiovascular shock,
dehydration, acidosis, and toxemia and removing or
neutralizing the offending feedstuffs. Intravenous fluids containing 5% sodium bicarbonate should be
administered.1,12 Oral fluids are contraindicated
because absorption is diminished, potentially increasing the rumen distention and worsening the animal’s
discomfort. NSAIDs are indicated to control the pain
and inflammation of toxemia (flunixin meglumine,
1.1 to 2.2 mg/kg IV).1,12 Oral administration of magnesium hydroxide and magnesium oxide (1 g/kg) may
neutralize the acidic pH and is sufficient in mild cases.
However, if much of the feed is still in the rumen, these
two alkalizing agents will only work temporarily. Oral
antibiotics have been recommended to kill rumen
microflora and stop fermentation. We believe that these
agents are contraindicated, however, because the gramnegative anaerobes that need to flourish to reestablish
normal rumen microflora are susceptible to most antimicrobials effective against Lactobacillus species. Removing the substrate for growth of Lactobacillus organisms
is more effective. Because orogastric tubes with largeenough bores for reflux of feedstuffs are too large for
sheep and goats, rumenotomy is indicated in severe
cases to remove the feed (see earlier under “Rumenotomy”). After the rumen pH is corrected, transfaunation of the rumen microflora with approximately 1 qt of
rumen fluid from another small ruminant is beneficial
(Box 5-1). Thiamine supplementation (vitamin B1,
5 mg/lb SC, three to four times a day) is indicated until
rumen function returns.11 In certain instances, calcium
may be indicated and can be added to the intravenous
fluids (as calcium gluconate). The clinician should
avoid mixing calcium salts and sodium bicarbonate.
Bacterial leakage into the rumen wall, liver, and
systemic circulation makes antimicrobial therapy necessary. The systemic antimicrobial agent of choice is
penicillin (procaine penicillin G, 22,000 IU/kg IM twice
daily), because anaerobes are the most likely offending
organisms. With aggressive treatment, the prognosis
for short-term survival is good. Feed (grass hay only)
and water should be limited until rumen contractions
return, to prevent overdistention of the rumen. The
chronic sequelae discussed previously influence longterm survival.
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	Collection, Handling, and Storage of Rumen Fluid for Transfaunation

COLLECTION
Collection is easiest from the rumen of a fistulated adult cow.
If a fistulated cow is unavailable, fluid can be collected
through a weighted orogastric tube. Alternatively, fluid can
be collected from any normal ruminant at slaughter.
HANDLING
Rumen contents collected from a fistulated cow or at
slaughter can be strained through gauze or cheesecloth
to separate the fluid from the fibrous contents. Fluid

Prevention
Prevention involves introducing concentrate feeds
slowly to allow rumen microflora adaptation. Dietary
change from a lower to a higher fermentable energy
concentration should occur slowly, preferably over a
2- to 3-week period. In the case of animals being fed
high-grain rations (e.g., club lambs, feedlot lambs,
dairy goats), buffering agents can be added to the diet.
Rumen buffers may improve milk production, increase
feed intake, and increase rate of gain. The crude fiber
content should constitute a minimum of 20% of the
diet’s total digestible nutrients (TDN). For example, if
the TDN is 75%, the minimum acceptable crude fiber
is 15%. Crude fiber levels lower than this can be fed
for short periods if the rumen is properly adapted, but
problems may nevertheless occur. Sodium bicarbonate
probably is the most commonly used buffer; it can be
offered on a free-choice basis or included in the diet as
1% of dry matter intake. Calcium carbonate or limestone (both of which have low rumen solubility) and
magnesium oxide (which has poor palatability) also
can be included in the feed. Magnesium oxide should
be limited to 0.5% to 0.8% of the dry matter intake.

Reticulitis, Rumenitis,
and Parakeratosis
Pathogenesis
Reticulitis and rumenitis can result from chemical or
mechanical damage to the mucosal lining of the reticulorumen. The most common cause of chemical damage
is rumen acidosis. However, ingestion of caustic toxins
also can damage the mucosa. Mechanical damage can
occur from ingested foreign bodies or rumen bezoars.
In cattle, viruses such as the agents of bovine virus diarrhea and infectious bovine rhinotracheitis can infect the
rumen wall. Similar viruses have yet to be identified in
sheep and goats.
After the mucosa has been damaged, secondary
infection by bacteria or fungi can occur.13 Previous

collected through a weighted tube should be ready for
storage.
STORAGE
Rumen fluid ideally should be administered immediately.
However, it can be stored for 24 to 48 hours, as follows:
The surface of the fluid is covered with a layer of mineral
oil to maintain an anaerobic environment and the open
container is refrigerated. Caution: Do not store rumen
fluid in a closed container, because it may explode.

treatment with oral antibiotics may predispose animals
to development of fungal infections of the rumen
wall, especially if the mucosa is already damaged.
Actinobacillosis, actinomycosis, and tuberculosis rarely
affect the rumen wall. Tumors of the rumen wall also
have been reported.1,14 Not all of these causes of reticulitis and rumenitis have been reported in sheep and
goats, but all are potential problems.

Clinical Signs
The clinical manifestations of these diseases are vague.
Anorexia and forestomach hypomotility may be the
only clinical signs.

Diagnosis
Confirming a diagnosis of these diseases also may prove
difficult. Samples of rumen fluid may show only changes
associated with anorexia (alkaline pH, decreased numbers and motility of protozoa, prolonged MBR time;
see Table 5-1 for normal values). Occasionally, fungal
organisms may be seen on Romanowski (Diff-Quick)stained slides of rumen fluid. In such cases, a diagnosis
of fungal rumenitis should be made. An exploratory laparotomy and rumenotomy may be required to identify
foreign bodies or masses. Rumen parakeratosis is characterized by dark, thickened, and clumped rumen papillae.
It is seen mainly in feedlot lambs that consume finely
ground or pelleted rations.15 The parakeratotic rumen
papillae are fragile and vulnerable to damage, which can
increase the risk for development of rumenitis.1

Treatment and Prevention
Treatment depends on the inciting cause. Dietary
changes should be made to decrease energy density
and increase fiber intake. Mild rumenitis may subside
with time and supportive care (i.e., transfaunation,
fluid support, high-quality feed). Fungal rumenitis can
be treated with oral thiabendazole, 25-44 mg/kg, when
available.16 Severe changes may lead to scarring and
permanent impairment of rumen function.
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DISEASES OF THE RETICULORUMEN
Traumatic Reticuloperitonitis
Traumatic reticuloperitonitis is not as common in small
ruminants as in cattle, but it has been reported. Goats
are affected more commonly than sheep. The overall
lower incidence probably is related to the dietary habits
of small ruminants, which tend to be selective grazers
and do not “vacuum” the ground as cattle do. Offending foreign bodies that cause traumatic reticuloperitonitis include pieces of wire and needles.17-19 The clinical
signs are identical to those in cattle and may include
anorexia, depression, colic, signs of heart failure, and
evidence of draining tracts from the chest cavity. Treatment usually is difficult.

Rumen Impaction
Rumen impaction can occur after dehydration, blockage of the omasal orifice by a foreign body, sand ingestion, or consumption of diets high in fiber and low
in digestibility.20 Rumen impaction with plastic trash
bags present in the environment has become a growing problem worldwide.18 Clinical manifestations are
nonspecific, but the firm rumen usually can be palpated
in the left flank. The feces may be scant and dry. Oral
fluids containing magnesium sulfate (60 g) may loosen
impactions, but a rumenotomy is required in severe
cases.20

Rumenotomy
To reduce rumen fill in sheep or goats requiring rumenotomy, ideally feed should be withheld for 24 hours
before surgery. Such preparation usually is impossible,
however, because in most cases rumenotomy is an
emergency procedure. The perioperative administration of antimicrobial agents is essential, because even
with meticulous technique, some contamination of
the incision site and possibly the peritoneal cavity
is inevitable. Because the rumen microflora is composed predominantly of anaerobic bacteria, penicillin
(22,000 IU/kg) is the antimicrobial agent of choice and
should be administered 2 to 4 hours before surgery. If
the rumenotomy is being performed on an emergency
basis, penicillin salts (potassium or sodium), which
can be given by the intravenous route, provide therapeutic concentrations more rapidly than can procaine
penicillin. NSAIDs (e.g., flunixin meglumine, 1.1 to
2.2 mg/kg IV) also are recommended before surgery.
If necessary, treatment of cardiovascular shock and
dehydration with intravenous fluids also should begin
before surgery and continue until the animal is rehydrated and in stable condition (see Chapter 3).
Rumenotomy more commonly is done with the
small ruminant in right lateral recumbency, because the

standing patient is likely to become recumbent anyway
during the procedure; either the animal will need to be
restrained on some elevated surface, or the practitioner
will have to operate while kneeling. The procedure can
be safely done with use of local anesthesia, usually
assisted by sedation in most animals. The use of general
anesthesia may be considered in fractious or very valuable animals, to decrease the potential for abdominal
contamination (see Chapter 18). The clinician should
clip and surgically prepare a square area from 5 cm in
front of the last rib to the tuber coxae, and from the
dorsal midline to the lower abdomen, encompassing
the entire left paralumbar fossa.
The routine skin and body wall incision is made in
the middle of the left paralumbar fossa. The surgeon
makes a skin incision approximately 5 cm longer than a
handwidth, 5 cm caudal and parallel to the last rib. The
incision is continued through the muscle layers into
the abdomen. Because the abdominal wall is relatively
thin, the surgeon should take care not to enter the
rumen or bowel. The body wall incision must be more
than adequate in size to facilitate entry of the practitioner’s hand and possibly forearm, to allow exploration
of the rumen and evacuation of its contents. The rumen
incision will be smaller than the body wall incision
after the rumen is secured to the skin. After the body
wall incision has been made, a thorough exploration of
the abdominal cavity should be performed before the
rumen is secured to the skin. (Note: Exploration of the
abdominal cavity is absolutely contraindicated after
the rumen has been opened.) After abdominal exploration, the rumen is secured to the skin by creating a
watertight seal with continuous suture. The watertight
seal is critical in preventing abdominal contamination.
The rumen is secured to the skin with use of monofilament (or coated) suture with minimal drag in the
tissue on a cutting needle in a Cushing pattern. The
first “bite” is taken in the skin at either 3 or 9 o’clock
(Figure 5-7); then the second bite is taken in the rumen
at that location in the opposite direction. The suture is
then tied and the tail left long. To prevent or minimize
leakage, the rumen suture bites should be through
the seromuscular layer but not penetrate the mucosa,
which could lead to leakage at closure. The Cushing
pattern is continued from the midpoint of the incision
to the dorsal- and ventralmost aspects of the body wall
incision, where a modification resembling a W stroke is
done to ensure a seal at those areas. If the practitioner
starts at the 9 o’clock point and sutures dorsally, the following technique is used at the dorsalmost part of the
body wall incision: The standard bite (approximately
¼ inch) is made in the rumen near the end of the body
wall incision; then the suture is passed superficial and
dorsal to the end of the incision by approximately
2 inches before a bite is taken in the skin toward the
incision. The suture then is passed superficially to
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Figure 5-7 Rumenotomy: First suture “bite” in the skin

Figure 5-9 Rumenotomy: Rumen contents are visible

at the 9 o’clock position parallel to the incision placed in a
dorsal to ventral direction.

through the rumenotomy incision.

Figure 5-8 Rumenotomy: The rumen is secured to the skin

Figure 5-10 Rumenotomy: A gloved hand is used to

with a watertight seal, ready for the rumenotomy incision.

explore the rumen and to evacuate its contents.

the dorsalmost part of the rumen, where a transverse
bite (perpendicular to the suture line) is taken in the
rumen. The suture is again passed superficial and dorsal to the body wall incision, where a skin bite is made
parallel to and at the same level as the previous skin
suture. Then the Cushing pattern is continued from the
dorsalmost (12 o’clock) position down to the 3 o’clock
location, where the suture is tied. The same procedure
then is followed from 3 o’clock ventrally to 6 o’clock,
where the dorsalmost suture pattern is repeated and
continued to the originating 9 o’clock position, where
the suture is tied. Two separate suture lines are used to
limit the circumferential decrease in lumen size created
by one suture line pulled tightly. If an assistant is available, each operator can work simultaneously on the
two separate suture lines. The rumen can now be rolled
over the skin to create a watertight seal (Figure 5-8). The
rumenotomy incision is then made in the center of the
exposed, secured rumen (Figure 5-9). Once the rumen

has been secured and opened, no other modifications
should be made to the rumenotomy. The rumen contents can be evacuated by hand, which will lead to
significant contamination of the field—thereby showing that a watertight seal is imperative (Figure 5-10). If
the contents are very liquid, a large tube can be used
to siphon the rumen. In such instances, care must be
taken to guard the end of the tube, to prevent occlusion of flow by suction of the rumen wall over the end
of the tube.
Closure of the rumen is performed in two layers.
Absorbable suture in a simple continuous pattern
is used to close the rumen lumen for the first layer,
and any drapes should be removed. The surgical
field should be reprepared; all soiled materials (e.g.,
gloves, gown, drapes) are removed and replaced, and
sterile instruments are readied for the second part of
the closure. Absorbable suture in an inverting pattern (e.g., Lembert, Cushing) is used for the second
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Figure 5-11 Rumenotomy: The final inverted closure of the
rumenotomy incision.

layer of the rumen closure. Suturing of this second
layer should start at one end of the rumen incision,
and retention sutures securing the rumen to the
skin are removed as needed to free enough rumen
for closure. When the second layer closure is complete (Figure 5-11), the rumen is cleaned with moist
sponges before being returned to the abdominal
cavity. (Note: Exploration of the abdominal cavity at
this time is associated with an increased incidence of
septic peritonitis.) The muscular body wall and skin
are closed in routine fashion using the practitioner’s
technique of choice.
The sheep or goat should be observed closely by the
clinician for signs of complications, including peritonitis, incisional dehiscence, incisional hematoma,
abscess, and hernia formation. Penicillin therapy (with
procaine penicillin G, 22,000 IU/kg twice daily) should
continue for at least 5 days. The skin sutures can be
removed 10 to 14 days after surgery.

DISEASES OF THE ABOMASUM
Abomasitis and Abomasal Ulcers
Abomasitis and abomasal ulcers in adult sheep and
goats are associated with rumen acidosis or chronic
rumenitis but also can be caused by infections.1-5 Finely
ground feeds, pelleted rations, systemic stress, and feeding lush forages all have been implicated. Anecdotal
associations with mineral deficiency (i.e., copper) have
gone unproved.

Clinical Signs and Diagnosis
Abomasitis and abomasal ulcers can be asymptomatic
or manifest with a variety of clinical signs including anorexia, bloat, colic, and diarrhea. No definitive
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antemortem diagnostic tests are available. Fecal occult
blood often is absent in ulcerative disease. Occasionally dark stool, altered appetite (e.g., wood chewing),
and bruxism are seen. Thus other causes of colic should
be eliminated and diagnosis based on clinical signs or
postmortem findings.

Treatment
Effective therapy can be difficult to achieve. Oral medications such as coating agents must first pass through the
rumen and therefore arrive at the abomasum diluted.
Intravenous (not oral) ranitidine (15 mg/kg once a day)
may be beneficial.6 Herd problems of rumen acidosis
may be addressed with addition of buffers to the feed.
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Abomasal Hemorrhage
A syndrome of abomasal hemorrhage, bloat, and ulceration is encountered in lambs and kids 2 to 10 weeks of
age. Sarcina-like bacteria, Clostridium falax, Clostridium
sordelli, and Clostridium septicum have been isolated in
many of these cases.7-11 C. septicum infections of the
abomasum commonly are called braxy.1 Free-choice milk
replacer feeding regimens, iron deficiency, and bezoars
have been implicated as predisposing factors.11,13

Clinical Signs
The clinical manifestations of this syndrome are severe,
acute abdominal distention and colic, possible ulceration, with progression to death in all cases.7-10

Diagnosis and Treatment
The diagnosis of this condition is by postmortem
examination. Treatment in suspected antemortem cases
is unsuccessful.

Prevention
Adding formalin to milk replacers and vaccinating
for clostridial diseases may decrease the occurrence of
abomasal hemorrhage.12,14 Lambs or kids on farms
where such disease has been a problem can be vaccinated with multivalent bacterins against Clostridium
infections during the first week of life.

Abomasal Impaction
Similar to rumen impaction, abomasal impaction usually occurs when poor-quality roughage is fed, but it
also can be seen with foreign body obstruction of the
pylorus.4,15-17 Goats appear to be more commonly
affected than sheep, and Boer goats are more commonly affected than Angora goats.17 Pregnant animals
may be more prone to this condition.

Clinical Signs and Diagnosis
Affected animals usually are anorexic. Mild distention
of the ventral abdomen is characteristic, and in some
cases the firm abomasum can be palpated through the
abdominal wall on the right side.18 Weight loss may be
apparent. Clinicopathologic evaluation may be normal,
or mild hypochloremic metabolic alkalosis may be
present, with elevated rumen chloride concentrations
(greater than 50 mEq/L).18

Treatment
Dietary changes and oral administration of mineral oil
are the most commonly used treatments. Abomasotomy
can be attempted, although it has rarely been reported
in small ruminants and does not usually improve the
long-term prognosis. For this procedure, the animal
is positioned in dorsal recumbency and placed under
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general anesthesia. The abomasum can best be visualized through an incision parallel and to the right of
midline, caudal to the xyphoid process. The prognosis
is poor with or without surgery.15

Prevention
Dietary manipulation to improve feed or forage quality
is the best mode of prevention.

Abomasal Emptying Defect
Abomasal emptying defect is a disease that manifests
in similar fashion to that for abomasal impaction but
is recognized only in Suffolk sheep. The underlying
cause is unknown, but the proposed pathomechanism
is an acquired dysautonomia from neurotoxicosis.19
Unlike abomasal impaction, this disease is associated
with concentrate feeding and often occurs around
lambing time. The clinical signs are chronic weight loss,
abdominal distention, and anorexia. Clinicopathologic
laboratory findings and rumen chloride levels are the
same as those described for abomasal impaction. At
necropsy, the abomasum is greatly distended, and the
contents may be liquid or dry. Treatment with laxatives,
cathartics, motility modifiers, and abomasotomy has
been mostly unsuccessful.20-22

Azalea, Laurel, and Rhododendron
Toxicity
Members of the azalea, laurel, and rhododendron plant
group produce andromedotoxins that alter sodium
metabolism, resulting in prolonged nerve depolarization. These plants are cardiotoxic, but affected animals
generally exhibit acute gastrointestinal upset. These
evergreen shrubs produce thick, dark green leaves.
They also have five-lobed, white to pink, saucer-shaped
flowers that bloom around May-July. Some of these
plants are grown as ornamental shrubbery around
homes, whereas others grow wild along streams, cliffs,
and rocky slopes. They can be short or tall (up to 10 m)
and can form thickets. All parts of these plants are toxic.

Clinical Signs
Animals browsing a new area, those fed clippings from
trimmed azalea hedges, and underfed, hungry animals
with access to these plants are likely candidates for intoxication. Animals that ingest as few as two or three leaves
may show salivation, tooth grinding, nasal discharge,
colic, epiphora, and acute digestive upset within 6 hours
of ingestion. As the intoxication progresses, animals
become depressed, with a slowed pulse, and exhibit
projectile vomiting and frequent defecation. Fatally intoxicated animals become paralyzed and comatose. Aspiration pneumonia secondary to the intoxication-induced
impairments may develop in both sheep and goats.
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Diagnosis
The diagnosis of this condition usually is based on
clinical signs coupled with a history of ingestion of one
of the offending plants or the discovery of such plant
material in the gastrointestinal tract.

Treatment
Intoxicated animals may recover in 1 to 2 days without
any therapy if the offending plants are removed from
the diet. In some instances, however, the administration of charcoal (2 to 9 g/kg orally [PO]), atropine
(0.05 to 0.2 mg/kg IV), other antiarrhythmic drugs, and
intravenous fluids, as appropriate, may be indicated.
To manage the aspiration pneumonia, antibiotics (e.g.,
penicillin 22,000 units/kg IM twice daily) and oral
magnesium hydroxide also may be beneficial. Obviously, any existing dehydration should be corrected (see
Chapter 3).

Prevention
Mountainous or hilly areas should be fenced to prevent animal access. Feeding shrubbery clippings is
discouraged.
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DISEASES OF THE INTESTINES
Diarrhea in Lambs and Kids:
Overview
Diarrhea in lambs and kids is a complex, multifactorial disease involving the animal’s susceptibilities, the
environment, nutrition, infectious agents, and management. Decades of research have been devoted to the
study of the pathophysiology of infectious diarrhea in
calves; the pathphysiologic picture in lambs and kids
is quite similar. Despite improvements in management
practices and prevention and treatment strategies, diarrhea is still the most common and costly disease affecting neonatal ruminants.1-5
Some general preventive measures (e.g., improved
sanitation) will decrease the risk of diarrheal disease
from any cause. By contrast, specific control measures
such as vaccination require the definition of a specific
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cause of diarrhea. Table 5-2 lists the agents most likely
to cause diarrhea in lambs and kids, tissues or other
samples required for diagnosis, and commonly used
test methods. The color and consistency of the feces and
any gross lesions can appear similar with numerous diseases. Laboratory identification of infectious agents and
tissue histopathologic examination are therefore key
to establishing a diagnosis (see Chapters 16 and 20).
Because autolysis and secondary bacterial invasion
of the gut begin within minutes of death, necropsy
samples taken immediately from euthanized lambs
and kids yield the most reliable diagnostic material.
Mixed infections with two or more pathogens are common, and clinically important farm-specific pathogens
change from year to year.3-7 In some cases an underlying
nutritional deficiency or excess may be present concurrently with infective disease. The clinician should therefore take a variety of samples to ensure identification of
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TABLE 5-2 Diagnostic Samples and Testing Methods Required for Differentiation of the Most
Common Causes of Infectious Diarrhea in Lambs and Kids
Causative Agent

Sample Required

Test Method*

Escherichia coli

2 to 3 g feces
Formalin-fixed small intestine
2 to 3 g feces or colonic contents
Formalin-fixed small and large intestine
Frozen small and large intestine
2 to 3 g feces
Air-dried fecal smear
Formalin-fixed small and large intestine
2 to 3 g feces
Formalin-fixed small and large intestine
Frozen small and large intestine and mesenteric lymph
nodes
Wet mount of feces
Feces
Frozen small intestinal contents and abomasum, small
and large intestine
Formalin-fixed abomasum and small and large intestine
2 to 3 g feces
Formalin-fixed small and large intestine

Culture and serotyping for K99 and F41
Histopathologic examination
EM, ELISA, VI, CF test, PCR assay
Histopathologic examination
VI, FA test, IP assay
FA test, fecal flotation
Acid-fast stain
Histopathologic examination
Culture, PCR assay
Histopathologic examination
Culture

Rotavirus

Cryptosporidia

Salmonella

Giardia
Clostridium perfringens

Coccidia

Iodine staining
ELISA, FA test
Culture, toxin identification
Histopathologic examination
Fecal flotation
Histopathologic examination

CF, Complement fixation; ELISA, enzyme-linked immunospecific assay; EM, electron microscopy; FA, fluorescent antibody; IP, immunoperoxidase; PCR,
polymerase chain reaction; VI, virus isolation.
Data from Rings DM, Rings MB: Managing Cryptosporidium and Giardia infections in domestic ruminants, Vet Med 91:1125, 1996; Cohen ND,
et al: Comparison of polymerase chain reaction and microbiological culture for detection of salmonella in equine feces and environmental samples, Am
J Vet Res 57:780, 1996; and Drolet R, Fairbrother JM, Vaillancourt D: Attaching and effacing Escherichia coli in a goat with diarrhea, Can Vet J
35:122, 1994.

all pathogens and predisposing factors involved; continued reevaluation of the causes of diarrhea is crucial.
Evaluation of material from multiple cases, with a focus
on those in the acute phases, is important. Although
examination of antemortem fecal samples can be diagnostic, laboratory testing of tissue samples may yield
better results.
Treatment and preventive measures for specific diarrheal diseases are the focus of the remainder of this
section, which is followed by sections on general supportive treatment and control measures for all infectious diarrheal diseases.

Causes of Diarrhea in Neonatal Lambs
and Kids
Four major pathogens cause diarrhea in lambs and
kids during the first month of life: enterotoxigenic
Escherichia coli (ETEC), rotavirus, Cryptosporidium species, and Salmonella species. The relative prevalence of
these infectious agents varies greatly among studies.
This variability probably results from differences in
location, season, and diagnostic techniques and the

occurrence of mixed infections. Other, less common
causes of diarrhea in neonates are Giardia infections
and nutritional diarrhea.

Enterotoxigenic Escherichia coli
Pathogenesis
ETEC employs two virulence factors to cause disease.
The first is the ability to attach and colonize the
intestinal villi, which is accomplished by means of
fimbriae or pili. The most important fimbriae in lambs
are K99 and F41.8 The fimbrial antigens can be recognized from samples sent for analysis in most diagnostic laboratories and are important in identifying
this agent as a cause of diarrhea. After the organism
attaches to the villi, it produces the second virulence
factor, enterotoxin. Enterotoxin interferes with the
normal physiology of the gut, with resultant diarrhea.8
Calves have an age-associated resistance that probably
is related to the blocking of fimbrial attachment to the
gut, so ETEC diarrheal disease occurs mainly in calves
younger than 1 week of age.9,10 The mode of infection
is fecal-oral.
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Clinical Signs
ETEC diarrhea is seen in lambs and kids younger than
10 days of age but is most common at 1 to 4 days, so
age-related resistance also may be a factor in newborns
of these species.3,7 It usually manifests as an outbreak
in lambs and kids between 12 and 48 hours of age.
Because ETEC causes a secretory-type diarrhea, bicarbonate loss in the diarrhea leads to severe acidosis,
with lambs and kids quickly becoming dehydrated
and recumbent. However, many infected animals
die before developing diarrhea. Affected neonates
are depressed, stop nursing, and may show excessive
salivation. Fluid sequestration in the abomasum produces a splashing sound on movement. This condition
is associated with high mortality if animals are not
treated promptly.7,8

ingestion by neonates and ensuring that newborns
ingest adequate colostrum both will help decrease the
incidence of this disease. Making sure that ewes and
does have a 2.5 to 3.5 body condition score at parturition and are fed adequate diets in the final 2 months
of gestation will increase the chance of adequate colostrum manufacture by the dam.

Rotavirus
Pathogenesis
Lambs and kids are infected with group B rotaviruses,
whereas most other animals and human beings are
infected with group A rotaviruses.13 Rotaviruses infect
villus tip cells of the small intestine, which results in
villus atrophy and malabsorptive diarrhea.14

Diagnosis

Clinical Signs

Fecal culture and serotyping for the K99 and F41 fimbrial antigens constitute the basis for diagnosis. Because
many nonpathogenic E. coli bacteria are normal gut
inhabitants, growth of this organism on cultures usually
is an insignificant finding.8 Occasionally the bacteria
do not express the fimbrial antigens in culture, so ETEC
cannot be ruled out if the culture is negative for K99
and F41.11 Histopathologic evidence of colonization of
the small intestine can support a diagnosis.

Rotavirus generally causes diarrhea in lambs and kids
2 to 14 days of age, but older animals also can be
affected. Young animals can become very depressed and
dehydrated.3,13,15,16

Treatment
Supportive care consisting of fluid therapy with either
oral, intravenous, or subcutaneous administration of a
polyionic solution is the mainstay of therapy. The use
of oral antimicrobial agents is controversial. Although
antibiotics may kill the ETEC, they also may interfere
with normal gut flora. If fluid support is provided,
the diarrhea usually subsides without antibiotic treatment. Nevertheless, oral neomycin (10 to 22 mg/kg
twice daily) or trimethoprim-sulfa (30 mg/kg PO) and
systemic ampicillin (10 to 20 mg/kg IM twice a day) or
amoxicillin (10 to 20 mg/kg IM three times a day) may
be beneficial. NSAIDs are indicated to decrease inflammation of the gut and provide some analgesia. The use
of flunixin meglumine (1 to 2 mg/kg IM) has been
shown to decrease fecal output in ETEC infections in
calves12 and appears to be beneficial in lambs.

Prevention
Vaccination of ewes and does with bovine ETEC vaccine before they give birth is recommended to increase
passive immunity in the neonate.3,4,8 Monoclonal and
polyclonal antibody products for calves may be beneficial during an outbreak if administered to lambs or kids
within the first 12 hours of life. The use of neomycin
(10 to 12 mg/kg PO twice daily) in lambs that appear
clinically normal may help stop the progression of an
outbreak. Shearing ewes pre-partum to minimize fecal

Diagnosis
Detection of the organism by electron microscopy
of fecal or colonic samples or by immunologic techniques applied to feces or tissue sections is the basis of
diagnosis.13,16 Because these organisms are sloughed
with the villus tip cells they infect, and viral antigens are
complexed with the animal’s antibodies, tissue samples
from acutely infected animals are of highest diagnostic
value.17 Rotavirus has been detected in animals without
diarrhea, so other causes of diarrhea should be investigated as well.4,6

Treatment and Prevention
Rotavirus diarrhea is treated with supportive care. Prevention by vaccination of ewes and does with bovine
rotavirus vaccines before they give birth is recommended to increase passive immunity in neonates.3,4

Cryptosporidium Species
Pathogenesis
Cryptosporidium parvum is a protozoan that can cause a
malabsorptive diarrhea similar to that seen with rotavirus infection. Unlike other protozoal agents, such
as the one that causes coccidiosis, cryptosporidia do
not require fecal excretion for sporulation to infective stages.18 They sporulate in the gut, whereupon
approximately 20% become immediately infectious to
other villus tip cells without leaving the intestines. This
method of autoinfection can result in severe disease
that may be sustained for long periods. Because some of
the oocysts also are immediately infectious when they
are shed in feces, spread of infection may be rapid.
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Clinical Signs
Cryptosporidia can cause diarrhea in lambs and kids
at 5 to 10 days of age.4,19,20 Affected animals often are
active, alert, and nursing. The diarrheal stools usually
are very liquid and yellow. Diarrhea can range from
mild and self-limiting to severe, especially with mixed
infections.4,6,19,21 Relapses are quite common, and this
organism usually occurs as a component of mixed
infections.

Diagnosis
Acid-fast staining of air-dried fecal smears is a quick
and easy method of diagnosis. Examination under 40×
to 100× magnification reveals round protozoa that
have taken up the red color of the carbol fuchsin portions of the stain on a green background (Figure 5-12).
Although cryptosporidial infection can be diagnosed by
fecal flotation testing, the very small size (4 to 6 μm)
of these organisms makes this method difficult and
subject to false-negative results.22,23 Both immunologic
and polymerase chain reaction (PCR) techniques have
been developed to improve detection limits.22,24 Cryptosporidia also can be identified on histopathologic
examination. Cryptosporidiosis is a zoonotic disease,
and people can become infected from handling infected
animals or feces.18

Prevention
No consistently effective treatment for cryptosporidiosis in ruminants has been identified. However, proper
hydration and electrolyte balance should be maintained, along with other supportive care. Prevention
through decreased exposure of lambs and kids to
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organisms in the environment is critical, especially
exposure of neonates at birth.25 On farms endemic with
coccidiosis or during an outbreak, improved hygiene may
be of benefit (e.g., pre–colostral intake udder wash,
feeding only low-heat-pasteurized colostrums, isolation of all exposed animals). Anecdotal reports suggest
that decoquinate and monensin sodium may be useful
in control of cryptosporosis. Decoquinate (2.5 mg/kg
PO) fed to does and kids may be useful in decreasing
morbidity and mortality associated with cryptospirosis
in goat kids.26 Treatment in all affected animals also
should include fluid-electrolyte therapy.
During an outbreak, affected animals should be isolated from the rest of the flock. No new animals should
be added to a pen in which the disease has been diagnosed. Keepers should depopulate pens in which the
disease has been diagnosed and attempt to clean the
environment. Cryptosporidiosis can be particularly difficult to control because of the organism’s persistence in
the environment and resistance to most chemical disinfectants. Ammonia (5% to 10%) and formalin (10%)
seem to be the most effective agents, but due to potential
for toxic effects caution is indicated with the use of either
chemical.19,27 Feeders should be constructed to minimize fecal contamination. Early results are favorable
for vaccine development in cattle, and vaccination may
prove to be the best control method in the future.28 Crytosporidiosis is potentially a zoonotic disease; clinicians
and keepers should therefore exercise great caution when
handling affected animals, and well-planned biosecurity
programs should be instituted (see Chapter 19).

Salmonella Species
Pathogenesis
The bacterial genus Salmonella has thousands of serotypes, all of which can potentially cause diarrhea in
animals. Salmonellae can cause diarrhea in lambs and
kids of any age.3,4 These microbes produce enterotoxins,
are invasive, and cause severe inflammatory disease and
necrosis of the lining of the small and large intestines.

Clinical Signs
Affected animals younger than 1 week of age are more
likely to die acutely before onset of clinical signs, whereas
animals older than 1 week are more likely to have
diarrhea.4,7,29 An acute onset of fever, depression, tenesmus,
and shock occasionally is observed. Salmonella-induced
diarrheal stool is more likely to contain blood.4 Enteric
salmonellosis also is a zoonotic disease that warrants
implementation of protective measures.
Figure 5-12 Red-staining Cryptosporidium on a blue-green
background in a fecal smear prepared with an acid-fast stain.
This protozoal parasite induces villus atrophy and decreased
digestion.

Diagnosis
A diagnosis of Salmonella diarrhea is based on culture
of the organism in feces or tissues and characteristic
changes on histopathologic examination of the small
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and large intestine.30 More sensitive PCR techniques
for identifying Salmonella species in feces are being
developed.31 The diarrheal feces occasionally may contain fibrin, but many animals die before this development is observed. The clinician may note leukopenia or
leukocytosis in the CBC results.

oral metronidazole (50 mg/kg once a day for 5 days).
However, use of this drug class in food animals is currently illegal in the United States. Giardiasis is potentially a zoonotic condition.

Treatment

Infectious agents are not the only cause of diarrhea in
neonates. Nutritional problems can result in diarrhea,
but cases related to nutrition are underreported in the
literature because the resulting diarrhea usually is mild
and subsides without treatment. Nutritional diarrhea
is most common in orphaned animals and usually is
a result of improper management practices such as
use of poor-quality milk replacers, mixing errors, or
infrequent feeding of large amounts (see Chapter 2).
Diarrhea resulting from consumption of lush pasture
or high-energy rations also is commonly seen and usually is self-limiting. The incidence of this form of gastric
upset can be minimized by a slow introduction (over 2
to 3 weeks) to energy-dense diets.
In calves with infectious diarrhea that develop maldigestion or malabsorption, secondary nutritional
diarrhea may result from an inability to digest carbohydrates (lactose, xylose).37,38 This digestive defect has
been reported in goats and also is probably a cause of
diarrhea in lambs.39 Diarrhea resulting from primary
lactose deficiency also has been reported in calves.40
Calves on poor-quality milk replacers can develop
an overgrowth of normal enteric E. coli, resulting in
diarrhea.41 If lactose intolerance is suspected, decreasing
the amount of lactose fed and using commercially available lactose enzymes may alleviate clinical problems.

Therapy for Salmonella-induced diarrhea involves supportive care and possibly parenteral antimicrobial therapy. The use of antimicrobial agents is controversial and
probably does not influence the gastrointestinal infection. Nevertheless, because Salmonella is an invasive
organism, parenteral use of antimicrobial agents may be
beneficial in preventing septicemia. Antimicrobial susceptibility patterns are difficult to predict for Salmonella
species, so antimicrobial therapy should be based on
culture and sensitivity results. Ceftiofur sodium (1.1 to
2.2 mg/kg IM twice daily) or trimethoprim-sulfadiazine
(15 mg/kg SC once a day) can be administered until
antimicrobial sensitivity results are available.

Prevention
Latent carriers of Salmonella can potentially shed organisms to other animals, particularly when they are
stressed.4 Newly introduced animals should be isolated
for 1 month, and fecal culture should be considered.4
Bleach (sodium hypochlorite) and chlorhexidine are
effective disinfectants to apply to the premises and
animal handling/feeding equipment during an outbreak. Identification of carrier animals by fecal culture
is recommended for herd problems. Vaccine efficacy is
questionable, and to date its effects have not been thoroughly evaluated in sheep and goats.32

Giardia
Giardia-induced diarrhea is more commonly seen in, but
not limited to, 2- to 4-week-old lambs and kids.4,33 The
diarrhea usually is transient, but infected animals can
continue to shed cysts for many weeks, even when they
appear to be clinically normal.22,34,35 Therefore simply
finding the pathogen in feces does not mean that it is
the cause of the diarrhea, especially in older animals.
Giardia can be found in herds without any history of
neonatal diarrhea, so finding Giardia in herds in which
newborn animals are experiencing diarrhea is of questionable relevance.36 However, these animals may be a
source of infection for others and possibly humans.22,33
Identification of the organism on iodine-stained wet
mounts of feces or tissue is the classic method of diagnosing giardiasis, but more sensitive immunologic
techniques are now available.22,33 Infected animals
can be treated effectively with fenbendazole (5 to
10 mg/kg twice daily for 3 days or once daily for
5 days).22 Giardiasis has historically been treated with

Nutritional Diarrhea

Causes of Diarrhea in Older Lambs
and Kids
The most common cause of diarrhea in older lambs
and kids is nematode infestation. Other major causes
of diarrhea in older lambs and kids are C. perfringens
infection and coccidiosis. Coccidiosis is covered in
Chapter 6. Giardia has been reported to cause weight
loss without diarrhea in 2- to 3-month-old lambs.42

Clostridium perfringens
C. perfringens types A, B, C, and D all can cause diarrhea
in lambs and kids, but type D is the most common etiologic agent in the United States.4,7,43,44

Pathogenesis
Clostridial diarrhea occurs in peracute, acute, and
chronic forms and commonly is called enterotoxemia or
overeating disease. In type C infection, a beta toxin can
cause acute hemorrhagic enteritis. Type C infection is
seen mostly in lambs or kids younger than 3 weeks of
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age. An epsilon toxin is responsible for pathologic findings in type D infections. Enterotoxemia usually is seen
in rapidly growing feedlot lambs on high-concentrate
rations. It also is associated with other feeding changes,
including changes in type of pasture. However, it
occasionally has been reported in the absence of any
dietary changes, particularly in goats.4,7,45 This disease
commonly occurs in the fastest-growing and most wellconditioned animals. Even vaccinated herds (again,
more usually goats) can be affected, so it should not be
ruled out despite confirmation of previous vaccination.4

Clinical Signs
The peracute form of clostridial infection is characterized by the rapid onset of severe depression, abdominal
pain, profuse and bloody diarrhea, and neurologic
signs. Death occurs within hours of onset of clinical
manifestations. Sudden death may occur without diarrhea. Sudden death following the onset of neurologic
signs is more common in sheep, whereas goats are more
likely to show signs of diarrhea before death.4 Similar
but less severe signs are seen in the acute form of the
disease. The chronic form occurs more commonly in
goats.4,44

Diagnosis
Antemortem diagnosis is based on clinical signs. At
necropsy, C. perfringens can be cultured from intestinal
tissue samples. The significance of a positive culture
can be difficult to interpret, however, because these
organisms can be a normal component of the gut flora
but subsequently proliferate after death. This is true
especially of type A, for which a role in actual disease
is controversial.46 Histopathologic examination of sections of the gut can be helpful. Identification of the toxins (namely, the epsilon toxin) in intestinal contents is
required for a definitive diagnosis.4,7 Because the toxin
degrades within several hours of death, its absence does
not preclude enterotoxemia as a diagnosis.43

Treatment
Treatment is rarely effective but consists mainly of
aggressive supportive care. C. perfringens type D antitoxins (15 to 20 mL SC) can be administered to animals
during an outbreak of enterotoxemia if clinical signs are
noted. The antitoxin may be more effectively used as a
preventive early in an outbreak of the disease. During
an outbreak, any animals that have not been vaccinated
should be given the antitoxin and vaccinated with the
toxoid simultaneously; those previously vaccinated
should receive a booster vaccination.

Prevention
Routine vaccination should start at 4 to 6 weeks of
age and be followed by a booster 3 to 4 weeks later.
In settings in which the disease has become endemic,
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however, lambs or kids can be vaccinated and given
antitoxin during the first week of life. Yearly vaccination, preferably a few weeks before the ewes and dams
give birth, increases colostral immunity in neonates and
improves prevention programs. Goats may not respond
as well to vaccination as sheep do, so biannual, triannual, or quarterly vaccination is recommended, especially in herds in disease-endemic areas.4,39 Vaccination
with only C. perfringens type C and type D vaccines and
tetanus toxoid is superior to the use of more polyvalent
clostridial vaccines.4 Reducing the energy density of the
diet and avoiding sudden dietary changes or alterations
in the feeding routine are crucial to prevention. Control
of internal parasites, particularly tapeworms, may further reduce the incidence of these disorders.

Miscellaneous Causes of Diarrhea
in Kids and Lambs
Adenovirus, caprine herpesvirus, coronavirus, Campylobacter jejuni, Escherichia fergusonii, Yersinia species,
and Strongyloides papillosus can cause diarrhea in lambs
and kids of various ages.2,4,6 Enterohemorrhagic E. coli
(EHEC) and enteropathogenic E. coli (EPEC) also have
been isolated from feces of both diarrheic and normal
lambs and kids.48-52 These E. coli serotypes are K99- and
F41-negative. Culture and serotyping of these organisms
from feces and tissue samples with typical histopathologic lesions are diagnostic. Although ETEC disease is
not zoonotic, EHEC and EPEC can potentially affect
humans and cause food-borne illness.

TREATMENT OF LAMBS AND KIDS
WITH DIARRHEA
Although specific therapies are available for some
causes of diarrhea, many animals need to be treated
for dehydration and metabolic acidosis regardless of
the inciting cause. Animals with only mild diarrhea,
especially mild nutritional diarrhea, may not require
therapy unless they become dehydrated. If kids or
lambs become less than 8% dehydrated and are only
mildly depressed but still willing to nurse, they can
be treated with oral electrolytes designed for calves.
Fluids can be administered by bottle or by feeding
tube (~ 18-24 inch, 3/8 inch diameter, catheter tip) if
the animal will not nurse. The keeper or the clinician
should carefully adjust the amount of fluids for lambs
and kids (250 to 500 mL [8 to 16 oz], as opposed to 4 L
in a calf). Because most electrolyte solutions designed
for calves contain glucose, they should be refrigerated
after they have been mixed and any leftovers discarded
within 24 hours. Intravenous fluids may be needed to
treat more severe dehydration. If the lamb or kid is too
weak to stand, intravenous fluids are indicated. Isotonic fluids containing electrolytes should be given to
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replenish losses. Glucose can be added to make a 1% to
2.5% solution. Sodium bicarbonate also may be administered, especially if the dehydration is severe. A rule
of thumb is to give one fourth of the calculated fluid
needed as isotonic bicarbonate (1.3%). Extra potassium
(10 to 20 mEq/L) can be added to fluids, because most
animals are severely dehydrated from diarrhea and
depleted in potassium, even though their blood potassium levels may be elevated. If extra potassium is added,
acidosis must be corrected concurrently. After correcting
the dehydration, the keeper or the clinician can offer
oral electrolyte-enriched fluids to replace ongoing losses
caused by continued diarrhea (see also Chapter 3).
Removing milk or milk replacer from the diet is not
recommended. Young animals need nutrients, and even
high-energy, glucose-containing electrolyte solutions
are no substitute for milk. Animals should continue to
receive milk replacer in normal amounts or be allowed
to nurse; oral electrolytes also can be given if necessary. Animals being hand-fed should be offered small
amounts frequently to help minimize problems. Electrolytes should never be mixed with milk but should
instead be given in separate feedings. If lactase deficiency is suspected, lactase drops or capsules (available
in health food stores) can be added to milk or milk
replacer.39
NSAIDs (e.g., flunixin meglumine, 1.1 to 2.2 mg/kg
IV, or ketoprofen, 3 mg/kg IV) are beneficial, especially
if toxemia is involved, as in ETEC, enterotoxemia, and
salmonellosis. Antimicrobial agents should be reserved
for proven outbreaks of salmonellosis and for animals
with other causes of diarrhea that do not respond to
fluid therapy and NSAIDs; these drugs should be administered only parenterally. Oral coating agents and antacids are popular, but such agents have not been shown to
be beneficial, and their use is not therapeutically logical
in light of the pathogenesis of these diseases. The therapeutic use of probiotics is questionable, but anecdotal
reports suggest they may be beneficial in reestablishing
the normal flora of the small intestine. Our own rule
of thumb is that nothing should be given orally except
milk, oral electrolytes, and possibly probiotics.

GENERAL CONTROL MEASURES
FOR INFECTIOUS DIARRHEA
Ensuring adequate intake of high-quality colostrum
and minimizing stress are important for prevention of
all neonatal diseases. A normal lamb or kid will stand
and nurse within 45 minutes to 1 hour of birth. The
ingestion of colostrum within 2 to 3 hours is essential
in preventing hypothermia and hypoglycemia and
decreasing the incidence of various diseases. Lambs or
kids born as twins or triplets, weak or injured neonates,
those born during severe weather, those born from a
dam with dystocia, and those delivered by cesarean

section all are candidates for colostrum supplementation. Supplemental colostrum should be good-quality
colostrum from females that have tested negative for
Johne’s disease, ovine progressive pneumonia (OPP),
and caprine arthritis encephalitis (CAE). Mixing colostrum from several cows decreases the incidence of the
“cow colostrum–associated” hemolytic disease sometimes seen in lambs. If the lamb or kid is unable to
nurse, it should be tube fed 50 mL/kg of colostrum.
The veterinarian or animal handler can sit comfortably
holding the lamb or kid in sternal recumbency in the
lap. A 12 to 14 French soft feeding tube is then lubricated, inserted into the side of the mouth, and passed
slowly to the depth of the thoracic inlet. If the tube is
placed in the trachea, the lamb or kid will show signs
of discomfort and may shake and cough. The tube may
be palpated on the left side of the throat. After correct
placement of the tube, colostrum can be administered
by gravity flow.
Antepartum shearing of the dam may decrease the
likelihood of ingestion of feces by lambs. Good sanitation in lambing and kidding areas is paramount in
management programs that stress prevention. The presence of organic matter interferes with the effectiveness
of many disinfectants, so removal and proper disposal
of feces, carcasses, and placentas are essential. When
disposing of waste material containing either Cryptosporidium or Giardia, the keeper should be careful to avoid
contaminating water sources. Infected animals should
be isolated to prevent spread of the infection throughout the flock or herd. In general, infected animals
should remain in the environment where the infection
was first diagnosed, because it is already contaminated.
Removing pregnant ewes or dams to a clean area before
lambing or kidding helps minimize the continued
spread of disease. If possible, lambs and kids already
born but not showing clinical signs should be removed
to a third area. If “safe” pastures are maintained for
internal nematode control, they are ideal for use in an
emergency situation to control these diseases (see also
Chapter 6). Although some animals may appear normal, they may be incubating and possibly shedding the
infective agents of disease. If such animals are moved
with pregnant females, they can be a source of contamination in a clean area. If healthy lambs and kids cannot
be moved to a third, relatively safe area, they should
be left with the clinically infected animals because they
have already been exposed.
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Other causes of acute diarrhea include rumen acidosis,
peritonitis, endotoxemia, and ingestion of toxins. The
list of toxins that cause diarrhea also is very long, and
often diarrhea is not the primary clinical sign. Some of
the more commonly encountered toxins that produce
diarrhea are arsenic, salt in toxic amounts, levamisole,
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copper, oak, selenium, and pyrrolizidine alkaloids.1
Salmonella infection and chronic enterotoxemia can
cause diarrhea in adult animals. Coccidiosis can occur
in adults under severe stress or in animals that possess
limited immunity because of lack of exposure. Hepatic
and renal disease and copper deficiency sometimes are
accompanied by chronic diarrhea, but weight loss is a
more common sign in adults.

Johne’s Disease
Johne’s disease, also called paratuberculosis, is a chronic
wasting and diarrheal disease caused by the bacterium
Mycobacterium avium subspecies paratuberculosis. Transmission of the organism is primarily by the fecal-oral
route. Young animals are more susceptible to infection
than adults. It can be transmitted through milk and
placenta.

Pathogenesis
Bacterial shedding in feces and milk and transplacental
transmission are more common in animals showing
clinical signs.3-5 Therefore the offspring of infected animals, and especially the offspring of animals showing
clinical signs, are more likely to acquire the infection
than other members of the flock/herd. After an animal
is exposed, it will either clear the organism or acquire
a chronic, persistent infection. The infection most commonly is isolated to the ileal regions of the small intestine, where it causes granulomatous thickening of the
intestinal wall and subsequent malabsorptive diarrhea.
Infected animals may be asymptomatic for years.

Clinical Signs
Morbidity rates are low (approximately 5%), but for
every infected animal with clinical signs, several are
in the subclinical state and may be a source of both
horizontal and vertical transmission.3 Both sheep and
goats appear to remain asymptomatic until they reach
2 to 7 years of age. The most consistent clinical sign
in sheep and goats is chronic weight loss. Chronic
diarrhea occurs in approximately 20% of cases.3 Signs
may appear with or be exacerbated by stress, especially
after parturition.3,4 Hypoproteinemia and chronic mild
anemia are the only consistent findings from clinicopathologic laboratory tests. Submandibular edema
may develop as a consequence of low protein levels in
infected animals, and because parasitism is ubiquitous,
an accurate diagnosis may be difficult.

Diagnosis
Diagnosis is by culture of the organism from feces. Such
testing unfortunately takes between 8 and 14 weeks but
can identify 40% to 60% of clinically infected goats.
Feces of noninfected sheep and goats within heavily
infected herds can yield a positive culture from oral-fecal

pass-through of the organism. Sheep strains of Johne’s
disease and some goat variant strains seem to be more
difficult to culture in media used to identify cattle strains
of the disease. Therefore fecal culture in sheep and goats
appears to be of limited benefit in a clinical setting.4,5
A relatively inexpensive and easily performed method of
identifying approximately 50% of all clinically infected
animals is acid-fast staining of fecal smears.3,4 A PCR
fecal assay also is available, but its sensitivity is lower
than that of fecal culture. Good diagnostic results can
be obtained with serologic testing for antibodies (e.g.,
agar gel immunodiffusion [AGID] test, enzyme-linked
immunospecific assay [ELISA], complement fixation
test) in animals showing clinical signs. The specificity of
all of the serologic tests is greater than 95% in sheep and
goats with signs of clinical disease, although the sensitivity is not as high.4-7 Therefore a positive serologic test
result in an animal showing clinical signs indicates that
the animal has Johne’s disease. However, the disease cannot be ruled out with a negative test result. Identification
of subclinically infected animals using serologic tests is
more problematic. A sensitivity of approximately 50% is
all that should be expected. With the ELISA and complement fixation test, cross-reactivity with Corynebacterium
pseudotuberculosis may occur, thereby limiting the value
of such testing in flocks with caseous lymphadenitis
infections.4,8 ELISA performed on milk samples from
goats had reduced sensitivity but increased specificity
(less cross-reaction) compared with serum ELISA.9 Sheep
and goats appear to respond differently with regard to
the formation of antibodies. In sheep, antibodies tend
to develop in the later stages of the disease, whereas
antibodies may be detected much earlier in the goat.
Necropsy diagnosis is based on the finding of thickened,
corrugated intestines, especially in the area of the ileum.
Acid-fast staining of impression smears (taken from the
ileum and ileocecal lymph nodes) can help yield a quick
diagnosis. The staining of numerous clumps of acid-fast
rods is highly suggestive of Johne’s disease.

Prevention
Johne’s disease has no effective treatment, so prevention
and control are imperative. However, preventing the
introduction of Johne’s disease into a herd can be difficult. Because animals with subclinical infection may
not shed the organism or shedding may occur in only
small quantities, fecal culture is helpful only if a positive culture is obtained. The sensitivity of serologic tests
of animals with subclinical disease is low and variable
among flocks.4,5 Negative test results in subclinically
infected animals are common. However, the specificity
of serologic tests remains high, so a positive test result
is a valid reason to not purchase an animal.4 Because
Johne’s disease also occurs in cattle, supplemental
colostrum supplies should come only from dairy herds
free of Johne’s disease.
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After Johne’s disease is diagnosed in a herd, several
control measures should be implemented. Sanitation
is important, because the organism is highly resistant
in the environment (i.e., capable of surviving longer
than 1 year under most conditions).5 Reduced stocking
rates, frequent cleaning of pens, and use of automatic
waterers will decrease fecal transmission. Keepers and
herdsmen should cull the offspring of infected animals.
Culling animals on the basis of the results of flock/herd
-wide AGID testing or ELISA and fecal culture is recommended. Animals should be tested at least once a year.
More frequent testing as resources allow will speed the
identification of infected animals. A vaccine for cattle is
available only in some locales, and clinicians or keepers may require official permission for its (extralabel)
use in sheep and goats. Vaccination for Johne’s disease
in cattle does not eliminate infection but can decrease
herd prevalence, delay the onset of clinical signs, and
decrease cross-transmission by infective bacterial shedding in the feces.

INTESTINAL OBSTRUCTION
Any cause of intestinal obstruction that occurs in
other ruminants may occur in sheep and goats. Most
of these diseases produce abdominal discomfort and
occasionally abdominal distention. Diagnosis is made
more difficult owing to size restrictions that usually
preclude rectal palpation. Abdominal radiographs
and ultrasonography may help differentiate among
these diseases, but exploratory surgery or laparoscopic
evaluation may be required to obtain a definitive
diagnosis and to permit selection of appropriate therapeutic plans.

Intussusception
Although occurring in all ages, intussusception is more
common in young animals. In this condition, one segment of the intestine telescopes into an adjacent segment. Any portion of the intestine can be affected, but
the ileum and ileocecal junction are the most common
areas involved. When intussusception occurs, the intestinal lumen narrows to the point of obstruction. The
initiating cause is not always known.1,2 The condition is
associated with an intestinal mass in adults and enteritis in young animals.1 Oesophagostomum infestations
have been implicated as a cause in sheep.1

Clinical Signs
The initial complaint is colic (manifested as kicking
at the abdomen, repeated rising and lying down, and
vocalization), typically followed by chronic low-grade
pain. True colic signs are variable in lambs and kids.
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In some instances, after the initial colic episode subsides, animals show no evidence of pain until the abdomen becomes distended. The time between the initial
intussusception and abdominal distention depends on
where the blockage occurs. With intussusception of the
ileum, several days may elapse before bilaterally symmetric abdominal distention becomes evident. Fecal
output is scant, and what little there is may be dark or
tarry or may contain mucus. Dehydration becomes evident, hypochloremic metabolic alkalosis may develop,
and rumen chloride levels may increase with obstructions of the duodenum.

Diagnosis
Abdominocentesis may yield fluid compatible with a
transudate (increased protein concentration and leukocyte numbers).1 Plain radiography and ultrasonography
may reveal fluid-distended intestinal loops. Occasionally the intussusception itself can be visualized with
ultrasonography or palpable through the abdominal
wall. If the condition is not treated, intestinal rupture
and peritonitis can occur.

Treatment
Surgical correction is required. If the intussusception is
corrected early, the prognosis is good in the absence of
peritonitis. Fluid support is needed to correct dehydration and metabolic abnormalities. Intravenous fluids
should be administered until rumen function returns.
Ringer’s injection with added calcium (approximately
25 mL of calcium borogluconate/L) and potassium
(10 to 20 mEq/L) are good choices for fluid therapy.
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Foreign Body Obstruction
Ingested foreign bodies or bezoars can obstruct portions of the intestines.3,4 The signs are similar to those
of obstruction caused by intussusception and depend
on which part of the intestine is blocked. In some cases
the obstructing body can be seen with use of radiography or ultrasonography. Surgical removal is required for
treatment.

Cecal Volvulus and Torsion
of the Root of the Mesentery
Cecal volvulus and torsion of the root of the mesentery occur sporadically in sheep and goats.1,3 Signs of
extreme abdominal pain, rapidly progressive abdominal distention, and circulatory collapse are characteristic
clinical manifestations. Immediate surgical correction
and circulatory support are needed.

Intestinal Atresia
Atresia of the colon, rectum, or anus can occur as a
congenital problem. The clinical sign of progressive
abdominal distention usually is noted in the first week
of life. Atresia of the anus can be detected on physical
examination, but atresia of the colon and rectum may
require contrast radiography for definitive diagnosis.
Surgical establishment of anal patency can be performed for atresia ani. A permanent colostomy may
be required in animals with atresia of the colon and
rectum. Atresia of the anus and rectum are considered
heritable in cattle.1 In our experience, atresia ani is more
common in sheep than in goats.
If surgical correction of atresia ani is attempted, the
animal also should be neutered at this time, because of
the potential genetic basis for this condition. Although
correction can be done with local anesthetic infiltration,
we recommend epidural anesthesia in case the correction is not as simple as expected. General anesthesia
should be considered for cases that will require deeper
dissection to pull rectal tissue to the normal anus location (see Chapter 18). Ultrasonography can be used to
locate a feces-filled rectum before the surgery is begun.
Occasionally a slight bulge in the skin may be seen where
the anus should be located. This finding is more common in males. In females with atresia ani, rectovaginal
fistula with defecation through the vagina is a common
finding. As a result, females may not present as early in
the course of the condition as males. The owner or manager may choose to allow affected females to live until
slaughter weight is reached, because surgical correction
is difficult and therefore not economically feasible for
a market animal. Additionally, attempts at surgical correction at more advanced stages of the condition are
seldom successful. An important consideration is that

over time, the fistula may not remain large enough to
allow normal defecation. Therefore constipation with
subsequent rectal dilation may occur before the female
reaches market weight.
The best candidates for corrective surgery are animals
that exhibit the aforementioned bulge, whether male or
female, without a rectovaginal fistula. This bulge in the
skin indicates the rectum is most likely immediately
cranial to the imperforate skin. For surgical correction, the area around the anus is clipped if needed and
scrubbed for surgery. Epidural or local anesthesia is
obtained. The clinician should first make a stab incision
through the imperforate skin to identify the rectum.
When feces are seen to freely exit this incision, it can
be converted to an X-shaped incision; in such cases, a
patent anus will be maintained by expulsion of feces.
Some surgeons prefer to make a circular incision, which
will be less likely to heal together, once again obstructing defecation. With this circular incision, repair is best
accomplished by securing the rectal mucosa to the edge
of the incised skin with absorbable suture placed at four
points equidistant around the circular skin incision.
The space between these sutures can then be closed
with either short segments of continuous suture or
additional separate sutures. The mucosa-to-skin suture
procedure is not very difficult in a tractable patient
with use of appropriate regional anesthesia. Use of this
closure technique is imperative if the rectum terminates
further cranial to the skin and some dissection with caudal traction on the rectum is required. Postoperatively,
the animal should be given mineral oil, DSS, or stool
softeners as indicated.

Intestinal Ileus
Ileus of the small intestine is a pseudoobstruction
resulting from the absence of intestinal motility. The
animal’s failure to pass ingesta leads to signs similar
to those of intussusception. The cause of ileus usually is unclear, but the condition often is secondary to
systemic disease. The same elements that cause rumen
stasis may potentially result in intestinal stasis and
ileus. Symptomatic treatment with NSAIDs for pain
and inflammation and fluids for dehydration is usually
curative.1 If signs persist, however, surgical exploration
is indicated to rule out true obstructive diseases.

Peritonitis
Pathogenesis
Infection of the peritoneal lining of the abdominal
cavity may lead to septic peritonitis. Common causes
include uterine tears; rupture of the rumen or abomasum secondary to rumenitis, abomasitis, or abomasal
ulcers; trocarization of the rumen for bloat; and rupture
of the intestine secondary to obstruction.
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Clinical Signs
Signs of peritonitis depend on the extent and severity of
the underlying condition. Abdominal discomfort and
distention, dehydration, injected mucous membranes,
depression, and death all can occur. The presence of a
fever is variable, both heart rate and respiratory rate usually are elevated, and respiratory effort may be guarded.
Animals may be febrile early but exhibit a normal to
low body temperature as the condition progresses.

Diagnosis
Abdominal ultrasound imaging can be useful in locating pockets of fluid for abdominocentesis, which usually yields fluid with increased protein concentration
and leukocyte numbers. On occasion, intracellular
bacteria are observed on cytologic examination. The
presence of extracellular bacteria is not diagnostic,
because accidental enterocentesis can occur. Culture of
abdominal fluid with antimicrobial sensitivity testing is
indicated for proper treatment. The causative organisms
vary depending on the source of the bacteria. Rumen
bacteria typically are gram-negative anaerobes; E. coli
and other enteric bacteria are common if the intestine
is the source of infection. Exploratory surgery may be
required to diagnose a gastrointestinal rupture. The
CBC results can be normal but often show an inflammatory leukogram and, in severe cases, a degenerative
left shift.

Treatment
Treatment includes the prescription of appropriate
antimicrobial agents, the administration of NSAIDs for
pain and endotoxemia, and fluid support for dehydration. The prognosis is guarded, especially if an intestinal
rupture has occurred.

Rectal Prolapse
Pathogenesis, Clinical Signs, and Diagnosis
Rectal prolapse is more common in sheep than in
goats. This evagination of the rectal mucosa and rectal
structures (and possibly the descending colon) usually is associated with excessive straining and short
tail docking in lambs. Straining is seen in lambs with
diarrhea caused by coccidiosis, Salmonella infection, or
dietary imbalances; in ewes or ewe lambs with vaginal
prolapse; in males with urolithiasis; and in animals
grazing lush forage (particularly legumes such as alfalfa
and clover). Rectal prolapse also can be secondary to
chronic coughing, short tail docking, the use of growth
implants, and rarely rabies.5-11 In lambs, short tail
docking (i.e., close to the body) appears to increase
the incidence of rectal prolapse, as compared with
long tail docking (at the level of the attachment of the
caudal tail fold).10,11 Thus short tail docking should be
avoided. Regardless of the cause, after the rectal mucosa
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becomes everted and exposed, irritation of the mucosa
causes further straining, which exacerbates the problem.
Venous drainage of the prolapse may be compromised,
but the arterial supply usually remains intact and contributes to the swelling.
Rectal prolapse is graded as type I to type IV, based
on the extent of rectum and distal colon that is everted.5
A description of these grades is presented in Table 5-3.

Treatment
Correction may be cost-prohibitive for feedlot lambs,
and immediate slaughter is recommended. In more
valuable animals, very mild, early cases can be treated
with frequent application of hemorrhoidal ointment
designed for humans and manual replacement of the
prolapsed mucosa into the anus. In our own practice,
we avoid applying pursestring sutures in the anus,
because they tend to serve as a nidus for infection and
result in further straining. If less aggressive therapies do
not relieve the problem in 24 hours, however, placement of a pursestring suture may become necessary,
particularly with type I and type II prolapse.
In all cases and with all modes of treatment, restricting feed for 24 to 48 hours while administering mineral
oil is recommended. Dusty feedstuffs (concentrates,
pellets, hay) should be avoided because they may contribute to coughing, which exacerbates this condition.
Adding molasses to feeds and lightly wetting hay may
help reduce problems with dust.
Placement of a pursestring suture is easily accomplished. The prolapsed tissue and perineal area are
washed with mild soap and lubricated with petroleum
jelly or hemorrhoidal ointment before the prolapsed
mucosa is replaced.5,9 After replacement of this tissue, the clinician inserts a tubular object (syringe
case, wooden dowel, gloved finger) into the rectum.
A pursestring suture of nonabsorbable suture material
(3-5 nylon suture material) is then placed in the skin
around the anus, tightened around the tubular object,
and tied off. For placement of the suture, a cutting
needle is used, entering and exiting at the 12 o’clock
position. Tying the knot above the anus ensures that
less fecal soiling of the suture will occur. The clinician should tie the suture in a bow knot to allow easy
identification over the next few days and then remove
the tubular object. The suture should be tight enough
to prevent prolapse but loose enough to allow feces
to pass. The clinician should regularly reevaluate the
animal and if possible gradually loosen the pursestring
suture at 24-hour intervals until no tension exists. After
a full day of no tension, the suture can be removed. If
the animal continues to strain, an epidural anesthetic
can be administered. Petroleum jelly and hemorrhoid
gel should be placed on the anus daily.5,9
The injection of counterirritants (1 mL or less of
Lugol’s iodine) around the rectum, either alone or in
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TABLE 5-3 Grades of Rectal Prolapse
Grade

Description

Comments

Type I

Small, circular amount of submucosal swelling protrudes
through anus; probing reveals a pocket or fornix just
inside anus

Type II

Slightly more circular submucosal and mucosal swelling,
possibly containing retroperitoneal rectal tissue from
anus; probing reveals a pocket just inside anus

Type III

Complete prolapse containing part of the retroperitoneal
structures of the rectum and the descending colon; probing
reveals a fornix just inside anus; the affected portion of the
descending colon does not prolapse through the anus
The descending colon appears as a tube, and has
intussuscepted through the rectum and anus; unlike
the previous types, in this case a probe or finger can be
inserted into the prolapse through the anal sphincter for
a distance of 5 to 10 cm

Good prognosis in the absence of damage to
mucosa
Repair: Pursestring suture, iodine injection,
submucosal resection
Good prognosis with rapid treatment and no
mucosal damage
Repair: Pursestring suture, iodine injection,
submucosal resection, rectal amputation
With vascular injury to the descending colon,
prognosis is guarded to poor
Repair: Submucosal resection and rectal
amputation are the methods of choice
With vascular injury to the descending colon,
prognosis is poor
Repair: Abdominal exploration may be required
to determine the extent of damage to the
descending colon

Type IV

From Hooper RN: General surgical techniques for small ruminants: part II, Presented at the Small Ruminants for the Mixed Animal Practitioner
Western Veterinary Conference, Las Vegas, Nev, 1998.

conjunction with anal pursestring suturing, is a quick
and inexpensive treatment.5,6,9 The clinician inserts an
18-gauge needle (5 cm) deeply into the skin around the
anus at the 12, 3, and 9 o’clock positions. An injection
at the 6 o’clock position should be avoided, because
swelling around the urethra can result in obstruction.
For more severe cases, submucosal resection or
amputation of involved rectal tissue may be necessary.5,9
Rectal amputation can be performed using either a prolapse ring or a suture technique. Placement of a prolapse
ring is a salvage procedure. The clinician inserts the prolapse ring into the rectum and places an elastrator band
or suture around the area to be amputated, to induce
vascular compromise and necrosis of tissue. If a ligature is used, it should be tightened to allow purchase
on the tube or ring. A fibrosis is induced just proximal
to the band or suture, and mucosa subsequently grows
across the areas.5 Strictures, peritonitis, and abscesses
are possible complications, but this technique may be
useful as a field procedure.
Submucosal resection can be performed with use
of epidural analgesia after the prolapsed tissue and
the perineal area have been surgically prepared. The
clinician places two spinal needles (9 to 10 cm) at a
90-degree angle to each other 2 to 4 mm distal to the
anal sphincter and through the entire depth of prolapsed tissue.5
A circular incision is made 2 to 4 mm distal to the
spinal needles through the mucosa and around the
outside of the anus. Another circular incision is made

just distal to the caudal extent of the prolapse into the
point at which the mucosa reflects on itself on the inner
side of the prolapse. The clinician connects these two
incisions with a longitudinal incision parallel to the
prolapse and dissects the mucosa between the circumferential incisions.5 The mucosal edges are then brought
together using a suitable absorbable suture material in
a simple interrupted pattern. After completion of this
suturing, the clinician removes the two spinal needles
and places a pursestring suture in the anal sphincter.
Placement of the suture and follow-up care are the
same as described for the pursestring suture technique.
Submucosal resection decreases the incidence of both
peritonitis and stricture formation compared with other
surgical techniques, but it is costly to perform.5
With all of these techniques, use of a caudal epidural
anesthetic (e.g., 2% lidocaine, 0.5 mL/45 kg of body
weight) is recommended to decrease straining and
ease pain associated with the procedure.6,7 A xylazine
epidural (0.01 to 0.03 mg/kg in a quantity sufficient to
make 2 mL, with 2% lidocaine) may give longer relief
(approximately 4 to 6 hours) from straining than that
obtainable with lidocaine. An alcohol epidural also
may prevent straining for extended periods. Either isopropyl alcohol or ethanol can be used to demyelinate
the motor and sensory nerves.5 This type of anesthesia
can be permanent and therefore should be used only in
animals intended for slaughter. Because of the potential
for some loss of sciatic nerve function, the clinician
should perform a test injection of a local anesthetic
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(2% lidocaine) before using alcohol. If the epidural
appears to be effective and no ataxia or muscle weakness of the rear limbs is noted, the clinician can inject
a mixture of equal parts of lidocaine and alcohol into
the sites where the test epidural was performed. Possible problems with alcohol epidural anesthesia include
injection site necrosis, sciatic nerve dysfunction, and the
inability to pass feces.5
Regardless of the type of epidural used, the clinician
clips, washes, and dries the area before placing a small
needle (20- to 21-gauge [2.6 cm]) in the cranialmost
yet still movable intracaudal vertebral space—usually
C1 to C2 or C2 to C3. The needle is placed on the
dorsal midline, at 90 degrees to the skin, with the hub
moved slightly caudally, and then slowly advanced (see
Chapter 18).

Prevention
Management practices that predispose animals to rectal
prolapse should be avoided. The most common association in lambs is with short tail docking.10,11 The clinician
should advise keepers and owners that docking closer
than the attachment of the caudal tail folds should be
avoided.10,11 Other conditions to be avoided include
dusty living or keeping quarters (pens, paddocks, or
barns), overconditioned status (with excessively fat
animals), and relevant disease processes—coccidiosis,
internal parasites, respiratory disease, and urinary calculi. Although the estimated heritability for the incidence of rectal prolapse appears to be low (0.14),11 the

DISEASES OF THE LIVER
Liver Abscess
Formation of liver abscesses usually is the result of
chronic rumenitis in cattle, but these lesions are rare
in sheep and goats. They may occur in feedlot lambs
and kids and other animals fed rations high in grain.
In lambs and kids, septicemia or extension of an
umbilical vein infection can lead to formation of liver
abscesses.1 In most cases, however, liver abscess is an
incidental finding. Weight loss, anorexia, depression,
and decreased production (e.g., growth, milk) may be
noted in affected animals.
In adults, Corynebacterium pseudotuberculosis is the
most common pathogen. Actinomyces pyogenes and
Fusobacterium necrophorum also are cultured from
abscesses.1,2 Liver enzymes may or may not be elevated.
Diagnostic ultrasonography of the liver may help detect
abscesses, especially if they are numerous and widespread. However, no specific treatment or control
measure is available. Many of the preventive protocols
used for feeder cattle can be applied to the control of
abscesses in sheep and goats. Such strategies include
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keeper should consider removing animals with a history of rectal prolapse, or whose offspring experienced
prolapse, from the breeding flock or herd. Attention to
good feeding practices and monitoring BCS also will aid
in the prevention of rectal prolapse.
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slowly introducing concentrates into the diet, offering
long-stemmed hay on a free-choice basis, and including rumen buffers (alkalizing agents) and antimicrobial
agents in the feed.

Pregnancy Toxemia and Fatty Liver
Syndrome
Pathogenesis
Fatty liver occurs in conjunction with pregnancy toxemia in ewes and does during the last month of
gestation.3,4 It is most common in both thin or obese
ewes or does with a single large fetus, twins, or
triplets.1,3-5 During late gestation, particularly in obese
females, the abdominal space is filled with accumulated
fat and an ever-expanding uterus. Because of the lack of
rumen space, these animals have difficulty consuming
enough feedstuffs to satisfy energy requirements. In
most management systems, late gestation occurs during
the winter months, when less pasture is available and
poorer-quality feedstuffs are offered. Energy requirements for ewes and does carrying twins or triplets are
greatly increased during the final 2 months of gestation,
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because 70% to 80% of fetal growth occurs during this
time. Ewes with twins require 180% more energy, and
those with triplets need 200% to 250% more dietary
energy. Glucose maintenance in ewes pregnant with
twins is significantly more prone to disturbance resulting in hypoglycemia than in ewes bearing singletons.4
Pregnancy toxemia also occurs in association with
anorexia caused by other diseases (e.g., foot rot, OPP,
CAE) or sudden stresses (e.g., feed or weather changes,
predator attacks, hauling). A period of anorexia or
lack of sufficient energy intake will result in a negative
energy balance. Affected animals begin to mobilize
body stores of fat and transport them to the liver. In
the liver, fat is catabolized to glycerol and free fatty
acids (FFAs). FFAs can be used in the citric acid cycle
(Krebs cycle) as an energy source, but not in the direct
formation of glucose. Anorexic animals have less ruminal substrate available for production of the glucose
precursor propionic acid. However, oxaloacetate, which
is an integral part of the citric acid cycle, is removed
from the cycle and converted into glucose. Depletion
of oxaloacetate inhibits the normal citric acid cycle’s
function, thereby inhibiting the use of FFAs. As the pool
of FFAs increases, they are converted to ketone bodies
or repackaged into lipoproteins. Because ruminants
are not efficient at transporting lipoproteins out of the
liver and back to the adipose stores, the lipoproteins
overwhelm the liver’s ability to handle fats, leading to
a massive buildup and resulting in a fatty liver. Because
less substrate is available for glucose formation, more
oxaloacetate is “cannibalized” from the citric acid cycle,
further inhibiting the body’s ability to use FFAs. This
impairment in turn results in the continued accumulation of ketones. Hypoglycemia, hyperketonemia, and
potentially uremia and death can occur.

Clinical Signs
Animals suffering from fatty liver or pregnancy toxemia
become anorexic and depressed or dull, with altered
behavior patterns, and may lag behind others in the
group or become recumbent. Some are constipated,
grind their teeth, have a ketone smell to the breath,
demonstrate labored breathing or frequent urination,
and suffer from dystocia. Neurologic signs include
blindness, circling, incoordination, “star-gazing,” tremors, and convulsions.6-8 Death can occur if the condition is left untreated. In the case of fetal death in utero,
maternal septicemia-endotoxemia and death are common sequelae.

Diagnosis
Diagnosis is based on clinical signs, the presence of
multiple fetuses, and typical clinicopathologic findings.3
CBC results may be normal or show an eosinophilia,
neutropenia, and lymphocytosis. Affected animals
may or may not be hypoglycemic, but ketoacidosis,

hypocalcemia, and hypokalemia are common.5-8 Liver
enzymes usually are within normal limits but occasionally may be increased. Azotemia, both from dehydration
and secondary to renal disease, is a common finding,
and a fatal uremia may occur. Blood concentrations of
β-hydroxybutyric acid greater than 7 mmol/L are consistent with pregnancy toxemia. Urinalysis will be positive
for both ketones and protein.3 Urine is collected from
sheep by holding the nares and from does by frightening them and then allowing them a perceived escape,
whereupon they stop, squat, and void.
Although not commonly performed, liver biopsy can
help determine the extent of fatty infiltration. Serum
protein pattern changes may become an available tool
in the diagnosis of this condition in the future.5 This
syndrome must be differentiated from hypocalcemia,
hypomagnesemia, polioencephalomalacia, encephalitis, lead toxicity, and cerebral abscesses.

Treatment
Very early cases (before onset of recumbency) may
be treated with oral or intravenous glucose. A balanced electrolyte solution with extra calcium (25 mL
of 23% calcium borogluconate/L), potassium (10 to
20 mEq/L), and 5% dextrose is needed.3 In some cases,
sodium bicarbonate is valuable in treating acidosis (see
Chapter 3). Energy intake must be increased, and propylene glycol can be administered (15 to 30 mL every
12 hours) as a glucose precursor. Rumen transfaunation
and supplementation with vitamin B complex (including vitamin B12, biotin, niacin, and thiamine) also are
recommended.
After affected females become recumbent, treatment
must be very aggressive. Flunixin meglumine (2.5 mg/kg
once daily) appears to improve survivability, but should
be used in conjunction with other therapies.3 Flunixin
meglumine can be given daily in depressed anorexic
animals, and its use appears to improve feed intake.3
Researchers using recombinant bovine somatotropin
showed a response, but it was not significant in comparison with that in control animals.9 Removal of the
fetuses is crucial in these cases. Chemically inducing
parturition (by administering 2.5 to 10 mg of prostaglandin F2α or 0.75 μg/45 kg of cloprostenol in does
and 15 to 20 mg of dexamethasone in ewes) and giving the ewe or doe medical support (fluids, B vitamins,
glucose) while waiting is a useful protocol in some
cases. Unfortunately, during the time before parturition,
endotoxemia from dead fetuses further compromises
the female’s well-being. For this reason, we recommend
immediate cesarean section in depressed moribund animals (see Chapter 8). The owner should be forewarned
of the poor prognosis for animals already in a moribund
state. Fluid support during and after surgery is crucial.
Regardless of the therapeutic plan, the animal should
be offered a palatable, energy-rich, highly digestible
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feedstuff. The keeper and the clinician should take care to
minimize the risk of a confounding disease during convalescence (e.g., lactic acidosis, polioencephalomalacia).

Prevention
Fatty liver and pregnancy toxemia can be prevented
through proper management and nutrition. Maintaining animals in proper body condition throughout the
year and making sure energy and protein levels are
adequate in late gestation (see Chapter 2) are two key
preventive measures.3,6,7 The owner or manager should
be taught to assess body condition in individual animals, avoid extremes in body condition, and maintain
emergency stores of feed in case of severe weather
or natural disasters. In overconditioned females, the
keeper should be encouraged to restrict institution of
weight loss programs to early gestation (if at all) and
to avoid abrupt feeding changes, while promoting exercise (e.g., by increasing walking distances from mineral
access to shelter). The requirement for energy may be
one and a half to two times maintenance for dams with
single fetuses and two to three times maintenance for
those with multiple fetuses. Prevention of concurrent
disease, which may further increase energy demands
or cause anorexia (e.g., intestinal parasitism, foot rot),
is crucial. The keeper should take care to increase the
grain portion of the diet slowly, and ensure the consistent availability of fresh, clean water, as anorexia
from rumen upset can lead to pregnancy toxemia. Ewes
should be offered 0.5 to 1 kg of a cereal grain (corn,
oats, barley, or a combination) every day during the
final months of gestation; does can be offered ½ to
1 kg of grain. Keepers should maintain ewes and does
at a body condition score of 2.5 to 3 (see Chapter 2)
throughout gestation and evaluate the animals’ energy
intake every 2 to 4 weeks.
Ultrasonography can help identify females with multiple fetuses. These animals should be separated into
groups and fed accordingly.3 Ultrasonographic determination of fetal numbers is best accomplished between
35 and 90 days after breeding (see Chapter 8). Determination of fetal number may be enhanced with use
of proper technique: shearing the hair or fiber in front
of the udder, applying a coupling substance to the skin
(e.g., alcohol, oil, lubbricating gel), and interrogating
(viewing) as much of the abdomen as possible while
systematically moving from one side of the posterior
abdomen to the other, to obtain an appreciation of the
abdominal structures including any fetuses present.
Animal keepers and clinicians should ensure that
ewes are healthy and free of chronic diseases (e.g., OPP,
CAE, foot rot, chronic parasitism) and that a goodquality trace mineral salt mixture is available on a freechoice basis. The addition of lasalocid (0.5 to 1 mg/kg/
day) or monensin (1 mg/kg/day) to the feed or mineral
mixture will enhance the formation of the glucose
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precursor propionic acid and improve the efficiency
of feed use. Monensin should be used with caution,
however, because associated toxicity has been reported;
the agent should compose no more than 30 ppm of the
complete diet. The inclusion of niacin (1 g/head/day) in
a feed supplement or mineral mixture will help prevent
pregnancy toxemia. Supplementation with lasalocid,
monensin, or niacin should begin 2 to 4 weeks before
the animals give birth.
Shearing in the last trimester also is recommended
in ewes.7 Many sheep producers routinely clip the
wool around the vulva. If complete body shearing is
performed, the incidence of fatty liver or pregnancy toxemia may be decreased, by several mechanisms: Sheared
sheep require less energy to walk and graze. Sheared
ewes also tend to shiver on cold days, exercising the
enzyme systems that promote the more efficient use of
FFAs as energy substrate. These ewes tend to seek shelter
during cold weather, which may decrease lamb losses
resulting from hypothermia. Obviously, if ewes are to be
shorn, keepers should make adequate shelter available.
Keepers should avoid hauling or moving females
during late gestation. Proper predator control measures should be maintained. Good hoof care programs
should be in place on farms or ranches where grazing
is the predominant form of nutrient intake. Sheep and
goats should have their teeth checked to ensure good
dentition before the breeding season. Animals with
poor teeth should be culled.
Measuring serum β-hydroxybutyric acid concentrations is useful in assessing energy status in ewes. Values
of 0.8 to 1.6 mmol/L suggest a negative energy balance.
Keepers should take steps to correct the problem by
feeding better-quality, more digestible feedstuffs.

White Liver Disease
White liver disease is a form of fatty liver disease
reported only in Angora and Angora-cross goats and
sheep. It is associated with cobalt deficiency.10-14

Pathogenesis
Cobalt is needed by rumen microflora to produce
cyanocobalamin, or vitamin B12, which is a coenzyme
for methylmalonyl-coenzyme A (CoA) mutase. This
enzyme is in turn needed to convert propionate to glucose through the Krebs cycle. Cobalt deficiency leads to
the accumulation of methylmalonyl-CoA, or methylmalonic acid, which is converted to branched-chain fatty
acids that accumulate in the liver. Diets high in grain,
which is fermented to propionate, coupled with deficient or marginal cobalt intake, may predispose to this
condition. White liver disease has not been reported in
the United States, but ill thrift from cobalt deficiency
has been observed. It is therefore possible that the disease goes unrecognized in some cases.11-14
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Clinical Signs

Clinical Signs

Signs most commonly are seen in young animals
and include ill thrift, anorexia, and diarrhea; sheep
may exhibit photosensitivity. Clinical laboratory findings include a macrocytic-normochromic anemia and
hypoproteinemia.1,11,14

Anorexia, depression, diarrhea, and weakness all are
signs of copper toxicity. In many instances, affected
animals are found dead with hemolysis and icterus.
Abdominal pain and diarrhea sometimes are present.
Port wine–colored urine is evidence of hemoglobinuria. Hemoglobinemia produces icterus of the mucosal
membranes and fever.

Diagnosis
Abnormal serum or liver concentrations of vitamin B12
or liver cobalt levels are the basis for diagnosis. Liver
cobalt concentrations of 0.08 ± 0.02 ppm determined
on a dry matter basis were reported in goats with white
liver disease, compared with 0.53 ± 0.11 ppm in control
animals.11,12

Treatment and Prevention
Sheep can be treated with oral cobalt (1 mg/head/
day) or vitamin B12 injections. The condition usually
can be prevented by including cobalt in the ration by
feeding a good-quality trace mineral salt. however in
areas in which cobalt is extremely deficient or absent
from all feedstuffs, the oral administration of cobaltcontaining “bullets” along with supplementation with
a cobalt-containing salt-mineral mixture, may be
required.13

Copper Toxicosis
Pathogenesis
Copper toxicosis is more common in sheep than in
goats.1,6,8 Goats appear to excrete copper more efficiently than sheep and are more cow-like in their
ability to resist toxicosis, but nevertheless are susceptible.1,6,15-17 The use of copper oxide wire particles to
treat internal parasitism has been suggested as a cause
of copper toxicity in goats. Toxicity results from chronic
accumulation in the liver from the ingestion of excess
copper in relation to molybdenum or sulfate in the
diet. In sheep, a copper-to-molybdenum ratio greater
than 10:1 leads to the accumulation of excess copper.
The most common sources of excess copper in sheep
and goats are trace mineral mixtures and feeds formulated for cattle or horses. Clinical signs often are absent
during the chronic accumulation phase. Onset of acute
disease is related to the sudden release of copper from
the liver in large amounts. Stress usually precipitates
this acute phase. Acute release of copper and subsequent high blood copper concentrations cause an acute
hemolytic crisis, resulting in anemia, hemoglobinuria,
and acute renal failure. Existing hepatic disease (such
as that caused by liver flukes) may predispose animals
to this condition. Some breeds (e.g., Merino sheep)
seem to be prone to copper absorption and storage
problems, whereas others (e.g., pygmy goats) tend
to be more resistant and prone to deficiency (see
Chapter 2).

Diagnosis
Findings on clinicopathologic examination include anemia, hemoglobinemia, hyperbilirubinemia, increased
liver enzymes, and azotemia. Urinalysis reveals hemoglobinuria and isosthenuria. The combination of azotemia
and isosthenuria indicates acute renal failure. Definitive
diagnosis of acute disease requires measurement of copper concentrations in serum. Normal blood copper concentrations are approximately 50 to 200 μg/dL in sheep
and goats.18 These concentrations increase 10- to 20-fold
with an acute hemolytic crisis.6 On necropsy, kidney
copper concentrations are the most diagnostic tissue,
because liver concentrations may be normal after release
into the bloodstream. Generally, kidney concentrations
greater than 100 ppm and liver concentrations greater
than 350 ppm on a dry matter basis are diagnostic.
If tissue copper is reported in wet weight, the conversion
to dry tissue weight can be estimated by multiplying the
tissue concentration by a factor of 3.5.

Treatment
Treatment of acutely affected animals often is futile.
Appropriate management consists of supportive therapy for the acute renal failure and anemia and attempts
to lower liver copper stores. Fluid therapy for the acute
renal failure (see Chapter 3) is of clinical benefit, and a
blood transfusion may be needed if the PCV drops precipitously. Ammonium tetrathiomolybdate (1.7 mg/kg
IV or 3.4 mg/kg SC on alternate days for three treatments) is the most economical agent for treatment in
acute cases. In valuable animals, oral d-penicillamine
(26 to 50 mg/kg twice daily or 52 mg/kg once daily for
6 days) increases urinary copper excretion. Trientine is
used in human beings but has shown variable results in
sheep. Treatment of the remainder of the flock should
include the oral administration of ammonium molybdate (50 to 500 mg/head/day) and sodium thiosulfate
(300 to 1000 mg/head/day) for 3 weeks. Stress should
be minimized, so keepers and clinicians should delay
routine maintenance procedures such as deworming
and hoof trimming until after treatment. When applicable, spraying a combination of ammonium molybdate and sodium sufate onto harvested forages low or
deficient in copper to approximate the required therapeutic amount will decrease the stress required in daily
oral dosing of chemicals. Allowing free access to grazing of forages high in sulfur (greater than 0.5% sulfur),
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if available, for all surviving ambulatory animals also
may help to minimize death losses in a flock or herd.
Overzealous attempts to clear excessive hepatic copper
stores may potentially lead to deficiency, excessively
stress the animal, and can be costly, thus should be
avoided. The offending source of copper should be
eliminated. Caution should be taken in such cases to
remove ionophores from the diet, because these agents
may contribute to copper absorption. 19

Prevention
Avoiding high dietary copper (more than 10 ppm), a
high copper-to-molybdenum ratio (greater than 10:1)
in the feed, use of copper-containing foot baths, and
other sources of copper is crucial. Including supplemental molybdenum in the diet to lower the copper-tomolybdenum ratio to 6:1 to 8:1 is beneficial. Addition
of up to 2 to 6 ppm of molybdenum may be required
in many instances.
Often too much emphasis is placed on the trace
mineral component of the diet. The clinician should
be aware that even if no copper is added to the trace
mineral mixture and the element does not appear on
the product label, the mineral mixture may nevertheless
contain copper. Many components of mineral mixes are
contaminated with copper (zinc sulfate may contain
400 ppm of copper, dicalcium phosphate may contain
more than 30 ppm of copper). Therefore the clinician
needs to perform a dietary analysis to find and correct
the problem.

Toxic Hepatitis
Pathogenesis
The liver is vulnerable to toxic insult because one of
its major functions is detoxification. The most common plants that are gastrointestinal and liver toxins are
shown in Table 5-4. Clinical signs will depend on the
offending agent. Acute, severe toxicity is more common
with chemical toxicosis, whereas plant toxins usually
cause chronic disease. A thorough history is important,
and in many cases, inspection of the animals’ environment is required.

Clinical Signs
The clinical signs of toxic hepatitis can be subtle and
nonspecific. Animals may exhibit only anorexia and
depression. Icterus is more common with hemolytic
diseases and is not always seen with liver disease. Photosensitivity is a common clinical feature in ruminants,
and hepatoencephalopathy also can occur.

Diagnosis
Clinicopathologic data are more helpful in diagnosing
acute toxicity. Serum AST and LDH levels can increase
with hepatocellular necrosis, but such changes are
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not liver-specific, so muscle injury and disease must
be ruled out. These enzymes also increase if serum is
not separated from a blood clot in a timely fashion.1
Increased levels of alkaline phosphatase (AP) and GGT
indicate biliary stasis. AP concentrations also are not
liver-specific, but increased serum levels of GGT are very
specific for liver disease. GGT also increases in some
hepatocellular diseases, so testing for normal concentrations is important.18 Unfortunately, levels of all of these
enzymes can be normal with liver disease, especially if
it is chronic. Hyperbilirubinemia, hypoglycemia, low
blood urea nitrogen (BUN), and hypoalbuminemia are
not always evident, as is classically taught. If hepatoencephalopathy is suspected, blood ammonia concentrations may be elevated. Blood ammonia analysis may
be impracticable in the field, because the blood should
be kept on ice and the test should be performed within
30 minutes of collection. To enhance the accuracy of
blood ammonia analysis, the clinician should collect
blood from a normal control animal for comparison.
Ammonia concentrations three times those in the
control animal are diagnostic.20 Liver biopsy remains
the most valuable tool for diagnosing liver disease.
Although clotting dysfunction may occur in liver disease, it is an uncommon complication in ruminants,
and risk of bleeding should not discourage the clinician
from performing a liver biopsy.

Treatment
If the intoxication is caught in the acute stage, activated
charcoal (500 g in the adult animal) can be given. Supportive care, especially fluid support with dextrose solutions, is the mainstay of therapy. Low-protein diets may
suppress ammonia production temporarily, but they
can be detrimental over time, depending on the production status of the animal. Animals exhibiting photosensitivity should be housed indoors if possible, and
broad-spectrum (systemic or topical) antibiotics may
be necessary to control secondary bacterial dermatitis.
Corticosteroids (e.g., dexamethasone 0.1 to 1 mg/kg IV
or IM) may be indicated in early cases of photosensitization to decrease inflammation. Neurologic signs can
be controlled with phenobarbital (initial dose: 10 to
20 mg/kg IV diluted in saline and administered over
30 minutes; subsequent doses: 1 to 9 mg/kg IV diluted
in saline, as needed, up to three times daily). Diazepam
(Valium) is contraindicated in hepatoencephalopathy
because it may worsen deficits.21

Miscellaneous Liver Diseases
Congenital hyperbilirubinemia, or black liver disease, occurs in certain mutant Corriedale sheep.1 The
underlying disorder, the very similar to Dubin-Johnson
syndrome in humans, is a genetically recessive condition characterized by an abnormality in the excretion
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TABLE 5-4 Plants That May Cause Gastrointestinal or Hepatic Disease
Plant

Comments

Signs

Cocklebur

Erect annual herbage in sandy soils,
flood plains, and overgrazed
pastures; seeds are toxic
Pyrrolizidine alkaloids; excreted in
milk and urine and can cross
placenta; young more susceptible

Within hours to days of ingestion: anorexia, vomiting,
colic, dyspnea, gastroenteritis, chronic hepatitis,
hepatic damage, death
Dullness, weakness, weight loss, icterus, fibrosis,
hepatocytomegaly, bile duct proliferation,
photosensitivity; subcutaneous edema, diarrhea

Found in sandy, tropical areas;
berries, leaves, and hay are toxic

Chronic toxicity—slow hepatic failure; icterus,
photosensitization, weakness, bloody diarrhea,
cholestasis, hepatic failure
Acute toxicity—gastrointestinal upset, depression, serous
nasal discharge, salivation, bloat; chronic toxicity—
vomiting, hepatic and renal congestion, gastric
edema, aspiration pneumonia; pulmonary edema
Gastroenteritis, hepatic necrosis, photo-sensitization,
goiter, hemolysis
Itching, uneasiness, inflamed eyes, blindness, serum
discharge from scabs; degenerative changes in
liver and elevated liver enzymes
Photosensitization

Senecio (groundsel),
Crotalaria, heliotrope,
Amsinckia (fiddleneck),
Echium
Lantana

Sneezeweed, bitterweed,
rubberweed

Grows in overgrazed pastures; all
parts of plant are toxic

Cabbage, kale, rape, mustard,
wild mushroom
Horsebrush

Remove from diet; add iodine to
diet (for goiter)
Stop grazing, keep animals indoors

Clover (crimson, red,
subterranean burclover)
St. John’s wort

Blue-green algae

Perennial herb; grows along
roadsides and in overgrazed
fields; remove from diet and
keep animals in shade
Toxic after a bloom

Pokeweed
Gossypol (cottonseed)
Rhubarb
Oak

Toxicity seen in younger
preruminants
Contains oxalic acid
Acorns and oak buds are most
toxic

Castor bean

Beans most toxic

Mistletoe
Other potentially pathogenic
plants
English ivy
Sesbania
Narcissus
Elderberry
Spurge
Buckwheat
Queen Anne’s lace
Milkweed
Parsley, giant hogweed

Berries not toxic

Increased respiration, diarrhea, pruritus, dermatitis,
death

Vomiting, diarrhea, liver failure, photosensitization;
necropsy findings include swollen bloody liver,
edema around gallbladder, centrolumbar
apoptosis, necrosis
Vomiting, cramps, diarrhea, weakness, dyspnea,
prostration, tremors, convulsions
Poor performance, convulsions, cardiac toxicity
Gastrointestinal toxicity
Abdominal pain, pseudomembranes in
gastrointestinal tract, bloody diarrhea,
depression, renal toxicity
Gastrointestinal irritation, bloody diarrhea, central
nervous system disturbances
Nausea, diarrhea
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of conjugated bilirubin and phylloerythrin. Appearance of disease manifestations in animals often is
related to consumption of green forage. Clinical signs
include anorexia, photodermatitis, and icterus. Liver
biopsy in affected animals reveals dark pink to black
granules in otherwise normal hepatocytes. The syndrome first manifests itself in lambs around 5 months
of age.22
A similar condition, termed Gilbert’s syndrome in
people, occurs in Southdown lambs around 6 months
of age. It appears to be a recessive condition characterized by decreased hepatic uptake of phylloerythrin
and bilirubin, with concurrent renal failure.22 Clinical
signs include icterus, photodermatitis, and ulceration
around the ears and mouth. Liver biopsy reveals normal hepatic tissue. In both of these conditions, affected
animals should be kept out of sunlight and fed minimal amounts of green forage. Obviously, these animals
should be neutered or culled.
Various tumors of the liver, including fibrosarcoma,
lymphosarcoma, and cholangiocellular carcinoma,
have been reported in sheep and goats.21,22 The use of
ultrasonography and ultrasound-guided liver biopsy
may aid in diagnosis.
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PATHOLOGIC CONDITIONS
OF THE UMBILICUS
Umbilical Hernia
The umbilicus is an opening in the ventral abdominal
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day of birth. The failure of this opening to close properly is termed umbilical hernia.
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Pinning
Use of clamps or elastrator bands may be of value for
closing small hernias (those less than 4 cm in diameter). The clinician should either lightly sedate the animal or infiltrate the skin around the hernia with a local
anesthetic (e.g., 2% lidocaine). The animal is placed on
its back and held by a technician helper. Any viscera
prolapsing into the hernial sac should be replaced into
the abdomen. The empty hernia sac and skin should
then be tented away from the body wall to allow placement of an elastrator band as close as possible to the
body wall. The clinician then inserts two metal pins
(old fashioned baby diaper pins can be used) through
the skin and hernia sac in a crossing fashion just distal
to the elastrator band, so as to keep the elastrator band
in place immediately adjacent to the external rectus
sheath. Pinning in this fashion will result in ischemic
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necrosis of the tissue distal to the elastrator band and
enough inflammation of the tissue that the hernia ring
adheres closed. The skin and hernia sac distal to the
elastrator band will slough and the abdominal defect
will heal in 7 to 14 days. Lambs should be given tetanus
prophylaxis. This procedure and other clamping techniques are useful in females and some males. However,
urine scalding of the skin may occur in some males.
Clinicians should closely monitor animals that have
undergone clamping for signs of abdominal discomfort
or wound complications.

Surgical Resection
In cases in which the hernial ring is larger than
5 cm, surgical intervention will yield the most reliable results. The animal can be sedated and the skin
of the umbilical region then infiltrated with a local
anesthetic, or general anesthesia can be used. The area
around the hernia is clipped and surgically prepared.
The clinician makes an elliptical skin incision around
the hernia sac and dissects down to the hernia ring
at the external rectus sheath. The abdominal cavity is
opened just cranial (or caudal) to the hernia ring on
the linea alba to allow introduction of a finger into the
abdominal cavity. The clinician uses this finger to digitally palpate the hernia ring to ensure that no viscera
have adhered to the inner lining of the ring and that
no enlarged or infected umbilical remnants (umbilical
vein, umbilical arteries, or urachus) are present. The
surgeon then carefully excises the hernial sac at the
hernial ring. Any adhesions or abnormal umbilical
remnants present are then excised before closure of
the defect in the abdominal wall. This closure can be
accomplished by simply opposing the incised edges
of the external rectus sheath with absorbable suture
in a simple continuous pattern. In the case of large
hernias with tension on the body wall closure, a nearfar-far-near suture pattern may be used. As a matter of
personal preference (that of A.N.B.), a near-far-far-near
suture pattern can be used in the middle of the incision to relieve tension, with completion of the closure
in a simple continuous suture pattern. This approach
provides a secure repair with rapid healing. The subcutaneous tissue should be closed with absorbable
suture in a simple continuous pattern, and the skin can
be closed using whatever pattern the clinician prefers.
Animals should be given tetanus prophylaxis and antibiotics. They should be closely monitored for signs of
sepsis and surgical failure. Exercise should be limited
for 7 to 14 days after surgery.

Umbilical Infections
Infections of the umbilical arteries (omphaloarteritis)
and veins (omphalophlebitis) and urachal disease can
occur as a consequence of failure or partial failure of

passive transfer of colostral antibodies and subsequent
sepsis. Contamination of the umbilicus, retracting
of these structures after stretching and breaking, and
chemical damage (from strong tincture of iodine) to
the amniotic remnants are other possible causes.1-3
Dipping the umbilicus in iodine or iodine-chloriodine
solutions is a common practice. Aggressive use of these
chemicals, however, may precipitate severe inflammation of the cord. Excessive torsion of the umbilical cord,
distention of the proximal urachus, and some genetic
factors all may be associated with patent urachus, which
also may occur as a sequela to omphaloarteritis or
omphalophlebitis.

Clinical Signs and Diagnosis
The clinical signs include umbilical swelling, pain, and
occasionally drainage or discharge of the umbilical
stump. Palpation and transabdominal ultrasonographic
evaluation will reveal an enlarged cord-like structure
ascending from the umbilicus cranially (the umbilical vein) or caudally (the urachus or umbilical artery).
Ultrasonographic evaluation may indicate presence of an
abscess or thickened tissue. Patent urachus is associated
with dermatitis, urine scalding of the ventral abdomen,
and urine dribbling. If the urachus becomes infected,
it may leak urine intraperitoneally or subcutaneously.
Both of these developments may be identified by
abdominal palpation, ballottement, ultrasonographic
evaluation, and, when indicated, paracentesis.1 The
CBC may reveal neutrophilia. Blood culture is indicated
if sepsis occurs simultaneously. Occasionally, infection
of the internal structures may occur with no outward
umbilical swelling. Deep abdominal palpation and the
use of real-time ultrasound imaging are necessary to
obtain a diagnosis. Animals with umbilical infections
also may exhibit signs of septicemia, anorexia, depression, joint distention, and fever.

Treatment
Repair of Patent Urachus. If a patent urachus
occurs without inflammation of the associated tissues,
it can be cauterized daily with iodine or silver nitrate.
However, if it remains patent for more than 5 days, it
should be surgically closed. For the surgical repair procedure, the animal should be placed under general anesthesia (see Chapter 18). The area around the umbilicus
is clipped and surgically prepared, and broad-spectrum
antimicrobial therapy is instituted 2 to 4 hours before
surgery. The clinician opens the abdomen lateral to the
umbilicus and digitally explores the adjacent area for
adhesion formation. The urachus should be identified
and followed to the urinary bladder. The urachal attachment to the bladder is then amputated, and the bladder
is closed using a double-layered inverting (Cushing)
pattern. The abdominal wall, subcutaneous tissue, and
skin are closed as described for umbilical hernia repair.
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Medical versus Surgical Management of
I nfection. On occasion, some cases of omphalophlebitis-omphaloarteritis can be effectively treated
medically. Prolonged antibiotic therapy with a broadspectrum antimicrobial agent (ceftiofur, 2.2 mg/kg once
a day, or oxytetracycline, 20 mg/kg SC every 72 hours)
may be attempted. If medical therapy is ineffective,
however, the infected umbilical remnants should be
marsupialized or excised. We prefer more aggressive
surgical removal of the umbilical remnants. As with
urachal surgery, the abdomen should be opened lateral
to the umbilicus. Depending on the severity of infection
and the amount of tissue involved, the clinician may
need to perform extensive dissection of necrotic tissue
and possibly intestinal resection.3
Surgical Management of Extensive Infection. If
the infection of the umbilical vein extends to and
involves the liver, marsupialization of the umbilical
vein is an effective method of therapy.2,3 The clinician
can pull the vein to the cranialmost portion of the
abdominal incision and suture it to the muscle layers
and skin before closing the abdomen as described for
umbilical hernia repair. Our own preference, however, is
to cover the transected end of the umbilical vein (with
a sterile glove or surgical sponge) and pull it through
a stab incision cranial to the hernia. It can then be
secured in place with suture. The abdominal incision is
then closed as described in hernia repair. This method
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of repair will minimize the incidence of abdominal wall herniation. Only monofilament, absorbable,
non–gut suture material should be used.3 The venous
stump should be flushed daily with antiseptic solution
(1% chlorhexidine or 0.1% povidone-iodine), and the
animal should be maintained on antibiotics for more
than 14 days. The venous stump usually closes within
a month.3 Very rarely, a second operation may be
required to resect the previously infected umbilical vein.

Prevention
Umbilical infections can be prevented or their incidence drastically reduced by ensuring adequate intake
of good-quality colostrum. In addition, lambs and kids
should be exposed to only minimal stress (particularly
during the first 2 to 3 days of life), to enhance colostral
absorption. In some management scenarios, dipping of
the navel with noncaustic materials also helps reduce
the incidence of such infections.
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Internal Parasites
James E. Miller, Ray M. Kaplan, and D.G. Pugh

Internal parasitism of sheep and goats is the most
significant medical problem affecting animal health
and production throughout much of the world. Internal parasites are the most common cause of diarrhea,
weight loss, anemia, poor production, poor reproduction, and general ill health in animals. The economic
losses for producers of animals with uncontrolled
internal parasites can be devastating. Internal parasitism results in decreases in growth and in milk and fiber
production, as well as increasing production costs (e.g.,
labor and drug cost for treatment). Lack of adequate
forage (or pasture) or intensive management programs
may result in increased animal concentration, which
usually results in increased flock or herd parasitism.
The inappropriate use of deworming chemicals further
exacerbates and increases the potential severity of flock
or herd parasitism.
This chapter reviews the biology, diagnostic procedures, treatment, and prevention strategies for the control of nematodes, cestodes, coccidia, and liver flukes in
animals, with emphasis on a clinical perspective.

NEMATODE INFECTION
Etiology and Pathogenesis
Gastrointestinal nematode parasites of sheep and goats
are very similar to those of cattle, but the species
encountered will differ as a result of host specificity
(e.g., cattle species do not readily infect sheep and
goats, and vice versa). The major gastrointestinal nematodes that parasitize pastured sheep and goats alike are
Haemonchus contortus, Teladorsagia (formerly Ostertagia) circumcincta, Trichostrongylus spp. (predominantly
Trichostrongylus colubriformis), Cooperia curticei, and
Oesophagostomum spp. Of minor clinical importance are
Nematodirus spp., Trichuris ovis, Bunostomum trigonocephalum, and Strongyloides papillosus. The particular species
of nematodes that are primarily responsible for producing disease vary from region to region, where climate
usually determines which pathogens are of greatest
importance and weather determines the epidemiology
of transmission. Most of these nematodes affect the
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abomasum or small intestine and cause greatest levels
of clinical disease in young, growing animals. In much
of the United States, H. contortus is the most important
nematode with respect to clinical disease and economic
impact. Although adult animals also are infected, clinical disease is not common in sheep (and, to a lesser
extent, goats) that are older than 18 months, owing to
development of immunity. High stocking rates (overcrowding) lead to overgrazing, which increases both
the contamination of the pasture and the rates of exposure to infective larvae. Such pasture mismanagement
often exists concurrently with malnutrition (inadequate
nutrient or protein intake); this combination usually
results in greater susceptibility to infection no matter
what the age of the animals.1
The life cycle for all of the aforementioned parasitic
nematodes is essentially the same: Eggs deposited by
female worms are passed in the feces and hatch under
favorable environmental (temperature and moisture)
conditions, releasing the first-stage larvae. The first-stage
larvae feed on organic matter in the feces and molt to
the second-stage larvae, which continue to feed before
molting to the third-stage larvae, the infective form.
The third-stage larvae do not feed, because the cuticle
of the second-stage larvae is retained, which serves as
a protective outer sheath. The first- and second-stage
larvae are susceptible to adverse environmental conditions such as high temperatures and desiccation, but the
third-stage larvae are protected by the outer cuticle and
can survive for an extended period of time (sometimes
many months) either within feces or on pasture. During
dry environmental conditions, fecal pellets tend to trap
the third-stage larvae, because no moisture is available
to facilitate migration out of the feces; therefore drought
conditions followed by rain can result in devastatingly
high rates of pasture contamination as larvae that have
remained in the feces are released.1 Whether as an
immediate or a delayed event, the third-stage larvae
migrate out of the feces when adequate moisture (rain,
flooding, heavy dew) is present and are then ingested
by the host during grazing. The larvae exsheath in the
rumen and find their way to the appropriate organ
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and penetrate into the mucosa, where they molt to the
fourth-stage larvae. Under normal development conditions, the fourth-stage larvae migrates back out into the
lumen and molt to the fifth stage of the life cycle (the
immature adult), which then develop into the reproductive mature adult to complete the life cycle. Under
environmental conditions that are harmful to survival
and development of the free-living larval stages outside
the host (winter cold or summer heat), the fourth-stage
larvae will go into a state of arrested development
(or hypobiosis) in the gastrointestinal mucosa and
remain in that state for 3 to 4 months, at which time
they resume development. The end of hypobiosis
coincides with changes in the weather, which causes
the environment to once again become conducive to
development and survival of free-living parasitic stages.
Exceptions to this life cycle are recognized. The
development to third-stage infective larvae takes place
inside the egg for Nematodirus spp. and Trichylostrongus
ovis. For Nematodirus spp., the eggs can survive for
extended periods (up to 1 to 2 years) on pasture,
eventually hatching when environmental conditions
are right. Therefore very few generations per year are
produced, and accumulation of infection is slow. For
T. ovis, the eggs do not hatch, and free-living larval
stages are not part of the life cycle; the infective eggs
can survive for extended periods (4 to 5 years) on pasture and in dry lots or barns. Both Nematodirus spp.
and T. ovis usually are associated with minimal clinical
disease, but one species of the former, Nematodirus battus, may pose a threat to young, newly weaned grazing
lambs. This species, however, is currently not present in
the United States. The hookworm, B. trigonocephalum,
may infect the host by either oral ingestion or percutaneous penetration. Infective larvae of S. papillosus can
be ingested while grazing but also may be sequestered
in the mammary tissue of the dam, from which they
can be transmitted to the young in the milk during
suckling.
An important point in the context of nematode
control is that reinfection depends on forage consumption. Maintaining animals indoors or in dry pens thus
removes them from reinfection sources, thereby interrupting the life cycle of these pathogens.

Clinical Signs
Each nematode parasite induces its own specific
pathologic changes in the host, but infections rarely
are due to a single species but rather are caused by a
mixture of many. Most infected animals will not display any outward manifestations of disease; however,
when infections are severe enough to cause clinical
disease, signs may include anemia, diarrhea, poor
growth, weight loss, submandibular edema (bottlejaw), midline edema, decreased feed conversion,
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decreased milk production, and death. Which of
these manifestations predominates depends on which
species of pathogen are most numerous. Haemonchus
contortus infection is the most devastating, particularly
in hot and humid tropical and subtropical regions but
also is a problem in many cooler, temperate regions1
(see Chapter 20).

Diagnosis
Antemortem diagnosis of gastrointestinal nematode
infections usually is made by examining the feces for
nematode eggs. Although a direct fecal smear can be
examined, the mere presence of nematode eggs is not
helpful in determining the parasite load of an individual animal or group of animals. Quantifying the fecal
egg count (FEC) is the best way of estimating parasite
loads. A quantitative McMaster technique for determining the FEC (reported as number of eggs per gram
[EPG]) is illustrated in Box 6-1 and Figure 6-1.
Common trichostrongyle eggs are shown in Figure
6-2, A. In addition, all eggs of trichostrongyle nematodes look similar and cannot readily be identified as
to species. Knowing which species are predominant,
however, has important implications for selection of
control strategies. Thus culture of feces followed by
larval isolation and microscopic identification has
been the traditional method of identifying nematode
species that are infecting an animal. However, this
method requires a 10- to 14-day incubation period
and considerable parasitologic expertise. A quicker and
easier method is therefore highly desirable. Such a test
for identifying Haemonchus eggs now exists.2,3 It has
been demonstrated that peanut lectin will bind specifically to eggs of Haemonchus, but not to those of other
trichostrongyle species. Therefore, by adding peanut
lectin that is conjugated with fluorescein isothiocyanate
to trichostrongyle eggs isolated from feces, it becomes
possible to identify Haemonchus eggs using fluorescence
microscopy. This test is easy to perform, and results are
available the same day the sample is received. The only
limiting factor is the requirement for a fluorescence
microscope. Thus this test can be performed only in a
reference laboratory.
In settings in which anemia causing nematodes
(primarily H. contortus) are predominant, blood packed
cell volume (PCV) and FAMACHA score both are
good indicators of the level of blood loss and associated problems (Box 6-2). The FAMACHA card depicts
five colors from red (healthy) to white (very anemic),
which is then matched to the color of the inside of the
lower eyelid of the affected animal (Figure 6- 3). The
score correlates well with PCV and can be used easily
in the field.4 (Note: the term FAMACHA is derived from
it’s originators name, Professor Francois ‘Fafa’ Malan’s
Chart.)
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BOX 6-1

	Modified McMaster Egg Counting for Quantitation of Nematode Eggs

Fecal worm egg examination methods are based on the
principle of differential density. Parasite eggs sink in water,
but they will float in various chemical solutions that are
more dense than water because the eggs are lighter than
the fluid used as a flotation solution. The most inexpensive and easiest flotation solution to make is one using
table salt. One quart of flotation solution is sufficient for
approximately 30 McMaster examinations.
Materials
Compound microscope
Scale
Saturated sodium chloride (table salt) solution
(prepared as described below)
50-mL centrifuge tube with screw cap
(Note: tube should be marked in 1-mL increments)
Tongue depressor
Pipette (Note: a 1-mL syringe or eye dropper works well)
McMaster egg-counting slide
Paper towels
Fresh fecal sample (kept refrigerated until tested, as
described below)
Table salt, 1-pound box
Tap water, 3 quarts
Preparation of Saturated Salt Solution
Heat 1 lb of table salt in 3 quarts of tap water in pan
while stirring until boiling; then let cool at room temperature. The solution will look cloudy, and some material will
precipitate (this is to be expected). Pour the clear part of
solution into a dispensing container of some kind. Store at
room temperature. Do not refrigerate, because additional
solute will precipitate under such conditions.
Alternative Solution Mixture: Add ¼ cup of white table
sugar to 1 cup of water, to achieve a specific gravity greater
than 1.20 (Note: cap mixture to shake; additional water or
sugar may be needed to reach proper specific gravity).
Note: Fecal flotation solutions also are commercially
available but are significantly more expensive than using
these recipes.
Collection of Fecal Sample
1.	Collect fresh feces that are uncontaminated by soil
or bedding. (Note: Using a rubber glove, extract feces
directly from the rectum. Alternatively, feces can be
picked up off the ground if done soon after deposition.)
2.	Label container with the name or number of the
animal and the date of collection. Fresh samples
work best, but accurate results can be obtained if the
samples are kept refrigerated during the interim. If
samples are not refrigerated, the eggs will hatch within
12 to 24 hours. Once hatched, they cannot be counted.
McMaster Egg-Counting Procedure
1.	Weigh out 2 g of feces into a 50-mL centrifuge tube
and fill to 30 mL with salt solution. It is recommended
to purchase a small scale for accurate weighing of feces,
but if a scale is not available, a close estimation can
be achieved by placing 28 mL of salt solution into a

50- mL centrifuge tube and then adding feces until a
volume of 30 mL is achieved.
2.	Pour off approximately 25 mL of the salt solution into
another small container, keeping feces in the tube (a
tongue depressor can be used for this purpose).
3.	Let soak for a few minutes and mix (soft feces) or
break up (fecal pellets) with a tongue blade.
4.	Add back approximately half of the salt solution and mix
well, breaking up any remaining feces as well as possible.
5.	Add back the remaining salt solution and screw the
cap back onto the tube.
6.	Shake tube vigorously for approximately 1 minute to
homogenize any remaining feces as much as possible.
7.	Set tube aside for a few minutes to let bubbles dissipate.
8.	Wet McMaster chamber with water, and dry top and
bottom on paper towels.
9.	Rock (do not shake) tube side to side several times
to thoroughly mix solution without causing large air
bubbles to form.
10.	Using 1-mL syringe or eye dropper, immediately take
up a sample of the suspension and fill both sides of
counting chamber. Work quickly. If it takes more than
a few seconds to load the first chamber, then mix fecal
solution again and refill pipette before loading the
second chamber.
11.	Let stand for 1 to 2 minutes to allow eggs to float to top.
12.	Count all eggs inside of the two grid areas viewed
under low power (using a 10x objective). Focus on the
top layer, which contains the very small air bubbles
(seen as small black circles; if numerous large air
bubbles are visible, remove the fluid and refill).
13.	Count only trichostrongyle or strongyle eggs (oval,
approximately 80 to 90 μm long). Do not count Strongyloides (oval, approximately 50 μm long), tapeworm eggs
(triangular or D-shaped), or coccidia (of various sizes).
Notation is made regarding the presence of other species,
but only the trichostrongyle or strongyle eggs are counted.
14.	Once filled, the chambers can sit for no longer than 60
minutes before counting without causing problems. If
the samples are permitted to sit for any longer, drying
or crystal formation may begin.
15.	Multiply the total egg count (from both chambers) by
50 to determine EPG (eggs per gram).
Additional Considerations
This is a dilution technique, so theoretically the ratio of
feces to flotation solution will not detect infections with
less than 50 eggs/g of feces (1 egg seen on slide), so it is
not very accurate for samples with low numbers of eggs.
From a clinical standpoint, however, slight differences in
results with low egg counts are of little consequence.
Fairly soon after counting is complete, thoroughly rinse
out the McMaster chamber with warm running water.
Continued
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	Modified McMaster Egg Counting for Quantitation of Nematode Eggs—cont’d

Doing so will keep the chamber clean and ready it to be
used again. If fecal solution dries in the chamber, do not
soak in soapy water for long periods, because this will
cause the chamber to become cloudy. If the chamber gets
dirty, soak for only a few minutes in water containing dishwashing soap and then rinse completely with tap water.

Treatment and Control Programs
Developing an effective modern worm control program
is a dynamic process that requires regular periodic
review and updating of management practices.1 The
clinician should first take a thorough history and determine strengths and weaknesses of current practices to
direct the design and implementation of an updated
control program. Before deciding on which control
measures to implement, however, the clinician needs to
know which nematode parasites are predominant and
which anthelmintics are effective against the species of
concern.
Traditionally, control programs have relied on the
use of broad-spectrum anthelmintics since their introduction in the mid-1900s. The overuse of these anthelmintics, however, has led to development of widespread
resistance of nematode populations to many and sometimes all available anthelmintics, thereby making control extremely difficult.5 Over the past few decades,
traditional approaches to worm control have been
based on deworming all of the animals in the herd or
flock. After deworming, the small number of surviving parasites will have little or no noticeable effect on
animal health or production until approximately 25%
of the worm population is resistant. The continous use
of the same dewormer (or members of its class) in a
flock or herd will over time result in a population of
nematodes resistant to that particular class of deworming chemicals. This type of deworming program thus
merely selects for resistant nematodes.
Nematode infections are not distributed evenly in an
animal population; only approximately 30% to 35%
of the animals harbor a majority of the nematodes.
Thus nematode eggs shed in the feces of those animals
constitute the vast majority of pasture contamination.
Because anthelmintic resistance is genetically based,
once resistance is present, no reversion to susceptibility
occurs. Consequently, it is necessary to retain susceptible genes in a nematode population to extend the life
of those anthelmintics that are effective. To achieve this
end, it is necessary to leave some animals untreated.
This requirement demands a change in mindset to a
targeted selective treatment (TST) approach. It is now

This is one method for performing a McMaster fecal egg
count. Other different but similar protocols are routinely
used in many labs, so a slightly different procedure may be
recommended elsewhere. The important thing is to use the
same procedure each time.

broadly accepted that this approach will help ensure
that a refugium (portion of the worm population that
is not selected by anthelmintic treatment) of susceptible nematode larvae (from nontreated animals) is
maintained on the pasture, to help dilute out resistant
genes from resistant nematodes that survived treatment.
TST has been used successfully in settings in which
H. contortus was the primary nematode.6,7 This success
was made possible by using the FAMACHA system
to identify the anemic animals needing dewormng,
thereby leaving the nonanemic animals to provide the
refugium. In areas in which other nematode species are
predominant, FAMACHA is of little use, and FECs and
body condition scoring should be used to identify the
animals with heaviest infections. Another field method
that has been used in young growing animals to identify
the more highly parasitized of the group is evaluation
for reduced weight gain (an indicator of the effect of
parasites on production).6 This strategy requires regular
weighing of all animals in the group; those that do not
meet the desired weight gain threshold are separated
and dewormed.
The Southern Consortium of Small Ruminant Parasite Control (SCSRPC) is a good resource for information concerning FAMACHA and parasite control in
general. Specific links are available on the SCSRPC
website (www.scsrpc.org).
Strategic deworming targets specific aspects of the epidemiology of the parasite. Transmission of nematode
parasites depends on consumption of infective larvae
during grazing, so the forage growing season is the
primary target for controlling infection. Increasing temperature and available moisture (natural or artificial)
provide the conditions for nutritious forage growth that
gazing animals depend on for their growth and development. It is best to establish routine parasite evaluations (FEC, PCV, FAMACHA, or weight gain) at specified
intervals (usually 2 to 4 weeks, depending on expected
severity of problems) from parturition throughout the
grazing season. TST can then be applied to establish or
maintain refugia, with the aim of extending the useful
life of the anthelmintics used. An exception to the recommendation for using TST is with lambs or kids to be
sold for fattening or slaughter. Because these animals
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Figure 6-1 A, McMaster chamber used for quantitative
counting of trichostrongyle-type nematode eggs. B, Three
nematode eggs are located more centrally in the slide; two air
bubbles are seen to the right. C, A McMaster slide being evaluated and counted in field conditions. Note: A water displacement method is being used for estimation of “grams of feces”
in this “on-farm” method for counting eggs per gram (EPG).
The clinician is using a watch to ensure adequate time for flotation before counting “inside the grid.” (B, Courtesy Eddy Krecek,
St. Kitts, West Indies.)
will be moved to confinement pens and then slaughtered, deworming them all before shipping will help put
them in better condition without risk of contaminating pastures with resistant worms. For lambs and kids
(or older breeding stock) to be sold as replacements,

however, TST is appropriate, to minimize transporting
surviving resistant worms onto the buyer’s farm.
Another strategic concept is deworming and then
moving to “safe” pastures—areas in which the level of
parasite contamination is low and reinfection of grazing animals will take longer. Examples of safe pastures
are those in which sheep or goats have not grazed for
3 to 6 months (depending on the climate), pastures
used for hay production, “new” pastures (i.e., those that
have been used previously for crops or have been out
of production), and pastures grazed by horses or cattle.
The use of safe pastures can be beneficial, but it is paramount that TST be implemented to ensure that a refugia
of susceptible worms will be maintained on the new
pasture. If all animals are dewormed, then only resistant
worms will contaminate the new pasture, which will
hasten development of resistance to the anthelmintics
being used. During the grazing season, pasture rotation
at approximately 30-day intervals is commonly done
to take advantage of the nutritive value of growing forage. Unfortunately, 25 to 30 days also is the optimal
period for developing larvae to be readily available for
reinfection when temperature and moisture conditions
are right. Accordingly, rotating pastures at less than
3-month intervals during the grazing season may be
ineffective in significantly reducing numbers of infective
larvae unless high temperatures and low rainfall result
in rapid desiccation of the fecal pellets, which will kill a
large proportion of developing larvae. In warm climates
(with mild winters), during cooler months, pasture
rotation generally is ineffective, because low temperatures and retained moisture provide an environment for
extended larval survival.8 However, if eggs or larvae are
exposed to frequent hard freezes separated by thawing
temperatures, then most will be killed.
When feasible, if pastures can be tilled or burned
and replanted, by the time new forage is available for
grazing, a majority of infective larvae will be dead, or
their numbers significantly decreased. Proper fertilization based on soil testing will enhance the productivity
of forages and the overall health of animals grazing.
Annual forage crop utilization and moving sheep and
goats to increased tannin–containing browse (e.g.,
chicory, sericea lespedeza) during periods of hot and
humid weather both will favor decreased parasite exposure. An important point, however, is that such pastures
will then be relatively safe, so use of TST in animals to
be placed on them is a rational strategy.
In northern temperate climates, when ewes or does
are moved to a dry lot or barn for the winter, a strategic TST deworming as they are moved off pasture
will help keep the parasite burden low throughout the
winter. Hypobiosis also is common in northern temperate climates, where a majority of the parasites (the
ones of concern are the most pathogenic, primarily
T. circumcincta and H. contortus) are inside the animals
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Figure 6-2 Parasite diagnostic stages seen on fecal examination: A, trichostrongyle-type eggs; B, tapeworm
egg; C, coccidial oocyst; and D, fluke egg with operculum.

BOX 6-2

	FAMACHA Guidelines

1.	Ensure that all personnel using FAMACHA have been
properly trained.
2.	Because Haemonchus is the only parasite monitored with
FAMACHA, attention should be paid to identifying and
controlling other parasites when needed (e.g., by fecal
egg count [FEC] or fecal culture)
3.	Herd or flock examinations should be properly carried
out every 2 to 3 weeks, and more often during peak parasite transmission times (i.e., hot and humid weather)

and not on the pasture. Decreasing the numbers of
hypobiotic larvae before emergence in the spring helps
to reduce the periparturient rise in FEC and resultant
pasture contamination. To this end, the anthelmintic
has to be effective against hypobiotic larvae. The macrocylic lactones have the best efficacy, but some of the
benzimidazoles may be partially effective. Because it
is not possible to determine which animals harbor
the highest number of hypobiotic larvae, TST cannot

4.	Monitor lambs and kids and animals that lag behind
very carefully
5.	Identify individual animals and keep accurate records
6.	All animals needing deworming treatment three times
more often than the flock or herd average should be
culled
7.	Institute sound nutritional, management, and selection
practices that maximize health and minimize parasitic
disease.

be used effectively. So in this particular circumstance
(usually in midwinter), deworming all animals may be
justified. However, some adult animals may not require
treatment during the grazing season and probably also
have relatively low levels of infection with hypobiotic
larvae. So if multiple-drug resistance is a problem on
a given farm, it still would be wise to leave some of
the animals untreated (based on previous low infection history) to supply refugia in the spring. If ewes or
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Figure 6-3 In this goat the conjunctiva of the eye is being
evaluated for color, on a scale of 1 to 5 (with 1 = normally
pink and 5 = very pale), during a FAMACHA evaluation.
(Courtesy Dusty Nagy, University of Missouri.)

does are dewormed as described, spring periparturient
deworming may not be necessary, but it is prudent to
do an evaluation and then deworm (i.e., using TST)
those animals with the heaviest infections. This strategy
will help keep FEC and pasture contamination low
during the spring periparturient period. Unfortunately,
in warmer temperate to subtropical environments, this
method is less effective, because larvae can survive on
pasture during the winter months and hypobiosis is
not a major factor in the winter or summer as it is in
cattle (e.g., Ostertagia ostertagi in the summer). In these
regions, routine but reduced interval infection monitoring can identify ewes and does with the heaviest
infections warranting TST, which will help during the
spring periparturient period to reduce FEC and pasture contamination. Well-nourished animals also are
recognized to tolerate parasitism better, and the addition of a protein supplement overlapping the expected
periparturient period has been shown to decrease the
number of worm eggs shed around the time of parturition; however, the cost of the protein supplement may
outweigh its benefits.9
Tactical deworming programs are used to remove
worms from their hosts before they enter their reproductive phase, in which they can contaminate the
pasture. An example of tactical deworming is treating
animals 10 to 14 days after a long heavy period of rain,
particularly following a drought. Worm transmission
can have especially devastating consequences during
this time as pastures become heavily contaminated.
If preexisting parasitism is left untreated, clinical disease can occur quickly, especially when H. contortus is
predominant, because the fourth-stage larvae also are
blood feeders, so FECs would not be that informative.
Deworming all animals in this situation might be warranted, but if records have been kept on which animals
have been dewormed the most (e.g., most susceptible),

then deworming only those animals (i.e., TST) probably
will be sufficient.
Opportunistic deworming and salvage deworming usually are less effective in long-term management. Many
times salvage deworming programs are used to save
the lives of heavily parasitized animals. If animals are
dewormed only after showing severe signs of parasitism (e.g., bottlejaw, severe anemia), animal and flock
or herd productivity will already have been depressed.
Deworming during handling for other procedures
(e.g., castration, vaccination, shearing) is an example
of an opportunistic program. It is convenient but is not
conducive to long-term productivity. In view of the serious potential impact of parasitism on the health and
productivity of small ruminants, animal work should
be scheduled around parasite management programs,
not vice versa.10 Integrating these other management
procedures into the regularly scheduled parasite monitoring program works quite well.
Suppressive deworming programs entail the use of
anthelmintics at regular intervals, usually every 2 to 4
weeks. Such suppressive programs have been in common use over the past couple of decades and initially
were quite effective. Of note, however, they are laborintensive, tend to be very expensive, fail to identify
animals with superior immunity to parasites, and
ultimately (and most important) have been the main
cause in the development of anthelmintic resistance.
As a general rule, the more frequently deworming
occurs, the quicker resistance develops to anthelmintics. After deworming, as mentioned earlier, only resistant parasites remain to reproduce freely, resulting in
proliferation of resistant worms. Using anthelmintics
that remain in tissues at subtherapeutic concentrations for extended periods and treating and retaining
immunocompromised animals will further encourage
the development of anthelmintic resistance. Practices
that ensure adequate dosages, proper dosing techniques, and appropriate types of anthelmintics should
be emphasized.11 Animals can still be wormed at 2- to
4-week intervals, but only for the purpose of regular
infection monitoring, and instead of mass deworming,
TST should be implemented.
In view of the current situation, in which multiple-drug resistance is highly prevalent and few new
anthelmintics are in development, clinicians should do
everything they can to minimize the further development of anthelmintic resistance, both through their
own actions and by counseling owners on the importance of proper management to enhance control programs and use of anthelmintics. The anthelmintics that
have been used previously, the route of administration
(e.g., PO, SC, IM, pour-on), frequency of use, and duration of use should be determined. Records of the results
of infection evaluation (e.g., FEC, FAMACHA, PCV)
should be maintained.
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Anthelmintic Resistance
Benzimidazoles (thiabendazole, fenbendazole, albendazole, and others) belong to the first class of broadspectrum anthelmintics introduced, and now resistance
to all agents in this class has been documented. In general, resistance to one anthelmintic confers resistance
to all members of that class—a property referred to as
side-resistance.1,9,10 Anthelmintics within a given class
differ in potency, however, so some more potent ones
still will be effective in the short term after resistance is
diagnosed in other, less potent ones. Benzimidazoleresistant worms do not reacquire susceptibility, even
after many years of withholding use of these agents.
Benzimidazole efficacy can be improved somewhat,
however, by increasing dosages, dividing dosages into
two treatments administered at 12-hour intervals, and
instituting pretreatment fasting.12 The concept is that
with fasting at least 24 hours before deworming, the rate
of passage of gastrointestinal contents down the gastrointestinal tract is reduced, so the anthelmintic stays in
the system longer, with increased contact time with the
worms. However, feed should never be withheld from
sick or debilitated animals or late-term females.
Imidazothiazoles and tetrahydropyrimidines (levamisole,
morantel tartrate, and pyrantel pamoate) belong to the
second class of broad-spectrum anthelmintics. Resistance is not as prevalent or widespread as with the benzimidazoles for a number of reasons, including a lower
frequency of use. Nevertheless, side-resistance occurs
in this class as well. According to a few reports, once
resistance has been established, temporary reversion
to susceptibility may occur if the worms have not been
exposed to these anthelmintics for several years, but
long-term true reversion has not been demonstrated.
Macrocyclic lactones (ivermectin, moxidectin, and others) belong to a recently introduced class of broad-
spectrum anthelmintics. Resistance to these agents
(especially ivermectin) is now widespread. Moxidectin
has been approved for use in sheep (but not goats)
in the United States, and when first used it is effective
in regions in which ivermectin resistance is encountered.1,9,13 Side-resistance is still a problem, however, and
ivermectin-resistant worms can rapidly become moxidectin-resistant if the latter is used frequently. Moxidectin
should therefore be used very prudently, and its selection
as a first-choice agent is not recommended until all other
anthelmintics have failed. It is suggested that clinicians
refrain from injecting or using pour-on preparations
designed for cattle in small ruminants, because this practice may enhance the development of resistant strains of
some internal parasites related to inappropriately low
drug absorption (with pour-on use) or long-term subtherapeutic levels (with injection).11 However, oral and
injectable forms of moxidectin have demonstrated similar elimination curves in goats, so injectable moxidectin
may be useful in goats.13 Still needed are studies showing
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an association between the route and dosage of moxidectin and resistance to the entire macrocyclic lactone class;
accordingly, the clinician should use this drug and all
members of this class cautiously.

Amino-Acetonitrite Derivatives
Monepantel (Zolvix) is an agent representing a new class
of anthelmintics currently being marketed in New Zealand.14 When it will be approved for use in North America
remains unknown, but until such approval is obtained,
judicious use in its country of origin is recommended
so as not to allow development of resistance in the same
manner as for the currently available anthelmintics.

General Guidelines
If resistance to all classes of anthelmintics is recognized
in a particular setting (e.g., farm, breeding facility),
combining two anthelmintics from two classes (e.g.,
fenbendazole-levamisole, albendazole-ivermectin) has
been shown to improve efficacy.11,15 When using combined anthelmintics, the clinician should administer
the full therapeutic dosage of each.
Sheep and goats metabolize anthelmintics at different rates, which requires higher dosages of most of them
in goats than in sheep.16 For extralabel use, the cattle
dosage (in mg/kg), can be administered to sheep, but
twice the cattle dose should be administered to goats,
except for levamisole, which is given at only 1.5 times
the cattle dose, owing to potential neurotoxicity issues.
Pour-on anthelmintics designed for cattle tend to be of
limited value when used topically on either sheep or
goats.11 Table 6-1 lists approved anthelmintics useful in
sheep and goats. For extralabel use, current withdrawal
times (WDTs) can be obtained through the Food Animal
Residue Avoidance and Depletion (FARAD) databank (a
component of the U.S. Chemical Food Safety Program).
The current recommendation for optimizing the use
of anthelmintics in a parasite control program is to use
one agent until it fails and then switch to another.11 More
frequent rotation of anthelmintics between classes can
hasten resistance and should be avoided whenever possible. For individual animals needing to be dewormed
(i.e., using TST), dosing should be weight-based if at
all possible, because underdosing also can hasten the
development of resistance.
Anthelmintic efficacy can be determined by a fecal
egg count reduction test. The World Association for
the Advancement of Veterinary Parasitology (WAAVP)
recommends that such testing be done by comparing
the McMaster FEC of dewormed animals with that of
control (not dewormed) animals 7 to 14 days after
deworming. If maintaining a control group is not
possible or practical, the alternative is to compare the
pre- and post-deworming FECs; interpretation can be
misleading, however, because FEC can change drastically over a short period, especially with Haemonchus.
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TABLE 6-1 Commonly Used Antiparasitic Drugs in Sheep and Goats
Approved

Dosage

Drug

Parasite

Sheep

Goat

Sheep

Goat

Fenbendazole (Safeguard, Panacur)

Nematodes

No

Yes

5.0 mg/kg

5.0 mg/kg

Albendazole (Valbazen)

Nematodes
Trematodes
Cestodes

Yes

Yes

7.5 mg/kg

10/15 mg/kg

Levamisole (Levisole, Tramisol,
Prohibit)

Nematodes

Yes

No

8.0 mg/kg, 1
oblet/23 kg

12.0 mg/kg

Morantel (Rumatel)
Ivermectin (Ivomec for Sheep)

Nematodes
Nematodes,
arthropods
Nematodes
Nematodes
Arthropods
Nematodes
Arthropods

No
Yes

Yes
No

10.0 mg/kg
0.2 mg/kg

10.0 mg/kg
0.4 mg/kg

No
Yes

Yes
No

10.0 mg/kg
0.2 mg/kg

10.0 mg/kg
0.4 mg/kg

Yes

No

0.2 mg/kg

0.4 mg/kg

Decocquinate (Deccox)

Coccidia

Yes

Yes

13.6 g/ton

13.6 g/ton

Lasalosid (Bovatec)

Coccidia

Yes

No

20-30 g/ton

20-30 g/ton

Monensin (Rumensin)

Coccidia

No

Yes

20 g/ton

20 g/ton

Morantel (Rumatel)
Ivermectin (Ivomec for Sheep)
Moxidectin (Cydectin)

*NE, Not established. This constitutes extralabel use, so a withdrawal time (WDT) has not been established. Current recommendations are available
on the Food Animal Residue Avoidance and Depletion (FARAD) program website (www.farad.org).

Testing should always be done using individual animals (10%, or a minimum of 10, animals on the farm).
Use of composite samples (combining equal amounts
of feces from a number of animals) will reduce the
accuracy of the test, owing to individual variation in
FEC among animals, and is not recommended. If the
test is conducted under WAAVP guidelines, less than a
95% drop in FEC indicates the presence of resistance,
and switching anthelmintics is warranted. If the test
was conducted using pre- and post-treatment FECs,
resistance is likely although unproven, and switching
anthelmintics should be considered. FEC reduction testing should be performed every 2 to 3 years or whenever

resistance is suspected. In vitro methods of assessing
anthelmintic resistance also are available at some
diagnostic laboratories. These tests give highly accurate
results but tend to be quite expensive.
The most effective method to prevent anthelmintic
resistance is not to use these agents at all. This approach
is not really practical, but one of the most overlooked
management practices is the identification and selection
of parasite-resistant animals to build the flock or herd
(see later under “Genetic Selection”).17 Selection for resistance in the host is possible because a minority of the
animals (approximately 30% to 35%) harbor the heavi
est infections, and because this trait has been shown
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Product
Formulation

Sheep

Goat

Milk WDT
(days)*
Goat

Suspension

NE

6

NE

Suspension

7

7

NE

Soluble drench powder;
sheep: oblets

3

NE

NE

Feed premix
Sheep: oral drench

NE
11

30
NE

0
NE

Big-horn sheep
In goats, approved dose of 10 mg/kg is recommended but is considered extralabel use and will
require an extended WDT*
In goats, 10 mg/kg dose and WDT of 7 days in
meat animals are approved for liver flukes only;
15 mg/kg is fornematodes
Do not use within 30 days of conception
Toxic side effects: salivation, restlessness, muscle
fasciculations Weighing before treatment is
recommended
Be careful with use of this agent in hot weather,
because dehydration increases risk of toxicity
Approved for use in lactating dairy goats
Cattle injectable form not recommended

Feed premix
Sheep: oral drench

NE
11

30
NE

0
NE

Approved for use in lactating dairy goats
Cattle injectable form not recommended

Sheep: oral drench

7

NE

NE

Feed additive

0

0

NE

Feed additive

0

NE

NE

Feed additive

NE

0

NE

In goats, use cattle injectable dose of 0.2 mg/kg
Use of cattle pour-on formulation is highly
discouraged
In both sheep and goats, feed to provide 0.5 mg/kg
of decocquinate
Feed for at least 28 days during
periods of exposure
Feed continuously to provide not less than 15 mg
or more than 70 mg/head/day of lasalosid
Feed continuously
Do not allow horses or other equine species access
to formulations containing monensin, because
ingestion can be fatal

to be heritable. Therefore these animals should be considered for culling. Salvage deworming programs generally
should be avoided, but they may be used to determine
aggressive selection criteria. That is, animals that do well
with little or no deworming, particularly those grazing
heavily contaminated pastures, should be retained and
those that need repeated deworming should be culled
when possible. Proper record keeping and identification
of all animals are paramount in selecting for parasite
resistance. This aggressive approach can yield excellent
results if it is carefully implemented, but devastating
losses are possible if it is poorly managed. General guidelines for use of deworming drugs are presented in Box 6-3.

Remarks

With introduction of new animals to a farm, bio
security programs need to be in place to limit the
corresponding introduction of potentially anthelmintic-resistant worms. New additions should be kept in
confinement for at least 3 to 4 weeks (preferably on
an easily cleaned floor such as cement) and dewormed
at least twice with two (and preferably three) different
classes of anthelmintics during this period. The effectiveness of the anthelmintic used should be confirmed
by reduction in FEC to as close to zero as possible
before the animal is allowed to be put out with the
flock or herd1,11 (Box 6-4). Thus any contamination
with resistant worms will be minimal (see Chapter 19).
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BOX 6-3

	Guidelines for Use of Deworming Drugs

1.	Treat only those animals in need (targeted deworming).
2.	Treat with an effective deworming agent.
3.	Determine dose on the basis of an accurate body
weight.
4.	For oral administration, administer over the tongue
(place the deworming applicator toward the back of the
mouth, over the tongue, to maximize the full dose that
reaches the rumen).
5.	For oral administration, reduce feed intake 24 hours
before treatment. (This strategy works most efficiently
for the benzimidazole class but may have some benefit
for improved efficacy for other drug classes.)

BOX 6-4

6.	Repeat dosage within 12 hours for benzimidazoles
and macrocyclic lactones. (This will improve efficacy,
particularly in regions where marginal resistance is
encountered.)
7.	Use two different classes of dewormers together if resistance to both is a local problem.
Note: Emphasis should be on minimizing the need to
use dewormers and maximizing management programs
that include selective deworming, improved grazing strategies, and enhance overall animal health.

	Generic Biosecurity Program for Management of Internal Parasites*

1.	Place all new arrivals in a secure dry lot, where they are
fed, cleaned, and cared for in order to minimize any
contact with the herd
2.	Perform a fecal examination for the presence of nematode eggs.
3.	Within 2 to 3 days of arrival, treat with three different classes of anthelmintics on the same day. (Note:
Ensure that all animals are settled and overtly healthy
before deworming; then administer a milbemycin [e.g.,
moxidectin], benzimidazole [e.g., albendazole], and
membrane depolarizing agent [e.g., levamisole].)

4.	Perform a second fecal examination 10 to 14 days after
deworming to check for presence of nematode eggs.
(Note: If results are negative, repeat the exam in 5 to 7
days. If parasite eggs are detected, repeat deworming, or
do not allow inclusion of affected animals into the herd
or flock.)
5.	Allow only animals with negative findings on two separate tests to be placed with the herd.

*Approach used in clinical practice by D.G. Pugh, DVM, SouthernTraxx Veterinary Services.

Alternative Control Methods
Nutrition
Nutritional status of the host can have an important
influence on the effects of parasitic infection.18 Animals
on a good plane of nutrition are better equipped to withstand parasite infection than animals on an inadequate
diet. Nutrition plays a role in both the resilience (ability
to cope with the infection) and the resistance (the ability
to resist becoming infected) of the animal. With regard
to resilience, an animal receiving an adequate level of
nutrition can more effectively cope with the negative
physiologic effects that the parasite induces. With regard
to resistance, the immune response has a high requirement for protein; inadequate nutrition can therefore
lead to an inadequate immune response and higher
infection levels. Parasites also can interfere with the
efficiency with which the host utilizes nutrients and can
affect appetite. Therefore no matter how well an animal
is fed, increasing infection levels may eventually reach a

point at which parasitism overwhelms the host’s ability
to function properly.
Nutrients are absorbed from the gut and are partitioned to where they are most needed (for growth,
breeding, pregnancy, lactation, immunity, and so on),
and some nematode parasites alter normal gut tissue
health. To ensure appropriate use of nutrients, a proper
balance of this partitioning is essential (Chapter 2).
As mucosal damage occurs as a result of worm activity, nutrient absorption is compromised, leading to
the host’s use of more body reserves. In addition,
parasites often cause loss of protein through the gut
epithelium—a condition referred to as protein-losing
enteropathy. If proteins, as essential components of the
immune system, are less available, immune function is
impaired, so the affected animal becomes more susceptible to subsequent infection. Inadequate feeding will
result in loss of productivity and an increased risk of
parasitic disease. Increasing dietary protein, specifically

Chapter 6 • Internal Parasites
of the types with greater rumen bypass ability (e.g., fish
meal), appears to maximize both resistance and resilience. Dietary supplementation (e.g., protein, energy,
mineral, vitamin) appears to be most beneficial in times
of natural weight or body condition loss and increased
nutrient demands (e.g., late gestation, parturition, early
lactation) and most effective when a quality-balanced
diet is used. Most mineral mixtures for sheep will be
low in to devoid of copper, and many are supplemented
with molybdenum. These types of sheep mineral mixtures should be avoided in goats, because they may
precipitate copper deficiency, suppress animal health
and immune function, and enhance parasitic disease.
Optimizing the overall health of the animal (through
provision of adequate energy, appropriate macro- and
micromineral intake, and adequate access to browse) is
paramount in parasite control programs.

Mixing Livestock Species
Most nematodes are host-specific. Thus different species of livestock each have their own fauna of nematode
species, with the exception that sheep and goats share
many of the same species. If cattle or horses are grazed
together with sheep or goats, each consumes the other’s
worms, but those worms do not infect the inappropriate host. Thus one species essentially helps to clean up
the pasture for the other species. Along the same line,
cattle and sheep or horses and goats can alternate grazing the same pasture. Through this practice, pasture
contamination and reinfection should decrease over
time. A strategy utilizing only sheep and goats is not
effective, and may even serve to exacerbate the problem
as they are both infected by the same parasitic worms.
Llamas living with sheep or goats are also at risk for the
development of large parasite burdens, because they
also share parasitic worms. Careful monitoring of the
parasite status of any camelids living and co-grazing
with sheep and goats is recommended.

Pasture Rotation
Pasture rotation is used primarily to provide grazing
animals with the most nutritious forage for growth and
development. The period required for most forages
to recover from grazing to once again reach the most
nutritious stage is approximately 30 days, so this rotation interval is common. However, this 30-day interval
also is about the same as that needed to create a high
level of larval contamination of pasture for the next
grazing group, so this rotation practice may actually
lead to increased worm infection. Evidence suggests that
pasture infectivity can be effectively reduced in tropical
and subtropical environments with rotation at 3-month
intervals, because the larvae are relatively short-lived
under hot environmental conditions. This time interval,
however, is not practical for efficient forage utilization.
In more temperate environments, pasture infectivity
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can extend out to 8 to 12 months, so rotation is of little
use in controlling worms. Leaving pastures ungrazed for
such extended periods also may not be practical unless
they are to be cut for hay. An important consideration
is that stocking rates often are higher than normal with
rotation schemes, which may make matters worse with
the increased fecal and therefore larval contamination.
No matter what rotation scheme is selected, routine use
of TST is indicated to allow establishment of refugia.

Copper Oxide Wire Particles
Copper oxide wire particles (COWP) are available in the
United States for treating copper deficiency in cattle. In
addition, COWP have demonstrated anthelmintic activity against abomasal worms (specifically H. contortus)
of sheep and goats, but not intestinal worms.19,20 Sheep
are relatively sensitive to copper toxicity, so COWP
should be used with caution in sheep, and low-dose
treatments are recommended. By contrast, goats are not
nearly as sensitive, and toxicity usually is not a major
concern. For both sheep and goats, dosages of 0.5 to 2 g
for lambs or kids and 2 g for ewes or does are effective.
The particles are best administered orally in gel caps for
TST. They also can be mixed in loose feed or milled into
pelleted feed but should be administered to individual
animals for TST.

Condensed Tannin–Containing Forages
Condensed tannin–containing plants have been shown
to reduce FEC and sometimes worm numbers, specifically H. contortus in the abomasum. Egg hatching and
larval development in feces also may be hindered,
which can have indirect benefits by decreasing the
numbers of larvae that make it onto pasture. In the
United States, sericea lespedeza (Lespedeza cuneata) is a
perennial warm-season condensed tannin–containing
legume that can be grazed or fed as hay or pellets to
control H. contortus.21-23 When sericea lespedeza is
grazed, up to 4 weeks may be required for the animals to acclimate to eating it, and if it is provided as a
supplement (hay or pellets), the animal’s total intake
of sericea lespedeza needs to be around 50% or higher.
This forage appears to have a great deal of promise in
providing a natural adjunct to parasite control. Because
many condensed tannin–containing plants are browse
and some are legumes, potential added benefits can be
realized in using them in a management program—that
is, consuming nutrients above the ground (to reduce
parasite exposure) and increasing protein intake (to
enhance resistance and resilience).

Genetic Selection
An animal’s innate level of resistance to worm infection has a genetic basis that is expressed through host
immunity. Because parasite resistance is a heritable
trait, keepers can improve the overall level of resistance
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by culling those animals that are most susceptible and
retaining those that are more resistant. This goal is
readily achievable, because parasite levels vary greatly
among animals, with most of the worms being present
in a minority of the animals. Culling heavily infected
animals, identified by FEC, PCV, FAMACHA, or similar
assessment, would eliminate the susceptibility genes
carried by those animals; the more resistant genetics
would then increase with each generation for which
this culling strategy was used. To speed up this process, it would help to identify sires that produce relatively resistant offspring or to have genetic markers to
identify resistant animals. The genetic improvement
approach takes time but may be quite worthwhile in
the long run.17
Another genetic approach is to use breeds that have
demonstrated relative resistance to nematode infection.
Several breeds of sheep (St. Croix, Gulf Coast Native,
Katahdin, Red Maasai, Santa Ines, and possibly others)
and goats (East African Dwarf and Saanen and perhaps others) have demonstrated some level of innate
resistance to nematodes relative to that in most other
breeds.24-29 An important consideration in this context,
however, is that such breeds may be less productive,
which may dictate against their exclusive use in the flock
or herd. Nevertheless, appropriate genetic selection will
bring a real benefit in less frequent use of anthelmintics, thereby conserving their efficacy for when they are
needed.

Nematode-Trapping Fungi
Using fungi as a biologic control agent against nematodes is not a new concept.30 Nematode trapping fungi
are found naturally in soils worldwide and normally
feed on free-living soil-dwelling nematodes by producing sticky loop hyphal traps that capture and kill the
nematodes.
In order to kill developing parasitic nematode larvae, the fungi must be present in large quantities in
the feces. This critical level can be achieved by feeding fungal spores to animals, which pass through the
gastrointestinal tract unchanged and then germinate
in the feces, where they trap and kill the developing
larvae. Numerous species of fungi have demonstrated
the ability to kill nematode larvae; however, the spores
of only one species, Duddingtonia flagrans, have demonstrated the ability to pass through the gastrointestinal
tract of ruminants with high survivability. Ultimately,
by killing many of the developing larvae in the feces,
fewer are left to migrate out of the feces onto the forage, thereby decreasing parasite transmission.31,32 This
method works well and is an environmentally safe
biologic approach for controlling worms; however, no
commercial products containing these fungi have yet to
be marketed. If such a product becomes available, this
approach would be a useful component of an integrated

parasite control program, but because it does not kill
the parasites in the animals, it can never be the sole
means of control.

Vaccines
New technology in antigen identification has made it
possible to pursue functional vaccine development.
Vaccines have been successful in controlling lungworms
in cattle and tapeworms in sheep,33,34 and antigens
derived from the gut mucosal cells of H. contortus have
shown promise.35-37 Antibodies produced by vaccination are ingested during blood feeding and attack the
antigens on the worm’s gut mucosal cells. The resulting
cellular injury impairs the worm’s ability to process
nutrients to maintain proper growth and maintenance,
and the worm dies. The antigens are in the gut of the
worm, where they are “hidden” from the host’s immune
system; therefore, without the capability for an anamnestic response, multiple vaccinations are necessary
to maintain antibody levels high enough to combat
infection. Recombinant technology is being investigated to produce a product that is less expensive than
extraction of the natural antigen from worms, but this
approach has thus far failed. More recent technology
has improved the extraction of natural antigens, and a
marketable product may become available.38
Secretory and excretory products have been the focus
of development of other vaccines, and those antigens
do have contact with the host’s immune system to
stimulate antibody production. Protection achieved has
been variable, however, and not worth marketing efforts
at present.

Integrated Control
Traditional control of worms has relied on grazing management and treatment with anthelmintics. Grazing
management schemes often are impractical owing to
the expense of their implementation and the hardiness
of infective larvae on pasture. Currently, in the United
States, few FDA-approved anthelmintics for small ruminants are available, and they have been extensively used
to the point of development of widespread resistance.
The use of non-approved anthelmintics (i.e., extralabel
use) also has resulted in development of resistance.
The evolution of this resistance issue has led to development of the aforementioned alternative strategies,
which ultimately may constitute major components of
sustainable worm control programs. The most promising of those methods that are immediately applicable
are smart use of anthelmintics, COWP, sericea lespedeza, and FAMACHA.
Integrated control aims to take advantage of multiple
methods by combining them in a logical framework,
with the goal of providing sustainable and environmentally sound control of worms. This approach
should permit efficient and profitable production
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without the intensive use of anthelmintics. An appropriate anthelmintic regimen along with COWP for TST
based on data from FAMACHA, FEC, PCV, or similar
assessment will eradicate a large proportion of worms,
and adding sericea lespedeza grazing or supplementation will help reduce pasture contamination. Animal
health and productivity will thus be maintained and
the useful life of the anthelmintics extended. This
approach will broaden with time as other methods
and techniques (e.g., fungi, vaccine) become available.
Biosecurity protocols should be implemented for all
new flock or herd additions to minimize the introduction of new or anthelmintic-resistant parasites (see
Chapter 19).

Diagnostics
Fecal Examination
The most important reason for examining feces in
sheep and goats is to determine the presence and relative number of nematode parasites infecting an animal
or population. A McMaster quantitative technique for
determining FEC is described in Box 6-1. Generally, if
H. contortus is present, FECs above 2000 to 3000 EPG
equate with serious infection and indicate the need
for intervention. However, life-threatening clinical disease rarely occurs with FECs less than 5000 EPG. If
H. contortus is not present at significant levels, FECs
above 500 to 1000 EPG (e.g., T. circumcincta, T. colubriformis) warrant intervention, but other factors such as
fecal consistency and body condition also should be
taken into consideration.

Packed Cell Volume
Blood packed cell volume (PCV) is a useful and accurate means of determining the need for treatment with
blood-feeding nematodes. Normal levels for PCV tend
to be a little lower for goats than for sheep, but levels
of 25% to 30% or above are desirable for both species.
When PCV drops to 20% or below, signs and symptoms
of anemia (e.g., lethargy, anorexia) may start to appear,
and when levels fall below 15%, disease manifestations
tend to be pronounced. Death may occur once levels
fall below 10%, but animals with PCV as low as 4%
often can be saved with blood transfusions. With very
high burdens of H. contortus, substantial blood loss
and death can occur acutely. Blood loss can result from
causes other than parasitism, so PCV should be used
to support other diagnostic criteria and not be applied
in isolation. A microhematocrit centrifuge is used for
determining PCV.
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and T. circumcincta) tend to be the most pathogenic,
so this should be the organ of choice to examine.
At necropsy, the only abomasal or small intestinal
worm species large enough to see with the naked eye is
H. contortus, which are visible on the abomasal mucosa
as red or barber pole–patterned worms (Figure 6-4).
Therefore H. contortus is the only parasite for which
estimations of severity of the worm burden can be made
from visual inspection. Because T. circumcincta worms
are too small to see unaided, they may go undetected,
and the diagnosis probably will be missed, unless
microscopic examination is performed.

CESTODE INFESTATION
Pathogenesis
The most common cestodes (tapeworms) of sheep and
goats in North America belong to the genus Moniezia.
Rarely, species of Thysanosoma, the fringed tapeworm,
may be found, which may result in liver condemnation
at slaughter.
Because Monieza segments are visible in the feces,
they often are a concern to owners. Veterinarians
often consider such findings less worrisome, however,
because tapeworms in ruminants usually have little
pathologic effect. Of note, however, a clinical syndrome
characterized by impaired gut motility and anorexia
and, more rarely, gut rupture and peritonitis may be
seen when very large numbers of worms are present in
young animals.
Tapeworm eggs are passed in the feces individually
or protected in segments of the worm called proglottids, which are visible to the naked eye. The life cycle
of tapeworms begins when eggs are passed in the feces.
The eggs are ingested by pasture mites, which serve as
an intermediate host. Inside the mites, the immature
tapeworm develops to the infective form. The life cycle
is completed when a sheep or goat ingests an infected

Worm Burden
The worm burden of an animal can be documented
by recovering, counting, and identifying worms at necropsy. Worms residing in the abomasum (H. contortus

Figure 6-4 Haemonchus contortus found in the abomasum of
a sheep during necropsy.
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mite while grazing, whereupon the immature form
is released from the mite and develops into the adult
worm within the small intestine.

Diagnosis and Treatment
A presumptive diagnosis can be made by finding proglottids in the feces or eggs in fecal flotation preparations (see Figure 6-2, B). Treatment with albendazole,
fenbendazole, or praziquantel may be effective, either
with a single dose or with daily therapy (e.g., fenbendazole daily for 3 to 5 days). Because of the free-living
nature of the arthropod intermediate host, animals are
readily reinfected after treatment, which may give rise
to the false assumption that the therapy was ineffective. Again, tapeworm infection may result in disease,
but often it is more convenient to blame the tapeworm
segment seen in the stool as a cause of disease than to
implicate the unseen thousands of more pathogenic
worms in the abomasum and small intestine of the
animal.8,10

CYSTICERCOSIS
Cysticercus tenuicollis is the larval stage of the dog
tapeworm Taenia hydatigena, and sheep and goats are
intermediate hosts. Eggs containing a larval stage are
ingested from sources contaminated with dog feces,
and after the egg’s shell is digested away, the larvae penetrate the wall of the intestine and migrate to the liver.
The larvae may remain in the liver or migrate to the
surface of the liver, mesentery, or omentum, where they
attach themselves and develop into fluid-filled bladderlike cysts called cysticerci. Acute disease occurs only
with large numbers of cysticerci and is characterized
by depression and weakness secondary to liver damage. The chronic cystic stage usually is asymptomatic.
No treatment is available, and control is problematic
because it requires treating infected dogs and preventing
contact with dogs.

COCCIDIAL INFECTION
Pathogenesis
Coccidiosis is a parasitic disease caused by protozoa
(Eimeria spp.) that is a common cause of diarrhea in
lambs and kids. In contrast with the nematodes, parasites for which sheep and goats share the same species,
each animal has its own species of Eimeria. Clinical
disease results from destruction of the small intestinal
epithelium during the asexual reproduction phase of
infection. Sexual reproduction then produces oocysts,
which are unsporulated and must sporulate outside the
host to become infective. Sporulation usually occurs in
less than a week under moderate temperatures and high
moisture conditions. Sporulated oocysts can survive a

wide range of temperatures and may survive for years
under favorable conditions.

Clinical Signs
Lambs and kids 1 to 6 months of age are most susceptible to coccidiosis, and disease most commonly is seen
in association with stressful conditions such as with
weaning, feed changes, or shipping. Crowded conditions with excessive manure are ideal for buildup and
sporulation of the oocysts and may promote transmission of coccidia. Under these conditions, animals may
be exposed to high numbers of infective oocysts, leading to diarrhea. In severe cases the diarrheal stool may
contain blood or mucus and be very watery. Anorexia,
dehydration, weakness, rough hair coat, and weight loss,
possibly eventuating in death, are encountered in many
cases.39 Constant straining with defecation can result
in rectal prolapse. In severe cases the major portion of
the intestinal mucosa is destroyed, and even if affected
animals are treated appropriately, diarrhea can continue
for days to several weeks until the mucosa heals. Permanent scarring of the mucosa is common, potentially
resulting in chronic poor growth and development.

Diagnosis
Acute coccidiosis can be difficult to diagnose, because
clinical disease and death can occur before oocysts
(see Figure 6-2, C) appear in the feces (approximately
2 weeks after infection). If high numbers of oocysts
are found on fecal examination, the disease is peaking,
and most of the damage has been done. In the chronic
stages, low numbers of oocysts are typical. Because
clinically normal animals often shed small numbers
of oocysts, which contain a mixture of pathogenic and
nonpathogenic species, interpretation of the findings
on fecal examination for animals in the chronic stages
of coccidiosis or for those with diarrhea from other
causes can be difficult.40,41 In such cases the clinician
should rule out other diseases before making a diagnosis of coccidiosis.

Treatment and Prevention
Treatment of affected animals with clinical disease
includes supportive care and administration of anticoccidial drugs. If the clinical scenario is that of an outbreak, with numerous animals affected, then all animals
in the group should be treated. The use of coccidiostats,
which interfere with asexual reproduction, is useful
mainly to prevent further development of infection in
the affected animals that have been exposed to infective
oocysts.40 Many coccidiostats are used prophylactically
when conditions conducive to coccidiosis are expected
(i.e., prestress: shipping, weaning, parturition, and so on).
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Coccidiostats are of minimal value if given after the
onset of clinical disease. Sulfa drugs (not approved
for coccidia control in small ruminants) appear to
be clinically beneficial, but they may simply decrease
secondary or concurrent bacteria-induced diarrhea.40
Table 6-1 lists the anticoccidial drugs approved for use
in the United States.
To avoid toxicity in growing animals, dosages must
be adjusted to the changing levels of feed intake as
animals grow. Coccidiostats should be fed for at least
4 weeks to allow exposure and subsequent development
of immunity to occur while preventing the detrimental
effects of clinical disease. Fortunately, a strong immunity to coccidia develops naturally, but a continual
low level of infection is necessary to maintain such
immunity. Also, excessive stress in older animals may
predispose them to immunosuppression, with resultant
clinical coccidiosis.
Coccidia can become resistant to coccidiostats with
extended and inappropriate use.40 Therefore this class
of chemicals should be fed only during times of
expected risk. The inclusion of lasalocid (1 kg of 6%
premix) or decoquinate (1 kg of 13% premix) in 22 kg
of trace mineralized salt, fed as the only source of
salt for 30 days ante partum, can reduce the number
of oocysts shed in ewe or doe feces. This practice can
reduce the levels of contamination with coccidia and
thereby reduce a source of infection for lambs and kids.
The benefits of administering lasalocid and monensin
beyond the time for coccidia control include increased
feed efficiency, enhanced growth rate, and decreased
incidence of free gas bloat. However, if coccidiostats are
included in either mineral or feed supplements, inconsistent or depressed intake may result in subtherapeutic
drug dosing.
Control also involves improved management and
sanitation. Preventing overcrowding decreases the
buildup of manure and infective oocysts. In addition,
proper design of facilities to prevent fecal contamination of feed and water sources is important. Exposure
to sunlight and desiccation are two of the most effective means of killing the oocysts. Minimizing stress
and optimizing nutritional intake are important husbandry and management techniques to minimize clinical coccidiosis.

121

Pathogenesis
The life cycles of F. hepatica and F. magna are similar in
that each requires an aquatic snail as an intermediate
host. Sheep and goats are definitive hosts for F. hepatica,
whereas only some species of deer and elk are definitive
hosts for F. magna. Fluke eggs are passed in feces and
hatch in water, releasing the larval form (miracidium),
which finds and penetrates a snail. After penetration, the
miracidium changes forms several times while undergoing asexual reproduction. Through this process, each
miracidium produces many cercariae, which emerge
from the snail to encyst as infective metacercariae on
forage. Sheep or goats ingest the metacercariae during
grazing, which subsequently excyst in the small intestine. The immature fluke penetrates the wall of the small
intestine and migrates to the liver, where it penetrates
through the liver capsule into the parenchyma. Penetration of the liver can produce significant blood loss, and
migration through the liver can leave large tracts of scar
tissue (Figure 6-5, A). Adult F. hepatica flukes end up
in the bile ducts after migrating through the liver (see
Figure 6-5, B) and can live there for years if no treatment

A

LIVER FLUKE INFECTION
Both Fasciola hepatica and Fascioloides magna can infect
sheep and goats. Unlike the other parasites, liver flukes
are restricted in geographic distribution. This specificity
of distribution is due to their requirement for an intermediate host, a snail, that only lives in specific aquatic
and semiaquatic habitats and soil types. These parasites
are common in the Gulf Coast, Pacific Northwest, and
Great Lakes regions of the United States.

B
Figure 6-5 During a necropsy of a sheep, liver fluke infection. A, Fibrotic scarring and necrotic tracts. B, Cut surface
with biliary hyperplasia and fluke being squeezed from duct
(arrow). (Courtesy Dr. John Malone, Louisiana State University.)
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is given. By contrast, F. magna does not mature in sheep
and goats, and these flukes continue to migrate in the
liver, causing severe damage and death.42 One of the
most serious complications of acute liver fluke infection is black disease (Clostridium novyi infection), which
causes sudden death. It is imperative that animals be
properly vaccinated for this condition in areas in which
the risk of fluke-associated disease is recognized.

Clinical Signs
F. hepatica infection can cause both acute and chronic
disease conditions. Acute disease results when large
numbers of immature flukes migrate through the
liver, particularly in animals with limited immunity to
these parasites. Clinical signs include anorexia, depression, weakness, dyspnea, anemia, ascites, colic-like
signs, dry feces, and sudden death. Similar but more
severe manifestations are typical for F. magna infection, which usually is fatal. Chronic F. hepatica disease
is the result of presence of mature flukes in the bile
ducts and is manifested in depressed growth and milk
production.

Diagnosis
Antemortem diagnosis of fluke infection can be difficult. Finding eggs in feces is diagnostic for F. hepatica.
Eggs are produced only by adults and then not in great
numbers, so a negative fecal test result cannot rule out
acute or chronic fascioliasis. Fluke eggs are dense and
therefore do not float in routine fecal flotation preparations used for nematode diagnosis.
A sedimentation technique should be used for suspected fluke infections. To perform a sedimentation test, 2
to 3 g of feces is mixed with 50 mL of tap water; the mixture is then strained through a tea strainer and funnel
into a 50-mL centrifuge tube. The strained fecal sample
is then left to sit for a few minutes, to allow the eggs to
settle. The supernatant is then poured off and the tube
refilled with water while the sediment is resuspended.
Repeating this procedure two or three times will clean
up the sample so that eggs can be visualized. After
the last supernatant is poured off, leaving 5 to 10 mL,
methylene blue can be added to stain particulate matter
so that the golden-brown eggs (with an operculum at
one end) show up easier against the blue background
when examined under a dissecting microscope (see
Figure 6-2, D). F. magna does not complete it’s life cycle
in sheep and goats, so eggs are not produced and fecal
examination is of no value.
In the absence of finding fluke eggs in feces, flukeinfected animals may demonstrate eosinophilia, anemia, increased liver enzymes, and hypoalbunemia.
Infection often is discovered by finding the mature or
immature flukes at necropsy or slaughter.

Treatment
If F. hepatica infection is diagnosed by fecal exam or
at necropsy, all animals in the herd should be treated.
Because flukicides available in the United States are
highly effective only against mature flukes, the timing
of treatment is important. In the southern portions of
North America, the snails are present year-round, and
transmission occurs in the late winter and spring when
the snails become active. Flukes migrate and mature
in the late spring and summer. Thus treatment in the
southern United States usually is recommended in the
late summer or early fall. In cooler, northern climates,
transmission does not start until late in the spring and
may continue into the summer, so flukes can mature
into the fall and winter. Therefore treatment is recommended in late fall or winter.
The most effective flukicide for removing both
immature and mature flukes has been clorsulon (not
available in the United States). Ivermectin products
containing an adulticidal dose of clorsulon are available but are not approved for use in sheep or goats.
Albendazole can kill some adult F. hepatica organisms
but is approved only for worm control (7.5 mg/kg) in
sheep. A higher dose (10 mg/kg) is approved in goats
only for F. hepatica. Albendazole and a clorsulon-ivermectin combination are somewhat useful in controlling
F. magna, but unfortunately, neither is 100% effective,
and only a few remaining flukes can be fatal.

Prevention
Control of fluke infections is difficult, but decreasing
exposure is one key to success. Properly timed treatment of animals not only provides immediate benefit
but also can decrease infections in successive years by
decreasing egg shedding when snails are present on
pastures. Eliminating the snail is impractical, but fencing off low-lying wet areas to prevent animal access may
limit exposure. Depending on local fluke conditions,
efforts should be made to avoid grazing animals in
high-risk areas (e.g., where water stands or flows over
grazing pastures, streams, and irrigation ditches) during
peak infection times.

LUNGWORM INFECTION
Pathogenesis
Among the parasites known to cause bronchitis in
sheep and goats, Dictyocaulus filaria is the most pathogenic, Muellerius capillaris is the most common and
least pathogenic, and Protostrongylus rufescens is intermediate in pathogenicity. The life cycle of D. filaria
is direct, and the life cycle of both M. capillaris and
P. rufescens requires either a snail or slug as an intermediate host. D. filaria transmission in North America is
during the cooler months (fall and winter) of the year,
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B

A

Figure 6-6 Lungs from a sheep with Dictyocaulus filaria infection. Atelectasis is evident in diaphragmatic
lobes (A), and worms can be seen in the trachea (B). (Courtesy Dr. John Malone, Louisiana State University.)
and transmission of M. capillaris and P. rufescens occurs
when snails or slugs are present, which is usually spring
or summer. Infected snails and slugs that survive the
winter can carry over transmission from one year to the
next.43
Infection with D. filaria usually appears in 2- to
18-month-old sheep. Affected animals generally have
chronic fever, cough, nasal discharge, tachypnea, anorexia,
and weight loss. Treatment with antibiotics is not rewarding. At necropsy, the worms usually are observed in the
bronchi, especially in the diaphragmatic lobes (Figure 6-6).
Pulmonary edema, emphysema, and atelectatic and
pus-filled lobules also may be evident. Damage due to
D. filaria (and other lungworm) infection can predispose
animals to secondary bacterial and viral infections and
reduce general health (see Figure 6-6, A and B).
Infection with P. rufescens can cause serious disease
in sheep, although infection is rarely reported in North
America.44 In addition to larvae in feces, they also may
be found in nasal secretions. Adult nematodes live in
the small bronchioles, and clinical signs include diarrhea, weight loss, mucopurulent nasal discharge, tachypnea, and increased respiratory sounds.
Infection with M. capillaris causes few clinical signs.
At necropsy in infected animals, gray or greenish subpleural granulomas are seen in the caudal lobes. Goats
can have widespread interstitial pneumonia without
nodular lesions.45,46

Diagnosis
Infection is diagnosed by the presence of first-stage
larvae (species are easily differentiated) in fresh (rectal
collection is preferred) feces prepared using a simple
Baermann technique. Because larvae may be few in

Figure 6-7 Lungworm first-stage larvae of Dictyocaulus
recovered with the Baermann technique. (Courtesy Dr. John
Malone, Louisiana State University.)
number, a fair amount of feces (10 g or so) is wrapped in
cheesecloth or other porous material (e.g., Chem-wipes)
and suspended (using an applicator stick) in warm water
in a plastic wine glass over night. The warm water stimulates the larvae to move and migrate out of the feces and
sediment to the bottom of the conical stem. After the
fecal ball is removed and the supernatant is poured off,
a pipette is used to remove the remaining small amount
of water, which is placed on a microscope slide; larvae
can then be identified under a microscope. Larvae of
D. filaria have straight tails (Figure 6-7), whereas larvae
of M. capillaris and P. rufescens have kinked tails.

Treatment
Treatment is with either ivermectin (200 μg/kg), fenbendazole (7.5 mg/kg), or albendazole (10 mg/kg).
Refractory cases of M. capillaris may require larger doses

124

Chapter 6 • Internal Parasites

of either fenbendazole (15 mg/kg at 35-day intervals to
30 mg/kg at 30-day intervals) or ivermectin (300 μg/kg),
because immature stages of M. capillaris may survive
lower doses or single treatments.47

Prevention
Eliminating the intermediate host mollusk will be helpful but is very difficult to accomplish (see Chapter 7).
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7

Diseases of the Respiratory
System
Paul J. Plummer, Cassandra L. Plummer, and Kelly M. Still

ANATOMY
Clinically significant upper airway structures in the small
ruminant include the frontal and maxillary sinuses, pharynx, larynx, and trachea. The nasopharynx is the primary
path for respiration, but oral respirations are anatomically possible, and “panting” occurs under some fairly
normal conditions such as high ambient temperature.
Laryngeal structure is similar to that in other species,
with small V-shaped vocal folds just caudal and ventral
to the arytenoid cartilages.1,2 The retropharyngeal lymph
node is located dorsocaudal to the pharynx and can compress the larynx or trachea when enlarged or abscessed.
The trachea runs down the ventromedial aspect of the
neck from the larynx to the bronchial bifurcation in the
thorax. It is composed of incomplete tracheal rings connected by a membranous wall. The tracheal diameter
in small ruminants generally is smaller than might be
expected and changes at the thoracic inlet: In goats the
trachea narrows, whereas in sheep it enlarges.2
In the thorax, the trachea bifurcates into two main
bronchi. Just cranial to this bifurcation a separate bronchus branches out to the right cranial lung lobe. The
major lung divisions include left and right cranial lobes,
each with a cranial and caudal part; the right middle
(cardiac) lobe; the right accessory lobe; and the left and
right caudal (diaphragmatic) lobes. When enlarged, the
mediastinal lymph nodes and thymus may compress or
shift the thoracic trachea or lung. The caudal lung border
is demarcated by the sixth rib ventrally, by the seventh rib
at the lateral midthorax, and by the eleventh rib dorsocaudally. The intercostal vessels and nerves run caudally
along each rib, and care should be taken to avoid these
structures during thoracocentesis or biopsy procedures.2

PHYSIOLOGY
The respiratory system permits reoxygenation of pulmonary venous blood and release of carbon dioxide
formed by cellular respiration. Effective respiration
requires both alveolar ventilation and gas diffusion
across the respiratory membrane; together, these two
processes can be quantified by the ventilation-perfusion
ratio, which may be altered during disease. Alveolar
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ventilation occurs through movement of gas from the
terminal bronchioles and depends on inspiratory tidal
volume and expiratory functional reserve in addition to
respiratory rate. Anatomic dead space (e.g., nasal passages, pharynx, trachea, bronchi) does not contribute
to alveolar ventilation. Once in the alveolus, respiratory
gases must diffuse between the lung and capillaries. Gas
movement across membranes is affected by the diffusion coefficient of the gas, the thickness of the septum,
and the surface area available for diffusion. Because
carbon dioxide diffuses much more readily than oxygen
and is the direct stimulus for respiration, hypoxia may
occur without significant increases in respiratory rate.
Alveolar septum thickness can be increased by edema
and fibrosis. Surface area can be physically decreased
by consolidation and emphysema or physiologically
reduced by alteration in the ventilation-perfusion ratio
stemming from increased physiologic dead space or
shunting of blood away from ventilated alveoli.3
Significant innate immune defenses are present in
the lung. The sneeze and cough reflexes forcibly expel
large particles and irritants from the upper airway. Nasal
hairs and air turbulence over the nasal concha will filter
out airborne particles as small as 6 μm. Gravitational
precipitation will filter smaller particles (1 to 5 μm) in
the small bronchioles. Mucociliary clearance efficiently
moves trapped particles to the pharynx, where they are
either swallowed or coughed out. This system is formed
by mucus-producing goblet cells and ciliated epithelial
cells that line the respiratory tract from the nasal passages
to the terminal bronchioles. Once in the alveoli, particles
larger than 0.5 μm will come to lie against the alveolar
wall and be cleared by alveolar macrophages or the lung
lymphatic system. Particles less than 0.5 μm in size remain
suspended and will be exhaled without consequence.4

DIAGNOSTIC APPROACHES
Physical Examination
and Auscultation
A thorough and unbiased physical examination is the
most important component of the diagnostic evaluation of small ruminants presented for abnormalities of
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Figure 7-1 The clinician is carefully examining the nares in
this well-restrained ewe. (Note: Both a light source and saline
are available to flush out any material that precludes proper
evaluation.) (Courtesy Dr. A.N. Baird, Purdue University.)

the respiratory tract. Without a complete physical exam,
important primary or secondary physiologic problems
may be missed, and the diagnostic plan may be incomplete or result in failure to obtain a definitive diagnosis.
The physical exam should be conducted in a systematic manner and must include all aspects of the respiratory system. Before restraining the animal, the clinician
should spend a few minutes observing its attitude,
stance, respiratory rate, and respiratory pattern from a
distance, because significant elevations in respiratory
rate and pattern can occur after capture and restraint,
particularly in animals that are less socialized. In consequence of the flocking instincts of sheep and goats, animals observed to be standing apart from the rest of the
flock or herd are likely to be significantly ill. Once the
animal is caught and restrained, the practitioner should
begin by evaluating the respiratory system starting at the
head (see Chapter 1). The nares should be examined for
evidence of serous, mucopurulent, or hemorrhagic discharge from one or both nostrils (Figure 7-1). Unilateral
nasal discharge may provide significant localization of
a lesion and should be noted on the examination form.
Both nares should be accessed for patency by placing
either a small cotton ball or a mirror in front of the nose
and observing for movement or fogging, respectively.
The remainder of the head should be evaluated for evidence of facial deformity or soft tissue swelling indicative of a localized lesion. The pharyngeal area should
be palpated, with particular attention paid to the local
lymph nodes. When possible, the palpation should
include an attempt to feel the area lateral and dorsal
to the pharynx by placing a hand alongside the trachea
and palpating with gentle dorsal pressure. This area
is a common site for retropharyngeal abscesses (often
caused by Corynebacterium pseudotuberculosis), which
may result in considerable respiratory stridor and effort.
The extrathoracic trachea should be palpated from the
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pharynx down to the mediastinal entrance for any evidence of stricture, dilatation, or external compression.
During this portion of the evaluation, occasional gentle
squeezing pressure should be applied to the trachea,
to determine how easily coughing can be induced.
The mediastinal opening is another area that warrants
palpation for evidence of space-occupying lesions or
tracheal deviation associated with such findings.
Attention should then turn to performing a complete
auscultatory examination of the thorax, when possible. Owing to the heavy wool cover on the thorax of
sheep, this exam may be of limited usefulness without
adequate shearing. At a minimum, the cranioventral
aspect of the thorax of sheep can be auscultated in the
nonwooled area located immediately behind the elbow.
In sheared or haired sheep and lambs and goats, the
entire thorax generally can be auscultated without further removal of fiber or hair. Attention should be paid
to the intensity, duration, and character of the breath
sounds, as well as the stage of respiration (i.e., inhalation or exhalation, early or late) during which they
occur. In comparison with those in cattle, the normal
airway sounds heard in sheep and goats are much more
obvious, owing to the thinner body wall. This perceived
magnification often results in the erroneous impression
of abnormal respiratory sounds.
Abnormal sounds should be classified as either
of two different descriptive types: Wheezes are highpitched, continuous musical sounds associated with
altered airflow through larger airways. They are indicative of either fluid in the airway or increased velocity of
air movement in the airway. Crackles are noncontinuous
brief “popping” sounds associated with sudden opening of small airways or alveoli. They most commonly
are heard during inspiration, particularly late inspiration, and previously were described as “rales.” If any
abnormal breath sounds are auscultated, they should
be localized and their anatomic location recorded on
the examination form. In most instances, the use of a
rebreathing bag, as is common in respiratory evaluation
of horses, is not necessary for small ruminants, owing to
their relatively thin body wall.
After completion of the auscultation exam, several
additional pieces of information should be collected.
The rectal temperature will reveal whether the animal is
febrile, normothermic, or hypothermic. The presence
of fever may provide additional evidence of an inflammatory process that may warrant additional diagnostic
effort. Additionally, the nutritional status of the animal
should be evaluated, because immune dysfunction is
more common in young animals with less than adequate reserves of body fat. This assessment is perhaps
best performed by body condition scoring of multiple
animals in the same management group. Finally, the
practitioner should spend some time evaluating the
environment in which the diseased animal is housed.
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Environments with poor ventilation, drafts, dust, or
high stocking densities may predispose resident animals to the development of respiratory disease; in such
instances, appropriate treatment may require addressing the environmental conditions.
With respiratory disease in preweaned animals, it
also is worthwhile to consider the role of colostrum
management and failure of passive transfer in the disease process. When warranted, serum samples from
several animals can be collected and assayed for failure
of passive transfer status. Our own preference is to test a
group of 10 animals between 24 and 72 hours of age; at
least 8 of the 10 animals should demonstrate adequate
evidence of passive transfer. If increased rates of failure
of passive transfer are identified, then herd- or flocklevel changes are needed to improve immunity of this
at-risk group.
After the physical exam has been completed, the
clinician should use the findings to develop a comprehensive problem list that will serve as a basis for development of a complete diagnostic plan and differential
list. Although this step often is skipped in the interest of
time, it is one of the few ways to ensure consideration of
all possible clinical entities in the differential diagnosis.

Diagnostic Procedures
Once a complete list of diagnostic possibilities has been
generated, the clinician can turn to the development of
a useful and cost-effective diagnostic approach specific
to the case. In this context, it is important to ascertain
the expectations of the client with regard to desired outcome. For instance, the producer with 29 weaned kids
in group housing of which 10 were lost to pneumonia
in the past week may have very different expectations
and motivations to pursue diagnostic investigation
from those for a producer with a single animal showing
clinical signs. Many of the usual procedures for such
investigation, as described next, may not be economically feasible or desirable if the producer perceives that
the cost does not justify the return on investment. By
contrast, if the results can be used to prevent disease in
multiple animals, the motivation to pay for the diagnostics may be increased.

Blood Gas Analysis
Blood gas analysis provides a rapid and useful assessment of hemoglobin oxygenation and alveolar diffusion of gases. Its usefulness is, however, limited by the
need for rapid testing and appropriate sample handling
to prevent erroneous results. The advent of portable
blood gas analyzers that can be carried on the ambulatory care truck make this test feasible in the farm
situation; in most instances, however, its application
is limited to high-value cases in referral hospital settings. In our experience, an arterial blood gas sample is

best collected from small ruminants using the brachial
artery located on the medial aspect of the proximal
portion of the front legs. Special blood gas syringes are
commercially available and should be used if accurate
assessment of partial pressures is required, as would
be the case in respiratory disease. While the animal is
lying in lateral recumbency, the lower limb is extended
and the pulsation of the artery is palpated between the
index and middle fingers while the needle is inserted
at a 90-degree angle to the skin. Once the artery is penetrated, the syringe is held steady and should self-fill.
Negative pressure should not be applied to the syringe,
because this will alter gas partial pressures in the sample. Once the blood is collected, the needle should be
rapidly sealed, typically with the rubber stopper supplied with blood gas syringes. Care should be taken to
not introduce any bubbles into the syringe during this
process. Arterial partial pressures of O2 (Pao2) should
be above 70 to 80 mm Hg in an animal with normal
oxygenation. Partial pressures below that level may be
indicative of inappropriate ventilation, poor alveolar
ventilation, or thickened alveolar walls that impair oxygen diffusion. Normal partial pressures of CO2 in an
arterial sample should be below 40 mm H, and if the
sample yields a Pao2 greater than that value in association with a very low oxygen partial pressure, the possibility that a venous sample has been obtained needs
to be considered.

Radiography
Radiographs of the thorax, neck, or head often are
required and can be of significant diagnostic benefit. Radiographs can easily be obtained using portable
radiographic equipment commonly available to veterinary practitioners. When unilateral nasal discharge or
facial deformities are observed during the physical exam,
radiographic evaluation with both lateral and dorsoventral views of the head may elucidate the etiology. In
many instances, nasal foreign bodies or sinusitis can be
confirmed on the basis of the radiographic interpretation of the head views. Similarly, radiographs of the neck
may provide additional evidence of tracheal compression or retropharyngeal masses that may be associated
with coughing in affected animals. Thoracic radiographs
can be obtained with the animal either standing or in
lateral recumbency, depending on the facilities available
to the practitioner (Figure 7-2, A and B).
Lung field consolidation can be readily identified by
observing radiographic opacities in the cranial ventral
lung fields, and mediastinal masses, often associated
with caseous lymphadenitis abscesses, generally are
revealed as a line of masses of increased density coursing through the thorax at the level of the trachea. In rare
instances, a thymoma may result in the appearance of
a mass cranial to the heart that gives the appearance of
the animal’s having two hearts.
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A

B
Figure

7-2 Radiograph showing pulmonary edema
related to a tracheal obstruction in a 6-year-old Suffolk ewe.
A, Increased opacity is evident throughout the lungs, along
with peribronchial cuffing and lack of visualization of the vascular markings. It is difficult to distinguish the borders of the
caudal vena cava because of the increased interstitial opacity.
Other considerations in the differential diagnosis for this pulmonary pattern would be pneumonia and pulmonary hemorrhage. B, Lateral view of the caudal thorax of the same patient
24 hours after treatment with a tracheotomy, diuretics, and
antibiotics. The vascular margins are better delineated, as are
the borders of the caudal vena cava. Interstitial opacity within
the lungs is less than on the previous radiograph. Although
mild interstitial opacity persists, the pulmonary edema is
resolving. (Courtesy Dr. Debra Baird, Purdue University.)

Ultrasound Imaging
Portable ultrasound units are becoming standard equipment in many large animal clinics, affording easy access
to this imaging modality. Many units used for reproductive practice are equipped with a linear, 5- to 7.5-MHz
transducer. This type of machine can provide reasonably
good-quality images of the thorax and adjacent soft
tissues. When available, a curvilinear probe will provide a superior image but certainly is not required for
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diagnostic use. Appropriate patient preparation is paramount for obtaining a good-quality image. Wool or hair
over the site of interest should be clipped, although the
use of coupling agents (e.g., gel, vegetable oil, alcohol)
can be helpful in some instances. Owing to the nature
of the functioning, gas-filled lung, ultrasonography of
the respiratory tract is more limited than that of other
body systems. For example, ultrasound examination
of the pharyngeal region may provide an easy means
of identifying retropharyngeal abscesses when they are
suspected from findings on palpation. In such cases the
probe should be placed parallel to the lateral aspect
of the trachea and directed dorsomedially towards the
opposite ear. Abscesses typically have a hyperechoic
wall, with variable echotexture of the contents.
Ultrasound imaging also can provide useful information in evaluation of the thorax. The clinician should
become familiar with the appearance of normal aerated
lung, allowing rapid identification of areas that lack the
normal appearance. Normal lung is recognizable by the
bright hyperechoic line of the visceral pleura above a
classic reverberation artifact induced by the aerated lung.
The reverberation artifact is typical of ultrasound waves
hitting a gas interface and consists of sequential hyperechoic lines spaced at regular intervals. It is important to
realize that any images appear on the screen deep to the
start of the reverberation artifact are indeed artifacts and
not images of the lung parenchyma (Figure 7-3). Once
an appreciation for the normal appearance of lung has
been achieved, the thoracic exam can be systematically
performed. With use of a linear or a curvilinear probe,
the probe should be oriented parallel to the ribs in the
intercostal space. We prefer to start at the most dorsal
aspect of each intercostal space and slowly move downwards to the ventral thorax observing the lung surface
along the path. This is repeated in each intercostal space
moving caudally. The image quality is maximized by
following the natural “lay” of the wool or hair (in a
dorsal-ventral direction). As the exam progresses caudally, the diaphragm will come into the image while
moving ventrally, often with the adjacent liver filling the
space below. With use of this method, the extent of the
thoracic lung field can be determined. The three primary
lesions that will be observed are parenchymal masses
in the lung that are adjacent to the visceral pleura,
lung consolidation, and the characteristic “comet tail”
lesions associated with pleural thickening and inflammation. The first of these lesions is readily identified by
the observation of echodense masses interrupting the
normal reverberation artifact of the lung. Such masses
can be measured to allow for sequential ultrasonographic examination as a means of assessing treatment
success or resolution of the lesion. In our experience,
these lesions most commonly are associated with parenchymal abscesses. Consolidated lung is recognized on
deeper imaging, beyond the normal lung reverberation.
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help in obtaining a more reliable sample. Collection of
the diagnostic sample involves simply rolling the swab
surface on the pharyngeal mucosa around the palatine
tonsil. Once prepared, the swab should be placed in
the transport medium and refrigerated unless otherwise
directed by the diagnostic laboratory.

Sinus-Centesis

Figure 7-3 Ultrasound image of the right cranioventral
thorax obtained at the sixth intercostal space in a 3-year-old
LaMancha cross doe with normal lungs. The linear hyperechoic structure with reflective echoes represents the normal,
aerated pleural surface. This ultrasound image was obtained
using a 10-MHz linear array transducer. Dorsal is to the left of
the image. (Courtesy Dr. Karine Pader, Purdue University.)

In many instances, the consolidated lung may have an
appearance similar to that of liver (“hepatized lung”) or
may be seen to contain scattered gas shadows associated
with presence of gas in the larger airways or in abscesses.
“Comet tails” are recognizable as small, hyperechoic
spots with a comet tail–shaped artifact located deep to
the spot. These lesions are nonspecific but often are associated with thickening or inflammation of the pleura.
If pleural fluid is present, it will be imaged as an
anechoic or hypoechoic area in the ventral thorax,
with normal lung reverberation noted at the lung-fluid
interface. Because the mediastinum is not always easily imaged, radiographs remain the preferred imaging
modality for identification of mediastinal masses.

Nasal Swab
Nasal swabs are very useful as a means of obtaining
material for microbiologic culture in cases of respiratory
disease. The laboratory that will process the cultures
should be contacted for recommendations on swab
type and submission recommendations. For instance,
calcium alginate swabs and bleached cotton swabs have
the potential to interfere with polymerase chain reaction (PCR) testing. Many swabs with wooden sticks have
formaldehyde as a preservative in the wood, which can
adversely affect bacterial growth. Similar considerations
apply regarding the selection of transport media. The
use of a guarded swab (i.e., mare uterine swabs), when
available, should be considered to minimize contamination of oral flora. Use of an oral speculum (0.5- to
1.0-inch internal diameter [ID] polyvinylchloride (PVC)
pipe, cut to length, with the ends sanded smooth) may

The technique of sinus-centesis provides the practitioner with an option for collecting representative culture
material from a nasal sinus. Owing to the comparatively
smaller nasal sinuses of sheep and goats, proper selection of a site for sampling is critical to ensure entry into
the sinus cavity. Radiographic assistance in localizing
the involved sinus cavity is recommended. If necessary,
radiopaque markers can be placed on the skin before
exposure to ensure appropriate site selection. Once the
site is verified, the area should be clipped and surgically prepared. Raising a small bleb under the skin
with lidocaine will provide adequate anesthesia to the
external surfaces but will not achieve anesthesia to the
periosteum. Thus the animal should be sedated or anesthetized (see Chapter 18). If the goal is to collect a small
sample of material for culture, a small-diameter bone
pin or heavy-gauge circlage wire can be guided through
a stab incision in the skin and used to drill a small
hole through the bone. A hypodermic needle can then
be introduced into the sinus and a sample aspirated.
Samples should be submitted for aerobic bacterial and
fungal culture. In cases in which drainage and lavage
will be needed, a small sinus trephine can be used to
create a large-bore opening into the sinus.
After collection of the sample, the incision should
be kept clean and allowed to heal by second intention.
The operated animals should be fed low to the ground
to help facilitate sinus drainage, and use of elevated hay
racks should be avoided until the wound is fully healed.

Tracheal Wash
With large herd outbreaks of respiratory disease or in the
face of a high incidence of treatment failures, diagnostic
sampling for determining the etiologic agent and antimicrobial susceptibility profile should be considered.
Nasal swabs can be used in some circumstances but will
yield less reliable results than a tracheal wash. A tracheal
wash provides the clinician with the opportunity to collect a sterile deep lung sample with minimal effort.
The animal should be standing and adequately
restrained for this procedure. Sedation may be warranted. If a fiberoptic endoscope is available (8 to 9 mm
diameter), it may be inserted through the nasal passage
in some adult sheep or goats. If this is not possible, the
endoscope can be passed through an oral speculum.
An endoscopic examination may allow visualization
of the respiratory tract, identify exudates, and enhance
sample collection. If an endoscope is unavailable,
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Figure 7-4 Transtracheal wash. A, Site of access for transtracheal wash on the ventral midline in the
 idcervical region. B, Supplies for transtracheal wash procedure: 18-inch flexible wash catheter (1), sample
m
vial (2), trochar removed from cannula for visualization (3), and wash cannula (4).

a percutaneous transtracheal wash (TTW) procedure can
be performed. Use of a commercially available presterilized, complete kit designed for foals, when available,
will enhance the ease of this procedure (Figure 7-4,
A and B). Alternatively, a hypodermic needle of appropriate size to allow a sterile tube catheter (220 polyethylene) to pass through the bore may be used. On the
ventral aspect of the neck, the hair or fiber should be
removed over at least a 6-inch square of skin centered
on the midline and located roughly one third of the
way down the neck from the throatlatch. The trachea
should be identified and easily palpated at this level.
The site should be disinfected using a standard surgical
preparation, and a small bleb can be raised with lidocaine placed under the skin directly over the midline
of the trachea in the center of the site. A stab incision
should be made through the skin using a scalpel blade.
The procedure should be performed using sterile technique. If a commercial kit is to be used, the blunt-tipped
needle and associated placement trochar should be
identified in the kit, and the clinician should become
familiar with their design and use before performing
the procedure. The unit should be placed through the
skin incision and the tip of the trocar used to palpate
the tracheal rings while the operator’s opposite hand
is used to stabilize the trachea. The tip of the trocar
should be positioned on midline between the tracheal
rings and firm pressure applied to facilitate passage
of the trochar into the trachea. A slight “pop” may be
felt as the tip of the stylet enters the cavity. The trocar
should be advanced until it can be felt to fully penetrate
the trachea and can be slightly advanced in a ventral

direction (Figure 7-5, A). The stylet should be removed
and the aspiration catheter passed (using sterile gloves)
through the trocar to roughly the level of the tracheal
bifurcation. Twelve to 15 mL of sterile saline should
be infused into the trachea and a sterile syringe used to
apply gentle suction as the catheter is moved back and
forth in the trachea (see Figure 7-5, B). The goal is to
move the catheter so that its tip is in the pool of fluid
created just cranial to the tracheal carina. Although this
cannot be visualized, it can be located with practice
in a majority of cases. If needed, additional normal
saline (another 5 to 10 mL as indicated) can be given
to increase the recovery volume. The catheter should
be removed, followed by the trocar. In cases in which a
needle and polypropylene catheter are used, the needle
should be removed from the trachea before the catheter,
to minimize the risk of cutting off the distal tip of the
catheter during its withdrawal.

Thoracocentesis
Thoracocentesis provides a reliable means of collecting
a sample of pleural fluid for diagnostic submission.
This is best performed in the cranial-ventral portion of
the chest, where pleural fluid pools in the most dependent part of the thorax. While the animal is standing,
this area can be evaluated by ultrasound imaging and
an appropriate site selected as indicated by presence of
fluid and absence of other viscera. The body wall thickness can be measured to assist in determining how deep
to advance the needle to acquire the sample. Once collected, the sample should be evaluated for appearance,
odor, and turbidity, in addition to being submitted for
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dorsal turbinates and sinuses. There they develop over a
2- to 10-month period to the third instar stage,1,6 return
to the nostril, and are sneezed out to pupate in the soil.6
Both first instar larvae and pupae may overwinter.6

Clinical Signs

A

B

Figure 7-5 A, The middle third of the neck is aseptically
scrubbed, the skin and subcutaneous tissue are anesthetized,
a stab incision is made through the skin and subcutaneous
tissue, a 14-gauge needle or trocar is passed through the incision and into the trachea, and tubing is passed using sterile
technique just beyond the tracheal bifurcation. B, The clinician injects sterile isotonic solution (12 to 30 mL) through
the tubing and then immediately performs fluid retrieval by
aspiration with the syringe. (Note: With this method, caution
should be taken to avoid cutting off the tube in the trachea
with the sharp needle.)

Irritation from the adult flies will induce avoidance
activities such as head shaking, head rubbing, and feet
stomping; if the animal’s distress level is severe, grazing
activity will decrease.6 Larval passage and development
can cause inflammatory rhinitis characterized by sneezing, mucopurulent discharge, and decreased airflow
through the nares. Sequelae can include bacterial rhinitis or sinusitis and, infrequently, interstitial pneumonia
secondary to antigen aspiration.5

Diagnosis
O. ovis infection is associated with a profuse nasal
discharge containing numerous eosinophils and mast
cells.5,7 Direct visualization of the bots or mineralized
remains may be possible with endoscopic or radiographic imaging. In commercial herds, clinical signs,
cytologic examination of the discharge, and response
to therapy usually are sufficient to make the diagnosis.

Therapy
bacterial culture and cytologic study. The presence of a
pungent foul odor often is associated with anaerobic
infection, and treatment decisions should consider this
possibility.

UPPER AIRWAY DISEASE
Stertor and stridor, sneezing, and nasal discharge are
hallmark signs that suggest upper airway disease over
pneumonia.

Rhinitis
Possible causes of rhinitis in sheep and goats include
foreign material such as from regurgitation, parasites,
tumor, and other respiratory infections.

Oestrus ovis Infestation
Pathogenesis
Nasal bot infestation is more common in sheep than in
goats, and infected goats have a lower larval burden than
that typical for sheep.5 Clinical signs during the first
spring infestation generally are mild, but disease severity markedly increases during subsequent infestations,
probably owing to hypersensitization; goats may acquire
immunity after repeated infections.5 The adult Oestrus
ovis fly deposits larvae at the animal’s nostrils. The first
instar larvae migrate up the nasal passages into the

Treatment usually is administered for heavy late summer infestations or to kill overwintering bots. Ivermectin (0.2 mg/kg SC) is effective in killing the O. ovis
larvae1,6,7 but requires an extended milk withdrawal
period: 40 days if administered subcutaneously and
6 days if administered orally (if administered at a higher
oral dose of 0.4 mg/kg, an 11-day milk withdrawal is
recommended).8 Pour-on eprinomectin (0.5 mg/kg)
may be a better choice for commercial dairies because
it has been shown to be effective in sheep against nasal
bot infestation and has a zero-day milk withdrawal
period.9,10
Once the bots are killed, secondary bacterial infections usually will resolve without further intervention.
If indicated, however, treatment is with broad-spectrum
antimicrobials.7

Other Parasites
In the Himalayas, a nasal leech from standing water
pools can cause similar clinical signs. Systemic ivermectin is ineffective, but direct application of ivermectin
solution (0.1 mg/mL) to the leech will kill it within a
few hours. Wetting the animal’s muzzle will encourage
the leech to migrate down to the nostril opening so that
the ivermectin can be applied.1
On the Indian subcontinent, Schistosoma nasale infection (“snoring disease”) has been reported as a cause of
nasal obstruction from parasite-associated inflammation and tissue proliferation.1,11
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Enzootic Nasal Tumor
Pathogenesis
Enzootic nasal tumors are transmissible, sporadically
occurring tumors of the nasal passages of sheep and
goats.12,13 This condition has been reported in animals as young as 15 and 7 months, respectively,14,15
and is believed to be caused by type D or B retrovirus
infection.12,16,17 These tumors can occur unilaterally or
bilaterally and are locally invasive but not usually metastatic.13,15 They originate from the olfactory mucosa and
ethmoid or nasal turbinates and usually are classified as
adenomas, adenopapillomas, and adenocarcinomas.13-15
Other conditions on a differential diagnosis list for nasal
masses include lymphosarcoma and fungal granuloma.1

Clinical Signs
The tumor starts as small nodules that grow to form
large nodular cystic masses, causing progressive inspiratory dyspnea and secondary emaciation.13,15 Inflammatory polyps may be present near the tumor.15,17
Primary clinical signs include unilateral or bilateral
copious seromucous to mucopurulent nasal discharge
with inspiratory stridor. Additional signs may include
exercise intolerance, decreased airflow and open-mouth
breathing, anorexia, head shaking and sneezing, exophthalmos, and bony facial asymmetry.13-15
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ulceration of the nasal septum with a marked catarrhal
rhinitis, usually accompanied by additional severe
systemic signs.1 P. multocida infection causes nasal turbinate atrophy, which can be identified at necropsy by
cross-sectioning the head at the level of the first premolar.1 In tropical and subtropical regions, an important
consideration in the differential diagnosis for bacterial
rhinitis is nasal melioidosis (caused by Burkholderia
pseudomallei).1 Respiratory involvement is particularly
common in small ruminant species and may include
oculonasal discharge, coughing, lymphadenopathy, and
pulmonary disease, all characterized by multiple caseous abscesses. Melioidosis is zoonotic and reportable in
many parts of the world.19

Sinusitis
Pathogenesis
Sinusitis is a relatively rare condition in sheep and
goats, usually related to dehorning infections (with
consequent involvement of the frontal sinus) or dental abnormalities (with maxillary sinus involvement).
Signs of frontal sinus infection may appear weeks to
months after the dehorning process. Multisinus infection can result from nasal bot infestation, neoplasia,
facial fractures, and horn injuries.7

Diagnosis

Clinical Signs

A preliminary diagnosis can be made from the clinical
signs and findings on sinus percussion. Radiographic or
endoscopic imaging may be indicated. Definitive diagnosis requires surgical excisional biopsy.14

Indications of sinusitis include drainage from dehorning sites as well as swelling, softening, or deformities of
the overlying facial bones. Malodor, unequal airflow,
head shaking and rubbing, extension of the head and
neck, or head resting or pressing also may be noted.
Systemic signs such as pyrexia, anorexia, and lethargy
may develop as well, and chronic sinusitis may lead to
neurologic symptoms.7

Treatment
If enzootic nasal tumor is untreated, death will occur
within 90 days of appearance of clinical signs.13,14 Surgical debulking is a palliative option14 but may not be
curative.18 The mass can be accessed for excision by creating an I-shaped incision in the skin and then the nasal
bones along the dorsal facial midline axis, reflecting the
cutaneous and bony flaps, and removing the nasal septum. Profuse hemorrhage is to be expected; epinephrine
(1:100,000)-soaked gauze pads can help with hemostasis, and a blood donor should be readily available.18
A temporary tracheostomy may be needed during the
surgical procedure and the postsurgical period.14 Herd or
flock control of enzootic tumor is difficult in the absence
of a serologic test to identify animals with preclinical disease. Enzootic nasal tumors can be spread by nasal discharge; infected animals should be isolated and culled.17

Other Respiratory Infections
Other respiratory infections involved in small ruminant
rhinitis include herpesvirus and Pasteurella multocida
infections. Herpesvirus infection causes fibronecrotic

Diagnosis
A presumptive diagnosis can be made from the clinical
presentation and findings on percussion. Radiographic
imaging is indicated for investigation of recurring or
refractory cases. In one instance of chronic sinusitis in a
pet goat, computed tomography was used to accurately
characterize the lesion.20 An oral exam with the animal
under light sedation should be performed if dental
abnormalities are suspected. Culture and sensitivity
testing of the sinus exudate can help direct antimicrobial selection.

Treatment
Basic therapy involves daily lavage of the dehorning site
and sinus with a dilute antiseptic such as 0.1% chlorhexidine. Lavage solution can be introduced through a teat
cannula or 16-18 French catheter. Multiple trephination
sites may be needed, especially in the highly compartmentalized ovine frontal sinus.7 Trephine holes need to
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be large enough to establish drainage; 14-gauge needles
commonly are used for diagnostic sampling but are too
small for lavage. Placement and ease of trephination are
facilitated by the softer bone and the bone deformity
found in typical chronic sinusitis cases.21 The caudal
frontal sinus can be accessed 5 mm from the base of the
horn while avoiding the frontal vein in the supraorbital
groove; the rostral frontal sinus lies medial to the orbit.
Trephination borders for the maxillary sinus are cranial
to the orbit, caudal and dorsal to the facial tuberosity,
and ventral to the infraorbital foramen.22
Complete resolution may require a couple weeks
of daily treatment, because the sinus structure is complex and biofilm development is common. Sheep have
been used in experimental models for antibiofilm
approaches to sinusitis; early results are promising.23
Animals showing systemic signs should be treated
with antibiotics (penicillin, 22,000 IU/kg twice daily)
and nonsteroidal antiinflammatories (e.g., flunixin
meglumine, 1.1 mg/kg IV twice daily, or ketoprofen,
3.0 mg/kg IV or IM once a day).
Sinusitis may be prevented by bandaging open
dehorning sites for 5 to 7 days after the procedure and
by gauze-packing extracted tooth sockets.7

Pharyngitis
Pathogenesis
In sheep and goats, pharyngitis typically develops secondary to traumatic injury, with subsequent bacterial
colonization. Inciting trauma usually is caused by dosing equipment, rough feeds, or foreign objects. Plastic
animal health devices (e.g., dosing and balling guns,
stomach tubes, speculum), especially older devices that
have been roughened from chewing, are notorious for
traumatizing the pharynx. Commonly involved pathogens include Arcanobacterium pyogene, Fusobacterium
necrophorum, and C. pseudotuberculosis.7

Clinical Signs
Coughing, painful swallowing, anorexia, and drooling
are typical for pharyngitis. Oral malodor and dyspnea
or stridor may be present, and the animal may stand
with an extended head and neck. Systemic signs may
include fever, dehydration, and aspiration pneumonia.
Hyperemia, swelling, exudate, and foreign material may
be identified on oral exam. Mild lesions may resolve
spontaneously, but more severe infections can lead to
cellulitis and formation of abscesses or granulomas.

Diagnosis
Cough and a pain response will occur on palpation
of the pharyngeal region. An oral exam should be
performed; light xylazine sedation will facilitate this
process. Radiographic and endoscopic imaging may be
indicated in some cases. Bacterial culture and sensitivity

testing may help with antimicrobial selection if uncontaminated samples can be obtained.

Treatment
Pharyngitis should be treated with parenteral broadspectrum antibiotics and NSAIDs. Oral medications
and forced tube feeding are contraindicated; a temporary rumen fistula can be placed if nutritional support
is needed. Abscesses can be drained into the pharyngeal
cavity and flushed with a dilute antiseptic, such as 0.1%
or 0.2% povidone-iodine (Betadine).7

Retropharyngeal Abscesses
Although retropharyngeal abscesses can develop in
association with pharyngitis, they more commonly
are due to C. pseudotuberculosis infection. Clinical signs
result from pressure on the pharynx and trachea and
include stridor, cough, and difficulty swallowing. Diagnosis is based on clinical signs, palpation, and possibly
radiographic imaging. To avoid contamination of the
environment, C. pseudotuberculosis abscesses should
not be lanced. Surgical removal of the retropharyngeal
lymph node is technically possible but difficult owing to
the presence of vital anatomic structures in the region.
Closed-system lavage along with either intralesional or
subcutaneous tulathromycin (2.5 mg/kg) is as effective
as traditional methods of lancing, draining, and flushing subcutaneous caseous lymphadenitis abscesses24;
this approach may be an option if the retropharyngeal
abscess can be accessed percutaneously.

Laryngitis and Tracheitis
Necrotic laryngitis (necrobacillosis, “calf diphtheria”)
is caused by invasion by the opportunistic anaerobe
F. necrophorum through breaks or ulcers in the laryngeal
mucosa. This condition is rare in sheep and goats but is
seen more commonly with indoor housing systems and
in feedlot environments. Clinical signs include a moistsounding painful cough, inspiratory dyspnea, difficulty
swallowing, and salivation. A presumptive diagnosis
usually can be made on the basis of clinical signs; laryngoscopic and endoscopic examinations are warranted
with recurring or refractory cases. In cattle, most early
cases respond well to broad-spectrum antimicrobial
therapy25 and NSAIDs. A temporary tracheostomy may
be needed until medical therapy takes effect.
Laryngeal chondritis is characterized by edema, suppuration, necrosis, and abscessation of the arytenoid
cartilages. This disease has been described in Texel
sheep as well as in cattle and horses.25-27 Breed predilections have been documented, but mode of inheritance
is unknown.27 Clinical signs may resemble those of
necrotic laryngitis and include increased upper airway
noise, dyspnea, cyanosis, and possibly halitosis; if the
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condition goes untreated, clinical progression and death
are expected.26,27 Diagnosis in the live animal requires
endoscopic evaluation of the arytenoids. Partial arytenoidectomy has been suggested as a treatment,7,26 but
subsequent aspiration pneumonia has been observed
in cattle.27 Goulding and associates reported a successful standing permanent tracheostomy in a heifer; the
surgery was intended as a salvage procedure, but the
heifer was retained and bred successfully.25 If laryngeal
chondritis is caught before cartilage necrosis, abscess
formation, or granulation, early ovine and bovine cases
have been successfully treated with broad-spectrum
antibiotics (lincomycin) and dexamethasone.26,27
Laryngeal hemiplegia has been reported in an Alpine
goat. No cause was identified on necropsy.1
Tracheitis most commonly is caused by pressure
from collars and tethers or may result from airborne
irritants such as dust and ammonia.1
Tracheal collapse is a rarely reported congenital condition in the goat. In view of the surprisingly small diameter
of goat tracheas, animals in which the condition is suspected should be evaluated by comparison with healthy
peers. Clinical signs include stridor, exercise intolerance,
and coughing. Affected animals may lag behind their
peers in growth and performance.28 One case has been
reported in a previously asymptomatic adult goat; clinical
onset presumably was triggered by increased respiratory
effort secondary to pneumonia.29 Diagnosis is based
on recognition of clinical signs and tracheal palpation
aided by radiologic or endoscopic examination. Successful treatment in cattle and one kid using surgically
implanted prosthetic rings has been described.28
Cilia-associated respiratory bacillus (CAR) is a bacterium that causes tracheitis in laboratory rats and cattle.
This bacillus also has been identified in tracheas from
goats with chronic caprine tracheitis and in lungs from
kids and adult animals with enzootic pneumonia.30,31
The significance of CAR in small ruminant respiratory
disease is not yet known.
The viral agent of infectious bovine rhinotracheitis (IBR), although rarely isolated from field cases, is
capable of causing tracheitis, cough, and nasal discharge
in experimentally infected goats. Goat isolates are
indistinguishable from those in bovine cases, and some
researchers theorize that goats may be latent carriers.
IBR vaccination in goats is not recommended, because
it is not clear that the causative organism has an actual
role in caprine respiratory disease.1

LOWER RESPIRATORY DISEASE
General Approach to Ovine
and Caprine Respiratory Disease
Respiratory disease can affect small ruminant patients
of all ages and breeds, although certain etiologic disorders will be more common in specific age groups
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or management systems. In general, a small ruminant
patient with respiratory disease will exhibit a variety
of clinical signs associated with the respiratory system,
including but not limited to nasal discharge, tachypnea,
dyspnea, and coughing. Auscultation of the lungs may
reveal increased respiratory sounds, crackles, or wheezes
or loss of respiratory sounds. Many cases that involve
the lower respiratory tract are of mixed etiology, with
both bacterial and viral components. Although the
disease initially may have started as a condition caused
by a single agent, frequently, by the time of presentation to a veterinarian for examination, secondary infections have emerged, thereby complicating diagnostic
interpretation.

Pathogens of Mixed Disease
Pasteurella and Mannheimia should be considered
together in regards to pneumonia. In recent years, some
of these organisms have undergone name changes, as
pointed out when applicable. Pasteurella multocida and
Mannheimia haemolytica (previously Pasteurella haemolytica) both cause pneumonia in goats and sheep.
M. haemolytica previously was divided into two biotypes, A and T. The biotype T organisms, named for
their ability to utilize trehalose, subsequently were
reclassified as Pasteurella trehalosi and then reassigned
to a new genus named Bibersteinia trehalosi.32 These
organisms are gram-negative coccobacilli that grow well
on blood agar, forming 1- to 2-mm-diameter colonies.
M. haemolytica type A2 has been isolated most commonly from goats and sheep, which is a different strain
from that commonly isolated in cattle pneumonia
cases, M. haemolytica type A1.
Pasteurella infections frequently are secondary infections that follow an initial infection with one of several
different viral or bacterial agents such as parainfluenza
type 3, adenovirus type 6, respiratory syncytial virus,
Bordetella parapertussis, and Mycoplasma ovipneumoniae.33
These predisposing pathogens interact with Pasteurella
to overwhelm the immune system, allowing secondary
infection to take hold. Pasteurella produces several virulence factors, including lipopolysaccharide and endotoxin, which are responsible for inducing physiologic
changes in the respiratory tract that allow Pasteurella
to grow and colonize.33 Stress also is thought to play a
role in predisposing animals so affected to development
of Pasteurella infections. In experimental infections,
combined infection with Pasteurella and other agents
resulted in a more severe disease process with slower
resolution of the lung lesions.
Pasteurella infections result in pneumonia along with
septicemia, arthritis, and otitis media. Spring outbreaks
are more likely in lambs 2 weeks to 2 months of age and
frequently are seen in association with severe weather. Fall
outbreaks are more likely to occur in 5- to 7-month-old
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lambs after shipment to feedlots. Pasteurella outbreaks
are associated with morbidity rates of up to 50% of the
flock or herd, but mortality rates typically are low.
Transmission of Pasteurella is through several methods.
Inhalation of infectious droplets from carrier animals,
direct contact with infected animals, and lambs nursing
ewes with Pasteurella mastitis all are possible sources of
infection. A wide range of signs may be observed in association with Pasteurella infections. In some cases, the clinical presentation may be sudden death.33 In other cases,
clinical signs may include fever (temperatures of 105°
to 108° F), depression, anorexia, weight loss, mucopurulent nasal discharge or lacrimation, tachypnea, coughing, and increased lung sounds. The affected animal also
may self-isolate from the flock. The typical course of the
disease lasts anywhere from 12 hours up to 3 days. Full
recovery usually requires 14 to 20 days. Chronic infections in lambs or kids can result in decreases in lung
capacity, weight gain, and feed efficiency.33
Tentative diagnosis of Pasteurella infections can be
made on the basis of a history of stress, presence
of clinical signs of acute bronchopneumonia, and
appropriate gross lesions observed at necropsy. Typical
necropsy findings will include pneumonitis with focal
areas of acute fibrinopurulent bronchopneumonia,
coagulative necrosis, and fibrinous pleuritis. Isolation
of M. haemolytica or Bibersteinia trehalosi from tissues
confirms a tentative diagnosis.
Treatment for Pasteurella consists of long-acting oxytetracycline. Sulfonamides can be given orally or added
to the drinking water, but inconsistent dosing may
result with delivery of medication in drinking water.
A variety of other antibiotics have been reported to be
efficacious in the treatment of pasteurellosis, including
ampicillin or penicillin, tylosin, ceftiofur, tulathromycin, and florfenicol. Low levels of antibiotic resistance
are seen within Pasteurella and Mannheimia species.34
Tilmicosin should be avoided in goats on account
of anecdotal reports of fatal toxicity. Treatment often
involves extralabel drug use, and readers should refer to
the section later in this chapter regarding therapeutics.
Culture and sensitivity testing of a transtracheal wash
sample or material obtained at necropsy can be used to
direct antibiotic selection in herd outbreaks or chronic
cases, or for very valuable animals.
Prevention of pasteurellosis should be aimed at
minimizing stress, an important factor in the development of the disease. At this time no commercial vaccines are available for sheep and goats against Pasteurella
or Mannheimia spp. Although commercial vaccines are
available for cattle, they are aimed at a different strain
from that typically seen in sheep and goats. Research
has shown low efficacy of the commercial vaccine
against P. haemolytica serotype A1 when used in goats.35
Experimental intranasal vaccination produced elevated
antibody levels in vaccinated goats but did not decrease

disease in the vaccinated animals.36 A study of vaccination of sheep in New Zealand with a commercially available vaccine did not show any difference in severity of
disease or isolation of organism between vaccinated and
unvaccinated animals.37 Vaccination for predisposing
infectious agents such as parainfluenza type 3, adenovirus type 6, respiratory syncytial virus, Chlamydophila,
B. parapertussis, and M. ovipneumoniae could potentially
be done using cattle vaccines when available. At present,
no vaccines aimed at respiratory pathogens are labeled
for use in small ruminants. Therefore, with institution
of a vaccine program using cattle vaccines, a small
sample group should be vaccinated first and monitored
for potential reactions or side effects before vaccinating
the entire herd or flock. Other management areas that
should be evaluated in the face of a respiratory disease
outbreak are ventilation and nutrition. Ventilation
should be improved in barns to decrease the relative
humidity and ensure adequate air exchange.

Mycoplasma Pneumonia of Sheep
Mycoplasma pneumonia of sheep also is referred to
as enzootic pneumonia or atypical pneumonia. It is a
chronic nonprogressive pneumonia of sheep caused by
M. ovipneumoniae.38,39 P. haemolytica, other Mycoplasma
species, and Chlamydophila psittaci ovis all can act as secondary invaders after a mycoplasmal infection. In one
study, Mycoplasma was isolated from 90% of animals
with proven pneumonia in a slaughterhouse survey.40
Several predisposing factors may allow the development of Mycoplasma pneumonias. In addition to stress,
minor viral pathogens also can predispose animals to
Mycoplasma pneumonias. Intensively reared lambs in
conditions of poor ventilation or assembled groups of
lambs in feedlots are examples of groups in which Mycoplasma pneumonias are common. Older or convalescent
animals can act as a reservoir for the other animals in the
pen. Encapsulation of the organism allows it to evade
the host immune system and is conducive to long-term
colonization of the upper respiratory tract. Although
pneumonia associated with M. ovipneumoniae is not
common in goats, it has been reported occasionally.41
Transmission of Mycoplasma ovipneumoniae is primarily through a respiratory route, either direct contact or
inhalation of an aerosol. Mycoplasma infections cause
ciliostasis in the lungs and the production of exudate—factors that may predispose affected animals to
secondary bacterial infections.42 In some research trials,
Mycoplasma infections appeared to limit the severity of
Pasteurella infections.

Clinical Signs
Mycoplasma pneumonia in sheep usually is a mild
disease. Typical clinical signs include chronic cough
and dyspnea on exertion. When Pasteurella is involved,
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mucopurulent nasal discharge, fever, and depression
also may be noted. Even in the presence of only mild
clinical signs, Mycoplasma pneumonia will cause a
decrease in productivity in affected animals as well.
Overall, Mycoplasma pneumonia is associated with high
morbidity but low mortality, in keeping with the nonprogressive and subclinical nature of the infection.

Diagnosis
Diagnosis of mycoplasmal infection can be based on
characteristic findings at necropsy. Such findings include
consolidation of the cranial lung lobes and occasionally
the anterior border of the caudal lobes. The consolidated areas will appear gray to reddish-brown with red
atelectatic areas. Gray-white nodules of a firm consistency also will be visible on cut surfaces. Evidence of
pleuritis may be seen as well. Histopathologic features
are those of an interstitial, cuffing-type pneumonia,
with nodular lymphoid hyperplasia and mononuclear
lymphocytic cuffing around bronchioles and blood vesselsl. Exudate composed mainly of macrophages and a
few neutrophils is observed within the alveoli. A characteristic feature of Mycoplasma infections is the presence
of nodular hyaline “scars” in the bronchial walls. In
recent research, however, these necropsy findings were
present in only 60% of cases, and the remaining 40%
of cases did not exhibit these pathologic features.40 In
addition to necropsy findings, culture of the organism
in broth medium will confirm the diagnosis. When
samples are submitted for testing for Mycoplasma, it is
important to specifically request this test from the diagnostic laboratory, because routine bacterial culture will
fail to grow this organism. Serologic studies can be performed to look for antibodies using the enzyme-linked
immunosorbent assay (ELISA), but cross-reactivity is a
possible concern.

Treatment
Treatment of Mycoplasma infections includes the use of
oxytetracycline, tilmicosin, and florfenicol. Strategies
for prevention of mycoplasmal disease include decreasing the stocking density of housed lambs, ensuring
adequate ventilation in barns, and segregating lambs by
age. No vaccine against Mycoplasma ovipneumonia is currently available (see Appendix 1).

Mycoplasma Infection in Goats
Several different but related Mycoplasma species are
recognized to be associated with pneumonia in goats,
with important differences in geographic distribution of
the individual species. Collectively, these organisms are
categorized as the Mycoplasma mycoides cluster of strains
traditionally associated with caprine disease, including
M. mycoides subsp. mycoides Large Colony (MmmLC),
M. mycoides subsp. capri (Mmc), Mycoplasma capricolum
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subsp. capripneumoniae (Mccp), and Mycoplasma capricolum subsp. capricolum (Mcc). Recently this nomenclature has been slightly modified, with MmmLC being
subsumed under the Mmc designation.43 This change
was based on a lack of ability to distinguish biochemically the two subspecies, 16S rRNA gene sequencing,
16S-23S rRNA intergenic sequencing, and phylogenetic
analysis of multiple protein-encoding genes.44-48 This
reclassification leaves three significant subspecies that
are associated with disease in goats (and, in some
cases, sheep). Both M. mycoides subsp. mycoides and
M. capricolum subsp. capricolum are associated with
mastitis, arthritis, keratitis, pneumonia, and septicemia
in goats.49 Both organisms have a worldwide distribution and have been documented in herds located within
the United States50-52 and elsewhere. One report found
significant disease of dairy goat kids associated with
M. mycoides subsp. mycoides after apparent introduction
of the organism into the herd by acquisition of a new
group of animals that were found to be shedding these
mycoplasmas in milk.50 Significant morbidity and mortality were reported over a 1-year period, with necropsy
demonstrating evidence of fibrinous arthritis, fibrinous
pleuritis, interstitial pneumonia, and bronchopneumonia in some kids. Management changes associated with
heat treatment of colostrum and feeding of pasteurized
milk were successful at terminating the outbreak. In settings in which use of pasteurized milk is not practical,
use of appropriately formulated milk replacer may be
considered as an alternative intervention. This reported
case also underscores the importance of biosecurity
during herd introductions and inadequacy of colostrum management as a source of respiratory disease
(Chapter 16 & 19). Giaginis and co-workers reported
the successful treatment of a herd-level outbreak of
Mycoplasma capricolum subsp. capricolum disease with
parenteral long-acting oxytetracylcine therapy; however,
other researchers in Jordan have demonstrated significant resistance of this organism to oxytetracycline.49,53
Mycoplasma spp. should be considered in any group
of small ruminants demonstrating respiratory disease
in conjunction with polyarthritis or mastitis. Because
mycoplasmas do not grow well on routine media used
for bacterial culture, it is important to notify the diagnostic laboratory that Mycoplasma culture is required
in addition to routine procedures. Also important is
confirmation of the laboratory’s preferred methods
for sample collection and transport, to ensure accurate
results. A variety of reports have demonstrated a role of
the ear mite Raillietia caprae in transmission and maintenance of Mycoplasma spp. in goats.54-56 The likelihood
of Mycoplasma culture–positive earwax is increased in
animals carrying the ear mite55 compared with animals
not infected with the ear mite; however, the exact role
of the mites in transmission is still unclear. Sterile swabs
can be collected from the ears of goats to test for the
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presence of subclinical carrier state. These swabs can
be subjected to routine Mycoplasma culture or to newer
PCR-based techniques that have a higher sensitivity and
negative predictive value for the carrier state.54 Clinical
experience (specifically, of PJP) suggests that Mycoplasma culture is most effective when multiple types
of Mycoplasma media are inoculated simultaneously,
owing to differential growth on different media types.
Contagious caprine pleuropneumonia is a serious,
highly transmissible respiratory disease of goats in Africa
and Asia. It is caused by Mycoplasma capricolum subsp.
capripneumoniae and is considered a foreign animal disease in the United States. Reports suggest that in many
cases, entire herds of goats are affected, with mortality
rates of 60% to 70%.57,58 The clinical picture is that of an
acute fulminate fibrinous pleuropneumonia, typically in
the absence of polyarthritis or mastitis. Clinical suspicion of this disease process warrants contacting appropriate state health officials for further diagnostic input.

Chlamydophila Infection
Chamydophila has been associated with cases of pneumonia in goats and sheep, but the clinical significance
has not been fully determined. It has been theorized
that Chlamydophila may cause a primary infection,
with subsequent secondary invasion by Pasteurella or
Mannheimia, but this possibility has not yet been
proved. Clinical signs of Chlamydophila infection include
depression, fever, dry, hacking cough, nasal discharge,
dyspnea, and diarrhea. As suggested by our own experience, this organism should be considered when clinical
respiratory disease appears simultaneously with herd
or flock problems with septic arthritis, infertility, or
abortions, because these are common signs of systemic
chlaymdial infection. Diagnosis includes identification
of the organism on stained impression smears, immunofluorescence on fixed tissue sections, Gimenez staining, and yolk sac inoculation and isolation. Antibody
titers using ELISA or complement fixation as well as
real-time quantitative PCR assay are now commercially
available and may provide more rapid and reproducible results. Available research data suggest that the PCR
assay and ELISA show significant improvement in sensitivity over the complement fixation test.59,60 Necropsy
findings include consolidation of cranial lung lobes
with interstitial changes. Histopathologic examination reveals intracytoplasmic elementary bodies within
alveolar macrophages. Edematous septa and thickened
bronchioles also are observed. Turgid exudate can be
seen when the lungs are compressed. Chlamydophila
infections usually are treatable with tetracycline antibiotics, although long-term therapy may be necessary.
Tetracyclines also can be used during an outbreak in
an attempt to slow or decrease spread of the disease.
Published research in cattle and unpublished data in

goats suggest that this organism may be more widespread than was previously believed and that disease
outbreaks tend to be associated with changes in stress,
environmental conditions, or immune status.61 Further
research is required; confirmation of these findings,
however, would result in a situation in which management of stressors could provide the primary mechanism
of disease control, as opposed to biosecurity.

Viral Pneumonias
Viral pneumonias generally are associated with fairly
mild disease and clinical signs but can act as a predisposing factor for bacterial pneumonias. A number of
viral agents have been identified as potential causes of
viral pneumonia in sheep and goats.

Parainfluenza Type 3
Parainfluenza type 3 (PI3) is a member of the paramyxovirus family of RNA viruses. PI3 virus infections
in sheep appear to be caused by a serotype other than
that responsible for PI3 viral infections in cattle and
humans. Seroprevalence rates for PI3 are reported at
24% to 87.2%.62-65 The high end of this range suggests
that many infections with PI3 are very mild, with few
clinical disease manifestations.
Clinical signs associated with PI3 infections include
frequent coughing, serous nasal discharge, and occasional ocular discharge. Fever is rare. Clinically apparent disease is more common in animals younger than
1 year of age. Diagnosis can be made using virus isolation, but infections should be less than 1 week in duration to permit a reasonable chance of isolating the virus.
In herds or flocks in which PI3 infections are a problem,
vaccination with a live intranasal vaccine aimed at PI3
may be attempted to decrease the incidence of disease.
Live intranasal vaccine is available for cattle that could
be used off-label in sheep and goats. One research trial
showed protective effects of a commercial cattle vaccine
in ewes and a decrease in the incidence of pneumonia
in that flock.66

Adenovirus
Adenovirus is a DNA virus with multiple antigenic types.
Depending on the serotype, seroprevalence ranges from
7% to 83%.64,65 At this time, the clinical significance
of adenovirus infection is not completely understood.
Generally, adenovirus-associated disease is fairly mild,
but the severity increases when a secondary bacterial
infection is present. Adenovirus infections typically are
seen in young lambs with both respiratory and enteric
disease. Clinical signs of adenovirus infection include
fever, anorexia, sneezing, and serous nasal discharge.
Necropsy findings include atelectasis and hyperemia,
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mainly in the cranioventral portions of the lungs.67 Histopathologic lesions include detachment and sloughing
of foci of epithelial cells of the terminal bronchioles
and alveoli.67 Diagnosis of adenovirus infections is
based on either virus isolation or paired serology samples. No vaccine for adenovirus is currently available in
the United States.

Respiratory Syncytial Virus
Respiratory syncytial virus (RSV) is a pneumovirus that
is a member of the paramyxovirus family. RSV infection is an important respiratory disease in cattle, but at
present its importance in sheep and goats is unclear. As
with the other viral agents, RSV is believed to predispose
affected animals to secondary bacterial pneumonias.
Prevalence studies have shown a range of seroprevalence rates from 27.5% to 84.5%.62-65,68,69 Two different
subgroups of RSV have been recognized, one in calves
and goats and the other in sheep. Necropsy findings in
experimental infections in lambs included bronchiolitis
obliterans with destruction of the mucociliary apparatus, the presence of syncytial cells in alveoli, and a
progressive interstitial reaction.70

Clinical Signs
Clinical signs of RSV infection include anorexia, fever,
conjunctivitis, cough, tachypnea, and tachycardia. Thoracic auscultation reveals increased bronchial sounds
and crackles in some cases. Friction rubs also may be
auscultated in cases of mixed infection.

Diagnosis
Necropsy findings include a diffuse interstitial pneumonia. Lungs will be firm and edematous. Observation
of syncytial cells on histopathologic examination is
considered to be characteristic of RSV infection. Immunoperoxidase staining may reveal the presence of RSV
antigen in epithelial cells of alveolar and bronchial
walls and syncytial and alveolar lumens.

Prevention
Currently, no vaccine for RSV is available for use in
sheep and goats. The use of a commercial cattle monovalent modified live virus vaccine against RSV has been
recommended by some investigators in face of an outbreak of RSV disease in a herd or flock, but no research
has been done on the efficacy of this vaccine in sheep or
goats. Furthermore, commercial monovalent vaccines
for cattle are not yet available.

Herpesvirus
An ovine and caprine herpesvirus has been isolated from
lung and nasal swabs during Pastuerella outbreaks. The
role that this virus plays in the development of disease is
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unclear at this time. Ovine and caprine herpesvirus has
been associated with rhinitis, vulvovaginitis, and abortions in some reports. After an experimental challenge
with ovine-caprine herpesvirus, clinical rhinitis, along
with histopathologic lesions of tracheitis, was observed.
None of the animals in the study, however, exhibited
severe clinical disease. Some reports have shown that
the virus may go into a latent state. A PCR assay specific
to caprine herpesvirus is now commercially available.

Diagnostic Plan
Box 7-1 shows an approach to diagnosis of a respiratory
disease outbreak.

Treatment
Treatment of lower respiratory disease in sheep and
goats is aimed primarily at the bacterial infection. Viral
infections may predispose affected animals to secondary bacterial infections, but viral infections alone do
not typically cause severe clinical disease. Treatment of
bacterial pneumonias should be based on culture and
sensitivity testing of the organism in either tracheal or
transtracheal wash samples or swabs obtained at necropsy. Until culture results are obtained, empirical antibiotic therapy should be initiated. Research has shown
little antibiotic resistance in respiratory pathogens, most
of which apparently are susceptible to commonly used
antibiotics. If no response is seen within 48 hours after
administration of a specific agent, then an alternative
antibiotic should be tried. Evidence of clinical response
may include improved appetite, decreased fever (unless
antiinflammatories have been used), and return to the
animal’s usual attitude/demeanor. In addition to antibiotic therapy, fluid support and use of an antiinflammatory should be considered in the systemically ill patient.
In valuable animals with severe respiratory disease, if
severe dyspnea is present, oxygen therapy also may be
of some benefit. All patients with respiratory disease
should be separated from the rest of the flock or herd if
possible and given easy access to food and water.

CONTROL OF RESPIRATORY DISEASE
Control and prevention of respiratory disease in sheep
and goats revolve primarily around environmental and
stress management. Animals should be housed in wellventilated but not drafty environments with an adequate
number of air changes to prevent accumulation of noxious odors. Adequate transfer of passive immunity from
dam to kid through the colostrum is of utmost importance in the prevention and control of respiratory disease in young small ruminants. On account of the lack
of commercially available vaccines against all clinically
important bacterial and viral small ruminant strains,
most herd management programs do not include a vaccination plan for control of respiratory disease.

140

Chapter 7 • Diseases of the Respiratory System

BOX 7-1

	Approach to Respiratory Disease Outbreak Management

Outbreak Assessment
•	Set case definition based on clinical signs.
•	Determine morbidity and mortality data based on case
definition.
•	Identify age of animal affected.
•	Monitor clinical progression of disease and response to
treatment.
Diagnostic Sampling
Desired Samples With Acute Infections
○	Select on basis of case definition above.
○	Sample before treatment.
○	Sample 4 to 6 animals minimum (ideally).
○	Select appropriate test for suspected disease process.
Necropsy Results and Diagnostics
○	Do these fit with the results for acute sampling?
Development of Standard Operating Procedures
Procedures must be established that support compliance
with extralabel drug use requirements and ensure appropriate and consistent management. Protocol components
include:
○	Detailed case definition and selection criteria
described in a manner understandable by all
personnel

OTHER ACUTE RESPIRATORY DISEASE
Verminous Pneumonia
Three primary lungworms of small ruminants are of
clinical and economic importance: Dictyocaulus filaria,
Muellerius capillaris, and Protostrongylus rufescens. Of
these, M. capillaris seems to be the most prevalent in the
United States, with two studies performed in the eastern
states showing prevalence rates upwards of 60% in goat
herds.71,72 In other parts of the world, prevalence rates
of 100% in adult goats have been reported.73 D. filaria
has a direct life cycle, with a prepatent period of roughly
4 weeks after ingestion of infective larvae.74 By contrast,
both M. capillaris and P. rufescens have an indirect life
cycle and require an intermediate molluscan host.74
Goats appear to be more likely than sheep to demonstrate clinical disease after infection with M. capillaris,
and the lesions more typically are interstitial in goats,
whereas they more often are subpleural in sheep.74
Clinical signs are highly variable and are completely
absent in some infected animals. The most common sign
of disease is a cough, and in some cases, secondary bacterial infections may occur.74 Diagnosis is made at necropsy; the diaphragmatic lung lobes are seen to be most
affected, and nodular (M. capillaris) or lobular lesions
that contain the worm may be present.74 One study that
evaluated severity of the lesions showed that an average
of 35.1% (in kids) and 23.5% (in adults) of the lung
surface was effected by parasite lesions.73 Antemortem

	Decision tree to determine if treatment is necessary
	Treatment instructions
◼	Drug to use
◼	Frequency
◼	Route
◼	Withdrawal
○	Assessment of treatment efficacy and retreatment
algorithm
○	Assessment and modification of vaccine protocols
○	Assessment and modification of management (failure
of passive transfer) and facilities
Record Keeping
•	Record identification data and findings for all animals
examined and treated.
•	Maintain drug use and withdrawal paperwork.
•	Assess disease outbreak progression and improvement.
•	Generate evidence-based medicine data on response to
therapy.
○
○

diagnosis traditionally has been obtained by means of a
standard Baermann fecal exam; however, some evidence
indicates that the Baermann procedure using the flask
recovery method is more reliable than the funnel method
commonly used in some laboratories.75 In that study,
175% higher recovery rates were obtained with the flask
method than with the funnel method. Therapy relies on
traditional anthelmintics including moxidectin, fenbendazole, albendazole, oxfendazole, and ivermectin.75-80
Research suggests that some immature stages of the
worms may not be sensitive to all products, and that two
or three doses administered at 35-day intervals may provide the greatest cure rates (see Chapter 6).81

Aspiration Pneumonia
Inhalation of significant amounts of feedstuffs or liquids
leads to an intense inflammatory response and the development of aspiration pneumonia. This clinical scenario
may be secondary to dysphagia or laryngeal paralysis.
Aspiration pneumonia also may occur as an iatrogenic
disorder secondary to forced delivery of liquids or application of drenches. The severity of the condition will
reflect the type of material present and the amount of
material inhaled. Treatment consists of broad-spectrum
antibiotics and antiinflammatory drugs. Prognosis for
animals with this condition is guarded, and the condition
often progresses until death or euthanasia supervenes.
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LENTIVIRAL DISEASE
Ovine Progressive Pneumonia
Ovine progressive pneumonia (OPP) is a chronic
progressive pneumonia of sheep caused by a nononcogenic, single-stranded RNA lentivirus of the Retroviridae
family. OPP also is referred to as maedi-visna outside
of North America. This disease plays an important
economic role in the sheep industry in North America,
causing economic losses related to decreased production, and decreased sales. The magnitude of effect
OPP has on the economics of sheep production varies
with the reported study. One set of studies showed no
negative effect on the number of lambs produced or on
grease weight of fleece in a comparison of seropositive
ewes with seronegative ewes within the same flocks.82
On the other hand, research also has shown an estimated 10% decrease in milk production associated
with indurative mastitis.83 Additional research also has
shown that OPP infections can decrease weight gain in
lambs and increase 30-day mortality rates in lambs.83,84
Once a sheep is infected with OPP, the virus persists
in infected monocytes and macrophages and is capable
of entering a latent stage for an undetermined period.
OPP may occur in goats, but very infrequently.85,86
Instances of cross-species transmission as well as recombination between the two viruses in vivo in mixedspecies flocks have been reported.87,88 OPP has a long
incubation time, averaging 2 to 4 years. Owing to this
prolonged incubation, clinical signs of OPP usually
are seen in older animals. The seroprevalence of OPP
varies depending on the region. One study showed a
seroprevalence of 0.5% in a group of 2040 sheep in
West Texas.89 Another study showed a seroprevalence
of 49% in sheep in the Rocky Mountain region.89 Subsequent research showed a prevalence of 26.8% in cull
ewes in Alberta, Canada, and 44% seroprevalence in a
slaughterhouse survey reported from Quebec.90,91 In all
published studies, seroprevalence increases with age.

Transmission
Transmission of OPP is through several means. The most
common route of transmission is through ingestion of
infected colostrum or milk by a neonate.92 Direct transmission also has been reported. Vertical transmission
has been rarely observed.92 Close confinement and more
than transient exposure of uninfected animals to infected
ones both play an important role in transmission.
The OPP virus has a strong predilection to mutate
and form new serovars. This antigenic drift, with continual production of new serovars, results in different
patterns of disease. Some animals will remain asymptomatic carriers for life, without ever developing clinical disease, but will shed infective organisms into the
environment. Once an animal is infected, it will remain
viremic for life.
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After infection has occurred, the virus localizes to the
lungs, central nervous system, and hematopoietic tissues. Within the lungs, the virus stimulates the reticular
cells and lymphocytes to proliferate. This proliferative
process leads to the thickening of the intraveolar septa
and produces adenomatosis of the alveolar lining.93
OPP is a chronic degenerative condition with a slow,
progressive nature.

Clinical Signs
Initial clinical signs may be subtle and may even go
unnoticed, generally appearing only after periods of
stress, exertion, or inclement weather. Initially the producer may happen to observe an animal that just seems
listless or dragging behind the flock. Regional lymphadenopathy is common in infected animals. Other
disease manifestations may include indurative lymphocytic mastitis (“hardbag”), proliferative arthritis, and,
less commonly, nonsuppurative encephalitis.93 The
affected animal gradually becomes emaciated despite
a good appetite. Dyspnea develops and initially will be
apparent only after exertion or exercise. In most cases,
fever is absent unless a secondary bacterial pneumonia develops. Other findings may include nasal discharge and coughing, but lung auscultation reveals no
abnormalities. As the disease progresses, open-mouth
breathing, flaring of the nostrils, forced expirations,
and worsening of coughing will be noted. The clinical
course may be as short as 3 to 6 months, but in some
animals the illness may persist for years. Although the
primary clinical signs are respiratory in nature, arthritis,
vasculitis, mastitis, encephalitis, and rarely posterior
paresis also may be observed. The mastitis associated
with OPP is described as an indurative mastitis in
which a large, hard udder is palpated but no abnormal
secretions are observed. This condition frequently is
referred to as “hardbag.” Posterior neurologic manifestations frequently begin as ataxia, stumbling, and
unilateral proprioceptive deficits, which progress over
weeks to months to rear limb paralysis or occasionally
quadriplegia.93 Clinicopathologic studies occasionally
will reveal a moderate hypochromic anemia and leukocytosis; hypergammaglobulinemia will be observed
in advanced cases. Unfortunately, the mortality rate is
100%, with most animals either dying or culled within
1 year of onset of clinical signs.

Diagnosis
Several options are available for diagnosis of OPP.
Serologic testing includes both the ELISA and the agar
gel immunodiffusion (AGID) test. Several ELISAs are
available, and ELISA testing in general has been shown
to be more sensitive than AGID testing.83,94 PCR testing also is available and is more economical than
virus isolation. PCR testing can be used for confirmation after a positive result on AGID or ELISA testing.83
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For eradication purposes, it is recommended to use
both tests and then to repeat testing two to three times
over a period of several months.
Necropsy of OPP-infected animals reveals large,
heavy lungs, two to three times the normal weight.
Occasionally vertical rib impressions can be seen in
the lungs owing to the degree of swelling of the lung
tissue. The lungs are firm in consistency and gray-blue
to gray-yellow and do not collapse.93 In some instances,
a secondary bacterial pneumonia will be observed.
Tracheobronchial and mediastinal lymph nodes are
enlarged and gray to white in appearance, and bulge
on cut surface.93 If evidence of arthritis is observed, it
is generally the appendicular joints that are involved.
Extensive proliferation of the synovium, fibrosis of the
joint capsule, and degenerative changes of the articular
cartilage and bone will be observed.93 Findings on gross
examination of the spinal cord and brain will be normal. Histopathologic lesions will be those of a chronic,
diffuse interstitial pneumonia. Hyperplasia of lymphoid cells around airways and blood vessels also will
be seen with an accumulation of mononuclear cells in
the interstitium. Occasionally, characteristic changes of
lymphocytic meningitis, choroiditis, or leukoencephalitis also will be observed.

Prevention
Prevention of OPP requires eliminating the virus from
the flock. No vaccines are available for OPP. In order to
eliminate OPP from a flock, the flock must be closed to
new additions, and a rigorous testing and cull program
must be instituted. The entire flock should be tested
for OPP, and all seropositive animals along with any
offspring that are younger than 1 year of age should be
removed from the flock and raised at a separate facility.95 All lambs should be fed OPP-negative colostrum,
milk, or milk replacer. The entire flock should be tested
two times a year until two consecutive negative results
are obtained. All seropositive animals must be removed
from the herd. Once OPP has been eradicated from a
flock, any new additions should be quarantined and
tested for OPP before introduction into the flock.

Caprine Arthritis-Encephalitis
Caprine arthritis-encephalitis (CAE) is caused by a virus
closely related to the agent of OPP (both are lentiviruses). Although respiratory disease is not the typical
primary clinical manifestation of CAE, respiratory signs
can be seen as a part of the disease process. Transmission of CAE is similar to that of OPP, primarily through
ingestion of virus-infected colostrum or milk from an
infected animal.96 Horizontal transmission also is possible. Interstitial disease occurs with CAE and manifests
as a chronic pneumonia with weight loss and dyspnea.
The pulmonary lesions typically are distributed in the

caudal or cranioventral lung lobes and closely resemble
those seen in the lungs of animals affected with OPP.
Diagnosis can be made through serologic testing or
histopathologic examination (see Chapters 13 and 16).

Caseous Lymphadenitis
Caseous lymphadenitis is an abcess disease in sheep
and goats caused by the bacterium C. pseudotuberculosis.
This gram-positive rod is found in manure, soil, and
on the skin of infected herd or flock animals, and can
be seen in infected organs upon necropsy examination.
The organism is capable of surviving in the environment
for long periods, so the environment can be a potential
source of infection or reinfection. The organism enters
the body through superficial wounds or mucous membranes or on contact with fomites such as shearing
blades, feeders, grooming equipment, and bedding.
Once C. pseudotuberculosis enters the body, it follows
the lymphatics and migrates to the local lymph nodes;
it then disseminates to the rest of the body, where it
forms abcesses in lymph nodes.97 These abcesses can be
found in either peripheral or internal lymph nodes. The
location of the affected lymph nodes affects the clinical
presentation. With involvement of the thoracic lymph
nodes, the affected animal may display clinical signs
of respiratory disease such as dyspnea, tachypnea, and
chronic cough, in addition to chronic weight loss.

Diagnosis
Diagnosis of caseous lymphadenitis can be based on
identification of abcesses on thoracic radiographs or
culture of the organism from either a transtracheal
wash sample or an abscess. Within the thoracic cavity,
abcesses can be seen in the lung parenchyma, mediastinal lymph nodes, or the bronchial lymph nodes.97
Abdominal and skeletal lymph nodes are less commonly affected. Internal involvement is seen more commonly in older animals.

Prevention
Prevention of caseous lymphadenitis is aimed at identifying all affected animals and removing them from
the herd or flock. Serologic testing using the synergistic
hemolysis inhibition (SHI) test can be used to identify
potential infected animals before the development of
clinical signs or animals with internal involvement.98
Animals that have been previously vaccinated will test
positive on the SHI test, so serologic testing is of little
benefit in a vaccinated flock or herd.98 Owing to the
organism’s ability to survive in the environment, it also
is important to prevent contamination of the environment and transmission to other animals whenever
possible. Good hygenic practices such as cleaning clipper and shearing blades can help to limit the spread
of this disease. A vaccine is available and is labeled for
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use in sheep. The vaccine does not eliminate caseous
lymphadenitis from a herd or flock but will decrease the
incidence of disease and reduce its severity.98 Although
use of the vaccine in goats constitutes an extralabel
application, a vaccination program has been used successfully in goat herds to limit the spread of disease.
Severe local reactions consisting of large, firm swellings
at the vaccination site have been reported; owners must
be cautioned regarding the potential for such reactions
before use of this vaccine in goats.

Coccidioidomycosis
Coccidioidomycosis is caused by the soil fungus Coccidioides immitis. It is transmitted through inhalation, and
possibly ingestion or cutaneous abrasions. This disease
is enzootic in the southwestern United States.
Coccidioidomycosis is not a contagious disease.
Clinical signs include chronic weight loss and a persistent cough. Occasionally fever and peripheral lymph
node abcesses also are observed. On necropsy, granulomas containing creamy purulent material are seen
and frequently are located in the bronchial or mediastinal lymph nodes. Diagnosis of coccidioidomycosis relies on the use of either an intradermal test or
a complement fixation test. Culture of the organism
or identification on microbiologic exam also can be
diagnostic. No treatment or vaccination is available for
coccidioidomycosis.

Tuberculosis
Tuberculosis in sheep and goats is caused by the bacterium Mycobacterium bovis. Goats are affected more commonly than sheep. Occasionally Mycobacterium avium
and Mycobacterium tuberculosis also have been reported
to cause small ruminant disease. An increase in prevalence of tuberculosis has been seen in herds or flocks
that are in close proximity to infected cattle or wildlife.
Transmission of tuberculosis generally is through
the respiratory tract. Infectious organisms can be found
in respiratory secretions, feces, milk, urine, vaginal
secretions, semen, and draining lymph nodes. Once
the tuberculosis bacillus enters through the respiratory tract, it invades the local lymph nodes and causes
granuloma formation with central necrosis of the
lymph node. Occasionally abdominal involvement is
observed, suggesting that ingestion may be a possible
route of transmission.
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Diagnosis
Diagnosis in suspected cases can be made using the
intradermal skin test at the caudal tail fold. Falsepositive results can occur with this test owing to crossreactivity with Mycobacterium paratuberculosis, M. avium,
or M. tuberculosis. In the United States, all positive or
suspect test results must be reported to the state veterinarian, and tuberculosis itself is a reportable disease.
Necropsy will reveal granulomatous lymph nodes.
The lymph nodes are encapsulated and contain yellow to orange, creamy to caseous purulent material
and gritty foci. Respiratory lymph nodes are affected
more frequently than liver or mesenteric lymph nodes.
Histopathologic findings include presence of acid-fast
organisms and central calcification and caseation surrounded by zones of epithelioid cells and Langhans
giant cells, all enclosed in fibrous capsules.1

Prevention
Prevention of tuberculosis is based on the identification
and culling of all seropositive animals. All animals older
than 12 months of age on the farm should be tested
annually; with two consecutive all-negative results, the
herd or flock can be considered to be free of tuberculosis. A national program is in place in the United States
to eradicate tuberculosis from all livestock species and is
based on an aggressive testing and cull program.
M. bovis is a zoonotic agent, and care should be taken
in handling these animals.

Pneumocystis jiroveci
(Pneumocystis carinii) Pneumonia
Pneumocystis jiroveci (formerly called Pneumocystis carinii)
is a sporozoan more familiar as the cause of debilitating
pneumonia in people with acquired immunodeficiency
syndrome, although this fungus can cause infection
in small ruminants as well. Affected animals usually
have a history of chronic disease associated with some
form of immunosuppression, allowing the pathogen to
become established. Clinical signs include fever, weight
loss, tachypnea, mucopurulent nasal discharge, chronic
cough, weakness, and tachycardia, with progression to
death. Necropsy of lungs from affected animals reveals
diffuse and locally extensive interstitial pneumonia.
Important diseases to rule out in making a diagnosis
are tuberculosis and caseous lymphadenitis. No effective treatment is available for Pneumocystis pneumonia.

Clinical Signs

Ovine Pulmonary Carcinoma

Clinical signs of tuberculosis include weight loss and
mild respiratory signs. Early in the course of the disease, affected animals exhibit a deep, moist-sounding,
chronic cough. As the disease progresses, tachypnea,
dyspnea, and abnormal lung sounds develop.

Ovine pulmonary carcinoma (OPA) also is known
as sheep pulmonary carcinoma (SPA), or jaagsiekte.
Ovine pulmonary carcinoma is a slowly progressive,
contagious viral infection caused by a retrovirus. An agerelated susceptibility pattern has been observed, with
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neonates and lambs younger than 10 weeks of age being
most susceptible to the disease. The natural occurrence
rate is low in goats, but OPA has been experimentally
transmitted in kids. OPA is seen worldwide (except for
Australia) and may be either a sporadic occurrence or
endemic within a region. High virus concentrations
within lung fluids or nasal exudates are characteristic.
The disease has been observed as a concomitant finding
in some animals with OPP. Clinical signs typically are
seen in 2- to 4-year-old animals and include progressive respiratory distress, tachypnea, and weight loss.
Auscultation of the lungs after exertion reveals harsh
lung sounds and sometimes crackles and wheezes.
Coughing is only an occasional sign and is not a consistent finding. Fluid draining from the nostrils can be
observed when the animal lowers its head or the rear
end of the animal is elevated. Fever typically is absent,
and most animals maintain their appetite unless a
secondary bacterial pneumonia develops. OPA is a
progressive disease, and death occurs within weeks to
months of the development of clinical signs. Diagnosis
is based on necropsy findings. On examination of the
abnormally heavy lungs, a clear exudate is present on
cut surfaces, and clear, foamy fluid is seen within the
trachea. Large gray masses with a firm consistency are
observed in the cranioventral lobes; smaller masses are
present in the caudodorsal lung lobes. The tumors have
been described as alveolar type II or nonciliated bronchiolar cells. Metastasis to the bronchial or mediastinal
lymph nodes occurs in 10% of the cases. At present, no
treatment or vaccine is available. Eradication programs
have been based on extensive slaughtering, because no
antemortem test is available at this time.

EXTRAPULMONARY DISEASE
Pleuritis and Pleural Abscesses
Pathogenesis
Pleuritis is rare in the small ruminant, in which the
condition usually is secondary to another pathologic
process such as pneumonia, abscesses (pleural, pseudotuberculosis, liver, or sternal), trauma, hypoproteinemia, septicemia (including clostridial), and tumors.1,7
Mannheimia, Pasteurella, and Mycoplasma are the most
common bacterial causes of caprine pleuropneumonia1; Helcococcus ovis also has been reported to cause
pleuritis and bronchopneumonia in sheep.99 Pleural
transudates result from hypoproteinemia, right heart
failure, neoplasia, or acorn toxicity.7

Clinical Signs
Affected animals may present with weight loss, decreased
production, fever, depression, pain and posturing, dyspnea, and restricted respiratory effort. Percussible fluid
lines, friction rubs, and attenuated lung sounds may be
present on auscultation; however, these clinical findings

are not present in all cases, and normal findings on
auscultation are possible with focal pleural abscesses.100

Diagnosis
Clinicopathologic findings may include an inflammatory leukogram, mild anemia of chronic disease, and
hyperglobulinemia in chronic cases. An ultrasound
exam is helpful and may be necessary to diagnose focal
pleural abscesses.100 Thoracocentesis, fluid analysis, and
culture (when indicated) can help determine the cause
of the effusion, and findings will help guide the therapeutic plan.

Treatment
The underlying disease needs to be treated. Lavage
through a chest tube with a commercially available
lavage system is indicated in cases of pleuritis and can
be performed as a standing procedure with use of local
anesthesia. A large-bore chest tube should be inserted
caudally in the fifth or sixth intercostal space, at the
costochondral junction (level of the elbow). Use of
ultrasound guidance, if available, is recommended.
Generally, a single tube can be used for both lavage
and drainage.101 Focal pleural abscesses may respond to
prolonged antibiotic therapy.100

Diaphragmatic Hernia
Diaphragmatic hernias may be congenital or acquired,
usually secondary to parturition, breeding (in males),
or trauma. The clinical signs will vary, depending on
which organ or organs herniate; in small ruminants,
the reticulum most commonly is involved.7 Dyspnea,
weakness, cachexia, muffled lung sounds, and thoracic
borborygmi may be noted.101 Diagnosis is made by
radiographic or ultrasound imaging. Surgical repair has
been described in other species and should be applicable in sheep and goats. An important point in this
context is that the relatively small size of sheep and
goats will make the surgical exposure of the diaphragm
more like that in a large dog than in other farm animals.
The biggest challenge in repairing diaphragmatic hernias in adult cattle and horses is the considerable depth
of the abdominal cavity and size of the diaphragm. Size
considerations are why clinicians occasionally need to
resort to paracostal, paramedian thoracotomy or some
combination of incisions to repair diaphragmatic rents
in those adult species. Adequate exposure of any diaphragmatic hernia in sheep and goats, however, should
be possible through a cranially placed ventral midline
laparotomy incision. Use of a tilt table for surgery and
large visceral retractors also will enhance the surgical
exposure. The animal should be fasted for 48 hours
before the procedure to decrease rumen fill. A rumenotomy may be indicated for the same reason if the animal’s condition dictates emergency surgery rather than
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waiting 48 hours (see Chapter 5). The hernia can be
repaired with large monofilament (absorbable or nonabsorbable) suture in a continuous mattress stitch pattern. Mesh should be used only when the hernia cannot
be closed otherwise, and a clean surgical environment
is imperative.101

Pneumothorax
Pneumothorax is uncommon in small ruminants.
When it occurs, it generally is unilateral. Causes include
trauma, predator attack, and rupture of emphysematous
bulla. Animals will present with inspiratory dyspnea,
increased abdominal effort, and decreased lung sounds
on the affected side. During percussion, a difference in
resonance can be appreciated between the two sides.
The diagnosis is confirmed with chest radiographs.
A chest tube with a one-way valve should be placed
dorsally in the caudal lung field on the affected side.
The tube should be inserted in the caudal portion of the
intercostal space, to avoid damaging the intercostal vessels running along the caudal rib margins. The skin incision should be placed 1 to 2 cm further caudally so that
the tube will then tunnel under the skin to penetrate the
body wall, creating a seal. Prophylactic antibiotics are
indicated to prevent pleuritis.101

NEOPLASIA
Parenchymal Tumors
Ovine pulmonary carcinoma has already been discussed in detail (under “Lentiviral Disease”). Other
reported rare parenchymal tumors are rhabdomyosarcoma in lambs and multiple pulmonary papillae in
Angora goats.102

Thoracic Cavity Tumors
The more common thoracic cavity tumors include thymomas, thymic lymphoma, mediastinal lymphoma,
pleural mesothelioma, and squamous cell carcinoma.
Thymomas are by far the most common tumor in
goats103,104 and are characterized as epithelial or lymphocytic origin tumors of adult goats and sheep.103,105
By contrast, thymic lymphoma is a form of lymphoma
that originates at the thymus and may metastasize
to other organs and structures such as lymph nodes,
liver, spleen, kidney, and lung. Thymic lymphoma is
more common in young animals, although it has been
reported in adult sheep.105

Clinical Signs
These thoracic tumors are space-occupying masses and
as such may cause additional pleuritis and effusion.102
Pseudotuberculosis abscesses also may act as a spaceoccupying thoracic mass and should be included in
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the differential diagnosis. Animals may be asymptomatic (thymomas often are an incidental finding during slaughter102) or present with progressive dyspnea,
cachexia, and exercise intolerance. An enlargement at
the thoracic inlet may be palpated. Coughing secondary
to tracheal displacement and congestive heart failure
may occur.103,104 Although myasthenia gravis is not
associated with caprine thymomas,103 one case of secondary megaesophagus has been reported in a goat.106

Diagnosis
Tumor margins, mineralization, and organ displacement may be seen on radiographic or ultrasound
images.103 Cytologic analysis of pleural fluid or tumor
aspirate can be performed, but thymomas and thymic
lymphomas often require a biopsy sample for diagnosis. Even ultrasound-guided biopsy may not provide sufficient tissue; the definitive diagnosis often is
made at necropsy with histopathologic examination. In
theory, thymomas may be surgically removed; thymic
lymphomas and mesotheliomas frequently are metastatic or widespread in the pleural cavity and are not
amenable to surgical excision.102

PLANT TOXICITY
Atypical Interstitial Pneumonia
Pathogenesis
Perilla mint (Perilla frutescens) contains a pneumotoxin
in the leaves and seeds that when metabolized in the
rumen produces toxic intermediaries. These substances
damage type I pneumocytes and bronchiolar epithelial
cells. The cellular injury results in formation of hyaline
membranes, type II pneumocyte proliferation, and adenomatosis. The plant is most toxic during the flowering
and seed stages of growth (August to October). Other
similarly toxic plants include moldy sweet potato (the
mold Fusarium solani produces the toxin 4-ipomeanol)
and the Brassica genus of plants (e.g., rape, kale,
turnip and beet tops), which contain d,l-tryptophan.
d,l-Tryptophan is converted in the rumen to the toxic
3-methyl indole intermediate.1,7

Clinical Signs
Clinical signs include acute dyspnea and tachypnea,
open-mouth breathing, extended head and neck posturing, and acute death. Signs may be induced or exacerbated by exertion and stress.

Diagnosis
Diagnosis is based on clinical presentation and history.
On necropsy, the lungs will be wet, heavy, emphysematous, and noncollapsing; rib impressions may be
observed. Histopathologic examination should confirm
interstitial edema, emphysema, congestion, and alveolar epithelial hyperplasia.7
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TABLE 7-1 Nitrate-Accumulating and Cyanogenic Glycoside–Producing Plants
Nitrate-Accumulating Plants
Weeds
Canada thistle
Cheeseweed
Dock
Fireweed
Jimsonweed
Lambsquarters, goosefoot
Nightshades
Pigweed
Russian thistle
Smartweed
Sudan or Johnson grass
Sweet clover
Wild sunflower
Crop plants
Alfalfa
Beet
Corn
Flax
Oats
Rape
Rye
Soybean
Sudan or Johnson grass
Wheat

Cirsium arvense
Malva parviflora
Rumex spp.
Kochia scoparia
Datura spp.
Chenopodium spp.
Solanum spp.
Amaranthus
Salsola pestifer
Polygonum spp.
Sorghum spp.
Melilotus officinalis
Helianthus anuus
Medicago sativa
Beta vulgaris
Zea mays
Linum usitatissimum
Avena sativa
Brassica napus
Secale cereale
Glycine max
Sorghum spp.
Triticum aestivum

Cyanogenic Glycoside–Producing Plants
Apple

Pyrus malus

Arrow grass
Birdsfoot trefoil
Cassava
Cherry, apricot, peach
Corn
Elderberry
Flax
Hydrangea
Poison suckleya
Quick or star grass
Sudan or Johnson grass
Sugar gum
Toyon, California holly
Lima Bean
Velvet grass
Vetch seed
White clover

Triglochin maritima
Lotus corniculatus
Manihot esculenta
Prunus spp.
Zea mays
Sambucus canadensis
Linum
Hydrangea spp.
Suckleya suckleyana
Cynodon spp.
Sorghum spp.
Eucalyptus cladocalyx
Heteromeles arbutifolia
Phaseolus lunatus L.
Hoecus lunatus
Vicia sativa
Trifolium repens

Data from: Osweiler GD et al. Clinical and Diagnostic Veterinary Toxicology, 3rd edition, Dubuque, IA, 1985, Kendall/Hunt; Smith MC, Sherman
DM: Respiratory System. In Smith MC, Sherman DM, editors: Goat Medicine, 2nd edition, Ames, IA, 2009, Wiley-Blackwell; and Smith, Bradford P.
Large Animal Internal Medicine, 4th Edition. Mosby

Treatment
Treatment should focus on minimizing stress and
excitement and providing general supportive care.

Hydrogen Cyanide Toxicity
Pathogenesis
Under stress or in response to damage (such as from wilt,
frost, or drought), cyanogenic glycoside plants will produce hydrogen cyanide (HCN) (Table 7-1). Subsequent
to ingestion of the offending plant, HCN blocks cellular
respiration, resulting in tissue hypoxia. Under normal
conditions, the liver can detoxify HCN; sheep can tolerate 22 mg of HCN/50 kg of body weight/hour.107

Clinical Signs
Clinical signs appear when the liver capacity is overwhelmed; rapid intake of 2 to 4 mg HCN/kg of body
weight is fatal. Sheep and cattle are more susceptible
than goats.7 Affected animals often are found dead.

If HCN disease causing exposure is recognized early,
permitting tracking of the clinical course, dyspnea and
other signs of cerebral anoxia such as anxiety, staggering, tremors, and terminal convulsions can be observed.
The blood will be bright red from hemoglobin-bound
oxygen.107

Diagnosis
The rumen contents may have a characteristic “bitter
almond” odor.1 Liver and rumen contents can be tested
for HCN concentrations; threshold values are 1.4 μg
and 10 μg, respectively.7 Samples should be quickly
frozen or treated with 1% to 3% mercuric chloride
to prevent postsampling loss of HCN.107 Forage and
plants also can be tested; HCN levels above 200 ppm
are toxic.107 The “picrate paper” test is easily performed
in the field, athough less-than-toxic levels may generate
a positive result. (Picrate paper is prepared by treating
filter paper with a solution of 5 g of sodium bicarbonate
and 0.5 g of picric acid in 100 mL of water.) The suspect
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plant material is crushed and infused in water. The picrate paper is wetted with that solution and heated to
86° to 95° F. A positive test result consists of a change
to a brick-red color after a few minutes.107

Treatment
Sodium nitrite (22 mg/kg) should be given by intravenous infusion as soon as possible.107 In addition,
sodium thiosulfate (67- 660 mg/kg IV1107) or methylene
blue (4 to 15 mg/kg of a 1% solution IV1) should be
given immediately and repeated if necessary. Methylene blue also may be given alone at the higher end
of the dose range.108 In goats, sodium thiosulfate also
may be given orally every hour at 6 g/head to bind
free HCN in the rumen.1 Of note, these treatments fall
outside Animal Medicinal Drug Use Clarification Act
(AMDUCA) guidelines in the United States. Withdrawal
times will vary, but the U.S. Department of Agriculture
(UDSA)-sponsored Food Animal Residue Avoidance
and Depletion (FARAD) Program has published recommendations of 48 hours for milk and 24 hours
for meat after sodium nitrite and sodium thiosulfate
use.109 Because methylene blue may be carcinogenic,
this drug should not be used in lactating animals, and
an extended 180-day meat withdrawal protocol should
be followed.109

Nitrate-Nitrite Toxicosis
Pathogenesis
Ingested nitrates from plants and water are converted to
nitrite in the rumen. Nitrite will then bind iron ions in
the blood, converting hemoglobin to methemoglobin.
Methemoglobin has a reduced ability to carry oxygen,
resulting in hypoxia and death. Nitrate is accumulated
during the vegetative state (Table 7-1), especially after
droughts and during rapid growth and on highly fertilized soils; nitrates do not accumulate in the fruit or
grains.107 Acacia nilotica subsp. kraussiana (the acacia tree)
toxicity also can lead to methemoglobin formation.1

Clinical Signs
Clinical signs are consistent with generalized hypoxia
and include dyspnea, tachycardia, cyanotic mucus
membranes, exercise intolerance, and sudden death;
abortions may occur days to a week after a sublethal
exposure.110 Clinical onset occurs once methemoglobin formation has reached the 30% to 40% threshold;
death occurs once 80% to 90% of the hemoglobin has
converted.107

Diagnosis
The clinical picture and history should be suggestive.
Formation of methemoglobin will cause the blood to
appear dark brown; this change is concurrent with onset
of clinical signs at the 30% methemoglobin threshold.1
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Toxicity can be confirmed by establishing definitive
nitrite levels in the blood, urine, or aqueous humor;
field samples should be frozen.107 Feed nitrate levels
should be below 1% of the diet, and water levels should
be below 1500 ppm.107

Treatment
Animals with low levels of toxicity (as indicated by 40%
to 50% methemoglobin concentrations) may recover
spontaneously.107 A 1% solution of methylene blue
should be given intravenously at 4 to 15 mg/kg every
6 to 8 hours; methylene blue overdose in ruminants
(requires greater than 30 mg/kg in sheep) is difficult
to achieve in a clinical setting.107 This treatment falls
outside of AMDUCA guidelines in the United States.
Because methylene blue may be carcinogenic, this
drug should not be used in lactating animals, and an
extended 180-day meat withdrawal protocol should be
followed.109 Cold-water rumenal lavage and oral penicillin may be used to slow down nitrate conversion.110
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Theriogenology of Sheep
and Goats
Misty A. Edmondson, John F. Roberts, A.N. Baird, Stan Bychawski,
and D.G. Pugh

Theriogenology is the area of veterinary medicine concerned with reproductive physiology, pathology, surgery,
and medicine. This chapter focuses on theriogenology
of sheep and goats. Each species is considered separately when relevant data are available, but when applicable, the two are discussed together.
Sheep and goats are very fertile animals, with reproductive potential far superior to that of most other
domestic animals. Specific assessment of the reproductive system should always be preceded by a complete
physical examination to determine general health status and to detect problems that warrant therapeutic
or management intervention (see Chapter 1). Animals
need to be productive (i.e., healthy) before they are able
to be reproductive—in other words, sex is a luxury. Of
relevance in this context, a single range ewe usually does
not undergo the same sort of reproductive manipulation or physiologic stress as that typical for a donor used
in an embryo transfer (ET) program.

MALE REPRODUCTION
Anatomy and Physiology of the Male
The anatomy of the reproductive organs of the ram and
buck is similar to that of other ruminants. The penile
urethra is surrounded by the corpus spongiosum penis
(CSP) throughout its length. The urethra terminates as a
vermiform appendage. Blood enters the CSP proximally
and exits through two exhaust veins located on the free
portion of the penis. Contractions of the urethralis and
bulbospongiosus muscles force blood rhythmically
through the CSP, producing the characteristic pulses of
urine observed during normal micturition. The most
prominent structure of the penis is the corpus cavernosum penis (CCP). It consists of cavernous space
supported by fibrous trabeculae. This cavernous tissue
is located on the dorsal surface and partially surrounds
the CSP. At its origin in the pelvis the CCP is composed
of two crura that join before leaving the pelvis. The
entire penis is surrounded by the tunica albuginea. The
two paired retractor penis muscles arise from the coccygeal vertebrae and pass around the anus to become two
distinct muscles that attach to the ventrolateral surface
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of the penis at the distal bend of the sigmoid flexure.
The penis normally is held in an S-shaped bend (the
sigmoid flexure) except during erection and ejaculation
by the retractor penis muscles.1
The testicles are suspended away from the body
within the pendulous scrotum. The scrotum is composed of undulating epidermis that may or may not
be covered by wool or hair, depending on the breed
and husbandry practices. A rich plexus of blood vessels, lymphatics, and sweat glands lies beneath the
skin. The dartos, a smooth muscle layer, is connected
to the vaginal tunics of the testicle by the scrotal fascia.
The scrotal fascia is the connective tissue that typically
is broken down in separation of the skin from the
testicle during routine castration. The vaginal tunics
are outcroppings of the peritoneum and form a protective covering over the testicles. The space between
the two layers of vaginal tunic (parietal and visceral)
as it reflects around the testicle normally contains a
small amount of peritoneal fluid. The scrotal septum,
composed primarily of the dartos muscle, divides the
scrotum into two halves.2
The testicle itself is surrounded by a thick layer of
fibrous connective tissue known as the tunica albuginea. The parenchyma of the testicle is composed of
seminiferous tubules that contain the germ cells and
their supporting cells (Sertoli cells). The seminiferous tubules drain into the rete testes, which in turn is
drained by 10 to 12 efferent ducts. These ducts drain
into the head of the epididymis, which is located on
the dorsal craniolateral aspect of the testicle. The body
of the epididymis curves around the lateral portion of
the testes and ends caudomedially as the tail. The tubular structure is reflected dorsally and becomes the vas
deferens.2 Rams and bucks have a full complement of
accessory sex glands. The small bulbourethral glands are
located caudally in the pelvic cavity on either side of the
pelvic urethra and can be palpated rectally. These animals also have lobulated vesicular glands, disseminate
prostates, and a widening of the vas deferens known as
the ampulla.3 Spermatogenesis requires approximately
49 to 60 days from the start of germ cell division until
the spermatozoa are released from the seminiferous
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tubules. Another 10 days to 2 weeks are required for the
sperm to pass from the seminiferous tubules through
the epididymis.4

Puberty and Seasonality
Ram
Puberty typically occurs in the ram at 6 months. It
is defined as the point at which the ram develops an
interest in sexual activity and produces spermatozoa in
sufficient numbers to achieve pregnancy in ewes. The
exact age at puberty depends somewhat on breed and
time of birth. Rams born early in the spring are older
at puberty than late-born lambs. Moreover, rams that
are periodically exposed to cycling ewes tend to reach
puberty earlier.5 Rams are seasonal breeders: Sperm
quality, daily sperm output, and sexual activity are
modulated by the increased periods of darkness that
are typical of fall (in the Northern Hemisphere). This
seasonality in the ram also is manifested by an increase
in the testicular circumference (by approximately 1 to
2 cm). The increase in melatonin, which is secreted from
the pineal gland during the dark hours as day length
shortens, is responsible for many of the physiologic
mechanisms associated with transition of the ram from
the nonbreeding to the breeding season.6 Manipulation
of light-dark intervals and the use of melatonin can alter
the breeding season of rams, but the practicality of these
procedures is debatable.7
A change in the sexual attitude of the ram toward
the ewe as day length decreases defines the onset of the
breeding season. He becomes more sexually interested
in the female, and courtship behavior occurs more
frequently. Rams display a typical flehmen response
to females in estrus after sniffing the vulva region and
urine from the estrus female. The ram often strikes out
at the female with one front leg before mounting her.6
The physiologic changes in testicular size, mating
behavior, and semen quality are caused by the activation of the hypothalamus and a decrease in the effectiveness of testosterone on the negative inhibition of
gonadotropin-releasing hormone (GnRH). Significant
differences are seen between the breeding and the nonbreeding season with respect to the pattern of GnRH
and luteinizing hormone (LH) pulses and the response
of the pituitary gland to GnRH.

Buck
Breed, age, and nutrition contribute to the onset of sexual maturity in the buck.8 The age at puberty depends
on the breed, ranging from 2 to 3 months in pygmy
breeds to 4 to 5 months in Nubian and Boer bucks. In
most breeds of goats raised in the temperate environment of the Northern Hemisphere, sperm is present
in the ejaculate at 4 to 5 months. At this age, however,
semen quality is poor, and the animals are not suitable
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for breeding.9 Nubian and Boer bucks begin exhibiting
libido behaviors at 10 to 12 weeks and start producing
good-quality semen at approximately 8 months.8,9
Natural adhesions of the urethral process and glans
penis to the prepuce make the immature buck incapable of copulation. This attachment begins to separate at 3 months, and fertile mating is possible at 4 to
5 months.8,9 Fast-growing, well-fed, and well-managed
kids are able to breed sooner than starved males of the
same age.
Outside the normal breeding season, many bucks
have depressed libido, reduced pheromones, decreased
scrotal circumference (SC), lower rates of viability of
spermatozoa after freezing, and a larger number of
abnormal spermatozoa. All of these changes reflect
lower levels of LH and testosterone. LH and testosterone concentration, libido, and odor presence in
the buck peaks in the fall.10,11 Sexual behavior of the
buck includes actively seeking does in estrus, courtship
(kicking, pawing, muzzling, grunting, and flehmen),
mounting, intromission, and ejaculation. Ejaculation
occurs spontaneously and is characterized by a strong
pelvic thrust with a rapid backward movement of
the head.9 After ejaculation, the buck dismounts and
shows no sexual arousal for a few minutes to several
hours.
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BREEDING SOUNDNESS EXAMINATION
IN THE RAM
A breeding soundness examination (BSE) should be
performed on all rams before the beginning of the
breeding season. With the ram being expected to breed
as many as 100 ewes during a season, his individual
worth far outweighs the cost of a BSE. A proper BSE
consists of a thorough physical examination with special attention to the scrotum and testicles, as well as an
evaluation of the semen quality.
Most BSEs do not routinely include an evaluation of
the ram’s libido or his physical ability to make intromission. The veterinarian should communicate clearly
with the client regarding the limitations of the BSE
performed and the need for some sort of libido testing. Such testing often can be accomplished by directly
observing the animal in the first part of the breeding
season. Large sheep producers may be encouraged to
keep an extra 10% of rams deemed satisfactory for
reporductive purposes by veterinary examination, to
ensure adequate “ram power.”

Figure 8-1 A gauze strip is wrapped around the penis at
the junction of the free portion of the penis and the prepuce
to prevent retraction into the sheath. A prominent vermiform
appendage can be seen.

Physical Examination
A complete physical examination should be performed on all rams. The ram can be restrained by
placing him on his rump in a sitting position1-11 (see
Chapter 1).

Examination of Reproductive Tract
The scrotum should be palpated to ensure that both
testicles are present, approximately equal in size, and
of firm consistency; any localized swellings or areas
of induration should be noted. The head and tail of
the epididymis is palpated to detect swelling, pain,
or signs of inflammation. Epididymitis is a relatively
common problem in rams. Any ram exhibiting signs of
epididymitis should be considered to be infected with
Brucella ovis until proved otherwise. The spermatic
cord should be examined specifically for deformities
in the vascular plexus and vas deferens. The penis
usually can be extended by pressing down around the
external preputial orifice and grasping the protruding
penis with a gauze pad (Figure 8-1). Occasionally the
sigmoid flexure may need to be straightened to assist
in extending the penis. The penis is then carefully
inspected for evidence of active lesions or old scars.
The penis can be held in extension by wrapping a strip
of gauze around the junction between the free portion of the penis and the prepuce. This method also is
helpful in collecting semen by electroejaculation. The
penis generally is easier to extend when the animal is
being held up on the rump than when it is in lateral
recumbency.

Figure 8-2 Measuring the scrotal circumference of a ram.
The procedure is the same for bucks. The tape measure should
be held tight enough to indent the skin slightly, and the examiner should firmly push the testicles into the scrotum with the
free hand. Care should be taken to read the measurement at
the correct location on the measuring tape.

Scrotal Circumference
To determine the SC, the clinician should pull both of
the ram’s testicles ventrally into the scrotum and measure it at its largest circumference, using a tape measure
marked in centimeters. Care must be taken with breeds
that have heavy scrotal wool, because wool may falsely
enlarge the measured circumference. Taking the average
of several measurements can increase the accuracy of
the SC value obtained. The tape should be snug on the
scrotum, while barely indenting the skin, so that the
tape does not slide out of position (Figure 8-2). SC in
the ram is highly heritable and appears to be related to
sperm output and age at puberty.1,2
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For selection of ram lambs, the testicular diameter
at 170 days provides a long-range prediction of postpubertal testicular size and sperm output.3-5 SC is a major
criterion for selecting replacement rams. Minimum
accepted SCs of 30 cm for ram lambs weighing more
than 150 lb, 33 cm for 12- to 18-month-old rams, and
36 cm for rams weighing more than 250 lb have been
suggested.1 Strictly on the basis of age, rams at 8 to 14
months should have SCs of 28 to 36 cm to be classified
as satisfactory and more than 36 cm to be classified as
exceptional. Rams older than 14 months should have
SCs of 32 to 40 cm to be classified as satisfactory and
more than 40 cm to be classified as exceptional.10
Scrotal size usually is greatest from August to October. Smaller testicular measurements (0.5 to 1.5 cm
less) are to be expected when rams are tested outside
of the normal breeding season (February to April) or
during periods of extreme sexual activity.1,2 (Table 8-1)

Semen Collection
The penis is extended as described previously. The
ram is then placed in lateral recumbency to collect
semen by electroejaculation. The same electroejaculators described for use in bucks are used for rams (Figure
8-3). The clinician inserts the tip of the ram’s penis and
the urethral process into the warmed glass or plastic
tube. Some rams ejaculate at this point of the examination. The rectum is cleared of feces and a lubricated
electric rectal probe is carefully inserted. The clinician
massages the accessory sex glands by moving the probe
back and forth in a cranial to caudal direction 8 to 10
times while gently forcing the tip of the probe ventrally.
Mild electrical stimulation is then applied for 5 seconds.
The ram typically vocalizes during this procedure and
attempts to escape. After the ram relaxes, the massage
and electrical stimulation are repeated until the ram
ejaculates into the tube. The spiraled urethral process
straightens during the ejaculatory process. The collected
semen is evaluated for sperm motility and morphology
and the presence of inflammatory cells.2,11

Semen Evaluation
Sperm Motility
A drop of raw semen is first examined under low power
(100×) to estimate the concentration and motility of
spermatozoa. A drop of warmed saline is placed on the
slide. The clinician then dips the corner of a coverslip
into the drop of raw semen and mixes it with the drop
of warmed saline. The resultant mixture should allow
observation of the motion of individual spermatozoa.
If the semen mixture is too concentrated to allow identification of individual spermatozoa, a new preparation
should be made with less semen. With experience, the
observer will be able to determine the amount of semen
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Figure 8-3 Many types and models of electroejaculators are
available. The choice is a matter of operator preference (the
device shown is owned and in constant use by D.G.P.). An
electroejaculator that can draw power from a stationary source
(e.g., a truck battery) and has a built-in battery source is preferable. The ram probe shown here is too large for some goats
but with patience is usable most of the time.

to place on the coverslip to make an adequate slide.
The examiner should visually estimate the number of
progressively motile sperm. A common error is to overestimate the percentage of progressively motile sperm.
Such errors can be minimized by mentally “freezing”
the microscopic image before making the motility estimate. One helpful technique is to determine whether
more or less than 50% of the spermatozoa are motile.
After making that determination, the observer can try
to arrive at the nearest 25% and then the nearest 10%.
The observer also should record the number of round
cells present in each image. If more than two round cells
are seen in each medium-power field, a smear of the
semen should be made for cytologic evaluation (e.g.,
with Wright’s stain). The presence of white blood cells
indicates inflammation or infection. The presence of
early nucleated round germ cells indicates an aberration
of spermatogenesis. Rams should have more than 30%
progressively motile cells for a “satisfactory” rating and
more than 70% for an “exceptional” rating 2,11,12 (Table
8-2). Motility usually is depressed outside the breeding
season.

Sperm Morphology
A slide is next prepared for examination of spermatozoa
morphology. A small drop of semen is placed on the
edge of a slide, and a ribbon of eosin-nigrosin stain is
placed slightly closer to the center of the slide. The corner of a second slide is dipped into the semen drop, and
the resultant “hanging drop” of semen is mixed with the
ribbon of stain. The second slide is then pulled across
the first slide in a manner similar to that for creating a
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TABLE 8-1 Scrotal Circumference* by Age
Group in Breeding Soundness
Evaluation of Rams
8 to 14 Months

Older Than 14 Months

Size†*

Rating

Size†*

Rating

Smaller than
28 cm
28 to 36 cm
Larger than
36 cm

Questionable

Smaller than
32 cm
32 to 40 cm
Larger than
40 cm

Questionable

Satisfactory
Exceptional

Satisfactory
Exceptional

From Yarney TA, Sanford LM: Pubertal development of ram lambs:
physical and endocrinological traits in combination as indices of
postpubertal reproductive function, Therio 40:735, 1993.
*Values are the average of three separate measurements.
†Testicles may be 2 to 3 cm smaller in the off season.

blood smear. The amount of semen placed on the edge
of the second slide is determined by experience. The
resultant smear should have an even distribution of
cells. Spermatozoa should be spaced so that individual
cells are easily distinguished but each field has approximately 10 cells. The slide is allowed to dry and then
examined at 1000× with an oil-immersion lens. The
observer should count at least 100 cells and determine
a percentage of normal spermatozoa.
Abnormalities usually are recorded as either primary
or secondary. Primary abnormalities involve the head
and midpiece of the spermatozoa, whereas secondary
abnormalities involve the tail (Figure 8-4). The type
of abnormality can be used to estimate the severity of
problems in rams with an excessive number of abnormal cells. Abnormalities of the head and the acrosome
are associated with severe testicular aberrations. Tail
abnormalities often are associated with less severe problems or diseases of the epididymis. Round droplets of
cytoplasm on the tail usually are seen in young rams
and are associated with overuse, immaturity, or mild
testicular degeneration. Droplets also can occur in samples taken from rams out of season. At least 50% to 70%
of the observed spermatozoa should be morphologically normal for the ram to be considered a satisfactory
breeder; more than 80% to 90% normal is considered
exceptional11 (Table 8-2).

Breeding Soundness Prediction
The SC, progressive motility, and percentage of normal
spermatozoa can be combined to classify rams into
categories to help predict their usefulness in a breeding flock. Rams that are classified as satisfactory in all
categories can be expected to impregnate approximately

Figure 8-4 Eosin-nigrosin stain of semen obtained from a
2-year-old mixed-breed goat. Abnormalities of the spermatozoa include an enlarged head and proximal droplet, as well
as other head and acrosome anomalies; normal spermatozoa
also are present.

TABLE 8-2 Sperm Motility and Morphology
Percentages Required for
Classification of Reproductive
Potential in Rams
Sperm
Attribute

Exceptional Satisfactory

Motility

Greater than
70%
Morphology Greater than
90%

Greater than
30%
Greater than
50%

Unsatisfactory
Less than 30%
Less than 50%
normal

From Yarney TA, Sanford LM: Pubertal development of ram lambs:
physical and endocrinological traits in combination as indices of postpubertal reproductive function, Therio 40:735, 1993.

50 ewes in a 60-day breeding season. Rams that receive
exceptional ratings can be expected to impregnate 100
ewes during a 60-day breeding season. Any ram that
does not receive at least a satisfactory rating in all categories should either be culled or retested in 60 days.
The decision to cull or retest should be based on the
severity of observed lesions and the economic value of
the individual animal.2,10-13

Ancillary Tests
Ultrasonography
Ultrasonography can be used to evaluate the testicles
of rams (or bucks). Changes from the normal homogeneous testicular parenchyma such as hyperechoic and
hypoechoic areas are indicative of fibrotic changes or
cystic structures. The examiner should not confuse the
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significant impact on the production level of the flock by
decreasing the number of multiple births, decreasing conception rates, and increasing the lambing interval. Ram
epididymitis due to B. ovis is a contagious venereal disease
that generally affects mature rams. The bacterium is transmitted through homosexual activities or by ewes during
the breeding season. Ewes exposed to infected rams do
not become permanently infected but serve as mechanical vectors for the spread of the disease. Thus all rams that
test positive for B. ovis should be culled immediately.11

BREEDING SOUNDNESS EXAMINATION
IN THE BUCK
Figure 8-5 Ultrasound image of a normal testicle from a
2-year-old crossbred ram demonstrating the normal echogenic, homogeneous appearance of the testicular parenchyma.
The epididymis appears more hypoechoic relative to the testicular parenchyma, and the epididymal duct is seen running
alongside the testicle. The parietal vaginal tunic is seen as a
clearly defined hyperechoic linear structure surrounding the
testicle. The ultrasound study was performed using a 7-MHz
microconvex transducer. (Courtesy Dr. Karine Pader, Purdue
University.)

normal hyperechoic mediastinum that is found in the
center of the testicle for a fibrotic lesion. The mediastinum appears as a distinct round area in the center of
transverse images of the testicle and as a hyperechoic
line on longitudinal images (Figure 8-5). The epididymis and spermatic cord also can be examined for fibrosis and cystic structures. Areas of fibrosis or degeneration
and testicular abscesses usually can be visualized. 2

Testicular Biopsy
Testicular biopsy performed using a 14-gauge biopsy
needle will retrieve tissue for direct examination of the
testicular architecture. Testicular biopsy plus examination is useful in determining atrophy, degeneration,
and hypoplasia. This technique usually is relegated to
use in valuable animals. The clinician aseptically prepares the testicle and anesthetizes an area of skin. The
biopsy needle is then inserted into the dorsum of the
testicle while avoiding the epididymis, with care taken
not to penetrate the mediastinum. Tissue can be fixed
in either Bouin’s solution or 10% formalin for routine
histopathologic analysis.14

Serologic Screening
Serologic screening in the form of an enzyme-linked
immunosorbent assay (ELISA) for Brucella ovis should be
performed annually in all rams at the time of the BSE.2,13
Brucella ovis is a major cause of decreased infertility in
flocks with multiple rams. B. ovis infection can have a

All breeding bucks need to be evaluated for breeding
soundness 3 to 4 weeks before onset of the mating
season. As in the ram, the examination of the buck
should include a physical examination, reproductive
examination, measurement of SC, and semen collection and evaluation. BSEs are able to evaluate only the
physical soundness and semen quality of the buck. A
satisfactory rating cannot guarantee the buck’s ability to
produce live offspring.2,15 Attempts to assess libido in
the buck greatly aid in a complete reproductive evaluation. The libido measurement described for the ram can
be adapted for the buck. 2

Physical Examination
Physical examination of the buck must include a general examination for health, with particular attention
to assessment of body condition and musculoskeletal
condition (feet and legs). To be a satisfactory breeder,
a buck should be in good body condition. Use of thin
or excessively fat animals should be avoided for breeding (see Chapter 2).15,16 The buck should be free of
known genetic defects such as hernias, jaw malformation, cryptorchidism, supernumerary teats, and intersex
condition. Bucks should not be phenotypically polled.

Examination of Reproductive Tract
Examinaton of the reproductive tract includes evaluation of the testes, epididymis, spermatic cord, and penis.
Testes should be examined for size, symmetry, and
consistency. A buck should have two large, oval testes of
equal size; they are firm during the breeding season and
slightly softer during the nonbreeding season. If only
one testicle is present, the male should be disqualified
as a potential breeder. Ultrasonography may be useful in
aiding detection or confirmation of abnormalities.14-16
Gross changes in the epididymis are fairly rare in goats.
The clinician should examine the penis for abnormalities when collecting a semen sample. The penis must
be manually extended from the sheath so that a careful
examination can be made. The urethra extends beyond
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the tip of the penis for approximately 2 to 3 cm, forming the urethral process. When bucks have a history of
urinary calculi, the urethral process usually is removed
during treatment because it is a common area of obstruction. The loss or removal of the urethral process appears
to have no detrimental effect on the buck’s fertility.16

Scrotal Circumference
Because of its high correlation with testicular size and
capacity for sperm production, SC is important in the
buck. Its use in the evaluation of breeding soundness,
however, is not well defined. SC is measured in the buck
as described for BSE in the ram. SC in 45-kg dairy goats
has been reported to be 25 to 28 cm, with larger bucks
having SCs of 34 to 36 cm.15,16 No age and breed standards exist for SC in meat goats. In 1999, as measured
with the Georgia and Southeast Meat Goat Buck Performance Test, SCs in 45-kg, 7-month-old Kiko and Boer
bucks averaged 26 to 29 cm.17

Semen Collection
Semen may be collected with an artificial vagina (AV)
in a trained buck or by means of electroejaculation.14
Electroejaculators should be 25 to 30 cm long and 2 to
3 cm in diameter. Many ram probes can be adapted for
buck use. An AV can be built from a polyvinyl chloride
(PVC) pipe or radiator hose with an inner liner made
of a cut section of bicycle inner tube. An AV also can
be purchased. The length of the AV should be 18 to 22
cm, and its outside diameter should be 6 cm. It should
be filled with warm water to maintain proper turgor
and warmth (38° to 40° C). A semen collection cone
should be placed at one end. A nonspermicidal lubricant is placed in the open end.
For the electroejaculation procedure, bucks are
restrained in chutes or held against the wall. The rectum is cleaned of feces and a well-lubricated probe
is inserted. The prostate is massaged five to six times,
electrical current is applied through the probe for 4
to 6 seconds, and then the probe turned off for 3 to 4
seconds. This pattern is maintained until ejaculation
occurs (usually four to five cycles). Libido cannot be
assessed when semen is collected using an electroejaculator. During and after collection, semen should be protected from direct sunlight and temperature shock, and
sperm motility should be evaluated within 10 minutes.2

Semen Evaluation
The volume of normal buck ejaculate is 0.5 to 1.5 mL
(with an average of 1 mL). Semen is evaluated for color
and for sperm characteristics of gross and progressive
motility, morphology, and concentration.16 Both semen
quality and semen quantity may vary with age, season,
temperature, and breed and even between individual

animals within the same breed. Normal values for
semen evaluation in the buck are as follows27:
Volume of semen: 1 mL (with a range of 0.5 to 1.5 mL)
Sperm motility: 80% (with a range of 70% to 90%)
Sperm concentration: 4 billion (with a range of 2 to 5
billion)/mL
Normal sperm morphology: 80% (with a range of 70%
to 90%)
Minimum acceptable values are shown in Box 8-1.
Volume is measured directly from the graduated
collection vial. Volume is of some value in evaluating semen collected using an AV, but of limited value
when electroejaculators are used. The color of semen
depends on the number of spermatozoa per milliliter;
it can range from whey-like to milky to creamy. Gross
motility is measured as described for the ram. Even
though concentration is not routinely assessed in field
conditions, it is advisable to include this measurement
in the evaluation. Concentration can be easily assessed
using a hemocytometer and a commercial Unopette
system for white blood cell count.16 Morphology can be
determined by examination. An eosin-nigrosin–stained
smear is evaluated using a 1000× objective; the examiner measures primary or secondary abnormalities in
100 to 200 spermatozoa per slide, as described for the
ram (see Figure 8-4). Normal values for a buck to be
classified as a satisfactory potential breeder are listed in
Box 8-1. A questionable potential breeder may require
reevaluation after 8 weeks or need to be culled. The
classification of unsatisfactory as a potential breeder
may be assigned for reasons other than semen quality
(e.g., cryptorchid, lameness). Bucks showing depressed
libido, slightly decreased SC, and increased sperm
abnormalities should be identified and culled.14,15

SELECTION AND MANAGEMENT
OF MALES
Ram
A ram with good-quality semen, adequate testicular
size, and good libido can breed 100 ewes in a 17-day
breeding season.2,7,11 Most producers in North America,

BOX 8-1

	Minimum Acceptable Reproductive Criteria for a Satisfactory
Potential Breeder Buck

Volume: 0.5 mL
Motile sperm: 70%
Concentration: 2 billion
Morphology: 80% normal
Modified from Memon MA, Mickelsen WD, Goyal HO: In
Youngquist RS, editor: Current therapy in large animal theriogenology,
Philadelphia, 1997, WB Saunders.
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however, use 3 to 3.5 rams per 100 ewes. Yearlings and
mature rams can be expected to service 35 to 50 ewes,
whereas ram lambs should be expected to service only
15 to 25 ewes.2 Adjustments should be made for multiple sire breeding units. It is desirable to always have
more than three rams to a multiple sire unit, because
this tends to alleviate some of the territorial fighting
among rams.2
Libido and serving capacity testing can provide
useful information regarding how many ewes a ram
can be expected to service or even if a ram should
be retained.7-9 Serving capacity tests are performed to
measure how many times a ram services ewes during a
defined period. One report suggests that the test serving
pen should be approximately 3 m by 5 m and in clear
view of rams that are to be tested.7-9 Larger or smaller
pens may be used, however.
Typically the ram is placed in a pen with two to
four cycling, unrestrained ewes for a period of 20 to 40
minutes. The keeper monitors and records all sexual
behavior, with emphasis on the number of breedings.
Such tests are the most reliable predictor of the adequacy of an animal’s libido. Ewes used for libido testing may be synchronized to estrus, or ovariectomized
and administered estrogen. Use of animals identified as
high-performing or having a high degree of libido, in
comparison with low-libido rams, will result in higher
lambing percentages and greater numbers of liveborn
lambs per exposed ewe.
Serving capacity tests also may be used to determine
proper ram-to-ewe stocking ratios. These tests of flock
reproduction can produce a shorter, more uniform
lambing season.7-9 Adult rams achieving four to six or
more breedings during 30 minutes are preferred. Rams
achieving two or three breedings during 30 minutes are
acceptable. Rams that appear to be sexually inactive can
be tested twice. If they still appear to be sexually inactive, the keeper can paint the rumps of the test ewes
with different colors of ink and leave the tested ram
overnight in the pen with them. The next day the keeper
should examine the ram’s chest for the colored ink.2
Still, fertility is maximized if only acceptable groups of
rams are kept for breeding.
Selection of rams from high-producing ewes as
measured by the number of lambs born, the weight of
lambs weaned, and a history of having lambs early in
the season also may have a positive relationship with
fertility.2 It appears that rams born co-twin to male
siblings have higher serving capacities than those born
co-twin to females.2,10 Rams also should be selected
for structural soundness and for the genetic traits they
can pass on to their offspring, because they contribute
approximately 60% to 80% of the genetics of the average flock.3
Rams should be maintained on a good nutritional,
vaccination, and deworming program. Their body
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condition scores before breeding season should be 3.5
to 4 (See Chapter 2, Figure 2-1). Obesity minimizes
willingness to breed. Rams should be sheared and
their hooves trimmed before breeding season. During
breeding season, free access to shelter or shady areas
should be provided to minimize heat stress–associated
infertility. Special care should be taken during the initial examination of rams to eliminate those that have
diseases of the reproductive tract. 2

Buck
Bucks are chosen on the basis of on individual performance or progeny testing for traits such as milk production, meat traits, adaptability, and twinning rate. Prolific
bucks are preferred. Birth, weaning, and yearling information is valuable in establishing the superiority or
inferiority of a potential sire. Selection for growth rate
and meat production should be a high priority for meat
goat producers. Bucks should have good conformation
and be large and muscular. Selection based on testicle
size is important; bucks with the largest testicles usually
produce the highest-quality sperm.2
The same serving capacity tests used for rams are
applicable to bucks. Bucks with apparent defects in posture and genital tract abnormalities should be avoided.
Because the intersex condition has been linked to the
polled gene, the use of phenotypically polled bucks
should be avoided. Changing bucks every 2 years prevents loss of vigor and reduces inbreeding in the herd.
Bucks should be kept separate from does in a group on
pasture or in single housing. They should be introduced
with females only during the established mating season, after which their job for the year is finished. Bucks
require proper nutrition, routine foot care, vaccination,
deworming, and exercise (see Chapter 19).
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DISEASES OF THE MALE: TESTICULAR
ABNORMALITIES
Varicoceles

Swelling of the epididymis is the primary presenting
sign, appearing approximately 3 weeks after the initial
exposure. On gross examination, localized inflammation is present, followed by hyperplasia and obstruction of the epididymal ducts. This obstruction causes
a backup of spermatozoa, the development of sperm
granulomas, and pressure necrosis. The seminal vesicles
also are commonly affected, which may account for the
large number of infected rams that show no palpable
signs of epididymitis.3 Semen collected from infected
rams usually contains a large number of polymorphonuclear neutrophils, which can be seen on the motility
preparations or on Wright’s-stained specimens. Microscopic evaluation of Stamp’s modified Ziehl-Neelsen–
stained semen also can be a useful tool in diagnosis.
The coccobacillus Brucella will stain red against a blue
background. Culture for the presence of Brucella organisms is a good diagnostic tool in suspected cases.
Serologic testing for B. ovis should be considered
a routine part of a BSE. An ELISA and a complement
fixation test are currently available. An experimental
PCR assay appears to give results similar to those with
semen culture and may soon be available.3,4 Herd infections with B. ovis can result in a 15% to 30% reduction
in lambing rate, depending on the chronicity of the
herd problem. This decrease in reproductive efficiency
results from lowered fertility in the rams, failure of the
ewes to conceive, reabsorption of embryos, abortions,
stillbirths, and birth of weak lambs.5,6
Recommendations outlined by Bulgin6 include the
following:
•	Buying virgin rams that have been serologically
tested for brucellosis
•	Keeping newly purchased rams separate until all
rams are tested free from Brucella
•	Performing palpation for epididymitis and culling
all affected rams before the breeding season
•	Culling all B. ovis–positive rams

A varicocele is defined as a localized dilatation and
thrombosis of the internal spermatic vein and is recognized as a fluctuant to hard swelling in the spermatic
cord. Varicoceles are more common in rams than in
bucks. This condition often is manifested as rear limb
lameness and awkward posture as the ram tries to
relieve pressure on the swollen cords. Affected animals
may become weak and susceptible to other diseases as a
result of debilitation brought on by an unwillingness to
walk to obtain food and water. Varicoceles can be diagnosed by palpation and diagnostic ultrasound imaging.
Abnormalities such as decreased total sperm count,
reduced sperm motility, and morphologic abnormalities of the sperm often are associated with varicoceles.
The exact etiology of the condition is not known, but a
genetic predisposition is suspected. No easy treatment is
available, and affected rams or bucks should be culled.1

Epididymitis in Older Males
Epididymitis is a rare condition in the buck but a clinically important disease in rams. Epididymitis in rams
should be considered to be caused by B. ovis until
proved otherwise. This is true especially in older rams
that have been actively breeding in multiple sire units.
However, one case report involving an outbreak of
B. ovis in a group of virgin ram lambs suggests that the
disease may be spread in utero or neonatally, before any
known sexual activity.2 The primary means of spread is
thought to be contact with mucous membranes, which
results in bacteremia. The organism localizes in the epididymis and secondary sex glands. Contact can occur
among rams and with recently infected ewes; venereal
and oral-nasal modes of transmission also are possible.3
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•	Retesting all rams in the flock 60 days after any rams
are found to be seropositive
•	Performing BSEs yearly on all rams
If a large number of serologically positive rams are
found after a year of adherence to these guidelines,
efforts should be made to determine whether a serologically negative carrier ram is present in the flock by
culturing semen from all rams.

Epididymitis in Young Males
In younger rams and, less commonly, in bucks, epididymitis can be caused by a number of organisms such
as Histophilus, Actinobacillus, and Haemophilus spp., as
well as Corynebacterium pseudotuberculosis and possibly
other pathogens.7,8,9 Lamb epididymitis can be spread
from ram to ram by the oral or nasal route. The organisms responsible for lamb epididymitis frequently can
be cultured from the preputial cavity of rams younger
than 2 years of age and commonly are found in the
mucous membranes of the prepuce, penis, mouth, and
nasal cavity.5 Colonization and subsequent disease of
the reproductive tract may depend on the hormonal
changes that occur during maturation and puberty,
along with other unknown differentiating factors that
allow most animals to eliminate the bacterium spontaneously while causing others to develop clinical signs.10
Experimentally, suppurative epididymitis and spermatic
granulomas may be seen within 24 and 72 hours,
respectively, after inoculation with some pathogens.11
Diagnosis of lamb epididymitis is made by palpation
of the enlarged epididymis and by ruling out B. ovis
infection. Semen from infected lambs is characterized
by a large number of neutrophils and by the morphologically abnormal spermatozoa typical of epididymal
disease. Although clinical manifestations in most cases
of lamb epididymitis are restricted to the reproductive
tract, occasionally fever and hindlimb lameness also are
noted.
Lamb epididymitis can be treated with injections of
long-acting oxytetracycline (20 mg/kg intramuscularly
[IM] or subcutaneously [SC]) for three treatments at
3-day intervals.10,12 Inclusion of tetracycline (20 mg/
kg by mouth [PO] daily) products in the ration may
be appropriate in herds experiencing a high incidence
of lamb epididymitis. Treatment should be reserved
for valuable lambs and cases diagnosed in the early
stages, because, in most affected lambs, subsequent
development of scar tissue in the epididymis prevents
functional recovery.

Orchitis
Orchitis is a common condition in the ram and is
occasionally seen in the buck.13-15 Scrotal abscesses
may be caused by trauma or may be an extension of
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epididymitis. Whenever testicular trauma or infection is
encountered, it should be considered a medical emergency in breeding animals. Excessive heat from one testicle can result in potentially irreversible thermal injury
to the germinal epithelium of the contralateral testicle.7
All of the organisms discussed in the section on epididymitis can cause orchitis. Clinical findings include
a hot, swollen scrotum (usually unilateral); inability
to move the affected testicle freely in the scrotum; and
pain on manipulation of the affected testicle and the
scrotum. Some animals may show signs of systemic disease, pain on walking, and decrease in libido.15 In cases
affecting valuable animals, hemicastration in the acute
phase may prevent permanent infertility.

Sperm Granulomas
Although testicular tumors are rare in rams and bucks,
granulomatous swellings are occasionally encountered.
Sperm granulomas are more common in goats than in
sheep, and unlike abscesses or other lesions of orchitis,
they are bilateral. Formation of sperm granulomas often
is caused by a partial or complete blockage of the efferent ducts draining into the epididymis.15 As pressure
builds, the ducts become distended and may rupture,
resulting in a severe inflammation. With accumulation
of fluid, pressure continues to build, and testicular
degeneration may occur. Some animals initially are
fertile but lose fertility after the efferent ducts become
completely occluded.
The granulomas are firm swellings found in the head
of the epididymis. On palpation the testicles initially
may be edematous but eventually become hard. Ultimately they may become small and atrophic. Ultrasonographic evaluation may reveal mineralization of the
testicles or the granuloma itself. No treatment is available for sperm granulomas, and the clinician should be
cognizant of the potential association with the intersex
condition.

Testicular Hypoplasia
and Degeneration
Testicular hypoplasia and degeneration are difficult to
differentiate during an initial examination.13,15 In rams
and bucks out of season, changes in testicular size and
palpation characteristics may be difficult to differentiate
from subtle testicular atrophy. More extreme differences
are encountered in rams than in goats, but in general,
the testicle in the nonbreeding season is smaller and
lacks the usual resilient consistency.13 True hypoplasia can be associated with the intersex condition in
bucks and with a specific chromosomal abnormality in
rams.13,15
Other causes of testicular atrophy include zinc deficiency, hypothyroidism (iodine deficiency, ingestion of
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goitrogenous plants), starvation diets, systemic disease,
and heat and cold stress. Iodine-induced hypothyroidism has been associated with decreased testicular weight, depressed spermatogenesis, and decreased
libido. Atrophic or degenerated testicles become elongated, smaller, and either softer or harder. Normal testicles usually exhibit a homogeneous echogenicity on
ultrasound imaging. Atrophic or degenerative testicles
tend to have a heterogeneous pattern and more pronounced hyperechoic areas than do normal testicles.16
Testicular biopsy can be of value in diagnosis.
In many cases, testicular atrophy and degeneration
are not treatable; the exceptions are cases caused by
diet or certain diseases. In treating diet-related atrophy,
ensuring adequate protein-energy intake and free access
to a good-quality trace mineral supplement is essential.
If zinc deficiency is suspected, reducing the legume
content of the diet and adding a chelated form of zinc
(zinc methionine) to the diet or trace mineral mixture
will be of benefit. If iodine-induced hypothyroidism is
diagnosed, the inclusion of iodine in a trace mineral
mixture and the removal of goitrogenous plants from
the diet are recommended; males should be kept off
pastures with goitrogenous plants before and during
breeding.7

Cryptorchidism
Cryptorchidism occurs when either one or both testes
fail to descend from the abdominal cavity into the scrotum. The retained testicle may be located at any point
along the normal path of descent. Among unilateral
cryptorchids, the right testicle is retained in the abdomen in approximately 80% to 90% of affected animals.17,18 A higher incidence also has been reported in
intersex animals. However, cryptorchidism is not related
to the intersex condition in Angora goats. In Angora
bucks, cryptorchidism is a recessive trait.19 The diagnosis is made by physical examination. Cryptorchidism is
rare in ruminants, and cases often are complicated by a
previous hemicastration. If either the history or physical findings suggest the presence of a testicle within
the abdominal cavity, then an exploratory laparotomy
should be performed to remove the retained testicle.
Because this condition is thought to be heritable, cryptorchid bucks should not be used for breeding, and their
sires and dams also should be culled.20

Damascus breeds). The polled intersex condition is
rare or not reported in some breeds (e.g., Nubian and
Angora).22 Cytogenetic evaluations of caprine intersexes
clearly show that most polled intersexes are karyotypically female (XX), and the breeding histories of the parents indicate that intersex animals are homozygous for
the polled trait.15
Affected animals are genetically female but may
exhibit male, female, or mixed external characteristics.22 Generally, they are female-appearing at birth,
but as they reach sexual maturity, they become larger
than normal females, with masculine-appearing heads
and erect hair on the neck.10 An enlarged clitoris in
a doe-like animal or a decreased anogenital distance
in a more masculine-appearing animal is typical of
intersex22 (Figure 8-6). Intersex animals may start to
smell and may act aggressively toward other goats and
people during the breeding season. Some dribble urine
or stretch out with a concave back and urinate forward
between the legs.21 Whenever bilateral cryptorchidism
is encountered, intersex should be suspected. The testes
generally are intraabdominal (in the normal location
of the ovaries), but they may be partially or totally
descended.7 Partially descended testes may be mistaken
for udders, especially when they begin to enlarge during
puberty.21 Hypospadias (opening of the urethral orifice
on the ventral aspect of the penis), formation of sperm
granulomas, and hypoplasia of testicles all should be
considered part of the intersex complex.15,23
The principal hormone produced by the gonads in
caprine intersexes is testosterone, which accounts for
the masculine behavior. Intersex goats can be used as
teaser animals because they do not produce sperm.7
Gonadectomy generally is required if the animal is to be
used as a pet. Identifying intersex animals with normal
or nearly normal external genitalia is difficult. Failure
to exhibit estrus, development of male behavior during

Intersex
Caprine intersex animals are referred to as male pseudohermaphrodites because a majority of them have testes.
True hermaphrodites have testicular and ovarian structures and generally constitute a much smaller proportion of intersexes.21 Intersex is more prevalent among
polled dairy goats (Saanen, Toggenburg, Alpine, and

Figure 8-6 This intersex goat had two ovotestes in the
inguinal region. The vulva joins to an enlarged clitoris at its
termination.
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the breeding season, a shortened vagina on speculum
examination, and smaller-than-normal teats may be the
first signs of the intersex condition.22 The breeding of
phenotypically polled bucks should be avoided.

DISEASES OF THE MALE: PENILE
ABNORMALITIES
Hypospadias
Several penile abnormalities may occur, albeit rarely,
in sheep and goats.7,23-25Both hypospadias and short
penile length are associated with intersex in goats. Such
animals should be culled. Careful examination of the
penis in the fully extended state may reveal existing
abnormalities. Occasionally urethral rupture (occurring
as a complication of urethral stones), balanoposthitis
(see Chapter 12), injuries to the vermiform appendage,
hair rings, and other abnormalities are identified.7

Ulcerative Posthitis
Ulcerative posthitis (enzootic posthitis, sheath rot, or
pizzle rot) is an infectious, inflammatory condition of
the penis, prepuce, and sheath of sheep and goats consuming high-protein diets.7,26 The disease is caused by
an interaction of the local bacterial flora (e.g., C. renale)
with excess urinary urea. Excess ammonia may damage
the mucosal surfaces, resulting in swelling of the prepuce, necrosis and ulceration of the preputial mucosa,
and straining to urinate. Removing the animals from
the high-protein diet and shearing the “prescrotal” wool
or hair usually will relieve the condition. Antibiotics,
disinfectants, and antiinflamatory drugs may be needed
in some cases (see Chapter 12).

Phimosis
Both phimosis (inability to extend the penis) and paraphimosis (inability to withdraw the penis into the prepuce) occasionally are seen in rams and bucks; both
conditions can cause significant loss of libido and
fertility. If they are not quickly diagnosed and treated,
affected animals may be rendered infertile. These two
conditions may be associated with hair ring, trauma,
and balanoposthitis. In cases associated with a hair ring
on the glans of the penis, inspecting the penis allows
the clinician to identify the problem and remove the
“ring” of hair.7 Shearing the wool or mohair just anterior to the sheath can minimize the incidence of this
problem.13,15 Phimosis also may occur as a sequela to
trauma, balanoposthitis, and congenital abnormalities.
With traumatic injury, an adhesion may form in the
sheath or in the sigmoid region, resulting in an inability
to extend the penis. As a general rule, these cases may be
difficult to treat. When inflammation and scarring result
in posthitis, the treatment is the same as that described
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for balanoposthitis. The clinician can attempt to “break
down” the adhesions manually. The use of nonsteroidal
antiinflammatory drugs (NSAIDs) (e.g., flunixin meglumine 1 to 2 mg/kg twice a day) or antibiotics (e.g., procaine penicillin 22,000 IU/kg twice daily) and lavage of
the sheath with mild antiseptics may be of benefit. With
phimosis, most animals experience a loss of libido and
should be culled, because the prognosis is poor.15

Paraphimosis
Paraphimosis also is associated with trauma, infection, and balanoposthitis. It is slightly more common
in bucks than in rams, but it is rare in both. In cases
of paraphimosis, applying antibiotic cream with or
without corticosteroids, replacing the penis, and placing a pursestring suture into the preputial orifice may
be of value. Placement of a tube in the sheath, exiting
through the orifice, allows urine drainage. The clinician
should take care to ensure proper urine flow. Flushing
the sheath and penis with a mild antiseptic solution,
providing penile hydrotherapy, and covering the penis
with medicated ointments are valuable treatments for
this condition. The penis should be manually extended
at least every third day so that the keeper or the clinician
can monitor healing. Sexual rest should be enforced
throughout recovery. The prognosis in these cases is
poor, however, particularly if the condition is of greater
than 2 weeks’ duration and the animal makes no
attempt to retract the penis.15
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SPECIAL SURGICAL PROCEDURES
IN THE MALE
Castration

Most producers castrate their own animals, although
veterinarians may be called on to perform routine castrations in small flocks or on older animals that were
not castrated at an early age for whatever reason. The
most frequently used techniques are the bloodless procedures using elastrator bands or the Burdizzo emasculatome. Alternatively, traditional surgical excision of the
testes may be done. Each method has advantages and
disadvantages, but the method chosen often becomes a
matter of individual operator bias. The elastrator band
technique frequently is used in lambs and kids younger
than 1 week of age in conjunction with tail docking or
dehorning. It can be used up to the age of 3 or 4 months,
depending on the size of the animal, but is better done
earlier. The animal may be restrained with rear end up
by holding hind limbs or smaller animals may be held
with front and rear limbs of each side held together. The
elastrator band should be placed in a disinfectant before
use. Special pliers are used to place the band around
the proximal scrotum, with care taken to ensure that
both testicles are distal to the band. With proper placement, the band will be distal to the rudimentary teats;
an important step is to ensure that the penis has not
been included within the band (Figure 8-7). The elastrator band restricts blood flow to all tissues distal to the
band, with subsequent avascular necrosis and sloughing
of the tissue of the scrotum and testes. Sloughing usually occurs in 7 to 10 days. The resulting open tissue is
a prime area for infection with clostridial organisms.
Tetanus is not an uncommon sequela to castration,
especially when elastrator bands are used (Figure 8-8).
Therefore any animal not previously vaccinated for
clostridial diseases should be administered both tetanus
antitoxin and tetanus toxoid at the time of castration.
The tissue distal to the elastrator band may be excised
1 or 2 days after band application, to lessen the risk of
complications. If one (or both) testicles are proximal to

Castration of the normal young male is among the
most commonly performed surgical procedures in
small ruminants. Kids and rams are castrated for management and production reasons. Mohair production
was higher in castrated goats than in intact ones.1
Castration of kids fed to slaughter increased carcass
weight, dressing percentage, and external fat score while
reducing internal fat score.2 Volumes of publications
are available detailing the effects of age at castration
and techniques used on carcass quality and growth
rates. This component of meat production management is beyond the scope of this discussion; here, the
focus is on the procedures for different techniques of
castration.3-5
Some producers delay castration in animals intended
to be used as work or pet animals, which will have an
extended life span in comparison with those used for
meat. An emerging trend is to delay castration in some
meat goats that are fed a very high-concentrate diet and
used for show before slaughter. This practice often is
related to concerns of urolithiasis. Although such findings often are debated, at least one study evaluating
the effect of castration on penile length and diameter
and urethral diameter determined that lambs castrated
before 3 months of age did not have the same penile
development as in intact lambs or ones castrated at 5
months of age.6 Most important, relative to urolithiasis,
the urethral cross-sectional diameter also was significantly smaller in the lambs castrated before 3 months
of age when compared with that in intact lambs. The
lambs castrated at 5 months of age did not show a significant difference in penile or urethral diameter from
the intact lambs.6
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Figure 8-7 A green elastrator band is in place on the proximal scrotum of a 3-week-old Oberhasli-cross buck. Rudimentary teats can be seen proximal to the elastrator band in the
nonhaired skin.

Figure 8-8 The sloughing scrotum of a 5-week-old Barbados lamb approximately 1 week after application of an elastrator band for castration. The lamb, in lateral recumbency,
exhibits the rigidity of tetanus. The owner performed the
castration without providing any tetanus prophylaxis.
the band, the animal will exhibit characteristics of an
intact male; nevertheless, it probably will be infertile
because of improper thermoregulation of the testes
displaced proximally near the external inguinal ring. In
such instances, surgical castration will be required to
remove the remaining testis. The procedure will be more
difficult than a normal castration because of fibrous tissue and adhesions. If the penis has been included in the
band, the point of capture usually is at the distal bend
of the sigmoid flexure. Consequent urethral obstruction
and rupture will necessitate euthanasia of the kid or
ram, or at the very least an urethrostomy.
Another bloodless technique is the use of the
Burdizzo emasculatome. This device is used to crush
the spermatic cord within the scrotum, causing atrophy
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of the testicle while sparing the scrotal skin. The testicle
should be gently pushed into the distal aspect of the
scrotum and the spermatic cord held laterally within the
scrotum. The Burdizzo should be applied twice, with the
second crush made just distal to the first, to each respective spermatic cord and held approximately 10 seconds,
without crossing the median raphe of the scrotum. If the
Burdizzo crush is applied across the median raphe, the
scrotal skin is likely to become avascular and slough.
The respective spermatic cords should be crushed at different levels, to help maintain viability of the scrotum.
Although both the elastrator band and Burdizzo
emasculatome techniques are so-called bloodless techniques, many practitioners still prefer surgical castration
by excision of the distal one half to one third of the scrotum with a scalpel blade or using a Newberry knife to
leave two flaps of scrotal skin (cranial and caudal). The
testicles are exposed and removed after making the skin
incision of choice (Figure 8-9). Many clinicians prefer to
place ligatures on the spermatic cord or to crush the cord
with an emasculator, to ensure appropriate hemorrhage
control. Care should be taken in using an emasculator
routinely used for larger species such as horses in that an
emasculator that functions well in equine castration may
not adequately crush the smaller cord of the small ruminant. Therefore the clinician may prefer to use ligatures;
this method takes very little time and does not involve
appreciable added expense. The spermatic cord is then
transected distal to the ligature. The testicles may be
removed by traction, as is commonly done in calves, but
this method has been associated with herniation almost
immediately after the castration in some cases. If the
traction method is selected, pressure should be applied
over the respective external inguinal ring with fingers
while pulling the testes with the other hand to minimize
trauma to the ring and subsequent herniation. Animals
younger than 2 months of age may be castrated in this
manner with use of physical restraint, but older animals
should have local anesthesia and sedation, if not general
anesthesia. An alternative to traditional castration equipment is the Henderson castration tool.7-9
Castrating 4- to 5-month-old lambs using the
Burdizzo method has been reported to be less stressful
than conventional surgical castration.10 Some workers
suggest that both Burdizzo and elastrator band techniques cause less postoperative pain than that associated
with traditional surgical castration in lambs older than
10 weeks of age.11 The Burdizzo procedure is subject to
failure in some cases, even when performed by experienced practitioners. Histologic sections of the testicles
of 34 lambs castrated with the Burdizzo method showed
failure of involution of testicular parenchyma in most
of the samples.12 Regardless of the method of castration
used, local anesthesia in the spermatic cord reduces pain
in the animal. Bupivacaine has been shown to be more
effective in decreasing pain over time than lidocaine.11
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Figure 8-9 In this photo, the ram lamb is being restrained
by a sitting holder (as described in Chapter 1). The surgeon
is removing the distal one half to one third of the scrotum
to expose the two testicles. The testicles were then separated
from the surrounding tissues and removed by “pulling,” and
the goat was examined for inguinal hernia and given a tetanus
toxoid inoculation. (Note: Routine spraying of insect repellant
around the scrotal area after castration is recommended by
D.G.P., regardless of the controversy surrounding this practice.)

A pinhole castration technique that entails making
a percutaneous stab incision in the proximal scrotum
through which the spermatic cord is ligated has been
described.13 The ligation leads to atrophy of the testis.
The technique does not require any special instruments,
and the reporting investigators recommend it as a
simple, less painful, and cost-effective method of castration. Histopathologic evaluation of the testis 6 months
after ligation showed seminiferous tubules with areas of
calcification but no sperm.13
As an alternative to surgical castration, some practitioners report success with chemical castration. One
effective method is to inject 88% lactic acid at a dose
of 0.2 mL/kg of body weight into each testicle of adult
goats. However, this may be more stressful than surgical castration because cortisol levels remained high
for a longer time period in these animals than ones
surgically castrated.14 Another chemical castration technique involves injection of 10% formalin into the testicle. With use of this method in 3-week-old goats, the
chemical caused marked fibrosis. Accordingly, formalin
injection has been suggested to be a viable option for
chemical castration in very young goats.15

Unilateral Castration
Rams and bucks can be rendered infertile by a number
of unilateral scrotal conditions including hydrocele,
hematocele, orchitis, and tumors such as mesothelioma. Conditions such as those listed can have a detrimental effect on the thermoregulation of the unaffected
testicle, thereby leading to infertility. If the castration is

done early in the course of the unilateral disease, the
contralateral testicle frequently returns to normal sperm
production, so the affected male will be fertile.
Unilateral castration is done with the animal under
general anesthesia in lateral recumbency, with the
affected testicle up and the upper leg abducted (see
Chapter 18). This surgery probably could be done with
sedation and epidural and local anesthesia; however,
aseptic technique is critical to avoid infection of the
surgical site, which would have quite a negative impact
on the return to fertility. The skin incision is made in
an elliptical fashion longitudinally on the lateral aspect
of the scrotum over the affected testicle. The incision is
continued through the skin and subcutaneous tissues,
leaving the vaginal tunic intact if possible. The testicle
within the tunic is bluntly freed from the scrotum. Next,
double ligation of the cord is done with a circumferential suture proximal to a transfixation suture using
absorbable #2 suture material. The elliptical incision
allows resection of much of the scrotal skin, which in
turn eliminates much of the potential dead space as an
important consideration in closure. If the practitioner
with limited experience performing this approach has
concerns regarding removal of too much skin, the initial
skin incision can be made as a simple longitudinal incision and later converted to an elliptical one by resecting
skin after removal of the affected testicle, when it is clear
how much skin is needed for closure. In either case,
the subcutaneous tissues should be closed in several
layers to obliterate the dead space. The skin is closed
in a continuous interlocking pattern. Some surgeons
place a drain in the scrotum or leave the ventralmost
part of the skin incision open. As a matter of personal
preference (specifically, of A.N.B.), skin resection and
complete closure can be performed to achieve primary
healing of the skin incision (Figure 8-10, A and B). Use
of perioperative antibiotics and antiinflammatories is
appropriate (see Appendix 1). If primary healing occurs
without complications, the semen quality should no
longer show negative effects associated with the unilateral disease by 90 days after surgery.
Repeated semen evaluations of normal fertile goats
after unilateral castration failed to show any detrimental effects on sperm motility compared with control
(nonoperated) bucks. No difference was noted based
on the particular testicle removed.16

Cryptorchid Castration
Cryptorchidism is a rare condition in ruminants.17 Cryptorchidism is an inherited recessive trait in at least the
Angora breed of goats.18 It is most easily diagnosed when
a reliable history confirms that no attempts have been
made to castrate (or hemicastrate) the animal in question. Frequently, male characteristics or behavior leads to
exploratory surgery to search for the retained testicle(s). If
retained, the testicle is not usually located near the inguinal
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A
Figure 8-11 Laparoscopic view of a left retained testicle
in a 6-month-old Boer goat. The testicle is being held by
laparoscopic forceps. The bladder is seen caudally and to the
right. The testicle was removed from the abdomen through
the instrument portal after enlargement of the opening to
allow extracorporeal ligation. A 10-mm-diameter direct-vision
laparoscopic scope and camera were used for this procedure.

B
Figure 8-10 A, A 3-year-old Rambouillet ram with rightsided scrotal swelling. The animal is positioned in left lateral
recumbency under general anesthesia, with the right hindlimb
abducted, for unilateral castration. B, The right testicle removed
from the ram shows a thickened vaginal tunic, edema, and
adhesions associated with the tail of the epididymis.

ring or easily retrievable through an inguinal extension of
the gubernaculum testis, as in the horse. The retained testicle is more likely to be within the abdomen and usually
is closer to the kidney than to the inguinal ring, although
it may also be found at the internal inguinal ring.
The surgery can be done using a traditional laparotomy or laparoscopy. The laparoscopic procedure allows
better visualization of the abdomen and is preferred in
most instances. The animal should be either sedated or
placed under general anesthesia and in dorsal recumbency after having roughage withheld for 36 to 48
hours to decrease the visceral fill, for better visualization within the abdominal cavity. Standard laparoscopic
technique with a scope portal near the umbilicus and
instrument portals between the scope portal and the
caudal part of the fold of the flank is used (Figure 8-11).
The retained testicle often is freed easily and exteriorized from the abdominal cavity for ligation. Other techniques such as cautery and intracorporeal ligation can
be used, depending on the preference of the surgeon.19

Alternatively, the animal can be placed in lateral
recumbency for exploratory surgery performed through
a flank incision. The flank exploratory affords very limited visualization, so the practitioner must rely more on
what can be palpated than what is seen. The retained
testicle often may be located with a simple sweep of
the practitioner’s finger through the abdominal cavity.
If this maneuver fails, then attempts are made to locate
the vas deferens as it crosses the ureter and then trace
it to the testicle; this is the recommended systematic
approach to finding the retained testicle.

Teaser Animals: Infertile Rams and Bucks
Male small ruminants are rendered infertile for subsequent use in estrus detection or, more often, to place
with females before exposure to a fertile male as a management tool. The females will start cycling in response
to the presence of the altered male (i.e., the teaser)
before the fertile male is added to the flock. This system
will lead to birth of all lambs or kids within a shorter
time period, which allows for more efficient labor,
management, and disease control and results in a lamb
or kid crop of uniform age and size. Regardless of the
intended use of the infertile male, several procedures
are in common use to obtain infertility.
The vasectomy probably is the most commonly
used technique in small ruminants. The technique is
described as for a caudal incision in bulls,20 but the
vasectomy may be performed through a proximalcranial incision located near the teats in sheep and goats
where the vas deferens is easily palpable. This procedure
can be performed with the ram either “sitting” on his
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the vas deferens of a 1-year-old Alpine buck under general
anesthesia. Laparoscopic staples are in place in the left vas
deferens. The section of the vas deferens between the staples
will be transected after being cauterized near the staples.

A

B

C
Figure 8-12 A and B, Vasectomy in an anesthetized 2-yearold Pygmy buck. A, Laparoscopic evaluation of the internal
inguinal ring, urinary bladder, and surrounding structures.
The procedure was performed in a veterinary hospital, where
a 10-mm-diameter direct-vision laparoscopic vewing scope,
camera, and TV monitor all were available. B, The left internal
inguinal ring is seen to the left of the bladder. The forceps are
holding the vas deferens in the preferred location for occlusion by means of a cautery or surgical staples before transection for a laparoscopic vasectomy. C, Laparoscopic view of

hindquarters or placed in right lateral recumbency. The
vasectomy can be done with use of local anesthesia in
tractable animals, but sedation or general anesthesia will
make the restraint more dependable. Lumbosacral epidural anesthesia is another option. The proximal scrotum is clipped and prepped for surgery. The vas deferens
can be palpated as a firm structure within the spermatic
cord. A 3- to 4-cm incision is made through the scrotal
skin near the teat over the palpable vas deferens. The
incision is continued through vaginal tunic to expose
the vas, which is elevated with hemostats and isolated.
Ligatures can be placed on the vas approximately 6 cm
apart; then the section of the vas between the ligatures
is resected. The tunic and skin are closed in routine
fashion. The procedure is repeated on the other side.
Some practitioners perform the vasectomy on one testicle and then perform a unilateral castration to remove
the opposite one, to allow for easy identification of the
teaser male in case ear tag or other identification is lost.
Resecting, collecting, and fixing in formalin a section of
the vas for histopathologic examination constitute good
practice.8 However, paternity can be diagnosed with
DNA techniques in modern veterinary medicine.
The vasectomy also may be done laparoscopically
using standard technique to visualize the vas as it enters
the abdomen through the internal inguinal ring. The
vas can be isolated and transected after ligation with
suture or staples. Cautery is a useful tool to quickly
perform the laparoscopic ligation. The laparoscopic
procedure does not offer any real advantages over the
conventional surgical technique, however, so it is difficult to justify the added expense of the equipment
required (Figure 8-12, A to C).
In approximately 80% of operated rams, sperm
granulomas will develop after vasectomy. Such granulomas are found on clinical examination by palpation or
ultrasound imaging. The granulomas do not have any
clinically significant detrimental effects.21 Vasectomized
bucks can be used for heat detection as early as 1 week
after surgery.22 Semen evaluation performed 14 days
after vasectomy failed to show any viable, motile sperm
in a series of five rams.23
The practitioner may chose to perform an epididymectomy rather than a vasectomy to create the teaser
male. The animal is restrained, and the distal third of
the scrotum is prepared for aseptic surgery. Anesthesia can be obtained either with an epidural technique
or by local infiltration of an anesthetic in the ventral
scrotum over the tail of the epididymis. The testicles are
forced to the ventral aspect of the scrotum by grasping
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the neck of the scrotum. A caudal-to-cranial incision is
made directly over the prominent tail of the epididymis,
approximately 2 to 3 cm long. The incision is extended
through the skin and vaginal tunic until the epididymis bulges from the incision. Towel clamps placed on
the epididymis help to retract the structure from the
incision. When adequate tissue is exposed to ensure
complete removal of the tail of the epididymis, crushing
forceps are placed across the tissue and a scalpel is used
to excise the tissue. The excised tissue should be examined to ensure adequate resection. Either the skin can be
allowed to heal by second intention or an appropriate
suture can be placed. The animal should be healed in
2 weeks and ready for intended use.
Hemorrhage can be a problem with this technique,
especially if the tunica albuginea of the testis is incised.20
The bleeding and second intention wound healing may
allow contamination and subsequent infection with the
potential for abscess formation. Although epididymectomy and vasectomy are applicable in both species, the
clinician may find that epididymectomy is more easily
performed in the buck, whereas a vasectomy may be the
better or easier choice in the ram.

Penile Translocation
One method of preventing intromission is to “free” the
penis and move it over to the left flank. This method
is useful in some teaser systems. The surgery prevents
intromission but not ejaculation. Therefore, if penile
translocation is attempted, a vasectomy (or epididymectomy) also should be performed. The buck or ram
should be given a systemic antimicrobial agent 2 or
more hours before surgery. With the animal standing,
the operator marks an area 1 cm cranial to the flank
fold.1 The buck or ram is then heavily sedated and
either anesthetized with injectable anesthetics, intubated and maintained on gas anesthesia, or administered a lumbosacral epidural anesthetic (see Chapter
18).24 The animal is placed in right lateral recumbency,
the ventral abdomen and left flank are clipped, and the
surgical site is aseptically prepared.20,24
The operator then excises a 4- to 7-cm circle of skin
and cutaneous trunci muscle above the fold in the left
flank. The lower edge of the circular incision should be
1 cm above the flank fold, just cranial to the mark made
on the left flank. In mature rams with a large abdominal
girth, some clinicians choose to graft the preputial orifice to a location medial to the fold of the flank rather
than the further distance to the flank. Hemostasis is
achieved, and the area is covered with saline-moistened
gauze. The operator then makes a circumferential incision including 1 to 2 cm of haired skin around the
preputial orifice. Then a ventral midline incision is
made starting at the caudal aspect of the circumferential incision and extending two thirds of the way to
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the scrotum.24 Care should be taken not to open the
preputial cavity in making this incision. The penis is left
inside the prepuce, and the two structures are freed of
subcutaneous tissue by blunt dissection, avoiding large
vessels. A single “reference” suture is placed in the skin
at the cranialmost aspect of the preputial orifice and a
sterile glove is placed over the orifice.20
From the circular incision in the flank to the caudalmost aspect of the longitudinal incision, the clinician
creates a tunnel using scissors and blunt dissection.
The penis (along with the sterile glove covering the
preputial orifice to maintain asepsis) is pulled through
the tunnel. Alternatively, a sterile palpation sleeve with
the hand cut off can be placed in the previously created tunnel and sponge forceps can be used to pull the
freed skin surrounding the preputial orifice through
the sleeve to the graft site. The penis should now be at
a 45-degree angle to the long axis of the body.20 The
penis should not be restricted at any point through
the tunnel, and the penis and prepuce should not be
in any degree of torsion. The reference suture should
be used to align the cranial aspect of the preputial
orifice with the dorsal portion of the circular flank
incision.20,24
The preputial graft should be sutured to the circumferential incision with a two-layer simple interrupted pattern using absorbable material. The subcutaneous tissue
of the transposed prepuce should be sutured to the cutaneous trunci, followed by closure of the skin. The operator then closes the longitudinal incision, attempting to
diminish all open dead space with absorbable material.
Our own preference is for either a simple interrupted or
a horizontal mattress-type suture pattern. The skin over
the longitudinal incision is closed in a simple interrupted
suture pattern in all areas except the cranialmost aspect of
the original preputial incision. To allow for ventral drainage, this area is not sutured.20,24 Some clinicians routinely
close the entire incision; with this approach, primary
healing is achieved without drainage when good surgical
technique is used. Fly control should be maintained, and
tetanus prophylaxis should be provided (using tetanus
toxoid or antitoxin). The operator then performs a bilateral epididymectomy (or vasectomy); antibiotics are continued for 5 to 7 days (procaine penicillin 22,000 IU/kg
twice daily), and the sutures are removed in 14 days. The
male is ready for use in 1 month.
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rams is of better quality and higher fertility than that of
young rams.4
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collections in order to obtain good-quality samples5
and maintain adequate libido. The exact frequency at
which semen may be collected will depend on the age,
condition, and temperament of each animal. The quality of the semen collected also is very dependent on the
season of collection. The incidence of morphologically
abnormal sperm is much higher under increasing day
length conditions owing to dropping LH-testosterone
levels (spring and early summer).
On collection, the ejaculate is placed in a warm-water
bath (37° C) and evaluated immediately, as follows:
Macroscopic examination
•	Volume
•	Consistency
•	Color
•	Foreign matter in the ejaculate
Microscopic examination
•	Gross motility
•	Individual motility
•	Morphology
•	Sperm concentration
The parameters previously described for semen handling and evaluation for breeding soundness apply. The
normal color of semen is off-white or milky, with tinges
of pink (blood contamination), brown (reproductive
tract infection), and yellow and dilute (urine contamination) all indicating an inferior ejaculate.8
Clean equipment and proper semen handling techniques are critical to success.
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A 2-hour semen stress test also should be performed:
Semen is collected and immediately evaluated for
progressive motility. The sample is then incubated at
room temperature for 2 hours, and progressive motility reevaluated. The incubated sample should maintain
20% of the motility of the initial sample (Figure 8-13).
The fertility potential of cryopreserved semen can be
influenced by numerous factors. In addition to inherent variation in semen quality among males, management, nutrition, and environmental stressors can have
a transient influence on spermatogenesis for weeks to
months.
Semen from rams may be collected and used fresh
or frozen for future use. Typically, rams are trained to
service an AV in the presence of females in estrus or
treated ovariectomized females (i.e., females that have
been given 1 mg of estradiol benzoate per week or prepared for libido testing). The semen is collected into a
warm (39° C) AV and handled carefully to avoid exposure to any contaminants or ultraviolet light. Once it
has been collected, semen can be used raw (undiluted),
extended and chilled, or frozen and thawed. When raw,
undiluted semen is used, females can be inseminated
with approximately 0.1 mL of normal, good-quality
semen immediately after collection. After evaluation,
semen ejaculates are diluted with appropriate extenders to achieve final semen-to-extender ratios ranging
from 1:1 to 1:4, depending on the sperm concentration
of the ejaculate. If necessary, semen can be diluted at
30° C with the extender and cooled to 4° C and then
kept at this temperature for up to 24 hours.

Freezing
Ram
Many methods of semen freezing are used. The clinician is advised to search the current scientific literature
before engaging in this ever-evolving methodology.3
Semen intended for freezing should have a concentration of more than 3 × 109/mL and a motility rate of
more than 70% of the ejaculate. Normal concentrations
range from 3.5 × 109 mL to 6.0 × 109 mL for rams and
2.5 × 109 ml to 5.0 × 109 mL for bucks. Semen extenders are commercially available (e.g., Minitube [available
at http://www.minitube.com]). The most commonly
used semen extenders are formulated to enhance sperm
cell maintenance by providing energy, isotonic osmotic
pressure, a buffering system, and protection from cold
shock.
Temperature control is of utmost importance in
the successful freezing of semen. The semen should
be placed in an incubator or water bath (at 30° C).1
Semen intended for freezing should have a concentration of more than 3 × 109/mL and a motility rate
of more than 70% of the ejaculate. Semen should
be diluted as appropriate using a warmed extender

169

Figure 8-13 In this photo, the clinician is evaluating
thawed semen in the field (i.e., under typical conditions
encountered on the farm). A slide-coverslip warmer, stage
warmer, and temperature-controlled thaw box all are being
used. The semen will be stained, and spermatozoa morphology also will be evaluated.

(30° C).5 This extender can be as simple as whole milk
or Dulbecco’s phosphate-buffered saline (PBS) with
10% fetal calf serum. Both synthetic and milk- or egg
yolk–based extenders are currently available. The three
most common milk- or egg yolk–based extenders are
(1) egg yolk–citrate glycerol, (2) egg yolk–tris-glycerol,
and (3) whole homogenized milk–glycerol. The most
common extender is the egg yolk–tris-glycerol. For
short-term storage, semen can be extended with the
egg yolk–tris-glycerol extender and held at 5° C for up
to 24 hours without a noticeable decrease in fertilizing
capacity. Use of tris-based extenders also is associated
with satisfactory sperm survival on thawing when glycerol is added to semen kept at 30° C and slowly cooled
to 4° C within 2 to 4 hours before freezing (a one-step
method). Semen extended with milk diluents shows
better survival rates for spermatozoa during the freezing
process if glycerol is added to the diluted semen after it
is cooled to 4° C.
For freezing semen, several packaging systems have
been developed for cryopreservation of sperm (e.g., in
straws, pellets, or ampules). Dilution of extender and
semen used in the cryopreservation process will depend
on what packaging system is used.

Buck
Many of the same principles described for the storage of
frozen ram semen are applicable for handling of semen
from goats. Traditionally, buck semen has been centrifuged to remove the seminal plasma, thereby enhancing
freezability. If semen is adequately diluted, however,
centrifugation may be omitted.9 Buck semen can be
placed in plastic straws and frozen in liquid nitrogen
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vapor by either slow or fast methods. Diluents for freezing buck semen should have properties similar to those
of diluents used to extend fresh semen. In addition, they
should contain an agent to protect the cell membrane
during cooling (usually egg yolk) and a cryoprotective
agent (usually glycerol) to protect the spermatozoa
against membrane damage during freezing.5,10,11
Dilution of semen can be performed in either of two
ways. The two-step dilution method is similar to that used
for bull semen. Using a diluent containing no glycerol,
the semen is diluted at 30° C, shortly after collection, to
half of the final diluted volume.5 After cooling at 5° C for
1.5 to 2 hours, the semen is extended to the final volume
with a diluent containing glycerol.5 For one-step dilution,
the semen is gradually diluted to the final prefreezing
volume at 5° C in 1.5 to 2 hours in a refrigerator or cold
room. The two-step dilution method has no advantage
over the one-step method for buck semen. Therefore
the one-step method is preferred, because it simplifies diluent preparation and reduces the handling of
semen before freezing. Goat semen should be processed
so that the post-thaw dose yields 50 to 100 × 109
progressively motile spermatozoa.12

Straws
The most popular way of freezing semen today is to use
plastic straws (0.25 or 0.5 mL). The ejaculate typically is
diluted to a ratio between 1:1 and 1:4, with extenders
added slowly by constant slow mixing.1,5 The diluent
usually is hypertonic; therefore rapid mixing may cause
osmotic shock in spermatozoa.1 Box 8-2 presents a formula for a semen extender useful for freezing ram semen
in straws. Extended semen is slowly cooled to around
freezing (4° to 5° C) over a 1.5- to 2-hour period. The
cooled, extended semen should be diluted (usually to
achieve a ratio of 1:1) with a freeze buffer containing an
energy source, a protein, an antibiotic, and a cryoprotectant (glycerol) before being placed into labeled straws.
The filled straws are laid horizontally on a rack (evenly
and not touching each other) and then placed in a holding container in liquid nitrogen vapor, approximately 4
cm over the surface of liquid nitrogen, for 10 minutes.
The straws are then chilled to between –80° and –125°
C.1,13 The semen is then rapidly cooled to its final storage
temperature of –196° C by submersing the straws in liquid nitrogen. Formulas for mixing extenders and freeze
buffers are available in the current scientific literature.

Pellets
The pellet technique is simple and does not require
sophisticated or expensive equipment. The disadvantages of freezing semen with this technique include
difficulty of identification, poor sanitation control, and
inconvenience for use in the field.3
Semen may be frozen into pellets by dropping
cooled semen into depressions drilled or scratched into

BOX 8-2

	Semen extender Formula for
Cryopreservation in Straws

Tris(hydroxymethyl) amino methane: 24.2 g
Citric acid: 13.6 g
Fructose: 10 g
Glycerol: 64 mL
Egg yolk: 200 mL
Total volume: 1 L
Final pH: 6.8
Modified from Shipley CFB, et al: Artificial insemination and
embryo transfer in sheep. In Youngquist RS, Threlfall WR, editors:
Current therapy in large animal theriogenology, ed 2, Philadelphia,
2007, WB Saunders.

BOX 8-3

	Formula for Semen
Cryopreservation in Pellets

Tris(hydroxymethyl) amino methane: 3.63 g
Citric acid: 1.99 g
Glucose: 0.5 g
Glycerol: 5 mL
Egg yolk: 15 mL
Distilled, deionized water: sufficient to extend volume to
100 mL
Modified from Evans G: Freezing sheep semen. In Dziuk PJ,
Wheeler M, editors: Handbook of methods for study of reproductive
physiology in domestic animals, Urbana, Ill, 1991, University of
Illinois Press.

“dry ice.” This is a convenient method for freezing, but
semen treated this way is more difficult to thaw and
use. In this method, collected semen can be diluted
by volume to contain 4% glycerol and 12% egg yolk
in a slightly hypertonic, buffered solution.1,5 Box 8-3
presents a formula for an extender useful for freezing
ram semen in pellets. In a cool, ventilated room, the
practitioner makes several small circular cuts (0.5 to
0.8 cm diameter) on a flat piece of solid carbon dioxide
(“dry ice”). Cooled pipettes (to 4° C) are used to drop
0.1 to 0.3 mL onto the cut surface of the dry ice. A drop
of previously extended or cooled semen is then deposited in each indentation. After 10 minutes the frozen
pellets are shaken into a pan of liquid nitrogen.
The individual pellets can be stored in labeled plastic
goblets. For insemination, pellets are put into a thawing solution (spare diluent, saline solution) and prewarmed to 40° C until they melt.

Thawing
The thawing and handling procedures must be consistent with on-farm recommendations. Improper thawing procedure, lack of postthaw thermoprotection, and
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other factors can further corrupt semen quality. Appropriate semen handling techniques are of the highest
importance. Proper handling of frozen semen is paramount in maximizing conception rates.3

Cooled Semen
Ram
Ram semen also may be collected and chilled for sameor next-day AI. Such preparation will allow the use of
semen shipped from other farms.6,7 Before use, the collected and chilled semen should be maintained at or
below 35° C. Temperatures above 37° C increase sperm
metabolic rate and limit longevity.8 Care should be
taken to avoid cold shock to the sperm during warming.
The best method, when possible, is to allow the cooled
semen to be warmed by the female’s reproductive tract.

Buck
The diluents commonly used to dilute buck semen
contain either tris or citrate as the buffer, glucose or
fructose as the energy source, and egg yolk to protect
the spermatozoal cell membranes against cold shock.
The concentration of egg yolk should be reduced to
2% to avoid its reacting with the coagulating enzyme
present in the seminal plasma.5 This enzyme occurs
in greater concentrations when semen is collected by
electroejaculation. To overcome any problems with the
coagulating enzyme, a low-concentration egg yolk diluent or skim milk can be used or the seminal plasma
can be removed by centrifugation immediately after
collection.5,14 Under field conditions, the most readily
available semen diluent is skim milk. The ultra–heattreated milk is sterile and may be used directly as a
diluent without any further treatment.3,5 When does are
inseminated with fresh spermatozoa by laparoscopic
technique, PBS with the addition of 1000 IU of sodium
penicillin and 1 mg of streptomycin/mL can be used as
an extender.3,5 The extended semen also can be inserted
by pipette into 0.5-mL straws and cooled gradually over
1 to 2 hours from 30° C to the storage temperature of
5° C. This semen should be used within 6 to 8 hours
after collection/dilution for maximum fertility.5 The
semen should be cooled gradually over 1 to 2 hours.

Frozen Semen Handling
Frozen semen for bucks and rams is stored in liquid
nitrogen (–196° C). Any changes in this storage temperature can alter semen quality.15 The straw is placed
in a holding goblet, with two goblets attached to a
cane. Multiple canes are set inside a canister, which is
immersed and maintained in a liquid nitrogen tank. The
liquid nitrogen tank lid should be kept closed and the
liquid nitrogen level checked and maintained at an adequate level. A schedule of tank maintenance should be
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planned, followed, and documented.3 A record or “tank
map” of where particular straws are stored (goblet, cane,
canister) helps expedite semen transfer and retrieval.16
The tank should be kept in a cool, well-ventilated room.
Straws should not be removed from the tank unless they
are to be used; they should not be transferred from tank
to tank unless the procedure takes less than 2 seconds.
To thaw the straws, the clinician should first identify
the canister holding the cane. The canister is raised until
the cane tops can be seen (5 to 7 cm below the mouth
of the tank). Straws should be maintained below the
“frost line” in the neck of the tank at all times. Using
a light source to identify the correct cane, the clinician
removes the straw to be thawed with tweezers or forceps. The cane is immediately replaced into the canister,
and the canister is reimmersed in the liquid nitrogen.
Straws should not be touched by the handler’s hands.
The clinician should quickly identify whether it is the
correct straw and them immerse it in a water bath (33°
to 35° C). Thawing procedures should follow manufacturers’ recommendations, but generally thawing requires
only 30 to 40 seconds for 0.5-mL straws and 20 to 30 seconds for 0.25-mL straws. Only as many straws as can be
used in 10 to 15 minutes should be thawed at one time.
If possible, the clinician should thaw no more than three
straws at one time to avoid lowering the thaw water temperature.15 The straw should be thoroughly dried, the air
bubble “shaken” to the crimp end, and the straw opened.
As goblets are emptied, they should be discarded, to
expedite the retrieval of straws in the lower goblets. If
straws are to be retrieved from lower goblets, however,
the cane is raised until the straws are even with the other
cane tops, and then the straw to be used is removed.15,16
If pellets are used, the clinician removes the pellets
from liquid nitrogen storage and places two or three
directly in a dry, sterile tube. The tube is kept in a
warm-water bath (37° C). The thawed semen should
be pulled into a pipette and used for AI immediately.1
Alternatively, some processing techniques may require
the addition of a warm diluent to the frozen pellets.

Evaluating Thawed Semen
For the evaluation of frozen semen samples, guidelines
on semen handling as just described should be followed.
The clinician should thaw the semen using the recommendations that were made by the company where it was
originally processed or frozen. Generally, when evaluating frozen and thawed semen, the clinician should make
all attempts to avoid postthaw coldshock, ensure the
straw was properly identified, thoroughly dry the straw,
and examine the semen for motility (using prewarmed
slides and coverslips) and morphology and perform a
2-hour mobility test (semen stress test). The Society for
Theriogenology has presented the following minimal
expected standards for ram spermatozoa: 70% normal,
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50% intact acrosomes, initial motility of 25%, and a
2-hour percent motility of 15%. The Society also recommends a motile sperm dose (MSD) of 25 × 106.14 These
guidelines appear to be applicable for the buck as well.
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FEMALE REPRODUCTION
Anatomy of the Ewe and Doe
The reproductive tract of the ewe and doe is similar to
that of other domestic animals. It is composed of the
external genitalia (vulva, clitoris), vagina, cervix, uterus,
oviducts, and ovaries. The vulva has two labia, which
are composed of adipose tissue and portions of constrictor vulvae muscle covered with skin. The labia are
marked by dorsal and ventral commissures. On parting
the vulvar lips, the inner surface is easily visualized. The
clitoris is homologous to the penis and has some erectile tissue. The vestibule is located cranial to the clitoris.
It is lined with stratified squamous epithelium, rich in
mucous glands. The vestibule of the ewe contains paramedian glands, located along the urethral orifice; the
doe lacks these glands.
The tubular portion of the tract (vagina, cervix,
uterus, oviducts) is composed of an outer serosal surface, a double layer of muscular tissue, submucosa,
and a mucosal layer. The vagina is located cranial
to the vestibule. Upon inspection/examination the
vaginal walls are collapsed into folds. The vaginal
lumen is composed of stratified squamous epithelium. The cervix is located at the cranialmost portion
of the vagina, in a subtle depression near the vaginal
floor. The canal of the cervix has 5 to 6 and 5 to 8
irregularly spaced overlapping rings in the ewe and
doe, respectively. The limited access afforded by this
tortuous, narrow cervical lumen causes great difficulty
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in performing transcervical AI, particularly in the ewe.
The cervix of the ewe and doe, unlike the vagina, is
not easily dilatable. The cervix opens cranially into
the uterine body.
The bicornuate uterus is composed of a short body
and two horns that, in the nongravid state, are slightly
coiled and lie in the pelvic canal. The serosal surface of
the uterus is held in the abdominal cavity by the highly
vascular broad ligament. The endometrium is a pinkgray structure with folds that contain convex caruncles.
Melanin pigmentation is found in these caruncular
regions in some breeds of sheep (e.g., Hampshire). This
pigment is rare in goats.
The two oviducts attach the uterine horns to the
ovarian bursa. The small (1.5 by 1 to 2 cm) oval ovaries
are partially covered by the ovarian bursa. The ovarian
surface usually is rough. During the breeding season
or during gestation, the ovary may have two or more
progesterone-secreting corpora lutea (singular, corpus
luteum [CL]).

Ewe
Physiology
Age, nutritional status, and season of the year all play
roles in the development of sexual maturity in the
sheep.1-4 The approach of the breeding season or artificial manipulation of light to mimic shorter days hastens
the onset of estrus in ewe lambs. Melatonin implants
can cause a similar effect.5,6 Reports of differing effects
of light manipulation and melatonin implants can
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be found in the literature.7-9 The sex of siblings in
multiple-birth lambings does not seem to affect the
age at puberty in the ewe10; however, exposure to intact
rams can decrease the time required for the ewe lamb to
achieve her first estrus.4
The attainment of puberty depends on the interaction of the juvenile hypothalamus, the anterior pituitary, and the ovary. Estradiol secreted by developing
follicles has a negative feedback on LH secretion. As
puberty approaches, this inhibitory influence becomes
less important, and GnRH pulses from the hypothalamus and subsequent pituitary pulses of LH become
more frequent. This hormonal activity stimulates further follicular development. As the follicle develops,
it produces more estradiol until a threshold is reached
to provide a positive feedback on LH secretion.11
The consequent LH surge induces the luteinization of
the follicle and usually ovulation. The life span of the
resultant CL usually is shorter than that in subsequent
cycles. This first ovulation in the sheep is not associated
with behavioral estrus. With the second and subsequent
cycles, follicular growth, LH secretion, and CL development appear to be more normal, and behavioral estrus
occurs. Follicle-stimulating hormone (FSH) also is
released from the anterior pituitary gland in response
to GnRH.12
Sheep are considered short-day breeders because
their breeding season is regulated by the length of
the day or, more specifically, by the duration of night,
with increasing hours of dark associated with onset of
characteristic changes.13 Not only do light duration and
timing affect the induction of estrus, but short daylight
regimens also can affect the length of the breeding
season.14
Seasonality is controlled by the visual perception of
light as transmitted by the superior cervical ganglion to
the pineal gland. The pineal gland produces melatonin
and secretes it during the night. Alteration in melatonin secretion provides cues to the hypothalamus in
its pulse generations of GnRH.12 The hypothalamus
also changes in its sensitivity from a strictly negative
feedback response to estrogen (from the developing
follicles) to a positive feedback from increasing concentrations of estrogen.15 The increased pulses of GnRH
appear to be responsible for the induction of estrus
during the breeding season.16 In seasonally breeding
animals, a similar scenario occurs during puberty, as is
observed in the yearly transition from anestrus to the
seasonal cycle.
Much variation occurs among breeds with respect to
the timing and length of the breeding season. Dorset,
Merino, Rambouillet, and Finnish-Landrace sheep tend
to have longer breeding seasons, whereas the Southdown, Shropshire, and Hampshire breeds respond to
day length and adhere to the short-day breeding season.
Sheep living near the equator (or breeds that originated
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there, such as the Barbados) usually are less sensitive to
the effects of the seasons.

Puberty
Suffolk ewe lambs show first signs of estrus at around
30 weeks of age. Much as in an adult ewe in transition
from anestrus to the breeding season, the first estrus in
ewe lambs usually is a “silent” ovulation. The onset of
sexual maturity in ewe lambs is dependent on nutrition,
adequate growth, and photoperiod (long days followed
by decreasing day length).12

Estrous Cycle
Estrus in the ewe lasts between 15 and 45 hours (with
an average of 30 hours), and the interval between periods of estrus activity is between 14 and 19 days (with
an average of 17 days)—3 to 5 days of metestrus, 7
to 10 days of diestrus, and 2 days of proestrus). Ewe
lambs, ewes cycling outside of the normal breeding
season, and transitional ewes tend to have shorter estrus
periods. As estrus approaches, the larger follicles of the
FSH-induced follicular wave begin to produce more
estradiol. The hypothalamus is thus signaled to secrete
GnRH, which results in the release of LH by the anterior
pituitary gland. This LH surge typically occurs approximately 9 hours after the onset of estrus. The high estradiol concentration is partially responsible for the ewe’s
showing signs of estrus. However, the sheep also must
have been recently exposed to progesterone.
Sheep ovulate toward the final third of estrus, or
occasionally after the end of behavioral estrus.17 Ovulation typically occurs 14 to 26 hours after the LH surge.
This timing coincides with approximately 21 to 45 hours
after the beginning of estrus. The length of estrus may
vary depending on the breed, with wool breeds generally
having a longer estrus than meat breeds. Signs of estrus
include vulvar swelling, anorexia, and seeking out and
standing for the ram. The ewe may secrete small amounts
of thin mucus, much less than that secreted by the cow.
After ovulation the follicle becomes luteinized and
begins producing progesterone. The progesterone concentration remains elevated for approximately 12 to
13 days. In the absence of a conceptus, the ovaries
produce oxytocin, and the uterine endometrium begins
to secrete prostaglandin F2α (PGF2α). The PGF2α is
transported away from the uterus by the uterine veins
and is transferred directly to the ovarian arteries that
run adjacent to the veins. The increased concentration
of PGF2α in the ovarian arteries leads to regression of
the luteal tissue and diminished progesterone secretion.
The cycle begins again with a decrease in serum progesterone, concurrent development of the follicle, and a
subsequent increase in serum estrogen concentrations.
Ovum transport to the uterus takes 2 to 4 days in
ewes. Approximately 12 days after conception, signals
are sent to the endometrium and ovaries to prevent lysis
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of the luteal tissue and to maintain the pregnancy. The
substance that inhibits uterine production of estrogen
receptors is interferon-τ; the decrease in estrogen receptors in turn inhibits oxytocin receptors. This inhibitory effect breaks a link in the production of luteolytic
amounts of PGF2α.18 Attachment of the embryo to
the uterine endometrium is a slow process, beginning
around day 18.

Gestation
The normal gestational period in the ewe is 145 to
150 days. Sheep have a cotyledonary, epitheliochorial
placenta. The placental cotyledon and the maternal caruncle together form a placentome. In the pregnant ewe,
90 to 100 cotyledons are dispersed over the chorionic
membrane. Around day 16, the chorion begins attaching to the uterine caruncles. This type of placenta limits
movement of antibodies from the maternal to the fetal
circulation, necessitating the ingestion of colostrum
by the neonate for antibody transfer. After day 75, the
concentration of progestin in the peripheral blood
markedly increases. This increase results from the placental production of progestin and is of major clinical
significance, because luteolytic agents cannot guarantee
abortion after day 75 of gestation.
Parturition occurs as a result of a complex set of
interactions involving the uterine musculature and
fetus. As the fetal hypothalamus matures, it begins producing increasing amounts of corticotropin-releasing
hormone, which stimulates the pituitary gland to produce and release corticotropin. This in turn stimulates
the fetal adrenal glands to produce and release cortisol.
Endogenous cortisol results in an increase in estradiol,
PGF2α, and prostaglandin E2 (PGE2) concentrations.
This increased activity in turn decreases progesterone
production and relaxes the cervix. Uterine responsiveness to oxytocin also increases because of the estrogeninduced recruitment of oxytocin receptors.
Normal parturition occurs over a period of 3 to 8
hours. The first stage of parturition (initiation of organized contractions) lasts from 1 to 4 hours. The second
stage (active labor and delivery of the fetus) lasts as long
as 2 hours. The final phase of parturition is expulsion of
the placenta, which should occur within 8 hours after
the fetus is delivered.12

Doe
Physiology
From a purely physiologic standpoint, sheep and goats
have many similarities. Nevertheless, they are dissimilar
in length of the estrous cycle and maintenance of pregnancy. Goats in a temperate region are polyestrous and
breed efficiently when day lengths are short (August
to March), with a peak breeding season of October
through December.19 The transitional periods span
approximately 2 months before and after breeding

season, with deepest anestrus in April and May.20,21 In
tropical regions near the equator, native breeds show
less seasonality and breed year-round (as do sheep).
Variation in seasonality occurs among and within
breeds, which allows for selection of out-of-season
breeders.20,22 For example, pygmy and Tennessee stifflegged meat goat breeds tend to cycle year-round in
North America, whereas Nubian, Spanish, Boer, and
Kiko goats show more seasonality.21 Producers can use
this seasonality to advantage in a synchronization program by introducing bucks during the summer transitional period to induce estrus in does. This “buck effect”
is lessened when males live year-round with does.

Puberty
Does reach sexual maturity and begin to cycle at 6 to 8
months.19 In pygmy goats, puberty may occur as early
as 3 months. Generally a single-born doe has her first
ovulation in the fall after her birth. Breeding should be
delayed until a doe has attained 60% to 70% of her predicted adult weight (i.e., 60 to 70 lb in meat goats and
70 to 90 lb in dairy breeds).21

Estrous Cycle
The length of the estrous cycle in the doe is 21 days
(with a range of 18 to 22 days). Although variations
exist, estrus tends to be longer in does than in ewes.
Short cycles of 5 to 7 days are more common at the
beginning and end of the breeding season in does.19
After midsummer, the decreasing day length causes
increased melatonin release from the pineal gland, and
the sequence of hormonal events is similar to that seen
in the ewe. During estrus and seasonal anestrus, plasma
progesterone concentrations are less than 1 ng/mL,
whereas progesterone levels during the luteal phase are
4 to 8 ng/mL.19,20
Does in estrus are restless, seek out the buck, wag
their tails, vocalize, and have swollen vulvas with clear
mucous discharge that changes to cloudy toward the
end of estrus. Estrous behaviors may be pronounced
in the presence of a buck. Milk production and
appetite may decrease during estrus in dairy goats.
Well-fed, healthy, mature does average two to three
ovulations per cycle, which results in a high proportion of multiple births. Estrus varies in duration, ranging from 24 to 72 hours, with most does exhibiting
estrus for 36 hours.

Gestation
Twins or triplets are more common than single kids.
Oviductal transfer of the embryo(s) requires 3 to
4 days in goats. The average duration of gestation is 5
months, with a range of 147 to 155 days.19 Similar to
ewes, does have epitheliochorial, cotyledonary placentas. Pregnancy is maintained by progesterone, which is
produced entirely by the CL in pregnant does and not
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by the placenta. In ewes, by contrast, sufficient progestogen output is maintained by the uteroplacental unit.
The plasma concentration of progesterone remains high
until approximately 4 days before parturition.
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BREEDING SOUNDNESS EXAMINATION
OF THE FEMALE
History
History is an essential component of a BSE of a doe or
ewe because of the inaccessibility of the major portion
of the reproductive tract to palpation or visual inspection. Historical information of significance includes
duration of heat, interestrous intervals, reaction to the
male, and breeding and kidding histories. A general
physical examination emphasizing body condition,
conformation of the mammary glands, and determination of polled or horned phenotype is important in the
evaluation of breeding soundness (see Chapter 1).
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from the cervix or vagina. A normal, clear mucous vaginal discharge in early standing estrus that turns into a
cloudy or creamy mucous discharge late in standing
estrus is common, particularly in does.

Reproductive Ultrasonography
Transabdominal ultrasonography can be used to examine the uterus for pregnancy and pseudopregnancy. Pseudopregnancy is a more common problem in does than
in ewes. Transrectal probes often allow visualization of
the nonpregnant uterus and ovaries and early pregnancy.

Physical Examination

BREEDING MANAGEMENT
General Principles
Ewe

External genital examination should include evaluation
of the anogenital distance and whether the clitoris is
visible without parting the lips of the vulva. The vulva
should be examined for abnormalities. A clear AI speculum or an endoscope can be used to evaluate the vagina
and cervix. The clinician should note any discharges

To maximize reproductive potential, ewes should be
maintained in a healthy and disease-free state with a
body condition score between 2.5 and 3.5 at the initiation of the breeding season (see Chapters 1 and 2). Ewe
lambs should be bred so that they go through parturition earlier in the season than older ewes. In order to
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cycle, ewes require at least one cycle of increasing day
length before onset of the period of decreasing day
length that signals the breeding season. Replacement
lambs should be chosen from a pool of lambs born
early in the previous lambing season. Ewe lambs should
weigh approximately 70% of their projected mature
weight at the time of breeding.

Doe
Replacement doe kids should be selected at weaning
(4 to 5 months). Selection of meat does should emphasize traits such as reproduction and soundness. Milking
does are selected on the basis of production traits such
as soundness of the udder and teats, adequate body size,
and good body condition. Female goats that were born
as twins or triplets, those born early in the season, and
those whose dams gave birth more than once each year
are preferable replacement does. All females of breeding
age should be maintained in a single group. Breeding
should be delayed until a doe has attained 60% to 70%
of its adult weight at a body condition score of 3 to
3.5. Does that do not kid by the time they are 2 years
of age should be culled. Breeding does should not be
allowed to become too thin or too fat. Thin does may
fail to conceive, have low twinning rates, or produce
kids with low weaning rates. Obese does can suffer from
pregnancy toxemia or decreased milk production if they
are allowed to become fat before the onset of puberty.

Control of the Estrous Cycle
With the increasing use of AI and the desire of producers to concentrate their efforts on lambing, control
of the estrous cycle of the female is necessary. Estrus
synchronization programs useful in goats and sheep

are shown in Table 8-3.1-4 Producers often request
estrus synchronization during the fall breeding season and to induce estrus during the winter anestrus
period (nonbreeding season) and summer transitional
period. To maintain a continuous milk supply from
dairy goats and sheep, the flock should be divided
into four breeding groups of equal size, with estrus
synchronization within each group. In the Northern
Hemisphere, the four groups should be assigned to
breedings in late August, mid-October, mid-November,
and late December, respectively. Appropriate nutrition,
estrus detection, and adequate sire or insemination
capabilities are essential components of a synchronization program. To maximize the efficacy of a synchronization program, stress should be minimized as much
as possible.

Ram or Buck Effect
Introducing a buck or ram into a group of transitionalperiod does or ewes is a powerful tool to induce estrus.5-7
Introduction of a ram into a ewe herd induces estrus in
most females within 6 days. The females should have
no contact with males for the previous 3 to 4 weeks.
Suddenly placing the male with females induces an LH
surge and ovulation within a few days. Similarly, fence
line contact by males can be used to achieve a ram or
buck effect for hand mating.
The use of high-performing rams, as defined by
serving capacity tests, has been shown to be more
effective in inducing early ovulation than the use of
low-fertility rams.6 The response to male stimulation can be quite variable and is influenced by breed,
previous isolation, depth of anestrus, nutrition, and
length of time since parturition. This technique can
be used in combination with pharmacologic out-ofseason breeding programs and appears to enhance

TABLE 8-3 Overview of Methods of Estrous Cycle Manipulation Used in Sheep and Goats in the
United States
Breeding Season

Transitional Season

Out of Breeding Season

Ewe

•	Prostaglandins
•	Progestin source 14 days ±
gonadotropin

•	Progestin source for 8-14 days +
gonadotropin up to 48 hours
before removal
•	Manipulation of lights
•	Melatonin administration

Doe

•	Prostaglandins
•	Progestin source for
14 days ± gonadotropin

•	Ram effect
•	Progestin source for 8-14 days +
gonadotropin up to 48 hours before
removal
•	Progestin source for 8-14 days + ram
effect at removal
•	Buck effect
•	Progestin source for 14 days +
gonadotropin + prostaglandin
•	Progestin source for 14 days +
gonadotropin + buck effect

Courtesy Dr. Jason Johnson, Ross University.

•	Progestin source for 14 days +
gonadotropin + prostaglandin
•	Manipulation of lights
•	Melatonin administration
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their efficacy. Males should be isolated from females
for 30 to 60 days before introduction. With use of
the ram or buck effect in out-of-season breeding, the
teaser male should be exposed to a cycling female or
an ovariectomized female treated with estradiol cypionate (2 mg IM) for 2 weeks before breeding begins.
Males that have undergone vasectomy or epididymectomy and castrated males treated with testosterone
(100 mg weekly for 3 weeks) may be used for this
purpose. Regardless of the type of teaser male used,
the animal should be placed with the females for
2 to 3 weeks to bring them into heat before the desired
breeding male is brought in. The first estrus after introduction of the male usually is “silent.”

Prostaglandins

PGF2α can be used to lyse the CL and bring diestral
females into heat. Goats and sheep generally are susceptible to prostaglandin-induced luteolysis after days
5 to 6 of the estrous cycle (Figure 8-14). This method of
estrus synchronization should be used if the producer
is sure that a significant number of ewes and does are
actively cycling; it is most effective during the middle
to late fall (October and November in North America).
One shot of PGF2α can be expected to result in demonstration of signs of estrus in 60% to 70% of the females
in the flock within 30 to 60 hours. Ewes or does that
do not show estrus after a properly administered prostaglandin injection either have been in estrus recently
or are anestrus. A two-step approach involving a second
injection 9 to 11 days after the first results in tighter
synchrony within the flock.
An alternative is to observe the flock actively for 4
days, breed all females that come into estrus during this
time, and then administer PGF2α on the fourth day, followed by breeding of all females that come into estrus
during the next 3 days. With this protocol, most females
will be bred within a 7-day period.
Both PGF2α (10 to 20 mg) and cloprostenol (75
μg/45 kg of body weight) are used for estrus synchronization.1 Producers should ensure that none of the
ewes or does are pregnant at the time of administration
of prostaglandins, because these agents may induce
abortion.
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Progestins
Progestins are used to synchronize estrus by delaying
its onset. Exogenous progestin can be used during the
breeding season to control the length of the luteal phase
artificially. The use of progestins is the most common
method of estrus synchronization in goats for AI or ET.
The most common route of application of progestin is transvaginal. After the progestin products are
removed, estrus should occur within a few days. Placing
sponges that contain progesterone into the vagina (i.e.,
controlled intravaginal drug-releasing devices [CIDRs])
is becoming a popular method of estrus control.2 Several progesterone concentrations are available in CIDRs.
The newer commercially available CIDRs contain 300
mg of progesterone (EAZI-BREED CIDR sheep insert,
Pfizer Animal Health, 235 East 42nd Street, NY, NY
10017).
Occasionally CIDRs may be difficult to remove, if the
string is not visible from the vulvar lips or if the sponge
has adhered to the vaginal wall. In such instances
the examiner should restrain the female, introduce
a gloved finger into the vaginal vault, identify the
CIDR, and carefully remove it after separating it from
the vaginal wall (Figure 8-15). Norgestomet implants
(½ to 1 implant, for delivery of a dose of 3 to 6 mg)
inserted between the skin and cartilage of the dorsal
aspect of the ears’ pinnae were used, but at present are
not available in North America. Synchronization rates
after feeding melengestrol acetate are similar to those

Prostaglandins:
dinoprost
cloprostenol
ESTRUS
24-72 hrs
0

11

15

Days

Figure 8-14 The cycling doe and prostaglandins. (Courtesy
Dr. Jason Johnson, Ross University.)

Figure 8-15 A controlled intravaginal drug-releasing device
(CIDR) has been placed in this ewe. With use of these devices
in goats (an extralabel use in the United States), the external
plastic “string” may need to be trimmed to prevent herdmates
from pulling out the CIDR.
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encountered with norgestomet implants.4 The feeding
of oral melengestrol acetate (in both ewes and does,
0.22 mg/head for 14 days, or 0.125 mg/head twice
daily for 14 days) also is of value in controlling estrus.
It generally is recommended, however, that breeding
be delayed until the second heat after the melengestrol
acetate feeding is discontinued, because the first heat
usually is nonfertile.1 Also, if progesterone is added to
the feed, a continuous adequate intake is imperative.
Ensuring correct dosing may be a problem in goats
and some sheep, particularly with inadequate feeder or
bunk space. All of these methods require the removal
of the progestin after 9 to 14 days in the ewe and 12 to
14 days in the doe. The removal of the progestin source
can be used to synchronize the entire flock at one time.
The flock can be divided and the progesterone source
removed daily, so that one ram can be used for breeding or the AI program can be spread out. Estrus can
be expected approximately 24 to 48 hours and 24 to
36 hours after the removal of the progesterone source in
ewes and does, respectively.
Introducing a teaser male 24 hours after progestin
removal enhances synchrony. Administering equine
chorionic gonadotropin (eCG) (250 IU) or a combination of eCG and human chorionic gonadotropin
(hCG) while removing the progestin can help tighten
synchrony in the herd.1 Administering prostaglandins
24 hours before progestin removal, followed by eCG 24
to 48 hours before or at the time of progestin removal,
may further tighten estrus synchrony. The use and
removal of these progestin products also may hasten
estrus in the nonbreeding season.3

Seasonal Manipulation
Seasonal manipulation of the female cycle can be used
to hasten the onset of estrus, to obtain more than one
breeding per year. Seasonal manipulation also can
change the time of lambing and kidding and lactation
to better match forage availability. Dairy goats should
be more than 120 days into the lactation period before
the producer attempts an out-of-season breeding program.8 All animals should be examined with real-time
ultrasonography to determine whether any reproductive
abnormalities exist that may preclude the effectiveness
of an out-of-season breeding program (e.g., pregnancy,
hydrometra).8 Artificial lighting, either by itself or in
conjunction with exogenous melatonin, can be used
for effective manipulation of the breeding season. The
sudden introduction of the male maximizes the efficacy of light-melatonin programs. Artificial lighting is
mostly used to mimic a long day. During the Northern
Hemisphere winter, long days (approximately 20 hours
of light) can be simulated by keeping the animals for
2 months in an enclosed facility until March 1. Animals
are then exposed to natural daily sunlight. After 6 weeks
of natural daylight exposure, males are introduced,

and a fertile estrus occurs within 10 to 20 days. Does
undergoing this type of estrus manipulation have a
short breeding season of around 60 days. Bucks and
rams also may benefit from this type of treatment to
increase libido and quality of semen. Light manipulation, although effective, is rarely practical, however.
Some producers combine hormonal and lighting
manipulation for out-of-season breeding. Lighting
manipulation is used successfully in many dairy goat
operations. Exogenous melatonin can be administered to supplement the endogenous release, thereby
mimicking the short days associated with the onset of
breeding season. Exogenous melatonin can be given
as a slow-release implant, repeatedly as an injection,
or orally over 30 to 60 days to accelerate the onset of
breeding. After the cessation of melatonin administration, females begin to cycle in 40 to 70 days. The lack
of availability of this agent limits its use. Exogenous
melatonin should be combined with the introduction
of the male. Melatonin works most efficiently in dairy
goats when combined with artificial lighting for out-ofseason breeding.
The most commonly used program for out-of-season
breeding is a combination of progestin (delivered as an
implant in the ear [norgestomet] or vaginally [CIDR])
and eCG. The progestin should be injected, fed, or
implanted for 14 days. A gonadotropin, either FSH
or PMSG, is administered 48 hours before progestin
removal. eCG (300-400 IU) is most commonly used
because it requires only one injection. In regions in
which single-agent eCG is not available, a product containing both hCG and eCG can be substituted. Variable
results have been reported with the use of these products, depending on the timing and dosage of administration. The introduction of a buck or ram enhances the
synchronization of these programs.

Increasing Twinning Rates
Most successful sheep-rearing enterprises depend on
the number of lambs raised and sold per ewe per year.
Genetic selection for prolific ewes can be a slow process
because of the low heritability of the trait (10%), but
some breeds tend to have this predisposition (e.g., Finnish-Landrace sheep). With regard to this trait, however,
large variability among flocks is typical. This variability
allows for the selection of superior animals with a good
potential for genetic progress.9 A review of several studies suggests that an annual improvement of 1.3 lambs
per 100 ewes can be obtained. Although this number
may seem small, when results are compiled over several
years, a sizable influence on flock revenues becomes
apparent. The ability to select prolific females depends
highly on accurate records. The more information that
is collected on each individual ewe or doe, the more
accurate the selection becomes. Replacement females
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should be selected from lambs or kids born to females
that consistently produce a larger than average number
of young per year.
The management practice of providing supplemental
feeding to ewes 2 to 3 weeks before breeding—commonly known as flushing—can result in increased
ovulation rates (see Chapter 2). The most productive
response to supplemental feeding is seen in flocks that
are experiencing a low lambing rate and in which nutritional status is not adequate. Flushing is of little benefit
if the ewes are already in good body condition. Ewes
can be flushed by feeding 1 lb of a high-energy supplement (e.g., corn, oats, barley, or a combination) per day.
An increase in numbers of twins and triplets requires
a concomitant increase in the ovulation rate; the
embryos also must be in an acceptable environment for
survival. Stressors that may be associated with decreased
embryonic survival include the female’s age, body temperature of both the male and the female, lactation
status during breeding, and overall nutritional status.9
Females bred outside of the normal breeding season
may not be as prolific as those bred during it.

ALTERNATIVE BREEDING PROGRAMS
Certain sheep breeds (e.g., Rambouillet, Dorset, Finnish-Landrace) and goat breeds (e.g., pygmy, Tennessee
stiff-legged) can be encouraged to breed outside of
the traditional breeding season. This approach may
be desirable to match forage sources, decrease some
parasite burdens, and improve lamb or kid supplies for
some seasonal markets. Ewes and does can be selected
to begin a fall lambing or kidding flock.9 Selected
females should be highly prolific and should have
given birth early in the traditional lambing or kidding
season. Normal-appearing ewe lambs or doe kids born
to these reproductively efficient females should be saved
as replacements.
The producer should plan on retaining 30% to 40%
more lambs or kids than are otherwise needed, to select
for out-of-season breeding potential.9 This process
should be repeated over several years to identify animals
that will serve well in off-season breeding programs.
Producers who do not have record systems to identify
superior females should expose the flock to superior
rams or bucks in the spring and retain any females that
become pregnant to create a fall lambing flock.
Females that do not lamb or kid can be exposed
to males in the fall to follow traditional breeding
programs. Males should be selected using a similar
approach. Males born to the more prolific females
should be selected as replacement males, and older
rams or bucks that have a proven history of superior
fertility should be used. Good record-keeping systems
and individual identification of females are essential in
any selection program.
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Females born early in the lambing season as twins
should be selected as replacements. With respect to
growth traits, twins should be compared with other sets
of twins, because early selection based on size alone
may discriminate against them compared with singletons. Ewe lambs of most meat breeds should weigh
approximately 100 lb by the time they are 7 months
old. Selected lambs should be bred at approximately
10 months so that they will lamb at 15 months early
in the spring. Ewes that bear twins early during lambing should be selected for the accelerated fall lambing
flock.10-12

Sheep
A similar program for sheep, termed the STAR management program, has been developed at Cornell University.
The STAR program’s unique feature is that it allows for
an almost continuous supply of market lambs. This
consistency is a good fit with the year-round niche market that many producers have developed. A chart of the
calendar year is made using a 5-pointed star. The time
lag between each point on the star is 73 days, which also
is approximately half of the normal gestation length of
the ewe. Therefore an individual ewe exposed to the
ram at the time corresponding to one point on the star
will lamb at the time corresponding to the third point
on the star (146 days later). She can then be exposed
to the ram at the fourth point on the star (216 days
after the first breeding). This approach spreads lambing throughout the year and provides five lambings in
3 years.
The use of this system is contingent on the selection
of highly prolific ewes that have the ability to cycle and
conceive out of season. Accelerated breeding programs
place demands on the producer to improve management of the flock’s nutritional program and ensure
that rams have excellent potential reproductive ability.
These complex breeding schemes also require the accurate identification of individual animals so that ewes
capable of out-of-season breeding can be identified and
replacement animals can be chosen from among these
females.12

Goats
In a controlled accelerated kidding program in which
three kid crops every 2 years are desired, out-of-season
breeding is necessary. This practice requires intense
management, early weaning, and hormonal manipulation of does for induction and synchronization of
estrus. Seasonal effects on reproductive characteristics
also have been documented in bucks. Buck libido and
ejaculate quality and quantity appear to be highest in
late summer and fall, which coincides with the seasonal breeding patterns of the does. Distinct behavioral
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changes and development of odors also occur in the
males in the fall to trigger the buck effect in bringing the
female into heat. Bucks can be used successfully for outof-season breeding without any additional treatment.13
However, they will benefit from winter light treatment
to increase libido and quality of semen. Producers also
can accomplish this effect by administering 50-mg
GnRH injections three times daily for 4 days to boost
testosterone production.3
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NATURAL BREEDING SYSTEMS
Natural breeding is more commonly used in meat and
fiber sheep or goat production systems, whereas AI or
hand mating is the most common means of breeding in
dairy goats or sheep and the method most commonly
used by purebred breeders. In a meat production system, productivity is largely a function of the number
of offspring born and weaned and the frequency with
which they are produced. The desired date of parturition for a given farm dictates the breeding date and the
management of the breeding male. Females usually are
bred in the fall for spring kidding or lambing.
Bucks should be kept separate from the does until
they are to be used for breeding. After establishing a
mating time, the producer should leave the bucks with
the does for 32 days (1½ reproductive cycles) and the
rams with the ewes for 27 days. This strategy ensures
that all kids or lambs are born within approximately
1 month of one another, reducing the amount of supervision required at kidding time.
The male-to-female mating ratio depends on the age
and SC of the male, the size of the mating area, and
whether one or more rams or bucks are to be used.
Meat goat production systems should have 1 buck per
30 does. A buck may breed 50 to 200 does in a single
breeding season, but 3 to 4 bucks should be put with
100 does.1 Most sheep producers should keep 3 to 5.5
adult rams per 100 ewes.
A marking harness should be used on the males to
identify which females have been bred. In commercial
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flocks, males should be changed at least every 2 years to
prevent inbreeding. Bucks or rams of high libido and
good semen quality can be used in a staggered breeding
program in which seven or eight ewes or does in synchronized estrus are placed with the male for breeding.
Hand mating of males can be used as a modification
of staggered breeding, with the same female-to-male
ratio of 7:1 to 8:1. Table 8-4 presents proposed male-tofemale ratios for use in different reproductive management settings.

ARTIFICIAL INSEMINATION
The goat and sheep industry has used artificial insemination (AI) commercially in North America for many
years. The cervix of the doe is less of an obstacle to
insemination than the cervix of the ewe. As a result,
commercial AI programs using fresh or frozen semen
have been developed and are used most commonly in
goats. Advantages of AI include the following2:
•	Maximized use of outstanding sires
•	Elimination of the need for rams and bucks on the
farm
•	Relatively inexpensive semen cost
•	Decreased potential for venereally transmitted
diseases
•	Improved herd management
Disadvantages of AI include the following2:
•	Cost for AI equipment and liquid nitrogen
•	Increased labor for estrus detection and
insemination
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TABLE 8-4 Recommended Male-to-Female Ratios for Rams and Bucks
Breeder Animal Age Group

Reproductive Practice/Use

Male-to-Female Ratio

1-year-olds
Adults

In a paddock or confined pasture
In a paddock or confined pasture
Range
Synchronized females in season
Synchronized females out of season

1:20 to 1:25
1:40 to 1:50
1:25 to 1:30
1:15 to 1:25
1:5 to 1:10

Modified from Menzies PI: Reproductive health management. In Youngquist RS, editor: Current therapy in large animal theriogenology, Philadelphia, 1997, WB Saunders; and Pugh DG: Breeding soundness evaluation in male goats, Proceedings of the Seventh Annual Hudson-Walker/
Vaughn Theriogenology Conference, Auburn, Ala, 1996, Auburn University College of Veterinary Medicine, p 29.

•	Lack of standardization procedures for packing and
quality control for goat semen
•	Lack of suitable sire proofs for production traits
•	Potential for spread of less desirable traits
The success of an AI program depends on many
factors—fresh versus frozen semen, number and time
of inseminations, insemination method, quality and
quantity of semen, semen handling practices, and
the management of the animals to be inseminated.
The method of insemination (laparoscopic versus
transcervical versus cervical versus vaginal), semen
used (fresh, chilled, or frozen semen), and ability of
the animal keeper (e.g., checking estrus, AI skill) all
will greatly affect pregnancy rates. Females selected for
AI should be in good health, have a body condition
score of 2.5 to 3, and be on an improved nutrition
plan for 2 to 5 weeks before breeding (Chapter 2).
They also should be free of disease and have a history
of giving birth to live, healthy young and raising those
kids or lambs to weaning. Preference should be given
to females that conceive early in the breeding season,
those that lambed or kidded during poor weather
conditions, and those that gave birth to and raised
multiple young.
AI usually is performed in conjunction with estrus
synchronization. Although many protocols have been
described, most use either eCG, progestin, or PGF2α singly or in combinations.2-4 One such protocol is shown
in Figure 8-16. Combinations of GnRH and PGF2α also
appear to be of value in both sheep and goats.5,6
This protocol could be implemented in sheep as
follows:
Sheep : GnRH = > 5d with PGF2 = > 36 hr GnRH
= > 12 − 14 hrs laparoscopic AI

Because no uniform standards are available for freezing goat or sheep semen, any frozen semen to be used
should be evaluated before an AI program is begun.
Optimal timing of insemination is an important factor
in the success of AI programs. Females do not ovulate
until late estrus or shortly after the end of standing
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Figure 8-16 Protocol for estrus synchronization in ewes
for artificial insemination. (Courtesy Dr. Jason Johnson, Ross
University.)

estrus. Therefore recognizing the signs of standing heat
is important. The optimal timing of insemination, however, is best determined by changes in cervical mucus.
As the doe progresses through estrus, the mucus turns
from clear and thin at the beginning of standing heat to
cloudy and stringy at middle to late heat. Insemination
should be performed in does before or at the time the
mucus turns cloudy, usually 12 to 15 hours after the
onset of estrus.7 If the doe continues to exhibit signs
of heat after insemination, she should be inseminated
again after 12 hours, particularly if the program uses
cooled or frozen semen.
Timed insemination of synchronized meat goats and
ewes tends to work well. Fixed-time insemination using
fresh semen 50 to 55 hours after removal of the progesterone source is an excellent labor-saving technique. If
a laparoscopic AI is to be performed, both sheep and
goats should be inseminated 55 to 60 hours and 52 to
60 hours after progesterone removal for frozen-thawed
and fresh semen, respectively.8 Australian workers suggest that observation for estrus before breeding has no
advantage over timed insemination (laparoscopy) in the
ewe.9 In dairy goat breeds, does should be observed for
heat using a teaser animal and inseminated accordingly,
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whereas meat animals usually are synchronized in
groups. Techniques that place the semen into the uterus
should be used for frozen semen.

Vaginal Insemination
The vulva is wiped clean with dry cotton or paper towels. The practitioner carefully advances a pipette into
the cranial vagina by sliding it along the dorsal vaginal
roof to avoid entering the urethral orifice. A cleaned,
lubricated speculum may afford better visualization
for pipette placement. Cassou guns made for cows can
be effectively used in sheep and goats, but AI equipment for goats is readily available.10 Insemination with
4 × 109 and 3 × 109 progressively motile, fresh spermatozoa, placed close to the cervix, maximizes fertility
with vaginal insemination in ewes and does, respectively.2,4,11-14 The conception rate with this method
ranges from 15% to 30%. Results can be improved
with experienced technicians using well-conceived
and -implemented estrus synchronization detection
programs in healthy, well-fed (body condition score
2.5 to 3) disease-free animals.

Cervical Insemination
Cervical insemination is more time-consuming and
requires greater skill, but should yield superior results
to those obtained with vaginal methods.2,4,15 In this
method, the ewe’s or doe’s hindquarters (not its abdomen) are elevated and its legs are held over a table or,
more commonly, a bale of hay. The operator gently
introduces a lubricated vaginal speculum approximately 12 cm through the cleaned vulva and into the
vagina. With the help of a good light source such as a
transilluminator, the cervix is visualized through the
speculum. The operator then introduces an insemination pipette through the speculum and attempts to
atraumatically pass the pipette as far into the cervix
as possible. The long (7 to 8 cm) cervix and presence of six to eight rear-directed cervical rings make
completely traversing the cervix difficult in the ewe,
resulting in semen deposition in the caudal cervix. A
12-gauge tube attached to the semen delivery system
allows deeper penetration of the cervix. The doe’s cervix has a smaller luminal size but is slightly easier to
pass through. Approximately 1 × 109 sperm cells from
fresh semen are needed to ensure good lambing and
kidding rates with use of this method.2,10-14 If cooled
or frozen and thawed semen is used, these numbers
may need to be expanded by a factor of 1.5 and 2,
respectively.10-14 The conception rate with this method
ranges from 35% to 50% (and occasionally higher in
skilled inseminators). Care should be taken to minimize trauma to the cervix, which as might be expected
can reduce fertility.

Transcervical Insemination
The more invasive methods of insemination are
designed to place semen directly into the uterus. With
these methods, a much smaller number of progressively
motile sperm are needed. Transcervical insemination of
dairy and meat goats is a relatively common procedure
and one that can be easily mastered with some practice.
The necessary speculum, light source, and insemination
equipment are readily available through goat supply
companies. All items that come into contact with the
internal reproductive tract of the doe should be sterile.
Dairy goats usually are restrained on a milking stand.
Meat goats are not usually cooperative on stands and
should be restrained by having an assistant lift the hindquarters and hold both hind legs.

Ewe
Several transcervical methods of insemination have
been described for use in sheep.4,16 The most popular is the Guelph system for transcervical AI.4,10,12
The ewe is restrained on her back with the hindlimbs
pulled forward. Special cradles designed for hoof trimming or a V-shaped wooden trough can be used.
A specially designed Plexiglas vaginal speculum that
has a 1-cm opening running along its entire length is
introduced into the vagina, and the cervix is identified.
A wand-type light source that can be partially introduced into the speculum with a retaining clip can be
used to provide a light for this procedure. The operator inserts a pair of 25-cm Bozeman forceps into the
speculum and grasps tissue near the cervical os. Any
mucus preventing visualization of the cervical os can
be aspirated with a syringe infusion pipette. The slitlike
opening in the speculum allows the introduction of
the forceps; after grasping the cervical tissue, the operator can retract the cervix caudally and slide the forceps
partially through the slit to allow better visualization of
the cervix. Holding the speculum and forceps with one
hand, the operator next introduces a special bent-tipped
insemination rod into the cervical os and attempts
to traverse the cervical rings. Manipulating the AI rod
and the cervix with the grasping forceps facilitates the
placement of semen directly into the uterus. The tip of
the insemination gun can be used to locate the cervical
canal. With the gun turned, most of the cervical rings
can be traversed.
Proper attachment of the forceps to the cervical os is
crucial for maximal cervical penetration. If the AI pipette
tip can be moved without resistance, it is in the cervical
lumen or uterine body. The closer to the uterine body
the semen is deposited, the higher the conception rate.
This procedure requires 50 to 100 million progressively
motile sperm cells. It also requires much experience,
and the reported results (40% to 70% lambing rates)
are variable. Operators report a higher pregnancy rate
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when the insemination pipette enters the uterus, instead
of depositing the semen into the cervix. Pregnancy rates
may be similar to those achieved with laparoscopic
methods when the semen is placed into the uterus.17

Doe
For AI in goats, the perineal area is washed with soapy
water, rinsed, and dried with a paper towel. A lubricated
clear AI speculum is inserted into the doe’s vagina and
directed dorsally first and then slightly ventrally to pass
over the ischial arch. The AI light is inserted into the
speculum and the cervix is visualized. After locating
the cervical opening, the clinician places pressure on
the speculum to lock the cervix into the lumen of the
speculum. An assistant should hold the speculum in
the vagina while the inseminator prepares the semen.
The frozen semen straw is placed in water under conditions recommended by the processor (usually 30 to 60
seconds in 35° C water). The clinician dries the straw
with a paper towel, cuts it, and places it in the AI gun.
The insemination gun is manipulated through the cervical opening by gentle rotation and forward movement,
slowly depositing the semen in the interior cervix or
uterine body. After insemination, the doe is allowed to
stand and relax for a few minutes.
Conception rates between 50% and 85% have been
reported, depending on the type of equipment used,
skill of the operator, and the quality of the semen.2,18
Fresh extended semen produces better pregnancy rates
than frozen semen.2,13,14 In the doe, the desired number of motile sperm per insemination for fresh liquid
semen is 150 million; a specimen of 200 million sperm
is required with use of frozen semen.10,13,14 Both fresh
and frozen semen should be evaluated for adequate
quality before insemination.

Laparoscopic Insemination
Large animal laparoscopy (especially for abdominal
exploration) frequently is performed using a 10-mmdiameter laparoscope with a 30-degree angled field of
view. The bigger diameter allows more light for viewing
a large cavity, and the angled field of view allows a more
panoramic visualization of the abdominal cavity. However, laparoscopic insemination of small ruminants can
be done very efficiently with smaller-diameter laparoscopes (5 to 6.5 mm) that provide a direct (0 degrees
of angulation) field of view, because the clinician can
focus directly on the uterus and has no need to further
examine the abdominal cavity. Although conventional
laparoscopic examinations usually are done through
a scope portal near the umbilicus, insemination can
quickly be done using more caudally placed portals for
the laparoscope and the insemination gun.
The ewe (or doe) should be held off feed and water
for 24 hours before laparoscopic insemination. The
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animal is sedated and placed in dorsal recumbency
in Trendelenberg position (head tilted down at a
45-degree angle or more) to allow good visualization
and easy access to the uterus during the insemination
process. The abdomen should be clipped and prepared
for aseptic surgery. Local anesthetics are infiltrated at
the two sites of the portals for the laparoscope and the
insemination pipette. The portals are located midway
on a line between the cranial border of the udder on
midline and the cranial aspect of the fold of the flank
on each side. The decision of which side to use for the
scope and which for the insemination pipette is a matter of operator preference to achieve optimal comfort
with instrument handling.
Conventional laparoscopic technique involves use of
a needle to inflate the abdominal cavity before insertion
of the trocar and cannula in the scope portal. Alternatively, the cannula can be efficiently and safely placed
into the abdominal cavity and the scope inserted before
inflation with 1 to 2 L of carbon dioxide. This approach
also allows the clinician to ensure that the cannula is
not within the omentum. Filling the omentum with
CO2 will inhibit visualization of the uterus, thereby prolonging the procedure. After inflation of the abdominal
cavity, the clinician views the insertion of the opposite
cannula through the laparoscope. The scope can be used
to transilluminate the site of the portal. The clinician
then makes a 6- to 10-mm incision through the skin
and body wall into the abdominal cavity. The cannula is
placed through that incision (Figure 8-17, A to D). The
uterus is visualized and the clinician inserts the insemination pipette (consisting of a special needle on the end
of a pipette) into the second cannula to inseminate each
horn. Alternatively, an insemination gun fitted with a
brass injection tip or an aseptic needle (0.5 to 0.7 cm) is
inserted through the cannula into the abdominal cavity.
The injection of the semen is done in an avascular area
at the anterior uterine horn. The needle is inserted into
the uterine lumen at a right angle to the uterine wall.
The clinician should place the needle in the center of the
horn, taking care to ensure that the needle is in the lumen
of the uterus. Our own preference is to make a quick, controlled thrust into the uterine lumen. The semen should
readily flow through the insemination device and into
the uterus. If it does not, the needle probably is in the
wall of the uterus and should be redirected. After insemination, the laparoscope and cannula are removed and
the puncture sites are sutured, stapled, or covered with an
antibiotic ointment. Ewes and does should be moved to
a recovery area and left undisturbed for 1 to 2 hours. The
desired number of motile sperm injected into each uterine horn for laparoscopic AI using fresh or frozen semen
is 20 million for does and 50 million for ewes.12,13,20
Conception rates of 20% to 90% have been reported in
sheep and goats.10 With availability of a skilled laparoscopic surgeon and under good management conditions,
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Figure 8-17 Laparoscopic insemination in field conditions. A, The doe is secured on a reclining surgical table. The surgeon
has placed both cannulas and is manipulating the laparoscope in order to visualize the uterus and judge the uterine tone. B, The
near hand of the surgeon is operating a 5-mm laparoscope while visualizing the uterus. The far hand is manipulating the insemination gun through a cannula. C, The skin incisions and cannula placements should be inside the two marked operative fields.
D, A laparoscopic view of the uterine horn being inseminated. Of note, the insemination gun’s needle (not seen) has penetrated
the nonvascular curvature of the toned uterine horn and is depositing semen intraluminally. (A and B, Courtesy Dr. Jeff Burroughs,
Small Ruminant Reproduction, Cerro Gordo, North Carolina.)

use of a laparoscopic technique should yield the best
results of all methods of artificial insemination.10,19 The
success of insemination depends largely on the quantity
and motility of spermatozoa being inseminated. An
experienced operator requires only 1.5 to 4 minutes to
perform this procedure, and the females should recover
uneventfully. Ewes and does may be laparoscopically
inseminated many times throughout their lives.

EMBRYO TRANSFER
Traditional cross-breeding programs using AI focus on
the male to produce many offspring. Breeding programs
based on multiple ovulation and ET use genetically

superior females to contribute to this genetic diversity.
The limited economic value of most sheep and goats
precludes the widespread use of ET for the average production unit. Also, the invasive nature of the required
procedure makes ET less practical in goats than in cattle.
Nevertheless, ET is an efficient method for manipulating genetics between flocks, across countries, and
among continents.
A successful ET program requires advance planning
and lots of attention to detail in donor and recipient
selection, superovulation, synchronization of donor
and recipient, and successful recovery and transfer of
high-quality embryos. ET can be performed out in or
out of season, but the best response is attained during
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the breeding season, when donors and recipients are
cycling normally.4,10,21-25

Donor
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Superovulation
Superovulation of the donor is accomplished by injecting eCG or pituitary extracts of FSH. Equine CG has a
longer half-life (approximately 72 hours). Use of this
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Figure 8-18 Protocol for superovulation and synchronization in the doe. (Courtesy Dr. Jason Johnson, Ross University.)
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Synchronization
Most ET programs rely on exogenous hormones to
induce and synchronize estrus in donors and recipients,
as described earlier in the section on control of the
estrous cycle. Synchronization is commonly achieved
using progestin sponges or CIDRs. Accurate detection
of estrus can be achieved using a teaser buck or ram.
The method of estrus synchronization should be the
same for both donor and recipient, with the exception
that superior results are obtained if progestin sources
are removed from recipients 12 hours before they are
removed from donors. Figures 8-18 and 8-19 summarize
generic synchronization and superovulation programs
for goats and sheep, respectively (Johnson J: Personal
communication, Ross University, St. Kitts, 2010).

Ram:
give 50
g
GnRH

AM FSH
PM FSH

Donor and Recipient Management
Donor and recipient selection and management are
crucial to the success of an ET program. Recipient and
donor ewes must be synchronized to cycle together.
Donors respond most successfully to estrus synchronization and superovulation when they are young,
healthy, and cycling normally.10,26 Does and ewes 2 to
5 years of age respond best to synchronization and superovulation programs. Unfortunately, does and ewes presented as potential donors often may be older animals
and therefore past their peak reproduction performance.
Donors should be in good body condition (but not
overconditioned) and in good general health.26 They
should be vaccinated against any infectious diseases
locally prevalent and kept in separate groups for 2 to 4
months before the beginning of the ET program. This
helps acclimatize the donors and prevents stress.23 Any
changes in environment, feeding, and handling should
occur well in advance of the initiation of an ET program.
Premature luteal regression, a syndrome common in
some breeds (e.g., Boer), appears to be caused by stress.
Recipients should be healthy animals with proven
reproductive ability that are in good body condition
(with a body condition score of 3 to 3.5) and cycling
normally.26 Does and ewes 2 to 4 years of age with good
mothering characteristics and adequate potential for
milk production are preferred. Recipients also should
be current on their vaccinations against diseases prevalent in the local area.
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Figure 8-19 Protocol for ewe superovulation and synchronization. (Courtesy Dr. Jason Johnson, Ross University.)

preparation is associated with overstimulation of the
ovaries, resulting in the release of large numbers of
eggs, an increased proportion of unfertilized embryos,
and poorer-quality embryos. The eCG is administered
in a single dose (1000 to 1500 IU) 48 hours before the
progesterone source is removed.
The donor also can be superovulated using an FSH
product alone or in combination with eCG 2 days
before the end of the artificially created luteal phase.25
FSH has a half-life of approximately 6 hours and is
given as twice-daily injections beginning 48 hours
before progestin removal. FSH is superior to eCG in
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ovulation and fertilization rates achieved and production of good-quality embryos.
Does and ewes generally exhibit estrus 24 to 36
hours after progestin removal. Frequent observation
of does for estrus with the aid of a teaser animal is
needed to ensure accurate recording of the time of
estrus. Donors can be hand-mated 12 to 24 hours after
estrus detection. Laparoscopic deposition of frozen and
thawed semen into the uterine horns 24 hours after the
animal is first seen to be in estrus yields optimal results
with this technique. If donors are to be naturally bred,
one buck or ram should be kept with one or two superovulated does or ewes.24

Embryo Recovery
Embryos (in the late morula to early blastocyst stage of
gestation) usually are recovered from the donor’s uterus
on day 5 to 7 after breeding. In most instances, surgical
collection may be used. However, alternative techniques
such as laparoscopic and nonsurgical embryo collection
also have been developed.4,10,21-25,27-31

Surgical Techniques
Does or ewes are held off feed and water 36 hours
before surgical collection of embryos. Withholding feed
and water decreases the chance of reflux and aspiration;
decreases weight on the diaphragm, allowing easier
respiration during anesthesia; and decreases abdominal
fill from ingesta, thus allowing easier manipulation and
exteriorization of the uterus.
After the female is placed under general anesthesia
in dorsal recumbency, the caudal abdomen is clipped
and prepared for aseptic surgery (see Chapter 18). A
caudal ventral midline laparotomy incision approximately 8 to 10 cm in length extending cranially
from the udder (or pelvic brim depending on udder
development) is made. The uterus and ovaries are
then carefully exteriorized. Some practitioners pour
a physiologic solution (e.g., 250 to 500 mL of physiologic saline with or without added ampicillin) into
the abdominal cavity before exteriorizing the uterus.
The clinician should carefully examine the ovaries to
determine the response to superovulation. This ovary
examination can be accomplished laparoscopically
before the laparotomy is performed, to minimize
ovarian handling. A blunt-tipped needle, approximately 20 gauge, is used to pierce the uterine wall
near the uterotubal junction; an embryo or “tom cat”
catheter is then inserted through the puncture site into
the uterine horn. Tracing that uterine horn toward the
body, a small artery forceps is used to “push-puncture”
into the lumen of the horn near the bifurcation. An
8 to 10 French Foley catheter is placed through this
opening into the uterine body. The cuff is inflated
with 3 to 5 mL of saline, and approximately 20 mL of

flushing medium (Dubecco’s PBS solution containing
100 IU/mL penicillin supplemented with 2% heatactivated goat serum) is infused through the embryo
catheter to lavage the uterus. The lavage is followed
by insufflation of 10 to 15 cc of air. The fluid should
drain through the Foley catheter and into a collection bowl or Petri dish. An assistant should carefully
monitor lavaged fluid flow and collection. The procedure is repeated on the opposite uterine horn. The
uterine puncture sites can be left unsutured, or closed
with an inverting suture pattern using an absorbable
3-0 suture on a tapered needle. PGF2α should be
administered postoperatively to lyse all luteal tissue. If
embryos are to be collected before the fourth day after
breeding, oviductal flushing (by cannulation of the
oviduct near the fimbria) is necessary. The collection
medium is flushed in a retrograde direction through
the oviduct using a catheter placed at the uterotubular
junction.
The abdominal incision is then closed in routine
fashion according to clinician preference. The linea
alba may be closed using No. 1 absorbable suture in a
simple continuous pattern. The subcutaneous layer can
be closed with 2-0 or 3-0 absorbable suture in a simple
continuous pattern. The skin can then be closed with
surgical staples or a suture material of choice, also in a
simple continuous pattern.

Laparoscopic Techniques
Laparoscopy-assisted collection can be performed to
exteriorize the tip of the uterine horn, with the flushing being performed in the same manner described for
surgical collection. This method reduces the severity of
adhesions that result from the handling required in a
laparotomy approach.22 Laparoscopy also can be used
to collect the embryos within the abdomen without
performing laparotomy. The latter technique requires
considerable skill and is not practical for routine field
use. A laparoscopy-assisted procedure will help ensure
success with embryo collection while decreasing the risk
of adhesion formation.10,13 The laparoscopic method
allows the operator to visualize the ovary, locate the
CL, and more easily exteriorize the uterine horn.
Advantages include reduced surgical time and a smaller
abdominal incision.13

Nonsurgical Techniques
Nonsurgical or transcervical embryo collection techniques avoid the risk of postsurgical adhesions and
maintain the value of genetically superior donors after
multiple embryo collections. Several reports of successful nonsurgical collection in sheep and goats have been
published.28-31 Embryo recovery rates appear to be comparable to those achieved with surgical collection, but at
present, most commercial embryo recovery procedures
are still performed surgically.
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Embryo Handling
The flush medium is examined under a dissecting
microscope, and the embryos are retrieved and placed
in a holding dish after washing. Before freezing or
transfer, they are carefully assessed for quality and
stage of development. Morula and blastocyst stages
are expected when embryos are collected at day 5
or 6. Embryos should be held in Dubecco’s PBS
with 5% to 20% fetal calf serum. The International
Embryo Transfer Society (IETS) has defined handling
procedures to reduce the risk of disease transmission
during ET.
Embryos are drawn-pulled into the tip of a smallbore intravenous catheter attached to a 1-mL syringe
for immediate transfer into recipients. Alternatively, the
embryos may be processed for freezing.

Embryo Transfer
Most transfers are done surgically, with or without the
aid of a laparoscope. Recipients are selected for transfer
on the basis of the greatest synchrony of estrus to the
donor doe. This synchrony is one of the most important
factors in the success of ET programs.
The recipient is prepared as for surgical embryo collection, and a small ventral midline incision is made in
front of the mammary gland. The ovaries are examined
for a CL, and the uterine horn ipsilateral to the CL is
exteriorized. Embryos are transferred to the oviducts
through the fimbriae using a “tom cat” catheter, Pasteur
pipette, or embryo-specific pipettes if the embryos are
in an early stage of development (before day 4). Older
embryos (those collected after day 4) are transferred to
the uterine horns through a small stab incision made
with a rounded 20-gauge needle or with the eye end of
a suture needle. Before closing the abdominal incision,
the clinician should examine the catheter used to make
the transfer microscopically, to ensure that no embryos
are retained in it. Most clinicians will transfer 2 embryos
per recipient.
Recipient animals undergoing laparoscopy-assisted
transfer are prepared and placed on a surgical table
or cradle as described for laparoscopic AI. Two cannulas are placed in the abdominal cavity, each 2 to
3 cm from the midline and approximately 10 cm cranial to the udder. The ovaries are examined through
the laparoscope to identify the horn suitable for the ET.
The tip of the uterus is grasped with forceps and gently
elevated through the incision to the exterior and then
is punctured with a blunt needle, and the embryos are
introduced as previously described. The small incision
in the midline is sutured.
Although the laparoscopic collection of embryos
requires considerable expertise, laparoscopic transfer of
embryos is relatively easy and recommended for large
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ET programs. However, laparoscopy-assisted transfer
and surgical transfer are the techniques used most often
for ET in goats.
For laparoscopic transfer, the recipient animals are
prepared as described for laparoscopy-assisted ET. The
clinician examines the ovaries through the laparoscope and identifies the horn ipsilateral to the CL for
transfer of the embryos. The embryos are loaded in a
0.5-mL straw, which is placed in an AI insemination
gun fitted with a brass injection tip. The Cassou gun
is inserted into the abdominal cavity through the cannula, an avascular area at the tip of the uterine horn is
identified, and the needle is inserted into the uterine
lumen at a right angle to the uterine wall. The clinician
gently depresses the plunger of the AI gun to expel the
embryos.
Many factors can affect the success of an ET program. An average of 8 to 10 transferable embryos can
be expected per flush, with expected pregnancy rates of
60% to 80% for the transfer of two fresh embryos per
recipient.32 Pregnancy rates from the transfer of frozen
embryos are much lower.

ADVANCED REPRODUCTIVE
TECHNIQUES
Embryo freezing, in vitro fertilization, sexing semen,
nuclear transfer (cloning), and other forms of assisted
reproductive technology are useful both in research and
for propagating desired genetic traits. Information on
specific areas of interest is widely available from the
current scientific literature.33-39
REFERENCES
1.	Alford A, Strickland J: Meat goat production in Georgia, Athens, Ga,
1998, UGA Extension Bulletin.
2.	Nuti L: Techniques for artificial insemination of goats. In
Youngquist RS, Threfall WR, editors: Current therapy in large
animal theriogenology, ed 2, Philadelphia, 2007, WB Saunders,
pp 529–534.
3.	Karaca F, Tasal I, Alan M: Preliminary report on induction of
estrus with multiple eCG injections in colored Mohair goats during the anestrus season, Anim Reprod Sci 114:306–310, 2009.
4.	Shipley CFB, et al: Artificial insemination and embryo transfer in
sheep. In Youngquist RS, Threfall WR, editors: Current therapy in
large animal theriogenology, ed 2, Philadelphia, 2007, WB Saunders, pp 629–641.
5.	Deligiannis C, et al: Synchonization of ovulation and fixed time
intrauterine insemination in ewes, Reprod Domest Anim 40:6–10,
2005.
6.	Holtz W, et al: Ovsynch synchronization and fixed-time insemination in goats, Therio 69:785–792, 2008.
7.	Mobini S: Reproductive management in goats, Proceedings of the
North American Veterinary Conference, vol 14, Orlando, Fla, 2000,
p 219.
8.	Karatzas G, Karagiannidia A, Varsakeli K: Fertility of fresh and
frozen-thawed goat semen during the non breeding season, Therio
48:1049, 1997.
9.	Moses D, et al: A large-scale program in laparoscopic intrauterine
insemination with frozen-thawed semen in Australian Merino
sheep in Argentine Patagonia, Therio 48:651, 1997.

188

Chapter 8 • Theriogenology of Sheep and Goats

10.	Mobini S, Heath AM, Pugh DG: Theriogenology in sheep and
goats. In Pugh DG, editor: Sheep and goat medicine, Philadelphia,
2002, WB Saunders, pp 129–186.
11.	Mylne MJA, Hunton JR, Buckrell BC: Artificial insemination of
sheep. In Youngquist RS, editor: Current therapy in large animal
theriogenology, Philadelphia, 1997, WB Saunders.
12.	Buckrell B, et al: Reproductive technologies in commercial use
for sheep, goats, and farmed deer, Proceedings of the Society for
Theriogenology, Nashville, Tenn, 1997, p 185.
13.	Evans G, Maxwell WMC: Salmon’s Artificial insemination of sheep
and goats, Sydney, 1987, Butterworth.
14.	Chemineau P, et al: Training manual on artificial insemination in
sheep and goats, Rome, 1991, FAO of the United Nations.
15.	Paulenz H, et al: Effect of cervical and vaginal insemination with
liqud semen stored at room temperature on fertility of goats,
Anim Reprod Sci 86:109–117, 2005.
16.	Wulster-Radcliffe MC, Lewis GS: Development of a new transcervical artificial insemination method for sheep: effects of a new
transcervical artificial insemination catheter and traversing the
cervix on semen quality and fertility, Therio 58:1361–1371, 2002.
17.	Halbert GW, Walton JS, Buckrell BC: Evaluation of a technique
for transcervical artificial insemination of sheep, Proceedings of the
Society for Theriogenology, Nashville, Tenn, 1990, p 293.
18.	Sohnrey B, Holtz W: Technical note: transcervical deep cornual
insemination of goats, J Anim Sci 83:1543-1548
19.	Anel L, et al: Factors influencing the success of vaginal and laparoscopic artificial insemination in Churra ewes: a field assay, Therio
63:1235–1247, 2005.
20.	Eppleston J, Maxwell WMC: Sources of variation in the reproductive performance of ewes inseminated with frozen-thawed ram
semen by laparoscopy, Therio 43:777, 1995.
21.	Buckrell BC, Pollard J: Embryo transfer in sheep. In Youngquist
RS, editor: Current therapy in large animal theriogenology, Philadelphia, 1997, WB Saunders.
22.	Scudamore CL, et al: Laparoscopy for intrauterine insemination
and embryo recovery in super ovulated ewes at a commercial
embryo transfer unit, Therio 35:329, 1991.
23.	Ishwa AK, Memon MA: Embryo transfer in sheep and goats: a
review, Small Rumin Res 19:35, 1996.
24.	Hill J: Maximizing the results of goat embryo transfer programs,
Proceedings of the American Association of Small Ruminant Practitioners Research Symposium on Health and Disease, Nashville, Tenn,
1996, p 120.

25.	Husein MQ, et al: Effect of eCG on the pregnancy rate of ewes
transcervically inseminated with frozen-thawed semen outside
the breeding season, Therio 49:997, 1998.
26.	Wallace JM: Milne, Aitken RP: Effect of weight and adiposity at
conception and wide variations in gestatinal dietary intake on
pregnancy outcome and early postnatal performance in young
adolescent sheep, Biol Reprod 82:320–330, 2010.
27.	Li QY, et al: Technical note: transfer of ovine embryos through
a simplified mini-laparoscopic technique, J Anim Sci 86:
3224–3227, 2008.
28.	Pereira RJTA, Shohnery B, Hollz W: Nonsurgical embryo collection in goats treated with prostaglandin F2α and oxytocin, J Anim
Sci 76:360, 1998.
29.	Melican D, Gavin W: Repeat superovulation, non-surgical embryo
recovery, and surgical embryo transfer in transgenic dairy goats,
Therio 69:197–203, 2008.
30.	Flohr SF, Wulster-Radcliffe MC, Lewis GS: Technical note: development of a transcervical oocyte recovery procedure for sheep,
J Anim Sci 77:2583–2586, 1999.
31.	Agrawal KP, Goel AK, Tyagi S: Successful non-surgical embryo
recovery from a goat, Indian J Exp Biol 29:1144, 1991.
32.	Rowe JD: Reproductive management in sheep and goats, Proceedings of the American Association of Small Ruminant Practitioners
Research Symposium on Health and Disease, Nashville, Tenn, 1998,
p 39.
33.	Keskintepe L, et al: Term development of caprine embryos derived
from immature oocytes in vitro, Therio 42:527, 1994.
34.	Samake S, et al: in vitro fertilization of goat oocyte during the
nonbreeding season, Small Rumin Res 35:49, 2000.
35.	Keskintepe L, Simplicio AA, Brackett BG: Caprine blastocyst
development after in vitro fertilization with spermatozoa frozen
in different extenders, Therio 49:1265, 1998.
36.	Leoni GG, et al: A new selection criterionto assess good quality
ovine blastocysts after vitrication and to predict their transfer into
recipients, Mol Reprod Dev 75:373–382, 3008.
37.	Cognie Y, et al: Current status embryo techniques in sheep and
goats, Therio 59:171–188, 2003.
38.	Baldassarre H, Karatzas CN: Advanced assisted reproduction technologies (ART) in goats, Anim Reprod Sci 82-83:255–266, 2004.
39.	Cran DG: XY sperm separation and use in artificial insemination
and other ARTs, Soc Reprod Fertil Suppl 65:475–491, 2007.

PREGNANCY DETERMINATION:
RATIONALE AND TECHNIQUES

The value of pregnancy determination lies in the
identification of nonproductive females and ewes bearing multiple fetuses; early identification allows appropriate nutritional and management programs to be
implemented. Meaningful grouping of animals within
the herd or flock based on pregnancy status and fetal
numbers not only improves the overall health of these
animals by reducing the incidence of some diseases but
also decreases production costs.

Early pregnancy diagnosis and determination of the
number of fetuses are of considerable value in goat
and sheep reproductive herd health management. Goat
owners frequently use clinical signs such as failure to
return to estrus after breeding, enlarging abdomen, and
developing mammary glands to make a presumptive
diagnosis of pregnancy. However, pathologic conditions
of the uterus and ovaries, physiologic anestrus late in the
breeding season, and out-of-season breeding also may
cause postbreeding anestrus in nonpregnant does.1,2
Many does and some ewes exhibit estrous behavior during pregnancy. Ultrasonography and hormonal assays
are the most useful methods of pregnancy diagnosis.
Abdominal palpation or ballottement, radiography,
and rectal-abdominal palpation with a rod have limited
use or have been abandoned.

Ultrasonography
Ultrasonographic techniques for pregnancy determination include amplitude modulation (A-mode), Doppler,
and real-time (B-mode) imaging.2 A-mode ultrasonography can be used to detect pregnancy between 60 and
100 days of gestation. Detection of a fluid density is
interpreted as pregnancy. Accordingly, hydrometra or a
large bladder may give a false-positive result. Therefore
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A-mode ultrasound imaging is an unreliable method
for diagnosing pregnancy.
Doppler ultrasonography can be used to detect movement that may indicate pregnancy (blood flow in the
middle uterine artery or umbilical arteries, fetal heart
beat, and fetal movements). The external Doppler technique has an accuracy of 100% during the second half
of gestation but is not as effective at 50 to 75 days or earlier. The transrectal technique for Doppler ultrasound
imaging may be attempted as early as 25 to 30 days after
breeding, but waiting until day 35 to 40 produces better
results. False-negative and false-positive results are common, and determining fetal number is difficult.
Pregnancy detection in the ewe and doe is now performed almost entirely with real-time ultrasonography.
Linear array real-time ultrasound transducers can be
used transrectally to diagnose pregnancy as early as 18
days and as late as 60 days.3 A homemade plastic extension can easily be fashioned from PVC pipe to allow easy
introduction of the transducer into the rectum. A 5- or
a 7.5-MHz transducer is recommended for rectal scans.
After 60 days the gravid uterus is pulled down into the
abdomen and may be difficult to visualize transrectally.
Table 8-5 shows associated ultrasonographic findings
for different gestational ages in sheep and goats.
Transabdominal ultrasonography with a 3.5- or
5-MHz linear or sector scanner is used after 30 days of
gestation. The transducer is placed on a fiberless area
of the abdomen high in the inguinal region, preferably
in the right flank.1,2 A bland fluid (e.g., vegetable oil,
methylcellulose, alcohol) should be used to couple the
ultrasound transducer to the skin. The clinician aims
the transducer’s beam toward the pelvis and scans the
abdomen by slowly “sweeping” the transducer cranially. In goats, shearing the inguinal region increases the
accuracy and speed of examination. Identification of the
bladder (typically triangular in appearance) provides
an excellent landmark. The uterus normally is located
dorsal or cranial to the bladder. Pregnancy at this
point can be diagnosed on the basis of finding a fetus,
placentomes, or, less reliably, numerous fluid-filled
uterine luminal sections. The placentomes appear as
round “doughnuts” or C-shaped structures (Figure 8-20).
Transabdominal ultrasonography can be used as early
as 30 days and as late as 120 days. After day 90 to 120,
reliable identification of the number of fetuses becomes
difficult, because their individual size fills the screens;
one fetus may be mistaken for two, or two different
fetuses may be mistaken for one.
Twin pregnancies often can be determined between
45 and 90 days of gestation. Sector scanning units
provide a wider visual angle or view of the abdomen.1
This capability allows more of the uterus to be seen in
the visual field, improving the accurate identification of
multiple fetuses. The clinician should shear the belly
wool just cranial to the udder and scan the abdomen

189

TABLE 8-5 Ultrasonographic Findings With
Pregnancy
Day(s)

Comments

17 to 25
26 to 35

Transrectal; embryo visible after 24 days
Transabdominal; hypoechoic amnion and
hyperechoic fetus
Transabdominal; doughnut-shaped to
C-shaped placentomes
Best time for twin detection; midabdomen
in front of udder
Determination of number of fetuses is less
accurate close to term

30 to 75
45 to 90
90 to term

slowly for an overall view of the abdominal structures.
Generally, the C-shaped placentomes can be seen
“pointing” their concave portions toward the fetus. The
fetal bones form “shadows,” and the fetal ribs produce
a characteristic striated appearance.
Careful attention to a complete and thorough examination helps minimize errors, but viewing a single fetus
too long can result in a false diagnosis of twins. After 120
days the fetal bones can produce a very distorted image,
but a diagnosis can be made with some effort. To maximize the usefulness of ultrasound imaging, ewes and
does should be scanned at 45 to 60 days of gestation so
that producers can implement any management changes
indicated by pregnancy status or number of fetuses. Clinicians also can use ultrasonography to stage pregnancies by measuring the biparietal diameter of the fetus.2-4
Abnormal ultrasonographic findings include hydrometra, pyometra, fetal mummification, and fetal maceration. Hydrometra appears as an anechoic, fluid-filled
uterus, often with membranous strands visualized in
the lumen of the uterus. The uterus also does not have
the typical placentomes characteristic of pregnancy.
Hydrometra often is seen in does with apparently normal reproductive histories.2,3 Pyometra also is manifested as a fluid-filled uterus with more hyperechoic
densities and a swirling appearance.
Assessment of fetal viability may be crucial in disorders such as pregnancy toxemia.1 Fetal mummification
may be identified as hyperechoic areas without any
identifiable body parts within a relatively fluid-free,
placentome-less uterus. The fetal heartbeat can be easily recognized by 30 to 35 days after breeding.2 Early
fetal death may be recognized by finding free-floating
fetal masses along with ribbon-like placental membranes.4 These ribbon-like membranes may be found
contralateral to a normally developing fetus. Lack of
fetal movement, amniotic fluid, heartbeat, and blood
coursing through the umbilicus can easily differentiate a dead lamb fetus from a living one on real-time
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by gently pushing a fisted hand low in the right flank of
the female. In a pregnant female in late gestation, the
fetus should be pushed away from the fisted hand and
then return in a fluid wave to “bump” the fist. Ballottement will not determine the viability of the fetus, and
false positives have resulted when the ventral sac of the
rumen was mistaken for a gravid uterus.

A
B

A
C

A

Hormone Assays
Measurement of hormones in blood, milk, or urine
provides an alternative method of pregnancy diagnosis when ultrasound equipment is not available. The
estrone sulfate test, pregnancy-specific protein B (PSPB)
assay, and progesterone measurement are examples.

Estrone Sulfate
Estrone sulfate is a pregnancy-specific hormone produced by the fetoplacental unit. It can be detected in the
urine, serum, or milk after day 50 of pregnancy. When
performed any time after day 50 after breeding, estrone
sulfate assay has been reported to have almost 100%
accuracy in the detection of pregnancy. A positive test
result indicates a viable fetus. False-positive results are
possible with assay of hemolyzed serum samples. Falsenegative results may be obtained if samples are collected
before day 50 of gestation. Commercial laboratories
offering this assay are limited, and the test is expensive.1
B
Figure 8-20 Ultrasound appearance of the transabdominally viewed gravid uterus contrasted with the rectally viewed
nongravid uterus. A, Real-time, curvilinear array ultrasound
imaging using a 2.5-MHz transducer on a doe at 60 days of
gestation. The hyperechoic, C-shaped placentomes (A), the
hyperechoic fetal ribs (B), and the hypoechoic amnionic fluid
(C) can be seen in this transabdominal view. B, Ultrasound
image of a nongravid uterus in a 3-year-old Cheviot ewe, 2
months after delivering twins, demonstrating an alternating
echogenic and hypoechoic appearance. The lumen of the uterine horn is not visible of this picture. This long-axis view was
obtained transrectally with a 5-MHz linear array transducer.
Cranial is to the right of the image. (A, Courtesy Dr. Misty
Edmondson, Auburn University; B, courtesy Dr. Karine Pader,
Purdue University.)

ultrasonography. Soon after fetal death, the placentomes lose their “crisp” margins.1

Abdominal Palpation
and Ballottement
During the last half of gestation, the gravid uterus or
fetus may be palpated through the abdominal wall.
Ballottement may be useful in determining pregnancy
status during late gestation. Ballottement is performed

Pregnancy-Specific Protein B
PSPB is produced by binucleate giant cells of the placenta throughout gestation. It can be used in sheep and
goats to detect pregnancy any time after days 22 and 30
after breeding for sheep and goats, respectively. Both
false-positive and false-negative results are possible, and
commercial laboratories offering the test are limited.2
Multiple fetuses result in higher levels of PSPB.1

Progesterone
Progesterone assay is not a test for pregnancy, and it more
accurately identifies nonpregnant females than pregnant
females. Goats depend on progesterone from the CL to
maintain pregnancy throughout gestation. Plasma or
serum progesterone concentrations below 1 to 2 ng/mL
at 21 days and 18 to 19 days after breeding in the doe
and ewe, respectively, indicate nonpregnancy, as dictated
by the absence of a functional CL. An elevated progesterone concentration may indicate pregnancy, hydrometra,
pyometra, early embryonic death, fetal mummification,
or irregular estrous cycle. The accuracy of blood progesterone level analysis is reported as 80% to 100% for
nonpregnancy and 67% to 100% for pregnancy. In some
management scenarios, particularly in dairy goats, serum
or milk progesterone is collected on day 19 to 22 after
breeding. Serum or plasma progesterone concentrations
more accurately reflect the true endocrine status of the
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doe and are more accurate than milk progesterone analysis. Commercial on-farm cattle progesterone test kits can
be used in goats with good accuracy.1

Radiography
Abdominal radiography is useful for detecting pregnancy and fetal numbers in the individual pet goat
brought to a clinic. It also provides an accurate alternative when ultrasound equipment is not available. This
procedure is applicable but rarely used in ewes and
does. Radiography is not practical for examining large
numbers of animals. The fetal skeleton may be seen as
early as 58 days after breeding and may be radiopaque
after day 65. Radiography probably is best performed
90 days or later after breeding in sheep and goats, to
avoid false-negative results.

FETAL AGE DETERMINATION
The size of the fetus can be used to estimate gestational
age. The crown-rump length of the fetus in relation
to gestational age has been estimated for Saanen and
Alpine goat breeds. A crown-rump length of 40 mm is
equivalent to 45 days of gestation, 100 mm to 60 days,
and 250 mm to 90 days.5 Fetal age also has been estimated for dairy goats and pygmy goats between 40 and
100 days of gestational age by measuring the biparietal
diameter with real-time ultrasonography.6,7

FETAL SEX DETERMINATION
Fetal sex can be determined using real-time ultrasonography through visualization of the genital tubercle
of the developing fetus between 55 and 75 days of
gestation. The genital tubercle begins its development
between the hindlimbs and moves back toward the tail
in females or forward toward the umbilicus in males.
Females should have two teats visible between the hind
legs with the absence of a triangular-shaped scrotum.
The penis and prepuce are located just caudal to the
umbilical cord.8 Visualization of the genital tubercle
is more difficult with twins or triplets than with a
singleton fetus.9

ANTEPARTUM CARE OF THE EWE
AND DOE
Females should be maintained at a body condition
score of 2.5 to 3 and should be allowed free access
to an acceptable mineral salt mixture (see Chapter 2)
and clean water. All causes of stress should be avoided.
Deworming, hoof trimming, shearing, vaccination,
moving, and other stressful procedures should be minimized for 1 month before the ewes and does give birth.1
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GENERAL FEMALE MANAGEMENT
Pregnant ewe and doe flocks should be intensely
managed to control disease and lessen the chance of
reproductive failure. A review of records provides the
veterinarian with the opportunity to look at the reproductive performance of the flock over the past several
years. This analysis can help in the implementation of
management changes to enhance productivity. Particular attention should be paid to lambing percentages and
dystocia rates, to determine whether more aggressive
monitoring and intervention may be necessary around
the time of birthing. Some basic guidelines should
be followed with respect to control of infectious disease. Producers should attempt to keep flocks closed
during gestation and should be vigilant for potential
fomite transmission among flocks. Biosecurity measures should be extended to include pest and stray cat
control (see Chapter 19).
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Producers should determine the animals’ pregnancy
status and number of fetuses and sort and feed them
accordingly. Females should be monitored and assessed
for body condition score every 2 to 3 weeks throughout
gestation. Basic feeding programs and herd health recommendations are covered elsewhere in this book (see
Chapters 2 and 19).
A good herd health program should be planned and
implemented to decrease the incidence of disease in
the prepartal ewe. The ewe’s energy balance also can be

192

Chapter 8 • Theriogenology of Sheep and Goats

monitored by measuring beta-hydroxybutyrate concentrations in serum. A clean, dry lambing area that is protected from severe cold and wind should be provided
for the ewe. She should be sheared before lambing
and the mammary glands examined to ensure that the
lambs will be physically able to nurse and that no severe
teat and udder lesions are present.2
Dairy does should be “dried off” 60 days before
the expected due date. During the final 4 weeks of
the dry period, the diet should be supplemented with
concentrates or good-quality pasture. The doe should
be watched closely for signs of ketosis, hypocalcemia,
hypomagnesemia, or abortion diseases.2 When possible, females should receive their annual vaccinations
and be dewormed during the final month of pregnancy.
Vaccination of females for enterotoxemia, tetanus,
and other endemic diseases optimizes the presence of
immunoglobulins in the colostrum. Dairy does should
be brought into a kidding pen, and the hair around
their udders, tails, and perineal areas should be clipped.
Meat does should have access to a clean shelter for kidding and should be observed regularly.

PARTURITION
Normal parturition requires the functional maturation
of the fetal adrenal cortex. Parturition is triggered by
activation of the fetal pituitary-adrenal axis. Adrenocorticotropic hormone (ACTH) is released by the fetal pituitary gland, stimulating the release of corticosteroids by
the fetal adrenal glands. An increase in fetal corticosteroids stimulates placental estrogen biosynthesis, which
in turn stimulates the synthesis and release of PGF2α
from the placenta and endometrium. PGF2α causes
luteolysis, which results in a decrease in progesterone.
The combination of increase in estrogen and decrease
in progesterone stimulates myometrial activity, with
consequent oxytocin release.1
Birth is much more likely to occur during the daylight hours than at night; it is most frequent around
midday. When the female is close to birthing, the udder
fills up rapidly, the pelvic ligaments relax, and the vulva
enlarges and shows small amounts of colorless mucous
discharge. The cervical plug often is shed just before
parturition, but it may be lost as early as 1 week ante
partum.
Parturition can be divided into three stages. The first
stage is initiation of myometrial contractions, which last
from 2 to 12 hours. The female may leave the flock and
act uncomfortable; she is restless, lies down and gets
up, and urinates frequently. During this first stage, the
cervix relaxes and releases the cervical seal. The second
stage is delivery of the fetus, which is fairly quick, lasting
approximately 1 to 2 hours. Does and ewes may prefer
lateral recumbency during this stage, but some older,
more experienced females may remain standing for

delivery. Initially the amnion protrudes from the vulva,
which should be followed shortly by the forefeet and
the head. The lamb or kid should be in a position such
that the dorsum of the lamb or kid is aimed toward the
sacrum of the ewe or doe. Note: Any female that fails
to continue progressing through parturition should be
examined.
Some lambs and kids are born in posterior presentation, which is normal if both legs are extended
and delivery occurs rapidly after the feet are delivered.
With multiple kids or lambs, the female may rest
between deliveries, or the deliveries may occur in
quick succession. If a female strains without producing any kid or ewe for longer than an hour, intervention is indicated.
The third stage is characterized by delivery of the placenta within 6 hours, and involution of the uterus. In
the absence of signs of septicemia or systemic toxicity,
failure to deliver the placenta should be no cause for
concern until 12 to 18 hours. Involution of the uterus is
complete by day 28 after birth. Lochia (a nonodorous,
reddish-brown discharge) normally is discharged for as
long as 3 weeks.

INDUCTION OF PARTURITION
AND PREGNANCY TERMINATION
Termination of pregnancy in the doe can be achieved
at any time, because of the species-specific dependence on progesterone from the CL to maintain pregnancy throughout gestation. Therefore intentional or
accidental administration of prostaglandins induces
abortion or parturition at any stage of gestation. The
typical reason for a client’s request for early termination of pregnancy is mismating. The drug of choice to
induce abortion or parturition in the doe is PGF2α (5
to 10 mg) or cloprostenol (75 to 100 μg/45 kg of body
weight). The ewe is similar to the cow in that PGF2α
may not induce abortion throughout gestation in all
ewes. To allow the CL to mature and become receptive to the prostaglandin effect, the doe or ewe should
not be treated earlier than 5 to 7 days after breeding.
Successfully aborted does typically show estrus in 3
to 5 days.1

Ewe
Farm personnel can use induction of lambing as a
management technique to ensure proper attention to
the delivery process. Lambing can be reliably induced
in ewes after day 137 of gestation with dexamethasone
(15 to 20 mg IM), but better lamb survival rates may
be expected if induction is initiated within 1 week of
the expected due date or after day 142 of gestation.
Lambing can be expected within 36 to 48 hours after
the injection.3,4
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Doe

Epidural Anesthesia

The gestational age of a kid should be at least 144
days at induced parturition for the animal to be viable.
Therefore accurate breeding records are very important. Females with enlarged udders filled with milk
are the best candidates for induction. A doe induced
in the morning at the correct stage of gestation can be
expected to kid by the next afternoon. Prostaglandins
may be given all at once (5 to 10 mg of PGF2α or 75 to
100 μg of cloprostenol/45 kg of body weight) or in stepwise fashion (100 μg cloprostenol followed in 10 hours
by 50 μg). This protocol allows owners to plan the time
and day of kidding so that assistance is available. Unlike
cows, does seldom retain placentas after induced parturition. If does are to be induced because of pregnancy
toxemia, administering a glucocorticosteroid (10 to 20
mg dexamethasone IM) 6 to 12 hours before induction
may enhance fetal maturation and improve postinduction survivability.5

Administration of a caudal epidural analgesic facilitates
correction of fetal alignment and helps decrease the
associated straining and pain. The area over the first
two caudal vertebrae should be clipped and aseptically
prepared. An 18- to 21-gauge, 4-cm needle is directed
ventrally into the junction between the first two caudal
vertebrae perpendicular to the slope of the tail head.
In small goats, use of a 25- to 27-gauge needle may be
required. After penetrating the skin, the clinician should
fill the hub of the needle with 2% lidocaine (0.5 mL/45
kg of body weight) and advance the needle slowly in a
ventral direction. When the needle is in the proper position, the lidocaine should flow into the space because
of the negative pressure in the epidural space. Location
of the site can be enhanced by moving the tail up and
down. Epidural administration provides approximately
1 hour of analgesia.

DYSTOCIA MANAGEMENT
Dystocia can be a major cause of economic loss in sheep
and goat flocks. The most common cause of dystocia
is fetal postural abnormalities. Other causes include
incomplete cervical dilation, simultaneous presentation of lambs or kids, cervicovaginal prolapse, uterine
inertia, and occasionally fetal-maternal size disproportion. Cases of fetal-maternal size disproportion usually
are associated with singleton births and overly finished
(overconditioned) ewes or does.6
Most birthing problems are handled by owners, and
only the more difficult cases are submitted for veterinary assistance. Most kids or lambs are born in cranial,
longitudinal presentation. With all manipulative procedures, it is essential to adhere to general principles
of veterinary obstetrics such as cleanliness, lubrication,
and gentleness. Practitioners with small hands tend to
have a technical advantage.
When a ewe or doe is presented for dystocia management, the clinician should first assess her overall condition and rule out the presence of concurrent disease.
The 3-30 rule is used by many practitioners: (1) The ewe
or doe should be examined 30 minutes after contractions begin or after the breaking of the chorioallantoic
membrane. (2) If the female is normal and parturition
is progressing normally, the clinician should wait at
least 30 minutes before beginning any treatments or
manipulations. (3) Finally, females should be examined
30 minutes after delivery to determine whether another
fetus is still in the uterus or birth canal. Some females
with dystocia may have a complicating uterine inertia
because they have become fatigued; signs of pain and
panting may be noted. Hypocalcemia (both primary or
secondary to respiratory alkalosis) contributes to poor
uterine contractility.

Physical Examination
Ideally, the area around the vulva should be clipped
of wool and thoroughly cleansed before any obstetric
interventions. The clinician should next attempt to
palpate the fetus and determine the cause of the dystocia. The use of copious amounts of lubricant should
be encouraged for performing obstetric maneuvers in
the ewe or doe. Disposable gloves should be worn by
all people participating in the birth process because
of the potential for zoonotic disease transmission.
Common causes of dystocia include deviations from
normal presentation, position, or posture; flexion of
the neck, carpus, or shoulder; fetal-maternal disproportion; and propulsion of more than one fetus at a time
into the vaginal canal.5 Not all cases of abnormal fetal
presentation, position, or posture, however, will result
in dystocia. Some does and ewes may give birth normally if only one forelimb is presented with the head.
In dystocia caused by blockage of the vaginal canal by
a relatively large head or fetus, one of the forelimbs
may be repositioned into shoulder flexion, allowing
room to pass the head and remaining forelimb; the
kid can then be delivered by traction. In cases in which
just the head is presented and both shoulders are in a
flexed position, traction of the head with a snare may
be sufficient for delivery if the vaginal canal has been
well lubricated.
Carpal and shoulder flexions are corrected digitally
by hooking a finger around the forelimbs below the
flexed carpus and straightening the limb.

BREECH PRESENTATION
A true breech presentation implies that the fetus is in
posterior presentation in a dorsosacral position with
both back limbs retained beneath the fetal body. Breech
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fetuses are handled in a fashion similar to that for
fetuses with carpal flexion by straightening each flexed
hindlimb. In such cases the rear quarters of the fetus
and the tail are felt on vaginal examination. If the veterinarian’s hands are small enough, manual correction
of this dystocia may be possible. The fetus should be
pushed cranially and to one side. Raising the female’s
hindquarters can make this maneuver much easier. The
clinician next should try to pull a hock back into the
pelvic canal. After one hock is in the pelvis, it should
be rotated laterally in relation to the long axis of the
fetus while the foot is pulled ventrally and medially out
through the vulva. The veterinarian should take care
not to injure the ewe’s vagina with the fetal hooves. The
same procedure is then repeated on the contralateral
limb, and the fetus is extracted from the ewe.

Head Malposition or Lateral Deviation
of the Head
Repulsion should be attempted to gain enough room to
pull the head back around in normal position. If this cannot be accomplished, the clinician can place a snare-type
device over the laterally retained head and legs to keep
the head of the fetus as tight against its body as possible
and then extract the fetus by pulling on the forelimbs.

Front Leg Malposition
One or both front legs can be retained. If both front
legs are retained, the head usually is in the pelvis or can
be found protruding from the vulva. If the fetus is still
viable, it should be repulsed into the pelvic canal to
create the room necessary to extract both legs one at a
time. Lambs or kids can be delivered with only one foot
forward if repeated efforts to extend the second leg are
unsuccessful. Care should be taken to ensure that the
legs pulled into the pelvic canal are from the same fetus
as the head. If no response is elicited from the fetus by
pinching or pulling on the tongue and if the veterinarian is confident that the fetus is dead, the head can be
removed with a guarded wire saw or a fetotomy knife.
This may allow for easier correction of the retained legs.
The same basic procedure can be done if only one leg
is retained. When both legs and the head present at the
same time (i.e., the legs do not present before the head),
the elbows often lodge against the inner entrance of the
pelvic canal, creating an elbow lock. This malposition
often can be corrected by mild repulsion of the head
followed by traction on one limb at a time.

Ringwomb
Failure of the cervix to dilate properly is encountered as
a clinical problem in the ewe and, to a lesser extent, in
the doe.7 This condition is referred to as ringwomb and is

considered to be heritable. A similar clinical condition
occurs when the natural birth process is disrupted and
the cervix is not properly stimulated for normal dilation
to occur. If the veterinarian’s hand can fit into the pelvis,
manual dilation of the cervix can be attempted. Oxytocin can be administered to induce uterine contractions;
pushing against the closed cervix may aid in the dilation
process. However, a cesarean section usually is required.
A fetotomy knife can be used to open the cervix if the
animal’s value does not warrant surgery and the fetuses
are still viable. Euthanasia should be considered after
this procedure, depending on the condition of the cervix and uterus.

Cesarean Section
Cesarean section is the most common abdominal surgery performed in small ruminants. Although aseptic
technique in a hospital setting is ideal for better results
and fewer complications, the procedure can certainly
be performed in the field with good results. In fact, if
transportation to a clinic facility dramatically increases
the time to delivery of lambs or kids, the field procedure
often is a better option than endangering survival by
delaying delivery.
Cesarean section can be performed with the animal
in dorsal recumbency using a ventral midline approach,
but more often it is done with the animal in right lateral
recumbency through a left paralumbar fossa incision.
Local anesthesia obtained with use of a paravertebral or
line block is adequate. We suggest limiting the dose of
lidocaine injected for local anesthesia to no more than
6 mg/kg of body weight. Diluting the 2% lidocaine
from the bottle with an equal volume of saline will create
a 1% solution, which achieves adequate anesthetization
of the surgical site without causing toxicity. Paravertebral blocks can be performed in small ruminants as in
cattle; however, it is frequently easier to achieve adequate
anesthesia with a line block or local infiltration. The body
wall of small ruminants is relatively thin, so the local
infiltration does not need to go as deeply as in cattle.
When paravertebral anesthesia is unsuccessful in achieving adequate anesthesia, it is important not to exceed the
toxic dose of lidocaine with use of supplemental local
infiltration. Some animals may need mild sedation, but
most are easily restrained in lateral recumbency without
sedation (see Chapter 18).
The left paralumbar fossa approach allows the dam
to remain in lateral recumbency, which leads to far
fewer respiratory complications than restraint in dorsal
recumbency. The rumen is also dorsal aspect up with
this positioning, which serves to help retain abdominal viscera within the abdominal cavity. Should the
dam bloat in left lateral recumbency, the rumen will
have more room to dilate before respiratory compromise develops, and it can be decompressed if needed.
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Experience would suggest that this is not a frequent
problem. When bloat does occur, the practitioner usually is wise to quickly complete the surgery and return
the dam to sternal recumbency, rather than being
overly concerned with rumen distention. The muscular
body wall is relatively thin in small ruminants in comparison with that in other, large animal species. The
utmost care is therefore required in making the body
wall incision, to avoid inadvertently damaging deeper
structures. Sheep, more so than goats, have a great deal
of retroperitoneal fat that must be penetrated to reach
the abdominal cavity. The gravid uterus usually can be
well exteriorized in small ruminants to allow packing
off of the uterus with sterile towels before this organ
is opened. If possible, both uterine horns should be
exteriorized. The uterine incision is best made on the
greater curvature of the uterus in an easily accessible
area between the ovary and the cervix. This incision
can be made over the hindlimbs of the fetus; however,
it frequently is easier to make the incision over the
head of the lamb or kid, with care taken not to make
a laceration in the fetus (Figure 8-21). The practitioner’s needs are best served by making an incision over
each respective fetus, but occasionally two fetuses in
the same uterine horn can be removed through one
uterine incision. However, it is difficult to maneuver a
fetus from one uterine horn into the other, to permit
removal through one incision, so it is best to make at
least one uterine incision per uterine horn when fetuses
are present in both uterine horns. Any placenta that is
not firmly attached to the uterus should be removed
before closure of the uterus. The uterine incision should
be closed with absorbable suture in an inverting pattern
(e.g., Utrecht, Cushing, Lembert) to achieve a fluid-tight
seal (Figure 8-22). The practitioner should be careful
not to invert too much tissue, because this may lead to a
tunneling effect with subsequent leakage of uterine contents. One-layer closure usually is sufficient, although a
second can be added if the integrity of the first layer is
in question. The uterus should then be cleaned of any
blood or debris, using a copious amount of fluid, before
it is replaced into the correct position in the abdominal
cavity, with care taken to limit any contamination of
the abdominal cavity. The muscular body wall is closed
with absorbable suture in a manner chosen by the
practitioner. Closure of each muscle layer separately is
recommended, but in the interest of time, layers may be
combined without detriment.
The most common reason for cesarean section in
small ruminants probably is inadequate cervical dilation.8 However, some consideration must be given to
overdiagnosis of “ringwomb” when a time delay before
attention to a dystocia. The cervix in fact may have been
adequately dilated during labor but does not maintain
appropriate dilation for the duration of a prolonged
dystocia. Other reasons to perform a cesarean section
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Figure 8-21 Cesarean section in a ewe with pregnancy
toxemia. The uterus has been exteriorized and packed off. The
animal is in left lateral recumbency. The uterine incision will
be made over the head of the fetus with this exposure.

Figure 8-22 Cesarean section in the same animal as in
F igure 8-21. The uterine incision is closed with absorbable
suture in an inverting pattern.

include pregnancy toxemia in the ewe, relative fetal
oversize, absolute fetal oversize, and, less frequently,
fetal malposition. Uterine torsion occasionally may
lead to cesarean section, in which case the practitioner
frequently will encounter severe tissue damage to the
avascular uterus. The uterus experiencing torsion may
not be viable, and the dam could be very ill.
Retained placenta is the most common postoperative
complication after cesarean section. In general, complications are decreased when the dam receives perioperative antibiotics.
Pygmy goats as a breed are at greater risk than others
for dystocia.5 The increased popularity of some meat
breeds may lead to selective breeding of heavily muscled animals, which may be more prone to dystocia.
Any delay in surgery after a dystocia occurs decreases
the fetal survival rate. Many owners will elect not to
rebreed dams after a cesarean section. In one study,
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however, all ewes and does bred after cesarean section
conceived and had uncomplicated vaginal deliveries.8
Another experimental study comparing ewes experiencing natural delivery and those having elective cesarean
sections did not find any significant difference in subsequent fertility.9 It was found that bacterial cultures
of deep cervical swabs were positive for a significantly
longer period in does that underwent cesarean section
than in does that experienced natural delivery.10 The
clinical significance of this finding probably is related
to intensity of management systems. Lambs delivered
prematurely by cesarean section from ewes pretreated
with dexamethasone (16 mg) demonstrated better oxygen consumption and breathing frequency than control
lambs. These lambs exposed to low temperatures also
showed improved thermoregulation in comparison
with control lambs.11 This finding supports pretreatment of ewes with dexamethasone for all elective cesarean deliveries.

Fetotomy
A complete fetotomy, such as that performed in cows, is
rarely practiced in either goats or does. Before performing a fetotomy, the clinician should clean the animal’s
perineal area and lubricate the entire reproductive tract
well; extreme caution is indicated during the procedure
to avoid uterine rupture and cervical or vaginal damage.
Partial fetotomy of the head in most cases is sufficient to
allow adequate room in the vagina for further manipulation or passage of the remaining fetal parts. In both
sheep and goats, percutaneous fetotomy to remove the
front legs may help reduce size so that the fetus may be
manipulated through the pelvic canal. If two fetuses are
wedged into the pelvic canal and repulsion of one or
both is not possible, partial fetotomy may be of benefit.
Partial fetotomy is warranted when the fetus has been
dead for some time and the female’s uterus is very friable. In such instances, pretreatment with NSAIDs (e.g.,
flunixin meglumine) and antibiotics (e.g., penicillin)
may be indicated.
Note: The clinician should be very careful when
performing a fetotomy, because the uterus in both the
ewe and the doe is quite friable compared with that
in the cow. Any tear in the uterine wall opening into
the abdominal cavity in an already physiologically or
immunologically compromised animal can easily result
in peritonitis, long-term infertility, or death.

NEONATAL CARE
Lambs
After lambing, the ewes and lambs should be placed
together in claiming pens for at least 24 hours. This
strategy allows observation of the nursing behavior of
the lamb and provides an opportunity for any indicated

intervention. Newborn lambs should attempt to stand
and nurse within 30 minutes of birth.
Dipping the navel with an iodine solution (7%
tincture), a weak iodine solution, or a chlorhexidine
solution is recommended. The chlorhexidine solution
appears to have a more prolonged residual antibacterial
effect, and the strong iodine solutions may be associated with formation of umbilical abscesses or patent
urachus. In addition, the availability of 7% tincture of
iodine is currently restricted in the United States owing
to its potential misuse for production of methamphetamine drugs. Still, the “test of time” suggests that all of
these solutions are safe and effective if used judiciously.
Neonatal lambs are especially prone to hypoglycemia
and hypothermia, so careful observation of newborns is
mandatory. The newborn lamb should be up and nursing within the first 2 hours of life. If the lamb does not
seem satiated after nursing or if the ewe has an udder
problem with the potential for inadequate milk production, colostrum should be supplemented. Table 8-6 summarizes how to make a sodium sulfate solution for use
in assessing the success or failure of passive transfer of
colostral antibodies. Recommendations for supplementation of colostrum are 50 mL/kg in the first 2 hours after
birth and a total of 200 mL/kg in the first day. Lambs can
be supplemented with either ovine or caprine colostrum.
Fresh or frozen colostrum from animal sources generally
is considered superior to commercial supplements. If
possible, the colostrum donor should be from the same
general geographic location as the dam and should be
vaccinated against the clostridial diseases.12

Kids
At birth, kids should be observed for abnormal respiration
and other evidence of fetal distress such as meconium
staining. Mucus and fluids should be removed from the
nose and mouth immediately. Normal kids attempt to
stand within a few minutes of birth and nurse vigorously
within the first few hours. Respiration in the newborn
kid is stimulated by the doe’s licking or by vigorous rubbing with a towel by the owner. The umbilicus should be
inspected for hemorrhage or herniation, and the umbilical
stump should be disinfected with 7% tincture of iodine or
another suitable iodine or chlorhexidine solution.
The way kids are raised and handled after birth
depends on the type of goat and the owner’s preference.
Meat and fiber goats raise their kids on pasture, whereas
dairy kids are removed before they have a chance to
nurse. Kids need to receive adequate colostrum within
the first 4 hours of birth. Dairy kids are bottle-fed heattreated (at 56° C for 1 hour) goat colostrum to prevent
caprine arthritis-encephalitis virus transmission. Weak
kids should receive colostrum through an oral stomach
tube or a lamb feeder. Kids should receive 10% of their
body weight in colostrum the first day, divided into three
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or four feedings. Colostrum substitutes are not suitable
for kids and do not increase their immunoglobulin
levels. Delayed colostrum intake, inadequate colostrum
ingestion, and ingestion of poor-quality colostrum
are common reasons for failure of passive transfer2
(see Table 8-6). In meat and fiber production herds,
adequate colostrum intake can be assessed by observing
kids nursing and by palpating their abdomens.
Serum immunoglobulin levels can be assessed using
a sodium sulfate test, zinc sulfate turbidity test, or other
commercially available screening test. Levels higher
than 1600 mg/dL are desirable; levels below 600 mg/dL
may indicate failure or partial failure of passive transfer.
Intravenous transfusion of 20 to 40 mL/kg of caprine
plasma from the dam or another adult goat in the herd
may be indicated for a valuable neonate exhibiting failure of passive transfer.
Kids born in selenium-deficient regions should be
injected with selenium at birth. (Note: Overdosing may
result in death, so it is imperative to carefully calculate the
dosage and properly administer all selenium-containing
products.) Finally, kids are at greatest risk for hypothermia and hypoglycemia during the first few days of life.
They should be protected from rain and cold weather
and treated for hypoglycemia with glucose solution.

POSTPARTUM CARE OF THE EWE
AND DOE
Careful examination of the ewe or doe for the presence of additional fetuses should be performed by
either ballottement of the abdomen or transabdominal
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ultrasonography. Vital signs and muscle tone also
should be assessed as a means of detecting hypocalcemia. After parturition, the placenta is passed rather
quickly but is not considered retained until 6 to
12 hours post partum. Dairy does should be milked
soon after parturition. In meat and fiber production
herds, the doe’s or ewe’s udder should be palpated
for evidence of mastitis and to determine the quality
and quantity of colostrum or milk production. Colostrum or milk should be expressed from each teat to
ensure patency of the teat and to detect any abnormal
secretions.
Postpartal females should be monitored closely for
appropriate infant-maternal bonding and to ensure that
the lamb or kid is nursing appropriately. Observation is
facilitated by placing the doe or ewe with her litter in
a small pen for several days before being moved back
into the main herd. Does and ewes also should be
monitored closely for signs of hypocalcemia or ketosis. Maximizing dry matter intake by fresh does and
ewes will help prevent metabolic disease and ensure
maximum production.

PERIPARTURIENT DISEASE
A variety of periparturient conditions such as pregnancy
toxemia, vaginal prolapse, milk fever, and uterine inertia may interfere with normal parturition or adversely
affect the health and fertility of the ewe or doe after
parturition. With the exception of pregnancy toxemia,
these conditions are encountered more frequently in
sheep than in goats.

TABLE 8-6 A Method for Assessing the Success or Failure of Passive Transfer in the Neonatal
Lamb or Kid
Sodium Sulfate Test for Passive Transfer
•	Place 14, 16, and 18 g of powdered sodium sulfate with 100 mL of distilled water into three labeled containers.
•	Place 1.9 mL of each of these solutions (14%, 16%, 18%) into three separate sterile tubes.
•	Add 0.1 mL of serum to each container; then mix thoroughly.
•	Allow the mixture to stand undisturbed at room temperature for 1 hour to permit maximal precipitation. Assess the
tubes for clarity. A cloudy appearance (manifested by the inability to read newsprint through the tube) is associated with
immunoglobulin precipitation.
Appearance of Sodium Sulfate Solution

Immunoglobulin
Concentration (mg/dL)

14%

16%

18%

Comment

Greater than 1500
Greater than 1000

Cloudy
Clear

Cloudy
Cloudy

Cloudy
Cloudy

500

Clear

Clear

Cloudy

Less than 500

Clear

Clear

Clear

Successful passive transfer
Successful to partially
successful passive transfer
Partial failure of passive
transfer
Failure of passive transfer
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Fetal Hydrops
Consumption of legumes with high concentrations of
estrogenic compounds, hypothyroidism secondary to
iodine deficiency, and ingestion of goitrogens all are
associated with hydrops uteri. Hydrops also may result
from placental or uterine disease. Retention of large
quantities of fluid may result in rupture of the prepubic
tendon. Induction of parturition should be considered
in cases of fetal hydrops.

Rupture of the Prepubic Tendon
Rupture of the prepubic tendon occasionally is seen in
sheep and goats pregnant with multiple fetuses, pregnant females with fetal hydrops, and pregnant females
that have experienced abdominal trauma. If the owner
chooses to keep the female until parturition, applying
a homemade canvas girdle (for added abdominal support), reducing rumen fill (increasing concentrate and
decreasing forage intake), and reducing salt or trace
mineral intake all may be effective in management of the
condition. Surgical correction usually is cost-prohibitive
and unsuccessful. If an accurate breeding date can be
ascertained, the clinician may consider performing
an elective cesarean section or inducing parturition.
If parturition is induced, the clinician should closely
observe the female to determine whether she requires
help to deliver. Preventing stress and trauma (as from
deworming or shearing) in late-term females and selecting for animals that do not give birth to quadruplets
may help prevent rupture of the prepubic tendon.
Females that survive parturition should be culled.

Vaginal Prolapse
Vaginal prolapse is a relatively common problem in the
ewe. It typically occurs during the last 3 weeks of gestation in multiparous ewes. Vaginal prolapse is relatively
uncommon in goats but occasionally is encountered
in dairy breeds. The ventral vaginal floor usually is the
area that protrudes from the vulvar lips. Many different theories have been advanced regarding the etiology
of vaginal prolapse. The consumption of low-quality
forage results in increased abdominal filling, which
may lead to the vagina’s being forced out of the vulva.
The estrogen content of some legumes also has been
incriminated. Other nutrition-related problems include
over- and underconditioning and poor bunk management resulting in overcrowding.
Other physical factors that have been implicated
include obesity, persistent cough causing repeated episodes of high intraabdominal pressure, and improper
or close tail docking in sheep. The tails of sheep should
be docked beyond the sixth coccygeal vertebrae or
left just long enough to cover the anus when pulled

ventrally. Unfortunately, show animals are often docked
closer than this to improve the look of the rump area in
the show ring.
Because of a possible genetic component, the offspring of ewes or does that have experienced vaginal
prolapse should not be kept as breeding stock.12 An
epidural anesthetic (2% lidocaine, 0.5 mL/45 kg of
body weight) helps prevent straining. Alternatively, a
combination of xylazine (0.07 mg/kg) and lidocaine
(0.5 mg/kg) can be used to provide as much as 24 hours
of relief from straining, although they may cause some
pelvic limb ataxia.13 The prolapsed vagina should be
cleaned with a mild soapy solution before replacement.
Occasionally the urinary bladder is found inside the
prolapsed tissue. Real-time ultrasonography is beneficial in determining the location of the urinary bladder.
If the bladder is within the prolapsed tissue, it usually
can be drained by locating the urethral orifice beneath
the prolapsed tissue (caudal to the vulvar commissures), inserting a finger into the orifice, and lifting the
prolapsed tissue. A 12 French catheter can be inserted
through the urethra and into the bladder if draining
is required. The prolapsed tissue should be well lubricated with a water-soluble lubricant (methylcellulose),
gently massaged, and carefully forced cranially to its
natural position. Picking up the ewe by her hindlegs
can facilitate replacement of the prolapsed organ. In the
event of considerable swelling that makes replacement
difficult or impossible, either a hydroscopic agent is
applied (e.g., Epsom salts, sugar) or steady pressure can
be applied to the prolapsed tissue to decrease edema
and reduce size.
A popular method of retaining the prolapsed tissue is
through the use of a specially designed plastic prolapse
retainer. This retainer has a broad spoon-shaped end
that pushes down on the replaced vaginal floor and two
retention arms that are tied into the wool or sutured to
the skin on either side of the rump. These devices can
be successfully used in some goats.
Various types of pursestring and mattress sutures
also have been used. Making a shoelace-pattern support across the vulva with soft rolled gauze, using small
loops of umbilical tape placed each side of the vulva,
works well. The owner can loosen the lacing and check
on the progress of parturition. If the female is 1 month
from parturition, a Buhner suture can be used, with
substitution of a standard cadaver needle for a Buhner
needle. The Buhner method results in a suture that may
last longer and will rarely tear out.
A retention harness also has been described. A rope
or stout cord is placed over the back so that half of
the rope is on either side of the body. The rope is then
crossed under the front legs and then brought back dorsally to be crossed over the back legs. The rope is then
passed ventrally and under the rear limbs on either side
of the udder and crossed again as it is brought dorsally
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over the perineal area. The two ends are now tied to the
rope placed over the back. This configuration discourages straining and secures the perineum.

Uterine Prolapse
Uterine prolapse generally occurs within 12 to 18
hours after lambing or kidding and may be associated
with any condition that weakens the ewe or causes
difficult delivery. Hypocalcemia may contribute to
the flaccidity that predisposes to uterine prolapse.
The prolapsed uterus is usually atonic and is slowly
expelled from the vulvar lips rather than being forcefully expelled by straining. The prolapsed tissue should
be gently washed and well lubricated before replacement into the abdomen. The administration of a
caudal epidural (lidocaine 2%, 0.5 mL/45 kg) before
replacement decreases straining by the ewe or doe.
The replacement procedure can be aided by raising the
hindquarters off the ground. This maneuver allows the
abdominal contents to fall away from the pelvic canal
and promotes correct intraabdominal replacement of
the prolapsed uterus.
Closure of the vulvar opening is accomplished using
a Buhner or shoelace suture as described for vaginal prolapse. If hypocalcemia is suspected, the female should
be given a calcium solution. Oxytocin is indicated to aid
uterine contraction. The prognosis normally is good.
Cases involving laceration or heavy soiling of prolapsed
tissue may be complicated by infection.

Retained Fetal Membranes
The placenta should be expelled by 6 hours after parturition. In the absence of toxemia, septicemia, or
abnormal vaginal discharge, the clinician should take
no action to remove the placenta until 12 to 18 hours
post partum. Retained fetal membranes (RFMs) may
be caused by deficiency in selenium or vitamin A,
infectious abortion (e.g., toxoplasmosis, chlamydiosis,
listeriosis), obesity of the dam, hypocalcemia, dystocia,
and possibly other factors.14,15 RFMs are uncommon in
goats but appear to be a problem in some sheep flocks.
A higher incidence of RFMs has been reported in dairy
goats and in does or ewes whose young have died or
have been removed. A retained placenta with no other
concurrent clinical signs is of little significance, except
that the condition may be associated with certain diseases or deficiencies. Occasionally a vaginal examination can reveal the placenta if it is not visible externally.
If the ewe or doe appears clinically normal, treatment
should entail only the removal of the placenta. Manual
removal should not be attempted. Instead, the doe or
ewe can be given oxytocin (5 to 10 IU two to six times
a day) or prostaglandins (PGF2α, 5 to 10 mg; cloprostenol, 75 μg/45 kg of body weight). Some practitioners
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(in particular, D.G.P.) prefer PGF2α or its analogues and
avoid using oxytocin in females with nursing young.

Metritis and Endometritis
Metritis is uncommon in sheep and goats but is
encountered in dairy goat breeds and in association
with RFMs; dystocia; retained dead lambs or kids;
abortion caused by toxoplasmosis, chlamydiosis, and
listeriosis; and possibly other diseases.14,15 A retained
placenta may serve as a “wick” between the environment and the uterus.

Clinical Signs and Diagnosis
Clinical signs include a thin, watery, brown to red, possibly purulent, malodorous vaginal discharge. Infected
females may appear relatively normal or extremely ill
and toxic. They may be febrile and exhibit decreased
rumen motility, dehydration, increased scleral injection, and possibly depression. In severe cases animals
can become infected with Clostridium tetani, other
Clostridium species, or other toxin-producing bacteria.
Peritonitis may develop as a result of severe uterine
infection or postpartum uterine tears or ruptures. Uterine tears are more common after dystocia, but they also
may occur spontaneously.16 As expected, a complete
blood count (CBC) indicates toxemia or septicemia (see
Appendix 2). Abdominocentesis may reveal increased
protein, increased number of leukocytes, and possibly
toxic leukocytosis. Ultrasound examination usually
reveals an enlarged, fluid-filled uterus containing hyperechoic fluid. Both goats and ewes normally have a thick,
nonodorous, brown to reddish-brown vaginal discharge
(lochia) for as long as 4 weeks after birth. This normal
discharge requires no treatment. New, relatively inexperienced sheep or goat owners, particularly those with
pet animals, may interpret lochia as a sign of illness
(e.g., metritis).

Treatment
Any underlying disease that is resulting in metritis
should be treated. Affected ewes or does should be
given broad-spectrum antibiotics (oxytetracycline 10 to
20 mg/kg once or twice a day) or antibiotics with good
efficacy against anaerobic bacteria (penicillin 20,000
IU/kg twice daily). If a vaginal speculum examination
reveals an open cervix, broad-spectrum antibiotics can
be infused through the cervix and into the uterus. Uterine infusion is controversial, and the clinician undertaking this procedure should take care not to damage
the cervix, puncture the uterus, or otherwise cause further uterine scarring or damage. Intrauterine infusions
may damage the endometrium, as well as decreasing
the function of the polymorphonuclear cells within
the uterus. Uterine evacuation with administration
of prostaglandins (PGF2α, 5 to 10 mg; cloprostenol,

200

Chapter 8 • Theriogenology of Sheep and Goats

75 to 100 μg/45 kg of body weight) or oxytocin (5 to
10 IU), rehydration as needed, and NSAIDs (e.g., flunixin meglumine, 1 mg/kg) should be included in the
therapeutic plan. If the placenta is retained, it should
be removed, but not manually. Because of the potential
for clostridial infections, particularly in animals with
dystocia-induced uterine trauma, macerated fetuses, or
uterine bacterial contamination, clostridial disease prophylaxis should be undertaken. Previously vaccinated
females can be given a booster that includes C. tetani
prophylaxis. In animals with no history of clostridial
prophylaxis, antitoxin is indicated.14,15

Pyometra
Pyometra can occur as a sequela of metritis in which
the cervix has been damaged; it also occurs in females
that cycle after parturition during the anestrus season
(e.g., Nubians, dwarf goats). The late cycle can result
in an ovulation and retention of the resultant CL for
a prolonged period. Pyometra is a very uncommon
disorder. Pathologic findings include anestrus, occasionally sustained elevated serum progesterone, ultrasonographic evidence of variable amounts of echogenic
intrauterine fluid, and occasionally a purulent vaginal
discharge.
Treatment should include prostaglandins (PGF2α,
5 to 10 mg; cloprostenol, 75 to 100 μg/45 kg of body
weight) or oxytocin (5 to 10 IU twice daily), or both.14,15

Pregnancy Toxemia
Pregnancy toxemia (ketosis, hepatic lipidosis) typically
develops during the final trimester of pregnancy in ewes
and does. The condition usually is seen in females carrying multiple fetuses and may result from their inability to consume adequate energy to match metabolic
demands. Conditions that increase energy demands
or decrease energy intake also can predispose affected
animals to this disease.
Pregnancy toxemia can be divided into four etiologic
categories: (1) primary pregnancy toxemia, (2) “fat ewe”
(or “fat doe”) pregnancy toxemia, (3) starvation pregnancy toxemia, and (4) secondary pregnancy toxemia.
Primary pregnancy toxemia results from a decrease in
nutrition such as poor quality feed or due to a brief
period of fasting. Fat ewe (doe) pregnancy toxemia is
seen in overconditioned sheep and goats in early gestation that suffer from a decline in nutrition during late
gestation, which may be due to smaller rumen capacity.
Starvation pregnancy toxemia occurs in extremely thin
sheep and goats, usually as a result of lack of feed after
periods of drought, heavy snow, or flood. Secondary
pregnancy toxemia occurs with concurrent disease such
as lameness, impaired dentition, and parasites (see
Chapter 5 & 6).

In many instances, pregnancy toxemia can be prevented by balancing nutritional demands of the dam
and the increased requirements of the fetus during late
gestation. Ewes and does carrying multiple fetuses have
a decreased dry matter intake compared with that in
ewes carrying a single fetus. This decreased dry matter
intake results from a decrease in rumen volume secondary to uterine enlargement, an increase in heat production from the fetuses, and changes in free fatty acid
concentrations.17 Obese or extremely thin females may
be more prone to developing the condition. Gestating
ewes carrying twins require 180% more energy than
those carrying singletons, and those carrying triplets
require 240% more than ewes carrying singletons. Ewes
and does that are obese, have concurrent disease, or
with lack of good quality forages may not be capable
of consuming enough to meet these demands, resulting in a negative energy balance. Ewes and does achieve
little net glucose absorption from the gastrointestinal
tract but instead synthesize it in the liver.5,17 A negative
energy balance in late gestation results in changes in the
insulin-glucagon ratio and activates lipases that mobilize fatty acids and glycerol from body energy reserves.
The liver uses these fatty acids and glycerol as energy for
fetal growth. If the energy demands are greater than the
supply, the liver cannot produce enough glucose and
may become overwhelmed with free fatty acids, resulting in the production of ketones.

Clinical Signs and Diagnosis
Pregnancy toxemia is most common during the last 2
to 4 weeks of gestation. Very few clinical signs may be
present in the early stage of the disease. As the toxemia
progresses, neurologic involvement becomes apparent
and is characterized by depression and recumbency,
with development of tremors, star-gazing, incoordination, circling, and grinding of the teeth. Increased levels
of ketones and low glucose concentrations result in the
observed clinical signs.18 The diagnosis is confirmed
by detecting an increase in urine and blood ketone
concentrations. Urine concentrations are more sensitive and specific than blood concentrations. Other
findings may include decreased serum calcium and
potassium, increased blood urea nitrogen, elevated free
fatty acid concentrations (more than 500 μg/mL), and
elevated beta-hydroxybutyrate concentrations (more
than 1 mmol/L).18 Necropsy findings include a pale,
swollen liver.

Treatment
Treatment is aimed at correcting energy, electrolyte,
and acid-base disturbances as well as stimulating
appetite and treating dehydration. In the early stages
of disease (while the animal is still ambulatory),
a palatable, energy-rich, highly digestible feedstuff
should be offered, and oral or intravenous glucose
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and balanced electrolytes should be given. In the
later stages of the disease (when the animal is recumbent), treatment specific for pregnancy toxemia must
be immediate and aggressive. The fetuses must be
removed as soon as possible, with treatment aimed at
saving the life of the dam at the expense of the lambs
or kids. Lambs or kids born more than 7 days premature seldom survive. In critical cases, a cesarean section
should be performed. If the animal is not critically
ill or its value does not warrant surgery, parturition
should be induced.
Glucose should be given to control the increased
ketone production by the liver. A single injection of
50% dextrose (100 to 250 mL IV) may be effective,
depending on the size of the ewe or doe. More frequent administration may result in a rebound hypoglycemia. If the animal’s value warrants the expense,
a slow drip of 5% dextrose can be used after the
initial bolus. B vitamins can be given to stimulate the
appetite and provide some of the necessary precursors for the liver to produce glucose. If hypocalcemia
is suspected, the slow infusion of 50 mL of calcium
borogluconate (20 mg of calcium/mL) is warranted. If
the animal has been anorexic for several days, transfaunation with the rumen liquor from a healthy ruminant
can produce a more favorable rumen environment.
Propylene glycol can be given (15 mL twice daily)
to treat the hypoglycemia.19 Flunixin meglumine
(2.5 mg/kg once a day) appears to improve feed intake
and survivability but should be used in conjunction
with other therapies.20,21

Prevention
Prevention of pregnancy toxemia entails providing a
good nutrition plan and decreasing any stressors such
as increased workloads and parasitism. The addition
of niacin and ionophores may provide an additional
means of combating this disease (see Chapter 2 & 5).17,21
Shearing of pregnant sheep also is beneficial because
the consequent increased loss of body heat may stimulate dry matter intake.17,18,21,22 The weight of the fleece
coat increases the workload for the ewe. Ewes in late
pregnancy carrying multiple fetuses also tend to be
larger and more awkward than their flock mates.
Management practices must ensure that these animals
are being allowed to eat and that adequate bunk space
is available for them. Serum beta-hydroxybutyrate concentrations have been used as indicators of the nutritional status of ewes within a herd. Values greater than
0.7 mmol/L indicate that the herd animals are in negative energy balance; the producer should take immediate steps to prevent pregnancy toxemia and not wait
for clinical cases to appear. Ultrasonography is used
to separate ewes that are carrying twins so that owners or caretakers can meet their additional nutritional
needs.
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Hypocalcemia
Hypocalcemia typically is seen during the last 2 weeks
of gestation. Twin-bearing ewes require as much as 8 g
of calcium and 4 g of phosphorus daily.

Clinical Signs and Diagnosis
The clinical signs can overlap those of pregnancy toxemia,
because the two diseases often are seen concurrently.
Hypocalcemic ewes initially are ataxic and hyperactive
but soon become recumbent. Other clinical signs include
bloat and absence of pupillary light responses. The initial
hyperactivity results from a lack of membrane stabilization by calcium. The subsequent paralysis occurs because
little to no calcium is available to release acetylcholine
at the neuromuscular junction and influence muscle
contractility. Calcium concentrations can be measured to
confirm hypocalcemia. The serum calcium concentration
is less than 7 mg/dL in clinically apparent cases.

Treatment
Clinical cases are treated with 1 g of calcium/45 kg of
body weight, and the response is dramatic. Ewes should
have a good supply of calcium in their diets during the
final 6 weeks of gestation. Alfalfa hay provides a good
source of calcium, as does a mineral mix containing
calcium.14
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REPRODUCTIVE DYSFUNCTION
AFFECTING OFFSPING
Reproductive Failure

lambs, and bent legs in newborns. The incidence of
abortion and birth of small weak lambs has been
reported to be as high as 75% in exposed ewes. The
toxin affects the fetal-placental unit, causing delayed
placentation, decreased placental vascularization, fetal
edema, and altered development of the cotyledons. It
also is associated with decreased spermatogenesis in
the ram.3

During an investigation of reproductive failure in ruminants, the infectious causes always seem to garner the
most attention. Noninfectious causes, however, often
can be more problematic to diagnose, although they are
easier to treat. Deficiencies in iodine, copper, and other
nutrients can result in reproductive failure in sheep and
goats. These and other nutritional problems are covered
in more detail in Chapter 2.

Plant Toxicity
Veratrum californicum
Members of the Veratrum genus are associated with
numerous congenital abnormalities in lambs. Veratrum californicum, commonly known as false hellebore,
contains a teratogenic alkaloid (cyclopamine) that
is responsible for a number of congenital defects in
lambs, depending on the stage of gestation at which
they are consumed. Exposure to V. californicum during
the first 10 days of gestation is associated with early
embryonic death. The classic, demonstrable conditions
associated with V. californicum ingestion—severe facial
abnormalities such as a cyclops-like appearance, anophthalmos, and cleft palate—result when exposure takes
place between days 12 and 14. Exposure between days
25 and 36 results in hypoplasia of the metacarpals and
metatarsals. Exposure also has been reported to lead to
inadequate development of the fetal pituitary glands.
This can result in prolonged gestations, abnormally
large fetuses, and an increased incidence of dystocia. V.
californicum is an erect herb with an unbranched stem.
Large, wide, alternate, clasping leaves with prominent
spiraling parallel veins are characteristic1,2 (Table 8-7).

Locoweeds
Members of the genera Astragalus and Oxytropis commonly are referred to as locoweeds; they have been
implicated as causing abortions, birth of small weak

Broomweed
Broomweed (Gutierrezia microcephala, Xanthocephalum
lucidum) ingestion can cause abortions and birth of
small, weak, premature lambs, from the effects of an
ecbolic toxin contained in these plants (triterpenoid
saponin). Other clinical signs include gastrointestinal
upset and hematuria with death in some cases. Broomweed is a shrub found in arid regions of the western
United States.4

Ergot Alkaloids and Ergot
The consumption of fescue (Festuca arundinacea)
infected with the fungus Netyphodium coenophialum
is associated with decreased reproductive efficiency.4
The ergot alkaloids produced by the fungus have been
shown to affect prolactin production in ewes and to
increase the interval from introduction of the ram until
conception.5 Presence of ergot in concentrations greater
than 0.1% to 0.7% of the diet can reduce the number of
live births in sheep.6

Estrogen-Producing Plants
Sheep appear to be sensitive to the effects of phytoestrogens from plants such as subterranean clover
(Trifolium subterraneum), white clover (T. repens), and
alfalfa (Medicago sativa). Clinical signs associated
with phytoestrogen consumption include infertility, irregular and prolonged heats, vaginal prolapse,
cystic glandular hyperplasia of the cervix and uterus,
enlarged teats, and inappropriate lactation.7 Dystocia
and uterine inertia also have been reported.6 Plants
associated with depressed reproduction are listed in
Table 8-7.
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TABLE 8-7 Plants That Affect Reproduction
PLANT
Fusarium

Clovers (subterranean,
crimson, red, white,
alsike)
Ponderosa pine
Cottonseed

Broomweed, Monterey cypress,
jumpweed
Veratrum californicum

COMMENT
•	Found in moldy corn and wheat.
•	Produces the estrogenic substance zearlenone.
•	Clinical manifestations include a decreased lambing and kidding percentage.
•	Clovers produce estrogen-like substances.
•	Clinical manifestations include cystic hyperplasia of the cervix and hydrops uteri.
•	White clover also contains cyanogenic ergot alkaloids.
•	Alsike also can cause photosensitization, liver disease, and stomatitis.
•	Clinical manifestations include stillbirths, last-trimester abortions, renal tubular necrosis, pulmonary congestion, weak uterine contractions, and poor cervical dilation.
•	Toxic substance is gossypol.
•	Clinical manifestations include testicle and spermatozoa abnormalities.
•	Toxic ingestions occur most often in young preruminants.

•	All parts of the plant are toxic.
•	Signs include salivation, diuresis, muscular weakness, and incoordination.
•	Preventive measures include delaying grazing until after the first frost and breeding
ewes 5 weeks before putting on range containing veratrum.
Days of Gestation

Tobacco
Poison hemlock
Lupine
Locoweed
Sudan grass

Effect

0 to 10
Failure to implant
12 to 14
Cyclopia
12 to 34
Motor nerve paralysis
22 to 30
Cleft palate
25 to 36
Hypoplasia of metacarpals and tarsals
•	Toxic effects are more common in swine.
•	Toxic effects are more common in cattle.
•	Can cause arthrogryposis.
•	Can cause arthrogryposis.
•	Can cause arthrogryposis and contracted tendons.

Pharmaceuticals

Heat Stress

Some drugs have been associated with abortion
and birth defects in sheep and goats when administered in mid- to late gestation. The agents implicated
include chlorpromazine, phenylbutazone, phenothiazine anthelmintic, levamisole anthelmintic, and
corticosteroids.8

Heat stress depresses reproductive ability and causes
fetal wastage. Causes of heat stress include decreased
water intake, obesity, exercise intolerance, and fatigue
during hot weather. Both very young and very old
animals are susceptible to heat stress. High ambient
temperatures and high humidity result in poor or
compromised cooling. As the ambient temperature
approaches body temperature, skin vasodilation no
longer aids in heat dissipation. In sheep, the respiratory
passages are important in cooling, so animals will pant
when they are hot. Unsheared Angora goats and heavily
wooled sheep, particularly young sheep, are especially
susceptible to heat stress.

Nutritional Abnormalities
Poor body condition, depressed energy intake, and
decreased mineral and vitamin intake all suppress
reproductive activity in ewes and does. Lower overall
nutritional intake results in “weak” signs of estrus,
depressed ovulation, abnormal estrous cycle length,
and delayed puberty. Deficiencies in energy, protein,
vitamins A and E, phosphorus, and many trace minerals
are most common. Deficiencies in vitamin A, copper,
manganese, and iodine are associated with irregular
estrous cycles (see Chapter 2).

Clinical Signs
Common clinical signs include decreased fertility
and depressed signs of estrus in females as well as
an increased number of abnormal spermatozoa and
depressed libido in males. In Angora goats, embryonic
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mortality will be high if the heat stress occurs during the
first 3 to 6 weeks of pregnancy. However, all breeds and
both species can experience high rates of embryonic
loss. Other clinical signs include dullness, depression,
rapid respiration, open-mouth breathing, congested
conjunctiva, dilated pupils (early), constricted pupils
(late), decreased feed intake, increased heart rate, weak
rapid pulse, hyperthermia, acid-base disturbances,
dehydration, excessive loss of potassium and sodium
from sweating, and increased packed cell volume (to
greater than 60% red blood cells). Angora goats have
a decreased ability to respond to heat stress compared
with other breeds of goats. Sheep can tolerate external
temperatures higher than 110° F if the humidity is less
than 65%, but they will pant if the rectal temperature
is higher than 106° F. Secondary bloat and acidosis can
occur if high-energy feed is made available at night or
if a break in the weather occurs, because animals may
then gorge themselves.

Diagnosis
Diagnosis is based on recognition of the clinical signs.
Necropsy findings include cerebral edema, rapid putrefaction, and large, distended veins. CBC results are
unremarkable.

(e.g., fescue) should be specifically avoided. Providing
ventilation across the animals’ backs and housing in
an open-ridge barn with a high ceiling will help keep
animals cool.
For dairy goats or sheep, sprinklers and good ventilation in holding pens helps minimize heat stress, but
these measures may be contraindicated for the prevention of mastitis. Increasing the energy concentration of
feed may improve production after a period of reduced
intake. Feeding rumen bypass protein (blood meal, fish
meal, corn gluten meal, roasted soybeans, extruded soybeans) improves production, particularly if fat has been
added to the feed. The addition of sodium bicarbonate
(0.85% to 1%) may enhance milk production in hot
weather. Less heat is generated from good-quality forage
than from poor-quality forage. The acid-detergent fiber
(ADF) content of the diet can be dropped to 21% of
the dry matter intake for short periods. The addition of
ionophores improves productivity and decreases intake
for many animals but may not be of benefit in lactating females. The feeding of long-stem hay should be
implemented. If green or wet feeds are given, the bunks
should be checked for spoilage on a routine basis on
hot days.

Treatment

Pseudopregnancy

Treatment should include lowering the body temperature with cold water submersion, cold water enemas,
ice applications, or alcohol rubs. Affected animals
should be sheared. Nonpregnant animals can be given
glucocorticoids (dexamethasone, 1 to 2 mg/kg IV).
Normal hydration should be maintained. If animals are
more than 10% dehydrated, intravenous fluids should
be administered, but if animals are less than 10%
dehydrated, fluids can be administered orally. Keepers
should place affected animals in the shade and attempt
to improve air circulation around them.
Bucks and rams should undergo a BSE after periods
of heat stress. If spermatic abnormalities are noted, the
examination should be repeated in 49 to 60 days.

Pseudopregnancy (mucometra, hydrometra, “cloudburst”) is caused by a prolonged luteal phase in goats.
The incidence in dairy goats may be as high as 3% to
5% on some farms,9 with the highest incidence occurring in November through December. It is much less
common in fiber or meat breeds of goats and sheep. The
cause of this condition is poorly understood, but the
underlying pathophysiology may involve out-of-season
breeding, sheep and goat hybrid pregnancy, and the
overuse of hormonal manipulation of the reproductive
cycle. Some cases probably occur as a sequela of abortion or early embryonic loss with a retained CL. Spontaneous CL retention outside of pregnancy, which may
result from hormonal manipulation for superovulation
or out-of-season breeding, also has been proposed as a
cause of pseudopregnancy.6,9 The condition may occur
numerous times during the life of a doe, or it may occur
only once.

Prevention
Prevention is aimed at keeping animals cool. Woolly
or hairy animals should be sheared before periods of
hot weather. Long scrotal wool also should be shorn.
Animals should be maintained at a good body condition score. Providing shade at feed bunks and spraying
water on the animals’ backs around the lounging areas
are helpful preventive strategies. Spraying or misting at
the feed bunks can increase feed intake. On hot, humid
days, animals should be worked or handled only in the
early morning. Trace mineral salt and cool water should
be provided on a free-choice basis. Animals should be
fed in the early morning or late afternoon. Access to toxins and plants that decrease peripheral vasodilatation

Clinical Signs and Diagnosis
Some affected females may show signs of parturition,
udder development, and a bloody vaginal discharge.
Pseudopregnancy also is characterized by anestrus,
occasionally increased abdominal size, and external
and behavioral signs of pregnancy. Blood progesterone
concentrations may be consistent with pregnancy and
remain elevated for as long as 5 months. Real-time
ultrasonography may reveal a uterus with a variable
amount of fluid that is either clear, slightly cloudy,
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or clear with some flecks. The uterus usually appears
thin-walled, and no placenta or fetus can be visualized. In females that undergo ultrasound examination
before placentomes are visible (before day 30 of gestation), this condition may be falsely diagnosed as pregnancy. Therefore careful ultrasonographic examination
with attention to the stage of pregnancy and positive
signs of pregnancy (e.g., fetus, placenta, umbilicus) is
imperative.

Treatment
The most common treatment for pseudopregnancy is
the injection of PGF2α (10 to 20 mg) or cloprostenol
(75 to 100 μg/45 kg of body weight).

Vaginitis
Vaginitis has several causes. Whenever either nonparturient or parturient vaginitis is encountered, particularly in sheep, contagious ecthyma should be ruled
out. Other causes of vaginitis include caprine herpes
vulvovaginitis (manifested as edema and cloudy gray
discharge), granular vulvovaginitis caused by Mycoplasma and Acholeplasma, and Actinomyces pyogenes and
Staphylococcus infections.6 Lavaging the vagina with mild
antiseptic solutions (such as commercial chlorhexidine)
may be all that is required. If the affected animal is in a
lot of pain, NSAIDs are useful.
Ectopic mammary tissue on the vulva occasionally
is encountered. It appears as vulvar swelling before
parturition. Because outflow tracts for milk are rare, this
glandular tissue usually undergoes pressure atrophy.
The glandular tissue can be surgically removed, but this
form of therapy is rarely required.

Cystic Ovarian Disease
Cystic ovaries appear to be more common in goats
than in sheep. In one study, 2.4% of more than 1000
female goats examined at slaughterhouses had ovarian cysts.10 Owners often make the diagnosis based on
short cycles or nymphomania,9 so cystic ovarian disease
probably is overdiagnosed. Graafian follicles larger
than 12 mm may be considered cystic, but few studies
have been performed to document a standard size.9 The
normal follicle diameter size in sheep (15 to 19 mm) is
larger than that reported in the doe.6 The use of some
superovulation protocols (eCG), possibly phosphorus
deficiency, and the feeding of estrogenic compounds
may be associated with the formation of cystic ovaries.
Treatment with hCG (750 to 1000 IU) or GnRH (50 to
100 μg) may be effective.9 Does that have demonstrated
repeated development of cystic ovaries can be treated
with hCG or GnRH, watched for signs of estrus, bred,
and then retreated with hCG or GnRH 24 hours after
breeding.

205

Ovarian Tumors
Ovarian tumors are rarely reported in sheep and
goats.6,11,12 Granulosa cell tumor is the most common
type of ovarian tumor occurring in ewes and does. Animals with these tumors may exhibit nymphomania,
virilism, and inappropriate lactation syndrome. Ovarian ultrasonographic examination, either per rectum or
transabdominal, usually reveals an enlarged ovary that
is either solid or cystic. The contralateral ovary is devoid
of structures and lacks a CL.
A tentative diagnosis can be based on elevated
concentrations of testosterone or estradiol, diagnostic
ultrasound findings, and clinical signs. The treatment
is ovariectomy. As suggested by our own experience
and that of others, does with granulosa cell tumors
may have elevated concentrations of testosterone and
estradiol.11

Ovariectomy
Ovariectomy is not a commonly performed procedure
in small ruminants. Ovarian tumors or other ovarian
diseases that are best treated by ovariectomy are uncommon in both sheep and goats. Practitioners may be
called on to perform ovariectomies more frequently to
render pet goats infertile. Ovariectomies should be considered in does that have had a mastectomy for chronic
mastitis or inappropriate lactation syndrome to prevent
unwanted pregnancy and the resultant need for handraising kids (Chapters 9 and 15).
The ovaries in ewes and does normally are approximately 1.5 cm long and shaped like an almond. The
uterine horns are coiled in a relatively small spiral.14,15
This anatomic arrangement makes it somewhat difficult
to exteriorize the ovaries for ligation and removal.
An ovariectomy may be performed through either
a flank or a midline incision. The midline approach
may allow easier access for a bilateral ovariectomy,
rather than maneuvering the opposite ovary into
the surgical field with a flank approach. With either
approach, the incision should be made as caudal as
possible for ease of exteriorization and ligation. The
procedure may be done with use of only local anesthesia; however, heavy sedation or even general anesthesia will be helpful, because the tension placed on
the ovarian pedicle to exteriorize the ovaries for ligation can cause the patient visceral discomfort, which
is not alleviated with local anesthesia of the skin and
body wall. The ovaries can be located by palpating
the cervix in the pelvic canal, and tracing the uterine
horn to them. Once the ovary is located by palpation,
gentle persistent traction on the ovary will bring it
into visualization at the incision site. Once the ovary
is seen, hemostats should be placed on the vascular
pedicle to allow double ligation before transection
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and removal. After transection, the pedicle should be
observed to ascertain control of hemorrhage. With
bilateral ovariectomy, the remaining ovary is removed
in the same manner. The body wall incision is closed
in routine fashion.
Alternatively, the clinician may choose a laparoscopic technique for ovariectomy. The laparoscopic
procedure would be best used with the animal in dorsal
recumbency with hindquarters elevated, to move the
abdominal viscera cranially away from the pelvic canal
(Trendelenburg position). The scope portal is located
near the umbilicus, with instrument portals lateral and
caudal to the scope portal on the line from the umbilicus to the caudal part of the fold of the flank. The
advantage of this technique is better visualization of
the ovaries. Disadvantages are that the animal should
be held off feed for up to 36 to 48 hours to empty the
abdominal viscera as much as possible, to allow better
manipulation and visualization. It also is difficult to
secure the ovaries and exteriorize them for extracorporeal ligation, so intracorporeal ligation or cautery
is needed. This aspect of the procedure requires more
time and expertise with the laparoscope, which may
ultimately outweigh any advantages of this technique
over a conventional laparotomy.

Other Problems
Freemartins are rare in sheep and goats compared with
cattle, because both sheep and goats are adapted to
multiple births.

ABORTION AND PERINATAL DEATH
Abortion is the loss of the conceptus at any time during gestation, but the loss most commonly is detected
during the final 2 months. Perinatal death may be
associated with abortifacient disorders or conditions,
but also may be caused by environmental or maternal
factors. Embryonic loss often is influenced by failure
to maintain progesterone levels, which may be of
noninfectious or infectious etiology.1,2 Sheep are not
luteal dependent during middle and late fetal development, whereas goats have prolonged luteal dependency.1 Clinical signs of embryonic or early fetal loss
may include return to estrus, unobserved abortion,
or observation of a blood-tinged vaginal discharge.3
The ewe and doe have a high incidence of abortion
compared with other farm animals.2 Abortion rates
of 5% for these two species are commonplace; rates
less than 5% are considered good, and a less than 2%
abortion rate is considered excellent.3,5 A majority of
abortions are sporadic rather than epizootic and are
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caused by a number of “classic” abortifacient diseases
as well as maternal pyrogenic infectious disease, toxicities, or disruptive metabolic diseases.1 “Abortion
storms” result in losses of up to 20% of pregnancies
and more and also may be associated with neonatal
compromise.3
An epidemiologic investigation may be the practitioner’s strongest diagnostic tool. Information gathered
should include percentage of the herd affected, calendar
dates, gestational ages at time of abortion, age of affected
ewes or does, information on recently introduced animals and vaccination, anthelmintic administration and
nutritional histories. Care should be taken not to distribute an infectious agent on fomites, clothing, boots,
or skin. At-risk animals, such as new introductions or
primiparous females, may benefit from being separated
from older pregnant females with immunity. The use of
feeders may limit exposure to discharged pathogens on
the ground.6 Infectious agents that can be quickly identified by serologic testing, clinical diagnosis, or necropsy
should be ruled out early.
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Clinical examination of aborting females and the
flock or herd may yield information about systemic
diseases or nutritional status. Unaffected ewes and
does should be examined first.3 Clinical signs produced
by abortifacient agents in females may be mild, such
as with diarrhea produced by campylobacteriosis, or
severe, such as with Listeria encephalitis.
Evidence of vaginal discharge (“lamb stain”) may
be detectable on otherwise clinically normal females.7
Ultrasound imaging is an excellent tool to evaluate in
utero fetal viability, as well as placental edema and the
character of amniotic fluid. A positive result on serologic testing is not considered confirmatory for most
agents, but comparison of data from multiple animals
in a group, evaluation of past years’ results, and measurement of acute versus convalescent titers may direct
further diagnostic investigation.3
Serologic studies may be performed on fetal blood.
The ovine fetus will begin to produce antibodies at the
beginning of the second trimester, and antibody production will increase with gestational age.8
Sheep and goats have similar timelines of fetal
development.9 Guidelines for judging gestational age
include abdominal wall closure (both species: 5 to 6
weeks), visibility of the female genital tubercle and
penile sheath (both species: 6 weeks), recognition of
anterior fontanelle (both species: 7 to 8 weeks), eyelid
hair (goat: 10 to 11 weeks; sheep: 11 to 12 weeks), hairs
along dorsum of neck (goat: 13 to 14 weeks; sheep:
14 to 15 weeks), hardening of the calvaria (goat: 13 to
14 weeks; sheep: 15 to 16 weeks), eyelid separation
(both species: 14 to 15 weeks), sparse coverage with
wool or hair except limbs (both species: 16 to 17 weeks),
dense coverage with wool or hair and prominent teeth
buds (both species: 17 to 20 weeks), and eruption of one
to three incisors at birth (both species: 21 to 22 weeks)9
(Figure 8-23). Crown-rump length and weight vary
between individual fetuses and breeds, but these data
may be useful for comparison of herdmates and for
rough estimation of gestational age.8,9
Good diagnostic laboratories achieve a definitive
diagnosis rate of between 40% and 60%, so multiple
submissions often are necessary.10,11 Reasons why a
diagnosis may not be achieved from necropsy findings
include (1) difficulty in quantitating certain clinical
entities, such as a stress-producing induced prostaglandin level or corticosteroid surge; (2) maternal infections
that produce fever or endotoxin release; (3) in utero
autolysis and mummification that limit diagnostic value
of tissues; (4) exposure to unknown toxins or undescribed toxic plants; (5) septicemia caused by organisms that do not grow on routine culture; (6) failure to
appreciate nutritional problems that produce a nonviable fetus; (7) failure to submit the proper sample;
(8) local limitations on available diagnostic testing;
and (9) lack of experience in or time limitations for
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Figure 8-23 This nonautolyzed goat fetus, which was
aborted as a result of bacterial metritis, has eyelid hair, hairs
along the dorsum of the neck, and hardening of the calvaria,
but the eyelids are nonseparable. These characteristics place
the gestational age at 15 weeks.

diagnosticians and pathologists. If available for submission, the placenta usually contains the most diagnostic
information. Organisms such as Coxiella burnetii (the
agent of Q fever) cause severe placentitis but produce
minimal fetal lesions. Fetuses with chronic placental
insufficiency may appear emaciated. Fetal mummification is not a common finding in sheep or goats. When
it occurs, however, Toxoplasmosis, Chlamydophila infection, Border Disease, and Coxiella infection should be at
the top of a list of potential causative disorders10 (Figure
8-24). Skin lesions often are overlooked and may be
associated with some types of bacterial or mycotic abortions10,13 (Figure 8-25, A and B). Agents that produce
pathognomonic teratogenic defects or developmental
abnormalities such as bunyaviruses and specific toxic
plants can be implicated from necropsy observations.
Noninfectious heart defects, cleft palate, gastrointestinal atresia, neurologic defects, neural tube defects, and
other random congenital abnormalities may contribute
to sporadic abortions or postnatal death (Figure 8-26).
Etiologic disorders that cause fetal cardiac insufficiency
may result in anasarca and hydrops amnion14,15 (Figures
8-27 and 8-28). Many abortifacient microbial agents
for sheep and goats are capable of causing disease in
humans, as addressed at the conclusion of the chapter.

NONINFECTIOUS CAUSES OF ABORTION
Noninfectious causes of abortion such as chromosomal
rearrangement (Robertsonian translocation), creation
of sheep-goat hybrids, stress, nutritional deficiencies,

208

Chapter 8 • Theriogenology of Sheep and Goats

pharmaceutical reactions, and toxic plant ingestion can
result in pregnancy loss.6 Stress may trigger a higher
percentage of abortions in goats than in sheep because
of the goat’s dependency on the corpus luteum (CL) for
the maintenance of pregnancy.1 Predator attack, severe
weather, and shearing may all trigger early regression
of the CL in the doe, resulting in abortion. In Angora
goats, the etiology of abortion is not that typically seen
in other breeds. Young Angora does are susceptible to
stress abortions.16 Some older Angora goats, which typically are heavier than average and have very fine mohair,
may experience habitual abortions around gestational
day 100 as a result of adrenal dysfunction.6,16 Onset of
this habitual, familial form of abortion usually occurs
when the doe is 4 or 5 years of age, and culling is indicated.6 Heat stress also may result in early embryonic
losses, abortions, stillbirths, or birth of weak kids.17

Figure 8-24 Placenta and third-trimester fetus with characteristic gross lesions of Toxoplasma gondii infection. The cotyledons demonstrate areas of necrosis, visible as small white foci.
The fetus is mummified. (Courtesy Dr. John F. Edwards, College
Station, Texas.)

A

Nutrition-Related Abortion
Energy and protein deficiencies can result in embryonic loss, decreased fetal growth, depressed placental
growth, fetal mummification, and the birth of weak
young. Fetal wastage resulting from nutritional deficiencies often occurs between days 90 and 120 of gestation.16 Increasing dietary protein supplementation of
grass-fed goats by providing leguminous tree leaves was
shown to reduce abortions.18 Deficiencies in a number
of minerals and vitamins such as iodine, copper, magnesium, manganese, vitamin A, and selenium can cause
abortion or the birth of weak kids and lambs.6,16 High
concentrations of dietary sulfur, particularly sulfate,
may result in both selenium and copper deficiency.17
Maintaining optimal body condition scores, ensuring adequate protein intake, and supplementing the
diet with a good-quality, complete trace mineral mixture offered on a free-choice basis usually suffice as
protective strategies. Overweight does may be prone to
development of hepatic lipidosis and pregnancy toxemia. Although death of the doe is the usual outcome
in such cases, abortions may be observed in late-stage
disease.16
Iodine Deficiency. Iodine deficiency may be a
problem in certain locations around the world. Affected
lambs are born with enlarged thyroid glands, a condition commonly known as goiter. Late-term aborted
fetuses with no wool and weak newborns are observed
with iodine deficiency (see Chapter 2). Supplementation with iodine in iodine-deficient regions has been
associated with increased lambing rates and decreased
lamb mortality. Flocks grazing on plants that are members of the Brassica family (e.g., rape, kale, turnips,
flixweed) and animals of certain breeds (e.g., polled
Dorset) are more susceptible to iodine deficiency.19
Iodine should be supplied at a rate of 0.10 to 0.80 mg/
kg of dry matter of feed intake.

B

Figure 8-25 A, Necrobacillosis. B, Ovine fetus with multifocal suppurative dermatitis caused by
Fusobacterium necrophorum. (Courtesy Professor Jørgen S Agerholm, University of Copenhagen.)
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Copper Deficiency. Copper deficiency causes a
condition in newborn lambs known as enzootic swayback. Lambs are typically normal at birth but develop
hindlimb paresis or paralysis within a few weeks. The
neurologic deficits are caused by a dystrophic demyelination of the white matter in the spinal cord. This
lesion begins during gestation and cannot be corrected
after diagnosis. Therefore the focus of attention should
be on the gestating ewes and does. Pygmy goats appear
to be the most susceptible of the goat breeds. Infertility
problems also have been blamed on copper deficiencies. Regions with sandy soils or years with increased
rainfall may be linked with a higher prevalence of
copper deficiency in sheep and goats maintained on a
diet high in pasture grasses. Copper supplementation
in ewes should be done with caution, because copper toxicity can result from oversupplementation and
also may cause abortions and other systemic disease.
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Copper should be fed to ewes at a rate of 5 ppm
(5 mg/kg) of the diet on a dry-matter basis. Copper
commonly is supplemented in salt mixtures. These salt
mixtures should contain between 0.0625% and 0.13%
copper in the form of copper sulfate (between 0.25%
and 0.50% copper sulfate in the salt mix). Important
interactions occur between copper and molybdenum
and between copper and sulfur. High concentrations of
molybdenum (1 to 2 ppm) and sulfur (more than 2000
ppm) in feed and water sources can decrease copper
availability.5 Interaction with other minerals such as
iron (more than 400 ppm), cadmium (more than 3 to
7 ppm), and zinc (more than 100 to 400 ppm) also can
negatively affect copper absorption and metabolism.
Manganese Deficiency. Manganese deficiency
during gestation can result in abortion or birth of
weak, small, paralyzed, or deformed offspring.5 As
with other deficiencies, the addition of a palatable
trace mineral salt mixture offered on a free-choice
basis, year-round, usually is an effective preventive
measure (see Chapter 2).
Vitamin E and Selenium Deficiency. Vitamin E
and selenium deficiency has been implicated as a cause
of abortion in Switzerland.20

Toxicologic Abortion
Heavy Metal Intoxication
Lead toxicity can cause fetal wastage in ewes.17 Oversupplementation of copper may cause abortion. Excess
selenium may cause abortion and failure of conception.

Rodenticide
Figure 8-26 Neural tube defect in a lamb resulting in anencephaly, the absence of a major portion of the brain and skull.
(Courtesy Dr. Jim Cooley, Starkville, Mississippi.)

Environmental contamination with brodifacoum, used
for rat control, has resulted in abortions in sheep.
Clinical signs mimicked those of Rift Valley fever virus
infection.21

Figure 8-27 Fetus that was aborted as a result of ingestion
of the toxic plant Tetrapterys multiglandulosa by the ewe at days
91 to 120 of gestation, resulting in cardiac fibrosis, cardiac
insufficiency, and anasarca. (Courtesy Dr. Gabriela Riet Correa
Rivero, Castanhal, Pará, Brazil.)

Figure 8-28 Hydrops amnion and fetal anasarca resulted
in abortion of this ovine fetus. The skin over the dorsum has
been excised to reveal severe diffuse subcutaneous edema.
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Toxic Plants
Teratogenic changes and altered fetal development have
been associated with several plant species, including
Gutierrezia (broomweed), Lupinus formosus, Conium maculatum, Nicotiana tabacum (tobacco), Nicotiana glasuca
(wild tree tobacco), Veratrum californicum (skunk cabbage), Astragalus (locoweed), Lupinus formosus (Lunara
lupine), Conium maculatum (poison hemlock), Lathyrus,
Sophora, and Sorghum bicolor (Sudan grass).22 Toxicity
induced by these plants must be differentiated from
malformations caused by bunyavirus infections.6 Astragalus lentiginosus (a locoweed) also may cause early fetal
death in goats.14 Descurainia sophia (flixweed) and other
goitrogenic plants may cause decreased hair, higher
birth weights, and thyroid hyperplasia in fetuses.19
Ateleia glazioviana has been shown to cause abortion,
stillbirth, and perinatal death in sheep in a report from
Brazil.23 Also reported from Brazil, Tetrapterys multiglandulosa causes ovine fetal death with anasarca and
perinatal mortality preceded by neurologic deficits.15
Phytoestrogens found in legumes may reduce ovulation
rates and have been implicated in increased embryonic
mortality rates.16
Forage that accumulates nitrate, such as sweet clover,
Johnson grass, sorghum, lamb’s-quarter, jimsonweed,
sunflower, pigweed, and oat hay, can cause abortion as a
result of nitrate-nitrite toxicity.16 Hay that was obtained
from heavily fertilized pastures also may concentrate
toxic levels of nitrate. If nitrate-nitrite toxicity is suspected, diluting the affected forage with other feedstuffs
is a useful approach to management. Cutting suspected
forage 30 cm above the ground and avoiding the feeding of drought-stressed crops will help decrease nitrate
concentrations in feeds to less than 1000 ppm nitrate as
nitrogen, or less than 0.44% nitrate. Higher concentrations should be avoided or diluted with other feeds.
Feeds containing more than 3500 ppm of nitrate nitrogen, or more than 1.76% nitrate, should not be fed to
pregnant animals.24 Elevated nitrate and nitrite levels in
fetal ocular fluid can be used to confirm nitrate-induced
abortion at necropsy.25

Pharmaceuticals Causing Abortion
Various pharmaceuticals are proven abortifacients, or at
least their use has been associated with increased abortion incidence. Pharmaceuticals also may be unfairly
blamed for abortion; rough handling during drug
administration may be a cause of abortion as well.16
Anthelmintics such as phenothiazine and levamisole given in the final months of gestation have been
reported to cause abortion.6,26 Use of anthelmintics
in the benzimidazole class—netobimin, albendazole,
parbendazole, and cambendazole—in pregnant females
during the first trimester has been associated with fetal
abnormalities.6,27,28 Abortions were observed in 2 of
27 mixed-breed dairy sheep 7 days after administration

of artemether to treat liver fluke infestation. Anecdotal
reports of abortion after the use of other dewormers
(ivermectin, fenbendazole) are largely unsubstantiated.
Xylazine and high doses of acepromazine given in the
first half of pregnancy may cause abortion because of
their adverse effects on uterine contraction and placental perfusion.16 Administration of corticosteroids in late
pregnancy and estrogen and prostaglandins throughout
most of the gestational period may induce abortion.16

INFECTIOUS CAUSES OF ABORTION
The most common microbial agents identified as causes
of abortion and placentitis in sheep and goats in North
America are Campylobacter fetus subsp. fetus, Campylobacter jejuni, Chlamydophila abortus, C. burnetii, and
Toxoplasma gondii. 3,6,10,11,30, 31 Although sheep and goats
usually have equal susceptibility to many pathogens,
exceptions to this rule, influenced by region, breed,
and species of pathogen, have been recognized. For
example, campylobacteriosis is more common in sheep
in some locales, whereas herpesvirus infection is a goat
disease.17, 32
Definitive diagnosis of infection with a specific
pathogen is dependent on collection of the appropriate
sample, knowledge of available tests, and submission
of properly prepared material to a qualified laboratory.
Most infectious abortions in sheep and goats have a
primarily bacterial etiology.

Bacterial Abortion
Chlamydophila abortus (Chlamydiosis,
Enzootic Abortion)
Chlamydophila abortus, a gram-negative intracellular bacterium and zoonotic agent, has been recognized since
1950 as the species responsible for enzootic abortion.
C. abortus was previously identified as Chlamydia psittaci,
immunotype 1.7,33 The term chlamydiosis may still be relevant because Chlamydophila is a bacterial genus belonging to the family Chlamydiaceae, order Chlamydiales.34
C. abortus is one of the most common causes of infectious abortion in sheep and goats in North America
and the United Kingdom but also induces a persistent
subclinical infection in nonpregnant and multiparous
sheep and goats.10,30,35-37 When this pathogen is introduced into naive flocks, 25% to 60% of ewes or does
may abort.35 In flocks in which the disease is epizootic,
abortion rates tend to drop to between 1% to 15%,
with abortion occurring predominantly in flock additions or primiparous ewes and does.3, 38 Chlamydophilia
pecorum (previously Chlamydia psittaci, immunotype 2),
an intestine-associated bacterium found in sheep and
goats, is not implicated in abortion but may cause polyarthritis and keratoconjunctivitis.3,17,36,39, 40 C. pecorum
may cross-react on serologic tests intended to diagnose
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C. abortus infection, resulting in a false positive, but
cross-protection does not occur.7,41 Concomitant infections with C. abortus and C. burnetii are repeatedly
reported.42 Recently utilization of species-specific
real-time PCR has resulted in incidental discovery of
Chlamydophila psittaci, an avian-associated organism
and the cause of human “psittacosis” in a fecal sample
from a goat.43
Placentitis induced by Parachlamydia acanthamoebae, a zoonotic agent, has been reported by researchers in Switzerland.44 Parachlamydiaceae is a family in
order Chlamydiales, which also includes families Chlamydiaceae, Simkaniaceae, and Waddliaceae.34 Microscopic characteristics of necrotizing placentitis caused
by P. acanthamoebae are similar to those of C. abortus
infection.44

Transmission and Pathogenesis
The best-documented transmission route for C. abortus is through oronasal contact with aborted tissues,
vaginal discharge, or contaminated neonates.1,37,45
Elementary bodies produced by C. abortus are resistant to many chemical and physical factors and will
survive prolonged extracellular exposure.46 Pigeons
and sparrows may serve as reservoirs for the organism,
and ticks or insects may play a role in the transmission of this disease.47,48 The incidence of infection
from environmental and wildlife sources is unknown.
After entering at the tonsils, the intracellular bacteria
become latent within an unknown population of
cells.37
The immunologic mechanisms of pathogenesis are
not completely understood, but the progression of
disease is remarkably consistent.45 After experimental subcutaneous inoculation on day 70 of gestation,
C. abortus organisms can be detected in cotyledonary
trophoblast at day 85 but do not begin rapid multiplication until around day 115.45 This finding parallels
clinical observations of naturally occurring cases. At
around day 115 of gestation, necrosis of the cotyledon, occurring in response to massive proliferation
of intracellular organisms in trophoblast, prevents
normal transfer of nutrients across the placentome,
resulting in fetal death.6 Aborting females will shed
large numbers of the organism in the uterine discharge and placenta for approximately 3 weeks after
abortion. Ewes that have primiparous abortions from
C. abortus may have subsequent normal pregnancies
but continue to shed the organism in low numbers in
vaginal secretions.49 Although Chlamydophila has been
isolated from the semen of experimentally infected
rams for as long as 29 days after inoculation, this is
not considered the primary mode of transmission.47,48
Outbreaks of abortion among goats from dual infections with Chlamydophila and C. burnetii also have
been reported.50
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Clinical Signs and Pathology
When C. abortus is endemic to a farm, abortions caused
by this organism usually are limited to primiparous
females.6 After a transient fever and general malaise at initial infection, persistently infected ewes and
does may exhibit no clinical signs until the time of
abortion.17,30,51,52 Does and ewes acquire a mild and
transient pneumonia and hepatitis, become anorexic
and febrile, and demonstrate a bloody vaginal discharge
2 to 3 days before aborting.53 The fetus usually is delivered in a fresh state but can be retained in the uterus
for 1 or 2 days, in which case it will be autolyzed. Some
weak newborns may survive, and a few females may
have a retained placenta.30,35 Occasionally, pneumonia may be seen in young animals during an abortion
storm. Examination of the placenta will reveal regional
to generalized thickening, brownish exudate, opacity
of the intercotyledonary space, and white-gray foci on
the chorionic surface of cotyledons6,30,35 (Figure 8-29,
A). Severity of lesions will vary between animals and
between placentomes of the same placenta, and necrotizing vasculitis of placental vessels is observed microscopically.10,53 Goat fetuses may occasionally show
white spots on the liver, identifiable in gross specimens,
but on histopathologic examination, most fetuses are
found to have some combination of hepatitis, splenitis,
bronchopneumonia, or encephalitis.10

Diagnosis
Immediate diagnosis can be made by demonstration of
the elementary bodies in impression smears in trophoblast made from cotyledons or uterine discharge. Use
of Gimenez or modified Ziehl-Neelsen special stains
will improve cytologic detection.3 Impression smears of
cotyledons can be examined using fluorescent antibody
techniques.10 A definitive diagnosis is made by positive
culture or PCR analysis of fresh placenta, stomach contents, or fetal tissue.45,54 PCR assay conducted on vaginal
swabs demonstrates a high specificity and sensitivity.55
Because C. abortus often affects only the placenta, histopathologic examination, culture, and PCR analysis
of fetal tissue may be unrewarding.45 Examination of
the placenta with use of special stains (Machiavello,
Giemsa, Gimenez, or modified Ziehl-Neelsen) should
be diagnostic.6,10 Immunohistochemistry studies or PCR
assay performed on formalin-fixed paraffin-embedded
placenta is a less sensitive backup method if fresh tissue
is not available.56,57 Sensitivity of PCR assay decreases
the longer tissues are stored in formalin.58
Ewes and does have significant increases in antibodies against C. abortus after abortion caused by this organism.59 Paired serum samples from the aborting female,
taken 2 to 3 weeks apart, or the presence of antibodies
in fetal serum can aid in diagnosis.30,33,40 Complement
fixation testing and various ELISA methods are useful
tools to evaluate sera for C. abortus antibodies but may
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A

B

Figure 8-29 Necrotizing placentitis in two different specimens, grossly similar in appearance, was caused
by two different intracellular bacteria, respectively: A, Chlamydophilia abortus; B, Coxiella burnetii. Pathologic
changes include pinpoint white foci on cotyledons and thickened, opaque intercotyledonary areas. (A,
Courtesy Dr. Patricia Blanchard, Tulare, California; B, courtesy Dr. Robert Moeller, Tulare, California.)

provide false-negative results because of cross-reactivity
with C. pecorum antigen. More recently developed ELISA
tests that target outer membrane protein fragments are
more sensitive and do not demonstrate cross-reactivity
with C. pecorum.60

Treatment
Outbreak control in fiber-producing animals has been
demonstrated by treating all females in the flock
with tetracycline during the final 4 to 6 weeks of
gestation.30,35,40 Tetracycline (400 to 500 mg/head/
day) mixed into the feed for 2 weeks can prevent the
disease.6,61 In dairy herds it is customary to treat individual nonlactating does with injections of long-acting
oxytetracycline (20 mg/kg SC) every 10 to 14 days.6
An effective protocol may be one injection of longacting oxytetracycline 6 to 8 weeks before parturition,
followed by a second injection 3 weeks after parturition.47 Our own preference is to include tetracycline in
the feed or energy-protein supplement when possible.
Regardless of the route of administration, suppression
of the organism with antibiotics may prevent additional
placental damage and reduce shedding of C. abortus.
Treatment with tylosin (20 mg/kg IM once or twice
daily) also may be effective. C. abortus infection also is
responsive to rifamicin and chloramphenicol, but use
of these drugs is restricted in some countries, including
the United States.6

Prevention
Culling of ewes and does that have previously aborted
from C. abortus infection should be considered as a
control measure.49 Acquisition of replacement females
from endemic herds into naive populations should
be avoided. ET from endemic farms into disease-free
recipients has been proposed as a way to maintain

disease-free status of a farm or lower the incidence of
spread on a farm or from farm to farm.6
Enzootic abortion is of such serious economic concern
in some countries that compulsory vaccination programs
have been implemented.62 Killed vaccines for sheep are
available in certain locales, and live vaccines are available
in Europe.46 These vaccines may be used in goats but have
been associated with local and systemic reactions (marked
soreness and stiffness).31,63 In the United States, vaccines
usually are available only in combination with Campylobacter bacterin or Campylobacter plus E. coli bacterin.31,63
Anecdotal evidence suggests that these three-way vaccines
may result in fetal wastage if administered during the
first month of pregnancy. If used, the vaccine should be
given by intramuscular or subcutaneous injection 8 weeks
before breeding, with a booster 4 weeks later.63 Even
though trials in sheep have demonstrated that protection
against abortion lasts for approximately 3 years, annual
revaccination is recommended.64 Vaccination helps prevent abortion but may not eliminate infection and should
therefore not be considered to be 100% effective.6
Aborting females should be removed from the herd
for at least 3 weeks, and fetuses and placentas not submitted for diagnostics should be burned or buried. Producers should take care to prevent the contamination
of feed and water. Supplemental feedstuffs should not
be offered directly on the ground, and feeders should
be designed to prevent animals from crawling into and
contaminating feed.6,62

Coxiella burnetii (Q Fever)
C. burnetii is a zoonotic obligate, pleomorphic intracellular, rickettsial organism that can survive in a dried
condition for extended periods.3 Human infection,
known as Q fever, was first recognized in abattoir workers in Queensland, Australia. C. burnetii can cause
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abortion in sheep and goats and has distribution in
most parts of the world.6,17,30,65,66

Transmission and Pathogenesis
Cattle, sheep, goats, dogs, and birds may serve as carriers
of C. burnetii, which is shed in placentas, uterine fluids,
colostrum, milk, urine, feces, and possibly semen of
ruminants.1,6,66-68 Simultaneous abortion storms occurring in cattle, sheep, and goats on the same farm have
been documented.42 Multiple species of ticks are the
primary natural reservoir for C. burnetii and probably
are responsible for disease transmission to domestic
animals.42,69 One study indicates a seasonal distribution
in cold weather months (Northern Hemisphere) for C.
burnetii–related abortions.42 C. burnetii exist in a phase I,
virulent form and a phase II, less virulent form.6 Sheep
and goats may shed the organism for up to 4 months in
vaginal secretions.68,70 Sheep have been shown to shed
the organism in feces for 5 months and in milk for 4
months.70 On farms experiencing epizootics, seronegative does that are kidding normally may shed C. burnetii.71
Cattle have been implicated as the source of infection for
sheep and goats when they share pastures, water, feed
sources, and handling equipment. Contact with aborted
material, vaginal discharge, and mucous membranes and
sexual transmission are methods of transmission. C.
burnetii organisms may be aerosolized on contaminated
particles and transmitted by inhalation.71

Clinical Signs and Pathology
Susceptible pregnant females will acquire placentitis,
whereas nonpregnant ewes and does usually do not
develop clinical signs of infection.3 Stress, overcrowding,
and poor nutrition probably contribute to development
of clinical signs.6 Does may abort without apparent
clinical signs or may show anorexia and depression 1
to 2 days before aborting. Abortion or stillbirth usually
occurs in the third trimester, but second-trimester abortions are possible.10,30,66,72 Unlike C. abortus, C. burnetii
may cause abortion in successive parturitions.73
On gross examination, the placenta may have white
areas of necrosis and mineralization on cotyledons that
also involves intercotyledonary areas (see Figure 8-29, B).
The chorionic surface may be covered by thick exudate
(Figure 8-30). Fetuses usually show no gross lesions.10

Diagnosis
Diagnosis is based on placental findings, serologic studies, and isolation or PCR detection of the organism in the
placenta.30,66,71 Submission of the fetus only is likely to
result in no diagnosis.10,74 Detection of C. burnetii by PCR
assay does not necessarily translate to a diagnosis in cases
of abortion, because animals aborting from other causes
may shed the organisms.6 Although isolation of C. burnetii
is the ideal means for diagnosis of the disease, it usually
is not feasible because of the contagious and zoonotic

Figure 8-30 Coxiella burnetii infection resulted in placentitis
with intercotyledonary thickening, opacity, and exudate in this
specimen from a late-term goat abortion. (Courtesy Dr. J.A.
Navarro, School of Veterinary Science, University of Murcia, Spain.)

potential of the organism. If C. burnetii is suspected,
fresh tissues can be held frozen until the disease is ruled
out with histopathologic analysis.3 Fluorescent antibody
testing can be used to identify the organism in frozen
placental sections. Some diagnostic laboratories, however,
are unwilling to handle fresh tissues because of zoonotic
transmission risk.72 Gimenez or Wolbach’s Giemsa stains
of histologic sections of cotyledons or fetal abomasum
are useful for observing the organism.10 PCR assay or
immunohistochemistry studies on paraffin-embedded
tissue may provide a risk-free diagnostic technique.57 Even
though a variety of serologic tests have been described, a
diagnosis of C. burnetii abortion cannot be given solely on
the basis of positive results on such testing, because infections without abortion are common.75 Two commercially
available ELISA tests were shown to be more sensitive than
the complement fixation test but have the potential to miss
infection in animals in which no immunoglobulin G (IgG)
response has yet developed.76 When the indirect immunofluorescence assay was used, titers above 1:32 were considered positive.77 A four-fold increase in titers between acute
and convalescent samples indicates recent infection.72
A rapid presumptive diagnosis of infection with C. burnetii
is possible by identifying a large number of characteristic
organisms in the placental tissue and ruling out other
causes of placentitis (Brucella, Toxoplasma, Campylobacter,
and Chlamydophilia).31,64

Treatment
Treatment with oxytetracycline did not significantly
reduce shedding of C. burnetii.70

Prevention
After the infection is established, the ewe or doe can
carry the organism indefinitely, shedding it in milk and
at parturition. Identification and removal of animals
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serving as permanent reservoirs should be considered.78
Producers should burn or bury placentas and aborted
fetuses promptly.66 Prevention in sheep used in medical research is a major problem. Currently available
vaccines are unable to prevent infection but may reduce
abortion and shedding of the bacterium.68,79,80 Removing cattle, cats, and rodents may aid in control efforts.31

necrosis resulting in mottled swollen cotyledons.6 The
fetuses may exhibit some degree of subcutaneous edema
as well as pleuritis, hepatitis, and peritonitis. Necrotic
areas on the livers of aborted lambs may occasionally
look like “gray targets.” Although abortion storms may
affect as much as 70% to 90% of a flock, the usual abortion rate with enzootic infections is less than 20%.5

Campylobacter spp. (Campylobacteriosis,
Vibriosis)

Diagnosis

C jejuni and C. fetus subsp. fetus (formerly Vibrio spp.)
are zoonotic, gram-negative, microaerophilic rods that
are a significant cause of abortion in sheep worldwide.6,81,82 A study by USDA/APHIS sampling 87.4%
of the United States sheep industry identified Campylobacter as the number one cause of infectious abortion.82
Campylobacteriosis is less often documented as a cause
of abortion in goats.6 C. jejuni is the predominant
species resulting in more sporadic abortions, whereas
C. fetus subsp. fetus is more likely to be involved in
abortion storms affecting large flocks in western North
America.7 Most of the isolates of C. fetus belong to a
single genetic clone.82 C. fetus subsp. fetus demonstrates
variation in serotypes that may affect response to vaccination or innate immunity.7 Campylobacter lari, a species
associated with birds of coastal habitat, has been recognized as a cause of sheep abortion in California.83,84

Transmission and Pathogenesis
Campylobacter can be a commensal bacterium in the
intestines and gallbladder of sheep, dogs, and some
birds.3 These organisms can be transmitted farm to
farm by carrion-eating birds such as corvids (crows and
jays). The organisms can be shed from the intestinal
and biliary mucosa of carrier sheep and occasionally
guard dogs that have ingested aborted fetuses. Infection occurs through ingestion of infected feces, aborted
fetuses, placentas, and vaginal discharge by ewes.3 Factors that suppress the asymptomatic intestinal infection
from progression to diarrhea, bacteremia, and abortion
are not known and may be associated with serotype.7
Incubation period may range from 8 to 60 days.7 In
ewes experimentally inoculated with C. jejuni abortion occurred 7 to 12 days after inoculation.85 Ewes
that become infected abort and then become immune.
However, some become persistently infected and shed
the organism in their feces.

Clinical Signs and Pathology
Late-gestation abortions, stillbirths, and birth of weak
lambs are common. Aborting does usually are asymptomatic but may have mild diarrhea and mucopurulent
vaginal discharge.86 Aborted fetuses and placentas usually are expelled with little or no autolysis. With retention of fetuses in utero, death of the ewe may occur.82
The placenta often is edematous and may exhibit

Definitive diagnosis of Campylobacter abortion is through
isolation of the bacterium and requires inoculation of
special plates and use of special microaerophilic culture
technique.10 Fetal lung, abomasal fluid, placenta, and
vaginal discharge are preferred samples for culture.10,87
Presumptive identification of organisms by direct microscopic examination (darkfield or contrast) of fresh cotyledonary smears is possible.3,6,88 A serologic test can be
done at a few specialized laboratories. Whenever the
organism is isolated, culture and antibiotic sensitivity
patterns are useful for guiding possible flock treatment.
Fetal septicemia caused by Helicobacter bilis (previously
Flexispira rappini) may be associated with gross lesions
that mimic those of campylobacteriosis.89,90

Treatment
The antibiotic regimen of penicillin or streptomycin
injections or tetracycline in feed (300 mg/head/day)
may be useful in the face of a disease outbreak.40,86
Tetracycline in the feed (200 to 300 mg/head/day)
before and during lambing or kidding season appears
to decrease the incidence of abortion, as does the use
of injectable long-acting oxytetracycline (20 mg/kg
every 48 hours) during an outbreak. More recently a
tetracycline-resistant clone of C. jejuni has emerged as
the predominant species in sheep abortion in the western United States.82 In cases of apparent tetracycline
resistance, sulfamethazine (110 mg/kg PO) or tylosin
(30 mg/kg IM once daily) may be given.

Prevention
A combined killed C. fetus–C. jejuni bacterin is available for use in sheep. The vaccine initially is administered before breeding, with a booster in 2 to 3 months.
Annual revaccination shortly before or just after breeding is recommended.63 If a vaccine or agent for immunization Escherichia coli is combined with C. fetus or
C. jejuni, it should be avoided in early gestation, because
such agents have been anecdotally associated with fetal
wastage. On farms where Campylobacter is a confirmed
cause of abortion, autogenous bacterins that are strainspecific are valuable. Because of the probable oral route
of infection, maintaining sanitary conditions, avoiding
fecal contamination of feedstuffs, and isolating aborting animals are recommended strategies.86 The placentas and aborted fetuses should be burned or buried and
kept away from hungry guard dogs.6
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Brucella spp. (Brucellosis)
Brucella organisms are small, gram-negative coccobacilli
that may cause abortion, birth of weak kids, mastitis,
epididymitis, and the formation of localized lesions in
various tissues.91,92 Brucella melitensis is a zoonotic agent
that is widespread in goats in the Middle East, India,
Pakistan, Africa, Mexico, and parts of South America.5,30
B. melitensis is the agent of Malta fever in humans.5,30
The incidence of brucellosis caused by B. melitensis in goats has historically been extremely low in
North America, but more recently, sporadic outbreaks
have been reported in goats in Texas and Colorado.92
Although considered goat-specific, B. melitensis may
cause abortion in sheep.3
Brucella ovis is endemic in sheep throughout the
western parts of North America and is associated
with epididymitis in rams and may cause abortion in
rare instances.1 Occasionally, Brucella abortus infection
occurs in goats living in close contact with infected
cattle or as a result of inadvertent vaccination of goats
with live strains of the organism.91

Transmission and Pathogenesis
The bacterium may be transmitted in contaminated feed
or water, oral secretions, milk, urine, feces, semen, vaginal discharge, or placental membranes.3,5,91 Crowded
facilities often are implicated in Brucella outbreaks.93
The pathogen enters through mucous membranes and
becomes localized in the udder, uterus, testes, spleen,
or lymph nodes.3,5,91 In pregnant animals, localization
in the placenta leads to the development of placentitis
with subsequent abortion. Goats may excrete the organism for up to 2 to 3 months in vaginal discharge. If ewes
become infected and abort, they usually clear the organism within 2 to 4 weeks.3 Nonaborting infected females
may give birth to infected kids or lambs that are capable
of shedding the organism.5,6,61

Clinical Signs and Pathology
Sheep and goats with brucellosis often abort during the
final trimester.91,93 Substantial increases in initial farm
abortions are followed by a period of resistance, during
which abortions are rare. Again, abortion appears to be
more of a problem in goats than in sheep. In goats and
rarely in sheep, a systemic disease with fever, depression, weight loss, diarrhea, mastitis, lameness, hygroma,
and orchitis may occur.5,91 Infected ewes are rarely
ill. Mild placental lesions have been reported with B.
melitensis infection in goats, whereas B. ovis infection in
sheep is said to result in pronounced placental thickening and grossly visible necrosis of cotyledons.

Diagnosis
Diagnosis of brucellosis as the cause of abortion usually is made by isolating the organism from the aborted
fetus (abomasal contents), placenta (cotyledon), or
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vaginal discharge. Isolation is dependent on specialized
culture, often using increased CO2 or less frequently
used agars.94 PCR assay may be used to identify Brucella
in milk and blood samples.95 Serologic testing alone
may lead to a false diagnosis. Various agglutination, precipitation, and complement fixation tests are available
to detect carrier animals.6 The milk ring test is an agglutination test conducted on milk samples.96 PCR assay or
immunohistochemistry studies of paraffin-embedded
tissue may provide a risk-free diagnostic technique.57,97

Treatment and Prevention
No treatment is available for brucellosis in goats or
sheep. Eradication of Brucella organisms is difficult
because livestock populations can be reinfected from
wildlife reservoirs.93,98 Grazing in communal pastures
places animals at increased risk.99 In countries with a
low prevalence of infection, slaughter of the entire flock
generally is the control measure of choice.5,6,93 In other
situations, a test and slaughter program may be more
appropriate.
Culling rams based on palpable signs of epididymitis and serologic testing, and vaccinating normal/non
affected ram lambs may help control the disease.3 In
many countries in which caprine brucellosis is prevalent, the disease is controlled by an intensive vaccination program. Vaccination of goats is not permitted in
the United States. The killed vaccine occasionally used
in sheep (B. ovis) appears to have poor efficacy. When
permitted, a live attenuated strain of B. melitensis can be
given subcutaneously in kids and lambs 3 to 8 months
of age.6,93 This vaccine causes abortion in goats and
should therefore be avoided in pregnant animals or
within 1 month of breeding. Immunity from a single
vaccination for B. melitensis is considered to be lifelong.6
All new animals should be serologically tested before
introduction to the flock. Rams and bucks should be
tested yearly before the start of the breeding season.5
Placentas and aborted fetuses not used for diagnostic
purposes should be burned or buried.

Listeria spp. (Listeriosis)
Listeria monocytogenes and Listeria ivanovii are zoonotic,
gram-positive, non–acid-fast facultative microaerophilic
bacteria that cause meningoencephalitis, abortion, and
septicemia in goats and sheep. L. monocytogenes causes
encephalitis, septicemia, and abortion in sheep and
goats, whereas L. ivanovii is reported to cause abortion
only in sheep.3

Transmission and Pathogenesis
L. monocytogenes can be found in soil, water, plant litter,
silage, and the digestive tracts of ruminants and human
beings.6 The organism can survive in soil and feces for
extended periods and grows in poorly fermented silage
(with pH levels higher than 5.5).5,6,17,30 Fecal shedding
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of L. monocytogenes peaks in the winter.100 Abortion has
been attributed to the feeding of contaminated silage.
Abortions also have been observed in animals fed only
hay or that browse on boggy, high-pH soils.101 Experimentally infected does aborted 9 to 11 days later.6

Clinical Signs and Pathology
Infection in late gestation can result in stillbirth or weak
neonates rather than abortion and is preceded by septicemia.6,30 Signs of septicemia include fever, decreased appetite, and reduced milk production. Metritis may develop
in sheep and occasionally goats that abort. Kids grafted
to the aborting female can contract listeriosis through
the milk, with subsequent fatal septicemia.6 The abortifacient and encephalitic clinical presentations of listeriosis
do not usually occur simultaneously in sheep but may
be seen in goat herds.31 The uterus may exhibit minimal
lesions of metritis or be filled with necrotic, dark-colored
putrid material.102 Other findings may include a suppurative placentitis with necrotizing vasculitis (Figure 8-31).
In chronically affected animals, the cotyledons may be
thickened with leathery texture.6 In the aborted fetuses,
microabscesses containing numerous bacteria may be
seen in liver and other organs.3 Fetuses may be severely
autolyzed or macerated3 (Figure 8-32).

Figure 8-31 Necrotizing placentitis caused by Listeria monocytogenes, observed on the chorionic surface of a cotyledon, in
this specimen from a midterm goat abortion. The intercotyledonary space remains transparent and minimally affected.
(Courtesy Dr. Jim Cooley, Starkville, Mississippi.)

Diagnosis
Culture of the organisms from the fetal stomach contents, liver, placenta, or uterine discharge is diagnostic.
Unfortunately, fetal autolysis can be so severe that culture may be difficult. The organism may be presumptively identified during histopathologic examination
with use of silver stains. PCR assay or immunohistochemistry studies of paraffin-embedded tissue may
provide a risk-free diagnostic technique.57

Treatment
The addition of chlortetracycline (300 mg/head/day) to
a grain supplement has been reported to stop abortions
during a listeriosis outbreak.101 Long-acting oxytetracycline (20 mg/kg of body weight every 48 to 72 hours)
also is of value.

Prevention
Feeding poor-quality or spoiled silage or grazing on
pastures linked with outbreaks or cases of listeriosis
should be discouraged. Vaccination to produce cellular
immunity has been investigated. The administration
of two doses of reduced-virulence live vaccine before
breeding is reported to have provided significant protection against experimental challenge in pregnant does.6

Salmonella spp. (Salmonellosis)
Salmonellae are zoonotic, gram-negative bacteria that
can cause abortion, metritis, and systemic illness in ewes
and does. The genus has only two species: Salmonella

Figure 8-32 Listeria monocytogenes infection resulting in fetal
maceration. (Courtesy Dr. Jim Cooley, Starkville, Mississippi.)

enterica, divided into 6 subspecies and containing over
2500 serovars, and Salmonella bongori. The pathogenic
species and subspecies of most interest in sheep and
goats are S. enterica subsp. enterica; in the following
discussion, therefore, Salmonella serotypes from this
subspecies are identified by genus and serotype name,
as is accepted in the literature. Salmonella Abortusovis,
Salmonella Brandenburg, Salmonella Indiana, Salmonella
Dublin, Salmonella Montevideo, Salmonella Schwarzengrund, and Salmonella Typhimurium are associated with
systemic disease and abortion in does and ewes.3,6,103,104
S. enterica subsp. arizonae is a separate subspecies
that has been implicated in small ruminant abortion.
S. Abortusovis, which is uncommon in North America
and mostly affects animals in Europe and Western
Asia, was first implicated as a cause of sheep abortion
in 1921. S. Abortusovis is unique among Salmonella
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species in that it is more often associated with abortion,
rather than septicemia and enteritis.105

Transmission and Pathogenesis
Sources of infection include fecal contaminated feed,
carrion feeding birds, cattle, dogs, cats, rodents, and
some wildlife species.7 An ovine abortifacient strain of
S. Brandenburg was shown to be transmitted by seagulls
in New Zealand.104 S. Indiana was shown to be transmitted by pigeons and turtledoves in Spain.103 Climatic
changes, shipping, overcrowded conditions, feed deprivation, water deprivation, inappropriate use of antibiotics, and other factors and diseases all may predispose a
flock to a Salmonella abortion storm.
The route of infection is by oral ingestion of the
organism. In ewes infected with S. Abortusovis, PCR
assay results may be positive up to 3 months after abortion.106 Infections often are related to stressful situations and may not persist into the following season.7,81

Figure 8-33 Fetal pneumonia caused by Salmonella infection. The lungs are firm and fill the thoracic cavity. (Courtesy
Dr. John F. Edwards, College Station, Texas.)

Clinical Signs and Pathology

Treatment

Abortion storms affecting as many as 70% of the
females can occur. S. Brandenburg abortions are
observed as early as 80 days but peak at 100 to 120
days of gestation.104 Infected females may become
febrile and depressed and have diarrhea. Metritis and
retained placenta are common findings. A high mortality rate among ewes after abortion has been described.
Ewes that die may have an enlarged darkened uterus
with foul-smelling fetal contents that have undergone
rapid autolysis.12 Salmonellae proliferating in the
amniotic fluid may cause fetal pneumonia through
amniotic inhalation or septicemia (Figure 8-33).
Fetuses may become septic and acquire a “cooked”
appearance, with bruising and severe edema of subcutaneous tissues. Placental cotyledons may be pale and
edematous.104

Prevention and control measures include treating pregnant females with appropriate antibiotics based on culture and antibiotic sensitivity. Once-daily intramuscular
administration of enrofloxacin for 3 to 5 days reduced
abortion losses during a S. Abortusovis outbreak.103,105

Diagnosis
A diagnosis can be made by isolating Salmonella
organisms cultured on a selective broth inoculated
from aborted fetuses, fetal abomasal contents, placentas, or uterine discharge. Identification of salmonellae
and specific serovars requires biochemical identification, as well as sequencing of PCR-generated gene
fragments from cultures. PCR analysis conducted on
fecal and vaginal swabs has proved to be a more rapid
and sensitive method for identification of specific
species and serovars in tissue.106,107 PCR assay also is
capable of detecting S. Abortusovis in samples that
have been overgrown with other enteric bacteria.106
Diagnostic immunohistochemistry studies and PCR
assay also may be conducted on paraffin-embedded
samples for S. Abortusovis.57 Specific agglutinins can
be demonstrated in the sera of adults and aborted
fetuses.

Prevention
Limiting contact to vectors by protecting drinking
water with use of antibird meshes may be beneficial.103
A vaccine constituted by inactivated S. Abortusovis was
protective when challenged by fully virulent S. Abortusovis.108 In a similar study, a vaccine constituted of
an inactivated virulent S. Brandenburg isolate did not
significantly protect sheep experimentally challenged
with S. Brandenburg.109 Administering two doses of
an autogenous vaccine followed by an annual booster
and cleaning the environment may help minimize this
disease.6

Leptospira spp. (Leptospirosis)
Leptospira interrogans is a zoonotic agent with worldwide
distribution that is responsible for a low proportion of
infectious abortions in goats and sheep.10 Sheep are
considered relatively resistant to L. interrogans infections and may serve as a maintenance host, whereas
goats appear to be more susceptible to L interrogans–
induced abortion.110-112 Serovars identified in sheep
and goats include Hardjo, Pomona, Bratislava, Ballum, Icterohaemorrhagica, Grippotyphosa, Sejroe, and
Wolffi.3,66,112,113 In a study of goat abortion in Spain,
2.6% of abortions resulted from infection with L. interrogans, with the serovar Pomona being the most prevalent (75%), followed by the serovars Sejroe (12.5%)
and Icterohaemorrhagica (12.5%).39 In Brazil, serovar
Hardjo was the most frequently identified.113
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Transmission and Pathogenesis
Exposure to environments contaminated by urine from
species other than sheep or goats appears to be the
primary source of infection. Direct transmission from
infected animals is rarely confirmed.114

Clinical Signs and Pathology
Clinical signs include anorexia, fever, jaundice, hemoglobinuria, anemia, neurologic manifestations, and abortion,
with death of the dam in some cases.6,112 Flaccid agalactia
may occur in ewes.3 Abortions have been reported during
the final trimester of gestation in goats and, less often, in
sheep.112 Clinical signs and gross lesions in adult animals
may mimic those of copper toxicosis.7

Diagnosis
Darkfield microscopy, flourescent antibody techniques,
and PCR analysis of placenta, fetal tissue, and fluids are
used to confirm the diagnosis.6,112 Impression smears
of the kidney can be examined by flourescent antibody
techniques.10 The organism is difficult to isolate from
contaminated specimens and difficult to find in silverstained histologic sections. Aborted sheep fetuses may
have a low positive titer, but an abortifacient organism
other than L. interrogans may be diagnosed in seropositive sheep.115 A single positive serum sample from an
aborting ewe or doe is likely to be of no value, and
evidence of rising titers in paired sera is needed to
implicate L. interrogans in a specific abortion event6 (see
Chapter 20).

Treatment and Prevention
Vaccination two to four times a year with multivalent
cattle vaccines has been advocated in locales with
high-level leptospirosis activity. Other control measures
include separating animal species, reducing the number
of rodents, maintaining a clean water supply, and feeding tetracycline (300 to 500 mg/head/day) during midto late pregnancy.6

Class Mollicutes: Mycoplasma Spp. and
Ureaplasma Spp
Bacteria in class Mollicutes have the smallest genome
of any free-living organisms; these organisms lack a cell
wall and are enclosed in an outer cell membrane.116 The
species Mycoplasma mycoides contains two taxa from a
cluster that have been identified as causes of abortion in
sheep and goats.117 M. mycoides subsp. capri is a collective designation for the former taxa M. mycoides subsp.
mycoides LC and M. mycoides subsp. capri.117,118 M. mycoides subsp. capri infection probably occurs worldwide
but has been diagnosed as a cause of goat abortion in
California and Hungary.10,119 Mycoplasma capricolum
subsp. capricolum infection occurs sporadically in the
United States and has been reported as a cause of necrotizing placentitis and fetal septicemia in a goat.120

Other species, Mycoplasma agalactia and Mycoplasma
putrefaciens, have been reported to cause abortion in
goats.6,10,120 M. mycoides also causes septicemia and is
capable of causing abortion. Changes in the surface
proteins on the cellular membrane allow mycoplasmas
to elude the immune system of the host.116
Ureaplasma organisms also have been isolated from
ewes with a history of infertility and granular vulvitis.121 Ureaplasma parvum causes altered lung development when given experimentally to sheep in utero, and
this is considered a model for fetal Ureaplasma infection in humans.122 Natural infection by Ureoplasma
spp. as a cause of perinatal death and birth of weak
lambs is not routinely screened for and is minimally
documented.

Clinical Signs and Pathology
Abortion is not the predominant clinical finding in an
outbreak.
Abortion occurs in does (and rarely in ewes) in the
final trimester of gestation. Females that abort generally
shed the organism in their milk, amniotic fluids, and
placenta.

Diagnosis
The organism also may be isolated from cotyledons,
fetal abomasum content, liver, and spleen. Diagnosis
of abortion caused by Mycoplasma species is by special
culture and PCR analysis of the isolate. Because mycoplasmas often are difficult to culture and are not visible
on routine histopathologic examination, PCR techniques are rapidly evolving as the diagnostic method
of choice.

Treatment and Prevention
Administration of tetracyclines or tylosin may be of
benefit, but identification followed by culling of all
infected animals is the best strategy for prevention.123
No vaccines are currently available for use in sheep and
goats.

Anaplasma phagocytophila (Tick-Borne
Fever)
Anaplasma phagocytophila (formerly Ehrlichia phagocytophila) is a gram-negative, obligate intracellular bacterium that parasitizes neutrophils in sheep and goats
and also may infect humans.124 Clinical signs of infection in sheep include high fever, malaise, neutropenia,
and thrombocytopenia.124 Neutropenia may predispose
affected sheep to infections by other pathogens.124
Ixodes ricinus is the species of tick most recognized
as a vector.124 Clinical signs in infected sheep may
include abortion and impaired spermatogenesis.124,125
On microscopic examination, aborted sheep fetuses
may have cerebral leukomalacia, presumably secondary
to hypoxia.126
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Yersinia spp. (Yersiniosis)
Yersinia organisms are zoonotic gram-negative enteric bacteria with a reported association with abortion in sheep.1
Yersinia pseudotuberculosis has been implicated as an abortifacient agent in sheep from the United States, the United
Kingdom, Denmark, and Australia.127 In a Nebraska flock
outbreak, Y. pseudotuberculosis caused suppurative placentitis and abortion in ewes from 75 days of gestation, death
of term lambs, and death of the ewe in several cases.128
Yersinia enterocolitica (serotype O) was isolated from an
aborted ovine fetus and then inoculated experimentally
into a group of ewes, resulting in placentitis.129

Fusobacterium necrophorum
(Necrobacillosis)
Fusobacterium necrophorum, a gram-negative anaerobic
pleomorphic bacterium present worldwide, has been
reported to cause sporadic abortion in sheep. In a study
of small flocks in Denmark, 4 of 24 ewes were found
to have aborted from F. necrophorum.127 Examination of
the placenta may demonstrate purulent exudate on the
chorionic surface, necrosis of cotyledons and intercotyledonary areas, edema, and hemorrhage.13,130 The skin
of the fetus may have severe multifocal dermatitis13 (see
Figure 8-25, A and B). Because routine diagnostic procedures often exclude anaerobic culture, F. necrophorum
infections may be an underrecognized cause of abortion
in sheep and goats. Advanced techniques of laser capture microdissection and fluorescence in situ hybridization (FISH) were required in one instance to diagnose
F. necrophorum infection.127, 131

Escherichia coli
Although usually sporadic, E. coli abortion is more common than abortion caused by “classic” abortifacient
viruses and bacteria.132 Diagnosis of E. coli abortion
usually is based on obtaining a pure culture from lung
or abomasum content and collaborating culture results
with histopathologic findings.133 Epizootics are possible, however, and in a report from Scotland, a verotoxigenic strain of E. coli resulted in a 20% abortion rate
in one flock. Infections are acquired hematogenously
from a septic female or retrograde from an open cervix.10 Necropsy findings typically include bronchopneumonia-related changes, but microscopic lesions and
evidence of peritonitis or epicarditis may be absent.
Premature or weak lambs may die within 24 hours of
birth.133 Fetuses may be either autolyzed or fresh.133 In
E. coli abortion storms, ewes may die with metritis and
toxemia.133 Results of culture and sensitivity testing, if
rapidly available, can be used to select antibiotics.

Helicobacter bilis
Helicobacter bilis (previously identified as F. rappini,
Helicobacter rappini, and Helicobacter sp. Flexispirataxa 2, 5, and 8) is a potentially zoonotic, weakly
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gram-negative, microaerophilic, motile, spiral, and
flagellated enterohepatic bacterium that may colonize
in human, dog, cat, and rodent intestine.11,90,134 The
bacterium was identified in a significant number of
sheep abortions in South Dakota.135 Experimentally,
H. bilis may produce placental vasculitis, suppurative
placentitis, and fetal septicemia, resulting in multifocal hepatic necrosis. Within areas of necrosis, target
lesions that are indistinguishable from lesions caused
by Campylobacter spp. may be grossly visible.135 Giemsa
staining may provide the best visualization during histopathologic examination, although the organism is
considered gram-negative.

Miscellaneous Bacterial Agents
Any bacterium that can cause septicemia, endotoxemia or debilitation in sheep and goats is capable
of causing abortion. 3 Bacteremia in a dam may
result in fever-related abortion.1 Fetal septicemia
may produce stillbirths, perinatal death, and birth of
weak neonates. Mannheimia hemolytica and Pasteurella
multocida may be isolated from sporadically aborted
sheep.11 Arcanobacterium pyogenes is consistently identified as a cause of second- and third-trimester abortions in sheep and goats.10,11 Histophilus ovis has been
implicated as a cause of ascending placentitis, carried
by asymptomatic rams or ewes, which may affect
up to 50% of a sheep flock.3 Actinobacillus seminis
has been associated with abortion and metritis in
ewes and may be transmitted from carrier rams.136
Francisella tularensis, the agent responsible for tularemia, is a highly zoonotic bacterium that caused
abortion in 396 of 840 coming 2-year-old ewes
during a Wyoming outbreak. 137 Abortion from
Staphylococcus aureus was reported in more than 50%
of ewes that underwent long-term venous catheterization and also may be an opportunistic pathogen.11,138
Burkholderia pseudomallei is a zoonotic agent that
causes goat abortion and most frequently is identified in Australia and Southeast Asia.10 B. pseudomallei
is rare in North America. Erysipelothrix rhusiopathiae
was identified as the causative agent in an outbreak
of ewe septicemia resulting in a 3.5% abortion rate
in a Greek flock.139 Bacillus cereus was identified as
a bacterium causing sporadic abortion in sheep in a
large survey and also confirmed as an abortifacient
experimentally.11,140

Fungal Abortion
Mycotic abortion, although rare, may occur and is
likely to be due to an opportunistic pathogen. Candida
albicans was reported as a cause of goat abortion in California.10 Aspergillus often is implicated in bovine abortion and may be an opportunistic pathogen in smaller
ruminants.141
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Protozoal Abortion
Toxoplasma gondii (Toxoplasmosis)
T. gondii, an apicomplexan protozoan, is a zoonotic
agent with worldwide distribution and is considered
one of the primary causes of infective ovine abortion in
Australia, the United Kingdom, New Zealand, Norway,
and the United States.142-144 T. gondii is capable of causing abortion, fetal mummification, stillbirth, and birth
of weak lambs and kids.6,143 The regional proportion
of abortions attributable to toxoplasmosis is difficult
to estimate, because submission of diagnostic samples
to labs is limited, serologic test results are not specific,
infected females usually are asymptomatic, and the disease is of sporadic occurrence.143

Transmission and Pathogenesis
Cats are the definitive host for T. gondii and are capable
of shedding millions of oocysts within 4 to 12 days of
initial infection.7 Kittens infected in utero can shed T.
gondii oocysts immediately at time of birth.143 Ewes and
does become infected by ingesting feed or water contaminated with low numbers of oocysts and the conceptus may become infected as early as 14 days later.143 In
experimental studies of sheep, abortion occurs 4 weeks
after infection.143 After ingestion the organism enters
the blood and spreads to lymph nodes, where it undergoes asexual reproduction. Subsequently it invades
and multiplies in the placenta, causes a necrotizing
placentitis that may invade the fetus.145 Disruption of
maternal nutrient and oxygen supply through disruption of placentomes results in fetal death, abortion,
stillbirth, or the birth of weak neonates.145 It is possible,
however, for infected dams to give birth to nonaffected
young.145 It also is possible for ewes to have abortion in
the acute phase of systemic infection, and the pathogenesis is thought to be related to high fever and hormonal
dysregulation.143
Although T. gondii is found in goat semen, venereal
transmission is an unlikely cause of transmission.142
Ewes that are seropositive for Toxoplasma gain immune
protection, but the organism persists in cysts in the
brain and muscle of these animals.146 A persistently
infected ewe may transmit T. gondii infection to the placenta, but rates for vertical transmission are thought to
be below 4%.143,146 Goats that have been infected by T.
gondii are likely to be resistant to reexposure and abortion in subsequent pregnancies.147

Clinical Signs and Pathology
Goats appear to be more susceptible to T. gondii infection than sheep.142 Most abortions occur from infections during the latter half of gestation and fetuses
within the same litter may be affected differently.1,17
Affected does and ewes often are clinically normal at
the time of abortion.142 Rarely, the immunosuppressed

Figure 8-34 Toxoplasma gondii infection resulting in cotyledonary necrosis and calcification with minimal intercotyledonary involvement. (Courtesy Dr. Jim Cooley, Starkville,
Mississippi.)
pregnant female becomes febrile and may develop the
neurologic form of the disease. Those infected in the
first 40 days have embryonic resorption. Infections
occurring between 40 and 120 days generally result in
fetal mummification, maceration, and abortion. Infection after 120 days of gestation may produce premature, stillborn, or weak lambs.1 The intercotyledonary
areas of the aborted placenta usually are normal, with
the cotyledons exhibiting gray-white to yellow, small
focal areas of necrosis and calcification (1 to 3 mm
in diameter)145 (Figure 8-34). Coxiella, Brucella, and
Chlamydophila spp. also can cause similar cotyledonary
lesions, but the intercotyledonary region is more likely
to be involved42 (see Figures 8-29, A and B, and 8-30).
On microscopic examination, fetal brains may have leukomalacia caused by gradual loss of oxygen.148

Diagnosis
A presumptive diagnosis can be made from observation of placental lesions alone, but rapid autolytic
decomposition of the placenta may limit accuracy.142 T.
gondii isolation is a specialized procedure that requires
a cooled, not frozen sample of placenta cotyledon, fetal
brain, lung, or muscles.143 PCR detection is becoming
more available and often is more practical, because
tissue samples can be frozen long-term before shipment.149 PCR assay or immunohistochemistry studies
on paraffin-embedded tissue may be an option if fresh
tissue is not available.57 The modified agglutination
test (MAT) can be used to detect antibodies in fetal
and maternal serum and is more sensitive than other
tests.150 The ELISA and IFA tests also are used for fetal
serologic diagnosis.142 Thoracic fluid can be used to
check T. gondii titers.7 Identification of T. gondii antibodies in fetal fluids or presuckling blood also is diagnostic of transplacental Toxoplasma infection.142 A high
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antibody titer in the dam is not diagnostic of recent
infection, because titers may remain elevated from one
season to the next. The absence of T. gondii antibodies in the blood of ewes and does within 7 days of an
abortion, however, probably rules out the possibility of
infection.6,142

Treatment
Feeding decoquinate (2 mg/kg body weight/day) or
monensin (15 to 30 mg/head/day) throughout gestation may reduce the incidence of abortion. Lasalocid is less effective than monensin in toxoplasmosis
control.151

Prevention
Control of toxoplasmosis is based on preventing exposure of pregnant females to oocyst-contaminated pasture, food, water, and bedding. Fetal membranes and
dead fetuses should be buried or incinerated so that
they do not serve as sources of infection for cats and
other animals.6 Cats should not be allowed near
pregnant sheep and goats.142 Older spayed cats can
be kept on premises, because their presence may help
keep younger pregnant queens from occupying barns.
Attempts should be made to prevent cats from defecating in feeders, hay, and other feedstuffs (e.g., with
placement of “kitty litter” boxes). A vaccine containing
tachyzoites of a mildly infective strain of live T. gondii
(S48 strain) is available in Europe and New Zealand.
Ewes vaccinated with the S48 strain vaccine retain
immunity for approximately 18 months.152

Other Protozoal Species Causing Abortion
Neospora caninum, an apicomplexan protozoan similar
to T. gondii, has been identified with much less frequency in sheep and goat abortions.153 When pygmy
goats were experimentally inoculated at day 51 of gestation, subsequent fetal death was observed in 2 of the
6 goats.154 Fetuses and placentas were autolyzed, with
minimal gross lesions (Figure 8-35). Presumptive diagnosis is dependent on microscopic observation of mild
multifocal necrosis in the brain. In a second experiment, a doe inoculated at 85 days produced a near-term
mummified stillborn fetus with similar brain lesions.154
Mummification of the fetus, caused by prolonged in
utero retention after death, also is a characteristic of
toxoplasmosis. A serologic study of sheep in Slovakia
revealed a low prevalence of N. caninum, suggesting a
minor impact on sheep production in that region.155
Sarcocystis spp. have been implicated in experimental
and natural abortion. Of the four species of sarcocysts
that infect sheep Sarcocystis tennella and Sarcocystis arieticanis are considered pathologic.7 S. tennella abortion
has been induced experimentally in sheep.156 Abortion
from Sarcocystis spp. has been reported in goats exposed
to coyote feces.157

Figure 8-35 Neospora caninum–induced abortion caused
by experimental inoculation in midgestation. The fetus and
placenta are autolyzed. Mild multifocal necrosis in the brain is
the only lesion detected on microscopic examination. (Courtesy Dr. David Lindsay, Blacksburg, Virginia.)
Trypanosoma congolense is associated with abortion
of does and ewes in Africa.158 Several studies reporting data from South America and Africa indicate that
Trypanosoma vivax infection in sheep and goats also has
been linked to an increased rate of abortion.159

Virus-Induced Abortion
Family Bunyaviridae (Cache Valley Virus,
Akabane Virus, Rift Valley Fever Virus,
Nairobi Sheep Disease Virus)
The family Bunyaviridae is composed of spherical
negative-stranded RNA viruses that may infect a variety of animals including man. Almost all bunyavirus
infections are dependent on an arthropod vector. 160
The incidence of infection is linked to vector activity.
Bunyaviruses in the genera Bunyavirus (Bunyamwera
serogroup; Cache Valley virus and Simbu serogroup;
Akabane virus), Phlebovirus (Rift Valley fever virus) and
Nairovirus (Nairobi sheep disease virus) are most commonly associated with epidemics of fetal loss in sheep
and goats.160,161 Other bunyaviruses associated with
fetal disease in ruminants include the Simbu serogroup,
Aino and Peaton viruses, the Bunyamwera serogroup,
Main Drain virus and the California serogroup, and
LaCrosse and San Angelo viruses.162

Pathology
At necropsy the fetuses may have a necrotizing nonsuppurative encephalomyelitis, polymyositis, hydrocephalus, axial skeletal deviations, anasarca, or
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oligohydramnios.160,162 Degeneration of the ventral
horn of the spinal cord may result in muscle atrophy
and tendon contracture (arthrogryposis). These viruses
also may cause in utero death of the fetus. Rift Valley
fever virus and Nairobi sheep disease can cause fetal
malformation but most often cause abortions without
congenital deformities.

Diagnosis
The diagnosis is aided by the detection of antibodies
in fetal fluids, heart blood, or precolostrum serum, and
development of characteristic congenital abnormalities.163 Absence of measurable titers in the dam also is
significant, but absence in the lamb does not preclude
the diagnosis.3

Control and Prevention
Control and prevention measures for bunyaviruses
involve recognition of vector life cycles. Natural immunity derived from infection may be for life.3 Bunyavirus
vaccines are not available in the United States. Reducing exposure to mosquitoes or other insects by killing
larvae in standing water, restricting breeding to winter
months, fencing off boggy low-lying areas, and using
insect repellents all are potential preventive measures.
Geographic distribution, host, and other specifics for
the most recognized bunyaviruses are discussed next.
Cache Valley Virus. Cache Valley virus, genus
Bunyavirus, Bunyamwera serogroup, is endemic in parts
of the Southwest and Northeast United States as well
as Southern Canada.163 The most common vectors
are mosquitoes, but Culicoides spp. also may be a
vector.160,161 Severe arthrogryposis with skeletal muscle hypoplasia may be observed in affected newborn
lambs162 (Figure 8-36). Sheep experimentally infected
before 32 days of gestation usually experienced fetal
death. The greatest percentages of fetal abnormalities
were observed in sheep infected between 32 and 45
days of gestation. Development of fetal abnormalities
decreased as the gestation age increased, but experiments on fetuses infected after 50 days have not been
reported and the effects of the virus on older fetuses is
not known.164 Cache Valley virus infects goats but has
not been shown to cause fetal disease.160
Akabane Virus. Akabane virus, genus Bunyavirus, Simbu serogroup, has been reported in Australia,
Japan, South Africa, the Middle East, Argentina, Korea,
and other parts of Asia. Akabane virus is rare in North
America and may have Culicoides and mosquito vectors.6,160 As with infection with Cache Valley fever
virus, gross lesions were most prevalent when sheep
were infected during a certain period of fetal development (46 to 53 days gestation).165 Lesions may include
skeletal muscle atrophy, degenerative disease of the cerebellum, porencephaly, hydranencephaly, brachygnathism, scoliosis, hypoplasia of lungs or spinal cord, and

Figure 8-36 Cache Valley virus–induced stillbirth and
malformation. The lamb’s limbs are fixed in flexion (arthrogryposis), as are the vertebrae, leading to axial skeletal deviations (scoliosis and kyphosis). Muscle hypoplasia is visible.
(Courtesy Dr. John F. Edwards, College Station, Texas.)

arthrogryposis.160 An inactivated vaccine for Akabane
virus is licensed for use in Australia and parts of Asia.6
Rift Valley Fever Virus. Rift Valley fever virus,
genus Phlebovirus, is endemic to the African continent
and causes large epizootics involving sheep, goats,
cattle, horses, camels, numerous wildlife species, and
humans.166 In recent years, Rift Valley fever virus has
jumped international borders into the Middle East and
may pose a threat to North American and European
agriculture industries.166 At least six genera of mosquitoes are vectors for transmission.166 Data from a Kenyan
outbreak in the period 2006 to 2007 indicate that prevalence and clinical signs of Rift Valley fever are similar in
sheep and in goats.166 Infection of naive populations of
sheep results in demise of young lambs, and abortion
rates can reach 100%.166 Abortion usually is caused by
maternal fever with minimal evidence of fetal infection.167 The virus less commonly causes multifocal
necrosis in numerous fetal organs, including extensive
hepatic necrosis and necrotizing placentitis. Septic
metritis may follow abortion.167 The Smithburn strain
of Rift Valley fever is reported to cause hydrops amnion,
arthrogryposis, and hydranencephaly.166 A modified
live virus is available but may cause fetal malformations
in sheep and goats.6
Nairobi Sheep Disease Virus. Nairobi sheep
disease virus, genus Nairovirus, family Bunyaviridae,
is a zoonotic tick-transmitted agent endemic to East
and Central Africa and elsewhere.167 Ganjam virus,
historically endemic to India, has been recently shown
through S-RNA (S or small) sequence to be an Asian
variant of Nairobi sheep disease virus.168 The virus
causes acute gastritis, with mortality rates of up to 90%,
but also may cause abortions related to disease in the
dam.169
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Family Flaviviridae
Border Disease Virus. Border disease virus (BDV),
genus Pestivirus, family Flaviridae, is the causative agent
of “Hairy Shaker Disease” in lambs. It originally was
described from the border region between England
and Wales.160 BDV causes abortion and congenital
abnormalities in sheep in North America, Great Britain,
Australia, New Zealand, and possibly other regions.3,81
Infection in goats is increasingly recognized, and the
two species appear to be equally affected when infected
experimentally.7,160 Bovine viral diarrhea virus (BVDV)
is a closely related pestivirus that also causes border
disease in sheep and goats. It has been estimated that
losses due to border disease can be as great as 20% in
some flocks at initial outbreak.170

Pathogenesis
The ewe is infected by ingesting or inhaling the virus
secreted from the placenta, saliva, urine, or feces of a
persistently infected sheep or newborn. Persistently
infected cattle, goats, and deer also may infect sheep.160
Persistently infected ewes have reduced fertility but are
capable of reproducing lambs that also are persistently
infected.160 Viremia ensues for 7 days. If a pregnant ewe
is infected before day 85 of gestation, her fetuses are
aborted, macerated, or mummified. Surviving lambs
may have demyelination of the cerebellum and dysplasia of hair follicle epithelial cells and are termed “hairy
shakers.”160 Lambs that survive in utero infection may
be born persistently infected. Lambs infected after 85
days of gestation may be born normal or weak, or be
stillborn, and may either be seronegative for the virus
or have viral antibody titers.3

Clinical Signs and Pathology
Signs of infection include increased numbers of open
females, mummified or macerated fetuses, stillbirths,
and birth of weak lambs with hairy fleece and tremors.81 Fetal anomalies include cerebellar hypoplasia,
hydranencephaly, porencephaly, and arthrogryposis.160
The hairy fleece of affected lambs usually is darkly pigmented, most prominently around the head and shoulders.3 These “hairy shaker” lambs tend to grow poorly
and may develop polyarthritis and have shortened facial
and long bones.7 Cotyledons are small or dysmature,
with areas of pinpoint grayish necrosis.

Diagnosis
The virus usually can be isolated from fetal blood (buffy
coat).3 Antigen capture ELISA can be performed on
serum of sheep older than 2 months of age.7

Prevention
All animals suspected of being infected should be
culled. Any replacement lambs should be screened
(by BDV titers or viral isolation, or both) before they
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are added to the flock.3 Any flock additions should be
quarantined for 30 days and tested for the presence of
this and other diseases before being placed into the
flock. Cattle and sheep should be separated, and the
use of common water sources should be minimized.
Modified live cattle vaccines should be avoided. The use
of killed vaccines for BDV in cattle provides minimal
cross-protection.7

Wesselsbron Virus
Wesselsbron virus, genus Flavivirus, family Flaviviridae,
is a zoonotic agent that is endemic to the southern
African continent, with serologic evidence of presence
in Southeast Asia. Wesselsbron district is in South
Africa. Although the primary vector are mosquitoes
of Aedes genus transmission from aerosols produced
from infected tissues may occur.171 Sheep appear to be
the most sensitive ruminant to the virus with death in
newborn lambs and abortion.172 Sick lambs may have
neurologic signs and the placenta may have hydrops
amnion. Antibodies may be detected with a hemagglutination inhibition test, but later-developed ELISA
tests are more sensitive.173 An attenuated live vaccine is
available but may cause abortion if administered during
pregnancy.6,172

Family Reoviridae: Bluetongue Virus
Bluetongue virus, genus Orbivirus, family Reoviridae, has
at least 25 serotypes and occurs throughout tropical,
subtropical, and some temperate regions of the world,
where it causes disease in fine-wooled and mutton
breeds of sheep.174 The virus is noncontagious, and seasonal epizootics are variable and controlled by environmental factors affecting populations or transport of the
primary vector, Culicoides spp.—the gnat or midge—and
viral replication within reservoir host, cattle, and other
ruminants.174 This virus is noted for genetic variability,
caused by genetic drift of individual gene segments and
reassortment of gene segments within a host or vectors
infected with more than one strain.160 More recently,
incursion of the virus into Northern latitudes has been
reported, and numerous authors have speculated regarding an association with global climate change.160

Clinical Signs and Pathology
Infected ewes may demonstrate a variety of clinical
signs: fever; vascular endothelial damage resulting in
a swollen tongue, ears, or face; ulcerated or crusting
oral or nasal mucosa (catarrhal stomatitis and rhinitis);
dyspnea secondary to pulmonary edema; and lameness secondary to myositis, laminitis, and coronitis.3
In sheep that survive, loss of fleece may cause financial
loss.160 In sheep, infection during pregnancy produces
a wide variety of pathologic responses in the fetus that
range from production of a viremic but normal live
lamb to fetal death caused by hepatic necrosis and
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hydranencephaly.160 Goats frequently are infected in
endemic regions, as evidenced by results of serologic
studies, but even when exposed to virulent serotypes
rarely demonstrate clinical signs.174

Diagnosis
Bluetongue viruses can be isolated from the blood,
semen, brain, and spleen of aborted fetuses or detected
by PCR assay of material from various organs. Viral isolation is enhanced if blood is collected during febrile
periods (see Chapters 4 and 16). Serologic studies in the
damn and fetus may be useful to assess host response.

Prevention
Vaccination against bluetongue is of questionable value
because of the large numbers of serovars. Vaccine regimens
in endemic regions have been proved to be effective but
involve multiple injections with numerous serotypes.160
Live attenuated vaccines may cause fetal deformity and
embryonic death. Culicoides gnats feed at night during
cooler temperatures and breed around damp habitats.
Some species reproduce in cattle dung.160 Housing sheep
away from low-lying or damp areas during gnat season,
at night, and separation of sheep from cattle may reduce
risk. Other vectors proven to cause mechanical transmission include argasid ticks, sheep keds (Melophagus
ovinus), and various mosquitoes, but these vectors are
thought to be of minor significance in epizootics.160

Caprine Herpesvirus 1

Caprine herpesvirus 1 (CpHV 1) is an α-herpesvirus
that most commonly causes subclinical vulvovaginitis
and balanoposthitis in goats.2 The impact of the virus
may be underestimated because of poor knowledge of
the infection and difficulty in making the diagnosis.2
When experimentally challenged with CpHV 1, lambs
exhibited minimal clinical signs and recovered, whereas
kids developed more severe disease.32

may show pinpoint white foci, represented by randomly
distributed areas of coagulative necrosis175,177 (Figure
8-37). Microscopically, intranuclear inclusion bodies
may be seen in cells surrounding areas of necrosis.175
Placental lesions may be mild or minimal.

Diagnosis
Virus isolation may be unsuccessful from vaginal swabs,
aborted fetus, and tissue samples from weak kids.2
Often the virus is most readily detectable by PCR assay
performed on fresh liver, lung, or spleen.2 If fresh tissues are not available, PCR analysis is possible but less
sensitive with use of paraffin-embedded tissue.177 Test
validation is limited by the availability of positive control subjects.

Prevention
A noncommercial inactivated CpHV-1 vaccine has been
shown to be protective.178 Goats develop good humoral
immunity and do not abort in the following kidding
season.178

Zoonosis
Before initiating examination of an aborted fetus or
placenta, the practitioner and the farm owner should
evaluate potential exposure to abortifacient zoonotic
agents. Although these agents may be ever-present
in the environment or in animals, concentration of
microorganisms in infected placental membranes of
fetal tissues makes this an important time to be vigilant. Pregnant women, persons with cancer, and those
who are immunosuppressed are at increased risk for
zoonotic infection and should avoid handling aborted
fetuses and placentas. Personal protective gear such
as gloves, disposable rectal sleeves, respirators, and
boots should be worn and appropriately cleansed or

Transmission
The virus probably is spread to does by an infected
buck.175 Serologic studies preceding a herpesvirus abortion storm in Wyoming indicate that infection does not
reduce reproduction in subsequent breedings.176

Clinical Signs and Pathology
Occasionally the virus may be more virulent or present
in naive populations, resulting in abortion storms and
death of 1- to 2-week-old kids.177 Experimental studies in
naive does confirm that CpHV 1 may cause abortion 10
to 60 days after inoculation.2 Progression of the disease
and gross and microscopic findings from the aborted
fetus are similar to those observed in α-herpesvirus
infection in other species. Aborted fetuses may be autolyzed, but placental lesions may be minimal.177 Lungs,
liver, kidneys, and adrenal glands of aborted fetuses

Figure 8-37 Caprine herpesvirus abortion. Pale white foci
on the surface of the kidney are areas of necrosis. (Courtesy Dr.
Francisco Uzal, San Bernardio, California.)
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disposed of after necropsy.7 Contaminated clothing
and boots should be banned from human living quarters.7 Although cytologic examination of fresh placental
smears is widely discussed, findings are difficult to
interpret, and such techniques increase risk of human
exposure to pathogens.
Isolation of aborting animals not only will protect
other sheep but may limit human exposure to agents.
Most bacterial diseases associated with abortion in
sheep and goats have some potential for zoonotic transmission but vary widely in virulence to humans. Infections with agents such as B. melitensis and Salmonella
Brandenburg are easily contracted from infected tissues,
whereas the risk of acquiring L. interrogans or L. monocytogenes at necropsy is minimal.104,179,180 Knowledge of
pathogens expected to cause abortion and their clinical
signs and gross lesions and potential risk to humans
probably is the veterinarian’s best defense.
B. melitensis, the causative agent of goat-transmitted
Malta fever, is the most common species of Brucella
infecting humans and is the most common zoonotic
pathogen reemerging worldwide.180 Although France,
Israel, and most of Latin America have gained control
of brucellosis, the disease persists in the Mediterranean
countries, North Africa, the Middle East, and India.181
It is an often unrecognized and uncontrolled public
health problem in many developing countries.181,182
Farmers face risk of clinical disease as well as economic
impact from reproductive losses, necessary eradication
programs, and import-export restrictions. Clinical manifestations in humans include undulant fever, arthritis,
hepatosplenomegaly, lymphadenopathy, epididymoorchitis, liver abscesses, spondylitis, osteomyelitis, paravertebral abscess, and abortion.183-186 Contact with
placental and fetal tissues and consumption of unpasteurized goat milk or cheese and undercooked meat are
the most widely implicated modes of transmission to
humans.5,6,181 Crushing the umbilical cord of newborn
lambs and kids with the teeth, as practiced by some
herders, has been implicated in transmission. Brucella
ovis infection is not considered a zoonotic disease
risk.179
Control measures to prevent human infection by
C. burnetii, the cause of Q fever, are difficult to apply,
because ruminants may maintain a nonsymptomatic
carrier state, and the organism may be aerosolized on
particles and is persistent in the environment.71 Sheep
manure used as garden fertilizer has been implicated as
a source of human infection by C. burnetii.78 Inhalation
of aerosols and contaminated dust is the primary mode
of human infection. A majority of human cases involve a
history of contact with livestock-related material during
epizootics in sheep, goats, or cattle.74 C. burnetii infection also may be contracted by ingestion of nonpasteurized milk or consumption of goat cheese manufactured
with nonpasteurized milk.7,80 Clinical manifestations
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in humans include influenza-like symptoms, undulant
fever, myalgia, atypical pneumonia, hepatitis, endocarditis, premature delivery, repeated abortions, post
–Q fever fatigue syndrome (QFS), and possible death
in immunocompromised persons.3,66,68,78 People with
heart valve lesions are at increased risk for development of Q fever, and endocarditis is the most common
chronic form of the disease.67
Abattoir workers in Australia are vaccinated, and vaccination may be the prevention method of choice for
other high-risk groups such as farm workers, researchers, and veterinarians. In multiple surveys of the general
population, farmers and stock breeders had the highest seropositivity rates.187 In response to a human Q
fever epidemic, the Netherlands enacted restrictions
on manure spreading 3 months after detection of
C. burnetii on a farm, with mandatory vaccination of
small ruminants.67,71
Infection by Chlamydophila abortus in pregnant
women may begin with acute influenza-like symptoms
and result in abortion or stillbirth.46,188,189 C. abortus is
capable of causing renal failure, hepatic dysfunction,
disseminated intravascular coagulation, and death in
humans.46 Although most cases of zoonosis caused by
bacteria in the order Chlamydiales are attributed to
C. abortus; it should be noted that Parachlamydia acanthamoebae and Chlamydophila psittaci both are zoonotic agents that also have been identified in small
ruminants.44
C. jejuni is the most common cause of human bacterial gastroenteritis in industrialized nations worldwide.
Although disease may be caused by sheep strains,
contaminated poultry products are the major source
of human infection.190 Domestic animals and unpasteurized milk also are thought to be sources of C. jejuni
infection in human beings. Shepherds who give artificial
resuscitation to infected lambs have reportedly acquired
C. jejuni.86 Although C. fetus subsp. fetus is rarely associated with human disease; most cases appear to involve
direct contact with livestock.191-193 At least 13 cases of
C. fetus subsp. fetus abortion and fetal sepsis have been
reported in humans.194 Salmonella infection can cause
abdominal pain, severe diarrhea, chronic enteritis,
abortion, and death in humans. During an outbreak of
Salmonella Brandenburg in New Zealand, a spike in the
numbers of human cases paralleled abortions observed
in sheep. Agriculture workers including two veterinarians and families on affected farms were thought to have
contracted the disease from aborted sheep.104 Francisella
tularensis, an agent endemic to North America and Eurasia, is capable of producing abortion storms in range
sheep, and infection may be contracted by contact with
animal carcasses.137,195 Clinical signs of tularemia in
humans include ulcerative dermatitis, lymphadenopathy, and septicemia, with progression to death in some
cases.195 Both Y. pseudotuberculosis and Y. enterocolitica
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may cause mesenteric lymphadenitis resulting in fever,
anorexia, vomiting, and diarrhea in humans.1
T. gondii can cause encephalitis or blindness in
human fetuses infected in utero, and infection with this
pathogen is potentially lethal in patients with acquired
immunodeficiency syndrome (AIDS). Approximately
30% of adults in the United States have antibodies to T.
gondii.3 Most cases of toxoplasmosis are contracted after
drinking raw goat milk and consuming undercooked
meat.143 Consumption of nonpasteurized goat and
sheep milk is of particular concern in human infants.143
Presence of T. gondii in aborted tissues probably poses
the greatest risk for unborn children or immunosuppressed individuals.
Most viral diseases associated with abortions in
sheep and goats are not zoonotic. Rift Valley fever virus,
however, causes a limited febrile illness in most infected
people.166 In 1% to 2% of people who contract Rift Valley fever, however, more serious clinical presentations
may include hepatitis, encephalitis, retinitis, blindness,
and a hemorrhagic syndrome resulting in death of 10%
to 20% of hospitalized patients.166 Zoonosis from Rift
Valley fever originally was recognized in veterinarians
and assistants who performed necropsy or obstetric
interventions in infected animals. The 2000 epizootic
in Saudi Arabia and Yemen resulted in thousands of
human infections and at least 245 deaths.166 Wesselsbron disease virus is endemic to the southern African
continent and may be transmitted from aerosols produced from infected tissues handled during an abortion
necropsy.196
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Diseases of the Endocrine
System
Brian K. Whitlock, Elizabeth A. Coffman, and D.G. Pugh

The endocrine system is integral to normal growth,
development, and reproduction. Endocrinopathies can
range in severity from insignificant to lethal, and in both
animals and humans, the clinical presentation, diagnosis, pathophysiology, and treatment can be straightforward or complicated and convoluted. This chapter
presents an overview of endocrine function and disease
to aid the veterinary clinician in diagnosing and treating endocrine abnormalities in the small ruminant.
Integrated throughout are available data, from the most
recent studies, analytic reviews, and case reports, on the
endocrine systems of sheep and goats.

HYPOTHALAMUS
The hypothalamus is the portion of the rostral end of
the diencephalon that lies below the thalamus at the
base of the brain, around the third ventricle, extending
from a plane immediately rostral to the optic chiasm to
one immediately caudal to the mamillary bodies. Laterally its borders, somewhat ill-defined, roughly outline
the optic tract.1 The hypothalamus is divided into a
variety of nuclei that are critical to its major functions;
this structure-function correlation should be kept in
mind in considering diseases of the endocrine system.
The hypothalamus is the predominant center for the
integration of many factors that influence control of key
body functions. The proposal that the brain was somehow involved in controlling endocrine functions goes
back to the 1930s.2,3 Neurohumoral control of the pituitary gland secretions and endocrine system was proposed in the 1950s, and the capillary system between
the ventral hypothalamus and the pituitary gland was
the suggested conduit for substances of hypothalamic
origin that would act as releasers of each and every
pituitary hormone.4,5 It was not until 1969 that the
concept was finally validated by the isolation and structural characterization of one of these postulated messengers, thyrotropin-releasing factor (TRF), in extracts
of ventral hypothalamic tissues.6,7 Ultimately, TRF and
other hypothalamic messengers (Table 9-1) were demonstrated and quantified in blood obtained by catheterization of the hypothalamic-pituitary vessels.8

Hypothalamic hormones regulate (i.e., stimulate or
inhibit) the release of hormones from the anterior pituitary cells (Table 9-2) and are themselves released from
the posterior pituitary gland (Table 9-3). Neuropeptides
from the hypothalamus are transported to the anterior pituitary gland by the hypothalamic-hypophyseal
portal circulation and to the posterior pituitary gland
directly from hypothalamic nuclei by axoplasmic flow.
Several different releasing and inhibiting factors in the
hypothalamus are transmitted to the anterior pituitary
gland by the portal vessels, each factor having more or
less selective action on pituitary secretions. These hypothalamic releasing and inhibiting hormones are corticotropin-releasing hormone (CRH); thyrotropin-releasing
hormone (TRH); growth hormone–releasing hormone
(GRH); somatostatin (SS), also called growth hormoneinhibiting substance; gonadotropin-releasing hormone
(GnRH); dopamine, also called prolactin-inhibiting
hormone; and prolactin-releasing hormone (PrRH).9
The area from which hypothalamic releasing and inhibiting hormones are secreted is the median eminence of
the hypothalamus. This region contains few nerve cell
bodies, but many nerve endings are present in close
proximity to the capillary loops from which the portal
vessels originate. Cell bodies of the neurons that project
to the external layer of the median eminence and secrete
hypothalamic releasing and inhibiting hormones are
organized into hypothalamic nuclei.
A wide range of physiologic signals, acting over
diverse time frames, impinge on the hypothalamus.
Regulatory systems in the hypothalamic-pituitary unit
are established gradually throughout a sequence of
morphologic and physiologic changes beginning in
fetal life and ending in adulthood. The development of
these axes is a complex process involving central as well
as peripheral regulatory mechanisms.10 Some evidence
suggests that the hypothalamic-pituitary axis in mammals is functional from early stages of fetal life.11 In the
sheep fetus, maturation of the median eminence has
been observed as early as days 48 to 67 of gestation.12 In
small ruminants, the vascular connection between the
hypothalamus and the pituitary is fully developed in the
early stages of gestation (day 45), providing a functional
231
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link; presumably, hypothalamic factors may be transported directly by way of the portal vascular system to
the pituitary gland to exert their stimulatory or inhibitory actions during gestation.12,13 However, the exact
physiologic roles of some of the neuropeptides found
in the embryo are not fully established.14 The individual
components of the endocrine axes probably start their
embryonic development independently of each other,

TABLE 9-1 Hypothalamic Messenger
Hormones

Hormone

Abbreviation

Pituitary
Target

Arginine vasopressin
Thyrotropin-releasing
hormone
Gonadotropin-
releasing hormone
Somatostatin/growth
hormone–inhibiting
hormone
Growth hormone–
releasing hormone
Corticotropin-
releasing hormone
Dopamine/prolactininhibiting hormone
Prolactin-releasing
hormone

AVP
TRH

Corticotropes
Thyrotropes

GnRH

Gonadotropes

SS/GHIH

Somatotropes

GHRH

Somatotropes

CRH

Corticotropes

PIH

Lactotropes

PrRP

Lactotropes

and interactions between them are established only in
the last stages of their maturation.15

PITUITARY GLAND
The pituitary gland is one of the most important endocrine glands in the vertebrate animal. The pituitary
gland is an unpaired endocrine gland located at the
base of the brain and is continuous with the ventral part
of the hypothalamus. The reddish-gray round to ovoid
gland lies on the inner surface of the base of the skull
in the hypophyseal fossa of the sphenoid bone (sella
turcica) between the optic chiasma and the mamillary
bodies and consists of two major parts: the adenohypophysis and the neurohypophysis. Size and weight of
the pituitary gland vary not only among species but also
among breeds and age categories, and between genders.
In sheep, the gland is approximately 13 to 15 mm in
length and weighs 0.3 to 1.8 g on average.16 Its small
size belies its importance and complexity, including
its intricate embryology, structural heterogeneity, and
functional diversity.
The anterior, intermediate, and posterior lobes of the
pituitary gland act as three separate endocrine organs,
each characterized by distinct cell populations, secretory products, and regulatory mechanisms. Originally
described by Rathke in 1838,17 the pituitary originates
from two distinct parts of the developing embryo. The
adenohypophysis (pars distalis, pars intermedia, pars
tuberalis) arises from the ectodermal saccule (Rathke’s
pouch) of the roof of the primary oral cavity (stomodeum), and the neurohypophysis (pars nervosa or
posterior pituitary gland) arises from the diencephalon.

TABLE 9-2 Anterior Pituitary Hormones
Hormone

Abbreviation

Tropic Target

Normal Range

Growth hormone
Prolactin
Adrenocorticotropic hormone
(adrenocorticotropin)
Thyroid-stimulating hormone
Follicle-stimulating hormone
Luteinizing hormone

GH
PRL
ACTH

Liver, muscle, bone
Mammary gland
Adrenal cortex

1-100 ng/mL
20-500 ng/mL
20-200 pmol/L

TSH
FSH
LH

Thyroid
Gonads
Gonads

----------<0.25-20 ng/mL
<0.25-60 ng/mL

TABLE 9-3 Posterior Pituitary Hormones
Normal Concentration
Hormone

Abbreviation

Ovine

Caprine

Arginine vasopressin
Oxytocin

AVP
OT

4.4 ± 0.6 pg/mL76
12.7 ± 0.7 pg/mL230

1.8 ± 2.9 pmol/L77
4.5 ± 1.0 pmol/L231
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Anterior Pituitary Gland
Structure, Function, and Hormones
The anterior pituitary gland is unique in the sense that
the central nervous system, which controls this part of the
hypophysis to a great extent, exerts its regulatory influence through a neurohumoral mechanism. Few if any
nerve fibers pass to the anterior pituitary gland from the
hypothalamus. Rather, the portal hypophyseal vessels
form a direct vascular link between the hypothalamus
and the anterior pituitary gland. Pituitary hormone–
releasing substances are produced and released by the
hypothalamic neurons into the special vascular system
supplying the anterior pituitary gland. Arterial branches
from the carotid arteries and circle of Willis form a network of fenestrated capillaries called the primary plexus
on the ventral surface of the hypothalamus. Capillary
loops also penetrate the median eminence. These capillaries drain into the sinusoidal portal hypophyseal
vessels, which carry blood down the pituitary stalk to
capillaries in the anterior pituitary gland. The portal
system of blood vessels develops and is fully established
by the end of the first trimester.18 The median eminence
generally is defined as the portion of the ventral hypothalamus from which portal vessels arise. This region is
outside of the blood-brain barrier. The anterior pituitary
gland begins to function during the first trimester, and
adrenocorticotropic hormone (ACTH), luteinizing hormone (LH), and follicle-stimulating hormone (FSH) are
detected early in gestation. TRH-secreting cells develop
early in the second trimester. Growth hormone (GH)
and prolactin are synthesized in increasingly greater
amounts during the second half of pregnancy.
The adenohypophysis constitutes approximately
80% of the pituitary gland19 and lies rostroventral to
the neurohypophysis in ruminant species. The adenohypophysis can be divided into three subdivisions: the
pars distalis (the major part of the adenohypophysis
and referred to as the anterior pituitary gland for the
remainder of this chapter), the pars intermedia (small
division between the pars distalis and infundibular
process), and the pars tuberalis (small dorsal extension
of the pars distalis along the infundibular stem). It is a
highly vascular structure that contains large numbers
of different glandular cells capable of synthesizing
and secreting various hormones—thyroid-stimulating
hormone (TSH), ACTH, LH, FSH, prolactin, and GH.
Some hormones from the anterior pituitary gland act
on target endocrine glands, whereas others exert their
influence without the intervention of other endocrine
glands. Traditionally, cells of the adenohypophysis
were divided on the basis of the affinity of the granules to various dyes with light microscopy (acidophils,
basophils, and chromophobes). However, cells of the
adenohypophysis are now distinguished according to
their product(s) of synthesis and secretion.
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The classical view of the anterior pituitary gland
asserts that each cell secretes a single hormone (see Table
9-2).18 Evidence accumulated during the past 20+ years,
however, points to the existence of subpopulations of
multihormonal cells that may be involved in more than
one neuroendocrine system.20,21 For instance, mammosomatropes contain both GH and prolactin.22,23
Growing evidence suggests that, in addition to the
well-established LH surge, a concomitant surge in other
pituitary hormones occurs: GH,24-26 prolactin,27-31 and
TSH.32 One hypothesis that would explain such surges is
the possibility of secretion of more than simply gonadotropins (LH and FSH) by gonadotropes. The proportion
of gonadotropes, somatotropes, and lactotropes does
not change during the estrous cycle in sheep.33 It has
been demonstrated that GH co-localizes with LH in the
ovine anterior pituitary gland21 (Figure 9-1). In contrast
with the rat, in which up to 47% of the gonadotropes
co-expressed GH messenger RNA (mRNA),34,35 this
population was small in sheep, with at most only one
tenth of the gonadotropes expressing immunoreactive
GH.21 However, the detection of these LH- and GHco-expressing cells was significantly influenced by the
stage of the estrous cycle. The study also demonstrated
that such co-expression in gonadotropes is not specific
to GH, because both prolactin and TSH were detected
within gonadotropes. Prolactin also was expressed
within gonadotropes in the ovine anterior pituitary
gland, but the stage of the estrous cycle had no influence
on presence of these cells. Conversely, no gonadotropes
co-localized with ACTH. Additional evidence indicates
that receptors for hypothalamic releasing factors may
not be restricted to a single pituitary cell type. Specifically, it has been shown in various species that GnRH
binding is not restricted to gonadotropes.34-38
The action of ACTH on the adrenal gland is necessary for the basal secretion of glucocorticoids and
aldosterone, as well as for increased secretion of these
hormones provoked by various stresses. Corticotropes,

Prl

LH

Prl/LH

Figure 9-1 Micrographs of ovine pituitary gland from a
luteal phase ewe after double immunofluorescence labeling.
Prolactin-immunoreactive cells are green, with a clear doublelabeled cell for βLH in red. Cells that were counted as doublelabeled (arrowheads) are evident as yellow-orange cells in the
panel on the right.21
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which synthesize and secrete ACTH, β-lipotropin, and
pro-opiomelanocortin, account for another 15% to
20% of anterior pituitary gland cells.22 The release of
ACTH is stimulated by two hypothalamic neuropeptides: CRH and arginine vasopressin (AVP). Although
CRH is the most potent ACTH secretagogue in rats and
humans, AVP is a more potent secretagogue than CRH
in sheep and cattle.39-41 Also, with increases in audiovisual stress, the concentrations of AVP have been shown
to increase more than those of CRH in the pituitary portal circulation of sheep.42 Physical injury, stress, hemorrhage, and other physiologic challenges produce afferent
impulses that converge on the hypothalamus leading to
increased CRH, AVP, and ACTH output. Conversely, glucocorticoids themselves block ACTH secretion through
feedback inhibition exerted at the hypothalamic and
pituitary levels.43 Engler and co-workers42 reported
baseline (20 to 50 pmol/L) and stress-induced (as much
as 200 pmol/L) ACTH parameters in sheep.
As expected, GH is obligatory for normal growth
and development in young animals. However, it also
influences fiber production and processes important
for reproduction (e.g., steroidogenesis, gametogenesis,
lactation) in adults. Of all of the hormones produced by
the anterior pituitary gland, GH is the most abundant.
The pituitary gland contains an amount of GH that is
20 to 40 times greater than that of ACTH and 50 to
100 times greater than that of prolactin.20 GH is synthesized in somatotrope cells in the anterior pituitary as a
191-amino-acid peptide in ruminants.44,45 In the classical view, GH was thought to be exclusively produced and
secreted by somatotrope cells of the anterior pituitary.46
It is now accepted, however, that GH is produced by
other cell types within the anterior pituitary gland.22,23
Moreover, sites of extrapituitary production of GH exist
wherein this hormone exerts autocrine and paracrine
actions.47 GH is secreted in episodes or pulses in all species studied to date, including small ruminants.48,49 The
pattern of GH secretion varies depending on species,
photoperiod, and metabolic signals, and it is sexually
dimorphic.9,50 Hypothalamic control of GH secretion in
mammals is a classic paradigm of the “dual control” system of pituitary hormone secretion: Two hypothalamic
peptides with opposing roles, GRH and SS, directly regulate GH secretion from the anterior pituitary gland.9,51
GRH stimulates whereas SS inhibits GH secretion by
somatotropes. Episodic GH secretion can be altered by
diverse factors from the central nervous system, the pituitary gland, or factors from peripheral tissues.9 In addition to direct activation of various genes, GH mediates to
the production of somatomedins. The best characterized
somatomedins, insulin-like growth factors I (IGF-I) and
II (IFG-II), mediate many actions of GH.
Reproduction in mammals depends on synthesis and
secretion of gonadotropins from the anterior pituitary
gland. Gonadotropins, FSH and LH, are synthesized and

secreted by cells in the anterior pituitary gland (gonadotropes). Gonadotropins control steroidogenesis and
gametogenesis in males and females and are members
of the glycoprotein hormone family that also includes
the pituitary hormone TSH and chorionic gonadotropins. Members of this glycoprotein hormone family are
heterodimers, meaning that they are composed of two
nonidentical subunits designated α and β. The pituitary
glycoprotein hormones (FSH, LH, and TSH) share a
common α-subunit identical in structure. However, the
β-subunits are unique to each gonadotropin and confer
biologic and immunologic specificity to each hormone. A
single gene for the α-subunit as well as the β-subunit for
LH and FSH has been identified.52 The common α-subunit
combines with a different hormone-specific β-subunit in a
manner that produces a unique tertiary configuration permitting efficient interaction with the hormone-receptor
system in target cells. Gonadotropes, which secrete FSH
and LH, make up 10% to 15% of anterior pituitary cells.22
Both synthesis and secretion of LH and FSH are regulated
primarily by the central nervous system through the neurosecretion of GnRH and kisspeptin.53,54
Small ruminants exhibit seasonality of breeding
activity, and although environmental temperature,
nutritional status, social interactions, lambing/kidding
date, and lactation period are modulators of this seasonality, photoperiod is the determinant factor. Melatonin, through its duration of nocturnal secretion, is the
hormone responsible for translation of the day length
information to the reproductive axis by changing the
sensitivity of the GnRH pulse generator with consequent modification on the pulsatile secretion of LH.
The exact site of action of melatonin within the central
nervous system is still controversial and requires further
research. Thyroid hormones also have an important
role in seasonal reproduction, but the site, mechanisms
of action, and integration in the current neuroendocrine model of photoperiodic control of seasonal reproduction need to be further elucidated. The first evidence
of the involvement of thyroid hormones in seasonal
reproduction of sheep was provided by Nicholls and
colleagues,55 who found that ewes thyroidectomized in
late anestrus entered normally into the breeding season
but continued to exhibit regular estrous cycles throughout the subsequent anestrous season, remaining in this
condition for more than 1 year.
Prolactin is a hormone with an important role in
functions of lactation and reproduction i.e., it is both
lactogenic and luteotropic).56 Lactotropes, which secrete
prolactin, account for 10% to 25% of cells within the
anterior pituitary gland.22 Prolactin is similar in structure to GH, with a comparable half-life.57 Prolactin,
unlike other pituitary hormones, is controlled mainly
by inhibitory factors originating from the hypothalamus, the most important of which is dopamine. It is
well known that dopamine inhibits prolactin release,20
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and in sheep, peripheral administration of bromocriptine, a dopamine D2 receptor agonist, abolishes the
prolactin surge normally associated with the LH surge.58
In photoperiodic seasonal breeders such as sheep and
goats, seasonal hormonal variation occurs in prolactin
concentration.59 The highest circulating prolactin levels
(200 to 800 ng/mL) coincide with long days (anestrous
season), and the lowest levels (less than 40 ng/mL)
coincide with short days (breeding season).60-62 However, during the breeding season at the time of the LH
surge, a concomitant prolactin surge (up to 800 ng/mL)
has been reported.27,28 Melatonin, rather than dopamine, controls the seasonal secretions of prolactin,
independent of input from the hypothalamus.63 Studies
in rats have suggested that prolactin-releasing peptide
(PrRP) may play a role in the generation of prolactin
surges.64 In ewes, however, PrRP is not released in the
hypophyseal portal circulation at the time of the prolactin surge.27 Alternatively, melatonin is thought to exert
its effects on the anterior pituitary gland via PrRP in the
pars tuberalis.65,66 Because high prolactin levels normally are associated with ovarian inactivity, it has been
suggested that the seasonally high prolactin concentrations may be responsible for seasonal impairment of
reproductive function in sheep.67
Thyroid function is controlled by the TSH from the
anterior pituitary gland. The secretion of this tropic hormone is in turn regulated in part by TRH from the hypothalamus and is subject to negative feedback control
by circulating levels of thyroid hormones acting on the
anterior pituitary gland and the hypothalamus. Thyrotropes, which secrete TSH, account for only 3% to 5% of
cells of the anterior pituitary gland and are stimulated
by TRH from the hypothalamus.68 TSH is a glycoprotein
that is made up of two subunits designated α and β.
TSH-α is identical in structure to α-subunits of LH, FSH,
and human chorionic gonadotropin (hCG)-α. The functional specificity of TSH is conferred by the β-subunit.
The principal hormones secreted by the thyroid gland
in response to stimulation by TSH are thyroxine (T4)
and triiodothyronine (T3). The negative feedback effect
of thyroid hormones on TSH secretion is exerted in part
at the hypothalamic level, but it also is due in large part
to an effect on the pituitary, because T4 and T3 block the
increase in TSH secretion produced by TRH. Therefore,
in the absence of adequate thyroid hormones, excessive
TSH is released, resulting in enlargement in the thyroid
gland (goiter). Exposure to cold temperature also affects
thyroid function.69-74

Posterior Pituitary Gland
Structure, Function, and Hormones
In embryologic development, the neurohypophysis
arises as an evagination of the floor of the third ventricle. This outgrowth gives rise to the median eminence,

235

the infundibular stem, and the infundibular process.
At first the outgrowth is thin, like the floor plate of the
diencephalon. During later development, however, the
distal end of the outgrowth becomes solid as neuroepithelial cells proliferate. Later, these cells differentiate into pituicytes. Nerve fibers and terminals arise
from magnocellular neuron cell bodies outside the
hypophysis in the supraoptic and paraventricular nuclei
of the hypothalamus. The nonmyelinated nerve fibers
pass through the infundibular stem to the posterior
pituitary–infundibular process by way of the hypothalamic-hypophyseal tract. Neurosecretory material
manufactured in the cell bodies of these nuclei migrates
along their axons and ends in the distal part of the neurohypophysis, from which the characteristic hormones
(posterior pituitary hormones—AVP and oxytocin) are
released into general circulation.
Both of the neurosecretory hormone products of
the posterior pituitary are nonapeptides. Cell bodies of
the supraoptic and paraventricular nuclei synthesize the
prohormone of either oxytocin or AVP. The hormones
are further processed and cleaved to yield the final
hormone product within the neurosecretory granules
during transport to the pars nervosa. Each is associated
with a binding protein: Oxytocin is associated with
neurophysin I and AVP with neurophysin II. Secretion
occurs by calcium-dependent exocytosis on appropriate
stimulation.
Release of AVP, also known as antidiuretic hormone
(ADH), is triggered by stimulation of osmoreceptors in
the ventrolateral medulla in conditions of hyperosmolarity, hypovolemia, and hypotension. These specialized neurons directly stimulate hormone release from
the posterior pituitary by way of catecholaminergic
A1 fibers; however, other neurotransmitters, including
neuropeptide Y, also play a role in signaling hormone
release. Vasopressin acts in the distal collecting tubule
of the kidney to increase water retention, decreasing
blood osmolarity and increasing urine concentration,
by stimulating the insertion of increased numbers
of aquaporin 2 in the apical membrane (short-term
increase) as well as increasing aquaporin 2 gene expression (long-term change).75 Increased reabsorption of
sodium chloride in the ascending loop of Henle, facilitation of aldosterone-stimulated sodium reabsorption,
and increased permeability to urea in the distal collecting duct are also mediated in the kidney for an overall
increase in urine concentration and antidiuretic effect.
In addition to its renal effects, AVP acts directly on
vascular smooth muscle to cause peripheral vasoconstriction; however, this constriction does not have an
appreciable effect on total blood pressure, because the
action of AVP on the postrema of the brain results in
an overall decrease in cardiac output.18 Release of AVP
decreases as blood pressure and volume increase and
osmolarity falls to normal levels. Plasma vasopressin
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levels vary with hydration status. In sheep, reported levels change from 4.4 ± 0.6 pg/mL to 16.8 ± 1.0 pg/mL in
hydrated and dehydrated states, respectively.76 Reported
plasma AVP levels in goats allowed free access to water
are 1.8 ± 2.9 pmol/L, but these can increase to 19.9 ±
9.4 pmol/L with severe dehydration.77
Diabetes insipidus (DI) results from failure of the
kidney to concentrate urine appropriately as a result of
impairment of the AVP mechanism. This condition can
be classified as central or neurogenic, resulting from
dysfunction in the neurohypophysis, or nephrogenic,
secondary to inadequate renal response. Although ADH
measurement has been described, diagnosis of DI relies
on a water deprivation test.78 In this test, water is withheld and urine specimens are collected serially; urine
specific gravity fails to increase in affected animals.
Administration of exogenous AVP can then differentiate neurogenic from nephrogenic DI: Animals with the
central form will respond by increasing urine concentration. Because the test requires that the patient become
significantly dehydrated, renal disease should be ruled
out beforehand, and patient weight should be monitored. Additionally, it is contraindicated in animals that
are already dehydrated, azotemic, or hypercalcemic.78
Central DI was the suspected cause of polyuria and polydipsia in a 7-month-old Suffolk ram and in a 4.5-yearold Black Brown Mountain ram.79,80 Water deprivation
testing and response to AVP administration confirmed
the diagnosis in the former case; in the latter case, the
test was initiated in an effort to prove this hypothesis,
but clinical deterioration required euthanasia before
its conclusion. In both cases, the DI was believed to
be secondary to compression of the neurohypophysis,
from external pressure and by a chromophobe adenocarcinoma of the adenohypophysis, respectively.
Syndrome of inappropriate antidiuretic hormone secretion (SIADH), in which AVP is overexpressed, is rare in
all species.81-83 It has been experimentally modeled in
sheep and goats with use of radiofrequency lesioning
in the septal and preoptic regions and administration
of exogenous AVP84,85; no naturally occurring cases have
been reported thus far.
Oxytocin, the other hormone product of the neurohypophysis, is released in response to stimulation of
sensory neurons with distention of the reproductive
tract or manipulation of the mammary glands. Afferent
impulses generated by milking or suckling of offspring
travel to the supraoptic and paraventricular nuclei to
trigger oxytocin release. Goats also show discriminatory release of oxytocin only when nursing their own
kids; this release appears to be mediated by olfactory
signals.86 The hormone acts directly on the myoepithelial cells of the mammary ducts to cause milk ejection
and on those of the reproductive tract to cause smooth
muscle contraction. Adrenergic stimulation inhibits the
milk ejection reflex; therefore stress and the resultant

sympathetic arousal can prevent milk ejection. The
direct activation of smooth muscle by oxytocin also
may play a role in parturition, passage of sperm into the
uterine tubes, and propulsion of sperm into the urethra
before ejaculation.18 The uterine contraction resulting from oxytocin stimulation has facilitated the wide
pharmacologic application of this agent as an ecbolic
for treatment of a variety of reproductive disorders (see
Chapter 8).
Of interest, prestimulation of dairy goats causes
earlier release of oxytocin but does not enhance milk
flow rate or overall yield87; this effect is in contrast with
findings in cattle and probably is attributable to larger
cisternal milk volume. AVP also may have a role in milk
ejection, although its exact physiologic mechanism has
not been elucidated. The vasopressin V1 receptor is
present on myoepithelial cells,88 and infusion of goats
with this hormone results in increased milk flow and
milk fat content.89 Furthermore, suckling results in measurable increases in both blood oxytocin and AVP levels,
although hand milking elicits changes in neither.90

Pituitary Abnormalities
The most common pituitary tumors in domestic animals are found in dogs and horses, and reports in
ruminants are very rare, especially in sheep and goats.
A majority of pituitary abnormalities described in small
ruminants are adenomas,91-95 but more recently, adenocarcinomas have been reported as well.96,97

Pituitary Adenoma
Acidophilic adenomas of the anterior pituitary gland
have been reported in both sheep91,93,94 and goats.92,95
In domestic animals, pituitary tumors usually grow by
expansion. Dogs and horses do not have a restrictive
diaphragma sellae around the infundibular stalk, and
pituitary tumors in these species often grow toward and
into the hypothalamus.98 Such tumor growth is not
observed in other species of domestic animals (including small ruminants) that have a restrictive diaphragma
sellae around the infundibular stalk, in which most
primary pituitary tumors remain extradural. Pituitary
gland adenomas generally compress adjacent pituitary
tissue in sheep93,94 and goats.92,95 Pituitary adenomas
also can protrude dorsally toward the optic chiasm91
and erode the surrounding sphenoid bone ventrally91,92
(Figure 9-2). Acidophil-type cells generally produce GH
and prolactin, both of which are lactogenic.23 Some
sheep99 and goats95 with pituitary adenomas exhibit
inappropriate lactation. Similar acidophilic adenomas
have been reported in other species in association with
abnormal mammary development,100 and anterior pituitary adenoma should be considered in the differential
diagnosis for ruminants with inappropriate lactation
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Figure 9-2 A, Gross photograph of the skull and pituitary gland (arrow) of a Pygmy goat demonstrating
enlargement of the gland and erosion of the surrounding sphenoid bone. B, Higher-magnification photograph of the pituitary mass (arrow). Erosion and hemorrhage are evident in the sphenoid bone surrounding
the sella turcica. Bar = 1 cm.92

syndrome (ILS). However, no definitive antemortem
diagnostic test is currently available for this condition.
Several other underlying pathologic conditions have
been reported in does with ILS. Two does with ILS had
concomitant pheochromocytoma and cystic endometrial hyperplasia.95 One of these animals also had thyroid and follicular ovarian cysts.95
Pituitary adenomas also can be endocrinologically
inactive but may cause hypopituitarism by mechanical compression of normal pituitary tissue, impaired
blood flow to normal tissue, or interference with delivery of hypothalamic regulating hormones through
the hypothalamic-hypophyseal portal system.99,101 In
humans, pituitary neoplasia is the most common cause
of hypopituitarism.101,102 In a doe with a pituitary adenoma, the primary clinical problem was persistent hypoglycemia; however, the complete clinical history and
laboratory test results were consistent with partial hypopituitarism, and the doe also was found to have concurrent
primary hypothyroidism and hypoadrenocorticism.92

Pituitary Carcinomas
Pituitary carcinomas are uncommon in all species and
rare in ruminants. One report described a pituitary
carcinoma with metastasis to submandibular lymph
nodes in a cow.103 Two reports described pituitary
adenocarcinomas in sheep.96,97 In the first of these
reports, a ram presented with ocular abnormalities and
polyuria and polydipsia, all of which were compatible
with a space-occupying lesion in the area of the pituitary gland and in close proximity to the optic chiasm.97
Observations made during the postmortem gross and
cytologic examinations were strongly suggestive of a
pituitary chromophobe adenocarcinoma.104 A second
report described a ewe with a pituitary chromophobe

Figure 9-3 Lateral view of the brain of a 14-year-old Rasa
Aragonesa ewe showing a neoplastic mass in a ventral position that has replaced the pituitary gland.96 The mass proved
to be a pituitary adenocarcinoma.

adenocarcinoma (Figure 9-3) that also had two concurrent primary tumors (an intraocular melanoma and an
ovine pulmonary adenocarcinoma nodule).96 Unlike in
reports of endocrinologically active pituitary adenomas
in small ruminants,95,99 pituitary gland adenocarcinomas are either endocrinologically inactive or cause partial hypopituitarism.96,97
Differentiation of pituitary adenoma from pituitary
carcinoma can be difficult if histopathologic appearance
is the sole criterion used for diagnosis. In fact, in human
medicine, pathologists consider nonfunctional pituitary
tumors to be particularly problematic from a diagnostic
standpoint unless extensive clinicopathologic data are
available. Even with such data, few prospective clinicopathologic studies have been conducted to develop a
clinically useful classification system.105 Furthermore,

238

Chapter 9 • Diseases of the Endocrine System

cellular morphology of adenomas and adenocarcinomas
may be similar, and the mitotic rate typically is low for
both neoplasms. In some adenocarcinomas, however,
histopathologic features may include more frequent
mitoses, occasional giant cells, and a greater degree of
nuclear pleomorphism.104 Tumor infiltration into the
brain parenchyma, large areas of necrosis within the
tumor, vascular invasion, the presence of intracerebral
metastasis, marked cellular and nuclear pleomorphism,
and high mitotic rate are findings consistent with malignancy.104 Because of the permanent and cumulative
compression of the posterior lobe, infundibular stalk,
and hypothalamus by the mass, the nonmyelinated
axons that transport ADH from the site of production in
the hypothalamus (supraoptic nucleus and periventricular nucleus) to the site of release in the capillary plexus
of the posterior lobe were interrupted.104

Pituitary Abscess Syndrome
Pituitary abscess syndrome is an uncommon condition
that occurs in small ruminants, with four and three
cases reported in goats and sheep, respectively.106,107
The condition is invariably fatal, and antemortem
diagnosis is difficult because of the variety of possible
clinical signs. Definitive diagnosis is made at necropsy
(Figure 9-4). The most common clinical manifestations
reported by owners were anorexia, ataxia, depression,
and recumbency. Abnormalities in cranial nerve function are evident in most animals with pituitary abscess
syndrome. The most frequent neurologic abnormality is
that associated with ocular dysfunction, and the second
most frequent finding is dysphagia; the cranial nerve
deficits usually are asymmetric. Previous reports of pituitary abscess in cattle and sheep indicated a predilection
of the disease for males.106,108 Reports of this condition
in sheep and goats, however, suggest a predilection for

females.106,107 In light of the importance of the pituitary
gland as an endocrine organ, an interesting hypothesis
postulates the presence of hormonal imbalances in
animals with pituitary abscess syndrome. Determining
hormone concentrations might be of value and probably would detect pituitary insufficiency; however, this
determination is unlikely to be helpful in clinical practice in light of the acute and fatal course of the disease.

Diagnostics in Pituitary Disease
When the clinical findings are suggestive of a pituitary
abnormality, baseline serum hormone concentrations
and dynamic hormone testing should be considered,
to identify pituitary dysfunction in a timely manner.
Unfortunately, the literature contains very few reports
of normal pituitary hormone parameters in small ruminants. Available values for normal baseline and stimulated hormone concentrations are listed in Table 9-4.
Noninvasive imaging techniques can be used for diagnosis and monitoring treatment. Contrast-enhanced
computed tomography (CT) enables direct visualization

TABLE 9-4 Useful Endocrinologic Hormone
Concentrations
Hormone

Abbreviation

Normal Range

Thyroxine

T4

Triiodothyronine

T3

Parathyroid
hormone

PTH

Parathyroid
hormone–
related
protein
Calcitonin

PTHrP

38-100.5 nmol/L
(sheep)118
38.6-54.4 nmol/L
(goat)118
0.97-2.30 nmol/L
(sheep)118
1.3-2.92 nmol/L
(goat)118
99.7 ± 9.3 pmol/L
(sheep)232
3.47 ± 0.38 pmol/L
(intact PTH, goat)233
3.3 ± 1.5 pmol/L
(goat)234

Cortisol

Aldosterone

Figure 9-4 Midsagittal view of the brain of an ewe that
shows an abscess replacing the pituitary gland. (Noah’s Arkive;
Crowell; F02575.)

Insulin

CT

144.6 ± 25.7 pg/mL
(sheep)232
62 ± 10 nmol/L
(sheep)173
65 ± 8 nmol/L (goat)173
28.9 ± 9 pmol/L
(sheep)190
5.5 ± 4.3 ng/dL
(goat)189
2 ± 20 μIU/mL
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of the pituitary gland,109,110 but magnetic resonance
imaging (MRI) may be more sensitive than CT in detection of a hypothalamic-pituitary pathologic process.
MRI is considered the method of choice to detect expansion of tumors into the suprasellar region and compression of structures adjacent to the pituitary gland.111,112
A specific method to differentiate neurogenic DI
from primary nephrogenic DI is the modified water
deprivation test, which includes, if necessary, an AVP
response test.113

THYROID GLAND
Structure and Function
The thyroid gland consists of two lobes connected by an
isthmus. It lies ventral to the trachea just below the larynx. It originates in the embryo as an evagination of the
endodermal epithelium between the first and second
pharyngeal pouches; the connection to the epithelium
is lost as development progresses, and the incorporation of mesenchymal cells leads to the formation of
parafollicular cells. It may remain associated with the
thymus in young animals.
The functional unit of the thyroid gland is the follicle, which consists of a layer of cuboidal epithelial cells
surrounding the colloid. The colloid is a clear, viscous
fluid that serves as a reservoir for thyroid hormone in
the form of the thyroglobulin-hormone complex. The
size of the follicles and the length of their cells vary
according to the functional stage of the gland, ranging
from an inactive squamous cell to the highly active, tall
columnar cell. Interspersed between the follicles are
thyroid C cells (parafollicular cells), so called because
they are the source of calcitonin, the hormone associated with calcium metabolism. A third type of hormonal tissue, the parathyroid, is embedded within the
thyroid or located in close proximity.114 These tissues
and their hormone products are discussed in greater
detail later in the chapter under “Calcium Homeostasis
and Parathyroid Hormone.”

Thyroid Hormones and the
Hypothalamic-Pituitary-Thyroid Axis
Thyroid-releasing hormone (TRH) is secreted from
the paraventricular nucleus of the neurohypophysis
and stimulates release of thyroid-stimulating hormone
(TSH), or thyrotropin, from the anterior pituitary.
This in turn causes secretion of thyroxine (T4) and
3,3′,5-triiodothyronine (T3) from the thyroid gland.
The latter is the active form of the hormone; in sheep,
T4, T3, and reverse T3 (rT3) account for 90.4%, 8.8%,
and 0.7%, respectively, of the secretory product of
the thyroid gland.115 T4 can be converted to the more
biologically active T3 by 5′-monodeiodinase, which is
present in peripheral tissues, especially the liver and
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kidney. Alternatively, it can be converted to biologically inert rT3 by 5-monodeiodinase, which also may
be found in some tissues. The relative concentrations of
these enzymes in different tissues play an integral role
in determining local hormone concentration and tissue
responsiveness.
Most of the effects of thyroid hormone are mediated
through binding to thyroid hormone–responsive transcription factors in the nucleus to increase gene expression; however, binding to membrane transporters also
may be responsible for mediating some portion of the
cellular response. The results of T3 stimulation include
increases in heat generation, oxygen utilization, basal
metabolic rate, lipid metabolism, cardiac output, neural
transmission, glucose availability (glycolysis, gluconeogenesis, absorption), and protein synthesis and catabolism.116-118 Thyroid hormone has been associated with
wool growth, weight gain, milk production, and reproduction, and disorders of the hypothalamic-pituitarythyroid axis may affect any or all of these. (Note: Hormone
levels may fluctuate with illness or nutritional issues and
therefore reflect systemic status.)
Regulation of the hypothalamic-pituitary-thyroid
axis is dependent on many endogenous and exogenous factors. Thyroid hormone inhibits the secretion
of both TRH and TSH in the hypothalamus and the
adenohypophysis (short and long negative feedback
loops). Additionally, the neurotransmitters dopamine
and somatostatin as well as glucocorticoids may inhibit
TSH excretion, whereas α-adrenergic stimulation can act
at the pituitary level to increase concentrations of this
hormone. Cytokines, growth factors, prostaglandins,
and blood concentrations of iodine (often reflecting
dietary levels) may act at the level of the thyroid gland
to alter expression and excretion. Finally, alterations
in the hormone after its excretion can contribute to
relative bioavailability and serve as a source of control;
differential expression of deiodinases may be affected
under changing environmental conditions in a process
known as peripheral autoregulation.

Hypothyroidism
A hypothyroid state may stem from deficits within the
gland itself—primary hypothyroidism—or higher up
in the axis with TRH or TSH. Alternatively, changes
may occur in peripheral deiodination of thyroxine to
T3. Decreased 5′-deiodinase activity has been associated with endotoxin insult and expression of cytokines
(interleukins and TNF-α) with inflammation or illness.116,119 Results include decreased T3 concentrations,
increased rT3 concentrations, and (in severe cases)
decreased T4; inflammatory cytokines also can decrease
TSH release from the adenohypophysis. The decreased
activity of thyroid hormones associated with inflammation and illness is known as euthyroid sick syndrome.
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It has been well characterized in companion animals
such as the dog and in other ruminants, but published
studies in small ruminants are lacking at present.

Thyroid Hormone and Reproduction
Thyroid hormone levels play an integral role in the
physiology and seasonality of reproduction in small
ruminants. Hypothyroidism has been implicated in
multiple aspects of reproductive failure in different species, including altered spermatogenesis, reduced testicular growth, irregular cycling, delayed onset of puberty,
abortion, still birth, birth of weak offspring, silent heat,
and nymphomania.116-117,120
Thyroid hormones affect seasonality and transition
into anestrus. Ewes thyroidectomized during anestrus
began cycling with their euthyroid counterparts but
failed to return to anestrus after the breeding season.121 Additionally, thyroid hormone supplementation
resulted in earlier onset of anestrus.122 Experiments
in the Saanen goat suggest that these changes may
be mediated by altered seasonal expression of type II
deiodinase in the hypothalamus with changing photoperiod; because this enzyme catalyzes the formation
of active T3 from inactive T4, these changes account
for increased bioavailability of active hormone in the
mediobasal hypothalamus with longer photoperiod.123
Thus thyroid hormone expression in the central nervous
system is greater with increased day length; inhibition
of GnRH and LH at this level mediates the transition to
anestrus and plays a central role in reproductive physiology of the female.
In growing lambs, induction of hypothyroidism
by thiourea administration resulted in significant
reduction in testicular size, ill-developed seminiferous
tubules, and testosterone levels less than 0.02 ng/mL.120
The effects of thyroid hormone deficiency in males are
more pronounced in young animals as a consequence
of higher numbers of T3 receptors on Sertoli cells,
which decrease with age124; because these receptors are
virtually gone in the adult animal, these changes are
irreversible.
Decreased reproductive efficiency associated with
iodine deficiency in adults may be improved with appropriate treatment. Iodine supplementation with 1 mL of
Lipiodol (providing 480 mg of iodine) in animals with
low urinary iodine concentrations resulted in significantly increased thyroid hormone levels and fertility as
compared with iodine-deficient control animals.125

Thyroid Hormone and Immune Status
The role of thyroid hormone in function of the immune
system is less clearly elucidated. However, hypothyroid
or goitrous animals may show increased susceptibility
to infection, which results in decreased production.

Goats with endemic goiter showed significant decreases
in indicators of both humoral and cell-mediated immunity126; these indices improved with treatment with
thyroxine or colloidal iodine.

Thyroid Hormone and Hair Fiber
Thyroid hormone levels appear to be connected to wool
fiber characteristics. The exact mechanism of action is
unknown, and it is unclear whether thyroid hormones
have direct or permissive influence. An association
has been reported between wool growth and thyroid
hormone levels in sheep. Thyroidectomy resulted in
a 60% decrease in wool growth as measured per unit
area of skin, primarily related to decrease in length of
fiber, ostensibly resulting from a reduced rate of cellular
division and number of dividing cells in the cortex.127
Thyroid hormone also appears to be important to the
development of hair follicles in lambs in utero.128
Similar effects have been reported on mohair growth
in Angora goats, in which hyperthyroidism induced by
thyroxine supplementation resulted in increased fiber
length and decreased diameter.129 Additionally, supplementation with field bean in Angora goat kids resulted
in increased thyroid hormone levels, fiber length, and
secondary hair follicle activity and decreased fiber
diameter.130

Environmental Temperature
and Thyroid Hormone
A connection between environmental temperature
and thyroid hormone expression is well established
in both sheep and goats.70-72,131-133 Temperature and
hormone levels are negatively correlated such that
increased ambient temperature results in decreased
thyroid hormone concentrations. Of interest, Dorset
sheep (a temperate breed) show a greater decrease in
thyroid hormone and responsiveness to TRH with heat
stress than that observed in Blackbelly sheep (a tropical
breed).134 Also, as mentioned in relation to seasonality
of reproduction, photoperiod affects thyroid hormone
concentrations. Therefore it may be important to take
environmental temperature and breed into consideration with investigations of disorders involving the
hypothalamic-pituitary-thyroid axis.

Nutrition and the HypothalamicPituitary-Thyroid Axis
Because the hypothalamic-pituitary-thyroid axis
responds to changes in the animal’s environment,
hormone levels are believed to be a good indicator of
metabolic and nutritional status in small ruminants.117
It makes sense that thyroid hormone levels closely
reflect nutritional status, because they serve as primary
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regulators of metabolic rate, and adaptation to changes
in nutrient supply are important to survival. A drop
in the levels of leptin occurs with decreasing body fat
stores; this dip serves as a signal to the paraventricular
nucleus to down-regulate TRH expression and alter
the glycosylation of TSH to reduce its bioactivity.135
Therefore overall nutritional status plays an important regulatory role in function of the hypothalamic-
pituitary-thyroid axis, especially in the transition from
the fed to the starved state.
Selenium is essential to thyroid hormone synthesis
and activation, because it is a component of deiodinase
and peroxidase enzymes; dietary deficiency can affect
hormone levels in addition to its well-known effects
on the musculoskeletal system (causing white muscle
disease). Lambs suffering from nutritional myodegeneration secondary to selenium deficiency showed
increased total T4 and decreased T3 levels as compared
with those in normal lambs.136 The altered thyroid
hormone status may account for some abnormalities
or pathologic conditions noted in affected animals (see
Chapter 2).
Dietary zinc levels have attracted attention because
levels are tied to altered thyroid status in other species, and supplementation is commonplace in small
ruminant husbandry. Experimental zinc supplementation, however, did not result in significant changes in
hormone levels or alteration of euthyroid status137 (see
Chapter 2).

Goiter
Goiter is noninflammatory and non-neoplastic enlargement of the thyroid gland. It usually is detectable on
physical exam, and its presence indicates attempted
compensation for compromise of the hypothalamicpituitary-thyroid axis. Whatever the underlying cause

A
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of decreased blood hormone levels, decreased negative feedback leads to enhanced production of both
TRH and TSH. Elevated hypothalamic and pituitary
hormones then stimulate hyperplasia of the thyroid
follicular cells in an effort to increase iodine trapping
and hormone excretion. The resulting disease may
therefore involve hyperplasia of both the thyroid and
the pituitary glands in affected animals.138 Hyperplastic
goiter is characterized by increased numbers of follicular cells; this may progress to colloid goiter, which is
the later involutionary phase of disease (Figure 9-5, A
and B). The gland may compensate early on so that the
patient is physiologically normal (simple goiter), but
hypothyroidism may eventually manifest clinically if
the underlying problem is severe or persistent. Goiter in
a euthyroid or hypothyroid animal is more frequently
encountered and is classified as nontoxic goiter; glandular enlargement associated with hyperthyroidism is
classified as toxic goiter.114

Genetic Factors
An autosomal recessive form of goiter caused by defective thyroglobulin synthesis has been reported in
Merino sheep.139 Hypothyroidism secondary to an
alteration in thyroglobulin structure of a possibly
genetic etiology also has been described in an East Friesian milk ram that showed decreased body condition,
depressed behavior, and goiter.140 Hereditary congenital
goiter linked to defective thyroglobulin also has been
described in Dutch, Pygmy, and Nubian goats.141,142

Dietary Iodine
Owing to its essential role as a component of thyroxine, iodine intake can have profound effects on
hormone levels. Excess or insufficiency may interfere
with hormone production. Iodine deficiency is the

B
Figure 9-5 A, The thyroid gland of a ram showing enlarged follicles filled with colloid and papillary
 rojections into the lumen. B, Thyroid gland of a euthyroid reference sheep. Hematoxylin-eosin staining;.
p
bar = 50 μm.229
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A

B
Figure 9-6 Congenital goiter in a neonate goat. (Noah’s Arkive: Hedstrom; F03304 and F03305.)

most common cause of goiter in animals and may be
of greater clinical importance in situations in which
multiple animals are affected, when the veterinarian
is more likely to become involved. Deficiency may be
either primary, from inadequate intake of iodine, or
secondary, from ingestion of goitrogenic compounds
that interfere with iodine uptake or metabolism and,
consequently, with thyroid hormone synthesis. Iodine
may leach from the soil with rain, and low iodine
levels are found in areas with sandy soils or alpine
regions. Thiocyanate and goitrin are two of the most
common goitrogenic compounds and may be found in
numerous plants, including Brassica species (cabbage);
legumes (soy beans, lentils, linseed, peas, peanuts,
white clover); mustard-like plants (rape, kale); prunes
(cherries, apricots); and some grains (sorghum). The
goiter that results from nutritional deficiency often is
referred to as endemic goiter. Occasionally, insufficient
intake by the dam results in manifestation of signs in
neonates (Figure 9-6, A and B) (see Chapter 2).

Clinical Signs
Disorders of the hypothalamic-pituitary-thyroid axis
reflect alterations in its numerous functions throughout
the body. Physical findings may include reduced body
weight or emaciation, alopecia, facial edema (myxadema), poor wool growth, thickened skin, weakness,
lethargy, decreased production (milk or weight gain),
late abortions, weak lambs, decreased reproductive
performance, and immunocompromise. The thyroid is
palpable as an enlarged mass just caudal to the larynx;
it may be possible to palpate a thrill caused by increased
blood flow to the enlarged gland. It is important to
distinguish pathologic enlargement of the thyroid from
the thymus, which can be palpable in young animals,
or other swellings, such as cysts or abscesses; however,
a large subcutaneous mass in the correct anatomic
location in conjunction with suggestive clinical signs is
indicative of disease.

Diagnosis
Clinical suspicion is based on exam findings, a palpably
enlarged thyroid gland (goiter), and sometimes suggestive hematologic findings. Owing to the effects of
thyroid hormone on lipid metabolism, blood chemistry
alterations reflecting these changes can be suggestive
of disease. Experimentally induced hyperthyroidism in
the Nubian goat resulted in decreased serum, liver, and
cardiac cholesterol, triglyceride, and phospholipid concentrations; conversely, experimentally induced hypothyroidism resulted in increases in those parameters.143
Definitive diagnosis, with characterization of an
individual animal as hypothyroid (or hyperthyroid),
requires determination of blood hormone levels. These
values may be affected by a variety of environmental
or physiologic variables, as outlined previously, and
must be interpreted accordingly. As in other species,
thorough evaluation of the hypothalamic-pituitarythyroid axis may require assessment of TSH as well as
T4 and T3 levels. The normal reference ranges reported
for these values are known to vary according to the lab
and assay used, so findings should be interpreted in
this light. Normal values reported for total T4 and T3
for sheep range from 38.0 to 100.5 nmol/L and 0.97
to 2.30 nmol/L, respectively.118 For goats the values
are 38.6 to 54.4 nmol/L and 1.3 to 2.92 nmol/L, also
respectively.118 Determination of thyrotropin levels may
be considered as another potential diagnostic tool in
the approach to hypothyroidism; measurement of TSH
was shown to be useful in diagnosing hypothyroidism
in calves, and values differed significantly in those that
survived the first 24 hours and in those that did not.144
TSH or TRH response tests have been used diagnostically as described in dogs and horses. A TSH response
test has been performed diagnostically in a ram140;
thyroxine levels measured 4 and 8 hours after TSH
administration failed to double and reach physiologic
levels, as would be expected in a normal animal. The
results were used to confirm hypothyroidism. Similarly,
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TSH administration approximately doubled T4 concentration 4 hours after administration in 3 goats; similar
increases in thyroxine were obtained by administration of TRH at 1 μg/kg to 25 goats, whereas T3 levels
increased an average of 318% in 1 hour. It is recommended that a TSH response test be performed when
interpretation of thyroid hormone level interpretation
is equivocal or additional data are necessary.114

Treatment and Prevention
Appropriate dietary iodine or supplementation is the
most commonly used therapy, because deficiency is
the most common cause of goiter encountered. Dietary
iodine requirement for the goat is 0.5 mg/kg dry matter
weight for most goats and 0.8 mg/kg dry matter weight
for the lactating female145; this may be increased to
2 mg/kg in the presence of goitrogen-containing plants.
Pregnant does can be drenched with oral administration of 200 to 300 mg potassium iodide or 2 mL of
Lugol’s iodine per week if they are at high risk for
iodine deficiency. Additionally, a long-acting injectable
formulation has been used, as previously mentioned,
to improve reproductive performance in areas with
endemic iodine deficiency.125 Oversupplementation
should be avoided, because experimental evidence suggests that iodine levels exceeding 9.9 mg/kg dry matter
weight impair immunoglobulin absorption and passive
transfer in the neonate.146 Most diets contain sufficient
amounts of iodine; kelp and iodized salts are the most
common feed additives to ensure adequate levels.
Iodized salts, which contain 0.007% to 0.01% iodine,
should be the only salt source provided if they are the
only source of iodine. Evidence suggests that use of the
iodate form rather than iodide is preferable for supplementation of iodine, because it may be biologically
more available. For treatment of affected kids, a regimen
of either 20 mg of potassium iodine or 3 to 5 drops of
Lugol’s solution in the milk daily for 7 days has been
used (See Chapter 2).147

CALCIUM HOMEOSTASIS
AND PARATHYROID HORMONE
The parathyroid gland is the source of parathyroid
hormone, the primary hormone regulator of calcium
hemostasis. Embryologically, the external and internal
parathyroid glands originate from the third and fourth
pharyngeal pouches, respectively; the designation as
external or internal refers to their location within or outside of the capsule, respectively, of the thyroid gland. In
sheep, the external gland is associated with the submandibular salivary gland and is located bilaterally on the
medial surface of the caudodorsal portion. By contrast,
this portion is not associated with the salivary tissue
in the goat and is found ventral to the wings of the
atlas. The internal gland is well demarcated and located
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cranial to the thyroid gland along the lateral surface
of the common carotid artery in sheep, whereas it is
intimately associated with thyroid tissue in the goat.148
Low blood ionized calcium and subsequent decreased
binding to calcium receptors on the cell surfaces in
parathyroid gland stimulate the release of parathyroid
hormone,149 an 84-amino-acid peptide hormone, from
the principal cells (sometimes referred to as chief cells)
of the parathyroid. Blood calcium levels are raised
through the activity of this hormone at the level of
bone, kidney, and—indirectly—gastrointestinal tract.
In bone, parathyroid hormone mediates fast and
slow changes. It alters the ion equilibrium at the bone
surface to raise extracellular fluid calcium concentration
and increased permeability to cause efflux of calcium
from bone fluid.150 These alterations cause measurable
alterations in blood calcium within minutes. Activated
osteocytes and osteoblasts also stimulate osteoclast
activation, and increased rates of osteolysis also raise
calcium levels. Also in the bone, parathyroid hormone
induces osteoclast proliferation to further increase bone
mineral resorption. The resultant additional increase in
calcium takes longer to manifest.
In the kidney, parathyroid hormone increases calcium resorption in the distal convoluted tubules while
decreasing phosphorus resorption in the proximal
convoluted tubules, increasing blood calcium levels,
and decreasing blood phosphorus. It also activates
1α-hydroxylase in the kidney, which catalyzes the conversion of inactive vitamin D (25-hydroxycholecalciferol) to its active form (1,25-dihydroxycholecalciferol).
Vitamin D then facilitates increased active calcium
absorption in the intestine and reticulorumen,151 as
well as further increasing resorption in the kidney. Rising blood calcium and vitamin D levels in response
to these actions inhibit further release of parathyroid
hormone by the parathyroid gland (negative feedback
control). Normal reported vitamin D levels are 23.8 ±
5.7 ng/mL and 40.7 ± 9.1 ng/mL in goats and sheep,
respectively.87
Parathyroid hormone–related peptide (PTHrP) is a
protein homologous to the biologically active aminoterminal (N-terminal) fragments of parathyroid hormone; it has many of the same actions, with the
exception that it does not affect vitamin D levels. It
serves a variety of physiologic roles and may be found in
the adrenals, parathyroids, thyroids, pituitary gland, and
pancreas, as well as nonendocrine tissues such as skin,
skeletal muscle, lung, spleen, bones, kidney, reproductive tract, urinary bladder, mammary gland, gastrointestinal tract, cardiovascular system, and nervous system.152
PTHrP from the fetal parathyroid glands appears to aid
in transplacental calcium transport during pregnancy.153
It also is produced by the mammary gland in response
to prolactin, where it has a role in increasing mammary blood flow154,155 and affects mineral secretion in
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milk.152 Nonetheless, it does not serve an endocrine
function, and association of hypercalcemia with elevated systemic levels of PTHrP (as seen in hypercalcemia
of malignancy) represents a pathologic process. A search
of the current literature does not yield any reports of
hypercalcemia of malignancy; however, in light of its
wide distribution in normal tissue, the possibility of
such disorders should not be overlooked.
Elevated blood calcium levels are regulated primarily
by decreasing parathyroid hormone secretion; however, calcitonin, a 32-amino-acid peptide hormone, is
secreted by the parafollicular or C cells of the thyroid in
the presence of significant elevations. C cells are located
in the basal lamina of the thyroid, surrounding the follicles. They detect elevated calcium by sensing binding of
the ion to receptors on the cell surface similar to those
found in the parathyroid.156 This has the opposite effect
of parathyroid hormone on bone, decreasing calcium
resorption by decreasing osteoclastic activity and proliferation. It also has milder renal and gastrointestinal
effects. Reported normal calcitonin levels in males and
nonpregnant Marwari sheep range from 90.78 to 105.20
pg/mL, with significant increases in pregnant animals
and decreases in drought conditions.157 C cell tumors,
with resultant elevated calcitonin levels with hypocalcemia, have been reported in the bovine in association
with chronic excess dietary calcium and vitamin D158
and as an autosomal dominant hereditary disorder.159
In sheep, two cases of C cell hyperplasia and one case
of C cell carcinoma were reported in 11 animals with
experimentally induced lymphosarcoma.160
Disturbance of the calcium homeostatic mechanisms
most frequently is attributable to alterations in parathyroid hormone, because it is the primary regulator of
blood calcium. Hyperparathyroidism may be primary,
relating to the gland itself, or secondary, representing
a compensatory change to raise blood calcium in the
face of other physiologic processes. Regardless of the
underlying cause, the clinical manifestations of hyperparathyroidism are similar and reflect its activity in the
various tissues of the body.

Abnormalities of Calcium Regulation
Primary Hyperparathyroidism
Primary hyperparathyroidism is related to hyperplasia or
neoplasia of the gland and subsequent hypersecretion
of the hormonal product. It is most commonly attributable to a pituitary adenoma. At best, this condition is
rare in small ruminants, and no case reports were found
in a search of the existing literature. Nonetheless, it is
the third most common endocrine disorder in people161
and is well documented in dogs and cats.162 In dogs,
the most common clinical signs are related to urolithiasis or urinary infections,163 and in one series showed
hypercalcemia on bloodwork, whereas phosphate levels

were more variable. Although primary hyperparathyroidism in people is most common in postmenopausal
women,161 primary hyperparathyroidism also has been
associated with pregnancy, including one reported case
in twin pregnancy.164 In pregnancy-associated cases,
recognition of the syndrome is very important, because
hypercalcemia can be detrimental to the fetus, and the
neonate will require management directed at potential
hypocalcemia.
Treatment of primary hyperthyroidism usually is
successful and may include surgical removal of the adenoma or ablation of the abnormal tissue. Despite the
current lack of evidence for occurrence of this condition
in small ruminants, understanding of its pathogenesis
and diagnosis may lead to appropriate recognition and
treatment.

Nutritional Secondary Hyperparathyroidism
Nutritional secondary hyperparathyroidism occurs in
animals fed a ration low in calcium or with a low
calcium-to-phosphorus ratio. Parathyroid hormone
secretion is up-regulated in response to elevated phosphorus and low blood calcium levels. In a study involving growing animals, it was shown that providing up to
three times the dietary requirement for phosphorus had
no adverse effects on bone mineral content, parathyroid
hormone levels, or vitamin D metabolism, provided
that calcium requirements were met.165 Nonetheless,
calcium-to-phosphorus imbalances can and do occur.
High-grain and low-roughage diets and diets high in
oxalate-containing compounds or plants are characterized by low gastrointestinal calcium absorption, which
may lead to compensatory increases in parathyroid
hormone. Oxalate interferes with calcium absorption
in the intestine and is found in high levels in Bermuda
grass, dallis grass, foxtail grass, pokeberry, red-rooted
pigweed, and sugar beet, to name a few of the possible
offending plants.
Additionally, dietary cation-anion differences
(DCADs) frequently are intentionally manipulated
to induce a mild hyperchloremic metabolic acidosis,
thereby increasing tissue responsiveness to parathyroid
hormone. Addition of anions to diets and subsequent
up-regulation of parathyroid hormone expression
before parturition will aid in the prevention of hypocalcemia.166 In sheep fed different DCAD diets during
the last 6 weeks of gestation through day 12 post partum, sheep fed the higher cation diet showed higher
parathyroid hormone levels, whereas those fed the
anionic diet showed greater cortical bone remodeling
on electron microscopy.167 Also, supplementation of
ammonium chloride is used as a preventive measure
to guard against struvite urolithiasis, which is relatively
common in male goats. However, supplementation
with this salt results in higher parathyroid hormone
levels and lower retention of calcium and phosphorus
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as compared with animals fed a diet supplemented
with sodium bicarbonate.168 These diets serve important roles in preventing potentially serious problems;
of note, however, with long-term feeding (most likely
years), prolonged elevated parathyroid hormone levels
could lead to the same pathologic changes seen with
other causes of metabolic bone disease or calcium/
phosphorus imbalances (See Chapters 2 and 12).

Renal Secondary Hyperparathyroidism
The kidneys play an essential physiologic role in the
regulation of body calcium. Hypocalcemia or normocalcemia and hypophosphatemia are the electrolyte
abnormalities most likely to be noted with renal disease,
leading to increased parathyroid hormone secretion to
counteract the renal loss. The clinical signs associated with elevated hormone expression have not been
reported in the small ruminant; the disease is unlikely
to progress to this point in these animals owing to economic limitations on treatment. Although reports of
renal failure leading to elevated blood calcium in small
ruminants are limited, experimental evidence points to
this pathomechanism as a cause of hypercalcemia. In an
ovine model of chronic renal failure based on subtotal
nephrectomy, one of nine sheep died of hypercalcemia,
whereas the others maintained normocalcemia.169

Rickets
Owing to the inverse control of phosphate as compared
with calcium and the role of vitamin D in regulating
gastrointestinal and renal absorption of calcium, abnormalities in their metabolism may affect overall blood
levels of calcium and parathyroid hormone. Rickets can
occur in small ruminants as a result of dietary deficiencies in either phosphorus or vitamin D. Additionally, an
inherited autosomal recessive form of rickets has been
described in Corriedale sheep.170 In these instances,
secondary hyperparathyroidism occurs as a compensatory mechanism to maintain blood calcium levels that
would otherwise be low.
Alternatively, vitamin D intoxication has been implicated in hypercalcemia, hypercalcitonism, and hypoparathyroidism; this disturbance has been attributed to
feeding imbalanced rations as well as toxins, often contained in plants. Two lambs with secondary hypercalcemia showed signs of weakness and inability to stand;
the elevated levels of blood calcium were shown to
be related to hypervitaminosis D, although the source
could not be definitively identified.171 Most calcinogenic plants contain a steroidal glycoside that is cleaved
to 1,25-dihydroxyvitamin D3, which then contributes
to hypercalcemia, hyperphosphatemia, hypercalcitonism, osteopetrosis, and calcinosis; some of the most
important causative plants include Cestrum diurnum,
Solanum malacoxylon, Trisetum flavescens, and Niembergia
veitchii.172

245

Clinical Signs
The clinical manifestation of disease is dependent on
the underlying pathologic process at play. In cases of
chronic hyperparathyroidism, the most striking clinical findings reflect its actions in promoting osteolysis.
Long-term stimulation results in the loss of mineral
in bone. Subsequent structural deterioration may lead
to shifting lameness, angular limb deformities and
decreased growth in young animals, loose or missing
teeth, and pathologic fractures. Additionally, fibrous
tissue may replace lost mineral in bone in the process
of fibrous osteodystrophy (osteodystrophia fibrosa).
Associated changes are most evident in the flat bones,
usually first noted as enlargement of the bones of the
skull and face.
Alternatively, hypercalcemia with compensatory
hypoparathyroidism is more likely to be associated
with osteopetrosis, increased bone density, decreased
size of the medullary cavity, and possibly mineralization of tissues.

Diagnosis
Differentiating among the disorders of calcium metabolism requires a thorough history and careful interpretation of findings on a blood chemistry profile and
electrolyte levels (e.g., calcium and phosphorus). Diagnosis of hyperparathyroidism may be based directly on
measurement of parathyroid hormone levels. Elevated
calcium levels on bloodwork lead to suspicion and
search for an underlying cause. Normal calcium levels
are 11.5 to 12.8 mg/dL for the sheep and 8.9 to 11.9 mg/
dL for the goat but may vary in different laboratories.173
A complete parathyroid panel, including parathyroid
hormone–related protein, may be considered in cases
in which alterations of this peptide are suspected. Alternatively, one may consider supportive radiographic evidence (demineralization), fractional renal clearance of
phosphorus, blood calcium levels, and clinical evidence
based on history and physical findings. Blood calcium
levels may be elevated, within reference ranges, or low,
depending on the underlying cause and progression of
disease.

Treatment and Prevention
The mainstay of therapy is identification and treatment
of the underlying cause of disease. In severe hypercalcemia, diuresis to increase glomerular filtration and
serum calcium concentration may be used as a shortterm therapy to moderate potential deleterious effects.
Loop diuretics may be indicated to increase urinary
calcium excretion.
Feeding an appropriate ration with a balanced
calcium-to-phosphorus ratio is essential to prevention
of disease. Dicalcium phosphate is the most frequently
used supplement to augment dietary calcium, and provision of a mineral salt mixture is highly recommended.
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A more complete consideration of dietary calcium recommendations is presented in Chapter 2.

ADRENAL GLANDS
The adrenal glands are found bilaterally near the cranial
pole of each kidney. Each gland consists of an inner
medulla of ectodermal origin and an outer cortex that
arises from the intermediate mesoderm. The average
size is approximately 2 to 3 cm long by 1 cm wide, and
the left gland often is larger than the right.145
The hormone products of the adrenal gland include
epinephrine and norepinephrine from the adrenal
medulla and aldosterone (zona glomerulosa), glucocorticoids (zona fasciculata and zona reticularis), and
androgens (zona reticularis) from the adrenal cortex.
Regulation of the hypothalamic-pituitary-adrenal
axis is a complex process involving the interactions of
several different hormones and stimuli. The release of
ACTH from the adenohypophysis can be stimulated by
CRH, AVP, or oxytocin.174 Of interest, AVP appears to be
a stronger stimulus for ACTH secretion than CRH in the
sheep.175,176 CRH exerts its effects through activation
of adenylate cyclase and increased cyclic AMP (cAMP),
whereas the intracellular signaling from AVP relies on
activation of phospholipase C through its V1b receptor.
AVP has been shown to increase pro-opiomelanocortin
mRNA in ovine corticotropes, whereas CRF does not.177
Although the adenohypophysis is able to produce hormones, and levels of ACTH, α-melanocyte-stimulating
hormone (α-MSH), β-endorphin, and cortisol were actually elevated with hypothalamic-pituitary disconnection
in sheep,178 animals with a severed portal system were
unable to produce an appropriate stress response in the
face of hypoglycemia or audiovisual stressors.179 This
observation highlights the importance of these hormones in the overall hypothalamic-pituitary-adrenal
axis response. Catecholamines also are an integral part
of the stress response and serve as a stimulus for ACTH
excretion, mostly by increasing levels of AVP and CRF.
Both norepinephrine and epinephrine cause release of
ACTH and cortisol when injected into the lateral ventricle of sheep, and norepinephrine is the more potent
of the two.180 Much support also has emerged for a
hypothalamic factor that has an inhibitory influence
on the expression of ACTH by corticotropes42; thus
far, however, no molecule fulfills the profile for the socalled corticotropin-releasing inhibitory factor (CRIF).
ACTH then induces emission of cortisol (95%) and
corticosterone (5%) from the adrenal cortex. Glucocorticoids bind to cytosolic receptors in target tissues
to increase gene transcription, increase protein catabolism, increase gluconeogenesis, inhibit inflammation
through blockade of the arachidonic acid cascade,
antagonize peripheral insulin sensitivity, and increase
blood glucose. Rising cortisol concentrations serve in

negative feedback at the level of both the pituitary and
the brain or hypothalamus and affect both the duration and amplitude of the overall stress response.181
Plasma cortisol increases related to the stress response
are depressed in intact males as compared with females.
Intact males show decreased blood cortisol elevations
as compared to females in response to ACTH administration.182 The decreased responsiveness appears to be
androgen-mediated, because administration of testosterone or dihydrotestosterone to castrated male goats
suppressed the degree to which blood cortisol increased
with the stress of transport.183 Furthermore, male castrated animals treated with these androgens showed
decreased blood cortisol response as compared with
control animals consequent to ACTH administration,
suggesting that such changes are mediated at the level of
the adrenal gland.184 In the study reporting these findings, immunohistochemical analysis revealed that 60%
of the cells of the zona fasciculata and zona reticularis
contained androgen receptors. This evidence suggests
that androgens act directly on the adrenal cortex to suppress secretion of glucocorticoids in response to ACTH
administration.
Absence of this androgen-mediated adrenal cortical inhibition may account for the higher incidence of
adrenal disease seen in castrated male goats. One study
found adrenal adenomas in 314 of 2104 castrated males
older than 5 years of age.185 By contrast, only 2 of 208
females and none of 188 intact males exhibited this
same neoplastic disorder. Adrenal neoplasia resulting in
gynecomastia and inappropriate lactation also has been
reported in a 6-year-old castrated male Toggenburg
goat; associated hormonal changes included elevated
estradiol-17β, GH, prolactin, and cortisol, but the
goat did not show any clinical signs of Cushing’s-type
syndrome.186
Habitual abortion in Angora does is believed to be
associated with decreased adrenocortical responsiveness
and hypoadrenocorticism.187 Fetal death usually occurs
at 90 to 120 days of gestation after a stressful event, and
it is more common in multiparous than in primaparous animals. The genetic defect predisposing these
animals to adrenocortical dysfunction and pregnancy
loss is believed to be linked to the mohair coat trait.
Affected dams usually exhibit small adrenal glands and
low blood cortisol levels; this phenotype results in fetal
adrenal hyperplasia and increased fetal cortisol levels,
which prematurely induces parturition.188
As with other hormone values, normal values for
cortisol levels vary according to the reporting lab and
assay applied, and different units of measurement are
used according to preference. Therefore it is best to
use reference ranges provided by the lab when available. Cortisol values fluctuate with season, with higher
levels reported in the autumn. In goats, these changes
are more pronounced in females.145 Normal levels
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for cortisol as determined by radioimmunoassay were
reported as 62 ± 10 nmol/L and 65 ± 8 nmol/L in the
sheep and goat, respectively.173 Because levels will vary
with season, breed, sex, and reproductive status, these
variables should be taken into account in the interpretation of results. Aldosterone is secreted in response to
angiotensin II by the following physiologic sequence:
Low blood pressure or low sodium-to-potassium ratio
in the blood is detected by the juxtaglomerular apparatus of the kidney, which then releases renin. The renin
cleaves the circulating proenzyme angiotensinogen to
angiotensin I, which is then converted to angiotensin II
by angiotensin-converting enzyme, found in the highest concentrations in the lung. Aldosterone stimulates
increased sodium retention and potassium and hydrogen excretion in the renal medullary collecting tubules.
Subsequent rise in blood pressure and blood sodium
then decreases renin excretion. In goats, reported aldosterone levels varied with hydration status, with ranges
of 5.5 ± 4.3 ng/dL and 13.9 ± 2.3 ng/dL in hydrated and
dehydrated states, respectively.189 A baseline value of
28 ± 9 pmol/L has been reported in sheep.190
The adrenal medulla consists of sympathetic ganglion cells and chromaffin cells, which secrete the
epinephrine and norepinephrine hormone products.
Secretion of these catecholamines is stimulated by acetylcholine from the sympathetic nervous system or by
cortisol from the adrenal cortex. The systemic effects
of these hormones are most recognized as part of the
“fight-or-flight” response. They include tachycardia,
tachypnea, increased metabolic rate, mobilization of
fats, sweating, alertness, piloerection, and urination.
Disorders of the adrenal medulla in small ruminants
are rare, but they have been reported. An undifferentiated ganglioneuroblastoma that presumably arose from
the adrenal medulla was described in an 18-month-old
Akkaraman sheep191; the diagnosis was based on gross
pathologic, histopathologic, and immunohistochemistry study findings. The tumor was recognized during
routine inspection at slaughter, so clinical manifestations were not described. Additionally, pheochromocytoma has been reported in two does associated
with inappropriate lactation, pituitary adenoma, and
endometrial hyperplasia.95 A family of does in Finland
with pheochromocytomas has also been described;
the affected does had a history of nervous attacks, and
diagnosis was made at necropsy on the basis of histopathologic findings.192

PANCREAS
The pancreas of sheep and goat is similar in function to
that of other ruminant animals. The pancreas consists
of a body and two lobes and is located in the craniodorsal abdomen and closely related to the descending
duodenum. The pancreas arises from two primordia

247

that bud from the proximal part of the duodenum. It
is a soft, lobulated gland of irregular form and pinkishyellow in appearance and bears some resemblance to
a salivary gland, although it is softer and more loosely
structured than most such glands. The pancreas has
combined exocrine functions (production and release
of digestive enzymes) and endocrine functions (production and release of insulin, glucagon, somatostatin, and
pancreatic polypeptide).193
The portion of the pancreas involved with exocrine
functions is by far the larger, and it produces a digestive
juice that is discharged into the proximal part of the
duodenum through one or two ducts. A single duct that
in small ruminants represents the ventral duct opens
into the duodenum with the bile duct, usually by means
of a common trunk—a feature that makes these species
suitable for experimental studies of the effects of diverting bile into the pancreatic duct system. The juice contains enzymes that break down protein, carbohydrates,
and fats.
Some endocrine tissues are incorporated within
organs of composite function. The most familiar example is provided by the endocrine component of the pancreas, the pancreatic islets, also known as the islets of
Langerhans. The endocrine component comprises many
hundred (or thousand) islets of varying size unevenly
distributed among the predominant exocrine tissue.
Several types of islet cells (the exact number is disputed)
are recognized; the two most numerous are the alpha
and beta cells. The beta cells account for approximately
75% of all cells in the pancreatic islet and produce the
hormone insulin. The alpha cells produce the hormone
glucagon. Other, less numerous cells produce gastrin
and somatostatin.
The beta cells are sensitive to increases in blood glucose, such as occur after a meal containing digestible
carbohydrates, and they release insulin (2 to 20 μIU/
mL) in response to such increases in blood glucose.
Insulin lowers blood glucose by stimulating the uptake
of glucose by many cells of the body, including skeletal
muscle. Insulin also stimulates skeletal muscle and liver
cells to synthesize glycogen, the storage form of glucose.
Insulin is the major endocrine stimulus for the state of
anabolism that exists after a meal is digested and nutrients are absorbed. When blood glucose decreases (such
as during fasting), the stimulus for insulin secretion is
lost, and insulin levels become extremely low.
Glucagon causes liver cells to break down glycogen
to release glucose, stimulates adipocytes to release fatty
acids, and increases the synthesis of glucose in the
liver from substrates other than carbohydrates, such
as amino acids. The stimulus for glucagon release is a
decrease in blood glucose to levels associated with fasting. The alpha cells detect such decreases and respond
by secreting glucagon in proportion to the reduction in
blood glucose.
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Diabetes mellitus (DM) has been described as any
condition characterized by a permanent elevation of
blood glucose and glucosuria.194 Primary DM involves
damage to pancreatic beta cells (insulin-producing
cells) followed by decreased insulin levels and hyperglycemia. Secondary DM results from a resistance to the
effects of insulin even with normal or elevated plasma
insulin levels.195 DM is rare in small ruminants. Only
three case reports of spontaneous DM are found in the
scientific literature.194-196 Secondary DM was reported
in one of these cases,195 and primary DM was noted
in another.194 Other case reports describe the features
of experimentally induced DM by administration of
alloxan197,198 or streptozocin.199-201 Clinical signs of
diabetes in small ruminants include weight loss, poor
appetite, and lethargy.194,198 Polyuria and polydipsia
are invariable findings, with some animals exhibiting
two to three times their normal water intake.194 A 90%
decrease in milk production has been observed in lactating goats with experimentally induced DM.198
Treatment with insulin has been tried in both spontaneous and experimental DM. In general, a response
to treatment is observed within 4 days and consists of
a partial relief of clinical signs and normalization of
laboratory values.195,198 One goat with primary DM was
successfully treated for almost 4 years with twice-daily
insulin.194 Of note, however, improper insulin dosage
can result in life-threatening hypoglycemia. Recurrence
of clinical signs is observed with discontinuation of
therapy.

ABERRANT LACTATION,
GALACTORRHEA, PRECOCIOUS UDDER:
INAPPROPRIATE LACTATION SYNDROME
The endocrine system normally coordinates development of the mammary gland with reproductive development and the demand of the offspring for milk. As
described in detail previously,202 three categories of
hormones—reproductive, metabolic, and mammary—
are involved in mammary gland development and milk
production. Ductal morphogenesis is primarily regulated by estrogen and GH,203 and the proliferative phase
of alveolar morphogenesis requires progesterone and
prolactin.204 Hormonal regulation of lactogenesis, the
set of processes that lead to the initiation of lactation,
is not completely understood, but the candidate hormones are progesterone, prolactin or placental lactogen
(or both), and possibly GH. The effects of these hormones on mammogenesis and lactogenesis often are
dependent on one another. For instance, progesterone
withdrawal in the presence of high levels of prolactin is
necessary for lactogenesis to be complete. Mammogenesis and lactation have been induced in small ruminants
through exogenous administration of estrogen and progesterone,205-207 and a variety of conditions disturbing

the endocrine balances may potentially be accompanied by inappropriate mammogenesis or lactation.
Although only a few cases of ILS in small ruminants
are described in the scientific literature,95,186,208-216 the
anecdotal reports of this problem are seemingly endless. ILS has been reported in both castrated186 and
intact208,210-214,216 male goats as well as in does95,215,217
and ewes.209 Published reports of ILS in male small
ruminants outnumber those in females; anecdotally,
however, the problem is more common in females, and
it appears to be more of a clinical concern in pet does.
Inappropriate development of mammary glands and
lactation in bucks is occasionally observed.210 In England, mammary gland development is seen in fertile
bucks from high-producing lines of British Saanens.
The phenomenon usually is observed in the summer,
and fertility is unaffected216; however, reduced libido
and semen quality have been reported in some bucks
with gynecomastia.211 Proposed pathogenic factors have
included a genetic basis for the syndrome and possibly
an increase in production of hormones or an increased
sensitivity of mammary tissue to normal hormone
levels.
In some instances, gynecomastia in bucks may be
the result of a genetic or gonadal sex disorder. One
documented case of gynecomastia involved a polled
fertile male goat that was determined to be a chromosomal mosaic with variable deletions of the Y chromosome (60,XO/60,XY).213 In another report, a buck that
yielded up to 300 mL of milk per day had Barr bodies
in 45% of neutrophils, suggesting a genetic intersex;
however, neither somatic or leukocyte karyotyping was
performed.212 Many reports of gynecomastia in small
ruminants do not include karyotype. When karyotype
is determined, significance of the findings needs to
be determined in the context of the tissue(s) tested,
because somatic and peripheral (leukocyte) karyotypes
from the same animal are not always in agreement.
However, the diagnostic benefits of karyotyping in cases
of gynecomastia should not be overlooked.
A 6-year-old castrated male goat with a normal
karyotype developed gynecomastia and lactation that
were ultimately attributed to an adrenal adenoma.186
Hormone concentrations in multiple paired serum
samples were compared in the lactating goat and his
“normal” castrated twin. Concentrations of estradiol,
GH, and IGF-I were consistently higher in the lactating
male than in his twin, and concentrations of cortisol
and prolactin generally were higher in the lactating
male. In comparison with the nonlactating twin, the
lactating male also had exaggerated cortisol and thyroxine responses to ACTH and TSH administration.
Eventually, the investigators concluded that high serum
concentrations of estradiol probably were responsible
(both directly and indirectly) for gynecomastia and
lactogenesis. Some reports of gynecomastia in bucks,
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however, are not associated with increased concentrations of sex steroids. For instance, a 3-year-old fertile
buck with gynecomastia had a normal karyotype and
normal plasma testosterone and estradiol concentrations but prolactin was significantly increased.218
Although some reports of gynecomastia in bucks do not
include hormonal studies, elevated concentrations of
prolactin are presumed to be the cause.216,219 For example, gynecomastia in a fertile buck was associated with
hyperplasia of acidophilic cells in the pituitary gland,
and those cells normally produce mammotropic hormones such as prolactin.219 Other, less common causes
of gynecomastia reported include but are not limited to
mastitis211 and mammary adenocarcinoma.214
Ewes and does with ILS usually have an enlarged
udder with no history of being bred, nursed, or milked.
In some animals, the udder enlargement is mainly
the result of deposition of adipose tissue. In others,
milk is actually produced from one or both glands
without preceding parturition. Even with this history,
the initial examination in these animals should rule
out impending parturition and pseudopregnancy and
recent nursing or milking. Also, as in bucks, precocious
lactation in does may be a hereditary trait associated
with high milk production potential.220 A variety of
conditions disturbing the endocrine balances (i.e., pituitary, gonad, or adrenal abnormalities and exogenous
hormones) could be accompanied by inappropriate
mammogenesis or lactation in both male and female
small ruminants.
Pseudopregnancy is one possible cause of ILS, and
most practitioners believe that affected does should be
treated with luteolytic hormones. Natural luteolysis and
withdrawal of progesterone may have occurred before
ILS developed, and although luteolytic hormones may
not result in a cure, they are still recommended to
rule out pseudopregnancy. As discussed previously,
estrogens affect mammogenesis and lactogenesis and
are therefore contraindicated. Consequently, estrogenic
feeds, such as legumes (e.g., clover) or moldy grains,
should be removed from the diet. In addition, grain and
other energy-dense feedstuffs should be temporarily
eliminated to discourage milk production.
Pituitary adenomas (which can be prolactin-secreting
tumors in other species) have been reported in two
does with ILS.95 Although some reports suggest that
prolactin levels are elevated in association with these
tumors,95,215,221 this may not always be the case. Plasma
prolactin concentrations in small ruminants have a
circannual rhythm, increasing from low (less than 30
ng/mL) concentrations during the fall and winter to values of approximately 100 ng/mL in the spring. Plasma
prolactin concentrations were as high as 400 ng/mL
during the summer months.222,223 Dopamine agonists,
which are antiprolactin agents, have been suggested
for treatment of does with inappropriate lactation.
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Figure 9-7 Reproductive tract of a 20-month-old ewe in
which a granulosa cell tumor has replaced the right ovary.209

Bromocriptine mesylate and cabergoline have been
suggested as agents for treatment of animals with ILS.
Success with use of these drugs to stop inappropriate
lactation has been limited,224 however, and although
a bromocriptine reduced circulating prolactin concentrations,225,226 milk production was only temporarily
decreased after treatment was discontinued.225,227
Spontaneous lactation also has been reported in does
and a ewe in association with ovarian abnormalities (Figure 9-7). DeWalque217 described a doe with a
granulosa cell tumor that exhibited virilism concurrent
with inappropriate lactation. Lofstedt and Williams
have reported udder engorgement in a doe 6 days after
removal of a granulosa cell tumor.215 In addition, one
of the does with ILS described by Miller and associates95 had ovarian follicular cysts. ILS also was reported
in a ewe concurrent with an ovarian granulosa cell
tumor.209 Transabdominal ultrasonography revealed a
multiloculated cystic mass in the caudoventral abdomen. Granulosa cell tumors may secrete a variety of hormones and measurement of abnormal levels of these
hormones may aid in diagnosis. Small ruminants with
granulosa cell tumors often have elevated serum levels
of testosterone and estradiol and variable serum levels
of progesterone.209 The production of these hormones
frequently is associated with abnormal behavior and
physiology (e.g., ILS). Affected animals often exhibit
virilism, which may be associated with nymphomania
and abnormal estrous cycles. Removal of the affected
gonad(s) is the treatment of choice.
The current treatment of choice for inappropriate
lactation in pet goats is mastectomy. Although this
procedure obviously is curative in preventing further
lactation, an underlying problem may remain. Consequently, close monitoring is advisable throughout
the life of the animal for other conditions known
to be associated with inappropriate lactation. Such
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conditions include endometrial hyperplasia and uterine fluid retention (which could predispose affected
does to pyometra, endometritis, or acute septic metritis), pituitary adenomas, pheochromocytoma (which
may manifest clinically as nervousness and abnormal
behavior), and ovarian granulosa cell tumor (for which
the clinical presentation may be virilism). Although
the fertility of many of these does and ewes is limited,
they should nevertheless be protected from any exposure to a buck after mastectomy. Not only is a lack of
milk for the offspring a problem, but also the loss of
mammary tissue in goats has been associated with an
increased incidence of periparturient complications.
These reported complications include premature labor,
prolonged onset of labor, lack of cervical dilation, and
maternal death at parturition.228 Our own observation
in one female that had been bred post mastectomy supports this correlation, as she had prolonged labor and
poor cervical dilation.
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Diseases of the
Integumentary System
Jerry R. Roberson, A.N. Baird, and D.G. Pugh

Dermatologic lesions, which tend to be more common
among goats than among sheep, constitute a relatively
major reason for examination of small ruminants.
Although sheep and goat production has historically
been an economic enterprise, an increasing number
of owners keep these animals as pets. Diseases of the
integumentary system include those that affect skin,
hair, and wool. This chapter focuses on both presumptive and definitive diagnoses and conservative as well as
optimal treatments.

ANATOMY AND RELEVANT
PHYSIOLOGY
A complete discussion of the anatomy and physiology
of the skin is beyond the scope of this chapter. This section reviews the unique anatomy and relevant physiology that is pertinent to veterinary management of small
ruminant diseases and conditions.
The skin functions as a protective barrier to the environment. It also aids in thermoregulation, acts as a sensory organ, and communicates through the secretion of
chemicals.1,2 Both sheep and goats have relatively thin
skin, with an average thickness of 2.6 mm in sheep and
2.9 mm in goats.1 Hair is important for thermoregulation. A short, thick hair coat is best for regulating body
temperature during high environmental temperatures,
whereas long, fine hair coats are most efficient at low
environmental temperatures. Thus shearing sheep when
environmental temperatures are still low is not without risk. Likewise, failure to complete shearing by the
time hot weather arrives may predispose the animals
to heat exhaustion. Secondary hairs make up a greater
proportion of the hair coat compared with primary or
guard hairs in goats and sheep. In Angora goats and
sheep, three types of wool are recognized: true wool,
Kemp fibers, and hair fibers. True wool fibers are fine
and tightly crimped. Kemp fibers are coarse, relatively
We acknowledge and appreciate the original contributions
of Drs. David E. Anderson and D. Michael Rings, whose
work from the previous edition of this book has been
incorporated into this chapter.
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short, and poorly crimped. Hair fibers are somewhere
in between wool and Kemp fibers in their morphologic
characteristics. Guard hairs are undesirable in woolbearing breeds, because the medulla makes the hair
brittle and this hair type does not take up dye well.
Small secondary hairs of goats are nonmedullated.
Hair grows in a cycle. The growing period is called
anagen and the resting period is called telogen. The
hair cycle is controlled by various influences, including photoperiod, temperature, nutrition, hormones,
health status, and genetics, among other factors. Wool
follicles constitute an exception in that no established
cycle has been documented. Of interest, hair growth is
most active during summer months, and during winter
months nearly all primary hair follicles and approximately half of the secondary hair follicles are in the
telogen phase. During periods of ill health or stress, the
anagen phase may be considerably shorter, resulting in
“hair break” or “wool break” (also known as telogen
defluxion) secondary to growth stoppage. Hairs are
more easily lost or pulled out during the telogen phase.
Specialized cells such as the sweat gland allow cooling.
The lanolin glands of sheep provide protection from
drying out. The lanolin glands are located near the
medial canthus of the eye, between the toes, and caudal
to the udder in the inner flank.
The epidermis is composed of five layers—from
outermost to innermost, stratum corneum, stratum
lucidum, stratum granulosum, stratum spinosum, and
stratum basale. The stratum basale produces new cells
that continuously move up to replace the sloughing
cells of the stratum corneum. The melanocytes of the
stratum basale and hair follicles are primarily responsible for the color of the hair coat. All melanins arise
from a common metabolic pathway that is catalyzed by
a copper-containing enzyme. One of the signs of copper deficiency, therefore, is a lighter-than-normal color
of the hair coat. Besides the obvious physical barrier
presented by the epidermis and hair or wool, chemical
and microbial barriers to infection also are recognized:
The secretion produced by the sweat and sebaceous
glands has antimicrobial properties. Included within
this secretion are fatty acids, inorganic salts, interferon,
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transferrin, complement, and immunoglobulins.
Increased hydration of the skin greatly increases microbial populations. Normal skin flora can inhibit colonization of other potential pathogens. However, some
skin pathogens also may be components of the normal
flora. For example, dermatophytes and Staphylococcus
aureus can be recovered from clinically normal mammals that do not develop clinical disease.
The dermis contains the arrector pili muscles, blood
and lymph vessels, and nerves. The dermis functions as
the major source of tensile strength and elasticity of the
skin. Most of the dermal fibers are collagen. Collagen
defects may arise in association with genetic disorders,
vitamin C deficiency, iron deficiency, copper deficiency,
and beta-aminopropionitrile poisoning.
In both hair and wool, follicles are divided into the
innermost medulla, the cortex, and the outermost layer,
the cuticle. The color of the hair is due primarily to pigment in the cortex. With simple follicle arrangements as
in cattle and horses, each hair follicle is accompanied by
sebaceous and sweat glands and an arrector pili muscle.
Sheep and goats have a compound follicle arrangement,
in which hair (or wool) follicles occur in clusters of two
to five primary hairs surrounded by smaller secondary
hairs. Each primary hair has associated sebaceous and
sweat glands and an arrector pili muscle, whereas secondary hairs have associated sebaceous glands only. The
wool of sheep becomes finer, with a higher secondaryto-primary hair ratio. In Merinos, known for fine wool,
the ratio is 20:1, whereas that for the wool of meat
breeds averages 5:1.
In goats, wattles may be present—typically along
the ventral neck caudal to the angle of the mandible.
Although the function of wattles is unknown, they
contain extensive neurovascular structures and cartilage.
The presence of wattles is controlled by an autosomal
dominant gene.
Sebaceous glands (holocrine glands) produce an oily
secretion that keeps the skin soft and pliable and promotes retention of moisture, thereby helping to maintain hydration. This oily substance also covers the hair,
yielding a glossy hair coat. In times of stress or illness,
the hair coat may appear dull and dry, due in part to
inadequate sebaceous gland function. The dull hair coat
may be a consequence of involution of the sebaceous
glands caused by estrogen and glucocorticoids. Sebaceous glands increase in size in intact male goats at the
beginning of rut. Sebaceous scent glands are located
in tissue caudal and medial to the base of the horn in
goats. In male goats, these glands produce a pungent
odor. Surgical procedures to remove the scent glands of
goats (descenting) involve excising the sebaceous glands
caudal and medial to the horn base. This procedure is
easily done in young buck kids at the time of dehorning.
In sheep, scent glands are present rostral and medial to
the eye and may produce a pungent odor in rams.
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Sweat glands are present in both sheep and goats.
Although sweat production increases in response to
a hot environment, sweat glands are not thought to
constitute an important means of thermoregulation in
these species.

APPROACH TO DIAGNOSIS
The approach to diagnosis will certainly vary from clinician to clinician, depending on past experience, knowledge of herd or flock disease history and economics,
and availability of diagnostic centers. With experience,
many veterinarians will be able to diagnose the disease
with reasonable accuracy on the basis of history and
reported clinical signs alone. Veterinarian confidence
and competence will be enhanced with opportunities
for definitive confirmation of this diagnosis early in
the practitioner’s career. The diagnosis of skin disease is
accomplished in the same way as that for diseases affecting other body systems: analysis of complete historical
data, including environment and commingling risk
assessment; detailed assessment of clinical signs; findings on a thorough physical examination; and results
of diagnostic testing directed by the most likely possibilities in the differential diagnosis. Specific diagnostic
tests may be performed when diseases fail to respond
to seemingly appropriate therapy or when animals are
scheduled for sale or show activities.
Historical data should include the signalment of the
animal: species, breed, age, gender, weight, and color.
Some breeds have a higher likelihood of developing
specific disease conditions (Table 10-1). Therefore breed
information is useful to assess for susceptibility. The
clinician should note details concerning the origin of
the animal and exposure risks. Origin includes whether
the animal was born and raised on the farm, purchased
by farm contracts, purchased through sale barns, or
imported from another state or country. Exposure risks
include transportation to another farm; commingling
in sales, shows, or fairs; farm tours involving children or
livestock owners; and diseases that are endemic to the
particular farm. In the last case, the clinician also should
note when the last outbreak occurred. Chronologic data
are important in making a differential diagnosis. The
date of the first observation of clinical signs should be
determined, the duration of clinical signs should be
evaluated, and details regarding the progression of the
disease within the affected animals should be described.
The region of the body affected and the spread of disease to other regions of the body also are important.
Often the presenting disease state is so severe that
the point of origin cannot be determined by physical
examination. Assessment of whether the disease has
spread from one animal to another within the flock or
herd is particularly important. Finally, the veterinarian
may assemble a detailed chronology of any treatments
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TABLE 10-1 Breed Predilections for Skin
Diseases in Sheep and Goats

Disease
Cutaneous
asthenia

Congenitohereditary
photosensitivity
Viable
hypotrichosis
Hereditary goiter
Epidermolysis
bullosa
Scrapie

Breed(s) With Recognized
Predilection
Border Leicester-Southdown cross
sheep
Finnish crossbred sheep
Merino sheep
Norwegian Dala sheep
Romney sheep
Corriedale sheep
Southdown sheep
Dorset sheep
Merino sheep
Saanen dwarf–cross goat
Scottish blackface sheep
Southdown sheep
Suffolk sheep
Suffolk sheep

Modified from Scott DW: Large animal dermatology, Philadelphia,
1988, WB Saunders.

applied, the dosage and route used for administration,
and the duration of treatment.
Clinical signs are important in the development of a
differential diagnosis. They can vary widely and depend
on the tissues involved in the disease process. Possibilities in the differential diagnosis are most easily
determined early in the course of disease, when the primary lesions are abundant (Table 10-2). As the disease
progresses, secondary lesions such as infection, thickening, crusting, and hair loss may overwhelm the primary
disease and make assessment of skin disease extremely
difficult. Therefore animals with newly emerging disease should be selected for examination.
Erythema refers to reddening of the skin. It is not a
disease-specific change but usually indicates the presence of inflammation. Papules are solid masses, small
in diameter (less than 1 cm), that are reddened, raised
from the surface of the skin, and may be painful to
palpation. They are consistent with infection, allergic
reaction, and ectoparasites. When the papule is centered
on a hair follicle, bacterial or fungal folliculitis and ectoparasites such as the agent of demodectic mange should
be suspected. When papules occur independent from
hair follicles, allergic skin reactions and ectoparasites
such as scabies mites should be suspected.
Vesicles are similar in size and shape to papules, but
these masses are filled with a serous fluid and are fluctuant. Vesicle formation may be preceded by a papule.

Vesicles most often are associated with viral skin diseases
such as poxvirus infections, contact allergy, and autoimmune diseases such as pemphigus. Pustules are similar
to vesicles but are purulent in nature. Purulent exudate
is formed as a result of migration of neutrophils either
in response to infection or as part of an autoimmune
disease process. Vesicles and pustules are ruptured by
abrasion or spontaneous disruption of the overlying
membrane. The fluids accumulated on the skin surface
form crusts, and the underlying skin becomes thickened
in response to the injury. Crusts are firm, adherent amalgamations of serum, pus, blood, cellular debris, and
associated organisms. The presence of crusts indicates an
exudative process but is not disease-specific. Microscopic
examination of crusts may reveal infectious organisms
such as fungi, bacteria, or cells. The term scale simply
refers to desquamated stratum corneum and also is not
disease-specific. Thickening of the skin (specifically, thickening of the stratum corneum) often is referred to as
hyperkeratosis. The term orthokeratosis is used to describe
hyperkeratosis without the presence of nuclei. Parakeratosis is hyperkeratosis with nuclei present in the keratinized skin. Unfortunately, these findings are consistent
with chronic dermatopathy and are not disease-specific.
The distribution of lesions may be more important than
the actual histopathologic description in this scenario.
Alopecia is hair loss. It may be associated with disease
or other stressors, producing a stress-induced telogen
phase. This “stress break” in the hair shaft may result in
generalized hair loss. Stress alopecia usually is associated with normal skin and normally growing hair elsewhere on the body. Systemic disease causing prolonged
pyrexia also can disrupt normal hair and fiber growth,
potentially resulting in easily epilated hair. In sheep,
this latter condition is referred to as wool break. Nutritional deficiencies in zinc, selenium, and vitamin E may
cause hair loss.
Scratching typically is occasioned by the itching or
similar discomfort, other than pain, associated with
skin disease, termed pruritus. Assessment of the severity
of pruritus can aid in the formulation of an accurate
differential diagnosis. Severe pruritus typically is associated with ectoparasitism. Mild pruritus more often
is associated with nutritional deficiency, allergic skin
disease, bacterial or fungal skin disease, or autoimmune
disease. It is a common clinical symptom associated
with scrapie that also occurs with pseudorabies virus
and rabies virus infections.
Changes in skin and hair pigmentation are uncommon in most ruminant diseases. Exceptions include
the hair pigment lightening seen in cattle with chronic
copper deficiency and molybdenosis and the black
wool pigment that develops in blackfaced sheep after
skin injury (abrasions, laceration, chronic irritation).
The development of dark pigmentation also has been
observed in Saanen goats exposed to excessive sunlight.
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TABLE 10-2 Typical Distribution of Lesions Associated With Selected Diseases of the Skin
Area Involved

Disease

Primary Lesion Type

Head and neck

Dermatophytosis
Dermatophilosis
Demodicosis
Elaeophoriasis
Fly bites
Actinobacillosis
Clostridiosis
Sarcoptic mange
Contagious viral pustular dermatitis
Ovine viral ulcerative dermatitis
Goat pox
Sheep pox
Pemphigus foliaceus
Zinc deficiency
Contact dermatitis
Viral papillomatosis
Squamous cell carcinoma
Dermatophytosis
Dermatophilosis
Sarcoptic mange
Fly bites
Pemphigus foliaceus
Ergotism
Fescue toxicosis
Frostbite
Photodermatitis
Squamous cell carcinoma
Contagious viral pustular dermatitis
Goat pox
Sheep pox
Bluetongue
Zinc deficiency
Bullous pemphigus
Pemphigus foliaceus
Dermatophytosis
Dermatophilosis
Squamous cell carcinoma
Dermatophilosis
Fly bites
Psoroptic mange
Contact dermatitis
Dermatophilosis
Fly bites
Sarcoptic mange
Contact dermatitis
Goat pox
Sheep pox
Contagious viral pustular dermatitis
Zinc deficiency
Corynebacterium pseudotuberculosis infection

Papulocrustous
Pustulocrustous
Papulonodular
Ulcerative
Papulocrustous
Nodular
Edematous
Papulocrustous
Pustulocrustous
Ulcerative
Pustulocrustous
Pustulocrustous
Vesiculopustular, crusts
Crusts
Variable
Papulonodular
Nodular, ulcerative
Papulocrustous
Pustulocrustous
Papulocrustous
Papulocrustous
Vesiculopustular, crusts
Necrotizing
Necrotizing
Necrotizing
Edematous, necroulcerative
Nodular, ulcerative
Pustulocrustous
Pustulocrustous
Pustulocrustous
Erythema, edema
Crusts
Vesiculoulcerative
Vesiculopustular, crusts
Papulocrustous
Pustulocrustous
Nodular, ulcerative
Pustulocrustous
Papulocrustous
Papulocrustous
Variable
Pustulocrustous
Papulocrustous
Papulocrustous
Variable
Pustulocrustous
Pustulocrustous
Pustulocrustous
Crusts
Abscesses

Ears

Mucocutaneous

Dorsum

Ventrum

Continued
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TABLE 10-2 Typical Distribution of Lesions Associated With Selected Diseases of the Skin—cont’d
Area Involved

Disease

Primary Lesion Type

Trunk

Dermatophytosis
Dermatophilosis
Psoroptic mange
Psorergatic mange
Keds
Ovine fleece rot
Pemphigus foliaceus
Demodicosis
Caprine viral dermatitis
Scrapie
Vitamin A deficiency
Iodine deficiency
Biotin, niacin, riboflavin, pantothenic acid
deficiency
Vitamin C–responsive dermatosis
Copper deficiency
Dermatophilosis
Chorioptic mange
Dermatophytosis
Dermatophilosis
Chorioptic mange
Contact dermatitis
Elaeophoriasis
Clostridiosis
Sarcoptic mange
Zinc deficiency
Vitamin C–responsive dermatosis
Ovine viral ulcerative dermatitis
Pemphigus foliaceus
Psoroptic mange
Selenosis
Pemphigus foliaceus
Bluetongue
Contagious viral pustular dermatitis
Ergotism
Fescue toxicosis
Dermatophilosis
Zinc deficiency

Papulocrustous
Pustulocrustous
Papulocrustous
Alopecia, pruritus
Alopecia, pruritus
Moist dermatitis
Vesiculopustular, crusts
Papulonodular
Papulonodular
Excoriation, pruritus
Hyperkeratosis
Alopecia, scaling
Alopecia, scaling, crusts

Hindquarters
Legs and feet

Tail
Coronary band

Alopecia, erythema, purpurea
Depigmentation
Pustulocrustous
Papulocrustous
Papulocrustous
Pustulocrustous
Papulocrustous
Variable
Necroulcerative
Edema
Papulocrustous
Crusts
Alopecia, erythema, purpurea
Ulcerative
Vesiculopustular, crusts
Scales, pruritus
Alopecia
Vesiculopustular, crusts
Erythema
Pustulocrustous
Edema
Edema
Pustulocrustous
Crusts

Modified from Scott DW: Large animal dermatology, Philadelphia, 1988, WB Saunders.

Lesion location can be useful in establishing a differential diagnosis (see Table 10-2). Regions commonly
affected in the early stages of skin disease include the
face, ears, feet, udder, and perineal region. Fungal skin
infections more commonly occur on the face, neck,
and ears, whereas bacterial skin diseases also affect
the feet, udder, and perineum. Nutritional deficiencies
typically involve all regions to various degrees. Photosensitization is more severe in areas that receive little
protection by the hair coat and those with slight or no

pigmentation. Ectoparasite lesions are most severe on
the feet, face, and ears.

Diagnostic Tests
Although many skin diseases are diagnosed on the basis
of clinical signs and the intuition of an experienced veterinarian’s sense of the significance of these and other
findings, specific diagnosis requires confirmation by
laboratory tests (Table 10-3).
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TABLE 10-3 Tests Used for Diagnosis of Skin
Disease
Cause of Skin
Disease
Parasites

Fungi

Bacteria
Viruses

Allergy
Miscellaneous
pathologic
conditions

Tests Used
Acetate tape
Skin scraping
Fecal flotation
Potassium hydroxide
Mineral oil mount
Wood’s lamp examination
Fungal culture
Cytology
Direct smear
Bacterial culture
Viral isolation
Electron microscopy
Serologic studies
Intradermal skin tests
Histopathologic
techniques—examination of
biopsy sections, immunofluorescence tests, antinuclear antibody
tests, use of special stains

Modified from Scott DW: Large animal dermatology, Philadelphia,
1988, WB Saunders.

Skin Scraping
Cytologic evaluation of skin scrapings is easily performed under field conditions and may be diagnostic
of certain diseases. Observation of bacteria on cytologic preparations is not diagnostic because bacteria
are ubiquitous on the surface of the skin. Bacteria
observed in pustule fluid are more diagnostic. The
contents of skin pustules or abscesses may be aspirated
and cultured for identification. A direct smear with
Gram staining will permit immediate identification of
infectious bacteria. The presence of phagocytized bacteria supports a diagnosis of bacterial infection. In the
absence of neutrophils or macrophages, however, such
bacteria are likely to be contaminants rather than the
cause of disease.
Description of the morphology of groups of bacteria
may be helpful. For example, Dermatophilus congolensis
is a gram-positive filamentous branching bacterium that
forms colonies. Scales and crusts also can be examined
under a microscope. Direct examination usually is not
rewarding, but softening the material with sodium
nitrate solution may allow visualization of ectoparasites
or fungal hyphae. These organisms often float to the top
of the solution; placing a slide on top of the solution
will aid in identification, because mites often are carried
with the water adhesion onto the slide.

261

Skin scrapings can be frustrating to interpret. The
scraping should be done firmly and deeply into the
skin surface. The presence of blood at the site of scraping indicates that the depth is adequate to collect any
infesting ectoparasites. Careful microscopic examination of the debris is useful to identify mites or their eggs.
Potassium hydroxide solution may be used to clear the
sample for examination.

Microbial Culture
Bacterial and fungal cultures can be used to determine
the presence of pathogenic organisms. Culture results
may be challenging to interpret, because some cultured
microbes may be part of the normal resident flora of the
skin of sheep and goats (Table 10-4). Bacterial cultures
may be obtained by aspirating pustules, abscesses, and
other nodules. If a skin biopsy is to be performed, material for bacterial culture may be obtained from a sample
of skin tissue. The clinician cleanses the desired sample
area with alcohol and obtains a hair sample from the
periphery of an active lesion. Cultures for dermatomycotic agents must be set up on special media. Fungal
cultures may require weeks in a favorable environment
before a positive or negative result can be reported.

Impression Smear
Impression smears may be of some (albeit limited)
value, particularly in the diagnosis of very exudative or
very dry lesions. A moist lesion or an area from which
a scab has just been removed is selected. A clean glass
microscope slide is carefully pressed against the lesion
and is allowed to air dry or is fixed. The slide is then suitably stained and the cytologic evaluation is performed.

Biopsy
Skin biopsy is most useful to identify lesions consistent
with ectoparasites and allergic and autoimmune disease. Skin biopsy is indicated when a lesion is unusual
in appearance or location, has failed to respond to
treatment, is suspected to be neoplastic, or is persistently ulcerative or exudative. It also can be used to rule
out various pathologic conditions in the differential
diagnosis. Biopsy specimens should be obtained from
primary lesions and ideally should include the junction
of normal and abnormal skin. Commercial skin biopsy
instruments (with internal diameters of 4 to 8 mm)
provide the best-quality samples for pathologists. Areas
with minimal skin tension should be chosen. A needle
and scalpel blade can be used to harvest a skin sample,
or the entire lesion may be submitted if surgical excision has been performed. Full-thickness skin biopsy is
recommended to allow examination of all layers of the
epidermis and dermis. Sedation or tranquilization of
the patient may be required. The clinician may clip the
hair surrounding the area of skin biopsy; however, hair
emerging from the skin sample is desirable to enhance
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TABLE 10-4 Normal Microbial Inhabitants
of the Skin in Sheep and Goats
Species

Bacteria

Fungi

Goat

Staphylococcus aureus
Coagulase-negative
staphylococci
Bacillus
Escherichia coli
Micrococcus
S. aureus
S. epidermidis
Streptococcus

Aspergillus
Mucor

Sheep

Modified from Scott DW: Large animal dermatology, Philadelphia,
1988, WB Saunders.

the pathologist’s evaluation. Therefore only minimal
clipping should be performed, and a razor blade should
not be used. A small amount of lidocaine hydrochloride 2% is deposited in the subcutaneous tissue deep
within the specimen. This should be done carefully
and immediately before biopsy, because the side effects
of lidocaine include vascular dilatation and edema,
both of which may confuse histologic evaluation.

VIRAL DISEASES
Contagious Ecthyma (Sore Mouth/Orf/
Contagious Pustular Dermatitis)
Contagious ecthyma—also called “sore mouth,” orf,
and contagious pustular dermatitis—is a unique viral
skin disease caused by a parapoxvirus. It is seen primarily in sheep and goats but also has been reported in
other wild and domestic ruminants and in humans. The
morbidity in naive herds or flocks will approach 100%,
but mortality rates rarely exceed 1%. Death, if it occurs,
usually is due not to the infection itself but rather to
secondary complications such as pneumonia or starvation. The causative virus can persist in the soil for years
and has survived in a laboratory environment at room
temperature for 20 years.1 A conflicting report indicated
that the virus was undetectable in scabs shed naturally
from healed lesions.2 Nevertheless, once on the farm, it
is considered to be on the farm forever. Outbreaks tend
to occur around lambing or kidding time, when newly
susceptible offspring are present. Transmission may be
through direct contact with clinically affected animals
or on fomites contaminated by the clinically affected,
or may occur indirectly by contact with virus-contaminated soil or shed scabs, and some evidence points
to the possibility of spread by nonclinical carriers.3

Many pathologists prefer that skin specimens be preserved attached to a wooden plank such as a piece of
a tongue depressor. Fixatives for skin samples include
10% neutral buffered formalin for routine light microscopy and glutaraldehyde for electron microscopy. Skin
biopsy specimens may be fixed with Michel’s fixative or
fresh-frozen without fixative if immunohistochemistry
analysis or other such testing is desired. In one study,
shrinkage was similar for formalin-fixed and for freshfrozen specimens (approximately 20%).3 Skin biopsy
specimens should be submitted to a veterinary pathologist experienced in the interpretation of histopathologic
findings in skin. Because skin histology varies dramatically among species, a pathologist experienced in
evaluation of the skin of sheep and goats is preferable.
If preferred by the clinician or the owner, the biopsy site
can be closed (using a simple interrupted or cruciate
suturing pattern) with either absorbable or nonabsorbable material.
REFERENCES
1.	Scott DW: Large animal dermatology, Philadelphia, 1988, WB
Saunders.
2.	Smith MC, Sherman DM: Skin, In Goat medicine, ed 2, Ames, Iowa,
2009, Wiley-Blackwell.
3.	Steinhagen O, Bredenhann AEJ: The effect of histological processing on sheep skin samples,, S Afr J Anim Sci 17:151, 1987.

Transmission by nonclinical carriers has been disputed,
however: “[Orf virus] does not cause latent infections in
animals that recover from clinical disease, but clinically
healthy animals that are moved from infected to noninfected premises or transported in contaminated vehicles
can act as mechanical carriers.”4 The virus typically finds
entry through a break in the skin. Thus the disease tends
to be most prevalent in young animals, sometimes in
association with tooth eruption.5 The incubation period
is 3 to 14 days. It is one of the more significant zoonotic
skin diseases of sheep and goats and is considered to
be extremely painful for affected humans. Veterinarians and producers should take precautions to avoid
exposure by wearing disposable gloves for treatment or
examination in suspected cases.

Clinical Signs
The clinical presentation is relatively unique, with
scab-like lesions appearing most often on the lips and
muzzle and in the oral cavity (Figure 10-1). Lesions
appear as crusty proliferations at mucocutaneous junctions, similar to fever blisters. Initial lesions appear as
papules, followed by vesicles and pustules and scab
formation. Scabs heal over and drop off in 1 to 4 weeks.
A typical mild course of the disease in 10- to 21-day-old
lambs has been reported, with resolution occurring
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intracytoplasmic viral inclusions. Electron microscopy
has been used to detect the virus in scabs. More viral
particles are present in early scabs than in aged scabs,
so “fresh” scabs should be submitted for examination.
Samples for diagnosis can be submitted refrigerated or
at room temperature but should be packaged to prevent
human contact. One drawback to electron microscopy
is that all parapoxviruses (e.g., the agents of bovine
papular stomatitis and pseudocowpox) are morphologically indistinguishable. Serologic testing can be
used to determine exposure status and gives presumptive evidence for the disease. Polymerase chain reaction
(PCR) tests have been developed and may become the
preferred method of diagnosis.
Figure 10-1 Contagious ecthyma. The lesions can be seen
to follow the contour of the lips and extend to the nasal
mucosa. In this instance, the disease was endemic in a milking sheep flock, where the lambs were removed from the dams
shortly after birth and then bottle- or bucket-fed. Nearly 100%
of the lambs were clinically affected.

beginning at 7 days.5 Lesions also may develop on
the teats and udders of nursing dams, often as a result
of suckling of affected lambs or kids. Udder and teat
lesions appear to be more painful, leading to refusal
of the affected dam to nurse her offspring. This feeding hiatus in turn may result in neonatal starvation.
Lesions also have been reported on the ears, face,
periorbital region, poll, scrotum, perianal region, and
distal extremities. Rare cases of body (trunk and flanks)
lesions have been reported in both sheep and goats.6,7
More severe forms, described as malignant, persistent,
or chronic, have been reported. In rare cases, extension
of lesions down the respiratory tract may predispose the
affected animal to pneumonia, and extension down the
alimentary tract may lead to gastroenteritis. A mortality rate of 10% was reported among 550 5-month-old
lambs, in which severe facial edema and extensive proliferative necrotic lesions developed in the anterior two
thirds of the buccal cavity, including the tongue.8 The
stress of transportation may have increased the clinical
severity of the disease in the aforementioned report.

Diagnosis
Diagnosis most commonly is based on clinical signs.
In many countries, diseases with a clinical appearance
and history similar to those of contagious ecthyma
(typically a mild disease with high morbidity rates)
are rare; other considerations in the differential diagnosis include bluetongue, ulcerative dermatosis, sheep
pox, capripox, and foot and mouth disease. A skin
biopsy and histopathologic examination can be confirmatory. Histopathologic findings include ballooning
and degeneration of keratinocytes and eosinophilic

Treatment
Treatment of contagious ecthyma is seldom attempted
because the disease is self-limiting and should resolve
within 3 weeks. At that time, the scab will fall off,
thereby contaminating the environment. The disease is of little clinical consequence in weaned and
older animals, but neonates may need supplemental
feedings. Secondary bacterial infection may occur
and if suspected can be treated with topical or systemic antibiotics (see Appendix 1). In some parts of
the world, blowfly strike can complicate contagious
ecthyma, so affected animals should be observed for
this disease and treatment instituted as necessary.
Animals with greater economic or sentimental value
in which the disease results in anorexia secondary to
painful oral lesions may be treated with electrocautery
and débridement after spray cryotherapy, with good
results.9 Use of ointments and astringent lotions may
actually delay healing.10

Prevention
Prevention is best achieved by preventing the disease
from entering the farm through quarantine and physical
examination of stock entering the farm and by purchasing new stock from contagious ecthyma–free herds or
flocks. Special efforts should be made to prevent contact
with suspect animals at livestock shows and sales and
to avoid use of common feed, water, and grooming
equipment. In an outbreak situation, the affected stock
should be isolated and the remainder vaccinated. This
method should help limit production losses through
control of the location of the disease.
Once the disease is on the farm, vaccines are available that can help in its control. Vaccines are live and
should not be used unless the disease is known to be
present in a herd or flock. Most commercial vaccines are
labeled for sheep but not goats. Although use of these
vaccines in goats has at times appeared anecdotally efficacious, research has indicated that sheep vaccines were
not effective in protecting goats from the wild-type contagious ecthyma virus found in goats.11 More recently,
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a goat strain vaccine for contagious ecthyma was found
to be protective against experimental challenge.12
Vaccines typically are placed on scarified skin of the
medial thigh. Other sites should be used, such as inside
the ear pinna or under the tail, for vaccinating lactating
females. Formation of scabs should occur by 3 to 4 days
if the vaccination is successful. If vaccination is used,
its use should be tailored to optimal management for a
particular herd or flock. One approach to vaccine use is
to begin with vaccination of all animals that have not
been previously exposed and then vaccinate only new
naive stock (from new births and new additions) annually. Immunity is reported to be acquired by 3 weeks
after vaccination but is not considered to be lifelong.13
Naturally exposed animals that have recovered usually
are solidly immune for 2 to 3 years.10 It has been stated
that colostrum immunity does not occur, because antibodies do not appear to be passed in the colostrum.1,10
A study by Perez, however, demonstrated that lesions
did not develop in kids of vaccinated does when challenged before 45 days of age, whereas lesions did appear
in kids older than 45 days of age.14 On some farms in
which the disease is endemic, producers may choose to
simply live with the disease. The disease has a shorter
course and is less severe in reinfected animals.

Malignant Contagious Ecthyma
A persistent form of contagious ecthyma known as
malignant contagious ecthyma has been recognized in a
limited number of sheep within infected flocks. Proliferative lesions develop, especially on the distal legs
and feet and, less commonly, on the head. Unlike with
ordinary contagious ecthyma, however, the lesions
fail to regress and may continually enlarge. Secondary bacterial infections, fly strike, and hemorrhage are
major complications. Although a poxvirus morphologically similar to the contagious ecthyma virus has been
identified by electron microscopy in typical lesions, the
disease has a different course.
Affected sheep do not pass the infection to commingling animals. Preliminary studies of the cellular
immune system in affected sheep have failed to demonstrate any deviation from normal.

Ulcerative Dermatosis
Ulcerative dermatosis is a disease of sheep caused by a
virus similar to but distinct from the contagious ecthyma
parapoxvirus. Infection typically follows a break in the
skin such as from shearing injuries and breeding-related
injuries. The virus may be spread through physical contact during breeding season, perhaps accounting for
the highest prevalence of disease in the fall and winter.
The incubation period is 2 to 7 days. Healing of lesions
occurs in 2 to 6 weeks. In the United States, the disease

is most common in western regions, and the morbidity
rate usually is 15% to 20% but may be as high as 60%.

Clinical Signs
Lesions develop as ulcers, with a thin but very adherent
scab. Lesions associated with the initial viral infection
may become infected with Fusobacterium necrophorum.
Lesions may occur on the face, eyes, lips, and nostrils
but also occur in the interdigital space, legs, penis, and
vulva. Lesions of the lower limb may lead to septic
arthritis. Lesions of the penis may result in phimosis
or paraphimosis. The facial and lip lesions are not typically associated with the mucous membranes—a distinction that helps differentiate them from contagious
ecthyma lesions.

Diagnosis
The most important clinical entity to rule out is contagious ecthyma, but with ulcerative dermatosis, the morbidity is lower and the lesions are ulcerative rather than
proliferative as in contagious ecthyma. Confirmation is
based on histopathologic examination of material from
biopsied lesions.

Treatment
The disease is self-limiting, but use of antibiotics is justified for secondary bacterial infections and severe cases.
Otherwise, treatment is symptomatic.

Prevention
Prevention is best carried out by examination of breeding stock during the breeding season and isolation of
affected animals. When the disease is a common occurrence, efforts should be made to decrease skin trauma by
means of reduction in shearing injuries, removing animals from areas that are abrasive to the feet and legs, and
using feeds that are nonabrasive. No vaccine is available,
and immunity is short-lived (approximately 5 months).

Sheep Pox and Goat Pox
The agents of sheep pox and goat pox are closely related
viruses of the Capripox genus in the family Poxviridae.
Although the viruses tend to be species-specific, crossspecies infection has been reported. Mortality is low in
endemic regions but may be high when naive sheep or
goats are exposed. Transmission (thought to occur by
aerosol and contact with lesions) increases with close
contact with infected herds or flocks. These diseases currently are endemic in northern Africa, the Middle East,
and southeastern Asia, with occasional outbreaks in
southeastern Europe. One case of goat pox in the United
States has been reported,16 but a U.S. Department of
Agriculture–Animal and Plant Health Inspection Service
(USDA-APHIS) website states that neither disease has
occurred in the United States. Contagious ecthyma is the
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primary consideration in the differential diagnosis for
sheep pox and goat pox. However, sheep and goat pox
lesions tend to occur over the entire skin surface. The
two viral agents (of contagious ecthyma and of sheep
or goat pox) are easily differentiated by electron microscopy. A recent review of sheep pox has been published.17

Scrapie
A discussion of scrapie is beyond the scope of this chapter
(see Chapter 13). As a consequence of the intense associated pruritus, however, scrapie-infected sheep or goats
(although pruritus is much less common in goats than in
sheep) may present with hair or wool loss secondary to
mechanical excoriation. Scrapie does not directly affect
the skin; skin lesions are simply a result of the intense
pruritus and subsequent aggressive scratching.

Bluetongue
A discussion of bluetongue is beyond the scope of this
chapter (see Chapters 4 and 14). However, skin lesions
suggestive of bluetongue include coronitis, ulcerations
of the oral mucosa, and muzzle edema. Goats are relatively resistant to clinical bluetongue.

Vesicular Stomatitis
Vesicular stomatitis is a viral disease that creates ulcerations of the oral mucosa in cattle, swine, and horses.
Although both goats and sheep may be experimentally
infected with the causative virus, natural clinical disease
is quite rare, and no case reports documenting clinical
disease are found in the literature.
Sheep and goats never show clinical signs of vesicular stomatitis.18 A 1995 outbreak of the disease in the
western United States did not identify a single sheep or
goat seropositive for the virus.18 Unpublished reports
of vesicular stomatitis in goats, however, indicated that
vesicles may occur at the commissures of the lips.19

BACTERIAL DISEASES
Dermatophilosis (Streptothricosis,
Lumpy Wool Disease, Rain Scald,
Rain Rot)
Dermatophilosis (streptothricosis, lumpy wool disease,
rain scald, rain rot) is a disease of all ruminants caused
by the gram-positive filamentous bacterium Dermatophilus congolensis. This bacterium appears to be maintained within herds or flocks by carrier animals. The
organism is considered an obligate parasite of ruminant
skin and was not thought to survive for very long in
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the soil, but later research indicates that it may survive
for several months, especially within cast-off crusts.1,2
Predisposing factors for clinical disease include skin
damage (as from biting insects or physical abrasion),
excessive moisture (hence the common name “rain
rot”), and concurrent diseases and stresses that compromise the host immune system. The loss of the sebaceous
film layer on skin is thought to predispose the animal
to development of the disease. Excessively rainy conditions without appropriate shelter can lead to dilution
of this sebaceous layer, thereby increasing the chance of
clinical disease.
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The incubation period averages 2 weeks. The infective form of the organism is the motile zoospore
(Figure 10-2), which germinates, penetrates the epidermis, and invades hair or wool follicles. Neutrophils
migrate to the affected areas, resulting in accumulation
of a serous exudate that seeps to the epidermal surface.
The older epidermal skin deteriorates while a new layer
of epidermis forms below. This new layer also becomes
infected with hyphal branches. Eventually, thick scabs
are formed. Early clinical manifestations include small,
raised, and circumscribed crusts of epidermal cells and
serous exudates with embedded hairs or wool. The disease follows a similar pattern in sheep, but the serous
exudates may not be adherent to the epidermis. It also
is responsible for “strawberry footrot” of sheep, which
appears as dry scabs on the lower legs. Removal of the
dry scabs leaves a mass of granulation tissue that has the
appearance of a strawberry (hence the name). Although
it can be spread from acutely infected animals, outbreaks are rare but have been reported.3 Young goats
appear to be more susceptible than adults to development of clinical disease.3,4 Likewise, young sheep are
more susceptible than adult sheep.5

Clinical Signs
Follicular and nonfollicular papules and pustules develop
and rapidly coalesce and rupture, with consequent matting of groups of hairs or clumps of wool. These are
classically described as “paintbrush lesions” in haired
ruminants. Lesions may be painful but are not pruritic.
In sheep, crusts occurring at the coronary band (i.e.,
strawberry footrot) also may extend to the carpi or tarsi.
Lesions also may be present on other parts of the body.
In goat kids, lesions tend to be on the ears and tails;
in adults, lesions tend to be on the muzzle, in the dorsal midline, or on the scrotum or distal legs.4 Lesions
have been reported in the ears of kids at 5 days of age.6
Although the condition is relatively rare, it may be fatal in
livestock debilitated by other diseases and poor nutrition.

Diagnosis
Staining (Gram stain or methylene blue) of direct
smears of lesions should reveal branching hyphae with
cuboidal packets of coccoid cells arranged in parallel
rows (resembling railroad tracks) within the filaments
(see Figure 10-2). Skin biopsy and histopathologic
examination also may be helpful. Culture can be confirmatory, although possible subsequent infestation by
other bacterial and fungal organisms may complicate
the diagnosis in chronic cases.7

Treatment
Agents for topical treatment include iodophors, 2%
to 5% lime sulfur, 0.2% copper sulfate, 0.5% zinc
sulfate, and 1% potassium aluminum sulfate. These
agents may be applied as total body washes, sprays,
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Figure 10-2 Dermatophilus congolensis showing zoospores.
A diagnostic slide can be easily and reliably made in field conditions by pressing the slide against the underside of the scab,
allowing the slide to air dry, and then staining with Wright’s
stain. (Courtesy Dr. Mike Fry. University of Tn, Knoxville, Tn)
or dips for 3 to 5 consecutive days and then weekly
until healing has occurred. Systemic antibiotics such
as procaine penicillin G (5000-10000 IU/kg twice a
day for 4 to 5 days), oxytetracycline (one or two doses
of 20 mg/kg during a 72-hour interval), or ceftiofur
(2 ml/100 lb once daily for 4 to 5 days) may be effective. The organism is reported to be resistant to polymyxin B, bacitracin, and sulfonamides. Lesions in kids
tend to heal without treatment within 2 to 3 months.8
Dermatophilus is potentially zoonotic to humans.

Prevention
In areas in which the disease is prevalent, removal and
disposal of crusts, keeping stock dry (providing shelter
from wet weather), providing good-quality nutrition,
and control of ectoparasites may limit the number of
clinical cases. Vaccines have been studied but do not
appear to offer significant protection.5

Fleece Rot (Water Rot, Weather Stain)
Fleece rot is an exudative bacterial dermatitis of sheep
that is characterized by a greenish-discolored, matted
wool. This disease reduces the quality of the wool but
is most important as a predisposing factor for fly strike.
Although other fleece bacteria may play a significant
role in the disease, Pseudomonas aeruginosa is considered the primary etiologic agent.9 The disease was first
recognized in Australia in the latter part of the 1800s.5
Bacteria cultured from the skin of affected sheep, when
applied to unaffected sheep, resulted in the disease.10
The necessity of moisture for development of disease symptoms was noted in 1929 by Seddon and
McGrath.11 Both wool traits and body conformation
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traits are predisposing factors for fleece rot in sheep, and
this susceptibility is reportedly heritable.11 The disease
appears to be most prevalent in Australia, with reported
prevalence rates averaging 24%.5 The disease does not
appear to be of clinical or economic significance in
the United States but has been reported.12 The reason
for the increased susceptibility of young sheep compared with older stock is not known, but causative or
contributing factors may include maturity of wool and
skin characteristics and development of a certain level
of immunity after exposure.5 Fleece rot predisposes
affected sheep to blowfly strike.

textbooks, studies or case reports in goats ar lacking.
The organisms typically exist as spores in the soil and
appear to occur predominantly in moist soils that are
rich in organic matter.17 The organisms usually enter
the body through breaks in the skin or mucosa. With
development of the requisite anaerobic conditions in
body tissues, the organisms proliferate and release several exotoxins that react locally and systemically. The
spores of clostridial organisms are thought to survive in
the environment for several years. The disease is most
common in Montana in the United States but also
occurs in South Africa, South America, and Australia.18

Clinical Signs

Clinical Signs

The most characteristic clinical sign is the greenish
discoloration of wool. A copious serous exudate also
may be evident and probably is the attraction for flying
insects that leads to associated fly strike. The inflammatory reaction can result in a grayish matted wool. Pruritus also has been reported, but not all affected sheep
demonstrate evidence of this symptom.13 Lesions are
most common on the back and withers.

The disease usually is sporadic in nature but can occur
as outbreaks. The likely cause of a Brazilian outbreak
was use of a single common needle to vaccinate a 1000head flock of sheep with a commercial clostridial vaccine.17 Several sheep died in that outbreak, all within
1 to 3 days of vaccination. Clinical signs observed before
death included severe depression, swelling around the
vaccination site, lameness, subcutaneous edema, and
crepitation.
The classic epidemiology of bighead in sheep involves
butting in rams leading to breaks in the skin that allow
bacterial spores access to the bruised subcutaneous tissues. Once infection occurs, swelling and edema of the
face, head, and neck appear.

Diagnosis
Culture of samples from involved skin and wool is the
definitive method to diagnose fleece rot (and would
be especially definitive for greenish-discolored wool).
Pseudomonas aeruginosa may be found in pure culture. It
produces the green pigment pyocyanin.14 Fleece rot may
be distinguished from dermatophilosis in that no scab
formation is associated with the former.

Treatment
Antibiotics may be helpful, but studies have shown P.
aeruginosa to be quite resistant to many antibiotics.15,16
In clinical practice, shearing to allow the involved skin
to dry is the most effective means of treatment.

Prevention
Vaccines are under development, but efficacy to date
has been disappointing.5 Some prevention is afforded
by producing more resistant sheep by breeding for
characteristics of wool and body conformation that are
less predisposing to the condition. Perhaps the most
practicable control measure is to shear the sheep before
the onset of the rainy season.

Malignant Edema (Swelled Head,
Bighead)
Malignant edema, also called “swelled head” or “bighead,” is a rapidly fatal disease caused by clostridial species, most commonly Clostridium sordellii, Clostridium
novyi, Clostridium septicum, and Clostridium chauvoei,
and is seen most commonly in young rams. Although
swelled head of bucks (goats) is mentioned in many

Diagnosis
An aseptically collected aspirate of the subcutaneous
swelling followed by staining of an impression smear
and subsequent anaerobic culture can be definitive.
Clostridial organisms stain as large gram-positive rods.
Fluorescent antibody testing can differentiate between
the different clostridial species.

Treatment
If treatment is not initiated immediately, the fatality rate
will be high. Treatment consists primarily of high doses
of penicillin products, which should be administered
both locally and systemically. Additional treatment is
primarily symptomatic.

Prevention
Vaccination can be preventive so long as it is administered after the period of passive transfer and before
traumatic events. Hygiene also is emphasized, because
some cases have been documented to occur after a
simple blood draw.19

Actinobacillosis
Actinobacillus lignieresii, a non–spore-forming, gramnegative rod, causes a pyogranulomatous bacterial
infection of the soft tissues of the head in sheep
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(but has not been documented in goats).20 These bacteria usually are inoculated into the tissues by grass
awns or stemmy forage. A local granulomatous reaction
occurs, but these bacteria also may spread to regional
lymph nodes or the bloodstream.

Clinical Signs
Purulent material may be observed draining from
lymph nodes. Extreme enlargement of submaxillary or
parotid lymph nodes may lead to difficulty in breathing or eating; sheep may die from malnutrition. Nasal
exudate may be noted if the infection drains into the
nasopharynx.

Diagnosis
The diagnosis is made by performing cytologic evaluation with Gram staining of the exudate. The gram-negative rods are filamentous and form sulfur granules in the
pus that can be seen without the aid of a microscope.

Treatment
Therapy includes surgical drainage, antibiotics (procaine penicillin G, 22,000 to 66,000 units/kg of body
weight subcutaneously [SC] every 24 hours for 7 days),
and iodine therapy. Sodium iodide (80 mg/kg of body
weight intravenously [IV]) can be administered and
repeated once or twice at 7-day intervals. Alternatively,
organic iodides can be added to the feed (7.5 to 15 g/
head/day) for 14 to 21 days.

Staphylococcal Dermatitis (Eye Scab,
Impetigo)
Staphylococcal dermatitis typically is a nonfatal skin disease of sheep and goats that affects predominantly the
head and face or mammary gland. The causative agent is
S. aureus, but occasionally other staphylococcal species are
involved. The condition appears more commonly during
warm seasons of the year. Transmission appears to be by
social contact with clinical or nonclinical carriers.21 Sporadic cases may occur, but outbreaks have been reported.22

Clinical Signs
The facial involvement may manifest as nonpruritic
lesions above the upper eyelid that expand to include
other parts of the face and, in extreme cases, the lower
limbs.22 The skin lesions in one series were characterized by alopecia, papules, crusts, erosions or ulcers,
exudation, erythema, hyperpigmentation, and thickening of the skin.22 Overall, the dermatitis did not appear
to adversely affect the health of the affected sheep. S.
aureus dermatitis of a ewe has been described as inflammation and hyperkeratosis of the skin of the udder
and teats, with accompanying pustules.23 Staphylococcus
hyicus was determined to be the causative agent in a
fatal case of seborrheic dermatitis in an 18-month-old

Pygmy goat.24 The clinical signs in this case were similar
to those of greasy pig disease: a generalized seborrheic
dermatitis with alopecia, on a background of greasy
skin with a pronounced scaly to scabby appearance.

Diagnosis
Considerations in the differential diagnosis should
include ectoparasites, zinc deficiency, elaeophoriasis,
and mycotic infections. Definitive diagnosis requires
culture and exclusion of other possible causes. Histopathologic lesions have been well documented.22

Treatment
Antibiotics may be required in severe cases and may
hasten resolution in any case. Oxytetracycline and enrofloxacin were minimally effective, whereas a lincomycinspectinomycin combination was effective in one case
report.22 Penicillin has been reported to be efficacious.25
However, facial staphylococcal dermatitis tends to resolve
within 2 months.26 Another approach to treatment consists of washing the affected skin with an iodophor or
chlorhexidine shampoo, followed by drying and then
coating it with an antiseptic or antibiotic ointment.20

Prevention
Feeding and housing in an environment that lessens
the chance of facial injuries and close head to head
contact should reduce the incidence of the disease. Fly
control may be important in transmission reduction.
Isolation of affected animals and avoidance of fomite
transmission are important to limit new staphylococcal
intramammary infections.

Abscesses
Abscesses of the soft tissues are not uncommon in
sheep and goats. Abscess formation usually begins with
entry of surface bacteria through a wound in the epidermis. Therefore Staphylococcus spp., Corynebacterium spp.,
Arcanobacterium pyogenes, and streptococcal bacteria are
expected on culture. Noncontagious abscesses may be
treated by lancing after infiltration with a local anesthetic. The interior capsule of the abscess is debrided
and flushed with a dilute iodine solution (1%). For large
abscesses, roll bandages soaked in dilute iodine solutions may be stuffed into the capsule of the abscess, with
removal of a portion of the bandage daily over the next
3 to 5 days. Systemic antimicrobial agents are not indicated in most cases but may be administered if numerous lesions or deeply seeded abscesses are present.

Caseous Lymphadenitis
Caseous lymphadenitis is a common, contagious, suppurative bacterial disease of sheep and goats worldwide
that most frequently infects the lymph nodes and
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lymphatic system. A study of cull sheep in the western
United States reported a prevalence of 42%.27 The agent
of the disease, Corynebacterium pseudotuberculosis, creates chronic infections that can eventually be fatal. The
agent enters the body through broken or intact skin
or mucous membranes, by inhalation or ingestion.28
Once a lymph node becomes infected, an abscess then
develops, and spread to other lymph nodes and internal
organs occurs by way of the lymphatic and hematogenous routes. Abscesses tend to be caseous, and the classic abscess of caseous lymphadenitis on cut surface has
an “onion ring,” layered appearance that is only rarely
present in goats.29 The organism survives for months in
the environment, and environmental exposure, especially from fomites, plays a key role in transmission. The
disease is considered zoonotic.

Clinical Signs
The most obvious clinical sign is enlargement of external
lymph nodes, especially the parotid, submandibular, and
supramammary nodes, but the prescapular and prefemoral nodes also may be enlarged.30 Although abscesses
typically develop over a period of 2 to 6 months,31
abscess development and lymph node enlargement have
occurred within 2 weeks of shearing with apparently
contaminated clippers (Figure 10-3).
Involvement of the external lymph nodes does not
usually result in other clinical signs, but enlargement
of the internal lymph nodes and major organ infection can lead to eventual death. Approximately 25%
of sheep with overt abscesses are predicted to develop
respiratory abscesses.31 The predominant clinical sign
seen in goats and sheep with internal abscessation is
a history of chronic weight loss, but coughing and
respiratory symptoms may be present as well. Thus
clinical signs vary according to the organs affected.
Involvement of liver, kidneys, mediastinal lymph
nodes, gastrointestinal lymph nodes, the central nervous system, and the mammary gland (mastitis) has
been described.

Diagnosis
Although other bacteria may occasionally be isolated
from enlarged external lymph nodes, the agent of
primary interest in cases of suspected caseous lymphadenitis should be C. pseudotuberculosis until this diagnosis has been ruled out. Because the abscess material
is potentially highly contagious, special care should be
taken to keep the pustular material from reaching the
environment. Culture of the material will be definitive
for C. pseudotuberculosis, which appears as small grampositive rods of variable length. Likewise, numerous
tests can be conducted in asymptomatic animals to
determine the infection status for this disease.
Diagnosis of caseous lymphadenitis in sheep and
goats without enlarged external lymph nodes requires
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Figure 10-3 Caseous lymphadenitis–associated mandibular abscesses that appeared 2 weeks after shearing in a flock of
Dorset sheep. Abscesses arose primarily among the mandibular and prescapular lymph nodes.
serologic testing. Both agglutination tests and hemolysis synergistic inhibition tests may aid in identification.
These two tests are not accurate enough for use as the
basis for management decisions to cull animals that
have early nonclinical infections.

Treatment
External lymph node abscesses may be removed surgically, but special care is required to avoid opening the
abscess during surgical removal. Lancing and draining
the external abscesses may be done with special care to
collect all of the purulent material and flushing solution so as not to contaminate the environment. This
collected material should be burned. With management by lancing and draining of abscesses, isolation
of the animal for 1 month is recommended to prevent
subsequent spread to other susceptible sheep or goats.
Treatment for disease involving the external lymph
nodes does not guarantee that the small ruminant is
free of the infectious process, because internal lymph
node infection also may be present. Systemic antibiotics are not considered to be very effective because of the
thickness of the lymph node capsule and the intracellular survival (even within activated macrophages) of
the bacterium.32 However, systemic antibiotics with a
gram-positive spectrum should be used in treating an
external abscess, to help prevent spread to other lymph
nodes. Injection of formalin into the abscess has met
with some success.
A recent study compared the efficacy of three different treatments for caseous lymphadenitis33: (1) opening, draining, flushing (with a diluted iodine solution),
and treating with subcutaneous penicillin; (2) closedsystem lavage (using a 16-gauge needle to inject saline
and then withdraw the saline–abscess contents mixture)
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and administration of intralesional tulathromcyin; and
(3) closed-system lavage and administration of subcutaneous tulathromycin. All treatment regimens resulted
in greater than 80% resolution of the treated lesions.
Ultimately, however, the most cost effective treatment is
to cull the affected animals.33

Prevention
The best prevention is to maintain a caseous lymphadenitis–free herd or flock. Any new animals should
be tested for the disease and examined for lymph
node enlargement before entering the herd or flock.
Housing should be maintained free of objects that can
cause skin injury. Needles, surgical equipment, tattoo
pliers, shears, hoof trimmers, and dipping vats should
be cleansed and disinfected after use. In addition, the
control of external parasites is considered important
because pruritic stock will rub themselves on items
that could produce breaks in the skin.20 Eradication of
caseous lymphadenitis is possible but difficult in that it
requires frequent testing and management of a diseasefree group and an infected group. Vaccines are available
and can be especially helpful for producers who choose
to live with the disease in that vaccination can reduce
the incidence of abscesses in a herd or flock.34 Vaccines
do not necessarily prevent the disease. Goats vaccinated
with sheep caseous lymphadenitis vaccines tend to
experience adverse reactions more frequently than do
sheep. Anecdotal reports indicate that goat owners are
more satisfied with autogenous caseous lymphadenitis
vaccines. Milk and colostrum transmission apparently
is not important, but removal of neonatal lambs and
kids from affected dams should lessen the chances of
exposure. Likewise, intrauterine transmission has not
been reported.
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FUNGAL DISEASES
Dermatophytoses (Ringworm, Lumpy
Wool, Club Lamb Fungus)
The primary fungal agent of ringworm in sheep and
goats is Trichophyton verrucosum. However, Trichophyton
mentagrophytes, Microsporum canis, and other, less common species have been reported to cause ringworm in
these species.1,2 Transmission occurs by direct contact
with clinically affected animals or indirectly from
contaminated fomites (e.g., fences, water or feed equipment, grooming equipment). The disease tends to be
more common in young animals than in adults, probably because of increased immunity in those previously
exposed to the disease agent. Other potential predisposing factors include immunosuppression, poor nutrition, crowding, high humidity, and other debilitating
conditions or diseases.
The zoophilic dermatophytes exist as spores in the
environment. The dermatophytes use keratin as a nutrient source—hence their predilection for skin.3 Spores
typically enter the skin through abrasions. The conidium
(the spores) germinates and hyphae appear within the
stratum corneum (invasion of living tissue does not
occur) and invade the walls of the hair follicles. They
then emerge into the follicular canal and grow downward between the hair cuticle and the wall of the follicle. The hyphal tip penetrates into the hair cortex by
dissolving the keratin and by mechanical pressure, and
multiplication ensues, with conidia located outside of
the hair shaft.3 As the hair grows, the fungal elements are
carried out of and above the surface of the skin, where
hairs may become broken or fall out. Spread occurs
centrifugally from the point of invasion, resulting in the
classic ring-shaped lesion. Incubation period from exposure to clinical disease is 1 to 6 weeks, and the condition
is more commonly seen in the fall and winter months.
Lanolin tends to protect the sheep skin from ringworm agent invasion. Show lambs are sheared short, and
the frequent washing to prepare them for showing tends
to remove the protective lanolin, allowing the ringworm
agents better access to infect the skin. Thus this disease
would be unusual in sheep that are not being prepared
for show or sale. Club lamb fungus was first reported
in 1989. Although typically considered a disease of
show lambs associated with extensive washing and
close shearing, herd outbreaks have occurred in commercial flocks, in association with recent shearing with
possibly contaminated blades.4,5 The disease is contagious, which is why sheep with evidence of ringworm
are not allowed to participate in fair activities. Lesions
take approximately 1 month to become evident. Fungal
spores remain viable for years under natural conditions. Persons treating or working with the flock or herd
should wear protective clothing and gloves, because the
disease is zoonotic.
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Clinical Signs
In both goats and sheep, lesions affect primarily the
ears, head, and neck, but any body surface may be
involved (Figure 10-4). Ringworm lesions affecting
wooled surfaces were previously considered to be rare,
but according to more recent evidence, show lamb
fungus probably is as common on the wooled areas as
in the more typical locations. Lesions in haired areas
consist of circular patches of alopecia, scaling, and
crusts, but affected areas also may be uneven and diffuse. Lesions in wooled areas may be covered with matted wool and are inflamed and reddened underneath
the mat5 (Figure 10-5). Lesions tend to be nonpruritic
or only mildly pruritic and usually are not painful.
Although lesions typically occur on the face, ears, and
neck and shoulder area, they also may be dispersed over
the body, including the tailhead region.5

Diagnosis
Although in most instances the diagnosis is based on
the clinical presentation, this assumption may be faulty,
because numerous other conditions can have a similar
presentation. Considerations in the differential diagnosis for ringworm in sheep and goats should include
external parasites, zinc deficiency, dermatophilosis,
staphylococcal dermatitis, and immune-mediated diseases. Use of the Wood’s lamp during clinical examination may help with the differential diagnosis. However,
Trichophyton species do not fluoresce. Ultimately, identification of the pathogen from fungal culture on Sabouraud’s dextrose agar is definitive. Scrapings should
be obtained from the periphery of the lesion, because
these strictly aerobic fungi die out under the crust in
the center of most lesions. The combination of exudate
from inflamed epithelial layers, epithelial debris, and
fungal hyphae produces the dry crusts that create a more
anaerobic environment. Microscopic examination of
hairs and keratin from the periphery of an active lesion
may reveal ectothrix invasion of hair shafts.6 A 20%
potassium hydroxide solution can be used to prepare
wet mounts of arthrospores on the hair shafts for microscopic examination.

Treatment
The first step in dealing with a case of ringworm is
isolation of affected animals. Care must be taken to
eliminate spread of the fungus on the hands of farm
personnel or other fomites to herdmates. The disease
is self-limiting and usually does not adversely affect
the health of the affected small ruminant. Healing
takes 4 to 16 weeks with spontaneous recovery. Some
researchers have reported healing in as little as 2 weeks,
but this rapid clinical course has not been scientifically
validated. Many treatments have been suggested, but
few have been studied to determine actual efficacy.
Most such treatments constitute extralabel use, and
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Figure 10-5 The first sign of club lamb fungus (ringworm)
Figure 10-4 Typical clinical presentation of show lamb
fungus. Lesions may appear on any haired or wooled body
surface. (Courtesy Dr. Fred Hopkins, Knoxville, Tennessee.)

meat withdrawal times are rarely known. The following
treatment regimens should not be considered definitive
but represent options when clients want their stock
treated.
•	Griseofulvin has been suggested for treatment of
infections that are widespread on the body or have
become chronic. This antifungal agent becomes
incorporated into keratin in the skin and hair, and
treated animals remain resistant for a number of
weeks after receiving the drug.7 Griseofulvin can
be expensive, and slaughter withdrawal time is not
specified. One report indicated that lesions regressed
soon after treatment with griseofulvin, 7.5 mg/kg
once daily for 7 days in feed, with almost complete
resolution 20 days later.
•	Natamycin has been used with some success but did
not cure severe lesions, especially those in wooled
areas of the skin.5
•	The mouthwash product Listerine has been suggested for spot treatment (scrubbed into the lesion)
with a brush once a day for 7 days.
•	A preparation of 7% iodine mixed with the topical
emollient Bag Balm may be applied to lesions once
a day for 7 days.
•	Use of 10% to 20% sodium iodide given by intravenous injection at 1 g/14 kg at weekly intervals has
been reported to be effective.1
To stop an outbreak, all exposed animals should
be treated. For application of sprays or ointments,
treatment should concentrate on the margins of the
lesions as the area of the most active growth of the dermatophyte and also should extend beyond the lesion,
because dermatophytes may be isolated from normalappearing skin up to 6 cm beyond.8 These can be

often is a raised area on which the wool is clumped and feels
stiff. The affected area may be covered by a gray-white scab, as
seen in this photograph of a closely shorn show lamb. (Courtesy Dr. Fred Hopkins, Knoxville, Tennessee.)

treated with 3% captan or 2% to 5% lime sulfur applied
topically daily for 5 days and then weekly for another
3 to 4 weeks. All exposed animals, their environment,
and fomites should be treated or, when practical, properly disposed of. Five percent lime sulfur, 5% sodium
hypochlorite, 5% formalin, 3% captan, and 3% cresol
all have been suggested for environmental treatment.1
Chlorhexidine 0.5% is reportedly very effective for show
lamb fungus but is inactivated by soap.4 Exposure to
sunlight and treatment with vitamins A and D may hasten healing of lesions.4,9 As noted by Scott, however, evidence is lacking for any benefit of vitamin and mineral
preparations in most cases.1 Ultraviolet light has proved
helpful in treating ringworm, so exposure to sunlight
may be beneficial.3 If animals do not recover within
4 months, the presence of significant immunosuppressive or predisposing environmental factors is likely; in
such instances, appropriate investigation and intervention are required.1

Prevention
General preventive measures for the herd or flock
include good nutrition, proper health care, and provision of a clean, dry, sunny environment. Vaccines are
available in some countries. The disease is zoonotic, so
wearing protective gloves is strongly advised. The spores
may exist for several years—hence the adage “once on
the farm, always on the farm.” Use of antifungal disinfectants on exposed equipment and housing is highly
recommended. Various means are used to determine
the infection status of show stock at fairs. By Nebraska
regulations, the disease is considered “inactive” if “the
affected area is not encrusted and hair/wool has begun
growth in the area.”10
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Mycetoma
Mycetomas are painless granulomatous infections of
the skin, subcutaneous tissues, and bones characterized
by formation of sinuses through which fungal colonies
are discharged in the form of grains.9 Mycetomas also
may be formed by bacterial elements or both fungal and
bacterial elements.6 Lesions most often occur on the
limbs and are slow-growing; they may initially arise at
the site of a wound. These lesions cause focal swelling
and produce an exudate that contains granules composed of microbial organisms coated with host immune
elements (e.g., immunoglobulins, fibrin).11 These granules may be red, yellow, or purple. Actinomadura madurae and Actinomadura pelletierii have been found in goats
with mycetoma, as has Nocardia brasiliensis. Although
success rates are unknown, treatment strategies include
the use of antimicrobial drugs, surgical excision, and
limb amputation, depending on the extent of involvement. Mycetomas have not been reported in sheep.

Candidiasis
Yeast or Candida dermatitis has been diagnosed in
goats.11,12 Candida albicans, Candida tropicalis, Candida
pseudotropicalis, Candida stellatoidea, Candida parapsilosis,
Candida krusei, Candida parakrusei, Candida stellatoidea,
Candida guilliermondii, and other yeasts may be isolated from lesions. If yeast dermatitis is diagnosed, a
compromised immune system or malnutrition must be
suspected. Chronic moist conditions resulting in maceration of the skin allow the yeast to become established.

Clinical Signs
Clinical signs include alopecia, scales, crusting, a greasy
feel to the skin, and lichenification.

Diagnosis
Diagnosis is made by observation of budding yeasts and
pseudohyphae on cytologic skin preparations.

Other Fungal Conditions
Several other fungi have been isolated from chronic
dermatopathy in goats. Peyronella glomerata has been
associated with hyperkeratotic lesions of the ears of
goats in the United Kingdom.11 Aspergillus spp. can
cause clinical disease in animals with compromised
immune systems. These fungi also may cause granulomatous lesions in the skin. Two cases of Malassezia
dermatitis in goats have been reported.13,14 Clinical
signs consisted of a seborrhoeic dermatosis and extensive alopecia over much of the thorax and abdomen,
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with extension to the neck and legs in one case.
Pruritus was not evident. Both cases were chronic at
presentation (1 month and 5 months), and both of
the affected animals had demonstrated weight loss.
Findings in the first case included erythema, hyperpigmentation, mild lichenification, large scales, follicular
casts, and a coat that was dull and easily epilated.13
Malassezia pachydermatis was identified by culture of
impression smears on Sabouraud’s dextrose agar.
Treatment, which consisted of weekly baths using a
chlorhexidine-containing shampoo followed by application of a 0.2% solution of enilconazole for 4 weeks,
resulted in complete resolution of the infection.13 In
the second case, the animal had to be euthanized,
because previous treatment regimens (ivermectin and
amitraz) were ineffective and the goat’s condition was
poor.14 Findings in this case included diffuse alopecia
and thickened skin covered by dense crusts. Malassezia
organisms were not recovered from culture media. The
identification of Malassezia slooffiae was based on visualization of large numbers of yeast and hyphal forms
consistent with the genus Malassezia and phylogenetic
analyses using PCR.14
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PARASITIC DISEASES
In this section, parasitic diseases are discussed with
respect to their importance in causing lesions in the
skin and hair.

Lice (Pediculosis)
Lice infestation tends to be more common in goats
than in sheep, at least in the United States. The literature contains only a few reports of lice infestation of
sheep in the United States.1,2 Most reports of sheep
lice come from New Zealand, Australia, and Great
Britain. On the basis of data from a telephone questionnaire survey, Australian investigators reported
that 21% of sheep flocks had lice infestations.3 In a
postal survey of Great Britain sheep producers, 10.7%
of farmers reported at least one outbreak of infestations by lice in the previous year, but some regions
reported up to a 19% prevalence.4 Lice tend to be a
greater problem in the winter, when nutrition may
be poor and conditions more crowded, and long
hair or wool provides a more conducive environment for louse reproduction. However, a Minnesota
report of experimentally infested sheep, which were
housed out of sunlight and rainfall, noted that louse
numbers peaked in late spring.5 Louse activity has
been shown to decline significantly in response to
higher environmental temperatures. During warm
to hot months, only small populations of lice survive, and they typically are found in temperaturestable areas such as inside the ears and between the
legs.6
Lice are highly host-specific and spend the complete
life cycle on the host. It is not unusual, however, for
some species of lice to infest both sheep and goats.
Lice reported in goats include the sucking lice Linognathus africanus and Linognathus stenopsis and the
chewing or biting lice Bovicola (formerly Damalinia)
limbata, Bovicola caprae, and Bovicola crassipes. Lice
reported in sheep include the chewing louse Bovicola
ovis and the sucking lice Linognathus ovillus (body
louse) and Linognathus pedalis (sucking foot louse).
The biting lice B. ovis and B. caprae may be transferred
between sheep and goats.7 Biting or chewing lice feed
on epithelial and cutaneous debris, whereas sucking
lice feed on blood and tissue fluid. Although lice can
survive off the host for a few weeks, most transmission
occurs through direct contact or indirectly through
contact with equipment or grooming tools. Louse eggs
(nits), which may be seen attached to individual hair
or wool fibers, hatch within 1 to 2 weeks and develop
into adults in 2 to 4 weeks. The foot louse usually is
found in circumscribed areas on the feet or limbs but
also may be found on abdominal or scrotal areas when
large populations develop.8

Clinical Signs
Lice infestation in goats may manifest as pruritus with
rubbing or scratching, weight loss, decreased production efficiency, and patches of alopecia that give the
appearance of a rough, shaggy hair coat (Figures 10-6
and 10-7). In addition to these general signs, seen with
most lice infestations, animals with sucking lice infestations may present with anemia and hypoproteinemia,
with death in some cases. Heavy infestations probably
make affected animals more susceptible to other diseases. In sheep, fleece derangement (seen as rubbed or
chewed fleece) was found to be a good early indicator
of the presence of lice, and pruritus may be evident well
before lice can be readily found by direct inspection.9
In the aforementioned study, in sheep experimentally
infested with lice, fleece derangement was first evident
at 5 weeks after infestation. Lameness may be observed
in sheep infested with L. pedalis. The doe pictured in

Figure 10-6 This doe, presented in midsummer in Virginia,
was infested with chewing lice. Subcutaneous treatment with
ivermectin resulted in dead lice 3 days later.

Figure 10-7 Lice on goats may be visualized more easily by
parting the hairs.
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Figure 10-6, presented in midsummer in Virginia, was
infested with chewing lice.

Diagnosis
Sucking lice are most common around the poll, nose,
and eyes; on the neck, brisket, withers, and tail; and
in the axillary and inguinal areas. Biting lice are most
common in areas of the neck, withers, and tailhead.
L. pedalis typically can be found on short-haired skin,
especially that of the lower leg and foot. Lice usually
are visible to the naked eye, but use of a magnifying
glass may help. Viewing of lice collected from these skin
regions under a microscope often is sufficient to determine whether the infesting louse is a sucking or biting
species. Many cases have been discovered in animals
without obvious clinical signs simply by their handler’s
direct observation of lice on clothing or perception of
movement of lice directly on the body.

Treatment
Application of an approved insecticide either as a powder, dust, dip, spray, or pour-on will help control or
eliminate most infestations. It is important to treat the
entire herd or flock; otherwise, reinfestation will occur.
Of note, few treatments are approved for goats, and
special care should be taken to avoid meat and milk
residues. Most insecticides are not ovicidal, so treatment
needs to be repeated twice at 1- to 2-week intervals.
Avermectin injectables at a dose of 200 ug/kg of body
weight are useful against sucking lice, but their efficacy
against chewing lice is unpredictable. Oral administration of avermectin products is reported to be of limited
value. Pour-on ivermectin applied at a rate of 1 mL/22
lb of body weight, along the topline in a narrow strip
extending from the withers to the tailhead, may be
effective against lice in goats. The efficacy of topically
applied products for treatment of lice infestations in
sheep and goats requires further study. Development
of chemical resistance in lice has been reported when
annual treatment for lice in sheep was required by law.10
To obtain greater treatment efficacy, sheep and Angora
goats should be shorn before use of externally applied
chemicals. Shearing itself can directly remove greater
than 50% of louse populations.11 Shearing also allows
better contact between the skin and externally applied
chemical and allows greater exposure to sunlight.
A botanical insecticide, Neem Azal, was found to reduce
survival but not eradicate natural infestations of Damalinia limbata in Angora goats.12

Prevention
Prevention of lice infestations through selective breeding to obtain resistance is under investigation and has
had some promising results.13 Louse resistance to backline applications with triflumuron and diflubenzuron
has been recently reported.14
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Melophagus ovinus (Sheep Ked)
Sheep keds (Melophagus ovinus) were relatively common
until effective pesticides were developed and utilized.
Transmission requires direct contact. Sheep are the
only definitive host, but other species may occasionally be infested. Because sheep keds feed on blood,
they may transmit other diseases such as bluetongue.
These parasites are unique in that the female produces
a single egg that hatches within her uterus, where the
larva then develops for 7 to 12 days. Thereafter it enters
the pupal stage; the pupal case is attached to the wool,
where it will hatch after 2 to 3 weeks. Additional details
are available in an extensive review, published relatively
recently.15

Clinical Signs
The irritation caused by the biting ked results in pruritus with scratching and rubbing, which causes damage
to the wool and skin. Severe infestations can lead to
weight loss and anemia.

Diagnosis
The sheep ked is a wingless fly and is easily seen with
the naked eye. Wool may need to be parted to allow
visualization.

Treatment
Most pesticides are effective owing to the sucking nature
of this parasite. Treatments should be repeated at 14- to
21-day intervals. A 2007 study reported that both pouron and subcutaneous ivermectin regimens were 100%
effective by 7 days against M. ovinus in long-haired
goats.16

Prevention
Shearing removes a majority of the keds, and when
shearing is followed by use of an appropriate pesticide,
eradication is possible if the entire flock or herd is
treated.

Mange Mites
Mange is rare in sheep but relatively common in
goats.17-19 Mange mites known to infest sheep include
Psoroptes communis var. ovis, Sarcoptes scabiei var. ovis,
Psorergates ovis, Chorioptes bovis var. ovis, and Demodex
ovis. Mange has been essentially eradicated from sheep
in the United States, with the exception of demodectic mange. However, mange exists in bighorn sheep
(caused by Psoroptes spp.), and in settings in which
domestic sheep mingle with wild sheep, transmission
is possible.20,21 In goats, clinically important forms of
mange include sarcoptic mange, demodectic mange
(Demodex caprae), psoroptic mange (Psoroptes cuniculi),
and chorioptic mange.
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Diagnosis
Diagnosis is made by demonstration of the mites in
skin scrapings. A scalpel blade typically is used to obtain
material for preparation of a microscope slide with
mineral oil (Figure 10-8).

Treatment
Treatment for mange is most easily performed after
shearing. Various products have been used, with variable success, including coumaphos (0.3% dip), toxaphene (0.5% dip), lime sulfur (2% dip), and phosmet
(0.15% to 0.25% dip).

Psoroptic Mange (Common
Sheep Scab)
Psoroptic mange (common sheep scab) is a reportable
disease in the United States.17-19 The causative mites,
Psoroptes ovis and P. cuniculi, have elongated heads and
are oval in shape, and their first pair of legs are jointed.
These mites are transmitted by direct contact, are hostspecific (so they are not zoonotic), have a 2-week life
cycle, and can live off the host for as long as 3 weeks.
These mites are highly contagious, and the successful
transfer of a single ovigerous female to a susceptible
sheep is sufficient to establish an infestation.22 Under
optimal conditions, the life cycle from egg to egg production by the adult female takes 11 to 19 days.23,24
In sheep, clinical disease is most severe in the fall
and winter. The saliva of the mite causes an intense
inflammatory reaction in the skin, with severe pruritus
resulting in self-trauma and alopecia. These lesions of
P. ovis are distributed primarily along the trunk. The
mites infest heavily wooled areas, causing formation
of papules with crusting and matting of wool. In goats,
P. cuniculi usually infests the ears and may cause alopecia, pruritus localized to the ears, and head shaking.
Infestation of the ears may be seen in goats as young
as 10 days of age. These are nonburrowing mites that
appear to congregate, feed, and deposit eggs at the
interface of affected and nonaffected skin.25,26 These
mites may be observed on the skin surface with a magnifying lens. Local application of antilouse medications
is curative. Psoroptic mites can be recognized by their
round bodies and long-segmented pedicles. Treatments
should be applied to all affected and in-contact animals
at 5- to 7-day intervals at least twice.

Raillietia Ear Mites
Raillietia caprae mites have been isolated from the ears
of goats in the United States and other parts of the
world.27 A recent study found R. caprae ear mites in 20
of 360 goats at slaughter.28 R. caprae was identified in
the ears of 10% of 145 goats from 10 farms in Brazil.29
The youngest animal infested was 8 months of age and

Figure 10-8 Skin scraping from a goat infested with
 horioptes caprae. A scalpel blade is used to scrape the skin
C
deeply enough to cause minor abrasion with bleeding. The
scraped material falls to a glass slide that has been coated with
mineral oil.

the oldest was 10 years old. Although these mites do not
tend to create obvious clinical disease (otitis and neurologic signs are possible), they could be mistaken for
Psoroptes. Raillietia mites tend to be larger than Psoroptes
mites, and their longer legs originate from the anterior
half of the body.17

Sarcoptic Mange (Scabies)
The agents of sarcoptic mange, Sarcoptes scabiei var. ovis
and Sarcoptes scabiei var. caprae, are rare in sheep and
goats and are not known to be present in the United
States.17-19 Scabies is a reportable disease in the United
States and is zoonotic. This parasite prefers to infest
the skin around the eyes and ears and causes intense
pruritus. The mites are round in head and body and
have long, nonjointed stalks for the first pair of legs.
These mites burrow through the epidermis, and the
female lays eggs in these tunnels. The life cycle of Sarcoptes ranges in duration from 10 to 17 days. The mites
most commonly are transmitted by direct contact but
can survive in the environment for variable periods.
In sheep, excoriations, alopecia, and crusting occur
on the face and nonwooled areas but do not spread
to the body. Chronic infection causes hyperpigmentation and lichenification of the skin, and affected sheep
and goats suffer weight loss and ill thrift because of
the discomfort. In goats, sarcoptic mange may affect
the entire body, causing alopecia, crusting, pruritus,
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and subsequent weight loss. Regional lymph nodes
may become enlarged because of the severity of skin
damage.
In an attempt to identify the organisms, deep skin
scrapings should be obtained from the periphery of
active lesions, but mites are difficult to find, and diagnosis often is based on clinical signs and response to
therapy. Numerous scrapings may be required to identify these mites, and negative findings do not rule out
the infestation. An alternative to direct examination is
to mix skin scrapings and crusts with sodium nitrate
solution, in a technique similar to fecal flotation.
Treatment consists of ivermectin anthelmintic
administration and dips such as 1% lime sulfur. Dips
may be required weekly for 4 to 12 weeks before the
condition resolves completely. Spontaneous resolution
of sarcoptic mange can occur in goats. An antiscabies
vaccine failed to protect goats in a 2005 study.30

Psorergates ovis (Sheep Itch Mite)
The smallest of the sheep mange mites, P. ovis, has a
rounded body with indentations between the attachments of the legs.17-19 This mite has a 4- to 5-week life
cycle and lives in the epidermis. Alopecia, crusts, and
scales are distributed primarily along the trunk (withers and sides) of the body. Infested sheep demonstrate
signs of severe pruritus, including biting at affected
regions. These mites may be observed on the skin surface with a magnifying lens. No reports of this mite in
the United States have surfaced since the 1950s.31

Chorioptic Mange
The Chorioptes mite (Chorioptes ovis, Chorioptes caprae)
has an oval body shape; the first pair of legs are short
and unsegmented and have suckers attached to the
ends.17-19 Chorioptes is host-specific (no zoonoses),
has a 2- to 3-week life cycle, and can live off the host
for only a few days. These mites and their associated
lesions are limited to the scrotum and distal limbs
in sheep and the lower limbs, abdomen, and hindquarters in goats. Lesions include alopecia, erythema,
excoriation, and crusting, associated with pruritus.
Infested sheep and goats may be restless, stomp, and
chew at their feet because of discomfort. With established infestations, crusts may be so thick that deep
scrapings may be required for adequate sampling;
conversely, kids tend to have less chronic infestations,
increasing the chance of positive scrapings. Scrotal
infestation may cause dermatitis and temporary infertility in rams. These mites may be observed on the
skin surface with a magnifying lens. Lime sulfur dips
usually are curative. Chorioptic mange appears to be
the only common mange mite in small ruminants in
the United States.
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Demodectic Mange
Demodectic mange (D. ovis, D. caprae) affects the face,
limbs, and back.17-19 D. ovis mites infest hair follicles,
causing severe folliculitis often complicated by secondary pyoderma (evidenced by the presence of pustules
or abscesses). This disease is characterized by 2- to
12-mm-diameter nodules in the skin along the face,
neck, shoulders, and trunk, although a predilection for
the eyelids has been observed. These nodules express a
thick exudate, which may be examined microscopically
for the cigar-shaped mites.
Diagnosis may require deep skin scraping, which
should include follicles bordering active lesions. D.
caprae infestation may be the most common mange
of goats. Fourteen percent of 118 sheep flocks in an
Israeli study were positive for demodectic parasites.32
This study also found a greater proportion of Merino
flocks with demodecosis, suggesting greater susceptibility of this breed to infestation by this parasite. Although
the exact mode of transmission is not clear, mites are
thought to spread among kids and lambs, in which skin
lesions may go unnoticed for many months. Spread
among adults is not common; therefore isolation of
affected animals from kids is prudent, but isolation from
adult herd members is not necessary. Severe infestation
suggests a compromised immune system. Therefore
clinicians and keepers should pay close attention to the
nutrition program and general health of affected goats.
Treatment may include weekly dipping with 0.5%
malathion, 0.2% trichlorfon, or 0.5% amitraz. Avermectins, both oral and pour-on formulations, have
been reported to lead to complete healing without scar
formation in two clinically affected goats.33

Fly Strike
Although no estimates of the incidence of fly strike
in the United States are available, fly strike certainly
occurs, as a relatively common condition, in the United
States. It has been reported as the most prevalent
ectoparasite-mediated disease of sheep in the United
Kingdom and northern Europe.4 Screwworm (Cochliomyia hominivorax) has been eradicated from the United
States, but continued surveillance for larvae of this fly
is prudent. These larvae are 1 to 2 cm long, pink, and
tapered. The adult fly is blue-green, with an orange head
and three dark longitudinal stripes on the body. Cutaneous myiasis, caused by the black blowfly (Phormia
regina), occurs in sheep in the United States and is most
common among breeds that have excessive skin folds,
such as Merino sheep. In Australia, the sheep blowfly,
Lucilia cuprina, is the major ectoparasite of sheep, causing severe skin damage from myiasis and death from
secondary infections.34 However, a variety of fly larvae
can infest wounds in which necrotic tissue is present.
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Skin lesions cause staining of wool and alopecia. Larvae
other than those of C. hominivorax feed on necrotic tissue and wound secretions.

Clinical Signs
Affected animals may or may not show skin irritation,
but a foul odor frequently is noted. Death can result
from secondary infection and toxemia; thus small
ruminants may be sick and depressed. Areas around the
tail and perineum that become soiled from diarrhea
are especially common locations; however, any wound,
such as from dehorning, castration, tail docking, or
shearing, will attract flies.

Diagnosis
The clinician should check for maggots in soiled areas
(Figure 10-9).

Treatment
Treatment includes routine spraying with various insecticides. Application of such agents seems to stimulate
the larvae to wiggle out of the sprayed area. It is imperative to identify the complete extent of fly-stricken skin,
so clipping of the entire area of likely involvement is
necessary. In animals with heavy fleece, palpation may
be necessary to identify hidden areas of fly strike. Cleaning, debriding, and drying the wound will certainly
help reduce the attraction for the flies. Bandaging the
wound also will help so long as the bandage stays dry.
After cleaning of the affected area and removal of all
visible maggots, follow-up treatment with a systemically
administered larvicide (such as ivermectin) is recommended to help kill unseen maggots. Severe cases also
should be treated with a broad-spectrum antibiotic.

Prevention
Surgical procedures should be avoided during fly season, but if procedures must be done, use of fly repellants and bandages during the first few postoperative
days is recommended. Fly sprays should be used on
and around any wounds. Susceptible livestock should
be observed at least once a day. A preparation of Bacillus
thuringiensis, a nonpathogenic strain that commonly is
isolated from wool, when applied in high concentrations to the skin, protected treated sheep from fly strike
for up to 6 weeks.35 In certain parts of the world, routine
dipping or spraying with larvicidal compounds is used
for prevention and control.

Elaeophorosis (Sorehead)
Elaeophora schneideri is a filarial nematode that has
been reported primarily in wildlife species in the western United States, including mule deer and bighorn
sheep.36,37 Elaeophorosis (sorehead) is uncommon
in sheep and goats. The filariae cause thrombosis of

Figure 10-9 Cast removal reveals excessive moisture and
myiasis. Both casts and bandages should be used as necessary, but periodic observation for lameness and odors can
help prevent outbreaks of fly strike. The myiasis in this case
primarily involved the casting material, with little damage to
the affected limb.

capillary beds and terminal arteries. Tissue ischemia
resulting from vascular injury causes severe lesions
that appear similar to those of photosensitization and
ulcerative dermatitis. Horse flies (Hybomitra, Tabanus)
are intermediate hosts that transmit infective larvae
from one host to another. Infective larvae migrate
and develop into young adults in the leptomeningeal
arteries. If thrombosis occurs at this level, circling,
opisthotonos, convulsions, and other neurologic signs
or sudden death may occur. Alternatively, the young
adults may migrate to the common carotid and maxillary arteries, where they develop into mature adults.
These adults produce microfilariae that embolize the
capillary beds of the face and may cause ischemia or
an allergic reaction. Lesions occur primarily on the face
but may develop on other areas of the body. They are
focal and consistent with vascular compromise and may
require months or years to heal completely. The lesions
wax and wane with the appearance of new generations
of microfilariae. Elaeophorosis should be included
in the differential diagnosis for any unilateral lesions
of the head. Skin biopsy may reveal the microfilariae
either by histopathologic examination or by tissue
maceration and harvest of larvae. Avermectin drugs
(e.g., ivermectin, 200 μg/kg SC) can kill the microfilariae,
but repeated doses may be required. Adult nematodes
can be killed by the administration of piperazine salts
(50 mg/kg by mouth [PO]) or ivermectin.

Onchocerca Spp. Infestation
Onchocerca spp. can parasitize sheep and goats, although
relatively few reports of the condition are available.
A Finland study reported in 2008 found no instances of
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Onchocerca infection in sheep.38 Onchocerca adults can
live in the connective tissues of sheep and goats, where
they induce nodules. Adults produce microfilariae that
migrate into the dermis of the ventral abdomen and
thorax. Alopecia, erythema, and thickening of the skin
develop because of the host’s response to dying larvae.
Other nematodes that have been identified in cases
of focal dermatitis include Pelodera strongyloides, Strongyloides papillosus, and Parelaphostrongylus tenuis. These
nematodes have been associated with dermatitis, but
their clinical significance is minimal. Strongyloidiasis
is seen on dependent regions of the body; the localized
dermatitis is caused by an immune reaction to migrating larvae. P. tenuis infestation of the central nervous
system may cause focal regions of hyperesthesia. This
disturbance in sensation may lead to self-trauma,
observed clinically as excoriations or nonhealing ulcers.
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AUTOIMMUNE DISEASES
Pemphigus Foliaceus
Pemphigus foliaceus is a rarely diagnosed autoimmune
skin disease of goats and sheep characterized by widespread crusty, pruritic lesions1-3 (Figure 10-10). The
dermatopathy has been classified as a type II hypersensitivity reaction. Lesions often are noted first on the face
or limbs but may be found on the abdomen, perineum,
and scrotum as well. The proposed pathophysiologic
mechanism is the development of autoantibodies
directed against the skin—specifically, the glycocalyx of
keratinocytes. Loss of intercellular cohesiveness results
in blister formation and acantholysis. The condition has
been reported to develop after a dog bite injury. Lesions
were present primarily on the face and ears but also on
the coronary bands and vulvar area. Lesions continuously dripped serum. The administration of corticosteroids improved healing and decreased serum loss, but
the condition never resolved.

Diagnosis
A diagnosis of pemphigus foliaceus may be made from
findings in skin biopsy specimens obtained from characteristic skin lesions. Numerous biopsy samples should
be taken to improve the accuracy of the diagnosis. The
presence of acantholytic keratinocytes within vesicles is
a diagnostic feature of pemphigus. Because acantholysis
can be seen in other dermatologic conditions, biopsy
specimens should be evaluated by a veterinary pathologist with expertise in dermatopathies.

Treatment
Treatment of pemphigus is aimed at diminishing the
body’s immune response. Prednisolone (1 mg/kg
every 24 hours for 7 days) in conjunction with
aurothioglucose (1 mg/kg IM every 24 hours for
7 days) has been reported to be effective in controlling symptoms, followed by 1 mg/kg of prednisolone
every 48 hours. In another caprine case, remission
of dermatitis was obtained with injectable dexamethasone 21-isonicotinate (0.04 mg/kg IM), every
2 months for 1 year.3 Because no improvement was
seen in a sheep after 1 week of prednisone treatment
at the aforementioned dose, a different regimen was
tried: An antibiotic and 0.2 mg/kg triamcinolone were
administered by intramuscular injection once every
7 days, with tapering doses for 1 month; this regimen resulted in clinical improvement.2 A 2-monthold Nigerian Dwarf goat diagnosed with pemphigus
foliaceus was successfully treated with subcutaneous dexamethasone and intramuscular gold sodium
thiomalate.4 After treatment for 6 months, the goat
was free of clinical signs of pemphigus foliaceus for
at least 26 months after discontinuation of therapy.
Gold sodium thiomalate is not approved for food

Figure 10-10 Suspected pemphigus in a Suffolk ewe.
Lesions primarily involved the face and ears but also were
evident on the coronary bands and perivulvar area.

a nimal species, and appropriate meat or milk withdrawal times are not known.

NUTRITIONAL DISEASES
The subject of nutritional deficiencies and excesses is
beyond the scope of this chapter, and these entities are
discussed elsewhere in this book (e.g., see Chapter 2).
Associated changes specific to the skin or hair, however,
are briefly reviewed in this section.

Fescue Toxicity
Fescue toxicosis is caused by ingestion of tall fescue grass (Festuca arundinacea) contaminated with an
endophyte (Neotyphodium coenophialum). During winter
months, the toxins may cause peripheral vasoconstriction, leading in some cases to a gangrenous necrosis
of the distal limbs and tail. Of the 35 to 40 million
pasture acres in the United States, approximately 80%
are infected. Some 8 million acres of fescue grass are
not infected with the endophytic fungus, however, and
therefore do not contain the ergovaline toxin. Sheep
and goats appear to be less sensitive to the toxin than
cows. Feeding noninfested fescue and diluting fescue
by planting other species of grasses will help reduce the
incidence of this condition.

Copper Deficiency
Copper deficiency or molybdenosis decreases wool
quality and adversely affects woolcoat color. Wool
quality suffers because of decreased crimp and a limp
but steely texture. Dark wool loses color intensity until
it fades to gray-white. This disease can result from
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absolute copper deficiency (pasture grass with copper
content less than 3 ppm dry matter weight) or excessive
molybdenum (pasture grass with molybdenum content
more than 10 ppm dry matter weight), sulfur, or iron
in the diet. Diagnosis can be made by assessing copper
concentrations in the blood or liver. Copper deficiency
is diagnosed if the blood copper concentration is less
than 0.7 mg/dL or if the liver concentration is less than
80 mg/kg dry matter weight (see Chapter 2).

Iodine Deficiency
Iodine deficiency (goiter) of newborn lambs manifests
as alopecia, thick scaly skin, weakness, and enlarged
thyroid glands.5 Neonatal death, poor reproductive performance, and abortion may be recognized as flock or
herd problems. Familial goiter occurs in Merino sheep,
Dutch goats, and Nubian and Angora goats, among
other breeds. Iodine deficiency causes kids to be born
hairless or with fine hair. The kids may be weak or stillborn and exhibit goiters. Goiter also may be caused by
congenital defects or ingestion of goitrogens in the diet.
Dietary iodine deficiency is most common in geographic
regions with sandy soil and heavy rainfall. Ingestion of
large amounts of calcium, cyanogenic glycosides, or cruciferous plants also may induce iodine deficiency.
Diagnosis of iodine deficiency can be made by measuring protein-bound iodine in serum (the normal value
for adult ewes is 2.4 to 4 μg/dL). In herds known to be
at risk for iodine deficiency, potassium iodide (250 mg)
may be administered at 60 and again at 30 days before
lambing (see Chapters 2 and 9). Providing a goodquality iodine-containing trace mineral supplement and
removing pregnant animals from pastures containing
goitrogenous plants will decrease the incidence of goiter.

Zinc Deficiency
Zinc deficiency is associated with parakeratosis and may
result in reduced growth rate, wrinkled skin, swollen
hocks, and excessive salivation in sheep. Parakeratosis
is most pronounced on the face, feet, and scrotum
of affected animals. In rams fed a zinc-deficient diet,
testicular diameter is smaller and spermatogenesis is
impaired. In goats, the most prominent clinical signs
include rough hair coat; hair loss on the head, limbs,
and scrotum; overgrowth of the dental pad; small
testicles; and fissures of the feet. Pruritus may or may
not be present. The predominant histologic lesions are
hyperkeratosis and parakeratosis.6 Increased calcium
and phosphorus intake decreases zinc absorption.
Some goats may have a genetic predisposition to
depressed zinc absorption. This tendency is magnified
in the face of high calcium (and other mineral) intake.7
Goats with this genetic trait may require lifelong zinc
supplementation.8 Diets rich in legumes (high calcium)
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and “homemade” high-phosphorus grain supplements
(corn-soybean, corn-oats-barley) with no added minerals also predispose animals fed such diets to zinc
deficiency. A biopsy of the affected area followed by
examination indicating parakeratosis, coupled with
properly collected serum samples demonstrating zinc
concentrations less than 0.8 ppm, is diagnostic.6 Blood
drawn for zinc analysis should be collected in a special
tube that does not have a butyl rubber stopper.
Affected animals benefit from supplementation with
a good-quality trace mineral salt offered on a freechoice basis. Adding zinc to the feed or administering
zinc sulfate (1 g/day PO) usually is effective.6 If calcium
makes up 1.5% of the diet, the zinc sulfate may not be
effective, and chelated zinc should be administered or
added to a premixed salt supplement.
Response to zinc supplementation should be rapid
(within 14 days) (see Chapter 2), although in one
report, goats with suspected hereditary malabsorption
of zinc required 1 to 3 months for complete resolution.8
Removing legumes and cereal grains from the diet and
feeding grass hay and commercially prepared concentrate feeds (with added zinc) usually are adequate preventive measures.

Vitamin A Deficiency
Vitamin A deficiency may cause hair loss and night
blindness, overgrowth of hooves, and corneal ulceration
in adult goats.5 Deficiency is rare if animals have access
to green forage. If dry, brown forage is fed, inclusion of
vitamin A in a supplement (mineral mixture) or use of
a commercial injectable product will help prevent deficiency disease.

Photosensitization
Photosensitization is segregated into primary and secondary causes based on disease pathophysiology (Table
10-5). Photosensitization refers to conditions under
which photodynamic chemicals accumulate in the skin
and become stimulated by sunlight on exposed and
unpigmented areas of the skin.7,9-11 These substances
damage the capillary beds, resulting in skin necrosis and
sloughing. Primary photosensitization refers to ingested
photodynamic substances that do not require alteration
in the body to cause disease. Primary photosensitization may occur after ingestion of St. John’s wort, which
contains hypericin; aphids containing an unknown
photodynamic agent; or lush forage with accumulated
phylloerythrin. This condition is most common in late
summer and early autumn during periods of rapid
pasture growth. Ingestion of alfalfa and other plants,
including clover, lucerne, vetch, and oats, has been associated with photosensitization. The pathophysiologic
mechanism is not well understood.
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TABLE 10-5 Causes of Photosensitization in Sheep and Goats
Source

Toxin

Species Affected

PRIMARY PHOTOSENSITIZATION
Plants
St. John’s wort
Buckwheat
Bishop’s weed
Dutchman’s breeches
Wild carrot
Perennial ryegrass
Burr trefoil

Hypericin
Fagopyrin, photofagopyrin
Furocoumarins
Furocoumarins
Furocoumarins
Perloline
Aphids

Any ruminant
Any ruminant
Any ruminant
Any ruminant
Any ruminant
Any ruminant
Any ruminant

Phenothiazine alkaloids

Any ruminant
Any ruminant
Any ruminant
Any ruminant
Any ruminant

Toxins
Phenothiazine
Thiazides
Methylene blue
Sulfonamides
Tetracyclines
HEPATOGENOUS PHOTOSENSITIZATION
Plants
Rape, kale
Kleingrass
Caltrops
Lantana
Ragworts, heliotrope

Any ruminant
Sheep
Saponins
Triterpene
Pyrrolizidine alkaloids

Mycotoxins
Pithomyces chartarum (pasture grass, especially ryegrass)
Anacystis (blue-green algae)
Periconia (Bermuda grass)
Phomopsis leptostromiformis (lupin)

Sporidesmin
Alkaloid
Any ruminant
Acid-phenolic compounds

Chemicals
Copper
Phosphorus
Carbon tetrachloride
Phenanthridium
Bacterial hepatitis
Viral hepatitis
Parasitic hepatitis
Hepatic neoplasia

Sheep
Any ruminant
Any ruminant

Sheep, cattle
Any ruminant
Any ruminant

Any ruminant
Any ruminant
Any ruminant
Any ruminant

Modified from Scott DW: Large animal dermatology, Philadelphia, 1988, WB Saunders.

Secondary photosensitization occurs when liver
damage results in the accumulation of photodynamic
substances such as phylloerythrin in the bloodstream.
Liver damage may be caused by the ingestion of plants
containing pyrrolizidine alkaloids or carbon tetrachloride, Pithomyces chartarum–infected grasses, or bluegreen algae (Anacystis cyanea).

Clinical Signs and Diagnosis
Clinical signs of photosensitization include head shaking, restlessness, erythema, and edema of eyelids,
muzzle, ears, and tail. Exposed, nonpigmented regions
of the skin are characteristically affected. Yellow serum
may seep through the skin within 2 days, and pruritus
causes self-trauma. The transudate accumulates as a
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crust, and superficial skin sloughing occurs. Secondary
bacterial infection is common. Necropsy reveals subcutaneous edema and sloughing tissue. In cases of secondary photosensitization, liver disease may be obvious.

Treatment
Treatment for photosensitization is symptomatic and
includes the provision of shade, control of secondary
infections, treatment of primary disease if liver damage
is present, removal of animals from high-risk forage,
allowing grazing at night only, maintenance of hydration and access to electrolytes, and administration of
nonsteroidal antiinflammatory drugs (NSAIDs) and
antibiotics in severe cases. Photosensitization can be
prevented by good pasture management and provision
of adequate shade.

MYCOTOXINS
Pithomycotoxicosis
Pithomycotoxicosis, manifesting primarily as facial
eczema, occurs at all ages in sheep, cattle, and, to a lesser
extent, goats in Australia, New Zealand, South Africa,
and some European and South American countries.12
Pithomyces chartarum is a fungus that produces the mycotoxin sporidesmin; it most often is found in ryegrass.
Sporidesmin is a hepatotoxin that causes hepatogenous
photosensitization and phylloerythrin accumulation in
the bloodstream. Morbidity is highest in summer and
fall, especially when rains follow a period of drought.

Clinical Signs
Clinical signs of pithomycotoxicosis include conjunctivitis, keratitis, restlessness, stomping of the feet, and
lethargy. Edema of the eyelids and ears may be noted.
Ears may become so swollen that they become pendulous.13 Erythema and alopecia on the face and around
the eyes and ears also have been reported.13 Exudate
accumulates on the skin, which then begins to slough.
Affected sheep may suffer secondary infections and die
in 2 weeks to 2 months.

Diagnosis
Sporidesmin is a potent hepatotoxin that causes pericholangitis and the occlusion of bile ducts. Thus
elevated levels of serum gamma-glutamyltransferase
(GGT) are suggestive of the disorder. Definitive diagnosis, however, requires high Pithomyces spore counts
and confirmation that the fungal isolate produces
sporidesmin.12

Treatment
Feeding zinc sulfate (0.5 to 2 g/head/day) is protective
for sheep grazing infected pastures. Applying thiabendazole (1 kg per acre) to the pasture has been reported
to control the fungus.
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Stachybotryotoxicosis
Stachybotryotoxicosis (poisoning by fungi of the genus
Stachybotrys) has been reported in sheep. Clinical manifestations of this fungal mycotoxin include cutaneous
necrosis, ulceration, and petechiae, with ulceronecrosis
most pronounced in the mucocutaneous junctions. The
toxin is a macrocyclic trichothecene that causes bone marrow suppression, neutropenia, and thrombocytopenia.

ENVIRONMENTAL SKIN DISEASE
Intertrigo
Intertrigo occurs in areas of skin-to-skin contact; excessive motion results in moist dermatitis and inflammation secondary to friction. In ruminants, intertrigo most
commonly occurs between the udder and the inner
aspect of the thigh. Treatment includes cleansing the
region and applying an astringent ointment with the
goal of drying the lesion. The disease is self-limiting in
most animals, but pain may cause apparent lameness;
moreover, the affected skin may have a foul odor, and
secondary infection may increase the risk for mastitis.

Callus
A callus is formed on areas of the skin that receive chronic
mild to moderate abrasion from objects in the environment. The most common locations in sheep and goats are
the dorsal aspect of the carpi and the sternum. Other locations include the cranial aspect of the stifle and the caudal
aspect of the elbow. Formation of callus constitutes a
normal response to wear and tear on the skin, unless the
lesions are associated with exudate, swelling, or pain.

Hematoma
Blunt trauma can result in the formation of a hematoma.
Hematomas may develop in exposed, highly vascular
tissues such as the ears or on the body proper. Causes
of trauma include injury from horned animals, fighting
injury, attack by dogs or other predators, equipmentrelated injury, and entanglement with fences or other
objects. Spontaneous bleeding under the skin is rare but
may occur if ingestion of toxins causes coagulopathy.
The ultrasonographic appearance may suggest hematoma, but definitive diagnosis requires needle aspiration of blood after aseptic preparation of the overlying
skin. Unless the hematoma is enlarging, it is best left to
resolve with time.

Cutaneous Ulceration
Pressure sores (or cutaneous ulcerations) form with
prolonged contact of bony prominences with hard surfaces. They most commonly occur in sheep or goats that
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habitually rest in lateral recumbency because of musculoskeletal or neurologic disease. Pressure sores form
as a consequence of prolonged ischemia and cellular
injury (pressure necrosis). These lesions can therefore
be prevented or their development limited by frequent
movement of the animal. Contact with moist surfaces
can accelerate the pathophysiologic process, because
hyperhydration of the skin weakens its elasticity.

Foreign Bodies
Foreign bodies can become lodged in the skin from
injury or as a normal component of surgery. In a study
of skin reaction to suture materials in Borno white
goats, researchers found that a prolonged inflammatory
phase was associated with nylon and silk but not cotton
or stainless steel suture material.13 Stainless steel and
nylon sutures produced a moderate amount of granulation tissue reaction, cotton suture produced a marked
granulation response, and silk produced the smallest
amount of granulation. Wounds sutured with cotton
or stainless steel healed faster than those sutured with
nylon or silk.

Subcutaneous Emphysema
Penetrating wounds or full-thickness lacerations that act
as one-way valves can result in subcutaneous emphysema. In such instances, air is allowed to enter but
cannot freely exit from the subcutaneous tissues (the
bellows effect). Subcutaneous emphysema also occurs
in sheep and goats with pneumonia, especially after parturition. The weakened lung parenchyma may rupture
into the mediastinum if excessive intrathoracic pressure
is applied against a closed glottis (as occurs during parturition). The air dissects along tissue planes and exits
through the thoracic inlet to the subcutaneous spaces.

Clinical Signs
Subcutaneous emphysema typically is noted along the
neck, dorsal to the shoulder; it may dissect along the
back. The condition also may occur with clostridial
infections. Often, affected animals are found dead, and
subcutaneous emphysema is discovered during necropsy.
However, emphysema may be noted on physical examination early in the infectious process. Clostridial disease
should be considered in the differential diagnosis if the
animal exhibits severe systemic manifestations in the
presence of subcutaneous emphysema. The condition
also may occur as a complication of a transtracheal wash.

Burns
Skin burns most commonly are found on animals that
have been trapped in building fires. Pour-on products
containing alcohol are flammable but usually do not

ignite the hair coat and do not continue to burn after
the fluid volume is consumed. Burns may be classified
by severity and extent of the body surface area involved.
Sequelae of burn injuries include secondary infection, especially with Pseudomonas, and hypoproteinemia
from protein exudation from the wounds. Severe or
extensive burns are more likely to result in fatal infection or protein losses. Smoke inhalation and thermal
damage to the lungs also can cause death. The clinician
should perform a thorough evaluation of the thorax
after the initial injury, with a follow-up examination to
look for subsequent changes, because the onset of clinical disease may be delayed.
Burns in sheep and goats also are likely to occur
as a result of inappropriate heat lamp placement in
maternity pens. Lambs and kids stand under the lamps
for warmth, which may lead to burns on the dorsum.
Pour-on products or irritants such as creosote and
strong iodine can cause chemical burns on areas of skin
contact.

Clinical Signs
Depending on its severity, a burn may produce only
superficial scabbing or may result in serum exudation
and suppuration with deeper skin layer involvement.
Because wool is fire-retardant, the most severe burns
on sheep exposed to barn or grass fires are likely to be
found around the head and on the limbs, whereas goats
are likely to have severe burns over the entire body.

Treatment
Evaluation of the animal’s overall condition is essential with fire-related injury, because smoke inhalation
and thermal damage to the respiratory tract may cause
death. Treatment is aimed at preventing or controlling
secondary infection. Pain management and administration of plasma (if needed to address hypoproteinemia
caused by excessive serum exudation from the wounds)
are common therapeutic elements.

Sunburn
Sunburn in animals, as in human beings, is caused by
skin damage from ultraviolet light. Sunburn is different
from photosensitization.6,7 It is more commonly seen
in white-faced sheep (especially on the face and ears),
particularly those that have been recently shorn, and
light-colored goats (especially on the udders, ears, and
nose).6 Prolonged sun exposure is associated with development of tumors (e.g., squamous cell carcinoma).

Clinical Signs
Clinical signs of sunburn include erythema, swelling,
crusting of skin, head shaking, and other behaviors
indicative of pruritus. If the udder is affected, animals
will resent milking or being nursed.15
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Treatment
Treatment includes the use of pigmented teat dips and
the application of sunburn lotion on the udder (for
dairy goats), the provision of adequate shelter, and
gradual light exposure for light-pigmented animals. In
cases of secondary bacterial infection, the use of topical
or systemic antimicrobial agents is warranted.6,7

Frostbite
Prolonged exposure to extremely cold temperatures may
result in frostbite. Young animals are most prone to frostbite injury, and the extremities (ears, tail, feet) are most
commonly affected. Death from low body core temperature will ensue if treatment is not initiated before vital
organs are compromised. Frostbite may occur at a variety
of temperatures depending on environmental conditions (sunlight, moisture, wind). The crucial temperature
threshold for milk-fed neonates has been suggested to
be 13° C (55° F).11 The mechanism of injury consists
of vasoconstriction, subsequent arterial thrombosis, and
ischemic necrosis. After sloughing, damaged ears tend to
be rounded with alopecic tips.6 If the surface of the skin
is wet, ice crystals can form, accelerating the process.
Frostbite injuries occur in four phases.16,17 Phase
one, prefreeze, is characterized by arteriolar constriction,
venous dilatation, congestion, and serum transudation.
Phase two, freeze-thaw, begins with extracellular ice crystal
formation. Phase three, vascular stasis, is characterized by
more severe and persistent venous dilatation and arterial
spasm, which leads to arteriovenous shunting and tissue
hypoxia. Phase four, ischemia, is characterized by nervous
tissue damage caused by prolonged local hypoxia.

Treatment
The therapy for frostbite may result in reperfusion
injury. Nevertheless, it should be instituted immediately
and continued for at least the first few days after injury.
Warming in water of 104° to 106° F is recommended,
as is the use of antibiotics and antiinflammatory drugs
as needed to control tissue damage. Necrotic tissue
should be débrided as needed to facilitate healing and
limit secondary bacterial infection.
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experience complete loss of wool (wool slip).6,15 The
affected skin is smooth and free of ectoparasites and
shows no signs of disease. No treatment is required,
and the wool does grow back.6,15 Wool slip has been
associated in some sheep with copper deficiency (low
serum copper and cold stress).15 Therefore possible
herd deficiencies in dietary copper should be investigated. Stressors such as parasitism and systemic disease
can cause sheep to undergo cessation of wool growth
and can weaken the fiber (wool break) (Figure 10-11).
Wool can be lost within days of onset of a systemic
stress (anagen defluxion) or within 2 to 3 months after
cessation of the stress (telogen defluxion). In either
case, the wool does grow back over time. The practical application of this information is in educating the
owners of pet sheep that survive a systemic illness—the
clinician should warn the neophyte owner of the potential for fiber loss. Anagen defluxion also can occur in
goats under stress or as a result of the stress of disease
(Figure 10-12).

CONGENITAL DISORDERS OF THE SKIN
Several forms of congenital skin disorders are of clinical interest. Because of good identification and culling
practices, most such disorders are fairly rare.18

Hepatogenous Photosensitization
Southdown lambs have an autosomal recessive trait that
can result in hepatogenous photosensitization.18 The
defect causes congenital hyperbilirubinemia and subsequent photosensitization. Corriedale lambs have a presumably inherited condition, similar to Dubin-Johnson
syndrome in human beings, characterized by a failure to
transfer phylloerythrin and conjugated bilirubin.

Prevention
An easily accessible shelter should be provided. For each
degree drop in ambient temperature below 0° C, the
keeper should offer a 0.5% to 1% increase in feed. Feeding
ewes and does in barns keeps them and their lambs and
kids out of the cold weather and in a warmer condition.

Wool Slip and Wool Break
Goats naturally shed their coats in spring. By contrast,
sheep continuously grow wool and should not shed
it. Shorn sheep being housed for winter can, however,

Figure 10-11 Appearance of wool break in a Suffolk ewe.
This finding signifies a previous illness or serious stress,
although the affected animal usually is no longer ill.
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Epitheliogenesis Imperfecta
Epitheliogenesis imperfecta has been diagnosed in
numerous breeds of sheep. It is inherited as an autosomal recessive genetic defect in cattle. Epithelial defects
in the oral cavity (including the tongue and hard palate)
are noted at birth. Hoof horn can easily be separated
from the underlying laminae.

Collagen Tissue Dysplasia
(Ehlers-Danlos Syndrome)
Collagen tissue dysplasia, or Ehlers-Danlos syndrome,
appears to be a hereditary skin disease of Norwegian
sheep. Skin wounds develop rapidly after birth as a
consequence of collagen defects.18 Affected lambs die
soon after birth because of secondary infection. The
underlying genetic defect results in the failure of collagen bundles to form in a functional configuration.

Hypotrichosis Congenita
Hypotrichosis congenita is a viable hypotrichosis—that
is, the disease is not immediately fatal to affected neonates. It is hereditary in polled Dorset sheep. Affected
lambs have sparse hair fibers, with impaired hair growth
most pronounced on the face and limbs.

Epidermolysis Bullosa
Epidermolysis bullosa is a recessive heritable defect
of Weisses Alenschaf sheep and has been diagnosed
in Suffolk and South Dorset Down breeds of sheep as
well.18,19 Affected animals are born without type VII
collagen, so that even minor epidermal abrasion may
lead to rapid development of wounds.17 Skin biopsy

reveals separation of the dermal-epidermal junction in
the absence of epidermolysis. Sloughing of the hooves
and rapid formation of ulcers of the gingiva, hard palate, tongue, and mouth also may be seen.19

Hairy Shaker Disease of Lambs
Border disease, or hairy shaker disease, is a congenital
condition caused by a pestivirus that may be transmitted vertically from the ewe to the fetus in utero.
Newborn lambs have domed heads, short limbs, and
thick trunks. Viral infection of the fetus before day
80 of gestation may interfere with the development
of primary hair follicles, resulting in the formation
of “kempy” fibers and long halo fibers in the fleece.
Affected lambs appear abnormally hairy and are called
“hairy shaker” lambs because in additon to the hairiness, tonic-clonic contractions of their skeletal muscles, the result of neurologic involvement, cause them
to shake. Diagnosis is confirmed by virus isolation or a
necropsy finding of hypomyelinogenesis in the central
nervous system.

NEOPLASTIC AND RELATED LESIONS
Neoplasia occasionally is diagnosed in sheep and goats.
As summarized in Table 10-6, some breed predilections
have been described for various tumors.

Papillomas (Warts,
Fibropapillomatosis)
Warts in sheep are caused by species-specific papovaviruses. These DNA viruses cause papillomas on the face,
legs, and teats that vary in size but may be as large as
4 cm in diameter and 2 cm in height. These lesions are
vascular and bleed when disrupted. Secondary bacterial
infection may occur with repeated trauma to the lesion.
Teat papillomas may predispose to mastitis in sheep.20
TABLE 10-6 Breed Predilections for Skin
Tumors
Breed

Tumor

Saanen goats
Angora goats

Udder papillomatosis
Squamous cell carcinoma
Melanoma
Squamous cell carcinoma
Follicular cysts
Melanoma
Wattle cysts

Merino sheep
Suffolk sheep
Nubian goats

Figure 10-12 Anagen defluxion in a Tennessee Fainting
goat after surgery to repair a luxation of the hock. The hair was
easily pulled away, leaving denuded skin.

Modified from Scott DW: Large animal dermatology, Philadelphia,
1988, WB Saunders.
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A cellular immune response eventually clears the
lesions, which may require months to regress. Failure
of lesions to regress or presence of excessive numbers
of lesions suggests compromise of the immune system.
A viral cause has not been confirmed in goats. Papillomas
on the udder of Saanen goats have been documented;
they tend to persist without undergoing the regression
typical for viral papillomas.

Squamous Cell Carcinomas
Squamous cell carcinomas are most commonly diagnosed
in Merino sheep and usually are seen in animals older
than 4 years. The peak incidence (12%) was observed in
12-year-old sheep. Tumors occur on the face, ears, and
vulva but most commonly involve the ears. Squamous
cell carcinoma of the perineum of a Merino ewe and goats
has been reported.21,22 The high incidence of this tumor
in goats appears to be due to lack of pigmentation at the
perineum and the high and short tail of the goats, that
exposes the area to intense ultraviolet radiation in the
tropics.21 As the tumor grows, the surface may become
ulcerated because of tissue necrosis or self-trauma.
Diagnosis is made by histopathologic examination
of tissue specimens. Characteristic lesions exhibit acanthosis, pseudoepitheliomatous hyperplasia, and hyperkeratosis. Inflammation associated with ulceration or
secondary bacterial infection is not uncommon. Ultraviolet radiation has been implicated in the pathogenesis of squamous cell carcinoma; photosensitive sheep
are at greatest risk. Lesions in the ear, such as from ear
tags, are more prone to mutate into squamous cell
carcinoma. Treatment is by surgical excision with wide
margins, but early culling is recommended.

Melanoma
Melanoma has an unknown incidence in sheep and
goats. A survey of the skin in 37,026 sheep and 23,429
goats found only two melanomas, both in goats.23
Another survey indicated an incidence of 0.03% cutaneous melanoma in goats.24 A case of malignant
melanoma, originating at the base of the left horn, was
reported in a white 11-year-old Pygora doe.25

Hemangioma
Hemangioma has been diagnosed in a sheep. The lesion
affected the distal rear limb of a ewe. Diagnosis was confirmed by histopathologic analysis after surgical excision.

DRUG RESIDUE ISSUES
Preservation of a wholesome product, free of contaminants, is paramount to the sheep and goat industry.26 Nearly all treatments for skin diseases constitute
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extralabel use, because relatively few drugs are approved
for use in sheep and goats. Veterinarians must work
diligently with industry personnel to identify relevant
issues that may affect quality of small ruminant animal
products. In the United States, keepers and clinicians
should respect the treatment guidelines presented in
the Animal Medical Drug Use and Clarification Act
(AMDUCA) to avoid residue contamination of meat
and milk.
Sheep and goats differ from cattle in both drug dosages and drug elimination times. Whenever possible,
therefore, drug withdrawal times should be established
from research performed specifically on sheep and
goats27 (see Appendix 1).
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REMOVAL OF WATTLES, SCENT
GLANDS, AND HORNS AND OTHER
SKIN PROCEDURES
Wattles

black ring on the board, the proper temperature has
been achieved.2 The dehorner should be applied in a
rocking manner over the horn buds. The area should
be burned until a copper color is attained (Figure
10-13). If the hot iron has been correctly applied, the
horn “cap” should be easily removed. Williams2 recommends burning the horn until destruction of the central
core has been achieved. Common mistakes with this
method are overzealous application, resulting in heatinduced meningitis, and underheating of the germinal
epithelium of the horn, resulting in the regrowth of
abnormal horn tissue.1,2 If the germinal horn tissue is
not completely destroyed, the “scur” that regrows can be
removed later. The calvaria in kids is thin and the cornual sinus is small compared with those in calves. Heatinduced malacia of the underlying cerebrum can result
in depression, blindness, abscess formation, and death.
Heat-induced meningitis and malacia rarely are
reversible. Still, in such cases, immediate treatment
with glucocorticosteroids (e.g., dexamethasone sodium
phosphate, 1 to 2 mg/kg IV), mannitol (0.25 to 1 mg/kg
IV over 5 minutes), and possibly NSAIDs is indicated.
An alternative to cauterization of the horn buds is
surgical removal. This can best be accomplished in 2- to
4-day-old kids using a method similar to that described
for heat removal. Instead of using a dehorning iron or
electric cautery, the clinician makes a circumferential
incision through the anesthetized skin and removes the

Wattles are skin appendages that are found in the cervical
regions of some goats. Although they usually are located
in the midneck, they also may be found on the face or
ears.1 They are composed of connective tissue, nerves,
blood vessels, and smooth muscle, with a cartilaginous
core.1 Cysts may be found at the base of some wattles.1
These cysts may be hereditary and either bilateral or
unilateral. If swollen, the cysts will be filled with a clear
fluid. Wattles may become injured (e.g., caught in feeders or fences), detract from the appearance of show animals, make clipping and grooming difficult, or may be
chewed or “nursed” by other kids or adults.1,2 For these
reasons, some owners may wish to have them removed.
Wattles can be easily removed at the time of castration
or disbudding of very young animals. Slight tension can be
placed on the wattle before its base is cut with scissors.1,2
If excessive bleeding occurs, pressure should be applied.
The skin should heal without further therapy.

Disbudding
Some producers prefer that goats (and occasionally
rams) have their horn buds removed during the first
2 weeks of life.2 However, many meat, fiber, and pet
goat owners prefer to keep horned animals. Disbudding
is more common among dairy goat producers, to reduce
fighting-related injuries.
For this procedure, kids can be held or placed in a
dehorning box. The animal can be sedated (e.g., with
xylazine, 0.05 to 0.2 mg/kg) and local anesthesia of a
ring of tissue around the horn achieved with subcutaneous injection of lidocaine 2%, or general anesthesia
can be used. A dehorning box encloses all of the body
except the head (see Chapter 1, Figure 1-7). Disbudding may be accomplished by cauterization using either
a commercial electric dehorning iron (designed for
cattle or goats) or an electric cautery unit. Regardless
of the method chosen, all hair around the area should
be clipped beforehand. If an electric dehorning iron
is used for this purpose, Williams2 has recommended
allowing it to heat and then making a test application
to a pine board. If the iron makes a slightly depressed

Figure 10-13 Normal disbudding site 5 days after the procedure was done on a 4-day-old Oberhasli-cross doe.
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horn bud and germinal tissue. To control hemorrhage,
the area can be cauterized or firm digital pressure can
be applied.
Caustic paste also is used to remove the horns of
young kids. Clipping the hair around the horn buds
allows even application of the paste. If caustic paste
is used, lanolin or petroleum jelly should be applied
around the area, particularly around the eyes. The clinician should take care to prevent the caustic ointment
from injuring the animal’s eyes or other soft tissues.
Use of this method should be relegated to animals kept
indoors (out of the rain), kids not nursing their dams,
and those not able to rub the caustic ointment onto
other kids.

Dehorning
Kids older than 2 to 3 weeks of age, those whose
previous dehorning has resulted in the growth of an
abnormal horn tissue (scur), and adult goats all are
suitable candidates for dehorning. It is recommended
that general anesthesia be used for dehorning in adults
and particularly males with large horns (see Chapter
18). However, sedation (e.g., with xylazine, 0.05 to 0.2
mg/kg) and local anesthesia of the cornual branches
of the lacrimal and supratrochlear nerves also may be
effective. Clinicians not familiar with the innervation of
the horns in small ruminants (which differs from that
in cattle) may consider use of a ring block around both
horns, with care taken not to exceed the subtoxic dose
of lidocaine. Frequently, sedation with local anesthesia

A

289

is chosen when the dehorning is done as a field procedure or when farm economics dictate use of the less
expensive approach.
The owner should be forewarned that this procedure
usually is a “bloody mess.” The wounds can take 4 to
6 weeks to heal,4 result in secondary sinusitis, leave
holes that never completely heal, or possibly result in
brain abscesses. The skin around the horns should be
clipped and surgically prepared. The clinician makes
a circular incision through the skin 2 mm outside of
the horn-skin junction. The strip of skin between the
two horns should be left intact, to improve healing and
shorten healing time. An obstetric wire is then “laid
into” the incision. A helper technician holds the head
to prevent excessive motion, and the surgeon stands
in front of the animal. The cut should be made in a
rostral-ventral direction (Figure 10-14, A). Hemorrhage
can be controlled by cautery, pressure, or pulling the
bleeding vessels with hemostats. If the animal has a
small horn base, the surrounding skin can be undermined and stretched over the opening created by the
horn removal.143 Closing the skin over the surgical site
allows for a more speedy recovery but is rarely possible
in adult males without removing some of the frontal
bone, as described later. An antibiotic ointment (triple
antibiotic) can be applied and a gauze pad or other
absorbable material can be placed over each removal
site. The pads can be held in place by tape wrapped
around the head or by a piece of orthopedic stockinette pulled over the animal’s head with holes cut for
the eyes and ears143 (Figure 10-14, B). Animals can be

B

Figure 10-14 A, Use of obstetric wire to dehorn a 3-month-old Pygmy goat, with an assistant holding
the head securely. The goat has been sedated and local anesthetic injected around the horns. B, A stockinette
bandage with holes cut for the ears and eyes has been placed on the animal.
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given antibiotics (penicillin, 20,000 IU/kg twice daily),
NSAIDs, tetanus prophylaxis (tetanus antitoxin, 150 to
300 IU), or tetanus toxoid. Fly control measures should
be instituted. The bandage should be changed and the
area examined every 2 to 4 days or as needed.
Some clinicians prefer not to bandage the dehorning
site, for fear of not being able to appreciate postoperative wound complications. A recommended alternative
management approach is to keep the animal isolated
and provided with an above-ground feed source, to
avoid contamination of the wound until a scab forms in
approximately 48 hours.4 Most practitioners, however,
will bandage the dehorning site.
An alternative to use of obstetric wire is application
of a small Barnes dehorner to cut or nip off the horn
tissue. The cut should be made carefully to avoid injuring the thin skull. The area can then be cauterized to
control bleeding and destroy all remaining germinal
epithelium. This method is not recommended because
of the potential for skull damage.
Cosmetic dehorning with primary closure has been
described in adult goats.5 The horns are removed with
obstetric wire as just described. After the horns are
resected and the surrounding skin has been undermined, rongeurs are used to remove small pieces of the
frontal bone (with care taken not to drop bone fragments into the sinus) until the skin can be closed over
the surgical wound. This surgical technique is associated with minimal change in the shape of the head and
allows healing in 10 to 14 days and greatly decreases
the aftercare required. No bandage is needed. All of the
animals in the original report on use of this technique
healed without complications.5 Rather than taking a
lot of frontal bone, the clinician can free more skin for
closure by making release incisions in the skin between
the horns. Although this technique leaves a skin wound,
it allows closure of the sinus and quicker healing. In our
own practice, we have occasionally used this technique
to partially close the dehorning site when complete closure could not be accomplished without major frontal
bone revision. Partial closure results in much smaller
wounds, which heal more quickly than larger ones. The
complete closure with primary healing, however, is the
preferred technique.

An alternative method to complete removal of the
horn is merely to cut off the horn either at the tip, at its
midsection, or as close to level with the skull as possible,
depending on the desire of the owner and the animal’s
use. This procedure should be done on a sedated or an
anesthetized goat. The horn can be cut with obstetric
wire or a dehorning saw. The animal should be monitored for sinusitis, and the horn will continue to grow.

Descenting
Because of the smell associated with bucks, some owners request the removal of these animals’ sebaceous
glands. Removal of the glands may decrease the smell,
but odor probably will not be completely prevented.
In young buck kids, the area behind the horns can
be cauterized for this purpose during dehorning. In
the adult, the glands are located in thickened, folded
skin caudal and medial to the horn base. The gland
opening is a hairless area at the base of a skin fold.2 
Washing the head will improve visualization of the
scent glands. The buck should be anesthetized or
heavily sedated, the hair clipped, and the area surgically prepared. The clinician then makes an incision
through the skin 1.5 to 2 cm around the gland opening.
The incision should be deepened to the periosteum, the
area dissected, and the gland identified and removed.2
The clinician should attempt to close the skin defect.
In older males, however, the characteristic skin hypertrophy in this area may make suturing difficult. If the
skin is not easily sutured, an antibiotic ointment can
be applied and the area allowed to heal by granulation.
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Diseases of the
Musculoskeletal System
Laura K. Reilly, A.N. Baird, and D.G. Pugh

EXAMINATION OF THE
MUSCULOSKELETAL SYSTEM
Sheep and goats are herd animals, which by their
nature prefer living and staying in a group. Therefore
any examination of these animals on the farm should
include initial observation of the entire group if possible. Flock observation probably is less important in
the evaluation of traumatic musculoskeletal conditions
than when several animals are affected by infectious
diseases, parasitism, nutritional disorders, or improper
management. The practitioner should look for potential
hazards around feeders and other areas of the environment when the herd has a higher-than-expected incidence of fractures or injury. The flock or herd should
be observed closely to identify animals that lie down
or walk on their knees when their herdmates are moving around. Other clinical problems to look for include
difficulty in rising, swollen or enlarged joints, lameness,
and abnormal stance.
Examination of an individual animal for musculoskeletal disorders requires careful, meticulous palpation and close inspection. Problems such as fractures
and wounds may be obvious. For detection of more
subtle evidence of disease, a thorough and systematic
approach is warranted. The clinician should first examine the feet for overgrown hooves, abscesses, interdigital lesions, and exudate, and any foul odor should be
noted. The coronary band should be examined for
swelling, hyperemia, and proliferative lesions. All limb
joints should be evaluated for swelling associated with
trauma, septic arthritis, or infectious disease. The clinician should flex and extend the animal’s joints through
the entire range of motion to detect pain or laxity. In
cases of hindlimb lameness, the clinician also should
evaluate the patella for laxity, movement, and pain.
Any asymmetry associated with swelling or muscle
atrophy should be noted. Sciatic or peroneal nerve
injury, recognized as a potential sequela of intramuscular injections, may be associated with lameness and
muscle atrophy.

RELATED ANATOMY
Sheep and goats, like cattle, are members of the Bovidae
family. They join several other even-toed species in the
order Artiodactyla. Animals in this order share three
skeletal characteristics: the talus has distal and proximal
trochleae; the calcaneus and the fibula articulate with
each other; and the limb axis divides the fused third and
fourth metacarpal-metatarsal bones and the associated
digits.1 Sheep have short, blunt spinous processes of
the cervical vertebrae, whereas those of goats are longer
and pointed, with sharp edges. Small ruminants have
7 cervical vertebrae, 13 thoracic vertebrae, 6 or 7 lumbar vertebrae, 4 sacral vertebrae, and 16 to 18 caudal
vertebrae. The presence of 7 cervical vertebrae is a reliable trait in identification. However, variations are not
unusual, such as 12 or 14 thoracic vertebrae or 5 lumbar
vertebrae. Occasionally, an unusual transitional vertebra
that is difficult to classify is found between the thoracic
and lumbar vertebrae.1
When relevant, musculoskeletal differences between
sheep and goats, as well as some of the variations from
cattle, are noted in the descriptions of the various
musculoskeletal disorders presented in this chapter.
A thorough review of small ruminant anatomy, however, is beyond the scope of the chapter content.
REFERENCE
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CONGENITAL CONDITIONS
Myotonia Congenita
Myotonia congenita is a heritable disorder of goats in
which the affected animal experiences tetanic muscle
contraction when startled. Occasionally the contraction
is severe enough that the goat collapses to the ground.
Animals in which this phenomenon is observed have
been referred to as “fainting goats.” The disorder is
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inherited as an autosomal dominant trait.1 Some investigators speculate that the variability in clinical signs
and intensity of muscle contractions may be related
to homozygous versus heterozygous genotype, with
homozygosity more likely than heterozygosity to be
associated with clinical manifestations.1 The condition closely resembles a form of myotonia congenita
in humans, and the animal disease has therefore been
used as a research model for the human disease.
The condition is caused by a mutation in the
voltage-dependent chloride channel in skeletal muscle
that leads to hyperexcitability of the sarcolemma and
delayed relaxation of contracted muscle.3 Histochemical and ultrastructural abnormalities have been documented in goats with myotonia congenita.1,2

Spider lamb syndrome is caused by a mutation in
fibroblast growth factor receptor 3 (FGFR3) that leads
to excessive skeletal growth.6 Although inheritance initially was considered to follow an autosomal recessive
pattern with complete penetrance but variable expression, genetic testing has led to a suggestion of a codominant pattern. Heterozygotes occasionally are affected
with spider lamb syndrome but more typically have a
phenotype close to normal but with longer bones than
in animals without the mutation.6 Carriers were difficult to identify until a DNA test became commercially
available. The incidence of spider lamb syndrome has
greatly decreased since the test became available.7

Hereditary Chondrodysplasia
(Spider Lamb Syndrome)

Arthrogryposis, congenital fixation of multiple joints,
has been reported to result from infectious, toxic, and
genetic causes. Arthrogryposis and hydranencephaly
may result from infection with Akabane virus, Cache
Valley virus, Border disease virus, and possibly other
organisms that affect the developing fetus. Affected
animals have severely flexed forelimbs and overextended hind limbs. A spiral deviation of the spine also
is evident. Neurologic conditions that may be seen
with arthrogryposis and hydranencephaly include cerebellar hypoplasia, hydrocephalus, micromelia, and
hydrocephaly.
Maternal ingestion of lupine (Lupinus spp.) and hemlock (Conium maculatum) has produced arthrogryposis
in offspring. The type and severity of disorders will vary
in accordance with stage of gestation, toxin dose, and
duration of ingestion.
Inherited arthrogryposis has been reported in
Suffolk8 and Corriedale9 sheep. It appears to follow an
autosomal recessive pattern, and a site on chromosome
5 has been identified as the likely genetic locus.10

Hereditary chondrodysplasia, or spider lamb syndrome,
is an inherited musculoskeletal condition that is seen
primarily in the Suffolk and Hampshire breeds.4 Clinical signs may be present at birth, or affected lambs
initially may appear normal, only to have the severe
skeletal abnormalities develop by the age of 6 weeks.5
This later presentation may be associated with longer
legs with angular deviations, shallower bodies, and narrower chests than normal lambs,5 and these animals
display the expected radiographic abnormalities associated with this condition at birth. Skeletal abnormalities
exhibited by affected lambs vary in severity and type.
Chondrodysplasia is evident in the skull, sternum,
appendicular skeleton, and vertebrae.
On radiographic evaluation, the dorsal silhouette
of the skull may be rounded, the occipital condyles
may be elongated (occasionally with cartilage erosion),
and thickening of the occipital bone between the condyles and the poll may be evident. The sternebrae may
be of abnormal size and shape. The sternum often is
misaligned, dorsally deviated, and not fused across
the midline. The scapula and olecranon usually have
more cartilage and less bone distally than normal. Several islands of ossification near the anconeal process
typically can be seen on flexed lateral radiographs of the
elbow in animals with this syndrome. The distal physis
of the radius is flared, and angular limb deformities are
common. The forelimbs generally are more severely
affected than the hindlimbs. Erosion of articular cartilage is common if the lamb survives for a few months.
The vertebrae commonly have abnormal and excessive
cartilage. Vertebral body abnormalities may contribute
to scoliosis or, less commonly, kyphosis.5 On histopathologic examination, the typical osseous lesion is
manifested as uneven growth cartilage. The pathologic
changes are found by the end of the second trimester of
gestation.5

Arthrogryposis

Polydactyly
By definition, polydactyly is a congenital anomaly
in which extra digits are present. It is seldom seen in
sheep and goats. The condition is certainly heritable in
cattle and probably heritable in pigs, where cleft palate may concurrently be seen. Polydactyly is suggested
to be heritable in horses. One report of polydactyly in
goats describes an affected female that was sired by a
male with polydactyly.11 Polydactyly usually has only
cosmetic consequences for affected animals but may
be associated with serious gait abnormalities in some
instances. The practitioner must thoroughly examine
animals with gait abnormalities to determine whether
the lameness is because of some other anomaly or
clinically significant lesion. Radiographs are necessary
to assess the anomaly fully and to determine any treatment to be rendered.
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Treatment
Treatment involves surgical removal of the extra digits
and primary closure of the skin incision. Removal of
some of the digits can be done by sharp excision; however, orthopedic instrumentation sometimes is required
to disrupt osseous attachment. Appropriate postoperative care should be given after surgical excision.

Patella Luxation
Animals with congenital patella luxation usually are
brought for veterinary evaluation shortly after birth,
because they tend to crouch on the rear legs when
attempting to stand. The patella luxation functionally
disrupts the quadriceps apparatus, rendering the animal
unable to hold the stifle in extension. The primary consideration to be ruled out in the differential diagnosis
with this presentation is femoral nerve injury, which
also causes failure of the quadriceps apparatus because
of lack of strength in the quadriceps muscle, producing the same abnormal stance. Femoral nerve injury is
more commonly seen in calves after dystocia than it is
in small ruminants.
A diagnosis of patella luxation is readily made by
palpating the patella; a luxated patella easily dislocates
either medially or laterally. In severely affected animals,
the patella remains luxated and is difficult to reduce
into its normal position. This manipulation is more
easily accomplished with the stifle held in extension.
Standard radiographic views with the addition of a
skyline image demonstrate the position of the patella,
the depth of the trochlear groove, and other osseous
abnormalities that may be present. The skyline view,
which allows the best assessment of the trochlear
groove, is taken with the stifle flexed and the x-ray
beam directed proximally to distally, perpendicular to
the tibia. However, the ease of luxation on palpation
of the patella is much more important diagnostically
than the location of the patella on a single craniocaudal
radiograph. The affected patella often is in a normal
position on a given radiograph if it is not purposely luxated by the examiner before the radiograph is obtained.
Surgery usually is indicated for young animals
with congenital patella luxation. Most young animals
respond well to imbrication of the fibrous joint capsule
and overlying fascia on the side opposite the direction
of patella luxation. However, the veterinarian must fully
evaluate the limb preoperatively and assess the joint at
surgery. Some severe cases may require trochleoplasty or
tibial crest osteotomy and relocation. Detailed descriptions of the more complex stifle surgeries are available
in small animal surgery texts.12
Affected animals should be thoroughly examined
for other congenital abnormalities. Specifically, severely
affected newborns may not be able to stand and suckle.
Therefore failure of passive transfer and associated
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illness may become more significant to the health of
these animals than even the primary patella luxation.
In mild cases of luxation, especially if the condition
is unilateral, small ruminants may compensate well
enough biomechanically that the condition goes undiagnosed until they present in adulthood with lameness
caused by luxation or degenerative joint disease caused
by intermittent luxation. One report of development of
patellar luxation as late as the age of 2 years in sheep
with common bloodlines suggests some genetic predisposition to the condition.13 Adult animals also may
exhibit acute lameness as a result of traumatic patella
luxation. Surgical treatment of adults tends to be more
involved in that orthopedic implants such as screws
and wires may be required to secure the patella in the
normal position. Older animals also may require wedge
trochleoplasty or tibial tuberosity transposition in addition to imbrications and fascial release.13 The prognosis
for a return to soundness is not good compared with
that in neonates treated for congenital luxation.14,15

Spastic Paresis
Spastic paresis has been described in pygmy goats.16
Affected goats suffer constant contraction of the gastrocnemius muscles in the hind legs. The contraction
produces extension of the tibiotarsal joint and arching
of the back. Clinical signs are not significantly different
from those described in several breeds of cattle.17-19 This
condition is suspected to be inherited, but the exact
mode of transmission is unknown. No lesions have
been noted in the spinal cord, tibial or peroneal nerve,
or gastrocnemius muscle. The clinical signs appear to be
caused by a defect in the myotactic reflex that results in
an overstimulation or relative lack of inhibition of the
efferent motor neurons.16

Carpal Contracture
Carpal contracture occasionally can manifest as a
congenital condition in kids and lambs. Many will
respond very quickly to treatment with splints and
bandages. Radiographic examination of the limbs is
recommended to identify any osseous lesion that may
contribute to the flexural deformity. Careful palpation
of the limb while attempting to straighten it will frequently identify the structures under tension. Tenotomy
of the restrictive structure may relieve the flexural
deformity (Figures 11-1 and 11-2). Flexural deformities
may develop in older animals after an injury that leads
to abnormal weight bearing. This secondary flexural
deformity often will involve fibrosis of the joint capsule
and seldom responds to tenotomy. Some cases will not
resolve despite a release incision of the joint capsule
and all flexural structures between the skin and joint
capsule.

294

Chapter 11 • Diseases of the Musculoskeletal System

Figure 11-1 Congenital carpal contracture of the left leg in
a 4-week-old Pygmy wether. The flexural deformity did not
improve with 3 weeks of bandage-splint immobilization in
extension (to the degree possible). The ulnaris lateralis was
palpably tense on attempts to extend the carpus.

Figure 11-2 The same Pygmy wether as in Figure 11-1,
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TRAUMATIC CONDITIONS
Predator Attack
Sheep and goats are of the stature and disposition to
make them susceptible to predators. In the United
States, predation accounts for about 37% of sheep and
lamb losses, primarily involving attacks from coyotes
and dogs.1 Small ruminants seldom survive attacks by
wild carnivores. However, veterinarians are sometimes
called to treat survivors of attacks by domestic animals
or interrupted attacks by wild animals. These survivors
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often ultimately die because of either lethal injury to
internal organs or physical exhaustion from the chase
and the attack. A veterinarian treating animals that
survive the initial trauma may face a significant challenge. Although skin wounds are quite obvious after the
animal is thoroughly examined and clipped, injuries to
deeper structures and serious myopathy are more difficult to assess.
Attacking predators tend to “go for the jugular,”
which leads to a concentration of wounds in the head
and neck area. The associated injury to the great vessels
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usually is obvious and often fatal. Tracheal puncture
can cause respiratory difficulties leading to subcutaneous emphysema. Subcutaneous emphysema also can
result from the undermining skin wounds alone, making diagnosis of tracheal perforation difficult in some
cases and adding to the difficulty of detecting a tracheal
wound. Perforation of the esophagus is common.
Esophageal injury may lead to abscess formation and
tissue necrosis as a result of contamination of surrounding tissues by esophageal contents. An abscess may
physically impinge on the airway, making swallowing
difficult. Neurologic damage from the primary injury
or damage caused by abscessation may inhibit normal
function of the soft palate.
Tetanus antitoxin should be administered to these
animals, as well as broad-spectrum antibiotics (e.g.,
florfenicol, 20 mg/kg every 48 hours) to combat wound
infection and sepsis. Antibiotics with good efficacy
against anaerobic bacteria (e.g., penicillin, 20,000 IU/kg
twice daily) should be considered in cases in which
massive trauma has resulted in some tissue devitalization. All skin wounds must be thoroughly cleaned of
organic debris and foreign material. Establishing drainage in undermined skin wounds also is important.
Some of these wounds lend themselves to débridement
and delayed primary closure, whereas others are best
managed by allowing healing by second intention. The
veterinarian must be conscious of injury to muscle and
joints deep beneath these skin wounds. Supportive care
in the form of fluids and nonsteroidal antiinflammatory
drugs (NSAIDs) (e.g., flunixin meglumine, 1 to 2 mg/kg
given intravenously [IV]) is important in treating any
myopathy.

Fractures
The hallmark of long bone fracture in small ruminants is acute non–weight-bearing lameness. A thorough physical examination must be performed to
rule out other causes of severe lameness, including
septic arthritis, joint luxation, and severe footrot.
Clinical assessment should readily detect instability
and crepitance on palpation of the fracture site. The
exception is an incomplete or greenstick fracture that
manifests itself as less severe acute lameness that
resolves with time. The clinician should not overlook
the possibility that an incomplete fracture may suffer a catastrophic breakdown and become unstable,
rather than healing. Because of economic constraints,
radiographic examination may be impractical. However, whenever possible, radiographic evaluations
before and after repair will enhance the success of the
procedure.
The most commonly treated fractures occur in the
metacarpal and metatarsal bones.22 These fractures usually are treated successfully with casting. Fractures of the
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distal half of the metacarpal and metatarsal bones often
respond well to use of lower limb casts that incorporate
the foot and extend proximally to a point just distal to
the carpus or tarsus respectively. Proximal or comminuted metacarpal and metatarsal fractures may require
full-limb casting with or without transfixation pins to
stabilize the fracture properly and prevent collapse.
Many fractures of the carpus or tarsus also respond
to treatment with a full-limb cast.23 However, these
injuries are often associated with contamination of the
joint, and the incidence of septic arthritis is high. Septic
arthritis requires more intensive antibiotic therapy, as
well as local treatment provided through a window in
the cast. One frequent complication with using treatment windows in casts is “window edema.” The cast
window should be cut out as one piece. Edema can be
minimized by securing this piece in the window with
tape between treatments. The management of carpal
or tarsal fractures with concomitant septic arthritis is
difficult. Ankylosis of the joint often results even if successful fracture healing occurs.23
Radius fractures must be evaluated individually to
determine the best mode of treatment. Fractures of the
distal radius may respond to a full-limb cast. Proximal
radius fractures may heal better with the use of an external fixator, a transfixation cast, or possibly a modified
Thomas splint. Use of splints may be very applicable for
neonates, and the splint need stay in place for only 2 to
4 weeks in most instances.24 Some radius fractures may
be best treated with internal fixation using plates and
screws. Internal fixation is seldom required, however,
and often is not economically feasible in small ruminants. If a splint is used for a radius fracture, it should
extend from the ground or fetlock to the elbow and
preferably above it.24
Treatment decisions for tibia fractures are very similar to those for radius fractures. Distal fractures heal well
with full-limb casting.25 The fractured tibia responds
well to an external fixator or in larger goats (over 60
pounds) a transfixation full-limb cast (Figure 11-3). Fractures of the humerus and femur occur less frequently in
small ruminants.22 Humerus fractures often heal with
stall rest alone. However, the distal limb frequently suffers carpal contracture, rendering the animal unsound
regardless of fracture healing. Femoral fractures may
heal if the limb is taped to the abdomen in a modified Ehmer sling (made of tape placed in figure-eights
around the limb). This method is less costly but is still
effective in young or lightweight animals.24 Fractures
of the humerus and femur frequently heal better with
internal fixation using plates and screws or intramedullary pins. The mode of internal fixation depends on
the complexity of the fracture and the experience of the
veterinarian. Financial considerations may dictate the
use of intramedullary pins rather than plates and screws
when possible.
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Fractures in other areas such as the scapula and pelvis
can be treated much as they are in the dog. Small ruminants usually are good orthopedic patients because of
their relatively small size and ability to maneuver well
on three limbs. Often pelvic or scapula fractures heal if
the animal is confined for 3 to 6 weeks.24 The veterinarian can form a plan for treating unusual orthopedic
injuries in small ruminants by applying principles of
small animal orthopedics and considering cost-benefit
decision-making processes for food animal medicine.
Mandible fractures may occur in small ruminants
that have been kicked by a large animal such as a horse
or cow and those that have caught the rostral mandible
in a fence or some other object. A kick injury may result
in any number of fracture configurations; the veterinarian must refer to information on small animal fundamentals to determine whether plates, wires, or pins are
the most appropriate surgical stabilizers. Frequently
external fixators can be used to treat mandibular fractures. In our own practice, we use cortical bone screws
placed in the mandible through stab incisions, leaving
the screw to protrude about 2 to 4 cm out of the skin.
Then acrylic is made to fit over the screw heads and act
as connecting bars of an external fixator. The screws provide better stability in the mandible than that afforded
by transcortical pins, and the acrylic allows more liberty
in screw placement than that permitted by traditional
connecting bars. Rostral fractures may involve mostly
teeth and soft tissues but very little bone. They often
cause loss of teeth but minimal instability. Therefore
the veterinarian may wish to debride the area, institute
antibiotic therapy, and recommend appropriate modifications to the animal’s diet. If the mandibular fracture
occurs between the incisors and the cheek teeth, it may
be stabilized by securing wires from the rostral mandible to the cheek teeth.26,27 Animals with these types
of fractures require nutritional support, provided either

Figure 11-3 Lateral and dorsoplantar radiographs of a midshaft oblique fracture of the tibia in a mixed-breed goat. This
is the type of fracture that usually responds well to use of an
external fixator or transfixation cast, depending on the weight
of the animal.

orally or parenterally (see Chapters 2). Many of these
animals can be fed a moistened pelleted diet.
Occasionally digit or leg amputation is required to
treat septic conditions, fractures, or luxations. Amputation can be done with the animal under general anesthesia or with use of sedation and local anesthesia (see
Chapter 18). For digit amputation, a tourniquet should
be applied proximal to the fetlock after the surgical site
is prepared in an aseptic manner. A circumferential skin
incision is made just proximal to the coronary band.
The surgeon may then make two incisions perpendicular to the circumferential incision (one dorsal and
another palmar or plantar) to create a skin flap that is
elevated to allow amputation with Gigli wire. We prefer to make one incision over the abaxial aspect of the
affected digit perpendicular to the coronary band to create an inverted T incision. The two flaps of the inverted
T can be undermined to allow the passage and crossing
of the Gigli wire. The amputation should be completed
on an angle at the distal aspect of the proximal phalanx
(Figure 11-4), with removal of all of the articular cartilage and synovial membrane of the proximal interphalangeal joint; the interdigital ligaments are left intact to
provide stability to the fetlock. The corners of the flaps
of the inverted T can be trimmed to minimize dead
space when the surgical site is closed. The site can be
closed completely if the amputation is performed as a
treatment for fracture or luxation. However, if infection
is present in the form of septic arthritis or osteomyelitis,
the clinician should consider the advantages of drainage

Figure 11-4 Intraoperative photograph of claw amputation
in a goat. The amputated claw is to the left and the angled cut
end of P1 is in the center of the photograph. The skin edges
will be trimmed and partially closed to allow drainage.
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facilitated by partial closure. With either closure, a bandage should be placed on the foot to aid in hemostasis
before the tourniquet is removed. The bandage should
be changed as needed until the incision site has healed.
The use of broad-spectrum antibiotics (oxytetracycline
10 mg/kg given IV or intramuscularly [IM] twice daily,
or 20 mg/kg once a day every 48 hours) and antiinflammatory drugs should be considered.
If a limb is to be amputated, the practitioner should
first determine postoperative use, living environment,
and management of the animal in detailed interviews
with the owner. The impact of age and weight on these
considerations can then be assessed. Limbs usually are
amputated as high as possible (midhumerus, midfemur) to prevent trauma to the remaining “stump” of
the limb. In our experience, violation of this principle
in amputations of the hindlimb of camelids can nonetheless lead to good results. The amputation done just
below the hock allows a partial limb to aid in rising.
This approach does present additional management
concerns in that the hock must be protected from
trauma by bandages or a protective boot. However,
the practitioner should consider this technique when
amputating the distal hind limb in small ruminants.
Once the location of the amputation has been determined, techniques similar to those used in other small
animals can be applied to limb removal in sheep and
goats.

Cast
As discussed earlier in this section, casting is a primary
treatment option for fixation of fractures. The clinician
should prepare the limb for cast application by removing any organic debris to ensure that the leg is clean.
Cotton or gauze sponges should be placed in the interdigital space to prevent pinching of the interdigital skin
within the cast by the hooves. Orthopedic felt or gauze
sponges should be placed over the dewclaws to provide
padding; however, holes should be cut to allow the
dewclaws to protrude. Without this precaution, pressure
from the cast over the dewclaws can cause skin ulcerations and may even result in dewclaw sloughing. The
clinician then applies a double layer of stockinette to
the limb and places a strip of orthopedic felt around the
limb where the most proximal part of the cast will end.
We prefer to put this proximal felt between two layers of
stockinette so the felt is encased in the stockinette when
it is rolled down over the felt during application of the
cast. However, others place the felt beneath the stockinette. Other padding materials may be used according to preference, but the clinician should remember
that the relatively small size of many sheep and goats
demands that the cast not be overly heavy or bulky.
We believe that no padding beyond the previously
mentioned interdigital cotton, orthopedic felt, and
stockinette is necessary to prevent skin ulceration under
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a properly applied cast. If the wool of heavily wooled
animals is not clipped, it may act as excellent padding.24
An exception in which additional padding is useful is
for very young animals, which are likely to experience
significant growth while in the cast and tend to be more
prone than adults to development of cast sores.
Fiberglass casting material has replaced plaster
because of its increased strength, lighter weight, and
faster drying time. The foot should be included in the
cast. The clinician should be careful to apply the cast
without wrinkles (which may cause cast sores) and in
a timely manner so that all layers bond together as one
rather than laminate in several layers. The cast is not as
strong if it dries in laminated layers. The solar surface of
the cast should be protected from wear in some manner.
Methods of protecting this part of the cast include tape
alone, a section of tire inner tube and tape, and a walking pad made of hoof acrylic. The particular method
chosen is less important than achieving the desired
result of preventing exposure of the hoof through a
worn cast.
Any animal in a cast must be monitored closely to
detect complications as soon as possible. The clinician
should consider complications under the cast as the
cause of any abnormal clinical signs such as fever, loss
of appetite, increased lameness in the cast limb, and
swelling proximal to the cast. The cast should be palpated daily to determine its fit and check for any areas
of increased heat that may indicate the formation of
cast sores. However, some areas of the cast (e.g., over
wounds or bony protuberances) normally are warmer
than other areas of the cast. It is therefore more important to recognize changes in relative warmth in the same
area of the cast from day to day than differences in temperature between different areas of the cast. A fiberglass
cast applied over stockinette is porous, and exudate
from a wound or cast sore will penetrate the cast. If
the environment makes fly control difficult, flies may
be observed concentrating over these localized areas of
the cast before exudate can be seen penetrating the cast.
This part of the cast also may have an increased relative
temperature before the exudate penetrates it.
Use of transfixation pins adds stability in cases in
which cast immobilization alone is not adequate.22
Transfixation pins help immobilize proximal fractures
in ways that casting alone does not. Some comminuted
distal fractures will collapse unless transfixation pins
transfer the weight away from the distal limb to the
pins.28 Application of a transfixation cast often requires
general anesthesia, although casting of hind limbs can
be done with use of sedation and spinal anesthesia. Pin
diameter and placement will depend on animal size,
bone diameter, and fracture configuration. The transfixation pins are placed through stab incisions using
aseptic technique. Intraoperative radiographs are helpful in the placement of the transfixation pins. However,
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this technique usually is successful even when pin
placement is directed by palpation alone. Antimicrobial ointment, such as “Zipp” ointment or neomycin–
polymyxin B–bacitracin, can be applied to the skin at
the pin sites, which is then covered with gauze sponges.
The limb is then prepared as previously described for
cast application. The formula for “Zipp” ointment,
which has an antibacterial effect lasting as long as
2 weeks, is given in Box 11-1.
The clinician should cut holes into the stockinette
to accommodate the pins and cut the pins so that
they protrude about 1 to 1.5 cm beyond the anticipated thickness of the cast. The cast material should
be applied so that the bone pin ends perforate the cast
material or the material placed around the pin. When
the cast material has set or become hardened, the pin
ends should be covered to prevent injury to the contralateral limb. Hoof acrylic or cotton and tape can be used
to cover the pin ends. As the fracture heals, bone resorption occurs around the pins, causing them to loosen.
Neither special instrumentation nor general anesthesia
is required for pin removal.

External Fixation
External fixators are preferable to simple casts or transfixation casts for stabilization of some fractures of the
radius and tibia. Either traditional fixators or modified
fixators using cast material to support the transcortical
pins work well in small ruminants. Traditional external
fixation techniques described for small animals can be
used for sheep and goats.29 Standard smooth intramedullary pins can be used successfully for this purpose,
but our own preference is for positive-profile threaded
pins to provide additional stability. A modified fixator
designed to treat calf tibia fractures is less technically
demanding to apply than a traditional external fixator30
and allows more flexibility in pin placement. We have
found this technique to be most useful in tibia fractures
but also of value for management of other fractures. The
procedure is performed on a surgically prepared animal,
under general anesthesia (see Chapter 18), according
to aseptic technique. At least two pins must be placed
proximal and two pins distal to the fracture site. The
pins can be placed through stab incisions from lateral to
medial (type II pins) through the skin on each side. One
major advantage of this technique is that a single type I
pin can be placed from the dorsal aspect. The type I pin
passes through one skin surface and both cortices of the
bone, but not through the caudal soft tissues and skin.
A second type I pin is not required because the cast
material itself connects and stabilizes the pins. This
inherent stabilization is a major advantage in fractures
(either proximal or distal) in which the fragment size
does not allow placement of two type II pins. The pins
should be incorporated into a cast as described previously for the transfixation cast and the limb treated

BOX 11-1 	Zipp Formula*
Zinc oxide: 4 parts
Iodoform: 4 parts
Mineral oil: 4 parts
*Zipp formula can be applied under a cast and may have an antibacterial
effect for as long as 2 weeks. If zinc oxide ointment is used, no mineral oil
is required, and the ointment can be made of equal parts zinc oxide and
iodoform (30 mL of each).

with topical antibiotic ointment. This technique incorporates more padding than that used with a standard
cast. Cotton or some other padding should be wrapped
around the entire length of the tibia. No stockinette
or orthopedic felt is required. Fiberglass cast material
should then be placed over the length of the tibia to
incorporate the pins, as is done with the transfixation
cast. After the cast hardens completely, the caudal
quarter to third of the cast can be removed and the padding cut away from the caudal aspect of the limb. This
modification allows unencumbered movement of the
gastrocnemius. Occasionally the dorsal distal portion
of the cast also must be trimmed to allow flexion of the
hock. Some patients initially require a splint or bandage over the fetlock to ensure the animal bears weight
on the solar surface of the foot. Most patients become
fully ambulatory in 48 to 72 hours. Treatment of young
animals should be tailored to prevent a compensatory
tarsal varus of the contralateral limb. This procedure is
technically less difficult in that it allows more variation
in pin placement than if traditional connecting bars
are used. The pin ends should be covered as they are in
transfixation casting.30

Splints
Splints can be useful in treating some musculoskeletal
conditions in small ruminants. However, the veterinarian should be selective in using them. Many practitioners are more comfortable using casts and external
fixators than applying and monitoring splints. Many
of the small ruminants presented to referral centers for
malunion or delayed union of fractures have previously
been treated with splints. For this reason alone, the initial use if other techniques that achieve more stable fracture fixation should be considered. However, splints can
be useful in selected cases if the practitioner is skilled at
splint management. In emergency situations, a splint
can be made of cut polyvinyl chloride (PVC) pipe or
other such material.27
A spoon splint, either commercially manufactured
or fashioned from cast material, probably is best
used to support greenstick fractures of the distal limb.
When used in this way, the spoon splint helps prevent
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catastrophic breakdown of the fracture. However, a
more important role may be in preventing the limb
contracture that can occur if the carpus is allowed to
remain flexed for a prolonged period in a non–weightbearing animal. With this technique, a padded bandage
is placed on the limb and the splint is conformed to the
bandage and secured with adhesive tape.
Another type of splint occasionally used in small
ruminants is the traction splint, commonly referred to
as the Schroeder-Thomas splint (Figure 11-5). This splint
usually is made of aluminum rods and consists of a ring
that fits in the axillary or inguinal region of the animal
with bars on the dorsal and palmar or plantar aspect of
the limb joined distally. The shape of the splint varies,
as does the way particular parts of the limb are secured
to the splint depending on the specific reason the splint
is applied. Traction is applied by securing the foot to
the distal splint with adhesive tape or by placing wires
through the hoof wall. A soft bandage should be placed
on the limb, after which the limb is secured strategically
to the splint. Usually tape is placed over the entire limb
and distal splint.11
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INFECTIOUS CONDITIONS
Septic Arthritis
Bacterial infections of the joints (septic arthritis) occur
most commonly in neonates. However, older sheep
and goats sporadically suffer from joint infection as a
result of a penetrating injury or spread from adjacent
infected tissues, as in the case of footrot. In neonates,
septic arthritis is most often a sequela of septicemia
and often is a consequence of failure of passive transfer.1 Bacteria isolated from lambs include Streptococcus,
Escherichia coli, Arcanobacterium pyogenes (formerly Actinomyces pyogenes), Erysipelothrix insidiosa (rhusiopathiae),
Pasteurella haemolytica, Corynebacterium pseudotuberculosis, and Fusobacterium necrophorum. Staphylococcus aureus
arthritis is associated with tick pyemia, a disease seen
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Figure 11-5 Application of a Schroeder-Thomas splint
to the front limb of a yearling mixed-breed goat. Notice the
bandage on the limb as well as the padding and initial tape to
secure the limb to the splint before it is covered with more tape.
7.	DeBowes RM: Equine fracture repair, Philadelphia, 1996, WB
Saunders.
8.	Nunamaker DM, et al: A new skeletal fixation device that allows
immediate full weight bearing application in the horse, Vet Surg
15:345, 1986.
9.	Egger EL, Greenwood KM: Textbook of small animal surgery,
Philadelphia, 1985, WB Saunders.
10.	St-Jean G, Clem MF, DeBowes RM: Transfixation pinning and
casting of tibial fractures in calves: five cases (1985-1989), J Am
Vet Med Assoc 198:139, 1991.
11.	Arnoczky SP, Blass CE, McCoy L: External coaptation and bandaging. In Slatter DH, editor: Textbook of small animal surgery,
Philadelphia, 1985, WB Saunders.

in lambs 2 to 6 weeks old in areas infested with Ixodes
ricinus ticks. Streptococcus dysgalactiae has been reported
as a cause of arthritis in dairy goats and was the most
common pathogen isolated from arthritic lambs in
England and Wales. Other isolates included E. coli,
coagulase-positive Staphylococcus, E. rhusiopathiae, and
A. pyogenes.2 Coexisting omphalitis was found in 16%
of arthritic lambs.
Erysipelothrix polyarthritis is a nonsuppurative condition usually seen in 2- to 6-month-old lambs, but
it also may be seen in neonates. Outbreaks may affect
as many as 40% of the lambs in a flock. Hallmarks
of this infection are fever and lameness, with minimal swelling of joints. This nonsuppurative polyarthritis will progress to chronic arthritis if not treated
appropriately.1
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Pathogenesis
Septicemia often contributes to hematogenous seeding of joints with bacteria that localize in the synovial
membrane. The resulting synovitis is associated with
evidence of joint pain, heat, swelling, and synovial
effusion. Progression of the septic arthritis and associated synovitis causes damage to articular cartilage and
subchondral bone. As bacteria proliferate, inflammatory
cells produce hydrolytic enzymes that destroy bacteria
and normal cartilage, resulting in cartilage erosion. In
the chronic stages of infection, clinical manifestations
include thickening of the synovial tissue, fibrosis of the
joint capsule, and signs of degenerative joint disease.

Clinical Signs
The hallmarks of septic arthritis are lameness and
warm swelling of the joints. The joints most commonly
involved are the carpus, tarsus, and stifle. Any joint may
be infected, including the hip, shoulder, or elbow; infection here may be more difficult to diagnose than in the
more commonly affected joints. Several joints may be
affected, and when one septic joint is discovered, the
practitioner should always perform a thorough examination to rule out polyarthritis. Lameness may be severe
(non–weight-bearing), leading to chronic recumbency.
Affected animals often are febrile and anorexic. Other
signs of systemic disease such as omphalitis, meningitis,
and uveitis may be evident.

Diagnosis
A sterile aspirate of synovial fluid should be obtained and
the fluid submitted for culture and cytology. The character
of the synovial fluid varies according to the etiology and
stage of disease. Synovial fluid from infected joints may
be thin and watery (lacking normal viscosity) or thick
and cloudy with purulent material. Infected synovial
fluid often demonstrates characteristic pleocytosis and
neutrophilia (more than 30,000 to 100,000 white blood
cells/μL and more than 75% neutrophils), as well as an
increased total protein (see Appendix 2, Table 2-9). Not
all aspirates from septic joints yield bacteria, but some
do. Culture results may yield more definitive results with
the use of enhancement media or synovial membrane
biopsy, particularly if the animal has previously been
treated with antimicrobial agents. Radiography may be
used to determine the severity of degenerative changes,
although bone changes may not be visible for several
days after the onset of disease. Radiographic evaluation
may be more important to monitor the progression of
septic arthritis during therapy. Ultrasonography also may
be useful in evaluating existing soft tissue pathology.

Treatment
The administration of antimicrobial agents and joint
lavage are the mainstays of treatment of septic arthritis.
Antimicrobials, which may be administered systemically

or intraarticularly, should be chosen on the basis of an
assessment for specific pathogens (gram-positive bacteria are more likely) and culture results when available.3
Lavage of the joint with sterile polyionic solution
aids in removal of inflammatory products. Light sedation of the animal usually is indicated. The skin over the
joint should be clipped and surgically prepared, and the
clinician should adhere strictly to aseptic technique. To
begin the lavage procedure, a needle (16- or 14-gauge)
attached to a sterile syringe is inserted into the affected
joint at the most obviously distended area, and fluid is
aspirated for culture and cytologic analysis. The joint is
then distended with an isotonic solution (e.g., saline,
lactated Ringer’s). A second needle is placed in the joint
on the opposite side of the joint. Between 0.5 to 1 L
of fluid should be flushed through the joint. The joint
should be distended several times during the lavage by
occluding the egress needle. The joint should be flushed
daily for 2 to 3 days; the need for subsequent flushing
should be based on the presence of pain or swelling and
cytologic evaluation of joint fluid. Removing inflammatory mediators by lavage can improve clinical signs,
although such improvement is often temporary. In
some instances, accumulation of fibrin within the joint
and over the articular cartilage will require drainage
and débridement by arthrotomy or arthroscopy. Lavage
of these joints may yield clear fluid after treatment, but
any improvement is short-lived. Just after lavage, nonirritating antibiotics should be instilled into the joint. In
general, products for intravenous use are adequate for
intraarticular use.
Regional limb perfusion with antibiotics is an
adjunctive procedure that may be beneficial in some
cases.3 This technique entails instilling small volumes
of antimicrobial agents in targeted locations to achieve
high concentrations in infected areas. Regional perfusion can be accomplished with intramedullary administration of antimicrobial agents but is more easily and
commonly performed by intravenous injection distal
to a tourniquet. Sheep and goats generally should be
sedated before this procedure. The skin over the peripheral vein is aseptically prepared. The clinician inserts a
needle (20- or 21-gauge) into the vein in a proximal
direction and infuses the antibiotic of choice (ceftiofur
sodium, 1 mg/kg, or potassium or sodium penicillin,
20,000 IU/kg). For repeated administration in chronic
conditions, a catheter (22-gauge) can be placed in the
vein and the leg wrapped to help maintain catheter
patency.4 The prognosis with septic arthritis is guarded,
and chronic lameness is a sequela in many cases.

Prevention
Ensuring adequate passive transfer in neonates helps
prevent septicemia and septic arthritis resulting from
hematogenous spread of bacteria to joints. Maintaining a clean environment for lambing and kidding and
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providing appropriate umbilical care also will help prevent neonatal septicemia.

Chlamydial Polyarthritis
Chlamydial polyarthritis is a common contagious disease of feedlot lambs in the United States. The disease
is suspected to occur in goats as well.5 The causative
agent formerly was considered to be a strain (immunotype 2) of Chlamydia psittaci but has been reclassified as
Chlamydophila pecorum.6,7 Economic losses associated
with chlamydial arthritis result from weight loss and
treatment costs. Disease occurs in 1- to 8-month-old
lambs, with 3- to 5-month-old lambs most commonly
affected.8 Outbreaks in feedlots often occur a few weeks
after lambs are introduced.8 Morbidity can be as high as
80%, with less than 1% mortality.7

Pathogenesis
C. pecorum organisms are present in nasal and ocular
secretions, feces, and urine of infected animals.8 As
many as half the lambs on some farms shed C. pecorum
in feces without signs of clinical disease.6

Clinical Signs
Affected lambs have fever (with temperatures up to
108° F) and are reluctant to move, often appearing
“tucked up” or becoming recumbent. Lameness is
apparent in one or more limbs, and affected joints
typically are enlarged.5,8 Chlamydial conjunctivitis may
occur concurrently.8-10 The course of the disease is
approximately 10 to 14 days without treatment. Most
lambs recover, but some remain lame.5 Significant necropsy findings include fibrinous exudate in joints and
edema of surrounding tissue. The articular cartilage is
minimally affected.5,10

Diagnosis
Joint fluid may contain fibrin but is not purulent.
Elementary inclusion bodies may be seen on Giemsastained smears of synovial fluid. Isolation of Chlamydia
requires special media and is not routinely performed.
The use of DNA-based tests should aid and improve the
understanding of the epidemiology of different chlamydial infections.11
Considerations in the differential diagnosis for chlamydial polyarthritis include white muscle disease and
nutritional osteodystrophy. With these diseases, however, fever and synovial effusion are lacking, and laboratory testing should help rule out these conditions.
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Treatment early in the course of disease speeds
recovery.5,10 During an outbreak, lame and febrile lambs
should be isolated from healthy lambs to minimize the
spread of infection. A vaccine is available for chlamydial
abortion, but researchers have not determined whether
it provides protection against C. pecorum arthritis (see
Chapter 8).

Mycoplasmal Polyarthritis
Mycoplasmal arthritis is a highly fatal disease of goats
marked by polyarthritis, septicemia, and mastitis. This
disease usually is caused by Mycoplasma mycoides subsp.
mycoides Large Colony (MmmLC), recently reclassified as a serovar of Mycoplasma mycoides subsp. capri.12
Other mycoplasmal species (Mycoplasma agalactiae,
Mycoplasma capricolum, Mycoplasma putrefaciens) cause
similar syndromes.13 This is distinct from the small
colony (SC) or bovine biotype of Mmm that causes
contagious bovine pleuropneumonia (CBPP), a disease
eradicated from the United States in 1892. Sheep may
be experimentally infected, and natural infection in
sheep is suspected to occur.14
Mycoplasmal arthritis occurs as an epizootic condition in many countries throughout the world. In the
United States, most outbreaks are in large goat dairies.
Morbidity and mortality rates as high as 90% have been
reported in kids.15 M. putrefaciens was responsible for
the loss of 700 goats in one California dairy.16
Mmm usually is introduced to a farm by an asymptomatic shedder. The bacteria are shed in the colostrum
and milk of infected does, and ingestion is thought to
be the primary source of infection of kids.14-16 In one
outbreak, approximately half of the does were noted to
shed Mmm organisms in milk. Some were intermittent
asymptomatic shedders, but clinical mastitis ultimately
developed in most animals.17 Horizontal transmission
was documented among kids housed together and is
likely to occur among adults, especially in the milking
parlor.18 Illness often follows stress such as from castration, dehorning, concurrent disease, bad weather, and
overcrowding.16,17,19

Pathogenesis
Infection leads to mycoplasmosis with involvement of
numerous body systems; fibrinous polyarthritis, pneumonia, peritonitis, mastitis, conjunctivitis, and pericarditis are among the more common presentations. If
animals recover, the organisms may be shed in ocular
and nasal secretions and in milk.20

Treatment and Prevention

Clinical Signs

Oxytetracycline (20 mg/kg given subcutaneously
[SC] or IM every 48 to 72 hours), erythromycin (3 to
5 mg/kg IM three times a day [or twice daily]), and
tylosin (20 mg/kg IM twice a day) may be useful.7

Kids 3 to 8 weeks old are most susceptible, but animals
of any age may be affected. Clinical signs include fever,
warm swellings of numerous joints, mastitis, lameness, conjunctivitis, weight loss, and pneumonia. Three
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syndromes have been described in kids. A peracute form
results in death in 12 to 24 hours with fever being the
only sign. A second group of kids showed signs of brain
disease (opisthotonos) and died in 24 to 72 hours.
The third syndrome was characterized by fever, warm
swollen joints, lameness, recumbency, and pneumonia.
Many in this group died within a few days, but some
lame kids recovered over a few weeks.15 Adult females
may develop acute or peracute mastitis, the latter causing death in 1 to 3 days. Does that recover may have
udder fibrosis and may shed Mmm organisms intermittently. Arthritis is a less common finding in adults than
in kids. Mastitis and severe lameness without fever were
observed in an M. putrefaciens outbreak.16

Diagnosis
Laboratory work usually shows leukocytosis, neutrophilia, and hyperfibrinogenemia. Peracute cases may
exhibit neutropenia with a left shift. Synovial fluid
analysis shows an elevated cell count with neutrophilia
and fibrin clots. Mycoplasma can be cultured using special media.
Postmortem findings include suppurative polyarthritis, osteomyelitis, fibrinous pleuritis, pneumonia, peritonitis, meningoencephalitis, and pericarditis.15,17,19
The joints most commonly affected are the carpus,
stifle, tarsus, hip, and elbow. Joint fluid is purulent
and contains fibrin, and the joint capsules are thickened, with erosions of articular cartilage. Mmm can be
cultured from synovial fluid and from many internal
sites.17

Treatment
Antibiotic treatment does not eliminate infection in
most cases. Some animals appear to improve, only to
relapse later. Tylosin is the antibiotic most commonly
recommended (10 to 50 mg/kg three times a day), but
its efficacy is uncertain.20 Antimicrobial susceptibility
may vary with strain, but an in vitro study suggests that
tylosin, erythromycin, oxytetracycline, or enrofloxacin
may be effective. This application would be an extralabel use of enrofloxacin, which is prohibited by the U.S.
Food and Drug Administration (FDA).21

Prevention
Effective preventive measures for kids include the feeding of heat-treated colostrum and pasteurized goat
milk. Disease in adults can be controlled by identifying
carriers by milk culture and either culling carriers or
isolating infected animals and milking them after uninfected animals. Culture of milk samples from individual
does and the bulk tank should be performed periodically to identify newly infected animals or intermittent
shedders, and colostrum should be cultured at the time
of freshening. No vaccine is currently commercially
available (see Chapter 15).

Osteomyelitis
Bone infections usually result from hematogenous
spread of organisms or from direct inoculation associated with trauma to soft tissues covering the bone. The
soft tissue damage may be from either an acute injury
(trauma or surgical incision) or that associated with
development of decubitus ulcers in a recumbent animal. Occasionally the tissue damage is incurred during
normal recumbency when animals are housed on hard,
rough surfaces and is not a sequela of debilitation. The
infectious agents include Corynebacterium, A. pyogenes,
Rhodococcus equi,22 and E. coli.

Clinical Signs
Lameness, pain on palpation, and focal swelling are
common clinical signs of osteomyelitis. Severe lameness may result in recumbency. Infection of vertebrae
may produce signs of spinal cord dysfunction.7

Diagnosis
Radiographic changes usually do not become evident
until the infection has persisted for 10 to 14 days.
When present, such changes consist of a combination
of lysis and proliferation. Avascular fragments of dead
bone and sequestra also may be seen. If the osteomyelitis is related to a surgical infection, the tissue at the
wound site usually dehisces, and the surrounding skin
shows signs of inflammation or even vascular compromise. The wound exudate may be aspirated for culture.
Laboratory tests may reveal leukocytosis, leukopenia, or
hyperfibrinogenemia.
Trauma without bone infection must be considered
in the differential diagnosis for this condition. Findings
in trauma-only cases include soft tissue inflammation
but no osseous radiographic changes. The radiographic
changes of lysis and proliferation also may resemble
those seen in response to neoplasia. Osteomyelitis
may predispose affected animals to pathologic fracture
if bone lysis becomes severe enough. The distinction
must be made between a pathologic fracture related to
neoplasia and a fracture that is infected or becoming a
proliferative nonunion.

Treatment and Prevention
The prognosis is guarded. Antimicrobial therapy alone
is rarely successful because of its poor penetration of
infected bone. Surgical débridement of infected tissue
is an important component of therapy. Antibiotics,
particularly those used based on culture and sensitivity
patterns, should be continued for several weeks after
surgical débridement. Regional perfusion of antibiotics
may be useful in treating osteomyelitis. Amputation is
the only possible way to rid the animal of infection in
some cases. The possibility of control of infection varies
with the cause of the infection. Environmental control
probably is the most important mechanism to prevent
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trauma to the animal. Adherence to aseptic technique
when performing any surgery on or near osseous structures decreases surgical infection.

Caprine Arthritis-Encephalitis
Caprine arthritis-encephalitis (CAE) is a chronic multisystemic disease of goats caused by a nononcogenic
retrovirus. Infection with caprine arthritis-encephalitis
virus (CAEV) is widespread, and chronic polyarthritis
is the most common clinical manifestation.23 CAEV is
closely related to the viruses that cause ovine progressive pneumonia (OPP) and maedi-visna,24 and together
these are referred to as small ruminant lentiviruses
(SRLVs). Phylogenetic analysis has determined four
sequence groups, designated A to D, and several subtypes for SRLVs. Some subtypes of these viruses occur in
both sheep and goats, and there is evidence of transmission of SRLVs between the species.25
Seroprevalence rates for CAEV in goats in the
United States, Canada, and Europe range from 38% to
81%.23,26,27 Seroprevalence in England, Australia, and
developing countries usually is less than 10%.28 Clinical arthritis is estimated to occur in less than 25% of
seropositive animals but it may be more prevalent in
some herds.23,27 The prevalence of other clinical syndromes is not known. Infection occurs by transmission
of fluids that contain infected macrophages from an
infected animal to an uninfected animal. The most
efficient manner of transmission is from dam to kid by
ingestion of colostrum or milk from infected does.29
The presence of antiviral antibodies in colostrum is not
protective. Feeding nonpasteurized milk increases the
risk of infection.26,27
Horizontal transmission of CAEV also is important.29,30,31 When uninfected goats are housed with
infected goats for long periods, a significant number seroconvert.29 Uninfected does readily seroconvert
when milked with infected does, presumably as a result
of transfer of the virus during the milking process.29
Venereal transmission is possible, especially if one of
the animals exhibits clinical disease.32 Transmission
from doe to kid before or during parturition has been
documented.30 No evidence supports transmission by
an insect vector. Iatrogenic transmission (on dehorning
equipment or needles) also is possible. The likelihood
of transmission from a contaminated environment is
very low.31,32

Pathogenesis
CAEV is a single-stranded ribonucleic acid (RNA) virus in
the Lentivirus family that replicates by forming a reverse
transcriptase–dependent deoxyribonucleic acid (DNA)
intermediate that may become integrated into the host
genome. CAEV infects monocytes and macrophages and
induces a persistent (lifelong) infection despite host
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antibody production. “Restricted replication” allows
the virus to remain latent in the host’s monocytes and
undetected by the immune system. Proposed mechanisms for persistence include latent infection by a DNA
provirus, viral replication that waits for monocytes
to differentiate into macrophages in tissue, low levels
of neutralizing antibodies, and viral mutation of env
genes. The virus localizes in the macrophages of the
synovium, lung, central nervous system, and mammary
gland. Initially the virus proliferates rapidly and induces
a vigorous immune response that limits but does not
eliminate the virus. Virus-infected macrophages may
be more prone to activation and thereby induce proliferation of lymphocytes and macrophages. Lymphocyte
proliferation is a hallmark pathologic lesion seen in
CAEV infection.
The important target tissues of CAEV include the
joints, mammary glands, lungs, and brain. At these target sites, CAEV induces chronic inflammation by invoking the host’s immune responses. The virus is capable
of making antigenic variants to help it evade the host
immune response. CAEV often can be isolated from the
synovial fluid and milk of infected animals.23,29 Disease
results from inflammation elicited by the reaction of
the immune system to the virus. Infected macrophages
express viral proteins near major histocompatibility
complex (MHC) antigens, which are recognized by
T lymphocytes and stimulate cytokine production.
Goats usually seroconvert in 2 to 8 weeks, but a long
clinical latency (spanning years) is possible.

Clinical Signs
CAEV can cause chronic disease in several body systems;
however, most infected animals remain asymptomatic.
Four clinical syndromes have been described for CAEVinfected goats: arthritis, leukoencephalomyelitis, interstitial pneumonia, and mastitis.
Chronic progressive arthritis is seen in goats older
than 6 months and usually is characterized by swelling
of one or both carpal joints. Arthritis of the hock, stifle,
hip, and atlantooccipital joints occurs but usually is not
detected clinically. In the initial stages, joint swelling
may wax and wane, and lameness is minimal. Some animals experience a sudden onset of lameness. The time
course is variable, with some animals exhibiting clinical
deterioration over a few years and others remaining
stable for several years.23 As the disease progresses, animals become lame or recumbent and debilitated. Effusion of the atlantooccipital and supraspinous bursae
may be detected. Radiographs of joints initially show
soft tissue swelling, and calcification of periarticular
structures is evident in more advanced cases. The synovial fluid has a decreased protein concentration and an
increased cell count with 90% mononuclear cells, primarily lymphocytes.23 Postmortem examination usually reveals pathologic changes in numerous joints in
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addition to the carpus. The joint capsule is thickened,
often with periarticular mineralization, but articular
cartilage usually is intact. Histopathologic examination
shows chronic proliferative synovitis with infiltration by
lymphocytes, macrophages, and plasma cells.

Diagnosis
No abnormalities typically are seen on hematologic
or blood chemistry tests, except for mild anemia in
some cases.23 Routine diagnosis is based on serologic
testing, although sensitivity and specificity are not well
defined owing to lack of a “gold standard” for infection.
The agar gel immunodiffusion (AGID) test is widely
used because of its low cost and rapid results. It has
good specificity and fair sensitivity. The enzyme-linked
immunospecific assay (ELISA) is another test suitable
for screening and is more sensitive than the AGID test.33
Polymerase chain reaction (PCR) assays can detect viral
proteins in blood, milk, and tissue; however, the low
viral load and heterogeneity of virus limit its usefulness
in clinical investigations.34 Virus isolation takes 3 to
4 weeks, and sensitivity is poor.
A positive antibody test signifies infection, although
animals may remain asymptomatic for years. The time
to seroconversion varies and may not occur for months
after infection. Therefore false negatives may occur early
in the disease process. Intermittent negative results
on AGID testing have been reported in seropositive
animals.35

Treatment
No specific treatment exists or is likely to be developed.
Affected animals are a source of infection to others and
their symptoms worsen over time. Most symptomatic
animals are ultimately culled or euthanized because of
lameness, recumbency, weight loss, or poor production.
Supportive care for affected goats consists of nutritional
management and the provision of high-quality, easily digestible, readily accessible feed. Goats with the
arthritic form of the disease require frequent proper
foot trimming, administration of NSAIDs (phenylbutazone, 4 mg/kg, or aspirin, 100 mg/kg by mouth [PO]
twice daily), good pasture management, and soft and
thick bedding to prevent trauma to the limbs. Treatment as described for degenerative joint disease (see
further on) may be of benefit.

Prevention
Attempts to induce immunity to CAEV with formalin-inactivated virus in adjuvants have not been
successful.36 Vaccines using genetically modified
viruses or recombinant plasmids have shown some
promise in conferring protection but are still under
investigation.34
A program of periodic testing and culling of all seropositive animals should eradicate the virus from a herd.

This method is not often chosen because of the large
numbers of animals likely to be culled from herds with
high infection rates.
The following management protocol should significantly reduce the prevalence of CAEV in a herd by
eliminating the transmission of CAEV in colostrum
and milk. Kids should be removed from the dam at
birth to prevent nursing. They should be removed
immediately, because licking of the kid by the doe
may allow transmission of CAEV in saliva or respiratory droplets.31,32 Kids should be isolated from older
animals and given colostrum that has been heat-treated
at 56° C (133° F) for 1 hour. At this temperature, the
virus is inactivated but the immunoglobulins remain
intact.32 Kids then are kept isolated and raised on
pasteurized (74° C [165° F] for 15 seconds) goat or
cow milk or milk replacer. At least every 6 months,
kids should be tested for CAEV, and animals that test
positive should be culled. Kids fed pasteurized milk are
less likely to seroconvert than kids fed unpasteurized
milk. However, cases presumed to result from horizontal transmission may continue to occur.26,27 Contact
transmission of CAEV infection has been demonstrated
in goats of all ages, although the exact nature of the
contact required for transmission is unknown. Transmission during breeding or gestation (transplacental)
is unlikely. In a dairy herd, CAEV-infected does should
be milked last. New additions should be quarantined
and tested within 60 days of arrival. If sheep are housed
with goats, they should be tested for OPP and a similar
protocol followed owing to the possibility of crossspecies infection.
Chemical disinfection of equipment between uses
with seropositive and seronegative animals should
include the use of phenolic and quaternary ammonium
compounds. Complete eradication of CAEV infection in
a herd may be impossible without the culling of seropositive goats. Nevertheless, iatrogenic transmission by
needles or instruments can be avoided with adherence
to aseptic technique. Segregation of seropositive from
seronegative does by a solid wall or a 2-m-wide alley is
advisable.32

Ovine Progressive Pneumonia
OPP is a chronic disease of sheep caused by a nononcogenic retrovirus. Predilection sites for this virus
include the lung, udder, and, less commonly, joints.
The agent of OPP, OPPV, is similar to maedi-visna
virus and also is closely related to CAEV, and arthritis caused by OPPV in sheep closely resembles that
caused by CAEV in goats. These viruses are collectively
referred to as small ruminant lentiviruses (SRLVs).
Cross-infection with CAEV in sheep and OPPV in
goats is uncommon but has been documented.25 Lentiviruses induce persistent (lifelong) infections and
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replicate by integrating DNA into the host genome
(see Chapters 7, 13, and 16).

Clinical Signs
A majority of sheep infected with OPPV are asymptomatic. Clinically apparent illness, which usually emerges
years after infection, may involve one or more body
systems. The lungs and udder are the sites most commonly affected, but chronic arthritis also occurs in
association with OPPV infection.37-39 In some sheep,
lameness is the chief clinical sign, although other body
systems—typically lung or udder—may be concurrently
affected.37,38
Because of OPP’s long incubation period, clinical signs are observed in adults. Slowly progressive
joint swelling, lameness, and weight loss despite good
appetite are the typical musculoskeletal manifestations
of OPPV infection. The carpi are the joints most commonly affected; the tarsi are affected less frequently.38-40
Examination of the affected joints reveals firm soft tissue swelling.37,38 Radiography may reveal mineralization of soft tissue and osseous proliferation of adjacent
bones.37 Sheep usually die within 1 year of the development of clinical signs.39 Postmortem examination
reveals severe degenerative changes of the joints, with
fibrosis of the joint capsule, proliferation of synovial
membranes, and erosion of the articular cartilage. Histology reveals nonsuppurative lymphoid infiltration.39
OPPV frequently can be isolated from the synovial fluid
of affected joints.38 The joint pathology is very similar
to that reported in goats with CAEV infection.38 Considerations in the differential diagnosis include mycoplasmosis, chlamydial arthritis, and laminitis.

Diagnosis
Serologic tests are useful in diagnosing OPPV infection.
The AGID test and ELISAs are widely used for OPP diagnosis because they are quick, inexpensive, very specific,
and fairly sensitive. A diagnosis of OPPV infection also
may be made by virus isolation or identification of viral
nucleic acid, but these methods are costly and rarely
useful in clinical case management.
Because OPPV infection is lifelong, the presence of
antibodies confirms infection, except in the instance of
passive transfer of antibodies to a neonate from a positive dam. (Even in this instance, the lamb is likely to
become infected by ingesting colostrum or milk from
the infected ewe).41 A majority of infected animals
are asymptomatic, so the clinician should rule out
other diagnostic possibilities before concluding that
clinical signs are caused by OPP. Obviously, a negative test result helps to exclude presence of infection.
Reasons for false-negative results include early infection
(seroconversion may not take place for months after
infection) and sero-reversion, which is seen rarely in
advanced stages of the disease.
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Treatment
No specific treatment is available for OPPV infection.
Palliative treatment with antiinflammatory drugs may
be considered in certain cases; however, affected animals constitute a source of infection to others (see
Chapters 7, 13, and 16).

Prevention
A surveillance and segregation program as outlined for
CAE should reduce the prevalence of OPP in flocks.

Lyme Disease
Lyme disease is a multisystemic infection caused by a
spirochete, Borrelia burgdorferi. Ixodes species ticks transmit the organism from rodents such as the white-footed
mouse (Peromyscus leucopus), the primary reservoir species in the eastern United States, to larger mammals,
including deer, people, cattle, horses, and sheep.

Clinical Signs
Common clinical signs in human beings and dogs
include arthritis, skin rash, neuritis, meningitis, and
cardiac disease. Arthritis, abortion, poor milk production, and laminitis have been linked with B. burgdorferi
infection in cattle.42 Few cases of Lyme disease have
been reported in sheep or goats. Nevertheless, borreliosis has been suggested as a cause of arthritis in
lambs even when B. burgdorferi could not be isolated.43
A seroprevalence study using sheep from nine farms
in Scotland revealed that 40% of 1-year-old ewes were
seropositive although no clinical disease was reported.
The tick Ixodes ricinus was present on these farms.44
Experimental infection of lambs produced no signs of
disease.45

Diagnosis
Ideally, diagnosis depends on the identification of
B. burgdorferi by culture, PCR assay, or other techniques, but the organism is difficult to culture and
other techniques are not widely available. Serologic
testing often is used to confirm a diagnosis, but the
high seropositive rate in the absence of clinical disease is a confounding factor. Frequently, in endemic
regions, a clinical diagnosis is made on the basis of
clinical signs, elimination of other causes of lameness,
and response to treatment.

Treatment
Optimal therapy for Lyme disease in ruminants has
not been determined. A typical treatment regimen is
a prolonged (2- to 4-week) course of oxytetracycline,
ceftiofur, or penicillin. Prevention of the disease currently relies on eliminating the tick with insecticides.
A vaccine has been developed for use in dogs, but none
is available for large animals.
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Clostridial Myonecrosis (Blackleg)
Clostridial myonecrosis (blackleg) is a highly lethal
infection of muscle caused by the anaerobic sporeforming bacterium Clostridium chauvoei. Other clostridial species (chiefly Clostridium septicum and Clostridium
novyi) have been isolated from cattle with blackleg,
either alone or with C. chauvoei. The disease is most
common in cattle, but sheep also may be affected.
Goats appear to be less susceptible than sheep to this
disease.46
Clostridial myonecrosis is not contagious but often
occurs in outbreaks in sheep, because the predisposing conditions affect many animals simultaneously.
Infection usually is associated with wounds from castration, dehorning, tail docking, shearing, dystocia, or
injections.47 Animals of any age, including fetal lambs,
may be affected.48 The mortality rate is close to 100%.
C. chauvoei is ubiquitous and persistent in the soil and
frequently is identified in the gastrointestinal tract. Soil
subject to flooding and high rainfall have been linked
to outbreaks of disease in cattle.49

Pathogenesis
In cattle, most cases of blackleg arise when endogenous
clostridial spores that have lodged in tissues after
absorption through the gastrointestinal tract begin to
proliferate and produce toxins. Affected animals do not
usually have an associated break in the skin, although
a history of blunt trauma, which presumably creates a
hypoxic environment conducive to clostridial growth in
the muscle, is not uncommon. By contrast, clostridial
myositis in sheep most often develops after contamination of a wound by spores from the environment.
The vegetative organisms liberate exotoxins that induce
severe necrotizing myositis followed by systemic toxemia and death. Clostridial cardiac myositis has been
reported in lambs.47

Clinical Signs
Clostridial myonecrosis progresses very rapidly, and
infected animals often are found moribund or dead.
Systemic signs observed early in the disease include
fever, anorexia, and depression. Local signs depend on
the site of infection. If a wound is infected, severe swelling and a malodorous discharge often are evident.48
Blackleg is almost always fatal.

Diagnosis
Diagnosis is made based on culture of a clostridial
pathogen from wounds or necrotic muscle as well as
necropsy findings. Samples for anaerobic culture should
be taken quickly, because the normal proliferation of
clostridial organisms in tissue after death can confound
interpretation of results. Gram staining of material
from diseased muscle may show large gram-positive

rods. On gross examination, affected muscle is darker
than normal and has a rancid smell. Lesions tend to be
deeper and have less associated gas than lesions typically
found in cattle.48 When external wounds are involved,
edema is evident. Histopathologic examination shows
myonecrosis, edema, and neutrophilic inflammation;
clostridial organisms usually can be visualized. Identification of C. chauvoei is aided by fluorescent antibody
testing and PCR assay, because culture of this organism
may be difficult. Considerations in the differential diagnosis include lightning strike and peracute infections
such as anthrax and other clostridial diseases.

Treatment
The rapid death of most patients precludes treatment.
However, if animals are detected by their early signs,
high doses of penicillin (44,000 IU/kg IV every 4 to
6 hours) are indicated until the animal’s condition
stabilizes. Surgical incision of the skin and fascia over
the affected area is thought to be beneficial. Supportive
measures include intravenous fluids and NSAIDs.

Prevention
Vaccination against C. chauvoei, C. novyi, and C. septicum
is recommended to reduce losses at lambing and shearing time. Ewes should receive two doses, the second
being administered 1 month before lambing. Annual
boosters before lambing are necessary to protect ewes
and neonatal lambs. Some of the literature also recommends vaccinating older lambs before shearing. The
efficacy of vaccination programs is unknown. Carcasses
should be buried deeply or burned to reduce contamination of soil.48

Sarcocystosis
Sarcocystis spp. parasites are coccidia that cycle between
a carnivorous host and a herbivorous intermediate
host. In ruminants, infection is often subclinical, but
abortion, failure to thrive, and neuromuscular disease
have been reported.50 The development of clinical disease depends on the species of Sarcocystis as well as the
dose ingested. Sarcocystis tenella is considered the most
pathogenic species for sheep, and Sarcocystis capracanis
is most pathogenic in goats.50 The sarcocysts from some
species (Sarcocystis gigantea, Sarcocystis medusiformis) are
large enough to be seen macroscopically and result in
carcass condemnation.
The prevalence of infection in sheep and goats is high,
but clinical disease is uncommon. A postmortem survey
of range goats in Texas revealed microscopic Sarcocystis
organisms in 60% of the animals, with the tongue being
the most commonly affected site.50 The presence of
working dogs that are fed raw meat is associated with
sarcocystosis in a herd. Administration of monensin
may predispose to the development of clinical disease.51
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Pathogenesis
The definitive host, a carnivore, becomes infected by
eating tissue from an intermediate host that contains
sarcocysts. The parasite develops into a sporocyst that
is passed in the feces of the definitive host. The intermediate herbivore host is infected by consuming contaminated feed or water. After ingestion, sporozoites
penetrate the mucosa of the small intestine and lodge
in the endothelial cells of the blood vessels. Damage to
the vasculature results in hemorrhage and anemia. The
parasites ultimately enter muscle and nerve cells, where
they develop into sarcocysts.

Clinical Signs
Common clinical signs in sheep include muscular
weakness, ataxia, and flaccid paralysis. Poor growth and
anemia also have been reported. Lambs are most susceptible. Sarcocystis infection also has been associated
with esophageal dysfunction in sheep.50 Experimental
infection of two sheep with coyote-origin Sarcocystis
produced fever, anorexia, and anemia; one sheep exhibited abnormal behavior. Myositis was found in many
sampled tissue sites.51-53
Goats experimentally infected with S. capracanis
showed a range of clinical signs. Goats receiving the
smallest inoculum remained clinically normal, but
goats receiving higher infective doses developed fever,
depression, and weakness, and many died after an acute
illness of rapid course in the first weeks after infection.
On microscopic examination, stages of the parasite
were detected in the endothelial cells of arteries in many
organs. Myocardial necrosis was observed in many
goats. Multifocal necrosis, gliosis, and vasculitis of the
central nervous system were noted, and sarcocysts were
found in the brain and spinal cord.53

Diagnosis
Laboratory findings reported in cattle include a regenerative anemia, and elevations of the muscle enzymes
creatine kinase (CK), aspartate aminotransferase (AST),
and lactate dehydrogenase (LDH). Similar results are
expected in sheep and goats. Demonstration of a rise in
antibody titer after acute illness aids in diagnosis. Development of PCR tests should improve the ability to diagnose infections with pathogenic species of Sarcocystis.54
Histopathologic examination of skeletal or cardiac muscle reveals the presence of sarcocysts. Considerations in
the differential diagnosis include the numerous other
causes of fever, anemia, and poor growth.

Treatment and Prevention
No approved treatment exists for sarcocystosis. The use
of amprolium (50-100 mg/kg/day) or salinomycin has
been reported.51 Carnivores should be kept away from
sheep and goats and exposure to uncooked meat or carcasses should be minimized to help control this disease.
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However, removing carnivorous guard dogs may increase
losses to predators. No vaccine is currently available.

Foot-and-Mouth Disease
Foot-and-mouth disease (FMD) is a highly contagious
viral disease of ruminants and swine characterized by
fever and vesicles of the mouth, feet, and teats. Cattle
and pigs are most severely affected, but sheep and goats
are susceptible. FMD often produces a mild clinical syndrome in sheep and goats, so these species may be inapparent sources of the virus during outbreaks.55,56 In the
2001 FMD outbreak in the United Kingdom, movement
of apparently normal virus-excreting sheep contributed
to widespread dissemination of the disease.57 FMD has
significant economic impact resulting from loss of production and limitations on movement of animals from
affected areas. FMD is endemic in Asia, Africa, South
America, and parts of Europe. North America, Central
America, and Australia are currently free of FMD.58
FMD usually occurs as an outbreak that spreads rapidly.
All hoof stock except for horses are susceptible. Morbidity is high (close to 100%), although mortality is low.
Most deaths are seen in young animals as a result of
myocardial necrosis.55,56
FMD is readily spread by direct contact with affected
animals; aerosolization of viral particles is another
important source of infection. Ruptured vesicles, respiratory secretions, saliva, milk, urine, and semen are
sources of the virus. FMD also may be spread to new
premises by people, animal products, fomites, and even
wind currents.59 Most animals stop shedding the virus
within a few days of vesicle rupture, but cases of longterm (weeks to years) carriers have been reported.55,56
The virus may persist in the environment for months,
and it is not destroyed by common disinfectants. Wild
hoof animals are susceptible to FMD and in some
instances may act as reservoirs for the virus.

Pathogenesis
The FMD virus, an aphthovirus (family Picornaviridae), consists of seven serotypes (O, A, C, Asia 1, and
SAT 1, 2, and 3) and more than 60 subtypes that vary
in virulence and species specificity.7 FMD virus gains
access to the animal through the mucosal epithelium,
viremia ensues, and the virus localizes to epithelial sites
throughout the body. Lesions are most evident in the
oral mucosa and feet. Necrotizing myocarditis has been
reported to affect primarily young animals. Immunity
conferred by infection is fairly short-lived (a few years),
and cross-protection against other strains is poor.7

Clinical Signs
In cattle, infection with FMD virus produces fever,
vesicles, erosions, and ulcers of the oral mucosa, teats,
coronary band, and interdigital area. The lesions seem
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to be very painful, and typical clinical signs include
anorexia, depression, salivation, agalactia, and lameness. Associated weight loss, mastitis, and secondary
bacterial infections are common.7 Most animals recover
within 2 to 3 weeks.
Clinical signs usually are milder in sheep and goats
than in cattle; however, severe outbreaks have been
reported in sheep. Oral lesions usually are mild and
transient, and foot lesions and lameness are the predominant disease manifestations.55,56 If the oral lesions
are not detected, FMD may resemble infectious footrot.
In the 2001 outbreak in the United Kingdom, lameness and fever were the most evident signs in sheep.
Vesicles in the interdigital area and on the heel and
coronary band required careful inspection to detect,
and shallow oral erosions were found in some cases,
primarily involving the dental pad, tongue, hard palate,
and lips.59
Lesions detected on postmortem examination include
vesicles, erosions, and ulcers of the mouth and feet. The
udder, pharynx, trachea, esophagus, forestomachs, and
intestines also may be affected. The myocardium in
neonates often has pale streaks caused by necrosis, an
appearance known as “tiger heart.”7

Diagnosis
Rapid confirmation of the diagnosis is essential because
of the far-reaching consequences of this disease. The
clinical signs of FMD resemble those of other vesicular diseases such as bluetongue, vesicular stomatitis
(which rarely causes disease in small ruminants), and
poxvirus infection, as well as infectious footrot. If FMD
is suspected, a state veterinarian should be contacted
immediately. Development of rapid diagnostic tests
will greatly aid diagnosis and management of FMD
outbreaks.

Treatment
No specific treatment for FMD is available. Antiinflammatory agents and topical dressings may be used to
alleviate discomfort.

Control
FMD-free regions maintain their status by restricting
the entry of live animals and animal products from
endemic areas. Outbreaks in nonendemic areas generally are controlled by quarantine and eradication of
affected animals and those with which they have had
contact. In endemic regions, vaccination is used to
control FMD. The vaccine ideally should contain local
strains of virus. The immunity provided by killed vaccine is short-lived (6 to 8 months), and such preparations confer protection against only a few strains of
virus. Cattle usually are the focus of a vaccination program, but vaccination of sheep and goats in endemic
regions is recommended.55,56

Figure 11-6 Dorsopalmar radiograph of the elbow of a
yearling sheep with degenerative joint disease secondary to a
puncture wound with subsequent septic arthritis. Readily seen
are bone lysis and proliferative bone attempting to bridge the
elbow joint. The active infection is under control, but the animal is very lame and hesitates to use the limb.

DEGENERATIVE JOINT DISEASE
Degenerative joint disease is a complex physiologic
process that can destroy articular cartilage, with consequent crippling of affected animals. Lameness is the most
common clinical sign seen in animals with degenerative
joint disease. The lameness results from normal destructive processes in the joint overriding the balancing repair
processes normally present. This lack of balance in the
joint leads to inflammation with ita associated heat,
swelling, and pain.
Degenerative joint disease in small ruminants most
often is a sequela to infectious arthritis (Figure 11-6).
Trauma such as direct injury to a joint also can
result in degenerative joint disease. Pet goats and
sheep (particularly geriatric animals) tend to develop
degenerative joint disease due to the unwillingness
to “cull” based on productivity. The condition can be
exacerbated by CAE.60 Other joints may be affected
as well because of abnormal stresses resulting from
aberrant gait or weight-bearing patterns used by the
animal to compensate for loss of function from joint
damage. As a mixed blessing, small ruminants function well with mild lameness, so degenerative disease
often is quite advanced before the affected animal
is brought to the attention of a veterinarian. Evaluation of the animal early in the process of degenerative joint disease, however, may allow the clinician
to address the underlying cause directly or at least
change management procedures in order to slow the
progression of the disease. Some affected animals
refuse to walk or have a stiff gait; many often exhibit
hoof overgrowth.
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B

Figure 11-7 A, In the same sheep shown in Figure 11-6, an external fixator has been placed to stabilize
the elbow, to allow an arthrodesis of the joint in a normal standing position. B, A lateral radiograph of the
external fixator shown in A used for arthrodesis of the degenerative elbow. Of note, the connecting rods used
with this fixator are radiolucent.

Treatment
Several dietary supplements and chondroprotective
agents are available for use by veterinary practitioners today. No scientific studies support the efficacy
of these agents in small ruminants, but anecdotal
reports suggest some may be beneficial. Injections
of a polysulfated glycosaminoglycan (Adequan) (125
mg/week for 4 weeks) have been suggested. Issues of
expense and management regarding long-term treatment of individual animals must be addressed by the
owner before instituting therapy with chondroprotective agents. Administration of NSAIDs (e.g., phenylbutazone, 10 mg/kg PO once daily, or aspirin, 100 mg/
kg twice a day), provision of proper care, maintenance
of overall good body condition scores (2 to 3) in the
herd or flock, and avoidance of obesity all are valuable
parts of the therapeutic plan.60 Some animals that are
severely lame from degenerative joint disease will experience increased comfort when the painful joint fuses
over time (i.e., undergoes ankylosis) or after a surgical
arthrodesis is performed (Figure 11-7, A and B).
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METABOLIC AND NUTRITIONAL
CONDITIONS
Nutritional Muscular Dystrophy

and vitamin E deficiencies also produce syndromes of
ill thrift and reproductive losses1 (see Chapter 2).
NMD occurs in selenium-deficient areas throughout
the world. It is a significant disease in North America,
the United Kingdom, Europe, Australia, and New
Zealand. In the United States, the northeast, southeast,
and northwest regions are deficient in selenium; the
central region (the Midwest) has sufficient selenium
in its soil.2 Even within a region the selenium content

Nutritional muscular dystrophy (NMD), also known
as white muscle disease, is a disease of all large animals
caused by a deficiency of selenium or vitamin E. The
disease affects skeletal and cardiac muscle and is most
common in young, rapidly growing animals. Selenium
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of soil and forage may vary depending on pH, season,
and type of plants grown. For example, alkaline soils
promote selenium uptake by plants, whereas plants
grown in areas of high rainfall and acidic soils usually
are low or marginal in selenium content.3 In general,
the selenium content of pasture is lowest in the spring.
Nitrogen and to a certain degree phosphorus fertilization
and irrigation may decrease selenium uptake by plants.
Faster-growing plants have lower selenium content; this
condition is exacerbated when plants are grown on soils
already marginal in selenium. Hay grown in drier areas
tends to have a higher selenium concentration. Hay analysis is crucial in determining dietary selenium intake.
Selenium is absorbed, as are other minerals, in the
small intestine. Therefore high concentrations of other
minerals (e.g., calcium, sulfur, copper) may decrease
its absorption. Also, certain feed contaminants (e.g.,
nitrate, unsaturated fats, sulfates) may further suppress
selenium uptake and availability.4 Forage with less than
0.1 ppm of selenium on a dry matter basis is deficient.
Vitamin E helps prevent peroxidation of cell membrane lipids, aiding in the maintenance of membrane integrity. It also is somewhat protective against
selenium deficiency. Of the forms of vitamin E, the
d-isomer of alpha-tocopherol has the greatest biologic
activity. It also is absorbed in the upper small intestine.5
Because bile acids are needed for proper absorption,
derangements in small intestine function can decrease
the absorption of vitamin E, even if dietary concentrations are adequate. Vitamin E–deficient sheep and goats
probably absorb 50% to 75% of dietary tocopherol,
whereas animals receiving adequate vitamin E absorb
only 20% to 30%. Vitamin E activity is good in green
pasture and good hay. Legumes often contain less available vitamin E than grass.3 Vitamin E can be destroyed
by oxidative destruction, particularly if large amounts of
unsaturated fats and certain minerals (e.g., copper, iron)
are added to the same supplement or mineral mixture.
Long-term storage of feedstuffs decreases vitamin E
activity by as much as 50% per month.3
Deficiencies occur when animals are fed poor-quality
hay or straw and lack access to pasture. Diets high in
polyunsaturated fatty acids contribute to the development of NMD by increasing the requirement for vitamin E. Vitamin E requirements also are increased if
dietary vitamin C or carotenoids are deficient or if dietary
nitrate intake is increased. However, adequate vitamin C
and beta-carotene in the diet help lower vitamin E
requirements. Adequate dietary selenium is almost completely protective against vitamin E deficiency.6
Limited vitamin E transport occurs across the placenta, but colostrum has a large quantity of vitamin E.
Therefore lambs and kids deprived of colostrum need
supplemental vitamin E.
NMD occurs most commonly in kids and lambs
whose mothers were fed a selenium-deficient diet. Most
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cases occur in animals younger than 6 months old, and
NMD has been reported in neonates. Kids are believed to
be more susceptible than lambs, possibly because they
have a higher requirement for selenium. Furthermore,
sudden muscular activity in deficient animals unaccustomed to exercise often triggers episodes of NMD.1
Hydrogen peroxide and other free radicals are toxic
byproducts of cell metabolism that have the ability
to cause oxidative damage to biologic membranes.
Selenium is a cofactor in several enzyme systems
in the body, but much of the pathology associated
with selenium deficiency is caused by an impairment
of the enzyme glutathione peroxidase. This enzyme
protects cell membranes against destruction by these
endogenous peroxides by converting them to relatively
benign hydroxy fatty acids. The lipid-soluble vitamin E
molecule acts as a free radical scavenger within the
cell membrane. High concentrations of dietary fat can
overwhelm the vitamin E protection system.6 Selenium
and vitamin E act as antioxidants by separate mechanisms; diets that are deficient in selenium or vitamin E
permit oxidative damage, which leads to muscle degeneration. The deficiency of these two nutrients results
in a buildup of free radicals and results in subsequent
damage. Muscles with high metabolic activity are most
susceptible (e.g., heart, diaphragm). This syndrome and
other selenium-responsive diseases most commonly
are encountered in young growing lambs, particularly
those 2 to 4 months of age.3,7 Selenium deficiency
also may impair the body’s immune system. In cattle
and possibly in sheep and goats, deficient selenium
intake can result in reduced neutrophilic response, a
higher incidence of mastitis and metritis, and poor
overall body condition. Because of their compromised
immune systems, many of these lambs are more susceptible to other contagious diseases. Sheep consuming
selenium-deficient diets produce low wool yields and
may have an increased incidence of periodontal disease.
These clinical manifestations are those seen in deficient
adults; growing lambs and kids exhibit NMD.

Clinical Signs
Two syndromes of NMD are classically described: an
acute to peracute cardiac form and the more common
subacute skeletal muscle form. Animals with involvement of cardiac muscle show acute signs that include
recumbency, respiratory distress, and death. Respiratory signs include tachypnea and frothy nasal discharge
resulting from pulmonary edema. Tachycardia is common, sometimes accompanied by a heart murmur.
Animals often are alert, and their struggles to arise may
be interpreted as seizures. A history of collapse after
exercise is typical (see Chapter 17). Considerations in
the differential diagnosis include toxicities, fulminant
infectious diseases, pneumonia, and neurologic disease
such as polioencephalomalacia or tetanus.
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Animals with skeletal muscle degeneration have a
different appearance. These animals have a stiff gait
and tremble while standing. Many prefer to remain in
sternal recumbency. The muscles may feel firm to palpation. Disease manifestations described in this form
of NMD include hunched appearance, stiff gait, and
overall poor production.3 Lambs and kids continue to
weaken and eventually become unable to nurse.7 Many
young animals have aspiration pneumonia resulting
from dysfunction of the glottis. Some adult animals
continue to eat, but others are dysphagic because of
involvement of the tongue. Skeletal and cardiac muscle
disease may occur concurrently. Careful assessment of
flock history and a through physical examination are
required to determine the underlying cause of the pneumonia. Other diseases that may appear similar include
enzootic ataxia, polyarthritis, and nutritional osteodystrophy. Vitamin E–associated NMD is encountered
most commonly in lambs and yearling ewe lambs.3

selenium is located inside the red blood cell and was
placed there when the cell was manufactured. Vitamin E
status can be assessed by measuring serum tocopherol.
Some specialized laboratories offer a vitamin E assay.
This chapter does not provide guidelines for adequate
or deficient concentrations because of the variance in
techniques and assays among laboratories. Instead, the
clinician should inquire about normal values from the
laboratory where samples are assayed.
At necropsy, affected muscles are friable and contain
pale streaks that correspond with regions of degeneration and mineralization. The distribution is bilaterally symmetric. Similar changes are seen in the
myocardium if animals had cardiac involvement. Histopathologic examination of muscle shows hyaline
degeneration, necrosis, and mineralization. Chronic
infections (caused by depressed immune function) and
aspiration pneumonia (resulting from compromised
glottis-closing ability) also may be encountered.1-3

Diagnosis

Treatment

Elevated creatine kinase (CK) is a good indicator of
subclinical NMD.3 Marked elevations in CK (10 to
50 times) can occur in NMD. CK has a short half-life
(2 to 4 hours), so elevations indicate recent or ongoing muscle damage. CK levels return to normal as the
animal recovers. AST also is elevated with muscle injury;
however, this marker is not specific to muscle disease—
hepatic disease also may cause elevations in AST. AST
has a longer half-life than CK, and concentrations are
elevated for several days after an episode of NMD.
Elevations in CK and AST are not specific for NMD,
and these enzymes may be elevated in any recumbent
animal. However, CK and AST generally occur in much
higher serum concentrations in the presence of primary
muscle disease such as NMD.
Selenium deficiency can be confirmed by measuring
selenium levels in whole blood or tissues. For investigation of flock problems, blood should be collected for
selenium analysis in 10% of the flock or at least 7 to
10 ewes or lambs.3 Erythrocyte glutathione peroxidase
concentrations are highly correlated with selenium
concentration, and determination of activity of this
enzyme is a useful diagnostic test. Samples for assay
of glutathione peroxidase must be handled with care,
however, and many diagnostic laboratories do not offer
the test. Testing for serum selenium levels may be of
value for flock assays if the diet has been maintained for
weeks to months. It is of questionable value in assessing individual animals, particularly those that have
experienced any dietary changes. Obviously, most sick
animals have undergone a diet change, and many have
anorexia. Evaluating whole blood selenium is the easiest and most reliable test. Selenium concentrations in
whole blood reflect the selenium level of the diet over
the life of a red blood cell.8 More than 95% of blood

One injection of a vitamin E or selenium preparation
should result in improvement within a few days. The
treatment can be repeated in 24 hours. Following the
label doses of some commercial products will provide
adequate selenium but very little vitamin E, and supplementation may be required. If other animals show
clinical signs, they also should be treated. The clinician
or keeper should avoid exposing the animals to stress
or exertion during treatment. Most animals respond
to treatment; however, those with cardiac involvement
have a poor recovery rate.

Prevention
NMD can be prevented by supplementing the diet of
susceptible animals with selenium and vitamin E. Supplementation of pregnant animals will help reduce disease in newborns, because selenium is transferred across
the placenta and also is present in colostrum and milk.
Clinicians and keepers should pay careful attention to
the proper dosage of selenium to prevent toxicosis in
the animals and should adhere to withdrawal periods
to limit concentrations in tissues at slaughter. Pasture,
hay, and any grain supplements should be assayed to
determine the amount of selenium to be added to a
supplemental pellet, grain, or mineral mixture.
Selenium and vitamin E supplementation can take
many forms. The dietary concentration of selenium
should be more than 0.1 to 0.3 mg/kg.1,7 Feed supplementation commonly is recommended. In some circumstances, higher levels of selenium are necessary
to prevent NMD in lambs. Dietary supplementation
appears to be the least expensive, most efficient method
of ensuring selenium adequacy. Current regulations in
the United States limit selenium supplementation for
sheep to 0.7 mg/head/day or 90 ppm in the mineral
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mixture for free-choice feeding.3 Although the use of
free-choice mineral supplementation is an excellent
mode of selenium supplementation, formulating a
complete diet or providing a dietary supplement of
0.2 ppm of selenium will ensure more consistent mineral intake.7 Fresh legumes and grasses are good sources
of vitamin E.9 Silage, oil seeds, cereal grains, and dry
hays tend to be poor sources of vitamin E.5 Therefore
diets high in grain content should be supplemented
with vitamin E.
Alternatively, selenium and vitamin E can be incorporated in mineral mixes that are fed free choice to
pregnant and lactating ewes. If feedstuffs contain oxidizing agents (e.g., copper, iron), fats, or a high content
of disulfide bonds (onions), vitamin E potency may
be reduced, with resultant deficiency.3 Whenever these
dietary factors are encountered, supplemental vitamin E
is indicated. Diets high in corn also may be associated
with vitamin E deficiency, because a lowered rumen pH
reduces vitamin E activity. This condition can be clinically significant in the young, growing lamb or kid.
If it is not practical to supplement the diet, monthly
injections of a commercial vitamin E–selenium selenite
compound may be useful; the injections may need to
be repeated more often in lambs.1 Injecting the dam
30 days before birth can help prevent NMD.3,7 Injecting lambs with selenium–vitamin E preparations at
tail docking (1 mg selenium) and again at weaning
(2 mg selenium) may be protective on some farms. In
addition to injected supplements, another source of
vitamin E should be provided because the amount in
commercially available injectable compounds is too
low to prevent disease in deficient animals. Access to
pasture or good-quality forage should provide adequate
levels of vitamin E.
Other options for selenium supplementation are
practiced in some regions. A slow-release formulation
of selenite can be given by subcutaneous injection.
A dose of 1 mg/kg selenium given to ewes 3 weeks
before lambing protects lambs for as long as 12 weeks
after birth. An intraruminal selenium pellet also is available for sheep. Top-dressing of pasture with sodium selenite at a dose of 10 g selenium/hectare is practiced in
some countries. This method is safe and prevents NMD
for at least 12 months.1 When lambs are bottle-fed, the
keeper should ensure an intake of adequate vitamin E
in the milk replacer. (See Chapter 2)

Rickets and Osteomalacia
Rickets is a disease of young animals caused by a failure
of proper cartilage mineralization. Vitamin D deficiency
is the most common cause, but rickets may occur as
a result of deficiencies in phosphorus and calcium as
well. In older animals, the same deficiencies result
in abnormal mineralization of osteoid, a condition
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known as osteomalacia. An inherited form of rickets has
been reported in Corriedale sheep in New Zealand.10
Rickets occurs mostly in rapidly growing animals
that have low vitamin D levels because of limited sun
exposure. Animals housed indoors, those fed green
(uncured) forage, and those living at high latitudes in
winter are most prone. Animals that consume a diet
low in calcium or phosphorus occasionally develop
rickets. Ingestion of some poisonous plants, particularly
those containing oxalates (which bind calcium in the
intestine); chronic lead, fluoride, or aluminum toxicity;
and chronic parasitism can all produce or add to the
pathogenesis of rickets.6

Pathogenesis
The primary problem is failure of mineralization of
cartilage and osteoid, which leads to persistence of cartilage and irregular osteoid deposition.4 Radiographs will
show irregular osteochondral junctions and widened
physes. The metaphyses at the costochondral junctions
are noticeably affected. In the long bones, the persistent
soft tissue in the physis is deformed by weight bearing.
In the diaphysis, osteoid is not properly mineralized.11
Long-haired or woolly animals raised in latitudes closer
to the earth’s poles, those raised indoors, and those fed
milk replacers with inadequate vitamin D concentrations may be particularly deficient in vitamin D and
thus predisposed to NMD. Twin lambs may be more
susceptible to disease in the neonatal period.12

Clinical Signs
Affected animals usually are less than 1 year old and
exhibit a stiff gait, shifting legs, lameness, and recumbency. Joints and bones of the distal aspects of the limbs
may be enlarged, and enlargements of the ribs at the
costochondral junctions (“rachitic rosary”) frequently
are seen. Limbs are frequently deformed and may
be bowed. Teeth may be mottled and their eruption
delayed. Animals may be thin because of failure to graze
adequate forage.8 Considerations in the differential
diagnosis include NMD and infectious arthritis.

Diagnosis
The blood chemistry panel shows elevations in alkaline
phosphatase greater than those seen in normally growing animals. Plasma concentrations of calcium and
phosphorus may be low. Serum vitamin D is low but
usually is within normal ranges. Radiographic changes
include widened growth plates, bowing of long bones,
and thinned cortices.11 Radiographic examination of
adult animals with osteomalacia will reveal porous bone.
Postmortem examination reveals thickening of growth
plates and epiphyseal enlargement of long bones. Rib
fractures often are apparent. Normal bone contains an
ash–to–organic matter ratio of 3:2, whereas the ratio in
rachitic bone is 1:2 to 1:3.
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Careful investigation of feed content and access to
sunlight and determination of vitamin D, calcium, and
phosphorus levels will aid in determining the underlying cause of rickets.

Treatment
Vitamin D3 injections (10,000 to 30,000 IU/kg) may
be beneficial if dietary supplementation of calcium
and phosphorus occurs concurrently.13 Recovered animals frequently maintain a short stature with limb
deformities.

Prevention
Rickets and osteomalacia can be managed by providing
access to sunlight and properly cured forage. Dietary
calcium and phosphorus levels should be adjusted if
they are low, and a calcium-to-phosphorus ratio of
1:1 to 2:1 should be maintained. Any potentially toxic
substances or plants should be removed from the diet.

Osteodystrophia Fibrosa
Osteodystrophia fibrosa is a metabolic disease of goats
and sheep in which bone mineral is resorbed as a result
of prolonged hypersecretion of parathyroid hormone.
High phosphorus or low calcium levels in the diet
frequently contribute to osteodystrophia fibrosa. Clinically, this disease is similar to rickets.
Osteodystrophia fibrosa most commonly is seen
in animals consuming a high-phosphorus diet. Diets
with a high proportion of bran or other cereal grains
are often associated with this disease. Cereal grains
have an inappropriate calcium-to-phosphorus ratio,
and much of the phosphorus in cereal grains is in the
form of phytic acid. High phytic acid content can further depress calcium absorption from the intestine. The
dietary calcium–to–phosphorus ratio should be maintained at 1:1 to 2:1. Many cereal grains or byproduct
feeds (bran) have a ratio of 1:6 or greater.

Pathogenesis
Primary hyperparathyroidism caused by hyperplasia or
neoplasia of the parathyroid gland is extremely rare.
Most cases of hyperparathyroidism are sequelae of
nutritional or metabolic conditions that produce hypocalcemia. Diets with low levels of calcium, high levels
of phosphorus, or deficient amounts of vitamin D may
result in hyperparathyroidism; frequently more than
one factor is present. Parathyroid hormone stimulates
vitamin D production, which in turn induces resorption
of bone in the animal to maintain calcium homeostasis.
Renal failure also may result in hyperparathyroidism,
but this manifestation is uncommon in sheep and
goats. All of the bones of the body are affected, but the
bones of the face and mandible are most obviously
abnormal.

Clinical Signs
Bilateral enlargement of the mandible typically is the
most obvious sign. The mandible feels soft, and the
affected animal may not be able to open its mouth
properly. Lameness and stiffness often are observed as
a result of pathologic fractures. Affected animals frequently are thin because of decreased food intake.

Diagnosis
Radiographs show enlargement of the mandible,
decreased bone density, and rotation of the cheek teeth
with the occlusal surfaces pointed lingually. Fractures of
other bones may be apparent.14 Laboratory results may
show low calcium or high phosphorus levels, but these
tests often fall within the normal range. Postmortem
examination shows the mandible to be quite soft and
malleable, and histopathologic examination shows a
lack of bone mineralization and replacement of bone
by an extensive fibrous matrix.
Caseous lymphadenitis commonly causes enlargement of the mandibular region as a result of abscess
formation in the submandibular and retropharyngeal
lymph nodes. Palpation and radiographs should aid in
distinguishing between this inflammatory disorder and
osteodystrophia fibrosa.

Treatment
Animals may recover if placed on a diet with a calciumto-phosphorus ratio of 1:1 or 2:1. The enlarged mandible may not improve. Formulation of a ration that
ensures a calcium-to-phosphorus ratio of 1:1 or greater
should prevent nutritional hyperparathyroidism and
osteodystrophia fibrosa. (See Chapter 2)

Epiphysitis
Epiphysitis is a condition of rapidly growing animals in
which improper ossification of the physes occurs. The
etiology is complex, with both genetic and dietary factors believed to play roles. It is seen in young rams being
fed to maximize growth and is associated with pregnancy in approximately 1% of yearling dairy does.15

Clinical Signs
Clinical signs reported in a pregnant yearling Nubian
doe included insidious onset of lameness progressing to
recumbency. Enlargement of the carpi, tarsi, and fetlock
joints also was observed, as was angular limb deformity.
Radiographs revealed delayed maturation of cartilage
and overgrowth of new bone. The animal’s gait improved
shortly after parturition, but a degree of limb deformity
resulting from premature closure of a portion of the
physes remained. The cause was attributed to trauma
to the physes from the increased weight associated with
advanced pregnancy.16 After noting epiphysitis in animals, the clinician or keeper should examine the diet
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to assess the adequacy of copper and maintain a proper
calcium-to-phosphorus ratio of 4:1 to 6:1. Adequate
calcium, phosphorus, protein, and energy all should be
maintained. Proper hoof trimming, the provision of pain
relief (with NSAIDs), and the removal of animals from
hard surfaces all may be of benefit.17 (See Chapter 2)

Osteochondrosis
Osteochondrosis is a disease of abnormal endochondral ossification. It is common in pigs and chickens and
occurs in most domestic animals, but reports are rare
in small ruminants. Osteochondrosis was observed in a
Suffolk flock,18 and it should be considered in the differential diagnosis for lameness or swelling in animals
that have been fed diets high in grain to produce rapid
weight gain. Radiographs of limbs from affected and/or
symptomatic animals reveal osteochondrosis lesions,
as described in other domestic species (See Chapter 2).
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Selenium poisoning also occurs when incorrect doses
of selenium are administered to flocks in an attempt to
prevent NMD.4
Organic selenium compounds (i.e., those found in
plants) are considered more toxic than inorganic compounds such as selenite and selenium dioxide. This reported
difference does not always correlate with clinical disease.1

Pathogenesis
Selenium concentrates in the kidney, liver, and keratinized tissue and has a dystrophic effect on skeletal
muscle. In toxic concentrations, selenium may displace
sulfur in some of the amino acids (methionine, cystine), preventing them from forming disulfide bonds
and thereby weakening keratin formation. Hoof material contains high concentrations of methionine and
cystine. The mechanism of toxicity has not been determined, but selenium also may interfere with the function of certain enzymes. A high-protein diet is protective
against selenium toxicosis in sheep.1

Clinical Signs
Acute poisoning may result in dyspnea, tachycardia, fever,
depression, and death. White or blood-tinged froth often
is observed at the nostrils and mouth.4 Signs of chronic
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toxicity include poor hair coat, alopecia, ill thrift, abnormal appetite, respiratory failure, and lameness. Hoof
lesions affecting all feet are seen and include edema of the
coronary bands and deformity or separation of hooves. In
neonates, hoof abnormalities may be apparent at birth.

ergotamine, ergotoxine, and ergometrine, include constriction of arterioles and endothelial damage leading
to gangrene of the extremities.

Clinical Signs

Diagnosis is based on identifying toxic levels of selenium
in the animal. Selenium levels in blood, urine, and hair
all are elevated. Anemia and low hemoglobin levels are
characteristic of chronic selenium poisoning. Necropsy
findings in chronic selenium poisoning include myopathy of skeletal and cardiac muscle and hoof and hair
coat abnormalities as described previously. Lesions in
many other organs also have been described.

Clinical signs of ergotism include swelling, coolness,
and hair loss followed by drying and discoloration of
the skin of the distal limbs, tail, and ears. A distinct
demarcation between normal and gangrenous skin is
observed, and affected tissue may slough. Lameness is
evident, and animals may remain recumbent. Clinical
signs reported in goats include lameness, most often in
the hind limbs, with separation of the hoof in the most
severe cases.6 Ulceration of the oral, ruminal, and intestinal mucosa has been reported in sheep.1

Treatment

Diagnosis

No specific treatment is effective. If possible, the source
of excess selenium should be removed.

Feed samples should be analyzed for ergot or similar
compounds. A primary consideration in the differential
diagnosis is thrombosis secondary to sepsis or trauma.

Diagnosis

Prevention
Selenium supplementation should be carefully monitored to ensure safe dosage. In regions with seleniferous soils, supplemental forage can be provided to
reduce consumption of selenium-containing plants and
increase dietary protein. Rich sources of sulfur-containing amino acids (soybean meal) in the diet are partially
protective. Alternate grazing of areas with plants that
do not accumulate toxic concentrations of selenium is
another option. The addition of 0.01% arsanilic acid or
20 ppm copper to the ration also may be preventive, but
these substances are potentially toxic.

Ergot Toxicosis
Ergot toxicity results from ingestion of alkaloid compounds produced by the fungus Claviceps purpurea. This
fungus infects cereals and grasses, most commonly rye,
wheat, and oats. The seeds of the plants turn dark as
they are filled with the fungal sclerotia, and this grossly
visible structure is referred to as an ergot. C. purpurea is
the fungal species most frequently linked with ergotism, but Neotyphodium (Acremonium) coenophialum may
cause a similar syndrome.1
This toxicosis occurs in animals grazing ergot-infested
pasture or eating grain or hay made from such plants.
It is fairly common in cattle, but reports in sheep and
goats are rare. In one report of goats and sheep cograzing a fescue pasture, only goat kids were affected.5
The condition usually occurs after a warm wet season,
leading to conditions that favor growth of the fungus.

Pathogenesis
Ergots contain alkaloid compounds and other pharmacologically active compounds known as ergotoxins.
The effects of this group of toxins, which includes

Treatment
No specific treatment exists for ergot toxicity. Affected
animals should be removed from the source of toxin.

Prevention
Feed should contain less than 0.1% infected seedheads.1 Pastures with severe ergot infestations should
not be used for grazing or hay.

Fluorosis (Fluorine Poisoning)
Chronic fluorine poisoning (fluorosis) occurs after the
ingestion of toxic amounts of fluorine compounds
by feed or water. The severity of disease depends on
the fluorine compound ingested. Sodium fluoride is
more toxic than rock phosphate; calcium fluoride and
sodium fluorosilicate are much less toxic. Sheep and
goats are reported to be less susceptible than cattle.6
Fluorine occurs naturally in rocks, usually in association with phosphate. Soils derived from these rocks
and water that percolates through these rock formations may contain high levels of fluorine. Other
sources of fluorine include industrial contamination
(as far as 14 km downwind), deep water wells, volcanic ash, and phosphatic supplements given to combat
hypophosphatemia.1

Pathogenesis
The mechanism of fluorine toxicity has not been determined. Excess fluorine is deposited in bones and teeth.
Bony lesions may develop at any time in the animal,
but dental lesions occur only if fluorine levels are high
during the formation of the teeth. Urinary excretion
of fluorine, accompanied by calcium and phosphorus,
leads to mobilization of calcium and phosphorus, with
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resultant osteomalacia and osteoporosis. Many other
sites, including the bone marrow, undergo degenerative
changes.1

Clinical Signs
Acute fluorine toxicity is marked by gastrointestinal
signs, tetany, and death. Chronic ingestion leads to
decreased feed consumption and unthriftiness. Dental
lesions, which consist of surface pitting and increased
wear caused by improper enamel formation, are the first
to appear, although initially they may not be noticed.
With time, rapid wear and tooth breakage occurs, leading to impaired mastication.7,8
Signs of osteofluorosis include ill thrift, stiffness,
and lameness that is most prominent in the hindlimbs.
Pathologic fractures, often of the third phalanx (P3),
may occur in several animals in the group. The affected
bones are painful to palpation and may be enlarged.1
Considerations in the differential diagnosis include
other causes of lameness on a herd or flock basis,
including hypophosphatemia, vitamin D deficiency,
selenium toxicity, and selenium deficiency.

Diagnosis
Serum fluorine levels often are elevated in toxicosis (the
normal level for cattle is 0.2 mg/dL), but normal levels
do not rule out toxicity, because of the storage of fluorine in bone. Urinary fluorine often is elevated (16 to 68
mg/kg is normal for cattle). Serum alkaline phosphatase
levels usually are elevated.1,7
Radiographic abnormalities include increased bone
density, enlarged bones, narrowing of the marrow cavity, and spontaneous fractures that heal poorly.
Postmortem examination reveals chalky, brittle
bones with diaphyseal exostoses. Histopathologic
examination shows abnormal calcification of bone.
Hypoplasia of enamel is observed in animals with
dental disease. Degenerative changes in many tissues,
including bone marrow, are observed. The fluorine
content of bones can be measured to confirm the diagnosis. The mandible and the metacarpals and metatarsals are considered the most reliable sources of bone
for fluorine assay.1

Treatment
Keepers should remove animals from the source of
fluorine. Cases of acute toxicity can be treated with
aluminum salts (to neutralize hydrofluoric acid in
the stomach) and intravenous calcium salts to control
tetany. Dental and bone lesions do not usually improve.
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Animals should be fed good-quality hay. The addition
of calcium carbonate or aluminum sulfate to the diet
at 1% of the dry matter intake may be beneficial in
decreasing bone flouride content.

Prevention
Phosphate feed supplements for cattle should not contain more than 0.2% to 0.3% fluorine. The phosphorusto-fluoride ratio should be maintained at greater than
100:1. Rock phosphate can be a source of fluorine, and
deep water wells should be assayed for fluorine levels
before use. Careful management of grassland and water
in high-fluorine areas may reduce herd or flock losses
caused by fluorine toxicosis.9 Some guidelines recommend feeding aluminum salts to bind fluorine and
reduce accumulation in tissue, but these compounds
are unpalatable.1

Plant Toxicity
A myopathy of skeletal muscle marked by stiff gait
and recumbency was reported to develop in Australian sheep kept on pasture that included lupine
stubble infested with the fungus Phomopsis (specifically,
the anamorph Diaporthe toxica).10 Ingestion of Cassia
roemeriana (twin-leaf senna) is believed to cause a similar syndrome in cattle and sheep in Texas, New Mexico,
and Mexico.11
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NEOPLASIA
Neoplasia of the musculoskeletal system is extremely
rare in sheep and goats. A study of 673 ovine neoplasms submitted to a veterinary laboratory in South
Africa revealed that 21 of them were of connective tissue
origin. Types of tumors included chondroma, chondrosarcoma, fibroma, fibrosarcoma, osteoma, rhabdomyosarcoma, leiomyoma, and fibrolipoma.1
Osteosarcoma and pathologic fracture developed
in a 9-year-old Toggenburg goat 4 years after a comminuted humeral fracture had been repaired with an
intramedullary pin. The animal also was reported to
have pulmonary nodules, but these were not examined
histologically.2 Osteoma of the frontal bone with compromise of the nasal cavity was reported in a sheep.3
Mandibular osteoma was diagnosed in a 10-year-old
Toggenburg cross, and osteochondrosarcoma involving a
rib and the sternum of a goat also has been described.2,4

TAIL DOCKING
Tail removal or “docking” usually is performed during
the first 2 weeks of life.1,2 Some lambs sold in niche markets do not have their tails docked, and in some breeds
(e.g., Karakul), the tail should be left long, because the
fat at the base of the tail is considered a prized commodity. Still, in most environments in which lambs are
kept, long tails can become soiled with loose stool or
diarrhea (as a result of high-grain diets, lush pasture, or
internal parasites), leading to flystrike or infestation of
the wool with maggots. Furthermore, presence of long
tails in females appears to depress normal reproductive
performance. For these and other reasons, tails usually
are removed. If the lamb is less than 24 hours old, the
stress associated with tail removal may decrease absorption of colostral antibodies, resulting in the diseases
associated with failure or partial failure of passive transfer. In general, therefore, lambs should be 2 to 3 days to
2 weeks old at docking. A regimen associated with good
results in clinical practice (of D.G. Pugh) is to dock tails
at 3 days on alert, healthy animals that are being cared
for by their dams. The docking can take place after the
lambs and their dams are moved to a single-family unit
(jug) or holding area. Placing the new lamb and its dam
together helps prevents the ewe from wandering off or
abandoning the lamb after the procedure. Anesthesia is
seldom required, with the obvious exception of adult or
pet animals (on the owner’s request). If anesthesia is to
be used, either a sedative or a caudal epidural and ring
block will suffice.1 Some studies suggest that a tail ring
block of a local anesthetic can reduce the stress associated with tail removal.3 Still, Hooper1 has suggested,

A diagnosis of neoplasia is based ultimately on histopathologic analysis. Bony enlargement, lameness, and
radiographic evidence of lysis or proliferation may suggest a diagnosis of neoplasia, especially in an older animal. Successful treatment of connective tissue tumors
has not been reported.
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and we agree, that the neonatal lamb responds as much
or possibly more to the injection of a local anesthetic
as to the surgical removal of the tail without anesthesia.
The tail should be left long enough to cover the
anus and may be extended to the dorsal aspect of the
vulva on females.2 The woolless distal attachment of
the paired caudal skinfolds on the ventral tail surface
provide a good landmark for the site of tail removal.
Many owners of show or club lambs prefer to remove
the tail as close to the body as possible. However, docking too close to the sacrum may result in an increased
incidence of rectal and possibly vaginal prolapse.1 The
tail can be crushed, cut, or cauterized or removed using
a combination of these methods.2 Equipment used for
tail removal includes an emasculator, an emasculatome,
a hot chisel, a knife, and elastrator bands.
For the docking procedure, tails should first be
cleaned of dirt and feces. The lamb should be manually restrained while the clinician determines the exact
spot of tail removal; the tail should not be excessively
stretched. Leaving some skin proximal to the point
of removal provides redundant skin to cover the spinal stump.1 Use of a cautery unit (e.g., hot chisel,
suture-heated wedge, electric wedge, electric cautery)
minimizes hemorrhage. If hemorrhage does occur,
the ventral blood vessels can be clamped and sutured
if needed. If cautery units are used and the wool is
burned, some ewes may reject the lambs.1 Removing
wool over the docking site before the procedure and
gently washing or cleansing the tail after removal can
minimize ewe rejection. Ewe rejection caused by cautery
docking is rare, and this method of docking is a very
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acceptable method of tail removal. Cautery equipment
should be used cautiously to avoid burning the vulva,
anus, or perineal skin. Regardless of the method, in
the absence of complications the tail stump will heal
within 2 weeks. Tetanus toxoid or antitoxin should
be routinely administered on farms where tetanus is a
problem; it also can be provided for all docked animals.
If an elastrator or rubber band is used, the tail
sloughs because of ischemic necrosis. This procedure is
controversial, and elastrator band use should always be
accompanied by tetanus prophylaxis.
The tail of an adult sheep can be removed as it would
be in other animals. The animal can be placed under
general anesthesia or sedated, restrained, and given an
epidural or ring block with local anesthetic. The surgical
area is clipped and aseptically prepared, and the site for
tail excision is determined. The clinician then makes a

GENERAL HOOF CARE
Most lameness in small ruminants is associated with a
pathologic condition of the foot. Surveys have found
that the incidence of foot disorders ranges from approximately 10% to 19%.1,2 Hoof overgrowth is one of the
most common foot disorders (Figure 11-8). Many foot
disorders can be attributed to environmental, nutritional, and anatomic factors, but some can be prevented
by proper trimming and management. With increased
nutritional intake, and particularly with enhanced protein intake, hooves tend to grow more rapidly.
The hooves of small ruminants have fewer problems
in a dry environment. The incidence of hoof disorders is
higher in seasons of more precipitation and when housing is allowed to become humid, wet, or muddy. Fewer
problems are seen when the animal can move about
on hard, dry surfaces. Most sheep and goats require
hoof trimming for overgrowth resulting from lack of
adequate exercise on a hard, dry surface, which will
wear down hoof material naturally; for management
of chronic laminitis; or for excessive and rapid hoof
growth related to intensive feeding practices designed
to increase production. Some herds may require hoof
trimming every 6 weeks to 2 months to minimize the
incidence of foot disorders. Hooves usually can be
trimmed adequately with shears, although a hoof knife
also may be useful.1
During trimming, some goats will stand, others need
to be “sat” on their rumps, and others can be placed in
a stanchion. Some practitioners prefer to trim the feet
of sheep with the animal restrained in a tilt chute. Our
own preference for hoof trimming in sheep is to “sit”
the animal on its rump; in goats, trimming is easier if
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wedge-shaped skin incision distal to the intervertebral
space where the tail is to be removed. This approach
leaves enough skin to suture over the stump.1 The clinician cuts the tail between the vertebrae, removes the
tail, and closes the skin. If excessive hemorrhage occurs,
the vessels can be cauterized or sutured with absorbable material. The animal can be placed on a broadspectrum antibiotic and given tetanus prophylaxis.
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the animal stands with the operator working from a
position to its side (Figure 11-9). If an animal is allowed
to stand, it should be tied, so that it can be secured
between the operator and a wall for the trimming procedure.1 Regardless of the method, complete restraint is
crucial to proper hoof care.
The clinician or keeper should shape the foot to
match the angle of the coronary band while trimming
the toe wall and sole. Dirt that has become packed into
the toe should be cleaned out so that the operator can
determine the amount of toe horn to be removed. After
trimming, the hoof wall and the coronary band should
be almost parallel. Trimming of the lateral wall corrects

Figure 11-8 Hoof overgrowth in a 4-year-old Nigerian
Dwarf doe that spent the winter in a barn with limited exercise. The long wall has rolled under the foot.
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Figure 11-9 Hoof trimming in the doe shown in F igure
11-8, with the animal standing and the foot picked up. The
rolled-under lateral hoof wall can be seen on the foot being
trimmed.
many hoof problems (Figure 11-10). After trimming the
toe and lateral wall, the clinician or keeper should cut
the inner wall shorter than the outer wall. The rubbery
heel should be cut if it is excessively long or overgrown.
The outer hoof wall should be left slightly longer than
any other hoof structure, because it is a weight-bearing
surface. If the hoof is improperly trimmed, the sheep
or goat may walk on the toe or side of the foot or on
the heel with the toe pointing up. A common cause of
foot problems is an inward-turning outer wall, which
produces areas that accumulate debris and become
infected. The inner wall occasionally may overgrow
toward the interdigital cleft, predisposing the animal
to interdigital disease. The foot will be better balanced
if the operator removes the toe curl by trimming the
solar surface of the hoof and keeping it level, rather
than ”dubbing” or shortening the toe. In sheep and
goat flocks kept on soft pastures or paddocks, placing
feeders on rough surfaces helps decrease the amount of
trimming needed. Building or stacking rough material
(cement or concrete blocks) for goats to play on also
may help minimize the need for frequent trimming.
Feeding affects hoof condition and growth. Animals
being overfed energy and protein and living on soft
ground may be more prone to the development of some
abnormalities. As a general rule, a well-balanced feeding program with a free-choice mineral salt supplement
consisting of calcium, phosphorus, and trace minerals
is all that is required. However, some feeding programs
may enhance hoof growth and health and are useful in
special circumstances.
In other ruminants (cattle), diets that change normal
rumen function by increasing the fermentation rate
negatively affect hoof health.3 Specifically, the ingestion of high-energy feeds coupled with inadequate fiber

Figure 11-10 A view of the solar surface of the foot, with
one toe trimmed and an overgrown hoof wall in the other.

intake can result in suboptimal hoof health. In rations
in which concentrates and roughage are fed separately,
the concentrated portion of the diet should be divided
into two or more equal feedings each day. This regimen
not only promotes overall health but also may help
reduce the microflora changes that alter normal rumen
fermentation and predispose animals to founder. Forage should always make up more than 30% to 50% of
the dry matter content of the ration. Lush, young forage rarely provides enough effective fiber to optimize
rumen fermentation. The feeding of buffers, particularly
in high-concentrate diets, may help the rumen resist
digestive upsets and thereby prevent subsequent hoof
disease. Abnormal rapid hoof growth can occur when
abnormal rumen fermentation is induced by the ingestion of lush, well-fertilized pastures.3
Hoof health also can be affected by certain vitamins and minerals. The addition of 20 mg of biotin
improves short-term healing of hoof and claw lesions
and decreases hoof disease in cattle.3 Furthermore, diets
that acidify the rumen decrease the microbial synthesis of biotin. One recommendation (of D.G.Pugh) is
to include biotin (3 to 4 mg/day) in sheep and goat
rations for animals with a history of hoof disease. Other
vitamins that play major roles in hoof health include
vitamins A and E and the vitamin A precursor betacarotene. Adequate dietary vitamin A and beta-carotene
are needed for normal cell replication, epithelial repair,
and immune function. Vitamin E maintains cellular
integrity and normal immune function. Diets should be
fortified with both of these nutrients if hoof problems
occur and in cases in which production practices predispose to hoof disease (see Chapter 2).
Calcium is the largest mineral component of hooves
and is required for normal hoof growth. Dietary calcium concentrations should range between 0.6% and
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0.8% of the diet, with the calcium-to-phosphorus ratio
being maintained between 1:1 and 2:1. Of the trace
minerals that appear to affect hoof growth, zinc, copper,
and, to a lesser extent, molybdenum and manganese,
are most crucial.3 Zinc is required for normal immunity,
horn tissue production, vitamin A metabolism, epithelial repair, and hoof hardness. Studies in range, dairy,
and feedlot cattle have all shown improved hoof health
and decreased lameness when zinc is added to the diet,
particularly in a chelated form (zinc methionine).3 The
use of such minerals also may be of value in improving
overall hoof health. In sheep, the administration of oral
zinc sulfate (0.5 g daily) to prevent footrot has shown
mixed results.4-6 In cases of high legume intake (high
calcium), zinc in the chelated form (zinc methionine)
may be beneficial. Copper is needed for keratin synthesis and normal immune function and as a cofactor for
many enzyme systems in the body. Copper deficiency
in the body may be primary (inadequate copper in the
diet) or conditioned by other dietary factors (excessive dietary molybdenum, sulfur, or iron). The dietary
copper-to-molybdenum ratio should be maintained at
between 4:1 and 6:1 for adequate copper availability.
Excessive nitrogen fertilization and liming of soils
may depress copper and selenium uptake by plants.
Heavily fertilized forage and roughage harvested after a
drought may be sources of nitrates, which are reduced
to nitrites by anaerobic microbial metabolism in the
rumen. Nitrites can have a direct effect on hoof growth,
resulting in abnormal horn tissue in cattle and possibly
other ruminants.3
The key to maintaining healthy hoof tissue with
respect to nutrition lies in minimizing rumen acidosis and fortifying the diet with certain nutrients (e.g.,
biotin, calcium, zinc).

DISEASES OF THE FOOT
As described earlier in the chapter, various diseases
encountered in small ruminants may affect the foot as
part of the general pathologic process. The diseases discussed in this section are specific to the foot.

Infectious Footrot
Infectious footrot is a severe, contagious disease of
sheep and, to a lesser extent, goats that leads to significant economic losses as a result of weight loss, low
fleece weight, labor and treatment costs, decreased
milk production,7 and premature culling. Many factors
contribute to the pathogenesis of the disease, but the
primary agent is the anaerobic bacterium Dichelobacter
nodosus (Bacteroides nodosus). Previous infection by
Fusobacterium necrophorum contributes to the development of footrot. The presence of both organisms in
a large percentage of cases of symptomatic footrot in
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sheep gives reason for added consideration of a specific program for management of an outbreak as well
as for quarantine of herd additions.8 Corynebacterium
(Actinomyces) pyogenes infection may increase the susceptibility of the hoof to the other two bacterial species.
One study suggested a number of spirochetes also may
be associated with both footrot in sheep and digital dermatitis in cattle.9 Many strains of D. nodosus have been
identified, and they can generally be classified as benign
or virulent. Virulent strains have a greater keratolytic
ability, which is associated with the production of a
heat-stable protease.1,2,10-12 A study of 735 D. nodusus
isolates from 247 farms in Western Australia found
181 molecular types by pulsed-field gel electrophoresis.
Three common clonal groups made up most of the isolates and also were identified in cases from other parts
of Australia. The molecular type was stable over several
years on some farms, whereas it changed within flocks
and even within feet on other farms.13
Footrot occurs worldwide wherever periods of
warmth and prolonged wetness occur. In many regions
the spring and fall are the times when transmission is
most likely. If conditions are favorable, a significant portion of the flock can be affected. All ages are susceptible,
but the severity of disease generally increases with age.
Merino sheep are most susceptible to disease, and some
breeds (e.g., Gulf Coast native) are more resistant. Some
individual animals do not become infected or have
less severe forms of the disease, and a genetic basis for
resistance is suspected.11,12 Excessive hoof growth and,
anecdotally, hoof color (white) may predispose animals
to the condition.4
The source of D. nodosus is the feet of infected animals, which transfer the organism to the soil, where
it contacts the feet of other sheep.11 The organism can
survive only a few days to a few weeks in the environment but can persist for years in carrier sheep and goats.
New infections usually are preceded by the introduction
of new animals or exposure to ground that has recently
been occupied by an infected flock. Management practices that allow the concentration of animals in small
areas, irrigated pastures, long grass (which may abrade
the interdigital skin), and wet or rainy conditions all
predispose to infection.4,11

Pathogenesis
Wet conditions leading to maceration of tissue encourage infection with F. necrophorum (and occasionally
A. pyogenes), which is thought to be necessary for infection by D. nodosus to occur.4 F. necrophorum produces
a mild clinical syndrome known as interdigital dermatitis in sheep that usually resolves when the ground
becomes drier.11 Interdigital dermatitis may produce
severe lameness in goats.
When sheep or goats with interdigital dermatitis are
exposed to a benign strain of D. nodosus, the soft horn
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becomes underrun, but no further pathologic change
occurs. This condition is known as benign (or nonprogressive) footrot. If sheep come into contact with a virulent
strain of D. nodosus, a much more severe disease known
as virulent footrot results.

Clinical Signs
Footrot usually affects both claws in more than one
foot. Benign footrot is characterized by inflammation
and necrosis of the interdigital tissue. The soft horn is
pale and pitted and may be separated from the skin,
but this separation does not involve the hard horn.
With benign footrot, often only one or a few animals
in a flock are affected. Virulent footrot, by contrast, is
marked by severe lameness in numerous animals in the
flock, with underrunning of the hard horn beginning
near the heel on the axial surface. In severe cases, the
entire horn may separate from the underlying tissue.
Affected areas produce a malodorous exudate. The animal may carry the affected leg, graze on the knees, or
remain recumbent. Other findings may include fever,
anorexia, and weight loss. Secondary bacterial infection
and flystrike may complicate footrot infection.
Footrot in goats generally is less severe than in sheep,
although significant lameness may develop. Interdigital
dermatitis is a more prominent sign and underrunning of the horn is a less prominent sign than in sheep
infected with the same virulent strain of D. nodosus.10,14

Diagnosis
The diagnosis of virulent footrot usually is based on
the clinical presentation of interdigital dermatitis and
lameness in numerous flock members (virulent footrot). Gram’s stain of the interdigital exudate may show
the large, curved, gram-negative, barbell-shaped rods
characteristic of D. nodosus; however, these organisms
may not always be isolated because of their special
growth requirements.15 Several tests may be performed
to differentiate between benign and virulent strains.11
Serologic testing may aid in identifying carrier animals.
Antibody levels are elevated for only a short time and
are not always accurate. Vaccination may confound the
interpretation of the antibody tests. Footrot is the most
common cause of lameness in sheep. Other possibilities
in the differential diagnosis include foot abscess, laminitis, bluetongue, and FMD disease.

Treatment
The mainstay of therapy for years has been proper
hoof trimming. Although trimming in the face of disease has fallen out of favor with some practitioners
because it can increase short-term lameness, others
report that appropriate trimming can produce very
high cure rates without other forms of therapy.4 Applying antibacterial agents to the foot after trimming
further improves cure rates. Topical treatments include

antibiotics (tetracycline) and antiseptics (copper sulfate,
zinc sulfate, cetrimide, or 4% to 5% formalin). If only
a few animals are affected, these agents may be applied
with a spray applicator or brush; bandaging ensures
contact of the medication with affected tissue.11
The use of foot baths is a more practical method
to treat numerous animals. As a rule, affected animals
should be separated from unaffected animals. Both
groups of animals are passed through a foot bath and
then kept in a dry place for a few hours before being
placed on separate clean pastures. If this procedure is
repeated several times, a majority of the animals will be
cured, and the rest should be culled. A prolonged soaking time (1 hour) may be more effective than brief passes
through the foot bath, even when soaking is restricted to
once every 10 days.16 Copper sulfate (5%), zinc sulfate
(10%), and formalin (5%) all have been used in foot
baths and seem to have similar efficacy. Zinc sulfate is preferred because it is less hazardous and causes less discomfort than formalin, does not stain the wool, and carries
a reduced risk of toxicity compared with copper sulfate.17
An anionic surfactant, sodium lauryl sulfate, appears
to enhance penetration of the zinc sulfate solution.11,16
Dry foot baths (85% powdered limestone, 15% zinc
sulfate) also may be beneficial. In designing the foot
bath system, the clinician should remember that sheep
are capable of jumping long distances and that goats
can walk on the thin edge of a small plank. Foot bath
receptacles should therefore have solid sides and be at
least 21⁄2 to 3 m long. Regardless of the type of foot bath
used, trimming the hoofs before the therapy greatly
enhances its effectiveness.
Several systemic antibiotics have been shown to be
effective in the treatment of footrot. Penicillin (20,000
to 30,000 IU/kg IM twice a day), long-acting oxytetracycline (20 mg/kg SC every 72 hours), erythromycin (3 to
5 mg/kg IM twice a day), lincomycin, spectinomycin,
and florfenicol (20 mg/kg IM every 48 hours) have been
used successfully, especially when conditions are dry.
These treatments are not approved in all countries.18,19
Sheep with footrot had a quicker resolution of clinical
signs when supplemented with selenium than control
sheep treated with saline. Whole blood selenium levels
were higher in the clinically normal sheep at the beginning of the study than in the sheep with clinical signs.20
A randomized study of treatment of footrot in sheep
looking at time to resolution of foot lesions and lameness showed no difference with use of NSAIDs, whereas
parenteral antibiotics shortened recovery time, and foot
trimming soon after diagnosis prolonged the time to
resolution of lesions and lameness. It has been suggested, therefore, that use of parenteral antibiotics and
omission of foot trimming in animals with clinical
disease should shorten the time to resolution of clinical signs in sheep with footrot.21 Footrot in sheep can
be controlled to a degree by antibiotic use. Routine
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trimming of both diseased and normal feet may exacerbate the clinical disease either through environmental
contamination or an increased susceptibility to disease
in recently trimmed feet.22
Vaccination has been shown to shorten the course of
disease in flocks. However, a significant number of injection reactions have been reported.11 Although the decision
to vaccinate during an outbreak must be carefully considered, the use of currently available serogroup-specific
monovalent or bivalent vaccines is recommended.23

Prevention
Eradication of virulent footrot is possible but often is
difficult, especially in areas that are wet most of the
year.11 Box 11-2 presents a summary of a footrot prevention program. Treating affected animals, culling chronic
cases, and isolating new animals are the mainstays of
an eradication program. New animals should be segregated through a wet season before they are placed with a
footrot-free flock. Obviously, any animal showing signs
of footrot during quarantine should be culled.
In flocks with endemic footrot, vaccination may be
useful in reducing the number and severity of footrot
cases, but foot bathing and culling should be continued
to complement a good vaccination program targeted at
the specific serogroups isolated from diseased animals
on the farm. Several types of vaccines are available. Two
doses given at least 6 weeks apart, followed by boosters
a few weeks before the wet season, may improve effectiveness.4 Knowledge of seasonal infection patterns and
vaccination status before the predicted increase in clinical cases improves vaccination effectiveness.4 Genetic

BOX 11-2 	Footrot Prevention Program*
•	Separate infected animals, and when trimming feet,
disinfect trimming equipment between animals.
•	Move all animals through a 15% zinc sulfate foot
bath. When possible, have them stand in the foot bath
solution for 30 minutes. Foot baths should be repeated
2 to 4 times at weekly intervals.
•	Put both affected and nonaffected sheep in a previously
unused (clean) pasture or paddock.
•	Cull all severely affected animals and those not
responding to treatment.
•	Vaccinate with serogroup-specific (mono- or bivalent)
vaccines based on farm isolates 8 to 12 weeks before
the season when large numbers of footrot cases are
anticipated (the disease tends to occur at the same time
each year).
•	Selectively breed for animals that appear to be less
susceptible.
*Some or all of these procedures can be used. The main ingredient in any
protocol for footrot prevention is vigilance.
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selection for resistance to footrot should be a primary
adjunct to disease control.
Numerous exciting developments in the area of
footrot vaccination in recent years have led to vaccines and strategies that produce an enhanced immune
response and consequent better protection from disease. Administration of melatonin with footrot vaccination produced better immune response to the vaccine,24
reportedly through a positive effect on platelet function.25 Melatonin also enhanced the immune response
in animals previously vaccinated for footrot when given
after vaccination.26
Commercial footrot vaccines that contain as many
as nine fimbrial serogroups of D. nodosus will stimulate
short-lived and low antibody responses because of antigenic competition. Vaccines with one or two serogroups
will provide better responses for longer time periods.
Giving two different bivalent vaccines 3 months apart
will produce better immunity without intereference of
the serogroups with each other. This approach would
be expected to work better to eradicate footrot on farms
that are affected by disease caused by several different
strains of D. nodosus.27
One study reported the eradication of footrot from
two farms in Australia by using farm-specific monovalent whole cell vaccine in the entire flock for 1 year
and culling the few animals that did not respond.23 In
another report, an autogenous D. nodosus serogroup B
vaccine administered to an entire flock for 2 consecutive
years eradicated virulent footrot from the farm (which
had seen cases for 10 years), with no other footrot treatments given.28 Novel strains within the serogroups of
D. nodosus have been identified. Confirmation of an
association of such strains with disease could be important in attempts to use specifically targeted vaccinations
to eradicate footrot on a given farm.29

Laminitis
Laminitis (inflammation of the dermal and epidermal
laminae) is fairly common in sheep and goats. The
history often includes consumption of a highly concentrated or lush forage diet. Laminitis also may be associated with systemic illness such as pneumonia, mastitis,
and metritis; in addition, it can occur after parturition.30

Clinical Signs
Clinical signs of laminitis include lameness and warm
feet. Animals move with a stiff gait and prefer recumbency. In chronic cases, foot deformity, marked by
”turning up” of the toes, occurs. Laminitis is often
accompanied by signs of primary gastrointestinal illness
such as bloat, diarrhea, and toxemia. Considerations
in the differential diagnosis include footrot, CAE, and
nutritional conditions that produce lameness, stiff gait,
and recumbency.
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Treatment and Prevention
The mainstay of treatment is NSAID therapy, such as
with phenylbutazone (4-10 mg/kg by mouth [PO] once
a day), flunixin meglumine (1 mg/kg once daily), or
aspirin (100 mg/kg PO twice a day), as well as treatment of the primary disorder. If the inciting cause can
be corrected, many animals recover.31 The risk of laminitis can be reduced by slowly increasing the amount
of grain being fed. Preventing accidental exposure to
large amounts of concentrate, ensuring adequate forage
intake, and adding rumen buffers to the diet all will
help decrease the incidence of laminitis.

Hairy Heel Wart
Cases of unusually severe footrot in sheep in the United
Kingdom have been described in the past several years.
In affected animals, usually only one digit is involved,
but the associated severe undermining of the hoof wall
causes pain that precludes any weight bearing. Examination with darkfield microscopy of swabs taken from the
affected foot has revealed the presence of spirochetes.
The spirochetes isolated were enzymatically and biochemically similar to those found in dermal dermatitis
(hairy heel wart) cases in cattle.32 This condition may
become severe enough that amputation is the treatment
of choice. However, topical therapy with tetracycline
should be attempted before resorting to amputation.
Tetracycline can be placed in a foot bath, injected, or
painted onto the lesion.

Interdigital Fibromas
Interdigital fibromas occasionally occur in small ruminants but are much more common in cattle. This hyperplasia of the interdigital skin may not cause lameness
until the lesion is quite large or becomes infected. Some
reports speculate that predisposing factors include
obesity, footrot, and abnormal hoof conformation.18
Complete surgical excision with the animal under general anesthesia or with use of sedation and local anesthesia is the treatment of choice, although cryotherapy,
cautery, and topical caustic agents also have been used.
After surgery, the foot is bandaged. Healing may be
enhanced by securing the toes with wire to prevent
spreading and movement of the interdigital skin. Recurrence of interdigital fibromas is not uncommon.18
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Diseases of the Urinary
System
Meredyth Jones, Matt D. Miesner, A.N. Baird, and D.G. Pugh

INITIAL EVALUATION OF THE URINARY
TRACT
History
A thorough health and husbandry history is very useful
in the assessment of all animals presented for veterinary care. The most common urinary tract diseases of
sheep and goats are related to management practices,
so information about previous management will assist
with the diagnosis and may direct recommendations for
management modifications that can benefit the entire
herd or flock.
For animals with signs referable to the urinary tract,
owners should be questioned regarding dietary history,
duration and progression of clinical signs, treatments
administered, response to therapy, and the quality of the
last observed urination. For females, pregnancy status,
parturition history, and history of dystocia may provide
diagnostic direction. For males, age at castration should
be ascertained. It also is important to recognize that the
clinical problem first noticed by the owner of an animal
with urinary tract disease often is suggestive of gastrointestinal or reproductive tract disease (e.g., straining,
abdominal distention); early identification of such signs
at the time of initial consultation is therefore imperative
for prompt institution of appropriate veterinary care.

Physical Examination
Owing to the common nature of urinary tract disease, particularly in male sheep or goats, any ill animal should receive a urinary tract evaluation. This
evaluation should begin with a thorough, systematic
physical examination, to identify any signs of systemic
illness, including mental depression, dehydration, fever,
abdominal distention, and rumen hypomotility, noted
and used to localize urinary tract disease. During the
examination, the animal should be observed for urination behaviors, with classification of these as normal
micturition, dysuria, pollakiuria, or polyuria as well as
observation for urine scalding.
Palpation of the abdomen of small ruminants generally is easy to perform after determination of abdominal

contour. Palpation of the urinary bladder, ballottement, and succussion can provide characterization of
the abdominal contents. In males, the urethra can be
indirectly observed as it exits the pelvis and traces the
body wall to the external urethral orifice. Pulsations
and generalized or focal swellings along this length are
suggestive of obstruction, urethral rupture, hematoma,
or abscess. The vulvar and prepucial hairs should be
examined for the presence of grit, blood, purulent matter or urine, consistent with recent urination.
The penis should be exteriorized and the prepuce
and free portion of the penis examined. This part of
the evaluation can be accomplished in an unsedated
animal by either “sitting” it on its rump or placing
it in lateral recumbency with the upper hindlimb
pulled forward (see Chapters 1 and 8). Examination
of distressed animals may require use of local anesthesia or sedation. Sedation may be achieved by use of
acepromazine (0.05 to 0.1 mg/kg given intravenously
[IV] or intramuscularly [IM]) or diazepam (0.1 mg/kg
by slow intravenous infusion); alternatively, a lumbosacral epidural block with 2% lidocaine (1 mL/7 kg) may
be used instead of sedation to relieve discomfort and
aid in exteriorization of the penis. The use of xylazine
should be avoided in animals with potential obstruction owing to its diuretic effects,1,2 which are associated
with increased risk of urinary tract rupture if obstruction is present.

ANCILLARY DIAGNOSTIC TESTING
Complete Blood Count and Serum
Biochemistry Panel
The results of a complete blood count (CBC) and a
serum chemistry panel can provide assistance in the
diagnosis, prognosis, management, and monitoring of
diseases involving the urinary tract. Values for blood
analysis in animals with urinary tract disease, however, may be within normal limits (as established in
reference ranges), depending on disease severity and
duration. For this reason, this section focuses on interpretation of abnormalities once they are identified (see
Appendix 2, Tables 2-1 to 2-3).
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Abnormalities noted on the CBC may include anemia of chronic inflammation or renal failure, a stress
or inflammatory leukogram, and hyperfibrinogenemia.
Anemia of chronic inflammation is a nonregenerative
anemia characterized by normocytic, normochromic
red blood cells, and the anemia typically is mild to
moderate in severity.3 The pathomechanisms of this
anemia include increased concentrations of inflammatory mediators, which reduce red blood cell lifespan
and impair bone marrow function. Anemia of chronic
renal failure is also normocytic and normochromic, but
the anemia may become more severe than anemia of
chronic inflammation. The mechanism for this anemia
is decreased renal production of erythropoietin in the
kidneys.3 The long red blood cell lifespan in ruminants
(125 to 160 days)4 precludes the development of anemia in acute renal failure (ARF).
Inflammatory diseases are common in sheep and
goats, and the leukogram may reflect inflammatory
processes primarily affecting the upper urinary tract.
Most ruminants have a neutrophil-lymphocyte (N:L)
ratio of 1:2, although in adult goats the ratio typically
is 1:1. The N:L ratio is a more important consideration
than are the actual numbers of each cell type. Sheep and
goats have a small circulating pool of neutrophils, so
neutropenia typically develops at 24 to 48 hours after
the onset of severe inflammation, with a consequent
reduction in the N:L ratio. The presence of immature
neutrophils (bands) is termed a “left shift” and indicates severe inflammation. This is a common finding in
the acute phase of severe inflammation but is associated
with a poor prognosis if the left shift persists. Increases
in the N:L ratio with the presence of bands indicates an
inflammatory leukogram. A reversal of the N:L ratio to
greater than 2:1, but without the presence of bands, is
indicative of a stress leukogram. The stress leukogram
occurs as a result of corticosteroid administration or
endogenous steroid release, generally from noninflammatory diseases. Fibrinogen is a positive acute-phase
protein, increasing over a period of 2 days after initiation of inflammation in ruminants.5,6
The serum biochemistry panel includes determination of renal enzymes as well as electrolytes, which
may be altered by renal disease. Blood (serum) urea
nitrogen (BUN) is interpreted as a measure of glomerular filtration rate (GFR), indicating the perfusion
and function of the kidneys. BUN is influenced by the
protein level of the diet and the ability of the rumen to
recycle urea. Creatinine is produced and eliminated in
constant amounts in the body and is not influenced by
superfluous factors, making it superior for evaluation
of renal disease in ruminants. Azotemia, marked by
elevations in BUN or creatinine, may be of prerenal,
renal, or postrenal causes. Prerenal azotemia is caused
by decreased GFR secondary to volume depletion and
dehydration. Renal azotemia occurs when greater than

75% of functional nephrons are lost and indicates renal
failure. Animals with the prerenal and renal forms
of azotemia both may show clinical dehydration, so
differentiation is based on urine specific gravity. The
production of adequately concentrated urine (see the
“Urinalysis” section, next) indicates that enough functional nephrons exist to concentrate urine, and the azotemia is classified as prerenal. The production of dilute
urine indicates renal failure, but other causes of urine
dilution should be considered, including fluid therapy,
diuretic or corticosteroid therapy and hyponatremia or
hypokalemia. Further characterization of a renal azotemia involves the determination of fractional excretion
(FE) of electrolytes—namely, sodium. Fractional excretion is a sensitive indicator of renal function, reflecting
the percentage of an electrolyte that is filtered through
the glomerulus and lost in urine. The procedure involves
concurrent collection of serum and urine and analysis
of each for creatinine and sodium concentration. The
following formula is then used to calculate the FE7:
FENa + = ( [Na + ] urine /[Na + ] serum ) / ( [Creatinine] urine /
[Creatinine] serum ) × 100

Normal sheep have an FE of sodium of less than
1%,7 whereas an FE of sodium greater than 1% indicates primary renal tubular disease or sodium toxicity.
Postrenal azotemia is most commonly caused by urinary tract obstruction, which is identified by findings in
the history, physical examination, and imaging studies.
With prolonged urinary tract obstruction, renal damage
may occur, worsening the azotemia.
Hyponatremia and hypochloremia may be present with renal disease, both as consequences of renal
losses and decreased dietary intake. Hyperkalemia, as
is seen in monogastrics with renal failure, is not consistently seen in ruminants with urinary obstruction or
renal disease. Protection from this disturbance may be
afforded by aldosterone release in response to hypovolemia, thereby preserving sodium.8 This in turn allows
potassium to replace sodium as the major cation in the
saliva, resulting in sequestration in the gastrointestinal
tract. Animals with metabolic acidosis may also show
hyperkalemia as potassium is shifted extracellularly.
Phosphorus is primarily excreted by ruminants into the
saliva, not by the kidney as in other species.9 In lambs,
only 3% of total phosphorus excretion occurs through
the kidney.9 Therefore conditions that cause a reduced
GFR do not necessarily result in increased serum phosphorus. When phosphorus is elevated, however, it
should be considered significant. Mild hypocalcemia
also may be noted, particularly in hyperphosphatemic
animals as a result of complexing of these two ions.
Hypermagnesemia is also associated with decreased
GFR. The acid-base status of animals with urinary tract
disease is variable and can be partially evaluated by
determination of mean total CO2 (TCO2) on serum
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chemistry studies, with a high TCO2 indicating metabolic alkalosis and a low value indicating metabolic
acidosis (see Appendix Table 2-4).

Urinalysis
Urinalysis should be performed in any animal with
suspected urinary tract disease or any other systemic
disease for which the disease or treatment may impact
urinary health. Free-catch urine may be obtained spontaneously during physical examination, or animals may
be encouraged to urinate by occlusion of the nostrils
(sheep), placement in a new clean stall, exposure to a
new animal, or allowing the animal to lie down for a
time and then getting it up. Animals that do not voluntarily provide a urine sample and have a patent urinary
tract may be catheterized, or cystocentesis may be performed. Rams, bucks, and castrated males also possess a
urethral diverticulum or recess, at the level of the ischial
arch, that communicates with the urethra and contains
the ducts of the bulbourethral glands.10 This structure
readily accepts a urinary catheter, preventing retrograde
catheterization of the urinary bladder. Catheterization
of males is possible through the use of J-curved human
cardiac catheters.11 In ewes and does, a suburethral
diverticulum is present below the external urethral orifice, which must be bypassed to allow retrograde catheterization of the urinary bladder.
After an adequate specimen has been obtained, the
urine is subjected to gross examination for color and
clarity. Commercial dipsticks are available for biochemical testing. In addition, a handheld refractometer
can be used for specific gravity determination, with
centrifugation at 450g for 3 to 5 minutes, followed by
examination of the sediment and supernatant.12
Urine specific gravity is useful for investigating the
origin of azotemia and should be determined with
a refractometer, rather than by urine dipstick testing,
which carries an upper limit of 1.025 to 1.030.11 Urineconcentrating ability is lost before the occurrence of
azotemia, so the production of dilute urine in azotemic
animals suggests loss of renal function, with a specific
gravity greater than 1.025 considered to reflect adequate
concentrating ability in ruminants. Urine specific gravity should be interpreted carefully and not based on
a single sample, as indicated by personal observation
(by M.J.) of values from as low as 1.003 in clinically
normal goats without added dietary salts.
Urine dipstick testing is now available for biochemical
determinations of urine pH, protein, glucose, ketones,
occult blood, bilirubin, urobilinogen, nitrites, and urine
specific gravity. Urine pH is best determined on a pH
meter,13 but urine dipstick measurement can provide
a useful indication. In ruminants, the pH normally is
alkaline, with urine pH generally between 7.5 and 8.5.14
Sheep and goats commonly experience a paradoxical

327

aciduria in the presence of metabolic alkalosis associated with abomasal or proximal intestinal obstruction,15
but this also can occur with the significant metabolic
and acid-base derangements characteristic of severe
urinary tract disease. Any of a variety of pathophysiologic mechanisms related to volume, sodium, chloride, and potassium depletion may be responsible for
the aciduria.15
Urine normally contains very low quantities of protein, and urine dipstick analysis normally shows no or
only trace amounts. However, the normal alkaline urine
of sheep and goats influences the protein reaction, leading to falsely elevated protein readings14 of 1+ or 2+.
To definitively determine if elevated protein levels exist,
the sulfosalicylic acid turbidity test or colorimetric
assays should be performed. If proteinuria is determined
to be present, postrenal contributions should be considered when urine was obtained as a free-catch specimen.
These include cystitis, urethritis, and other exudative
processes of the distal urinary tract. Proximal causes of
proteinuria include prerenal (e.g., hemoglobin from
intravascular hemolysis and myoglobin) and postrenal (e.g., inflammatory or degenerative glomerular or
tubular damage) causes.14 Glomerular protein losses
tend to be of greater magnitude and result in significant
reductions in blood protein levels. Proteinuria may be
present in neonatal lambs and kids until approximately
2 days of age as a result of renal permeability to colostral proteins.16
Normally, the urine glucose reaction should be
negative. The renal threshold for glucose in ruminants
is considered to be 100 to 140 mg/dL,17 although one
study reported a renal glucose threshold in goats as low
as 81 mg/dL.18 Blood glucose levels above this threshold
range will result in glucosuria, with common causes
including Clostridium perfringens type D enterotoxemia19
and corticosteroid, xylazine,1 or dextrose administration. Less common causes include stress and renal
tubular disease.14
Urine ketone concentrations are useful for detecting
excessive fat metabolism, as seen with negative energy
balance syndromes, including pregnancy toxemia and
starvation (see Chapters 2 and 8). Determination of
the urine ketone concentration is the single most useful test for diagnosis of pregnancy toxemia in ewes and
does (Figure 12-1). Of the three types of ketone bodies
produced by the body, urine ketone strips detect acetoacetate and acetone but not beta hydroxybutyrate, the
primary ketone produced.14 False-negative or underestimated ketone concentrations may therefore be obtained
as a consequence of the volatility of ketone bodies if
sample testing is delayed or if beta hydroxybutyrate
does not account for a large proportion of the ketone
bodies produced in an individual animal.
A positive test for urine occult blood can indicate the
presence of hemoglobin, myoglobin, or whole blood
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Figure 12-1 Commercial urine dipstick testing of a specimen from a female goat diagnosed with pregnancy toxemia.
The urine ketone concentration is abnormally elevated to
approximately 100 mg/dL.
in the urine sample. Differentiating these can be performed in a stepwise fashion, particularly if the urine is
visibly pigmented. Red or brown color cannot be relied
on to indicate the presence of hemoglobin or myoglobin, respectively (Figure 12-2). First, the urine sample
should be centrifuged and the sediment examined.
If the supernatant loses pigmentation and the sediment
is composed primarily of red blood cells, hematuria is
present and indicates hemorrhage or an inflammatory
condition. If the supernatant remains red or brown and
no sediment is produced or or if the sediment does not
contain intact red blood cells, hemoglobinuria or myoglobinuria exists. At this time, a blood sample should
be drawn, centrifuged in a microhematocrit tube, and
observed for evidence of hemolysis, including pink
plasma and anemia. If no evidence of hemolysis exists,
myoglobinuria is the most likely diagnosis and may be
confirmed by clinical examination, history, and elevations of muscle enzymes on a serum chemistry panel.
Myoglobin is a much smaller molecule than hemoglobin and passes more readily into the urine. It will be
present in the urine without being visible in the plasma.
Hemoglobin, however, accumulates in the blood and
then, upon exceeding the renal threshold, will be filtered into the urine. Hemoglobin, if visible in the urine,
will therefore be visible in the plasma.
Potential causes of hematuria, hemoglobinuria, and
myoglobinuria are summarized in Box 12-1. Diseases
that cause purely extravascular or spleen-mediated
hemolysis (e.g., anaplasmosis) will not result in hemoglobinuria, which is produced only when intravascular
hemolysis exists. Hypophosphatemic hemoglobinuria
has been rarely reported in sheep and goats with a feeding history that includes Brassica species.20,21 Neonatal
isoerythrolysis has been reported in lambs and kids fed
cow colostrum,22 but hemoglobinuria does not appear

Figure 12-2 Appearance of the urine in a specimen from a
sheep with copper toxicity. This brown-colored urine actually
contains large amounts of hemoglobin, not myoglobin, as the
color may suggest.

BOX 12-1

	Differential Diagnosis for Redor Brown-Pigmented Urine

Hematuria*
Cystitis
Pyelonephritis
Contamination from reproductive tract
Bracken fern toxicity
Nonobstructive urolithiasis
Trauma
Disseminated intravascular coagulation
Hemoglobinuria
Copper toxicity
Water intoxication/isoerythrolysis (most common in goats)
Leptospirosis
Bacillary hemoglobinuria (Clostridium haemolyticum)
Plant toxicity: Brassica, onion
Phosphorus deficiency
Myoglobinuria
Severe myodegeneration/myositis
Prolonged recumbency
Trauma
*Indicative of presence of whole blood.

to be a common clinical finding. Cold water isoerythrolysis has been reported in a variety of species after
rapid consumption of large amounts of cold water. The
condition occurs as a result of fragility of red blood cells
from the reduction in plasma osmolality. The red blood
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cells of goats exhibit increased osmotic fragility, making
this species the most sensitive to the condition.23
Bilirubinuria (conjugated bilirubin) may be present
as a result of hemolytic disease, hepatic insufficiency,
or biliary obstruction. Of note, urobilinogen, nitrites,
and urine specific gravity, as determined by dipstick
testing, are not considered diagnostic in veterinary
medicine.12,14
Urinary gamma-glutamyltransferase (GGT) concentration, available through reference laboratories, has
been shown to be of diagnostic value in nephropathies
in sheep and goats owing to presence of the enzyme in
proximal tubular cells, where serum concentrations will
not be affected.24,25 In two different studies, urine GGT
concentrations in normal adult sheep were reported
at 5 to 33 U/L (mean, 13.9 U/L)7 and 6.8 to 24.6 U/L
(mean, 15.7 U/L)27 respectively. Urinary GGT levels
have been shown to increase a mean of 4.5 days after
experimental aminoglycoside-induced nephrotoxicosis
in sheep.27
Urine sediment examination is performed to identify the presence of cells, bacteria, casts, crystals, or
other debris. Cells, typically erythrocytes, leukocytes,
and epithelial cells, may originate from any level of
the urinary tract. Red and white blood cells degenerate
quickly in urine and can only be accurately identified in
fresh samples. Large amounts of erythrocytes indicate
the presence of hematuria as a cause of red urine or a
positive fecal occult blood test; considerations in the
differential diagnosis for red or brown urine are listed in
Box 12-1. The presence of large numbers of leukocytes, particularly neutrophils, indicates the presence
of inflammatory exudates, which most commonly
originate from the renal pelvis or urinary bladder.
If bacteria are noted on urinalysis, it is important to
determine if they are contaminants or the cause of urinary tract inflammation. The presence of white blood
cells, in addition to bacteria, suggests legitimate bacterial presence. A cystocentesis sample, along with bacterial culture, should be obtained to further clarify this.
When accompanied by dysuria or stranguria, this exudate probably originates from the lower urinary tract,
whereas accompanying signs of systemic illness would
indicate an origin in the upper urinary tract. Considerations in the differential diagnosis for pyuria include
contamination of the prepuce or female reproductive
tract, pyelonephritis, cystitis, urolithiasis, and neoplasia.
Epithelial cells normally are present in low numbers in
the urine, so large numbers generally indicate contamination at collection, but in such cases the cells should
be confirmed to be non-neoplastic.14
Urinary casts are forms of proteins or cells that originate in the kidney. Hyaline casts are protein-only casts
and indicate glomerular protein leakage, and the formation of these casts is increased with highly concentrated
or acidic urine. Cellular casts may be made up of red or
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white blood cells or epithelial cells and indicate hemorrhage, infection, or tubular sloughing, respectively, all
of renal origin. Granular casts and waxy casts are casts
that originally were cellular but have been degraded.
Casts may be broken down in alkaline urine; findings
should therefore be interpreted only for specimens of
freshly obtained urine.14
Crystalluria is important in small ruminant urinalysis, owing to the commonality of urolithiasis in small
ruminants. The most common urolith components
include struvite (magnesium ammonium phosphate),
apatite (calcium phosphate), calcium carbonate, and
silicate. Crystals may be present in clinically normal
animals owing to the alkaline urine of ruminants and
dietary contributors and should be interpreted in light
of other risk factors for urolithiasis to determine case
management. Conversely, as encountered in our own
experience, the urine of obstructed animals obtained
from cystocentesis or cystotomy often is free of crystals
(see Appendix 2, Table 2-7).

Ultrasound Examination
Transabdominal ultrasound imaging is more frequently
used than transrectal examination for urinary tract
evaluation in small ruminants. The kidneys and urinary
bladder are readily evaluated as well as surrounding soft
tissue structures, swellings, and the peritoneal cavity.
The ureters and urethra may be impossible to identify in normal sheep or goats.28,29 For transabdominal
evaluation, a 3.5- or 5-mHz curvilinear or linear probe
typically is used, with the left kidney situated in the
dorsal region of the right paralumbar fossa and the right
kidney visualized dorsally in the 11th and 12th intercostal spaces.30 In sheep and goats, the kidney is smooth,
lacking the lobulation seen in bovine kidneys29,30 (see
Figures 12-3 and 12-4). Reference ranges for the ultrasonographic evaluation of the urinary tract in sheep have
been published.28,29 In ewes weighing between 41 and
89 kg, the mean length, width, and depth of the left
kidney were 8.2 cm, 4.4 cm, and 4.0 cm, respectively.29
Rams of the same size range had mean left kidney measurements of 8.4 cm in length, 4.7 cm in width, and
4.4 cm in depth, similar to values obtained for the right
kidney.28
Abnormalities frequently noted on renal ultrasound
examination include hydronephrosis, pyelonephritis,
cysts, neoplasms, and perirenal fluid accumulation.
Hydronephrosis is evidenced by a dilated collection
system filled with anechoic fluid. Pyelonephritis is
marked by renal enlargement with dilated renal sinus,
containing echogenic debris in varying amounts.31
The ureters also may be dilated.31 Cysts and neoplastic
masses may also be noted as hypoechoic fluid-filled or
solid masses on the surface of the kidney or within the
renal parenchyma. Perirenal fluid accumulation may be
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Figure 12-3 Transabdominal ultrasound examination of
the right kidney of a healthy ram. This image was taken in the
dorsal aspect of the right paralumbar fossa using a 3.5-MHz
curvilinear probe.

Figure 12-4 Ultrasound examination of the right kidney
from the right paralumbar fossa of a 3-year-old LaMancha
cross doe, demonstrating the characteristic echogenic renal
pelvis and the nearly anechoic appearance of the medulla
compared with the echogenic renal cortex. The corticomedullary junction is easily distinguished. This ultrasound image
was obtained using a 7-MHz microconvex transducer. Dorsal
is to the left of the image. (Courtesy Dr. Karine Pader, Purdue
University.)

inflammatory in origin but is more commonly secondary to urinary tract rupture, in which the fluid will be
anechoic.
On ultrasound imaging, the urinary bladder is visualized in the right inguinal region or may be examined
transrectally. Urinary bladder diameter, wall thickness,
mural changes, and intraluminal contents may be
evaluated. In female sheep, the diameter of the urinary
bladder ranged from 0.3 to 6.9 cm in 96.8% of sheep,

with a mean diameter of 3.6 ± 1.6 cm.29 In rams, urinary bladder diameter ranges between 1.8 and 13.2 cm,
with a mean of 7.5 ± 2.8 cm. In goats with obstructive
urolithiasis, the urinary bladder was distended to 4 to
15 cm (mean 7 cm) and 8 to 12 cm (mean 9.5 cm) in
small and large breed goats, respectively,32 so overlap
of bladder diameters is observed in goats with patent
and those with nonpatent urinary tracts. Wall thickness varies in accordance with the degree of bladder
filling, with the wall thickness normally decreasing
as bladder volume increases.29 Therefore a thick wall
in a distended bladder may indicate inflammation
or other mural infiltration. The wall of the urinary
bladder also should be examined for the presence of
nodules or other abnormalities along the interior or
exterior of the urinary bladder. Normal urine within
the urinary bladder is anechoic, but a common finding
is some minor, echogenic debris within the bladder
lumen (Figure 12-5). With hematuria, pyuria, or urinary calculosis, the ventrum of the urinary bladder may
contain hyperechoic material. During transabdominal
ultrasound examination, with the probe in contact with
the abdominal wall, the operator may shake the probe
and abdominal wall vigorously to determine and demonstrate the presence of cellular debris, blood clots, or
uroliths within the urinary bladder, differentiating this
from masses associated with the bladder wall.
Transabdominal ultrasound examination also is useful for determining the presence of excess free abdominal fluid. Visual determination of the character of the
fluid on ultrasound imaging is the first step in identification and classification of the fluid type. Anechoic fluid
signifies a transudate or modified transudate, as would
be seen with urine leakage, whereas fluid with echoic
(cells or protein) debris is consistent with inflammatory
or exudative processes. For thorough characterization
of fluid, abdominocentesis should be performed as
described later in this chapter (see also Chapter 5).

Cystocentesis
Needle aspiration of urine directly from the urinary bladder avoids potential contamination of urine by the lower
urinary tract, providing superior samples for laboratory
evaluation, including bacterial culture, and also may be
used in the treatment of obstructive urolithiasis if the
urinary bladder is intact.33 With the animal restrained
in left lateral recumbency, the urinary bladder should
be identified low in the right flank by deep abdominal palpation or transabdominal ultrasonography. The
skin surface is clipped and aseptically prepared, and
an 18-gauge, 2-3.5 inch needle with syringe attached is
inserted perpendicularly through the skin and abdominal
wall and quickly thrust into the bladder lumen. The needle is steadied, at least 10 mL of urine is aspirated, and
the needle is quickly withdrawn. Quick, sharp insertion
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Figure 12-5 Ultrasound examination of the bladder of a
2-year-old crossbred ram. The bladder appears as an ovalshaped, anechoic, fluid-filled structure with echogenic margins that represent the bladder walls. Echogenic material
normally is seen at the ventral aspect of the bladder and represents mucus and sedimentation within the bladder. This ultrasound image was obtained from the inguinal region using
a 7-MHz microconvex transducer with the animal in dorsal
recumbency. (Courtesy Dr. Karine Pader, Purdue University.)

and removal of the needle from the bladder will ensure
that only a small circular perforation of the urinary bladder wall is made, which will be quickly sealed. Larger,
slit-shaped perforations, particularly those made into a
distended urinary bladder wall with poor tissue integrity, may result in uroperitoneum or sepsis, although
these complications appear to be rare.33

Abdominocentesis
Abdominocentesis is useful for determining the character and elucidating the etiology of excess free peritoneal
fluid. The most common use of peritoneal fluid analysis
in sheep and goats is the diagnosis of uroperitoneum;
however, inflammatory exudates and other fluid types
may point to other disease conditions.
Abdominocentesis can be performed with ultrasound
guidance in order to identify fluid pockets, or the abdomen can be blindly sampled at four sites to increase the
likelihood of obtaining fluid. The cranial two sites are
just caudal to the xiphoid and 1 to 2 inches to the right
or left of midline. The caudal sites are just cranial to the
mammary gland or scrotum, also 1 to 2 inches lateral to
the midline. The selected sampling site should be aseptically prepared and a 20- to 18-gauge, 1- to 1½ inch
needle inserted perpendicular through the skin and
into the peritoneal cavity. Alternatively, the skin may be
anesthetized with a small volume of 2% lidocaine and
a stab incision made through the skin, through which
a teat cannula is inserted into the peritoneal cavity for
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collection. The latter method reduces the likelihood of
puncture of abdominal viscera but typically increases
blood contamination of the sample.
Fluid obtained should be examined for total protein
level, cytologic count and differential, and creatinine
level if uroperitoneum is suspected. Normal peritoneal
fluid from ruminants should be clear and colorless to
straw-colored. Normal values for total protein, total
nucleated cell count, and differential count vary widely
in cattle.34-36 We typically consider peritoneal fluid
to be within normal limits if it is not present in large
amounts, has a total protein less than 3.0 g/dL and a
total nucleated cell count less than 5000 cells/μL. With
abnormal exudates, classification should be based on
the pathophysiology behind their creation, rather than
on protein and cell counts alone.37
Protein-poor transudates result from excess diffusion
of water or lymph from the vascular space as a result
of abnormalities of hydraulic or oncotic pressure. They
typically have a total protein less than 2.0 g/dL and
a total nucleated cell count less than 1500 cells/μL.
Causes may include protein-losing enteropathy or
nephropathy, lymphatic obstruction, and portal hypertension. Protein-rich transudates result from inflammatory processes, which increase vascular permeability
so that plasma exits the vasculature, often along with
leukocytes. These generally have a total protein greater
than 2 g/dL and a total nucleated cell count greater than
5000 cells/μL and are caused by bacteria, some viruses,
protozoa, parasites, neoplasms, foreign bodies, or uroperitoneum. Hemorrhagic effusions must be separated into
iatrogenic (occurring at the time of abdominocentesis)
and pathologic causes, on the basis of several criteria.38
These effusions have a total protein greater than 2.0 g/dL
and a total nucleated cell count greater than 2000
cells/μL and may be caused by trauma, bleeding disorders and neoplasic diseases. Effusions caused by a
rupture of a hollow organ or other tissue include those
resulting from urinary tract rupture, biliary leakage, and
gastrointestinal rupture. In early phases of the disease,
uroperitoneum will have the character of urine (very
low TP and total nucleated cell count), but with time
and irritation to the peritoneum will take on characteristics of an exudates with increased TP and total nucleated cell count, which may be diluted by high volumes
of urine leakage. Early uroperitoneum will usually have
a total protein less than 2.0 g/dL and a total nucleated
cell count less than 1500 cells/μL, but with chronicity
will have a variable total protein and total nucleated cell
count less than 1500 cells/μL.37,38 Figure 12-6 shows the
cytologic findings for peritoneal fluid obtained from
an animal with uroperitoneum of a few days’ duration. Additional but less common effusions include
lymphorrhage from lymphatic leakage and multipleprocess effusions, in which multiple pathophysiologic
processes alter the character of the peritoneal fluid.37
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Figure 12-6 Cytologic evaluation of a peritoneal fluid
sample from an animal with bilateral ventral abdominal
distention. The total nucleated cell count for the fluid was
3.2 K/μL and the total protein was 1.4 g/dL. The blood creatinine was 17.5 mg/dL, whereas the peritoneal fluid contained
55.7 mg/dL, confirming uroperitoneum. The high number of
neutrophils, in the absence of bacteria, is characteristic of the
chemical peritonitis of uroperitoneum.

The most common biochemical test performed on
peritoneal fluid samples from ruminants is a creatinine
concentration determination. This test can definitively
detect the presence of urine in the abdomen, with creatinine levels greater than twice the serum creatinine
concentration indicating that uroperitoneum exists.39

Radiography
Survey Radiography
Sheep and goats are well suited in size and disposition
to use of table-top radiography, although sedation may
be required to achieve full extension of the hindlimbs.
With suspected urinary tract disease, survey radiography
may be used to evaluate the peritoneum, body wall,
kidneys, ureters, urinary bladder, and urethra, when
contrast with surrounding tissues is adequate. The loss
of serosal detail and inability to visualize abdominal
organs may be due to decreased intraabdominal fat
and abdominal effusions, including blood and urine.
Abdominal effusions may be localized or generalized, with generalized effusion typically manifested as
bilateral ventral abdominal distention. Such effusions
may be confirmed by ultrasonography and abdominocentesis. The retroperitoneal space surrounding the
kidneys also is evaluated, with fluid and free gas being
common abnormalities. These changes are consistent
with renal abscessation, body wall trauma, and foreign
body presence.
The number, size, shape, and density of the kidneys
are evaluated. Unilateral and bilateral renal agenesis

has been reported in lambs.40,41 In goats, normal kidneys have been found to be 2 to 2.5 times the length
of the second lumbar vertebra.42 Enlarged kidneys
may be seen with hydronephrosis, amyloidosis, glomerulonephritis, cysts, or compensatory hypertrophy
of a functional kidney. With these conditions, kidneys
also may be of normal size early in the disease process.
Small kidneys are typical findings in end-stage chronic
renal disease. Air or mineral opacities may be present in
the kidneys, suggestive of abscesses or trauma (air) and
uroliths (mineral). The ureters are best visualized with
contrast radiography, but air or mineral opacities may
be present within the lumen.
The urinary bladder is readily visualized on survey
radiographs and most easily evaluated in the lateral
view. If the urinary bladder is not visible, potential
causes include an empty bladder, decreased intraabdominal fat, and superimposition by other abdominal
viscera. Position of the bladder should be evaluated,
with ventral displacement occurring from pregnancy,
hernias, or urachal remnants. The size of the urinary
bladder varies greatly with filling, but an abnormally
large urinary bladder suggests obstruction or neurologic
deficits, whereas an abnormally small bladder over time
suggests congenital urinary bladder bypass, including
ectopic ureter, fistulas, and cystitis and neoplasia inducing frequent bladder emptying. Gas and mineral opacities also may be present in the urinary bladder, with
gas introduced through catheterization or infection.
If cystic calculi are suspected, horizontal beam radio
graphy can be useful to visualize sediment in the ventral
bladder.
The urethra of rams, bucks, and castrated males is an
important structure to be evaluated in imaging studies.
Survey radiographs are most useful to evaluate the tissues surrounding the urethra and opacities within the
urethra. In one study,32 cystic or urethral calculi were
visible in 8 of 10 obstructed goats. The visible stones
seen in these studies were calcium carbonate or struvite
in composition, while apatite and silicate stones were
not seen radiographically.32 In other studies,11,43 survey
radiographs were of limited usefulness for diagnosing uroliths. Negative findings on survey radiographs
should not be interpreted to rule out urolithiasis. Evaluation of the pelvic bones also is important owing to
the possibility of impairment of urethral and bladder
patency secondary to fracture. The urethra is best studied by contrast radiography or endoscopy. Endoscopy
is not frequently used in small ruminant urethral studies owing to the requirements for a smaller-diameter,
shorter endoscopy unit.

Contrast Radiography
An excretory urogram provides an anatomic and qualitative functional view of the kidneys. The procedure
involves the intravenous injection of an ionic contrast
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medium, with sequential radiographs taken up to
40 minutes after injection. Patients undergoing excretory urography should be adequately hydrated, because
opacification of the kidneys is dependent on glomerular filtration. In normal goats, the kidneys are best
visualized if radiographs are taken immediately after
injection.42 Delayed or reduced opacification indicates
dehydration or inadequate glomerular filtration. In
evaluation of ureteral patency, an important consideration is that normal peristalsis can appear as a stricture
or narrowing of the lumen. Ureteral patency can be
altered by uroliths, blood clots, inflammatory exudates,
trauma, or stricture. Excretory urography, in some
patients, may not provide visualization of the urinary
bladder and urethra.43
Contrast cystography and urethrography may be per
formed in normograde or retrograde fashion and with
negative (air) or positive (organic iodide) contrast
media. Barium should never be used for urinary imaging. Indications for such procedures include dysuria,
pollakiuria, and chronic hematuria. Cystourethrography is best performed in a normograde fashion
through a cystotomy tube.43 For retrograde studies,
catheterization may be performed completely only in
the female ruminant but may be partially completed in
male ruminants. Occlusion of the distal urethral orifice
after partial catheter passage allows for the instillation
of contrast media in retrograde fashion. Alternatively,
a precurved cardiac catheter may be utilized to bypass
the urethral diverticulum.11 For retrograde studies, a
ballooned catheter is used and passed into the urinary bladder in females, or a nonballooned catheter is
passed a few inches into the bladder in males, and contrast material is instilled. Use of intraluminal contrast
material allows for assessment of degree of patency and
wall thickness of the urinary bladder and urethra. Mural
masses may be visualized and may be caused by cellular
or fibrous infiltration. Filling defects of the urinary bladder may be caused by polyps, air, calculi, blood clots,
or inflammatory exudates, and urachal diverticula may
be seen.44 Filling defects of the urethra may be caused
by air bubbles, calculi (which may be radiopaque or
radiolucent), blood clots, neoplasms, inflammation,
scar tissue, or extramural compression. Extravasation of
contrast material may result from traumatic lacerations,
fistulas (urethrorectal and urethrovaginal), and diverticula. Fistula between the urethra and corpus spongiosum
has been diagnosed by contrast radiography in a goatsheep after surgery for obstructive urolithiasis.44

Renal Biopsy
Renal biopsy is not commonly performed but may
provide antemortem diagnosis of metabolic, neoplastic
and toxic diseases of the kidney. In cases in which renal
abscess is suspected, renal biopsy should be performed
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by fine needle aspiration to reduce the risk of localized
or generalized peritonitis.
The biopsy procedure should be performed in a wellrestrained or adequately sedated animal under ultrasound guidance. The skin overlying the last 2 or 3 ribs
and paralumbar region is aseptically prepared, the skin
and body wall are anesthetized with 2% lidocaine, and
a stab incision is made for introduction of the biopsy
instrument. The ultrasound probe may be placed in a
sterile glove filled with ultrasound gel to maintain asepsis and to locate the target kidney. A 14-gauge biopsy
instrument is directed into the kidney parenchyma and
a sample obtained. Depending on the testing required,
the biopsy specimen should be divided, with both
fresh and fixed tissue submitted to a reference laboratory. Potential complications of renal biopsy include
hematuria, hematoma, hemoabdomen, and peritonitis.
In a retrospective study in 25 cattle, ultrasound-guided
percutaneous renal biopsy resulted in a small subcapsular hematoma (less than 2 cm in diameter) after the
procedure in 6 of the animals, but no gross or occult
hematuria.45 Another study using serial laparoscopic
biopsies in cattle resulted in microscopic hematuria for
1 to 5 days.46
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DISEASES OF THE KIDNEYS
In clinical practice, kidney disease is not commonly
encountered as a primary problem in small ruminants;
however, incidental kidney pathology often can be
identified at necropsy.1 Kidney disease is described
based on duration (acute versus chronic) and the character of renal damage leading to dysfunction (glomerular, tubular, and vascular). The clinician’s challenge is
to recognize situations resulting from primary renal
disease or risks leading to secondary or induced renal
damage. Clinical tendencies with kidney disease are
anuria, oliguria, dysuria, abdominal pain, and abnormal urinary constituents. Appearance of clinical signs
in small ruminants often is synchronized with the
multisystem disease processes that lead to renal damage. Therefore recognition of risk factors, preemptive
case management practices, ancillary diagnostics, and
postmortem diagnosis are important in overall disease
management and prevention.
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General causes of kidney disease are:
•	Infectious (bacterial, viral, and parasitic)
•	Toxic (chemical, heavy metals, medications, and
plant origin)
•	Obstruction and trauma (nephroliths, direct)
•	Secondary hydronephrosis from ureteral, cystic, and
urethral calculi
•	Vascular (infarcts, hyperdynamics of sepsis and
toxemia)
•	Chronic inflammation (glomerulonephritis,
amyloidosis)
•	Congenital

RENAL FAILURE
Renal failure occurs when diminished renal function
results in persistent metabolic abnormalities such as
azotemia as well as the inability to concentrate urine.
Renal failure that develops rapidly, within a few hours
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or days, constitutes acute renal failure (ARF) and usually
is due to intrinsic (vascular, toxic) causes from systemically absorbed toxins, body origin toxins (myoglobin, hemoglobin, urea), administered therapeutics, or
dynamic changes in renal blood flow with sepsis, shock,
or toxemia. The kidneys receive a large proportion of
the circulating blood volume, resulting in high rates
of toxin exposure, as well as increased vulnerability to
ischemia and reperfusion injury with diseases causing
hyperdynamic changes in nutrient blood flow. Toxin
exposure is amplified as renal tubules resorb filtered
toxins in conjunction with the normal function of urine
concentration. Damage to this sensitive portion of the
nephron may result in acute tubular necrosis, eventuating in loss of urine-concentrating ability associated
with increased urinary levels of protein, glucose, and
electrolytes. Consequently, the kidneys provide a good
postmortem diagnostic sample for toxins, and urinalysis can provide objective information about the nature
of disease (see Chapter 20). The clinician can assume
that a degree of damage is occurring during shock,
septicemia, dehydration, or toxemia and should take
preemptive steps in preservation and protection of renal
function during case management. Changes in blood
flow or oxygen delivery to the kidney cause renal insufficiency, potentially leading to acute or chronic renal
failure. Dehydration, heat stress, severe rumen bloat,
sepsis, and anemia result in physiologic and metabolic
changes leading to kidney dysfunction due to decreased
cardiac output and renal vasoconstriction and dilation.
Treatment of ARF should include removing any
offending toxin or source, promoting diuresis through
intravenous fluid administration and diuretic medications, correcting acid-base and electrolyte derangements,
and close monitoring of positive or adverse responses to
treatment. Intravenous fluids of choice are 0.9% saline
and 0.45% saline plus dextrose. Additional intravenous
potassium can be substituted if indicated after initial
therapy, with care taken to keep the dose below the generally recommended toxicity rate of 0.5 mEq/kg/hour.
Diuresis should continue until the patient is producing
sufficient volumes of urine. Serum potassium levels
should be monitored and parenteral support provided
when furosemide (1 mg/kg every 2 to 3 hours to effect)
is used. Alternatively, mannitol (1 g/kg per bolus) can be
given to provide osmotic diuresis. Additional supportive
therapy may include broad-spectrum antimicrobials
against susceptible infectious agents, plasma to treat
hypoproteinemia, antiinflammatories, and nutritional
support by means of parenteral nutrition or rumen
transfaunation. Urinalysis and fractional excretion of
electrolytes can be measured in conjunction with serum
monitoring parameters during intensively managed
cases (see earlier section “Ancillary Diagnostic Testing”).
Vasopressors and inotropes can be instituted as
adjunct therapy but need to be administered as carefully
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calibrated constant-rate infusions (CRIs); ranges of
therapeutic efficacy are wide as well as widely debated,
and scientific data for use in small ruminants are largely
extrapolated from other species including humans.
Much of the human literature, however, is based on
information gained from sheep models of disease.
In a regimen developed in clinical practice based in part
on information gathered from other sources,2 persistent oliguria or anuria can be treated using intravenous
dopamine (2 to 5 μg/kg/minute), dobutamine (5 to
10 μg/kg/minute), and a combination of norepinephrine
(0.4 μg/kg/minute) plus dobutamine (5 μg/kg/minute).
Of note, the use of dopamine alone in cases of ARF may
not be as beneficial as was once thought, and additional
potential adverse effects have been discovered.3,4
Progressive loss of renal function over a period of
months or years describes chronic renal failure (CRF).
In contrast with ARF, in which nephron repair and
compensatory hypertrophy can occur spontaneously
and with treatment, chronic disease results in progressive, permanent, and irreparable damage and fibrosis to
the nephron. CRF may be due to secondary glomerulonephritis or tubulointerstitial disease resulting from
immune complex deposition secondary to a distant
chronic inflammatory process (abscess, pneumonia).
Clinical signs may be non-existent or limited to failure to thrive. Polyuria or polydypsia is not a frequent
historical complaint but may be detected during hospitalization. Antemortem diagnosis is supported by
serum markers of azotemia, urine dilution, urinalysis
(proteinuria, pyuria), renal biopsy and ultrasound characteristics of the kidney. Unique characteristics of serum
urea nitrogen and creatinine metabolism in ruminants
should be reviewed for accurate interpretation (see earlier under “Ancillary Diagnostic Testing”). Ultrasound
examination may reveal small, irregular, echodense
kidney parenchyma with loss of detail at the corticomedullary junction, evidence of fluid accumulation (pyelonephritis, hydronephrosis), or echodense foci within
the renal calices, possibly representing nephroliths.
Nonregenerative anemia, hyperkalemia, and other electrolyte abnormalities may be detected on blood work.
General causes of CRF include a previous episode of
ARF with lasting effects and insufficient compensation,
pyelonephritis, amyloidosis, and congenital disorders or
idiopathic causes. Treatment is supportive to palliative.
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ACUTE RENAL DISEASES
Infectious Diseases
Clostridium perfringens Type D
Disease syndromes caused by Clostridium perfringens type
D are referred to as enterotoxemia, overeating disease,
and pulpy kidney disease. The 2001 U.S. Department of
Agriculture (USDA)-sponsored National Animal Health
Monitoring System (NAHMS) sheep survey revealed
that 38.8% of sheep flocks had suspected or confirmed
cases of enterotoxemia, with 30.9% confirmed by veterinary or laboratory examination, in the previous three
years.1 Enterotoxemia most commonly is seen in young,
growing animals consuming diets high in rapidly fermentable carbohydrates. High milk or starch content
allows for excess colonization of the jejunum with
C. perfringens type D, which produces alpha and epsilon
toxins,2,3 of which epsilon is the more significant in
disease. Epsilon toxin is activated in the intestine and
is systemically absorbed, resulting in increased capillary
permeability from a loss of endothelial integrity,2 and
an influx of protein and fluid occurs in the organs and
body cavities. Sheep more often experience the systemic
form of the disease, characterized by edema throughout
the body, including the brain, lungs and kidneys, often
resulting in acute death, whereas goats more often are
affected by hemorrhagic enterocolitis.4,5 The systemic
form most often seen in sheep commonly results in
acute death, but live animals may exhibit seizures,
blindness, recumbency, dyspnea,6 and other signs consistent with fluid accumulation in and around organs.
At necropsy, visceral edema, serosal hemorrhage,
and cavitary effusions may be present, but death from
C. perfringens type D infection also may result in no
gross lesions. The cortices of the kidney may be softened and show subcapsular petechiae.6 Epsilon toxin
promotes liver glycolysis, resulting in hyperglycemia
and glucosuria, making dipstick evaluation of bladder
urine a useful test for investigation of acute death in
lambs and kids. After experimental infection in sheep,
ileum has been found to be the best sample for isolation of epsilon toxin by enzyme-linked immunosorbent
assay (ELISA).7 Histopathologic examination of the
brain reveals microangiopathy with protein surrounding the arteries and veins, which is pathognomonic for
C. perfringens type D infection,6,8 but no lesions may
be seen in the kidneys.8 Negative results on testing for
C. perfringens type D by any of these means does not necessarily rule out the pathogen as the cause of disease.6,8
Prevention of C. perfringens type D infection is of
utmost importance and should include management
using vaccination and gradual dietary adaptation. Bacterin toxoids as well as antitoxins are commercially
available. Antitoxins are most useful in outbreak situations, because they provide rapid passive immunity, but
preemptive use of bacterin toxoids for prolonged, active

immunity is preferred for protection against systemic
disease. It is recommended that ewes be vaccinated
using a C. perfringens type D toxoid–containing vaccine
3 to 4 weeks ante partum, which provided passive protection in lambs up to 12 weeks of age.9 No benefit has
been seen with vaccination of lambs before the age of
6 weeks,9 so a potential recommendation is to vaccinate
lambs at 6 to 10 weeks of age, with a booster vaccination given 1 month later. Although the vaccine is readily available, inexpensive, and effective, currently only
48.4% of sheep producers in the United States vaccinate
breeding or replacement ewes and 66.9% vaccinate
nursing lambs and 44.8% vaccinate feeder lambs after
weaning, demonstrating a need for producer education
based on available research.9

Leptospirosis
Sheep and goats may become infected by a number
of serovars of Leptospira interrogans, resulting in several
clinical syndromes, bacterial clearance, or a subclinical carrier state.10 The kidneys may become damaged
from leptospirosis through hemolysis and interstitial
nephritis.
Infected urine is the primary source of infection,
with animals obtaining the bacteria from contaminated
water or the urine of herdmates, wildlife, rodents, or
other domestic animals.11 In one study of experimental
infection of sheep with L. interrogans serovar Pomona,
clinical disease occurred 34 days after experimental
infection.12 Because the bacteria can penetrate intact
mucous membranes and because leptospirosis is considered to be the most widespread zoonosis in the
world,13 it should be respected as an occupational hazard
for veterinarians, staff, and livestock producers.
Animals presented with leptospirosis may show
general malaise, fever, icterus, anemia, azotemia,
and hemoglobinuria.14 Hemolytic changes in blood
analysis are seen 4 to 8 days after infection.14 Total
white blood cell counts are often elevated with a
neutrophilia.15 A positive result for hemoglobin may
occur 3 to 8 days after infection.14 Urine sediment
exam may show cellular or proteinaceous tubular
casts. The herd or flock history may reveal reproductive
manifestations as well, including infertility, abortions,
and stillbirths. On necropsy, the carcass is icteric,14
and the kidneys appear dark red and swollen, with
pale foci in the cortices, and the liver often is yellow or
copper-colored.16 Histopathologic examination reveals
a diffuse acute or chronic interstitial nephritis,15,17 and
organisms may be observed. Loss of the brush border is
a common feature, and necrotic epithelial cells may be
seen within the tubules.12
Diagnosis is based on increasing serologic titers in
the acute and convalescent periods, using the microscopic agglutination test (MAT),18 complement fixation (CF) test, or ELISA. CF antibodies are short-lived
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(13 to 18 weeks), whereas MAT antibodies can be
detected for longer periods after infection.14 On urine,
polymerase chain reaction (PCR) assay, darkfield
microscopy, or culture may be used. PCR assay is preferred, because darkfield microscopy has yielded falsenegative results in infected animals,14 and culture of
urine generally is unrewarding owing to difficulties in
growth in artificial media and intermittent shedding.19
Histopathologic analysis and immunofluorescent antibody (IFA) testing20 may identify organisms in renal
tissue. One study has determined that, in herd or flock
situations, using MAT for herd-level screening, followed
by urine PCR assay is suitable for identification of carrier animals.19
Several serovars are reported in small ruminants
including L. interrogans serovars Pomona, Hardjo,
Grippotyphosa, Icterohemorhagiae, Canicola, and
Bratislava.18-,23 L. interrogans serovar Pomona appears
to be the most commonly associated with interstitial
nephritis and hepatic centrilobular necrosis.12,17 It also
has been shown to cause severe hemolytic anemia in
lambs.15,17 In one case in lambs, the kidneys were negative for leptospiral organisms, but a rising titer to the
Pomona serovar was observed.15 Ewes administered the
hemolysin of L. interrogans serovar Pomona experienced
a reduction in hemoglobin levels to 57% of the normal range within 48 hours and had lesions similar to
animals infected with the whole organism.16 Necropsy
findings included placental separation and autolysis
of caruncles and cotyledons in some pregnant ewes16
(see Chapter 20). Pigs are the natural reservoir host of
L. interrogans serovar Pomona.
L. interrogans serovar Hardjo is host-adapted to
cattle17 and sheep.22,24 It has also been reported in a
sheep found acutely dead23 with organisms found in
the renal tubular epithelium and tubular lumen. Flockmates of this animal were seropositive against serovar
Hardjo, with small numbers seropositive against other
serovars.23 One study comparing the hemolytic properties of three serovars of leptospires found serovar Hardjo
to be more hemolytic than serovar Pomona.21 Sheep
with renal infections from serovar Hardjo may not
harbor the bacterium in their reproductive tracts,24,25
whereas sheep experimentally infected with serovar
Hardjo-bovis show renal localization and harbor the
bacteria up to 242 days after infection.25 Treatment of
leptospirosis consists of intravenous crystalloid fluid
therapy combined with blood transfusion in clinically
anemic animals. Because of the difficulty in culturing
the organism, antimicrobial therapy is based upon
anticipated spectrum of coverage. In cattle shedding
leptospires in the urine, the following antibiotic regimens were shown to clear urinary shedding of organisms: oxytetracycline (20 mg/kg IM as a one-time
dose), tilmicosin (10 mg/kg SC as a one-time dose),
dihydrostreptomycin-penicillin G (25 mg/kg IM once),
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or ceftiofur sodium (1-2.2 mg/kg IM once daily for
5 days, or 20 mg/kg IM once daily for 3 days). It should
be noted that tilmicosin is toxic to goats and should
only be used in sheep.26,27 Vaccination for control of
leptospirosis may be useful in reducing urinary shedding, but should not be relied upon for protection from
disease. Bovine-labeled vaccines are commonly used
and suffer from questionable efficacy and duration of
immunity even in label species.28-30 In designing management plans for leptospirosis, consideration should
be given to biosecurity for new additions, control of
access to wild and domestic animals, and the accessibility of potentially contaminated water sources.

Adenovirus Infection
Many serotypes of adenovirus infect sheep worldwide,
with varied tissue tropism and unpredictable pathogenicity. Exposure and seroconversion are common
and it has been identified in the interstitial vasculature of lamb kidneys during routine postmortem
examination.31,32 The virus can be isolated from nasal
secretions and feces of healthy sheep as well as those
with respiratory or gastrointestinal disease. Many infections go unnoticed; however, the virus has been diagnosed as the cause of sudden death in an outbreak
involving several young lambs in the United States.33
Histopathologic analysis in this report revealed a highly
cellular, mainly cortical interstitial nephritis, with intranuclear inclusion bodies, in all three lambs in which
the virus was identified. Evidence of systemic disease
also was apparent with hepatic necrosis. Experimental infection with some strains has resulted in similar
pathologic findings.34
General supportive therapy may be beneficial; however, clinical observations indicate rapid progression of
disease once recognized. Recognition and preventive
management practices should be carried out if problems develop. Specific vaccines are not available.

Lamb Nephrosis
A yet-to-be-determined cause of acute necrotic nephrosis in young lambs (less than 1 month of age) has been
described as a condition seen during the early grazing
season, particularly in the United Kingdom and surrounding regions.35-38 Occasional sporadic occurrences
are documented in various governmental disease surveillance reports to date. Associated causes for nephrosis such as coccidia and other gastrointestinal parasites,
Salmonella, pestivirus, and plant, chemical, and gentamicin toxicity in young lambs should be ruled out
before a “definitive” diagnosis of idiopathic nephrosis
is made. Nephrosis and associated staphylococcal skin
scald syndrome also have been reported in two approximately 5-month-old Merino lambs.39
A progressive, terminal illness develops over a few
days’ time. Lethargy, weakness, and ataxia progress to
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recumbency and death. Diarrhea and dehydration also
are common. Serum chemistry and urinalysis findings
are consistent with a nephrotic syndrome with azotemia, hypoalbuminemia, and proteinuria and “inactive”
urine sediment. On necropsy the kidneys are large, soft,
and pale. Microscopic examination reveals renal tubular
degeneration and necrosis affecting predominantly the
proximal convoluted tubules and renal cortices. Hyaline
to fibrinlike casts may be seen in the distal tubules and
collecting ducts with dilation of the distal convoluted
tubules. Focal glomerular lesions also may be observed.36
Supportive fluid and electrolyte therapy are indicated. Preventive measures aimed at concurrent disease
processes should be instituted.

Toxic Diseases
Toxic insult to the kidney occurs with a wide variety of
substances (bacterial endotoxins, plants, metals, body
metabolites) and array of severity. Toxic nephropathy
generally occurs due to vascular (ischemia and reperfusion) dynamics and direct tubular injury. Glomerular
damage may also occur. Endogenous toxicity from
hemolytic disease and myopathies may lead to delivery
of large amounts of hemoglobin or myoglobin causing
renal vasoconstriction and tubular obstruction from
protein coagulation.

Plants
Nephrotoxic plants are common sources of acute kidney disease; tannins (oak), soluble and insoluble
oxalate-containing plants (many), vitamin D plants
(cestrum, solanum), and sudan or sorghum are potential
sources of nephrotoxins in grazing and fed animals.40,41
A list of common nephrotoxic plants is presented in
Table 12-1; family, genus and species, and common
names are included to help the practitioner in investigations to find more specific information.
Seasonal variation in toxicity may be observed,
as seen with Quercus spp. (oak), and ruminants may
undergo rumen adaptation to safely graze toxic plants
such as those containing oxalates. Herbicides such as
the defoliant paraquat, if the treated pasture is grazed
soon after application, may cause acute renal tubular
necrosis in addition to respiratory symptoms. Pet sheep
and goats or those escaping pastures to explore may
become exposed to ornamental plants with toxic principles (e.g., lilies, ivy, oleander).42,43 Many of the nephrotoxic plants, particularly those causing oxalate toxicity,
are nitrate accumulators as well. Plant-origin nephrotoxins often also exhibit mixed effects on cardiac, gastrointestinal, respiratory, and hepatic systems. Specific
mechanisms of action may not yet be determined in
some direct nephrotoxic plants such as Isotropis spp.,44
and the kidneys are susceptible to secondary damage
from toxins primarily affecting other organ systems.

Clinical manifestations and pathologic lesions most
often are consistent with acute tubular necrosis with
exposures to those plants with affinity for inducing
nephrotoxicity. Clinical signs usually are acute-onset
lethargy, depression, oliguria, and neurologic signs.
Anticipated clinicopathologic findings are hyponatremia, hypochloremia, hypocalcemia, hyperkalemia, metabolic alkalosis, azotemia, hyposthenuria, enzymuria,
glucosuria, dark tubular casts, and changes in fractional
excretion of electrolytes. Gross necropsy usually reveals
swollen, pale to dark, edematous kidneys and perirenal edema. Histopathologic lesions generally feature
tubular damage characterized by necrotic epithelial
tubular desquamation, hyaline casts with distal tubular
obstruction, intact basement membranes, and relatively
unaffected glomeruli. Oxalate toxicity may cause urolith
and nephrolith formation and polarizing calcium oxalate crystals may be seen in the tubular lumen.40 Gross
and microscopic histopathologic examination reveals
generalized calcification of tissues that accompany
nephrotoxicity involving vitamin D-containing plants.
Acute toxicity often is treatable, because tubular
regeneration is possible. The animals should be removed
from the offending toxin.

Treatment and Prevention
Rumenotomy and evacuation can be considered if
history indicates that exposure was less than 12 to 24
hours in duration (see Chapter 5). Fluid and electrolyte
replacement therapy and correction of acid-base balance also are indicated (see Chapter 3). Fluids should
contain sodium chloride with added potassium and calcium. Saturated calcium hydroxide solution given orally
may bind unabsorbed soluble oxalates.
The key management strategy is to prevent or minimize exposure. Farm personnel should be able to recognize plants with potential to cause disease as well
as seasonal variations, allowing more effective grazing management, and precautions to avoid exposure
should be instituted. Animals that are hungry or starved
are more likely to consume dangerous plants when
given the opportunity. Ruminants can safely graze many
oxalate-contaminated pastures if they are given time
to adapt and if access to such pasturage is prevented
during rapid growth phases of the plants. Feeding
dicalcium phosphate, salt, and supplemental hay can
minimize toxicity.

Ethylene Glycol
Another oxalogenic nephrotoxin of potential risk to
small ruminants is ethylene glycol (EG). EG is a compound found in automotive anti-freeze coolants, brake,
transmisison fluid and windshield cleaning fluids as well
as a component of many industrial solvents and detergents, all of which are commonly found in farm environments. EG is converted to nephrotoxic metabolites,
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TABLE 12-1 Some Commonly Implicated Nephrotoxic Plants

Plant Family

Common Names and
Species

Chenopodiaceae

Lamb’s quarters
(Chenopodium spp.)
Halogeton (H.
glomerulatus)
Greasewood
(Sarcobatus
vermiculatus)
Russian thistle (Salsola
spp.)
Mexican fireweed
(Kochia scoparia)
Smotherweed
(Bassia hyssopifolia)

Polygonaceae

Rhubarb
(Rheum rhaponticum)
Beets/sugarbeets (Beta
vulgaris)
Dock, orchard sorrel, Indian tobacco
(Rumex spp.)
Wood sorrel, oxalis,
lady’s
sorrel (Oxalis spp.)
Pigweed (Amaranthus
spp.)

Oxalidaceae

Amaranthaceae

Toxic Principle (Renal)

Comments

Soluble sodium and potassium oxalates
Plants often are weeds found in
disturbed alkaline or acidic soils such
as seen with overgrazed pastures,
along roadsides or railways, in dry
watersheds, lakes, floodplains
Plants generally not considered
palatable; toxic consumption
dose is variable, owing partly to
rumen adaptation during gradual
introduction but also to variable oxalate concentration between plants
Green and dried forms of the plants are
considered toxic
Often cause mixture of systemic clinical
signs

Chenopodium spp. may cause GI
signs owing to irritation from
terpenes found in the plant
oils
Kochia also may cause
photosensitivity,
toxic hepatitis, and
polioencephalomalacia
Commonly accumulate nitrates

Beta and Rumex spp. are nitrate
accumulators

Potassium oxalates, very acidic

Solanaceae

Jessamine/jasmine
(Cestrum diurnum)
Nightshades (Solanum
malacoxylon)

Vitamin D–containing plants

Fagaceae

Oak (Quercus spp.)

Tannins (tannic acids) and pyrogallol
from rumen conversion
Direct GI, liver, and kidney toxins
Pyrogallol can cause
methemoglobinemia in sheep

May see perirenal edema and
nephrosis at necropsy
Nitrate accumulators
Cause generalized soft tissue
mineralization, including
glomerular and interstitial
fibrosis Often concomitant
GI and/or nervous clinical
signs due to toxic alkaloids
All oak species considered toxic
Prolonged consumption of
immature leaf stages (spring)
or acorns (fall)

GI, Gastrointestinal.

mainly glycolic acid, by the liver which then cause renal
damage. Calcium oxalate crystals also form and are
deposited in renal tubules causing further kidney damage.45 Toxicity is commonly encountered in dogs and
cats, but poisoning is rarely reported in farm animals. An
early report in a calf was followed by experimental reproduction in cattle.46 Lethal doses are 5 to 10 mL/kg in

mature cattle and 2 mL/kg in preruminating calves.46,47
The rumen provides some resistance to toxicity through
normal oxalate metabolic degradation by microbes but
also serves as a resevoir prolonging absorption of EG.
Contaminated feedstuffs and byproducts may serve
as sources of EG, thus feed analysis may be indicated
with compatible clinical and diagnostic findings.48,49
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A clinical case of ethylene glycol intoxication has been
reported in a pygmy goat with similar clinical signs and
progression as reported in other species.50
Central neurologic signs (ataxia, depression, loss
of menace), hypersalivation, tachypnea, gastrointestinal atony, and rumen bloat typically are described
as presenting clinical complaints. Clinical signs are
a result of initial degradation of EG to glyoxylic acid
by dehydrogenases resulting in central nervous system
depression and acidosis. A more commonly occuring
differential diagnosis would be polioencephalomalacia.
Hemolytic anemia, hemoglobinuria, and ocular signs
may occur less commonly. Progressive depression and
recumbency follow with oliguric or anuric renal failure,
leading to death in 2 to 10 days, depending on exposure
rate. Recovery is possible, as described in calves (4 to 5
months of age) with experimental toxicity dosed at
7.5 mL/kg for two consecutive days.47 Azotemia, metabolic acidosis, hypocalcemia, and hyperphosphatemia
are expected serum chemistry findings. Urinalysis reflects
tubular disease with proteinuria and oxalate crystalluria.
Necropsy findings are consistent with oxalate toxicosis, and histopathologic examination reveals birefringent crystals seen in the renal tubules. Frothy rumen
contents, if present, may have a “sweet” smell if intoxication was due to antifreeze consumption. EG poisoning is differentiated from plant oxalate poisoning
through tissue testing. Chemical analysis for ethylene
glycol and glycolic acid should be performed on rumen
contents, urine, renal tissue and occular fluid.
Aggressive fluid therapy with isotonic sodium chloride and bicarbonate should be instituted early; additional calcium and potassium can be added later on.
Intravenous 20% ethanol saturates alcohol dehydrogenase enzymes, preventing glycosylation of EG, thus
allowing excretion of unaltered nontoxic EG. Bolus
doses of 20% ethanol (5 mL/kg) at 6- to 8-hour intervals for 24 to 36 hours, as well as doses of 50 mL/hour,
have been recommended. In ruminants, EG lingers in
the rumen for days allowing for prolonged absorption.
4-Methylpyrazole, an alcohol dehydrogenase inhibitor,
is a reported antidote for EG toxicity that works well in
dogs but not cats, and information does not exist about
use in ruminants.51 Oral cathartics or activated charcoal
is indicated to help prevent absorption of EG. Supplemental thiamine also may help reduce the toxic effects
of glycolic acid.41 Rumenotomy and rumen evacuation
could be attempted, but patient stability should be
closely assessed (see Chapter 5).

Heavy Metals
Metals (zinc, lead, mercury, cadmium, copper, and
arsenic) are potential sources of nephrotoxicity arising
from environmental as well as feed sources.52 Copper
toxicosis is the most clinically recognized toxicity in
small ruminants. Other metals only occasionally cause

or have the potential to cause secondary kidney disease,
however the kidneys provide a diagnostic tissue source
for evaluating exposure. Cadmium, an environmental
contaminant that can cause acute endothelial renal
tubular disease, has been reproduced only experimentally in sheep, although exposure and accumulation
of the toxin in ruminants have been documented.53
Lead poisoning is more commonly recognized as a
neurologic disease arising from consumption of batteries, lead-base paints, oil, and contaminated water,
but lesions indicating chronic kidney degeneration may
be discovered at necropsy. Mercury is very unlikely to
be a cause of toxicity in sheep or goats, and mercury
toxicosis has never been reported. Zinc and arsenic are
primarily gastrointestinal toxins but affect cells with
high metabolic rates including the kidneys.

Copper Toxicity
Acute copper toxicity results from ingestion of high
copper feeds, copper salts, pesticides, poultry litter, and
other high-copper substances. Acute copper poisoning
can occur at copper intakes of 20 to 50 mg/kg in sheep,54
whereas goats are tolerant of copper. Chronic copper
toxicity occurs when high levels of copper are ingested
over a period of time, but at doses below the acutely
toxic level. Sheep are the species most susceptible to
chronic copper toxicity, because their liver cells have a
high affinity for copper and they excrete copper into
the bile at a very low rate, leading to a buildup of liver
copper stores over time. The 2001 USDA NAHMS sheep
survey reported that 2.9% of flocks incurred at least one
case of copper toxicity in the preceding three years.1
One of the most common causes of toxicity in sheep
is the accidental feeding of feedstuffs intended for other
livestock. Molybdenum reduces the accumulation of
copper in the liver. The ratio of copper to molybdenum
in the feed is therefore an important factor determining
the risk of copper poisoning. Chronic copper toxicity
typically involves the ingestion of feeds that have a high
copper-to-molybdenum ratio. Any feed that is found to
have copper levels greater than 20 ppm is potentially
toxic to sheep, whereas a copper-to-molybdenum ratio
greater than 10:1 approaches toxicity for sheep.54 Of
note, the feeding of monensin to sheep increased hepatic
copper and copper retention in the liver relative to findings in animals consuming a diet not supplemented
with monensin.55 Serum copper levels have been shown
to be higher in steers fed monensin or lasalocid.56
Copper is a strong oxidizing agent. It binds to proteins in the liver cells and is stored in lysosomes within
hepatocytes.57 So long as the copper remains stored
in lysosomes, it does not cause tissue damage. Copper
can, however, be released spontaneously or at times
of stress, such as with shearing, weather extremes, or
transport. Chronic copper poisoning is therefore often
described as a stress-related disease. When copper
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enters the blood it partitions into red cells, elevating
red cell copper levels 15- to 20-fold, whereas plasma
copper levels only increase two- to three-fold. It causes
oxidative injury to hemoglobin, inducing Heinz body
formation and converting it to methemoglobin, which
cannot bind O2 or CO2. The sulfhydryl groups of the red
blood cell membrane also undergo oxidative change,58
resulting in significant hemolysis and anemia. Finally,
this massive release of hemoglobin can result in hemoglobinuric nephrosis and renal failure.
Many animals affected by copper toxicity are simply
found dead. Necropsy findings will include icterus and
“gun metal blue” kidneys. In the live animal, icterus,
red or brown urine, anorexia, pallor, weakness, and
recumbency are common signs. Brown blood or pink
serum may be noted on blood collection and processing;
anemia and, in some cases, evidence of red blood cell
regeneration, will be present on blood work. Elevations
in creatinine are expected in animals with renal involvement. Hepatocellular injury and bile duct occlusion
occur with release of the copper. Determination of serum
concentrations of the enzymes aspartate transaminase
(AST) and GGT may be used to identify animals at risk
for copper toxicity and death; levels have been shown to
rise above normal at least 9 weeks before appearance of
clinical signs in some animals (see Chapter 2).59
Animals presenting alive ill exhibit anorexia, weakness, icterus, and hemoglobinuria.60 Once these clinical signs are recognized, the current feed for the flock
should be withdrawn pending testing for both copper
and molybdenum. Because copper may be stored in the
liver for up to 18 months, it is common to find that the
current feed is not the source. Fresh samples of liver and
kidney obtained at necropsy should be submitted to a
diagnostic laboratory for assay of copper levels. Serum
copper levels are unreliable in live animals owing to the
primary storage in liver. Elevation of serum copper to
greater than 2.0 ppm is diagnostic, but if the levels are
below this value, copper toxicity cannot be excluded,
because the elevation in serum copper concentration
often is transient. Liver copper levels should also be
interpreted with caution, because the release of copper
from the liver during the disease process can significantly reduce liver copper concentrations.
Treatment is complicated by economic restrictions
and antidote availability. Methylene blue (4 to 10 mg/kg
by slow intravenous infusion, given to effect) is important in controlling the acute methemoglobinemia.
Doses up to 15 mg/kg have been shown to be safe in
sheep.61 Response is typically rapid with a noticeable
effect expected within 15 minutes. The low end of the
dose range may be repeated if additional doses are
required. Methylene blue is a potential carcinogen,
and because of the lack of residue studies that accounts
for bound methylene blue in tissues, a slaughter withholding of 180 days has been recommended by the
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U.S. Food and Drug Administration (FDA) in any species.62 Free methylene blue is not readily retained in the
body and is virtually completely eliminated by 14 days,
this being the current recommendation for withholding in cattle suggested by FARAD.62 Sodium thiosulfate
(1000 mg per animal) is administered orally once daily
for 3 weeks. This usually comes in an injectable form,
which is administered orally. This drug is considered
by FARAD to not be a concern for slaughter, but it is
recommended to impose a slaughter withdrawal of
24 hours.62 D-penicillamine (26 mg/kg orally twice daily
for 6 days) is a heavy metal chelator and increases copper excretion in urine. The recommended slaughter
withdrawal is 21 days.62 Ammonium tetrathiomolybdate
(1.7 mg/kg IV every other day for three treatments)
decreases absorption of copper and increases removal
from liver.63 A 10-day slaughter withdrawal period is
recommended, along with a 5-day milk withholding
period.62 Vitamin C (500 mg SC) may also be useful
in treating copper toxicity as ascorbic acid counters red
blood cell oxidative damage, as may zinc and vitamin E
supplementation.64,65 Supportive treatments, including
blood transfusions and aggressive intravenous fluid therapy should be considered as indicated by clinical and
economic parameters. In addressing individual ill animals, it also is important to consider flock management.
Sodium thiosulfate, at the recommended listed dosage,
should be administered to all at-risk animals daily for
3 weeks to facilitate copper removal from the liver.
Overlap has been observed between adequate and
toxic copper levels in the serum of sheep and goats,
making serum an inadequate sample for definitive
diagnosis.54 Liver copper levels in goats above 180 ppm
wet weight and above 100 ppm wet weight in sheep are
considered high, with >250 in sheep and >230 in goats
considered toxic.54 Liver and kidney levels of copper
should be accompanied by histopathologic analysis in
order to document organ damage and failure due to
heavy metal toxicosis.

Antibiotic Toxicity
Some antibiotics have the potential to cause acute
kidney disease, particularly when used in dehydrated
animals or during episodes of altered renal perfusion
such as shock. Owing to concerns about violative residues with aminoglycoside usage in farm animals, aminoglycoside (gentamicin, neomycin) usage has greatly
diminished. Gentamicin concentrations are cumulative
in the renal tubules, potentially leading to cell death
secondary to mitochondrial oxidation or other mechanisms.40,66 In addition to cardiac effects, tetracyclines
can cause nephrotoxicity when given at high doses or
to dehydrated cattle, although similar instances have
not been documented in small ruminants.67,68 Sulfonamides have the potential to cause renal disease
from consequent deposition of precipitates in the renal
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tubules, resulting in decreased blood flow and urine
concentration.
Judicious use of antibiotics, patient status recognition, risk factors, and prompt detection of adverse
affects should eliminate severe consequences of antibiotic toxicity.66 Clinical signs of toxicity are consistent
with tubular nephrosis, and crystalluria may be seen
with sulfonamide toxicity. Discontinuing potentially
nephrotoxic substances, administering adequate intravenous fluids, and promoting diuresis can reverse toxic
insult and result in recovery.

REFERENCES
1.	US Department of Agriculture: Sheep 2001. Part II: Reference of
Sheep Health in the United States, 2001, Fort Collins, Colo, 2001,
USDA:APHIS:VS, CEAH, National Animal Health Monitoring
System.
2.	Niilo L: Clostridium perfringens in animal disease: a review of current knowledge, Can Vet J 21:141–148, 1980.
3.	Gardner DE: Pathology of Clostridium perfringens type D enterotoxemia. II. Structural and ultrastructural alterations in the tissues
of lambs and mice, J Comp Pathol 83:509–524, 1973.
4.	Fernandez Miyakawa ME, Uzal FA: The early effects of Clostridium
perfringens type D epsilon toxin in ligated intestinal loops of goats
and sheep, Vet Res Commun 27:231–241, 2003.
5.	Blackwell TE, et al: Differences in signs and lesions in sheep and
goats with enterotoxemia induced by intraduodenal infusion of
Clostridium perfringens type D, Am J Vet Res 52:1147–1152, 1991.
6.	Uzal FA, et al: The pathology of peracute experimental Clostridium
perfringens type D enterotoxemia in sheep, J Vet Diagn Invest
16:403–411, 2004.
7.	Layana JE, Miyakawa MEF, Uzal FA: Evaluation of different fluids for
detection of Clostridium perfringens type D epsilon toxin in sheep
with experimental enterotoxemia, Anaerobe 12:204–206, 2006.
8.	Uzal FA, Songer JG: Diagnosis of Clostridium perfringens intestinal
infections in sheep and goats, J Vet Diagn Invest 20:253–265,
2008.
9.	de la Rosa C, Hogue De, Thonney ML: Vaccine schedules to raise
antibody concentrations against E toxin of Clostridium perfringens
in ewes and their triplet lambs, J Anim Sci 75:2328–2334, 1997.
10.	Ellis GR, et al: Seroprevalence to Leptospira interrogans serovar
hardjo in Merino stud rams in South Australia, Aust Vet J 71:
203–206, 1994.
11.	Heath SE, Johnson R: Leptospirosis, J Am Vet Med Assoc 205:
1250–1254, 1994.
12.	Marshall RB: Ultrastructural changes in renal tubules of sheep following experimental infection with Leptospira interrogans serotype
pomona, J Med Microbiol 7:505–508, 1974.
13.	Adler B, de la Pena Moctezuma A: Leptospira and leptospirosis,
Vet Microbiol 140:287–296, 2010.
14.	Hodges RT: Some observations on experimental Leptospira serotype pomona infection in sheep, N Z Vet J 22:151–154, 1974.
15.	Smith BP, Armstrong JM: Fatal hemolytic anemia attributed to
leptospirosis in lambs, J Am Vet Med Assoc 167:739–741, 1975.
16.	Sleight SD, Langham RF: The effects of Leptospira pomona hemolysin on pregnant ewes, cows, and sows, J Infect Dis 111:63–77,
1962.
17.	Vermunt JJ, et al: Observations on three outbreaks of Leptospira
interrogans serovar pomona infection in lambs, N Z Vet J 42:
133–136, 1994.
18.	Harrington R: Leptospiral antibodies in serum from cattle,
swine, horses, deer, sheep and goats: 1973-1974, Am J Vet Res 36:
1367–1370, 1975.
19.	Lilenbaum W, et al: Identification of Leptospira spp. carriers
among seroreactive goats and sheep by polymerase chain reaction, Res Vet Sci 87:16–19, 2009.

20.	Kingscote B: Leptospirosis in sheep in western Canada, Can Vet J
26:164–168, 1985.
21.	Prusty PK, Srivastava SK: Haemolytic properties of different Lepto
spira strains, Indian J Anim Sci 61:129–134, 1991.
22.	Hathaway SC, Marshall RB: Experimental infection of sheep with
Leptospira interrogans: serovars hardjo and balcanica, N Z Vet J
27:197, 1979.
23.	Mitchell G, Leonard J: Leptospira interrogans serovar hardjo infection in a sheep, Aust Vet J 62(10):346–347, 1985.
24.	Cerri D, et al: Leptospira interrogans serovar hardjo in the kidneys
and genital tracts of naturally infected sheep, Microbiologica
19:175–178, 1996.
25.	Farina R, et al: Leptospira interrogans in the genital tract of sheep.
Research on ewes and rams experimentally infected with serovar
hardjo (hardjobovis), Microbiologica 19:235–242, 1996.
26.	Webb AI, et al: Drugs approved for small ruminants, J Am Vet Med
Assoc 224:520–523, 2004.
27.	Adverse reaction to tilmicosin use in goats: Large Anim Vet Rep
7:95, 1996.
28.	Bolin CA, et al: Effect of vaccination with a pentavalent leptospiral vaccine on Leptospira interrogans serovar hardjo type hardjobovis infection of pregnant cattle, Am J Vet Res 50:161–165, 1989.
29.	Bolin CA, Zuerner RL, Tureba G: Effect of vaccination with a
pentavalent leptospiral vaccine containing Leptospira interrrogans
serovar hardjo type hardjo-bovis on type hardjo-bovis infection
in cattle, Am J Vet Res 50:2004–2008, 1989.
30.	Bolin CA, et al: Effect of vaccination with a monovalent Leptospira
interrogans serovar hardjo type hardjo-bovis vaccine on type
hardjo-bovis infection in cattle, Am J Vet Res 52:1639–1643, 1991.
31.	Lehmkuhl HD, Cutlip RC, Brogden KA: Seroepidemiologic survey
for adenovirus infection in lambs, Am J Vet Res 54:1277–1279,
1993.
32.	Finnie JW, Swift JG: Adenovirus infection in ovine kidney and
liver, Aust Vet J 68:184, 1991.
33.	Debey BM, et al: Ovine adenovirus serotype 7–associated mortality in lambs in the United States, Vet Pathol 38:644–648, 2001.
34.	Belak S, et al: Isolation of a pathogenic strain of ovine adenovirus
type 5 and a comparison of its pathogenicity with that of another
strain of the same serotype, J Comp Pathol 90:169–176, 1980.
35.	Angus KW, et al: Acute nephropathy in young lambs, Vet Rec
124:9–14, 1989.
36.	Angus KW, Hodgson JC: Recognition and management of
nephrosis in lambs, In Pract 12:3–5, 1990.
37.	Angus KW: Nephropathy in young lambs, Vet Rec 126:525–528,
1990.
38.	Benson JA, Williams BM: Acute renal failure in lambs, Br Vet J
130:475–481, 1974.
39.	Yeruham I, et al: A generalized staphylococcal scalded skin-like
disease in lambs, J Vet Med B 46:635–640, 1999.
40.	Plumlee KH, editor: Clinical veterinary toxicology, St Louis, 2004,
Mosby.
41.	Radostits OM, et al: Diseases of the kidney. In Radostits OM, et al,
editors: Veterinary medicine: a textbook of the diseases of cattle, sheep,
pigs, goats and horses, ed 9, Philadelphia, 2000, Saunders.
42.	Barbosa RR, Fontenele-Neto JD, Soto-Blanco B: Toxicity in goats
caused by oleander (Nerium oleander), Res Vet Sci 85:279–281,
2008.
43.	Wisløff H, et al: Narthecium ossifragum (L.) Huds. causes kidney
damage in goats: morphologic and functional effects, Vet Pathol
40:317–327, 2003.
44.	Cooper TB, Huxtable CR, Vogel P: The nephrotoxicity of Isotropis
forrestii in sheep, Aust Vet J 63:178–182, 1986.
45.	McMartin K: Are calcium oxalate crystals involved in the mechanism of acute renal failure in ethylene glycol poisoning?
Clin Toxicol 47:859–869, 2009.
46.	Crowell WA, et al: Ethylene glycol toxicosis in cattle, Cornell Vet
69:272–279, 1979.
47.	Singh DP, Kumar M, Varshney KC: Pathological changes in
experimental ethylene glycol intoxication in cow calves: clinicohaematological and biochemical changes, Indian J Anim Sci
64:1361–1363, 1994.

Chapter 12 • Diseases of the Urinary System

343

48.	Barigye R, et al: Ethylene glycol toxicosis in adult beef cattle fed
contaminated feeds, Can Vet J 49:1018–1020, 2008.
49.	Church AS, Witting MD: Laboratory testing in ethanol, methanol, ethylene glycol, and isopropanol toxicities, J Emerg Med 15:
687–692, 1997.
50.	Boermans HJ, Ruegg PL, Leach M: Ethylene glycol toxicosis in a
pygmy goat, J Am Vet Med Assoc 193:694–696, 1988.
51.	Dial SM, Thrall MA, Hamar DW: Comparison of ethanol and
4-methylpyrazole as treatments for ethylene glycol in cats, Am J
Vet Res 55:1771–1782, 1994.
52.	Ammerman CB, et al: Contaminating elements in mineral
supplements and their potential toxicity: a review, J Anim Sci
44:485–508, 1977.
53.	Stoev SD, et al: Experimental cadmium poisoning in sheep,
Exp Toxicol Pathol 55:309–314, 2003.
54.	Puls R: Mineral levels of animal health, ed 2, Clearbrook, BC, 1994,
Sherpa International.
55.	van Ryssen JB: Effect of monensin and its metabolites in broiler litter
on sheep consuming broiler litter, J S Afr Vet Assoc 62:94–99, 1991.
56.	Starnes SR, et al: Influence of monensin and lasalocid on mineral
metabolism and ruminal urease activity in steers, J Nutr 114:
518–525, 1984.
57.	Nederbragt H, van den Ingh TSGAM, Wensvoort P: Pathobiology
of copper toxicity, Vet Q :6179–6185, 1984.
58.	Hochstein P, Kumar KS, Forman SJ: Mechanisms of copper toxicity in red cells, Prog Clin Biol Res 21:669–686, 1978.

59.	Lewis NJ, Fallah AH, Connor ML: Copper toxicity in confinement-
housed ram lambs, Can Vet J 38:496–498, 1997.
60.	Roubies N, et al: A retrospective study of chronic copper poisoning in 79 sheep flocks in Greece (1987-2007), J Vet Pharmacol Ther
31:181–183, 2008.
61.	Burrows GE: Methylene blue: effects and disposition in sheep,
J Vet Pharmacol Ther 7:225–231, 1984.
62.	Haskell SRR, et al: Antidotes used in food animal practice, J Am
Vet Med Assoc 226:884–887, 2005.
63.	Humphries WR, et al: Use of ammonium tetrathiomolybdate in
the treatment of copper poisoning in sheep, Vet Rec 119:596–598,
1986.
64.	Gaetke LM, Chow CK: Copper toxicity, oxidative stress and antioxidant nutrients, Toxicology 189:147–163, 2003.
65.	Schilsky ML, et al: Hepatocellular copper toxicity and its attenuation by zinc, J Clin Invest 84:1562–1568, 1989.
66.	Garry F, Chew DJ, Hoffsis GF: Urinary indices and renal function
in sheep with induced aminoglycoside nephrotoxicosis, Am J Vet
Res 51:420–427, 1990.
67.	Lairmore MD, Alexander AF, Powers BE: Oxytetracycline associated nephrotoxicosis in feedlot calves, J Am Vet Med Assoc
185:793–795, 1984.
68.	Vaala WE, Ehnen SJ, Divers TJ: Acute renal failure associated with
administration of excessive amounts of tetracycline in a cow, J Am
Vet Med Assoc 191:1601–1603, 1987.

CHRONIC RENAL DISEASES
Systemic Disease

ascending infection of pathogenic bacteria. Bacterial
infections may arise from normal inhabitants of the
genitourinary epithelium, gastrointestinal tract, or the
environment. Infection may ascend from the urinary
bladder to cause unilateral or bilateral disease of the
ureters and kidneys. Pyelonephritis of the left kidney is
more common, with the increased incidence thought to
be due to a shorter ureteral distance from the bladder,
although bilateral disease may be present. Ascending
infection originating from the lower urinary tract is
more likely in females owing to the shorter anatomic
urethra and often is reported with a history of decreased
frequency of urination and with postparturient diseases.
Dehydration, spinal disease, and anatomic anomalies
may result in production of lower volumes of urine and
decrease in urine flow. Down animals that are unable
to rise often urinate infrequently, if at all without assistance, and are in closer, prolonged proximity to environmental contaminants. Other origins for ascending
infection may be from an infected urachus in neonates,
indwelling transabdominal cystostomy tubes and cysticcutaneous marsupialization for urethral obstruction,
or introduced through urethral catheterization and
obstetric manipulation. Hematogenous spread is possible, and inflammatory urinary diseases or trauma
may increase the likelihood of establishing infection.
Inflammation within the urinary tract from trauma or
urinary calculi increases the risk for a UTI, although
Escherichia coli and Corynebacterium renale can establish
primary infections in normal mucosa.
The most commonly isolated organisms in pyelonephritis cases are E. coli and C. renale. E. coli is more

Acute and chronic respiratory, gastrointestinal, and dermal diseases are common and have the potential to lead
to direct renal pathology and dysfunction through seeding infection and abscess formation within the kidney
or embolic showering. Often lesions seen in the kidneys
secondary to a primary disease are subclinical. Sheep and
goats are susceptible to infection with Corynebacterium
pseudotuberculosis leading to chronic systemic abscess
formation including the kidney. Staphylococcus spp.,
Streptococcus spp., Salmonella, E. coli, Chlamydia, Klepsiella
spp., as well as other environmental contaminants have
the ability to cause embolic disease, renal infarcts, and
abscesses. Conidiobolomycosis, a fungal disease seen
in tropical regions, primarily affects the upper airway
or ethmoids but also can disseminate to the kidney.1
Chronic intravenous catheterization is a risk factor for
renal infarction and kidney dysfunction. Evaluation of
indwelling catheter effects on kidneys in sheep revealed
immune-mediated glomerulonephritis, however clinical
disease was not aparent.2 Renal lipomatosis was reported
as more of an incidental finding in a 5-month-old lamb
with severe coccidiosis as the primary problem.3

Pyelonephritis
Urinary tract infections (UTIs) may cause chronic kidney disease in small ruminants but is a less commonly
reported condition than in cattle. As with other species,
UTI involving the kidney results most commonly from
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commonly considered an environmental or opportunistic pathogen, whereas C. renale is commonly considered the agent of “infectious” pyelonephritis. Both
bacterial species can normally reside subclinically in
urogenital epithelium, although poor on-farm environmental hygiene increases the frequency of clinical disease. C. renale organisms are continually disseminated
into the environment from infected animals and may
survive there for up to 2 months.4 Other Corynebacte
rium species, coliforms, and Arcanobacterium pyogenes
also are capable of causing disease. Some recognized
pathogens have been isolated from the male genital
tract, Corynebacterium spp. in bulls and Eubacterium
suis (formerly Corynebacterium) in boars, which makes
venereal transmission possible.5,6 Because C. renale and
E. coli can be part of the normal flora in healthy animals, bacterial fimbria attachments, urine pH, and
other factors enhance the chances of establishing clinical infection in individual animals.
Ill thrift, fever, and vague colic signs may accompany a diagnosis of pyelonephritis. Other features
may include a history of straining to urinate or pus in
the urine. Ancillary diagnostic studies should include
urinalysis for evidence of hematuria, leukouria, bacteriuria, and proteinuria. Isosthenuria with an alkaline
pH is expected. It is important to collect urine voided at
the end of the micturition period, because debris may
have settled to the ventral bladder and be voided only
late in the urination process. Transabdominal palpation
should be performed in attempt to determine whether
it elicits pain in the kidneys. Percutaneous ultrasound
imaging may be diagnostic.7
Promoting diuresis is an important adjunctive therapy in flushing the urinary tract. Intravenous fluids may
be used initially or in severe cases. Encouraging water
intake or delivering water by orogastric tube should
be performed at a minimum. Providing salt and feeding ammonium chloride (at a maximum daily dose of
200 mg/kg) will encourage water consumption. Ammonium chloride has the added benefit of urine acidification, which may prevent adhesion of some organisms.
Antibiotic selection should be based on culture
and sensitivity testing; however, penicillin is the most
common agent of choice for initial treatment. Overwhelming infection may result in a lack of therapeutic
response despite bacterial susceptibility. Long-term
antibiotic administration extending several weeks may
be required in some cases. Limited studies have suggested relapse rates in cattle of nearly 10% and overall
mortality or culling rates of one third of clinical cases.8
Confirming bilateral disease can be important for
prognosis, and extent of renal function is more difficult
to determine in ruminants. Measurement of urine specific gravity, assessment of azotemia response to fluid
therapy, and physical exam findings should be combined to determine response to therapy. Nephrectomy

may be an option in select cases, and both kidneys can
be carefully evaluated with palpation and ultrasound
imaging during the exploratory examination.9

Amyloidosis
Amyloidosis is a systemic disease associated with
deposition of insoluble extracellular hyaline protein
throughout bodily organs. Insoluble β-pleated sheets of
amyloid fibrils are generated with partial degradation
of circulating precursor proteins and are then deposited
in multiple tissues. Many forms of amyloid can develop
and cause disease in all species. The proteinaceous
complex can develop as a result of chronic inflammatory disease, when the condition is called reactive
or secondary amyloidosis or AA amyloidosis, or it may
be immunologically derived from lymphoid origin
neoplasia (namely, myeloma), when the condition is
termed AL amyloidosis. In addition, genetic development
is recognized in some species and breeds. Cases of amyloidosis in small ruminants due to myeloma or genetic
susceptibility, disregarding scrapie, were not located in
the veterinary literature. Only one case of systemic AL
amyloidosis in a cow can be located in the literature.10
Chronic suppurative, inflammatory, and neoplastic conditions, which are commonly regarded as risk factors
for development of reactive amyloidosis, often occur in
small ruminants; however, clinical cases of amyloidosis
are infrequently reported.11,12 Subclinical amyloidosis
may be an incidental finding in ruminant species.13
Amyloidosis can be induced experimentally and is
more common in hyperimmunized animals for product
development or research, in which it usually manifests
as a more systemic process.14
Amyloidosis is a systemic disease that commonly
affects kidney function as a chronic noninflammatory
glomerular disease associated with a history of chronic
weight loss and decreasing appetite or anorexia. Clinical presentation usually is that of nephrotic syndrome
and hypoalbuminemia characterized by edema, ascites, pleural and pericardial effusion, dyspnea, exercise
intolerance, and possibly diarrhea. A recent case report
described severe chemosis as the presenting complaint
in a goat.15 Multiorgan dysfunction, including the
hepatic, hematopoietic, and gastrointestinal systems,
with associated clinical signs, are expected in addition
to renal signs.
Clinical serum chemistries may reveal hyperkalemia, hyperphosphatemia, and elevated BUN with
normal serum creatinine levels.16 Normal to decreased
serum total protein may be found, along with hypoalbuminemia, hyperglobulinemia, and a decreased
albumin-to-globulin ratio. Proteinuria is a consistent
urinalysis finding, with an elevated urine protein-tocreatinine ratio. Urine concentration is inconsistent,
and sedimentation characteristics of epithelial cells
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and cellular casts are variable. Unless secondary infection is present, however, the cellular sediment is not
“active.” Enzymuria and elevated serum amyloid markers also may support the diagnosis. Ultrasonography
may reveal renal enlargement and perirenal edema
with hyperechogenic parenchyma. Renal biopsy can
be performed as an additional antemortem test, with
variable results.
Necropsy findings are somewhat dependent on the
severity of amyloidosis and include normal-size to
grossly enlarged kidneys, with a diffusely pale appearance or pale miliary foci on the surface and throughout
the parenchyma.17 Microscopic changes with amyloid
deposition include extracellular hematoxylin and eosin
(H&E)-positive tissue staining mostly affecting the
glomerulus. Congo red staining confirms the presence
of amyloid.
Treatment is supportive and symptomatic including
diagnosis and treatment of potential inciting causes.
Prognosis generally is regarded as poor to grave. Steroids
and nonsteroidal antiinflammatories can be administered, and several sources indicate use of dimethyl
sulfoxide (DMSO) may be efficacious for dissolving
amyloid protein. Use of DMSO in food production animals is extra-label and will require careful judgement
by the clinician.

Scotland, several cases were diagnosed in northern
Alberta in the mid-1980s.21 This form of glomerulonephritis is considered terminal, with lambs developing
clinical signs of lethargy, abdominal pain, and renal
failure within weeks after parturition.
With the exception of MCGN, glomerulonephritis is
not rapidly progressive in sheep and goats. A relatively
nonspecific clinical presentation of failure to thrive is
noted and may be confused with that in more common conditions such as metabolic disease or gastrointestinal parasitism. Historical evidence of disease
(e.g., pregnancy toxemia, abscesses, pneumonia), in
addition to concurrent clinical signs of active infection
or inflammation, should be considered in determining
the etiology of the condition. Depending on the degree
of glomerular disease leading to hypoproteinemia,
pleural and peritoneal effusion may develop. The hallmark of glomerular disease is proteinuria. Renal biopsy
can be definitive. Gross and microscopic examination at
necropsy reveals pale, contracted kidneys with glomerular fibrosis, interstitial thickening, tubular fibrosis, and
capillary occlusion.
Treatment for the inciting cause, if apparent, is
indicated. Immunosuppressive and chronic steroidal
therapy may suppress glomerular inflammation. Longterm prognosis is poor.

Glomerulonephritis

Mesangiocapillary Glomerulonephritis

Glomerular inflammation and specific pathologic processes may occur in both mature and young animals,
for various reasons. As opposed to amyloidosis, the
glomerular damage is inflammatory, with deposition
of immune-mediated components of antigen, immunoglobulin, and complement, and can occur spontaneously in sheep and goats.18 In older animals, the
inciting cause usually is a nonlocalized chronic inflammatory process, often pneumonia or abscesses. Immune
complex deposition affects the glomerular capillary
basement membranes, causing thickening and overgrowth leading to both clinical and subclinical renal
disease. Proliferative glomerulonephritis is a common
incidental finding at necropsy and often is of no clinical
significance in sheep and goats. In sheep suffering from
pregnancy toxemia, toxic and vascular damage to the
glomeruli may occur and result in edema and epithelial
and endothelial cell destruction.
A well-described spontaneous glomerulonephritis,
spontaneous mesangiocapillary glomerulonephritis (MCGN),
occurs in purebred and crossbred Finnish Landrace
lambs.19 Literature reports and research regarding this
condition within the past few decades are lacking.
MCGN has a genetic association with C3 complement
deficiency with a recessive mode of inheritance, affecting lambs younger than 4 months of age.20 Although
the disorder initially was presumed to be isolated to

Mesangiocapillary glomerulonephritis is an immunemediated renal disease characterized by immunoglobulin deposition in the glomerular capillary walls and a
third component of complement deficiency in affected
lambs.22 This congenital,23 heritable condition is best
described as recessive, although the mode of inheritance is complex,20 and colostral intake has not been
shown to play a primary role in disease development.24
The disease has been described primarily in Finnish
Landrace lambs younger than 4 months of age but has
been documented in crossbred lambs from “low-risk”
Finnish Landrace ewes and Dorset rams.25 Clinical
signs include isolation, anorexia, conjunctival edema,
and cerebral neurologic signs, and acute death has
been reported.21 The kidneys are grossly enlarged, and
affected animals become uremic21 and hypoalbuminemic.
The diagnosis is based on histopathologic examination
of the kidney, which demonstrates crescent lesions
of neutrophilic infiltration, fibrosis, and glomerular
hypertrophy.22 Ultrastructural studies have shown this
condition to be similar to human mesangiocapillary
glomerulonephritis type I.22 Edema, IgG deposition,
and cellular infiltration also have been seen in the
choroid plexus of affected lambs.26 Treatment generally
is not attempted in affected lambs, but alternate-day
prednisone therapy has been shown to ameliorate the
disease in children.27
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Renal Abscesses
Abscessation of the kidneys typically is the result of
hematogenous spread, and abscesses often are revealed
in other organs of the body. Around the world, the
most common cause of abscesses in sheep and goats is
C. pseudotuberculosis, the cause of caseous lymphadenitis. Abscesses may be superficial, limited to the
subcutaneous tissues and superficial lymph nodes,
or visceral, primarily affecting the lungs, mediastinal
lymph nodes, and other organs, including the kidneys.28 Corynebacterium shares a family with Rhodococ
cus, Mycobacterium, and Nocardia and is associated with
chronic, pyogranulomatous inflammation; infection
should be considered lifelong, because viable bacteria
may be cultured from older abscesses for several years
after infection.28 Sheep tend to have more frequent and
more severe visceral manifestations of caseous lymphadenitis than those typical in goats.28 The purulent
material within the abscess contains large numbers of
the bacteria and is extremely contagious, with transmission generally occurring by respiratory, integumentary,
oral, and other routes. The bacteria invade local lymph
nodes and disseminate, producing thickly encapsulated
pyogranulomas throughout the lymphatic system and
visceral organs.
Other bacteria have been reported to cause abscesses
in sheep and goats and should be considered potential
pathogens in formulating a differential diagnosis for
caseous lymphadenitis. Mycobacterium bovis has been
demonstrated in an infected sheep flock, with abscesses
throughout the body, including the kidneys.29 An avirulent strain of Rhodococcus equi has caused disseminated
abscesses in goats, but renal involvement did not specifically exist in these cases.30 Staphylococcus spp., Strep
tococcus spp., Salmonella spp., and Chlamydia spp. also
have been associated with renal abscesses in lambs.31
Burkholderia (Pseudomonas) pseudomallei has been
cultured from abscesses in a Boer doe in South Africa
involving the mammary gland and the cortex of one
kidney.32 This bacterium inhabits soil and water in
endemic areas, occurring in Asia, Africa, Australia, and
Central and South America.
Diagnosis of renal abscesses is most readily made
on ultrasonographic examination of the kidneys and
retroperitoneal space, where fluid pockets or gas accumulation may be encountered. Fine needle aspiration
of suspected abscesses is recommended over needle
biopsy to minimize peritoneal contamination. Culture
of abscesses provides etiologic diagnosis, along with
antimicrobial sensitivities. In the case of C. pseudo
tuberculosis, cultured bacteria frequently demonstrate
sensitivity to several antimicrobials in vitro; however,
in vivo performance is poor, probably because of the
thick encapsulation of the abscesses and intracellular
activity of the organism.28 A course of rifampin and

oxytetracycline has been shown to result in clinical resolution of caseous lymphadenitis abscesses in sheep, but
it was not determined if animals remained infected.33
Serologic tests for hemagglutination inhibition as well
as ELISA and other serologic tests are available, as is
PCR assay.28
Surgical removal of abscesses in their entirety has
been performed and, if renal involvement is unilateral,
nephrectomy may be performed, relying on compensatory changes in the remaining kidney,34 although it is
likely that other visceral manifestations exist. Animals
affected with caseous lymphadenitis should be considered lifelong, systemic carriers, serving as a potential
source of infection to other animals and people, making culling often the most appropriate management
decision.
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MISCELLANEOUS CAUSES OF RENAL
DISEASE
Parasites Affecting the Kidneys

limiting stocking density, and regular monitoring for
parasitism and appropriate application of parasiticides,
with owner education regarding food safety issues.

Protozoa, cestodes, trematodes and nematodes have been
shown to infect or have effects on the kidneys of sheep
and goats. Disseminated disease with Toxoplasma gondii
has been documented in a 2-year-old goat, in which
examination of the kidneys showed white streaks in the
cortex and a necrotizing glomerulonephritis.1 Toxoplasma
brachyzoides were present in the kidney, and other manifestations of systemic involvement included cystitis and
respiratory and gastrointestinal lesions.1 A 4-year-old
pregnant goat exhibited encephalitis and abortion and
was found to have hepatic and renal organisms consistent with Toxoplasma spp.2 Encephalitozoon (Nosema)
cuniculi has been shown to infect sheep3 and goats.4
Renal tubular cells contain the organism and cause a
chronic interstitial nephritis.3,4 Congenital sarcocystosis
has been documented in a stillborn goat, with Sarcocyst
organisms present in the kidneys.5 Of particular concern
with many protozoal parasites is their zoonotic potential.
Control of such parasites should include limitation of
contact of flocks and herds with cats and rabbits.
Infertile cysts and cysticerci of the cestodes Echinococ
cus granulosus and Taenia hydatigena have been found
in the kidneys of sheep,6 with mesangial and membranoproliferative glomerulonephritis a common change
noted with hydatidosis in sheep.7 An acute nephrosis
believed to be caused by Nematodirus battus has been
shown to affect lambs, primarily those younger than
1 month of age, but the exact etiology of this condition
is unknown.8 Fasciola hepatica also causes anemia and
hemosiderin deposition in the proximal renal tubules
in lambs.9 Control of these systemic manifestations of
parasitic infections includes the control of carnivores,

Cloisonné Kidney
Cloisonné kidney previously was termed “caprine” cloisonne kidney, because it originally was described exclusively in male white Angora goats in Texas,10,11 but
the condition has since been reported in sheep12,13 as
well. On gross examination, the kidneys are of normal
size but appear brown, with this discoloration extending throughout the renal cortex.10 Histopathologic
examination will reveal a thickened, brown-pigmented
proximal tubular basement membrane.11 This pigment
has been characterized as containing a glycolytic group,
inorganic material, amino acids,14 and ferritin,15 with
repeated intravascular hemolysis proposed as a causative mechanism.15 The condition initially was believed
to have a restricted geographic distribution10 but has
been described in North America and Eurasia.11-14 The
condition generally is subclinical, frequently an incidental finding on postmortem surveys10,12-14 or survey
renal biopsies,11,15 but may be of clinical significance in
some animals.12 Management and treatment principles
for cloisonné kidney have not been proposed.

Congenital Anomalies of the Kidneys
and Ureters
A number of congenital anomalies have been reported to
involve the kidneys and ureters, with most of the reports
involving lambs. Reported anomalies include unilateral
and bilateral renal agenesis, cystic and polycystic kidneys, hydronephrosis, lobulated kidney, and renal dysgenesis in fetal and neonatal lambs.16-21 Polycystic renal
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disease in lambs is believed to be an autosomal recessive
trait.16 Renal agenesis has been reported in young goats
where the kidneys were pale and slightly small, with
cysts, fibrosis, cellular infiltrates, and oxalate crystals
were present in the renal tubules of one goat.22 In one
case of cystic renal dysplasia of lambs, 30% of one ram’s
offspring were affected, and the condition was associated with abortions and stillbirths.20 Ectopic ureter has
been reported in a goat examined for a ventricular septal
defect.23 Animals diagnosed with a congenital anomaly
frequently have concurrent anomalies,17,19,23 which are
important considerations in case management.

Neoplasia of the Kidneys
Multicentric lymphosarcoma has been reported to
involve the kidney of sheep experimentally infected
with the bovine leukemia virus (BLV).24 With this
experiment, sheep developed tumors at a much higher
rate (34.7%)24 than is reported in cattle. Goats appear
to be more resistant to the development of lymphosarcoma as a consequence of BLV infection, but renal
involvement has been noted. Nephroblastoma has been
reported in an aborted lamb fetus.25
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DISEASES OF THE URINARY BLADDER
Cystitis
Inflammation of the urinary bladder is a common condition, primarily affecting females, acquired through
ascending infection. This commonly occurs post partum as a result of contamination from the genital tract
or iatrogenic from fetal manipulation. Cystitis also may
result from the presence of uroliths, as an ascending
infection from an infected urachus in neonates, and
from bladder atony resulting from neurologic disorders.
Animals experiencing prolonged recumbency may not
urinate frequently, predisposing them to the development of urinary tract infections (UTIs). The most
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common etiologic organisms are Corynebacterium renale,
Escherichia coli, staphylococci, and streptococci. Animals
with cystitis often are pollakiuric and stranguric1 and
may have blood clots or purulent debris on the vulvar
or preputial hairs. Urinalysis will reveal hematuria or
pyuria, with red blood cells, neutrophils, and, in some
cases, bacteria visible in microscopic sediment. Ultrasound examination of the urinary bladder may reveal
a thickened wall, hyperechoic urine, and blood clots or
purulent debris on the bladder floor. Horizontal beam
radiography is useful for demonstrating sediment in the
bladder, and survey and contrast radiography can be
used to demonstrate bladder wall thickening.2 Endoscopy1 is useful for visualizing the interior of the urinary
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bladder to rule out other likely diagnoses, including
urolithiasis and enzootic hematuria. Urine obtained as
a midstream, free-catch sample or by cystocentesis may
be submitted for bacterial culture and sensitivity testing.
Cystocentesis provides the preferred samples for culture,
because contamination is minimized. The presence
or absence of renal involvement in animals with UTIs
should be determined. Animals with renal involvement
or pyelonephritis often will be systemically ill, febrile,
or azotemic and will require more aggressive treatment.
Consideration should be given to the administration
of antimicrobials or antiinflammatory drugs,1 promotion of diuresis, and urinary acidification in the management of animals with UTIs. The antimicrobial of
choice should be an appropriate broad-spectrum agent
selected on the basis on culture and sensitivity testing
and should be excreted through urine. The beta-lactam
antibiotics ceftiofur and penicillin are most commonly
utilized. Sulfonamide and tetracycline products may
also be used. For lower UTIs, a treatment duration of
7 to 10 days generally is recommended, followed by
repeat urinalysis to determine the ongoing need for
treatment. Antiinflammatories may be given in the first
2 to 3 days of therapy to provide relief of discomfort
but should be used with caution if renal involvement
is suspected. In selecting an antimicrobial and antiinflammatory protocol for individual veterinary patients
in the United States, the Minor Use Minor Species
approved drug lists and the Food Animal Residue
Avoidance Database (FARAD) should be consulted for
drug approval and appropriate withdrawals.3,4 Encouraging the frequent voiding of urine may be achieved
with fluid therapy and salt consumption for frequent
bacterial removal from the bladder.
An indwelling urinary catheter provides a consistent outlet for urine and the opportunity for bladder
lavage. Catheters must be placed and maintained in a
hygienic manner to avoid further contamination of the
urinary tract. Urine acidification is particularly useful
for infections with C. renale, because this organism possesses pili that adhere to uroepithelium in an alkaline
environment.

Urinary Incontinence
Urinary incontinence arises primarily from neurologic
disorders and is of clinical concern owing to urine
scalding and risk for UTI from urine retention or inadequate urethral sphincter activity. On examination of
affected animals, the urinary bladder lesion should
be classified as upper motor neuron (UMN) or lower
motor neuron (LMN). Animals affected with UMN
lesions (spinal segment L4 to S2) exhibit a distended
bladder that is difficult to manually express. The urinary bladder affected by a LMN lesion (spinal segment
S2 to caudal) also will be distended but will be easily
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expressed, and the animal may dribble urine. Other
signs of UMN lesions include ataxia and decreased tail
tone and perineal reflexes.
Causes of urinary incontinence include trauma to
lumbosacral spinal cord segments, detrusor atony secondary to urinary tract obstruction, and a variety of
diseases affecting the spinal cord. Urinary incontinence
has been reported as a clinical sign in a case series of
enzootic ataxia in goat kids.5 Enzootic ataxia is a disease
of animals in the first few months of life, characterized
by low tissue copper levels and wallerian degeneration
and dysmyelinogenesis of the cervical and thoracic
spinal cord segments.6 Urinary incontinence has been
reported in a heifer affected with central nervous system migration of Parelaphostrongylus tenuis,7 which also
occurs in goats.8 West Nile virus has been reported
to cause encephalomyelitis in a ewe, whose clinical
signs included a distended urinary bladder and urinary
incontinence.9 Urinary incontinence is well recognized
as a result of axonal degeneration and demyelination
in horses consuming Sorghum spp. plants but was not
recognized in lambs affected by central nervous system
lesions after grazing Sorghum pastures.10 Lesions in
lambs differ from those in horses in distribution and
severity, because the occurance of axonal degeneration and demyelination was not statistically significant
in lambs. One study in lambs evaluated tail docking
and its effects on health using urine staining as one
parameter.11 No significant difference in urine staining
was found between docked and undocked lambs, but
tail docking is believed to be a risk factor for urinary
incontinence in dogs.12 Urinary incontinence also may
result from primary urinary tract disease, including cystitis, ectopic ureter, and hypospadias, which have been
reported in goats and sheep and may result in urinary
incontinence.13-15
Treatment of urinary incontinence has not been
specifically described in small ruminants and should
focus on management of the primary disease, adequate
nursing care, and prevention of potential sequelae,
including hydronephrosis and UTI. Urinary catheterization may be performed in females and cystocentesis in
males to provide relief of the bladder distention and to
ensure urine outflow until neurologic recovery occurs.
Animals with detrusor atony may be treated with cholinergic drugs such as bethanechol (0.04 to 0.08 mg/kg
SC three times a day) to stimulate detrusor activity, but
should not be used in animals with urethral obstruction
or increased urethral tone.

Congenital Anomalies of the
Urinary Bladder
A heritable, congenital hypoplasia or aplasia of the
urinary bladder, along with renal dysplasia, has been
reported in Sufffolk lambs; this condition was fatal
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within the first 5 days of life.16 Patent urachus has been
reported in lambs,14,15 with other concurrent anomalies, including atresia ani and vaginalis. These cases
occurred in the absence of omphalitis,17 the most common cause of patent urachus in ruminant neonates.

Neoplasia of the Urinary Bladder
Leiomyoma, a smooth muscle tumor, has been
reported to occur with hepatocellular carcinoma and
phaeochromocytoma in a 12-year-old male goat.18
Multicentric lymphosarcoma involving the kidneys,
ureter, and urinary bladder wall has been reported in
sheep experimentally infected with bovine leukemia
virus.19 Renal and cardiac metastases of a goat with
Jaagsiekte disease or pulmonary adenomatosis have
been reported.20
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DISEASES OF THE URETHRA
AND RELATED CONDITIONS
The anatomy of the distal urinary tract in male ruminants differs significantly from that in males of other
species. The penis is sigmoid in its configuration,1 with
two major bends occurring between the urinary bladder
and the distal glans penis. The glans penis of the small
ruminant also has a vermiform appendage, or urethral
process, which is an extension of the urethra 2 to 4 cm
beyond the distal end of the penis.1 It has a narrowed
diameter in comparison with the more proximal portions of the urethra.

Obstructive Urolithiasis
Obstructive urolithiasis is the single most common
urinary tract disease of small ruminants, with significant economic consequences. The 2001 USDA NAHMS
sheep study reported that 20% of surveyed sheep operations had at least one case of urinary calculi in the previous 3 years.2 Males are most commonly affected, but
uroliths may form in females as well.
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Uroliths are solid crystalline formations in the urine
that are composed of organic matrix and organic and
inorganic crystalloids that precipitate in supersaturated
urine.3 Factors affecting urine supersaturation include
the rate of renal excretion of crystalloids, total body
water balance, urine pH, and the presence or absence of
crystallization inhibitors.3 Metaplasia of uroepithelium,
occurring as a result of vitamin A deficiency, may contribute cells and protein for nuclear formation.4 Suture,
tissue debris, blood clots, or bacteria also may serve
as nuclear components initiating urolith formation.3
Infection, however, is considered to be a minor factor
in urolith formation in ruminants.
Urolithiasis is a multifactorial disease with diet,
urine pH, and body water balance playing significant
roles. Struvite (magnesium ammonium phosphate) and
apatite (calcium phosphate) may be commonly seen in
animals fed high-grain diets, while animals consuming
legumes are predisposed to calcium carbonate uroliths.
Silicate stones may be found in animals grazing silicaceous plants and soils in the western United States and
Canada. Calcium oxalate stones may be associated
with oxalate-containing plants. A significant factor in
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availability of urolith components and their binding
ability is urine pH.5 Struvite, apatite and calcium carbonate uroliths are known to precipitate in alkaline
urine.3,5 Struvite crystallization occurs only at a pH
range of 7.2 to 8.4, whereas apatite stones develop at
a urine pH of 6.5 to 7.5.6 Calcium carbonate stones
also tend to form in alkaline urine, but pH may have
little or no effect on silicate or calcium oxalate uroliths.
Total body water balance plays an important role in
calculogenesis by its effects on urine volume and concentration. Such effects may be apparent in winter and
during times of other systemic illness, when animals
consume decreased volumes of water, thereby reducing
urine output.
Uroliths may obstruct urine flow anywhere from the
renal pelvis to the distal urethra, although the most
common sites of obstruction are at the distal sigmoid
flexure and in the vermiform appendage in sheep and
goats (Figure 12-7, A and B). Obstruction at these sites
may result in rupture of either the urethra or the urinary
bladder.
Although hematuria may be noted, urolithiasis without obstruction rarely results in clinical disease. Animals
presenting with clinical disease related to urolithiasis
are often obstructed and signs are dependent upon the
degree of obstruction, location of the obstruction, and
the duration of disease. Uroliths may not completely
obstruct urine flow, yet the clinical presentation may
be one of incomplete or even intermittent obstruction.
Initial incomplete obstruction often becomes complete
over time as a consequence of inflammation of damaged urethral mucosa. Clinical signs of urinary obstruction may range from nonspecific inappetance and
lethargy to overt colic. Restlessness and persistent straining, repetitive posturing to urinate, and vocalization
are common. Swelling around the prepuce or bilateral
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ventral abdominal distention may be noted with rupture of the urethra or urinary bladder, respectively.
Clinical pathology findings are related to the duration of obstruction and sequelae, such as uroabdomen
and hydronephrosis. In a retrospective study of goats
with urolithiasis, the most common abnormalities were
azotemia and hypophosphatemia.7 Animals also may
have slight decreases in sodium and chloride, and elevations in potassium and a metabolic alkalosis.7 Unlike
monogastric species, the azotemia is often mild or may
not be present early in the disease as ruminants have the
ability to more effectively manage uremia. In addition,
ruminants often maintain adequate phosphorus and
potassium homeostasis through salivary secretions,8,9
without experiencing the large increases of these analytes as seen in obstructed monogastric animals.
The principles of management for obstructive urolithiasis include establishing a patent route of urine
excretion, providing analgesia, correcting fluid deficits
and electrolyte derangements, decreasing inflammation, and preventing infection. The presence of the
urethral diverticulum prevents passage of a urinary
catheter retrograde from the urethral orifice to the urinary bladder.1 Retrograde catheterization or retropulsion of uroliths is not recommended, because further
trauma or puncture of the urethra is possible. Attempts
at retropulsion of uroliths may result in overdistention
of the urinary bladder as the stone is diverted into the
diverticulum, allowing fluid to pass into the bladder,
followed by the urolith’s falling back into the urethra.
Occasionally, removal of the vermiform appendage
(Figure 12-8) in male sheep and goats establishes a
patent urethra; however, inflammation in the proximal
urethra from passage of the uroliths may still prevent
normal urination. Uroliths tend to occur in multiples
in the urinary bladder, and in most animals with

B
Figure 12-7 A, The pelvic urethra from an 8-month-old male goat with urinary calculi. B, The urethral
process of this buck was occluded by a urinary calculus. This was a postmortem finding. (Courtesy
Dr. John Roberts, Thompson-Bishop-Sparks Alabama State Diagnostic Laboratory, Auburn, Alabama.)
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Figure 12-8 Removal of the vermiform appendage in a goat
wether without clinical obstruction. A scalpel blade or sharp
scissors may be used.

obstruction initially relieved by amputation of the vermiform appendage, recurrence with subsequent stone
passage is typical. Relief of urinary obstruction often
requires surgical intervention.
The systemic health of the patient is an important
consideration in selecting drugs to facilitate treatment.
Acepromazine (0.05 to 0.1 mg/kg IV or IM) has been
utilized in the medical management of urolithiasis.10,11
Unproven rationales for use of acepromazine have been
to relax urethral tone through α-antagonistic effects on
smooth muscle and relaxation of the retractor penis
muscle. Acepromazine also may suppress the anxiety
associated with the inability to urinate. Caution is
indicated with use of phenothiazine tranquilizers in
patients that may already be hypotensive and hypothermic. Diazepam (0.1 mg/kg by slow intravenous
infusion) also may be used for urethral relaxation and
as an anxiolytic. Xylazine (0.05 to 0.1 mg/kg IV or IM)
or other α2-agonists may be used in attempt to restrain
the patient for examination of the penis and have excellent analgesic properties in ruminants. Caution should
be exercised with use of xylazine before relief of the
obstruction, because it promotes diuresis,12 as well as
enhancing hypotension. Lumbosacral epidural blocks
using 2% lidocaine (1 mL/7 kg) may be used in place of
sedation to relieve discomfort and aid in exteriorization
of the penis (see Chapter 18).
Fluid therapy should be instituted as indicated by
the clinical examination. After relief of the obstruction,
diuresis is important to replace dehydration, reduce
azotemia and flush the urinary tract. Normal saline
(0.9% NaCl) is a good choice for intravenous fluid
therapy, although additional electrolytes and acid-base
abnormalities should be considered. If obstruction has
been present for longer than 36 to 48 hours or if the
animal has a ruptured bladder, potassium is likely to be

elevated, and electrolyte panels are very helpful in guiding the correction of electrolyte and acid-base abnormalities. Potassium levels may be used as a marker for
determining the degree of intervention, and high levels
exert inhibitory effects on the heart, causing bradycardia. If the potassium levels are high, dextrose may be
added to make a 2.5% to 5% solution (50 to 100 mL
of 50% solution per liter of fluid) or insulin may be
utilized to move potassium intracellularly, protecting
the heart. The addition of 20 mL of 23% calcium borogluconate per liter of fluid can improve cardiac contractility, and atropine in a dose of 0.04 mg/kg can be used
in bradycardic patients. Sodium bicarbonate can be
used to correct acidosis and decrease hyperkalemia but
should not be mixed with calcium-containing fluids.
Nonsteroidal antiinflammatory drugs should be administered to decrease inflammation, thereby helping to
prevent urethral stricture formation, but should be used
with caution until adequate renal perfusion is attained.
Broad-spectrum antibiotic therapy should be instituted
to prevent or treat infection resulting from devitalized
or inflamed urinary tissues or cavitational accumulation of urine. Beta-lactam antimicrobials (penicillins
and cephalosporins) may be chosen, because they have
good spectrum of activity and are excreted in the urine.
Of the many methods for relieving urethral obstruction from urolithiasis, those with practical application
include vermiform appendage amputation, urethrotomy, urethrostomy, cystotomy, tube cystostomy, and
urinary bladder marsupialization. Other methods
including prepubic urethrostomy, extrapelvic and urethroprepucial anastamosis, buccal mucosal urethral
grafting, and laser lithotripsy, are described much less
commonly.13-16 Relieving the obstruction by retrograde
urinary catheterization is highly unlikely to be achieved
in ruminants and pigs, owing to presence of the urethral
diverticulum at the ischial arch of the penis.17 On the
occasions when an obstruction is cleared by retrograde
catheterization, the relief is temporary, and some surgical treatment will be required to resolve the condition.
In addition, dynamic and physiologic healing characteristics of the ruminant urethra are associated with a
strong likelihood of luminal stricture formation as a
result of trauma from calculi, attempted catheterization, or surgery (i.e., urethrotomy). Procedures such as
urethrotomy and perineal urethrostomy are considered
palliative or salvage treatments, because stricture formation at the surgical site within months is likely, resulting
in reobstruction.18 Surgery should, however, be considered the treatment of choice for long-term survival when
the urethra has ruptured and significant damage to the
distal portion of the penis and surrounding tissues has
occurred as a result of urine accumulation. Perineal urethrostomy is not a viable option for maintaining intact
breeding males. Tube cystostomy is a viable option
for curative (long-term) relief of urethral obstruction,
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as well as for maintaining functional breeding males.
Short- and long-term prognoses, complication rates,
and reobstruction rates for each procedure have been
recently reviewed.19

Vermiform Appendage Amputation
One of the first procedures to attempt relief of urethral
obstruction is to visualize the vermiform appendage
(urethral process) for evidence of lodged calculi. This
is a narrow structure at the terminal urethra that is
prone to calculi obstruction (see Figure 12-7, B). The
patient is restrained in a sitting position while the penis
is extended and visualized. Visualization of the penis
may not be possible without general anesthesia in very
young males, because diffuse preputial-penile attachments are still present before the effects of testosterone
and maturity allow release. Sponge forceps may be used
to extend the penis while the animal is under general
anesthesia, which will allow the clinician to then carefully free the distal portion of the penis from the prepuce. Amputation of the vermiform is done with either
a pair of Mayo scissors or a scalpel blade. Amputation
usually is performed even if calculi are not visualized.
Hemorrhage is expected but not profuse and may continue for some time (hours) owing to the effects of
urine to delay coagulation (see Figure 12-8).

Urethrotomy, Urethrostomy, and
Penile Transection and Transposition
(With or Without Penile Amputation)
Urethrotomy and urolith removal can be attempted
when stones are located by palpation, radiographs, or
ultrasound. The distal sigmoid flexure is another common site where uroliths may lodge. A urethral incision
may be made directly over the stone or in healthy urethra adjacent to it followed by urolith removal. Suturing the urethra is recommended by most investigators,
but allowing healing of the urethrotomy site by second
intention also is acceptable and much less technically
challenging. Stricture formation is a high-risk complication of urethral surgery in small ruminants regardless of
the specific technique employed.
Urethrostomy can be performed in different ways to
allow for a prolonged or permanent stoma for urinary
diversion. The most commonly performed technique
often is referred to as a perineal urethrostomy. A combination of local and epidural anesthesia is provided
and an incision is made on midline in the perineum
somewhere between the ischial arch and dorsal to the
sigmoid flexure, which is just dorsal to the scrotum. Our
own preference is to incise the skin and subcutaneous
tissue in as distal a location as possible, because the dissected penis will then be more mobile for urethrostomy
with less tension. The distal urethrostomy also provides extra tissue proximally for surgical reconstruction
should stricture develop. Alternatively, the approach
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can be at the level of the ischial arch, which may have
the benefit of easier urinary bladder catheterization
because the urethral diverticulum can be bypassed.
Once the penis is dissected free from the subcutaneous
tissue, the urethra can be incised longitudinally and a
stoma sutured to the skin.
Alternatively, the penis can be transected and dorsal
segment repositioned. Amputation of the penis provides a simple approach to relieving urethral obstructions. However, this procedure may not be cosmetically
appealing, and strictures often appear within months
after surgery. The surgery can be accomplished either
with the animal under general anesthesia or with use
of an epidural block. Many clinicians prefer to perform
this surgery after administering epidural anesthesia
to a sedated animal in sternal recumbency with the
hindlimbs off the end of the table. A midline incision
is made in the perineum dorsal to the sigmoid flexure
at the point where the perineum turns ventrocranially.
Careful sharp dissection is performed to expose the
penis. The distal sigmoid flexure is identified and pulled
to the incision site. If significant urine damage to the
preputial tissues from urine leakage is noted, the entire
distal penis often can be extracted from the wound with
moderate pressure. The penis is avulsed from its preputial attachment.
A point on the penis 4 to 7 cm distal to the dorsal
edge of the skin incision is chosen for the amputation
site. The dorsal penile vessels are ligated dorsal to this
point, and the retractor penis muscles are ligated and
transected as far proximally as possible. The distal part
of the penis is very difficult to remove (and removal is
not recommended) if the surrounding tissues are normal. If the distal penis is not removed, the dorsal penile
vessels should be reflected off the penis and left intact.
The penis is transected as far distally as the perineal
skin incision will allow. A wedge-shaped piece of tunica
albuginea and the underlying cavernous tissue of the
corpus cavernosum penis (CCP) are removed to allow
a better closure of the CCP, thereby minimizing risk of
hemorrhage with sexual stimulation of an intact male.
The transected CCP is closed with a simple continuous or continuous mattress pattern using 2-0 absorbable suture in the tunica albuginea surrounding the
CCP. The urethra and tunica albuginea of the corpus
spongiosum penis (CSP) are split longitudinally for
2 to 3 cm in order to spatulate the new urethral opening. The urethral mucosa is sutured to the tunica albuginea down each side and at the transected end of the
penis with a continuous pattern using 3-0 absorbable
material. This suture line seals the CSP and lessens hemorrhage during urination. A suture can be placed into
the tunica albuginea at the mucosal closure near the
transected end of the penis, around the dorsal aspect
of the penis (opposite the urethra) and into the tunica
albuginea again near the mucosa of the opposite side.
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The suture is then tied on the dorsal aspect of the penis.
This suture creates a bigger opening of the spatulated
urethra. The penile stump is secured to the skin with a
mattress suture. A “bite” is taken through the skin where
the penile stump will exit the incision. The next “bite” is
into the tunica albuginea of the CCP and then the skin
on the opposite side. The second half of the mattress
suture is placed through the skin as is normally done
ventral to the first “bite.” This suture will secure the
penis in place, as well as directing the transected end of
the penis out of the skin incision. The remainder of the
skin incision is closed in a routine fashion of the clinician’s choosing. Castration at the same time as for the
penile amputation is prudent.20

Tube Cystostomy
Anesthesia
Surgical success in dealing with urinary obstruction
largely depends on duration of disease, and correction of fluid and electrolyte derangements before or
during surgery. Avoiding hypotensive drugs and rapid
replacement of fluid volume probably are of primary
importance. The electrolyte abnormalities to correct are
hypochloremia, hyponatremia, and hyperkalemia. The
severity of these electrolyte changes varies with duration
and if the bladder has ruptured.
Potassium levels can be variable in ruminants, even
with ruptured bladder. A ruptured bladder may quickly
lead to hyperkalemic and acidotic in many species, but
ruminants manage pH and electrolyte derangements
better through salivary metabolism. Small ruminants
(especially sheep), however, seem to be affected more
often with the hyperkalemic acidosis syndrome, as seen
in small animals and foals. This association probably
reflects the duration of obstruction before recognition.
Several anesthetic and preanesthetic protocols can be
used to combat these life-threatening changes.
Tube cystostomy can be successfully performed in
field situations with percutaneous introduction of the
catheter. A method for percutaneous tube cystostomy
and vesicular irrigation has been described.21 Risks with
this procedure include bowel perforation and increased
risk of peritonitis.22 A disadvantage of this technique
is that it does not allow normograde urethral flushing
or removing stones through a cystotomy. Therefore the
tube probably will need to be left in the bladder longer
before resolution of the condition is achieved. Guafenesin (5%) with 1 mg/mL of ketamine added is adequate
for intubation and also could be used to maintain a
surgical plane of anesthesia.23 For surgical induction
or intubation, the dose of the “double drip” mixture is
approximately 0.75 to 1 mL per pound of body weight.
The onset of anesthesia is slow, and the drug should
be administered slowly and to effect. In patients to be
intubated, the use of a stylet to guide the endotracheal

tube through the larynx and selection of a long laryngeal blade will facilitate the procedure.
General anesthesia is not essential for success in
performing a tube cystostomy; however, it provides
the surgeon more time to flush the bladder and
attempt normograde catheterization for hydropulsion
of stones from the urethra. Induction with “double drip” (guafenesin and ketamine) tracheal intubation with maintenance on a small animal anesthesia
machine is easily performed in small ruminants. Alternatives to general anesthesia are a lidocaine epidural
technique and local anesthesia with xylazine-ketamine
sedation. Care should be taken with use of lidocaine
in goats—the toxic dose is only 5 to 10 mg/kg. Xylazine also should be used with caution owing to its
hypotensive and diuretic effects. The metabolic and
electrolyte imbalances should be considered (hyponatremia, hypochloremia, and possibly hyperkalemia)
and either monitored or empirically treated. Hyperkalemic animals can experience significant adverse cardiovascular effects with xylazine, which also sensitizes
the heart to catecholamine-induced tachyarrhythmias
(see Chapter 18).

Approach
Laparotomy procedures are performed with the patient
in dorsal recumbency. The abdomen is clipped and
prepared for abdominal surgery. The recommended
approach is paramedian, which avoids the penis. The
incision should be approximately 15 cm long (anterior
to posterior) with the posterior extent of the incision
ending just anterior to the teat. Care is taken to avoid
the caudal superficial epigastric vessels.

Cystotomy
The tip of the distended bladder is easily exteriorized
through the body wall incision and packed off with
moistened towels. Two stay sutures are placed in the
bladder wall to maintain the bladder at the incision
once it is decompressed. A sharp stab incision is made
with a scalpel blade between the stay sutures, with care
taken to avoid abdominal contamination with urine
and calculi. Suction is very helpful in limiting contamination if available. The bladder incision is enlarged adequately to allow intraluminal palpation of the trigone of
the bladder for stones. The bladder is then lavaged with
saline to remove any stones, blood clots, and debris.
A small spoon or scoop often is useful for removing
stones (Figure 12-9). Next, the normograde passage of
a polypropylene urinary catheter is attempted to flush
stones from the urethra. It may be difficult to pass
the catheter in many cases, but unsuccessful attempts
do not predict failure to relieve urethral calculi. One
technique that aids in placing a catheter in a normograde fashion is to place a finger in the trigone area
and push the catheter under the finger into the urethra.
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Figure 12-9 Uroliths removed through a cystotomy from a
2-year-old castrated Pygmy goat with obstructive urolithiasis.
Calcium carbonate stones tend to be smooth and yellowwhite to golden and resemble BB shot. Struvite crystals tend
to be “sand-like” in appearance.
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Figure 12-10 Intraoperative photograph showing a distended, inflamed bladder in a 50-pound Pygmy wether with
urethral obstruction. A Foley catheter has been placed through
the abdominal wall, pleated through part of the omentum,
and then secured into the decompressed yet still inflamed
bladder with a purse string suture.

A syringe casing also can be used to fill the trigone. This
technique more easily directs the catheter into the urethra, whereas it may curl in the trigone otherwise. Prolonged attempts at normograde catheterization should
be avoided, to prevent excessive trauma to the urethral
mucosa.

Tube Cystostomy
The tube cystostomy involves placing a Foley catheter through the abdominal wall and into the bladder
to allow urine flow to bypass the urethra while the
obstruction resolves and the urethral mucosa heals.
The size of the tube should be large enough to permit
free flow of urine and to allow passage of small blood
clots without becoming obstructed. A stab incision is
made in a caudal paramedian location contralateral
to the laparotomy incision. The tip of the catheter is
then passed through the abdominal wall. It is easiest to
pass a hemostat from interior (peritoneum) to exterior
(skin) and pull the catheter through. The Foley is then
pleated through the omentum several times before
being inserted into the bladder through a stab incision
approximately 2 cm lateral to the cystotomy incision
(Figure 12-10). The bulb is then filled with approximately 10 mL of saline. Some surgeons will then place
a pursestring suture around the insertion of the catheter
into the bladder. The cystotomy incision is then closed
in a one- or two-layer inverting pattern. Finally, the
laparotomy incision itself is closed. The portion of the
Foley catheter exiting the abdomen should be anchored
to the skin using a “finger trap” suture where it exits
the body wall and as needed cranially with interrupted
sutures, to prevent the tube from dragging on the ground
(Figure 12-11).

Figure 12-11 An immediate postoperative photograph of
the Pygmy wether, showing the left paramedian abdominal
incision closed with a continuous suture pattern and the
Foley catheter exiting the body wall in the right paramedian
area.

Postoperative Care
An Elizabethan-type collar can be placed on the patient
to prevent chewing or dislodging the Foley. The Foley
catheter should be tested for urethral patency 3 to
4 days after surgery, as follows: Obstruct the catheter by
clamping it off, and monitor for urination or evidence
of patient discomfort indicating persistent obstruction.
If the animal becomes uncomfortable, the clamp is
removed to allow urine drainage through the Foley. This
process is repeated until the patient is able to urinate
comfortably with the Foley occluded for 48 hours, at
which time the Foley is removed. The Foley is removed
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by simply cutting any retention sutures, deflating the
bulb, and pulling the catheter out of the bladder and
withdrawing it through the skin. The surgeon should be
cognizant that the clamp occluding urine flow through
the Foley also prevents saline flow from the bulb, so it
is important to unclamp the catheter before attempting
to decompress the bulb. Regardless of when the animal
urinates normally, the Foley should be left in place at
least 7 days to allow formation of a fibrous tract around
the catheter from the bladder to the body wall. This will
prevent urine from diffusely filling the abdomen while
the catheter site in the bladder heals. Urine leakage
from the insertion site should cease with initial healing.
A healing period of approximately 14 days is typical
before the patient is able to urinate, even if, as reported
in some instances, urethral calculi were present after
surgery. However, tube retention may be necessary for
even longer. The success rate for long-term cure (beyond
1 year) was approximately 70% in one retrospective
study.19
Potential complications from urethral obstruction
are hydronephrosis, cystitis, pyelonephritis, atonic blad
der from overdistention, urethral stricture due to trauma
from the calculi, failure to pass the obstruction, and
erectile dysfunction in breeding males secondary to
damage to the CCP.19,24 The potential complications
should be discussed with the client before initiation of
treatment.

Urinary Bladder Marsupialization
Urinary bladder marsupialization provides direct drainage of urine from the bladder. A paramedian approach
is made similar to tube cystostomy. When an empty or
contracted bladder is anticipated, the selected approach
should be more caudal than for a tube cystostomy.
The bladder is localized and the apex is sutured to the
body wall and skin at a 3- to 5-cm paramedian incision site contralateral to the laparotomy incision. The
seromuscular layer of the bladder is secured to the
external rectus sheath; then the bladder is opened and
the mucosa is sutured to the skin. Interrupted or short
continuous segments of absorbable suture are used
to create this stoma for permanent drainage of urine
(Figure 12-12). Problems may arise with localized or
ascending UTIs and urine scald, and obstruction of the
stoma is possible owing to bladder mucosal proliferation and prolapse.

Nonsurgical Therapy
The use of Walpole’s solution (sodium acetate and gla
cial acetic acid) has been published as an alternative
therapy for obstructed cases with an intact urinary bladder in which surgery is not elected.25 The procedure
involves sedation of the animal and performance of
ultrasound-guided cystocentesis to withdraw urine, then
infusing 50 mL of Walpole’s solution in to the bladder.

Figure 12-12 Immediate postoperative photograph of a
2-year-old castrated Pygmy goat with obstructive urolithiasis.
A bladder marsupialization has been performed with the
animal under general anesthesia in dorsal recumbency. For
orientation, the preputial orifice is to the left and the rudimentary teats are to the right. The skin at the left paramedian
laparotomy site has been closed with a simple continuous
suture pattern. The bladder mucosa has been sutured to the
skin edge to the right of midline in a simple interrupted
pattern.

The solution is allowed to remain in the bladder for
2 minutes, followed by withdrawal of urine and pH testing. This procedure is repeated until the urine pH is 4 to
5; sufficient urine must remain in the bladder to maintain the cystocentesis needle in place. Reportedly, 80%
of obstructions are relieved in the short term with use of
this method, but approximately 30% of those animals
subsequently experienced reobstruction after discharge.25
Walpole’s solution also can be used to dissolve
stones in cases treated by tube cystostomy. It is infused
into the bladder through the Foley catheter, which is
then occluded to retain the solution in the bladder. This
is frequently done twice a day, with the catheter remaining occluded for up to 30 minutes so long as the animal
is comfortable. A more aggressive approach with the pH
testing as just described also may be used.
Once the obstruction is relieved, dietary and management modifications should be instituted to prevent
reoccurrence in the individual animal and in the herd.
Risk factors addressed in preventive strategies include
high dietary phosphorus relative to calcium, high
dietary magnesium, and low fiber content of rations, as
well as low urine output and alkaline urine. Additional
factors including selective grazing and castration timing
may be addressed as well.

Dietary and Medical Management
and Prevention
An elevated level of phosphorus in the diet, with a
calcium-to-phosphorus ratio less than 2:1 increases the
excretion of phosphorus in the urine and provides an
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ion to bind to organic matrix.26 Increasing the level of
calcium in the diet markedly decreases the incidence of
urolithiasis, probably owing to competition with phosphorus for intestinal absorption and matrix binding.26
Phosphorus should not make up greater than 0.6% of
the total ration,5 and it is recommended that a 2.5:1 or
2:1 calcium-to-phosphorus ratio be maintained, with
the use of calcium salts if necessary.26
Calcium oversupplementation should be avoided,
because increased calcium excretion in the urine may
contribute to calcium-containing uroliths. High phosphorus levels are present in grains, particularly sorghum, wheat, corn, milo, and oats. A reduction in
phosphorus excretion into the urine also is desirable.
Excessive dietary levels of phosphorus may saturate the
salivary pathway of excretion,9 causing the excess to be
excreted in the urine. Urine phosphorus excretion is
greater in animals fed pelleted rations as compared with
meal-type rations,27 owing to a decrease in saliva production, and therefore a pathway for excess phosphorus
excretion. Increases in the roughage component of diets
are important from this standpoint as they increase
the amount of saliva that must be produced for proper
mastication. Particularly in the case of struvite stones,
but also with apatite stones, an increase in magnesium
excretion into the urine is contributory to crystallization. It is recommended that magnesium not exceed
0.6% of the total ration of ruminants.5
Increasing water intake and urine volume is an
important preventive measure for urolithiasis. The
provision of adequate palatable water at desirable
temperatures according to the ambient environment
is desirable.5 Ruminants demonstrate a reduction in
water intake for grain feeding over roughage feeding.
Additionally, the feeding of intermittent meals may
cause shunting of body water into the rumen owing
to increased osmotic pull from generated volatile fatty
acids, resulting in a decrease in urine output. This possibility has led to the recommendation that ruminants
be fed ad libitum to maintain urine output.5
Increasing forage versus grain in the diet of animals
at risk for urolithiasis has many benefits. Grain results
in increased magnesium, phosphorus, and peptides
in the urine, and forage consumption encourages
saliva production for phosphorus excretion, potentially
reduces magnesium uptake, reduces overall grain consumption, and increases water intake. Legumes and
their hays should be avoided, because they contain
high levels of calcium and are associated with calcium
carbonate urolithiasis (see Chapter 2).
The role of urine pH in urolithiasis is well documented; urine pH goals of 5.5 to 6.5 are recommended,
based on the solubilities of the common stone compositions. Owing to their ability to alter acid-base balance
and body water balance, salts have been widely used
and recommended for the prevention of urolithiasis.
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Anionic salts containing primarily chlorides have been
popular and used extensively, because they reduce
urine pH, increase urine output, and ultimately help
prevent urolithiasis. Sodium chloride (1% to 4%),
calcium chloride (1% to 2%), and ammonium chloride (0.5% to 2%) traditionally have been added as
percentages of rations to increase water intake and
produce acidic urine, with inconsistent results. The traditional addition of these salts as a simple percentage
of the diet without consideration for the components
of the total ration commonly leads to inconsistent and
unsuccessful maintenance of a low urinary pH. Dietary
cation-anion difference (DCAD) is a concept based
on the strong ion difference theory and the effects on
the body of dietary concentrations of the major physiologic cations and anions, represented by the formula
([Na+] + [K+]) - ([Cl-] + [S]) = mEq/kg of feed. With
increased anions in the diet, the feed has a more negative DCAD, which produces a metabolic acidosis and
aciduria in the animal. Few controlled studies for target
DCAD levels currently exist, but a DCAD of 0 mEq/kg
appears to achieve urine pH of less than 6.5 in both
intact and castrated goats.28,29 To accurately assess the
efficacy of salts in the diet, whether DCAD is balanced
or not, owners should be encouraged to periodically
assess urine pH at home or on site.
Castration is significantly associated with the development of obstructive urolithiasis,7 and early castration
is thought to reduce the positive influence of testosterone on urethral diameter, as well as diminishing normal
preputial-to-penile attachments that are present in the
neonate. Delaying castration in pet animals may serve
to increase urethral diameter, as well as increasing the
ability to extend the penis for examination. A 2.5-fold
increase in cross-sectional urethral diameter at the level
of the distal sigmoid flexure was noted when castration of lambs was delayed from 2 weeks to 3 months
of age.30 When castration was delayed to 5 months, an
3.5-fold increase in urethral diameter was seen.30 Other
considerations may include prophylactic removal of the
vermiform appendage in young animals and limiting
the grazing of males on silicaceous pastures.

Ulcerative Posthitis
and Vulvovaginitis
Ulcerative posthitis, also known as enzootic balanoposthitis, pizzle rot, and sheath rot, is an infectious
disease of the external genitalia of male small ruminants, with lesions also occurring in females. The
primary etiologic agent is Corynebacterium renale, a
normal inhabitant of the skin and external genitalia of
small ruminants. Other organisms, including parapoxviruses, C. pilosum, C. cystitidis,31 Acholeplasma oculi,32
caprine herpesvirus 1,33 orf virus (parapoxvirus),34
Mycoplasma ovine-caprine serogroup 11,35 M. capricolum
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ssp. capricolum,36 M. mycoides ssp. mycoides,36 and Urea
plasma spp.,37,38 all have been demonstrated to cause
ulcerative or granular posthitis or vulvovaginitis in
sheep and goats.
Risk factors for infection include high-protein diets,
legume diets,31 thick fiber, and wet conditions; in
addition, several of these organisms are transmitted
venereally. C. renale proliferates on genital mucosa in
the presence of urea, which increases in concentration
in the urine of animals fed high-protein diets, legume
pasture, and nonprotein nitrogen (NPN) diets.39 It then
acts to hydrolyze urea to ammonia, resulting in necrosis
of the surrounding tissue.31 The incidence is increased
in Merino and Angora animals as a consequence of
their dense fiber coats.40 Symptomatic or asymptomatic carriers may spread large numbers of the bacteria
venereally.
Clinical findings in ulcerative posthitis in rams,
bucks, and wethers include moist ulcers and thin,
brown, malodorous scabs at the mucocutaneous junction of the prepuce.40 The infection may become internalized, with diffuse swelling of the prepuce, and the
presence of necrotic tissue and exudate. Eventually,
fibrinous or fibrous adhesions may form between the
penis and prepuce, and stenosis of the preputial orifice
may result. In some cases, the prepucial orifice may
be reduced to a pinhole-sized stoma.40 The lesions
are quite painful and may be associated with dysuria,
vocalization during urination, and a stilted gait; chronic
weight loss also may be noted. In does and ewes, ulcerative lesions of the perineum and vulva, with generalized vulvar swelling, are seen. Dysuria also may be a
feature as a result of infection and inflammation of the
urethral orifice, and long-standing cases may be associated with fibrosis and contracture of the vulva. Lesions
of herpesvirus infection include hyperemia of the penis,
ulcerative lesions of the prepuce, discrete punctate areas
of epithelial desquamation of the prepuce, and petechiae and ecchymoses.31 Other clinical syndromes are
known to be caused by the agents of posthitis and vulvovaginitis, including abortions with caprine herpesvirus 1, keratoconjunctivitis with A
 choleplasma oculi,32 and
inflammation of the entire female reproductive tract,
polyarthritis, pneumonia, and mastitis from infection
with Mycoplasma spp.35,37 Outbreaks may occur with up
to 95% incidence when nutritional factors contribute.31
Diagnosis of this condition usually is based on
lesion characteristics of preputial or vulvar hyperemia,
scabs, nodules, and proliferative masses34,35 and dietary
information. Histopathologic examination, bacterial
culture, and PCR assay can provide a definitive diagnosis, which assists with planning control and prevention
programs. Serologic testing may show high titers to
caprine herpesvirus 1, which is antigenically related to
bovine herpesvirus (the agent of infectious bovine rhinotracheitis [IBR]).41 The serum chemistry panel may

reveal increased BUN, creatinine, and potassium levels
if urinary outflow is obstructed.

Treatment
Mild lesions may resolve spontaneously.31 Medical
treatment involves reducing the protein or NPN levels
in the diet to less than 16%, which alone may effect a
cure with no further treatment in mild cases. Shearing
fiber away from the external genitalia to allow air flow
and irrigation of the sheath followed by application of
nonirritating antiseptic or antibiotic solutions are useful
measures. Iodine solutions should be avoided because
they promote formation of adhesions and production
of granulation tissue. Systemic use of penicillin or oxytetracycline should be initiated in internalized cases
and continued until lesions are dry and inflammation
is reduced. Surgical management may involve lesion
débridement, or as a salvage procedure, 2- to 4-cm incisions may be made through the ventral skin into the
prepuce to allow drainage and lavage. In attempting
to retain animals for breeding, preputial resection to
allow urine flow and prevent adhesions may be tried.
After treatment, patients should be monitored closely
to ensure patency of the urinary tract. At 3 months after
a large outbreak, 33% of animals were found to have
residual posthitis, and scarring was reported to develop
after lesion resolution in some cases.31

Control and Prevention
Control and prevention of ulcerative posthitis should
involve isolation of affected animals and a reduction
in dietary protein to less than 16%. Supplementation
with grass hay may limit intake of high protein feeds
and legume pastures. Shearing animals at times of high
protein intake, the inclusion of the urinary acidifier
ammonium chloride, or addition of chlortetracycline
to the feed may reduce disease incidence. Shearing of
the entire ventrum has been shown to reduce lesion
incidence, whereas shearing only 3 inches around
the prepucial orifice was only minimally effective.42
The fiber of affected animals should be burned, and the
bacterium is environmentally resistant in exudate. The
lesion material from wethers was able to induce lesions
on other ewes, wethers, and steers but produced only
minimal lesions in heifers.42 Venereal transfer from
rams to ewes readily occurs, and flies may play a role in
mechanical transmission.
The prognosis for recovery depends largely on the
severity of signs when treatment is initiated. Without
a reduction in dietary protein, it is unlikely that any
treatment or preventive regime will be successful. If the
disease is recognized before development of fibrosis,
the prognosis for a full recovery may be good with
appropriate medical and dietary management. Potential
sequelae in males include loss of breeding soundness
due to adhesion of penis to prepuce, scarring of the
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prepucial orifice, urethritis, and urethral obstruction.
In females, subsequent problems may include urine
scalding, loss of breeding soundness due to impaired
vulvar conformation, and fibrosis of the vulva that may
be severe enough to cause dystocia (see Chapter 2 and 8).

Congenital Anomalies of the Urethra
Hypospadias appears to be the most common congenital anomaly of the urethra reported in lambs,43,44 and
the urethral exposure may range from a small opening
located on the ventral aspect of the glans to exposure
along the full length of the urethra.45 Lambs with hypospadias frequently have concurrent anomalies, including cleft scrotum and atresia ani.43
Another condition of ventral urethral dilatation has
been reported in an intersex goat wherein the urethra
was not associated with the rudimentary penis.46 Congenital narrowing of the urethral process with subsequent formation of a urethral diverticulum has been
documented and repaired surgically in a goat kid.47
Congenital urethral diverticulum and surgical correction has been reported in male kids.48,49
REFERENCES
1.	Dyce KM, Sack WO, Wensing CJG: The pelvis and reproductive
organs of male ruminants. In Dyce KM, Sack WO, Wensig CJG,
editors: Textbook of veterinary anatomy, ed 3, Philadelphia, 2002,
Saunders, pp 713–722.
2.	US Department of Agriculture: Sheep 2001. Part II: Reference of
Sheep Health in the United States, 2001, Fort Collins, Colo, 2001,
USDA: APHIS:VS, CEAH, National Animal Health Monitoring
System.
3.	Osborne CA, et al: Struvite urolithiasis in animals and man:
formation, detection and dissolution, Adv Vet Sci Comp Med
29:1–45, 1985.
4.	Packett LV, Coburn SP: Urine proteins in nutritionally induced
ovine urolithiasis, Am J Vet Res 26:10, 1965.
5.	Hay L: Prevention and treatment of urolithiasis in sheep, In Pract
12:87–91, 1990.
6.	Elliot JS, et al: Mineralogical studies of urine: the relationship of apatite, brushite and struvite to urinary pH, J Urol 80:269–271, 1958.
7.	George JW, Hird DW, George LW: Serum biochemical abnormalities in goats with uroliths: 107 cases (1992-2003), J Am Vet Med
Assoc 230:101–106, 2007.
8.	Mitchell AR, Moss P: Responses to reduced water intake, including dehydration natriuresis, in sheep excreting sodium predominantly in urine or in feces, Exp Physiol 80:265–274, 1995.
9.	Ammerman CB, et al: Ruminant utilization of inorganic phosphates, J Anim Sci 16:796–810, 1957.
10.	Oehme FW, Tillmann H: Diagnosis and treatment of ruminant
urolithiasis, J Am Vet Med Assoc 147:1331–1339, 1965.
11.	Van Metre DC, et al: Obstructive urolithiasis: medical treatment
and urethral surgery, Comp Cont Educ Pract Vet 18:317–328, 1996.
12.	DeRossi R, Juniqueira AL, Beretta MP: Analgesic and systemic
effects of ketamine, xylazine, and lidocaine after subarachnoid
administration in goats, Am J Vet Res 64:51–56, 2003.
13.	Mann FA, et al: Permanent urinary diversion in two Vietnamese
pot-bellied pigs by extrapelvic urethral or urethropreputial anastomosis, J Am Vet Med Assoc 205:1157–1160, 1994.
14.	Stone WC, et al: Prepubic urethrostomy for relief of urethral
obstruction in a sheep and a goat, J Am Vet Med Assoc 210:
939–941, 1997.

359

15.	Gill MS, Sod GA: Buccal mucosal graft urethroplasty for reversal
of a perineal urethrostomy in a goat wether, Vet Surg 33:382–385,
2004.
16.	Halland SK, House JK, George LW: Urethroscopy and laser lithrotripsy for the diagnosis and treatment of obstructive urolithiasis
in goats and pot-bellied pigs, J Am Vet Med Assoc 12:1831–1834,
2002:2002.
17.	Garrett PD: Urethral recess in male goats, sheep, cattle and swine,
J Am Vet Med Assoc 220:1831–1834, 1987.
18.	Haven ML, et al: Surgical management of urolithiasis in small
ruminants, Cornell Vet 83:47–55, 1993.
19.	Ewoldt JM, Jones ML, Miesner MD: Surgery of obstructive
urolithiasis in ruminants, Vet Clin N Am Food Animal Pract 24:
455–465, 2008.
20.	May KA, et al: Urinary bladder marsupialization for treatment of
obstructive urolithiasis in male goats, Vet Surg 2:583–588, 1998.
21.	Streeter RN, Washburn KE, McCauley CT: Percutaneous tube
cystotomy and vesicular irrigation for treatment of obstructive
urolithiasis in a goat, J Am Vet Med Assoc 221:546–549, 2002.
22.	Fortier LA, et al: Caprine obstructive urolithiasis: requirement for
2nd surgical intervention and mortality after percutaneous tube
cystotomy, surgical tube cystotomy, or urinary bladder marsupialization, Vet Surg 33:661–667, 2004.
23.	Abrahamsen EJ: Ruminant field anesthesia. In Anderson DE,
Rings DM, editors: Current veterinary therapy: food animal practice,
ed 5, St Louis, 2009, Saunders Elsevier, p 558.
24.	Todhunter P, Baird AN, Wolfe DF: Erection failure as a sequela
to obstructive urolithiasis in a male goat, J Am Vet Med Assoc
209:650–652, 1996.
25.	Janke JJ, et al: Use of Walpole’s solution for treatment of goats
with urolithiasis: 25 cases (2001-2006), J Am Vet Med Assoc
234:249–252, 2009.
26.	Hoar DW, Emerick RJ, Embry LB: Potassium, phosphorus and
calcium interrelationships influencing feedlot performance and
phosphatic urolithiasis in lambs, J Anim Sci 30:597–600, 1970.
27.	Sockett DC, et al: Metabolic changes due to experimentally
induced rupture of the bovine urinary bladder, Cornell Vet
76:198–212, 1986.
28.	Stratton-Phelps M, House JK: Effect of a commercial anion
dietary supplement on acid-base balance, urine volume, and urinary ion excretion in male goats fed oat or grass hay diets, Am J
Vet Res 65:1391–1397, 2004.
29.	Jones M, Streeter RN, Goad CL: Use of dietary cation anion difference for control of urolithiasis risk factors in goats, Am J Vet Res
70:149–155, 2009.
30.	Bani Ismail ZA, et al: Effects of castration on penile and urethral
development in Awassi lambs, Bulg J Vet Med 10:29–34, 2007.
31.	Loste A, et al: High prevalence of ulcerative posthitis in Rasa
Aragonesa rams associated with a legume-rich diet, J Vet Med A
52:176–179, 2005.
32.	Sharma CJ, Gupta PP, Banga HS: Pathogenicity of Acholeplasma
oculi for female genital tract of goats, Acta Vet Brno 60:289–295,
1991.
33.	Tarigan S, Webb RF, Kirkland D: Caprine herpesvirus from balanoposthitis, Aust Vet J 64:321, 1987.
34.	de la Concha-Bermejillo A, et al: Severe persistent orf in young
goats, J Vet Diagn Invest 15:423–431, 2003.
35.	Kumar D, et al: Granular vulvovaginitis (GVV) in sheep experimentally induced with Mycoplasma ovine/caprine serogroup 11,
Acta Vet Brno 61:241–249, 1992.
36.	Bergonier D, Berthelot X, Poumarat F: Contagious agalactia of
small ruminants: current knowledge concerning epidemiology, diagnosis and control, Rev Sci Tech 16:848–873, 1997.
37.	DaMassa AJ, Wakenell PS, Brooks DL: Mycoplasmas of goats and
sheep, J Vet Diagn Invest 4:101–113, 1992.
38.	Doig PA, Ruhnke HL: Isolation of Ureaplasma from sheep with
granular vulvitis, Vet Rec 100:179–180, 1977.
39.	McMillian KR, Southcott WH: Aetiological factors in ovine posthitis, Aust Vet J 49:405–408, 1973.
40.	Shelton M, Livingston CW Jr: Posthitis in Angora wethers, J Am
Vet Med Assoc 167:154–155, 1975.

360

Chapter 12 • Diseases of the Urinary System

41.	Whetstone CA, Evermann JF: Characterization of bovine herpesviruses isolated from six sheep and four goats by restriction
endonuclease analysis and radioimmunoprecipitation, Am J Vet
Res 49:781–785, 1988.
42.	Southcott WH: Epidemiology and control of ovine posthitis and
vulvitis, Aust Vet J 41:225–234, 1965.
43.	Dennis SM: Hypospadias in Merino lambs, Vet Rec 105:94–96,
1979.
44.	Hartley WJ, Kater JC: Perinatal disease conditions of sheep in
New Zealand, N Z Vet J 12:49–57, 1964.
45.	Dennis SM: Urogenital defects in sheep, Vet Rec 105:344–347,
1979.

46.	Karras S, Modransky P, Welker B: Surgical correction of urethral
dilatation in an intersex goat, J Am Vet Med Assoc 201:1584–1586,
1992.
47.	Temizoylu MD: Penile urethral diverticulum in a kid, Ankara Univ
Vet Fak Derg 52:185–187, 2005.
48.	Nair NR, Tiwari SK: Congenital urethral anomaly in a kid and its
surgical reconstruction, Indian Vet J 66:762–763, 1989.
49.	Gahlot TK, et al: Congenital urethral diverticulum in a male goat
(Caprahircus)—surgical management, Indian Vet Surg 3:95–97,
1982.

CHAPTER

13

Diseases of the Neurologic
System
Thomas Passler, Paul H. Walz, and D.G. Pugh

EXAMINATION OF THE NEUROLOGIC
SYSTEM
The central nervous system (CNS) is a complex tissue, and clinical signs of neurologic disease depend
on the location of the disease process within the nervous system. Diseases of diverse etiologic origins can
produce similar or identical neurologic signs in sheep
and goats. In addition, accurate diagnosis can be challenging because many systemic diseases encountered in
small ruminant practice can manifest with clinical signs
referable to the nervous system. Specific examples are
hypocalcemia, hypoglycemia, pregnancy toxemia, grain
overload, hepatoencephalopathy, and severe endotoxemia. Therefore the objectives in the management of
the sheep or goat with a clinical problem that may be
related to the nervous system are (1) to verify that the
underlying disorder is truly of neurologic origin and (2)
to localize the lesion to a certain segment or segments
of the nervous system (neuroanatomic localization).
Of note, clinical signs associated with nervous system
disease usually reflect the location of the pathologic
process within the nervous system, rather than the specific cause of disease. However, determining the cause
of the pathologic changes and the extent of the lesion
are important for prognosis and for estimating costs
associated with treatment. Finally, obtaining an accurate diagnosis is important because some neurologic
diseases carry herd health implications or are zoonotic,
so preventive measures are important for limiting or
avoiding disease in at-risk populations.

Complete Neurologic Examination
Assessment of Chief Complaint
Obtaining information on signalment and history and
performing a thorough physical examination including
assessment of the nervous system constitute the complete neurologic examination. Information on signalment is important, because disease susceptibility may
be linked to age, species, breed, and sex. For example,
Suffolk sheep older than 2 years of age are more likely to
be affected by scrapie than younger animals, or animals

of different breeds. The signalment often is ascertained
by simple observation, but specific details such as
production status and exact age are more accurately
determined through client interview. Some diseases
capable of causing neurologic signs are specific to sheep
or goats, especially those diseases with an infectious or
genetic basis. In general, young animals with neurologic
problems are more likely to have congenital, inherited,
or infectious disorders, whereas older animals are more
likely to be affected by neoplastic and degenerative diseases. Knowledge of common neurologic diseases, in
either individual animals or groups, related to gender or
a particular breed or age can greatly assist the clinician
in developing a list of entities to consider in the differential diagnosis. Many sheep and goats are production
animals, so the expenses associated with evaluation and
treatment must be weighed against the prognosis for
future productivity. Because sheep and goats are flock
and herd animals, the interests of the population also
must be considered.
The clinical history is an important step in the
diagnosis of neurologic disease. Information related
to onset, duration, and progression of the chief complaint can assist with an etiologic diagnosis (What is
the cause?) after the anatomic diagnosis (Where is the
lesion?) has been made. In collecting historical information, it is important to determine the nature of the first
clinical signs but also to define the relationship between
the severity of clinical signs with respect to time (as
on a sign-time graph). Some neurologic diseases occur
acutely, with all clinical signs apparent within hours.
Traumatic, toxic, infectious, and metabolic diseases
can manifest with this pattern, whereas degenerative,
neoplastic, or some viral disorders may develop more
slowly, requiring days to weeks before the full complement of clinical signs becomes apparent. In addition
to specific information related to the chief complaint,
information on diet, housing, gestational status, and
vaccination and deworming regimens should be part of
the information gathered from the client. In interviewing clients for historical information, ambiguous or
leading questions should be carefully avoided, because
the information thus obtained may be inaccurate.
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A thorough physical examination should be performed
in conjunction with every neurologic examination. The
nervous system is integrated within many other body
systems, and diseases of the cardiovascular, respiratory,
musculoskeletal, and endocrine and metabolic systems
can manifest with clinical signs similar to those observed
with nervous system disease. Before being subjected to
the stress of handling, the animal should be observed in
its normal surroundings to assess behavior, mental status,
gait, tremors, and head, neck and limb postures.

Mentation
Evaluation of mentation can assist the clinician in
differentiating intracranial from extracranial disease
processes. As described previously, some systemic diseases will result in depression without nervous system
pathology. During the period of initial observation, the
animal’s mental status and behavior can be assessed,
but this must be done when the animal is not stimulated. For animals to be alert and oriented, the cerebral
cortex and the ascending reticular activating system
must be functioning properly. The ascending reticular
activating system makes up the major portion of the
brain stem parenchyma and is responsible for arousal
and sleep-wake transitions in animals. Consequently,
disorders involving the ascending reticular activating
system can cause somnolence. The ascending reticular
activating system is composed of several neuronal circuits connecting the brain stem to the cortex. External
stimuli, such as light, touch, sound, smell, and temperature, help to maintain consciousness. An animal should
appear as sensitive to its environment as its herdmates.
If removed from its usual environment, the normal
animal will be alert and cautious of new situations
and aware of the examiner. The animal should follow
the examiner’s movement with its head, eyes, and ears.
All animals should avoid painful stimuli. Abnormal
mentation in ruminants can be placed into one of the
following categories: (1) excitement, mania, or hyperesthesia; (2) seizures; (3) depression; (4) aimless circling,
stupor, and coma; (5) abnormal vocalization; and (6)
blindness.1 Stupor is characterized as a condition of
unresponsiveness to environmental stimulation such as
light and sound, with rentention of response to painful
stimuli. By contrast, a comatose animal is nonresponsive to either environmental or painful stimulation.
Behavioral changes may be difficult to assess if the
animal’s environment has been changed. Alterations in
behavior include aggression, vocalization, compulsive
activities such as circling or walking or gazing, yawning, head pressing, and increased or abnormal sexual
activity. The neuroanatomic localization of behavioral
disorders may be difficult because the components
of the limbic system—hypothalamus, hippocampus,
amygdala, and portions of the cerebral cortex—all are
associated with complex behavior.

Gait and Posture
To properly assess gait and posture, the goat or sheep
should be allowed to move freely within an enclosed
area. A pet or tame animal can be walked at a slow pace
by the client using a halter. Observations on forelimb
gait are made as the animal is walked toward the examiner, and observations on hindlimb gait should be made
as the animal is walked away from the examiner. Gait is
defined as a regularly repeating series of leg movements
during walking or running. Goats and sheep walk by
first flexing the hindlimb on one side and then the
forelimb on the same side. This process is then repeated
for the opposite side. Animals integrate multiple neural
processes in order to walk. The cerebrum initiates voluntary locomotion and adjusts movements according
to learned functions. The cerebellum contributes to
the coordination of movement. The vestibular system
maintains balance and helps anticipate alterations in
the animal’s center of gravity so that it can compensate
appropriately. Spinal cord reflexes are responsible for
maintaining the limbs in extension, supporting the animal’s weight, and initiating stepping motion. The organization of stepping motion is performed at the brain
stem in the reticular formation.
Diseases of the nervous system, muscles, bones,
joints, and associated connective tissues can affect
gait. When associated with conditions originating in
the nervous system, gait abnormalities can result from
lesions within the cerebellum, brain stem, spinal cord,
or peripheral nerves. Ataxia is a term used to describe
an abnormal gait characterized by incoordination,
but without spasticity, weakness, or involuntary movements. Ataxia can be classified by the quality of signs
observed and the pathway involved; the three types are
vestibular ataxia, cerebellar ataxia, and proprioceptive
ataxia. In general, vestibular ataxia is associated with
a head tilt, while cerebellar ataxia is characterized by
hypermetria and no proprioceptive deficits. Proprioceptive ataxia also is referred to as spinal ataxia because it
is associated with spinal cord lesions and is characterized by abnormal proprioception, weakness, and lack of
head tilt, circling, or other intracranial signs.
Posture typically is evaluated with the animal at rest
in a comfortable position and unrestrained. Head, neck,
trunk, and limb posture should be assessed and abnormalities identified. Head tilt, rotation of the neck and
thoracic, and wide-based stance are examples of abnormal head, neck, trunk, and limb posture, respectively.
A “base-wide” stance can be caused by lesions within
the vestibular system, cerebellum, or spinal cord. The
inverse posture, or “base-narrow” stance, can result from
muscle weakness due to peripheral nerve disease, abnormalities of neuromuscular junctions, or disorders of the
skeletal muscles. Spasticity is a condition of increased
tone of skeletal muscles producing abnormal limb
posture. Abnormal distribution of weight to one side
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should be noted, because this finding can indicate either
weakness of ipsilateral extensor muscles from a peripheral nerve disorder or increased tone of contralateral
extensor muscles, which would indicate a UMN lesion.2

Assessment of Cranial Nerves
Twelve pairs of cranial nerves, labeled I to XII, are
described as follows: cranial nerve I (CN I), the olfactory nerve,; CN II, the optic nerve; CN III, the oculomotor nerve; CN IV, the trochlear nerve; CN V, the
trigeminal nerve; CN VI, the abducent (or abducens)
nerve; CN VII, the facial nerve; CN VIII, the vestibulocochlear nerve; CN XI, the glossopharyngeal nerve; CN
X, the vagal nerve; CN XI, the spinal accessory nerve;
and CN XII, the hypoglossal nerve. Clinical evaluation
of CN I (olfactory nerve) and CN XI (spinal accessory
nerve) cannot be reliably performed in sheep and goats.
Because the intact sense of smell is important for nutritional intake, CN I is assumed to be intact in sheep and
goats that are eating. CN XI (spinal accessory nerve) has
axonal inputs from cervical spinal nerves and innervates specific muscles of the neck. Damage to CN XI is
rare because the nerve is protected throughout much
of its course by the muscles it innervates, and injury to
the spinal canal or base of the skull is accompanied by
neurologic deficits that can mask clinical signs of CN
XI damage.
Abnormalities in the function of CNs result from
localized lesions involving neuronal cell bodies within
the brain or the specific nerves themselves. With the
exception of CN I and CN II which are located within
the cerebral cortex, all CNs arise from the brain stem.
Knowledge of the location of CN nuclei assists the
clinician in neuroanatomic localization of lesions. The
presence of neurologic deficits involving CNs III to XII
in a sheep or goat that is severely depressed or somnolent would indicate that the responsible lesion is most
likely to be within the brain stem.

Cranial Nerve II (Optic Nerve): Menace
Response. Vision is the function of CN II. The nerve
transmits sensory information from electrochemical
receptors in the retina to the visual cortex in the occipital lobe of the cerebrum. The visual pathway (Figure
13-1) is an afferent pathway and consists of an extraparenchymal portion (retinas, optic nerves, optic chiasm)
and an intraparenchymal portion (optic tracts, lateral
geniculate nucleus in the thalamus, optic radiations,
visual cortices). In ruminants, 90% of optic nerve fibers
cross at the chiasm to enter the contralateral optic tract;
this arrangement has important implications in evaluating lesions of the visual pathways. During assessment
of the chief complaint, the client may report that the
animal appears blind, but an important consideration
is that depressed or somnolent animals or animals with
loss of balance due to cerebellar or vestibular disease
can stumble and appear blind.
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The clinical assessments of visual ability include the
menace response test and the obstacle test. Eliciting the
menace response, which also is referred to as the blink
response or eye preservation response, is the easiest
method for evaluation of vision impairment; however,
the obstacle test, if performed accurately, is superior for
assessing vision in ruminants. For this test, objects are
placed in the path of the animal, and then its ability
to negotiate around the objects is assessed. Degrees of
blindness can occur with ocular disease, and the simplest obstacle test is to determine if the blind animal
moves toward the lighted opening when placed in a
dark environment.
The menace response evaluates the entire visual
pathway, CN VII, and the cerebellum. This test assesses
a response, rather than a reflex, because the response
involves the cerebrum and thus is a learned response.
The presence of a response or its magnitude parallels the maturity of the cerebellum—thus a reduced
response is detected in kids and lambs less than a week
of age. A diminished or absent menace response also
can be observed in animals that are severely depressed
or have cerebellar disease or CN VII lesions. The normal response is characterized by an eyelid blink, ocular
retraction, and head aversion as the examiner rapidly
moves a finger toward the eye from a rostral direction. It is important to limit air movement toward the
eye and not to touch the eye or adnexa, because such
maneuvers may result in a response in animals with
intact facial sensation (CN V). Alternatively, the examiner can drop an object into the animal’s visual field
from above, which should elicit the menace response
from the animal. This method is considered imprecise,
with a stimulus that is too slow, for adequate evaluation of this reflex in ruminants. When a visual deficit is
observed during the menace response or obstacle test,
pupillary light reflexes are tested to assist in localizing
Left and right eyes
Optic nerves (CN II)
Optic chiasm
Optic tracts

Oculomotor
nerves
(CN III)

Lateral geniculate
body
Optic radiations
Pretectual nucleus
Visual cortex

Figure 13-1 Schematic of the simplified pathways of vision
and pupillary light reflex (see text for details).
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the lesion and in characterizing the blindness as central
or peripheral.

Cranial Nerve III (Oculomotor Nerve): Pupillary Light Reflex. The oculomotor nerve contains
parasympathetic fibers responsible for constriction of
the pupils and motor fibers which influence movement of the eye. The sympathetic nervous system is
responsible for pupil dilation, so as a result of such
stimulation, stressed and frightened animals can have
dilated pupils. The pupillary light reflex assesses CN II
and CN III. The afferent pathway for pupillary constriction during light stimulation follows a similar pathway
as the afferent pathway for vision (optic nerve, optic
chiasm, and optic tract); however, before reaching the
synapse in the lateral geniculate nucleus in the thalamus, nerve fibers associated with the pupillary light
reflex diverge from those of the optic tract and synapse
on the pretectal nucleus, which sends a majority of its
neurons to the contralateral oculomotor nucleus (see
Figure 13-1). This forms the basis for the direct pupillary light reflex. The pretectal nucleus also sends some
of its neurons to the ipsilateral nucleus of CN III; this
neuroanatomic arrangement forms the basis for the
indirect or consensual pupillary light reflex. Before
performing the pupillary light reflex test, the examiner
should assess the pupils for size at rest and symmetry
and check the eyes for the presence of primary ocular
disease. The normal sheep or goat will often have large
pupil diameters owing to sympathetic stimulation
from fear. Ideally, animals are moved to a dimly lit
location so that external light does not influence the
examination. Pupils that are very small are considered
miotic, and dilated pupils are mydriatic. Occasionally,
inequality in pupil size may be observed, but if the
size difference is not extremely pronounced, this may
be a normal finding for the animal. Severe asymmetry
is termed anisocoria. To assess for irregularity in pupil
size, the clinician can move the animal from a dark
to a bright area. Although a sympathetic lesion will
prevent the affected pupil from dilating in the dark,
lesions of CN III (parasympathetic nerve) will prevent
the pupil from constricting in bright light. To assess
the pupillary light reflex, a strong light source should
be used to overcome sympathetic pupil dilation. The
light beam is directed into one eye in a nasotemporal
direction toward the temporal region of the retina. The
direct response should be constriction of the examined
pupil, and the opposite eye also should constrict as a
result of the consensual pupillary reflex, although this
is difficult to assess by a single examiner. If the intraparenchymal visual pathways are affected by a neurologic
disorder (central or cortical blindness), the menace
response will be absent on the side contralateral to the
lesion, but the pupillary light reflexes will be intact.
With involvement of the extraparenchymal visual pathway (retina, optic nerve, optic chiasm), blindness on

the side of the lesion is characteristic, and the pupillary
light reflexes will be abnormal.

Cranial Nerves III (Oculomotor Nerve), IV
(Trochlear Nerve), and VI (Abducent Nerve):
Movement of Eye. CNs III, IV, and VI are responsible
for conjugate eye movements through innervations
of the somatic extraocular muscles, and these nerves
are examined as a functional unit. CN III provides a
majority of innervations for eye movements because it
is responsible for function of the dorsal, ventral, and
medial rectus muscles; the ventral oblique muscle;
and the levator palpebrae muscle. The trochlear nerve
(CN IV) is responsible for innervation to the dorsal
oblique muscle of the eye; the abducent nerve (CN VI)
is responsible for innervations to the lateral rectus and
retractor bulbi muscles of the eye.
The clinician should first examine the eye position in
relationship to the head at rest and note if strabismus
(abnormal position of the eyeball) exists. Strabismus
can be the result of damage to the nerves or the muscles
they innervate. Further evaluation of the motor function of CNs III, IV, and VI can be performed by moving
the animal’s head. Sheep and goats should drop the
eyes as the head is lifted. When the nose is elevated,
the eyes tend to maintain a horizontal axis, and ventral
strabismus becomes apparent. Slow, lateral (horizontal)
motion of the head should cause the animal’s eye to try
to remain focused straight ahead, with the result that
the eye moves slowly in the opposite direction of head
movement. However, as the head continues to turn,
vestibular influences will then move the eye quickly in
the same direction. This movement pattern is referred to
as physiologic nystagmus, or normal inducible vestibular
nystagmus, and indicates normal function of extraocular muscles, the vestibular system, and CNs III, IV, and
VI and their connections in the medial longitudinal
fasciculus. Clinical assessment for lesions affecting CNs
III, IV, and VI can be performed by moving the animal’s
head and observing the ocular position. Cerebellar and
vestibular diseases also produce nystagmus, but the
strabismus changes whenever the head and neck are
moved. With paralysis of CN III, IV, or VI, the strabismus should be present with all positions of the head.
Lesions involving CN III can result in ipsilateral ventrolateral strabismus and mydriasis, usually without vision
loss in either eye. In addition, CN III is responsible for
innervation of the levator palpebrae muscle, but ptosis
(eyelid droop) occurring as a result of CN III lesions is
not commonly observed in sheep or goats, because the
frontalis muscle can lift the upper eyelid. Lesions in
CN IV can result in ipsilateral, contralateral, or bilateral
dorsomedial strabismus. Bilateral dorsomedial strabismus occurs in several diffuse encephalopathies in sheep
and goats such as polioencephalomalacia (PEM) and
listeriosis, but whether this abnormality is the result of
a true bilateral lesion involving the CN VI nucleus is
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unclear.2 Lesions involving CN VI result in ipsilateral
medial strabismus with a more forward positioning of
the eye. In addition, failure to retract the globe may be
noted during assessment of the palpebral reflex. This is
not entirely specific to CN VI, because eyeball retraction
also may require function of all extraocular muscles,
including those innervated by CN III and CN IV.

CN V (Trigeminal Nerve): Corneal and Palpebral Reflexes. The large CN V contains motor
nerve fibers that innervate the muscles of mastication
and acquires sensory information from most parts of
the head. The nerve is divided into three branches:
ophthalmic, maxillary, and mandibular. All three
branches have sensory nerves, but only the mandibular branch contains motor nerve fibers. The mandibular nerve innervates the masseter, temporal, rostral
digastric, pterygoid, and mylohyoid muscles. The
masticatory muscles should be palpated for symmetry
and atrophy. Bilateral loss of motor function of the
mandibular nerve is rare but would result in muscle
atrophy of the temporal and masseter muscles, a flaccid and lowered jaw, inability to chew, and excessive
drooling, which can result in bicarbonate loss. The
animal’s tongue may protrude from the mouth as a
result of fatigue, but the tongue can be withdrawn to
appropriate stimulation. Unilateral lesions can cause
asymmetric muscle atrophy and a slightly lowered
position of the jaw. This may not result in dysphagia,
but abnormal wear of teeth and dental problems may
be evident.
Function of the sensory branches is tested by corneal and palpebral reflexes (Figures 13-2 and 13-3)
and assessing sensation across multiple areas of the
face. In the palpebral and corneal reflexes, CN V is the
afferent (sensory) portion, whereas CN VII is the efferent (motor) portion of the reflex. The corneal reflex is
performed by slowly advancing a finger or cotton swab
toward the animal’s eye and placing it directly on the
cornea. The palpebral reflex is performed by touching a finger on periococular skin without the animal’s
visualizing the finger. The corneal reflex and touching
the medial canthus of the eye for the palpebral reflex
assess the ophthalmic branch of CN V, which innervates
the eye and surrounding skin and is responsible for
the maintenance of corneal epithelium. The maxillary
branch of CN V can be assessed by touching the lateral
canthus of the eye during elicitation of the palpebral
reflex. The normal reflex response with intact CN V, CN
VI, and CN VII is closure of the lid, retraction of the eye,
and aversion of the head, respectively. The mandibular
branch of CN V can be assessed by touching the ear base
and observing for closure of the lid. A deficient palpebral reflex with a normal menace response suggests a
lesion in the trigeminal nerve or ganglion. Loss of CN
V innervation to the corneal epithelium can result in
neurotropic or exposure keratitis, because the affected

Figure 13-2 The corneal reflex is assessed by gently placing a finger or the loosened fibers of a cotton tip applicator
directly on the cornea.

Figure 13-3 The palpebral reflex is tested by touching the
periorbital skin with the examiner’s finger while keeping the
animal from seeing the approaching finger.

animal cannot sense corneal dryness or the presence of
ocular foreign bodies.
Damage to any branch of the trigeminal nerve results
in sensory losses to the areas it innervates. Deficits in
CN V function will manifest as the ipsilateral loss of
sensation over the face and affected animals will not
reflexly blink or twitch the face. This is a subcortical
reflex and does not require conscious input. The consciously mediated, coordinated movement of the head
away from the noxious stimuli is assessed by stimulating the nasal septum. The examiner applies stimulation
using a finger or cotton swab to the inner (medial)
surface of the nasal septum (Figure 13-4). The response
in a normal animal is blinking and facial twitching; the
head is pulled away in response to a painful stimulus.
This response requires conscious recognition of the
noxious stimulus by way of CN V maxillary nerve to
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Figure 13-4 Assessment of the conscious recognition of a
noxious stimulus by way of the maxillary branch of cranial
nerve V to the contralateral parietal cortex. The animal demonstrates the appropriate response of blinking and attempting
to withdraw the head from the stimulus.

the contralateral parietal cortex. This determination is
important, because an animal with a CN V maxillary
branch abnormality will have neither sensation nor
conscious recognition of pain, whereas a sheep or goat
with a contralateral cerebral cortical lesion will have
normal sensation but no conscious recognition of the
painful stimuli.

Cranial Nerve VII (Facial Nerve): Facial Expression, Other Brain Stem Function. The facial nerve
(CN VII) is predominantly a motor nerve, providing
innervations to muscles responsible for facial expression, but CN VII also contains parasympathetic nerve
fibers that provide innervations to the lacrimal gland,
and mandibular and submandibular salivary glands.
The CN VII neurons supplying innervations to the
muscles of facial expression are located within the
brain stem. Assessment of CN VII motor function is
performed through the menace response test and eliciting the corneal and palpebral reflexes as discussed previously. Symmetry and posture of the eyelids, ears, and
lips are important to evaluate; abnormal findings can
provide initial evidence of CN VII dysfunction. Goats
and sheep of breeds with erect ears should hold them
upright, whereas those with pendulous ears should be
able to move the base of the ear canal to follow external
stimuli. In goats and sheep with compromised CN VII
motor function, eyelid droop (ptosis), lack of ear movement, ear droop, and deviation of the nasal filtrum can
be observed. CN VII is most easily assessed by the menace response and palpebral reflex. Simultaneous loss of
the menace response and the palpebral reflex, characterized by a failure to blink rapidly and completely, suggests a lesion in CN VII innervations to the orbicularis
oculi muscle.3 The animal’s vision will be intact when

lesions are limited to CN VII. CN VII dysfunction results
in protrusion of the tongue on the affected side of the
mouth, and the animal may drool. Feedstuff often is
found packed into the cheek pouch on the affected
side. Damage to CN VII can be localized according to
the clinical signs.
Lesions in the brain stem can result in a number
of discrete or diffuse clinical signs in affected animals. Listeriosis in sheep and goats can cause discrete
lesions throughout the brain stem, which may result in
abnormal function of the ipsilateral facial muscles. An
additional manifestation of CN VII dysfunction is the
presence of neurotropic (exposure) keratitis and corneal
ulceration, because affected animals cannot blink to
distribute the tear film. Because of close proximity of
CN VIII and CN VII nuclei in the brain stem as well as
proximity of the CN’s in the periphery, vestibular signs
often accompany those of facial nerve palsy.

CN VIII (Vestibulocochlear Nerve): Head Tilt
and Other Reflections of Vestibular Function. The
cranial nerve VIII has two main divisions: vestibular
and cochlear. The vestibular division is responsible
for maintaining the position of the head and other
structures relative to gravity; the cochlear division functions in hearing.4 The objective assessment of hearing
loss in large animals is difficult and requires the use of
electrodiagnostic testing (brain stem auditory evoked
response). Animals that have bilateral hearing losses
may be easier to assess because they do not respond to
loud environmental noises.
The vestibular part of CN VIII supplies the major
input to the vestibular system and is evaluated by
observing the animal’s head and body position. Clinical signs of vestibular dysfunction of CN VIII include a
head tilt, abnormal nystagmus, ataxia, staggering, and
positional strabismus. With vestibular dysfunction,
many of these signs will be observed at presentation
without being elicited. The presence of a head tilt is
best assessed with the examiner looking face on at the
animal’s head. A head tilt is an abnormal posture when
sustained and can be visualized as ventral deviation of
one ear compared with the opposite, or as deviation
of an imaginary line drawn across the eyes from the
normal horizontal plane. The head tilt is continuously
directed toward the side of the lesion whenever CN VIII
or the vestibulocochlear nucleus is affected. Animals
that are recumbent with vestibular disease will tend to
lie on the side of the lesion.
Cranial Nerves IX (Glossopharyngeal Nerve)
and X (Vagus Nerve): Laryngeal and Pharyngeal Function. The glossopharyngeal nerve, or CN
IX, carries motor and sensory fibers to and from the
rostral pharynx, palate, larynx, and tongue. The glossopharyngeal nerve also contains a parasympathetic
component that innervates the parotid and zygomatic
salivary glands. The vagus nerve, or CN X, provides
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motor innervation to the pharynx, larynx, palate, and
striated muscles of the esophagus by the recurrent
laryngeal nerve. The parasympathetic branch of CN
X arises from the vagal nucleus in the medulla and
innervates the abdominal and thoracic viscera, with the
exception of the pelvic viscera. Damage to CN IX and
CN X results in clinical signs related to laryngeal and
pharyngeal function. Affected animals have difficulty
swallowing and may drool from an inability to swallow
saliva. Choke also may be observed. The gag reflex can
be used to assess normal function. In normal animals,
placing a tongue depressor in the back of the mouth
elicits the gag reflex, in which the caudal portion of the
tongue pushes the tongue depressor forward. The clinician should always wear gloves when examining a small
ruminant with suspected CN IX or X disease, because
oropharyngeal paralysis is common in rabid animals.
Inspiratory stertor may be heard as a result of unilateral
or bilateral paresis of the pharynx and larynx. Animals
with pharyngeal paralysis can regurgitate food through
the nose. In sheep and goats, disease of CNs IX and X
is rare.

Cranial Nerve XII (Hypoglossal Nerve): Tongue
Function. The hypoglossal nerve, or CN XII, is the
motor pathway to the muscles of the tongue, allowing
its protrusion and retraction. Animals with damage to
CN XII often have a history of difficulty apprehending
and masticating food. The tongue should be examined
for atrophy and tone. Normal animals will attempt to
retract the tongue with strength when it is pulled by
the examiner. A palatable substance or loose salt can
be placed on the animal’s lips, and with normal CN XII
function, the animal will lick the substance off the area.
Unilateral damage to CN XII causes deviation or protrusion of the tongue toward the affected side, because
the tongue will be pushed by the intact muscles on that
side.

Postural Reactions
Postural reactions complement the evaluation of gait.
Postural reactions are easily examined in sheep and
goats and include the following: hopping, wheelbarrowing, hemi-standing, hemi-walking, placing, and
proprioception. Testing for the hopping postural reaction is performed by lifting three limbs off the ground
while walking the animal forward. Each of the front
limbs should be evaluated for the hopping postural
reaction; a normal animal will lift and place the limb
as it would with normal locomotion. Wheelbarrowing
is similar, but only the two hindlimbs are lifted off the
ground as the animal is walked forward. Hemi-standing
and hemi-walking are similar postural reactions that
are assessed by lifting the ipsilateral front limbs and
hindlimbs while the animal is observed at rest and
during locomotion, respectively. Placing is assessed by
lifting the goat or sheep and advancing it to the edge of
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a table; normal animals lift the front legs to place them
on the table. Proprioception reflects the animal’s ability
to consciously recognize an abnormal limb posture. To
test for the proprioception reaction, the standing animal’s distal limb is flexed at the fetlock joint, resulting
in weight-bearing at the dorsum of the digit. A normal
proprioceptive reaction will quickly result in correction
of the abnormal weight-bearing.

Spinal Reflexes
Five spinal reflexes should be evaluated in sheep and
goats with suspected neurologic disease: the extensor
reflex of the front limb, the panniculus reflex, the patellar reflex, the perineal reflex, and the withdrawal reflexes
of the forelimbs and hindlimbs. The spinal reflexes are
best examined with the animal in lateral recumbency,
with the side to be evaluated in the upper position.
Spinal reflexes involve a local reflex arc that includes a
stretch or touch receptor, an afferent peripheral nerve
that relays information to the spinal cord gray matter,
spinal cord interneurons that can stimulate or inhibit
other neurons, an efferent motor neuron that exits the
spinal cord, and a muscle. Spinal reflexes do not require
conscious or voluntary input for normal function.
Assessment of spinal reflexes tests the integrity of
the lower motor neuron (LMN) but also can provide
some information on influences of the upper motor
neurons (UMNs) on the LMN (Table 13-1). The UMNs
are a group of neurons that do not physically exit the
nervous system and provide stimulatory or inhibitory
influences to the LMN. The LMNs are composed of the
peripheral nerves and the effector organs (primarily
skeletal muscles). Several responses can be observed
when spinal reflexes are tested. A normal response can
be observed, which indicates normal sensory and motor
components of the reflex arc. An exaggerated response
often is observed with UMN pathway abnormalities. A
diminished or absent response indicates LMN disease
in either its sensory or motor components. In addition
to diminished responses, animals with LMN disease
exhibit muscle atrophy, hyporeflexia or areflexia, hypotonia or atonia, and paresis.
Testing the extensor reflex of the front limb assesses
the radial nerve. The radial nerve is responsible for
weight-bearing of the front limb and innervates the
triceps muscle group. With the animal in lateral recumbency, the extensor reflex is assessed by placing a hand
under the foot of the animal and pushing the limb
gently toward the animal until extensor tone is noted.
The normal reflex is for the animal to “push back” with
its leg. Animals with LMN disease display decreased
or absent resistance, and those with UMN disease may
exhibit increased tone of the triceps muscle.
Testing the patellar reflex evaluates motor and sensory components of the femoral nerve. The femoral
nerve innervates the quadriceps muscles, which are
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responsible for extension of the stifle and weight-bearing in the hindlimb. The patellar reflex is a tendinous
reflex and is elicited by lightly tapping the patellar tendon with a reflex hammer while observing an extension
of the stifle. Patellar reflex testing is a subjective assessment, and clinicians should be as consistent as possible
in technique. To begin, the limb should be in relaxed
flexion with the patellar tendon just barely tightened.
The tendon is palpated, and then, while the examiner’s
fingers are kept on the tendon, the limb is flexed until
the tendon feels tight. To raise tension in the tendon,
the clinician can place a hand under the foot while
extending the digits. The tapping on the tendon is done
with a pendulum motion. The reflex cannot be elicited
if the limb is tense, but by tapping the tendon rhythmically, the animal relaxes over time. The strength of the
patellar reflex is proportional to the force applied to
the tendon. The plexor (hammer) used for examination
of large dogs is adequate for testing the reflex of small
ruminants. The patellar reflex combined with the proprioceptive reaction is used to determine the integrity of
the LMN. With LMN lesions, deficits exist in conscious

TABLE 13-1 Summary of Lower and Upper
Motor Neuron Signs
Lower Motor
Neuron
Segmental Signs

Upper Motor
Neuron Long
Tract Signs

Motor
function

Paralysis—loss of
muscle power,
flaccidity

Reflexes

Hyporeflexia to
areflexia

Muscle
atrophy

Early and severe:
neurologic;
contracture after
several weeks
Decreased
Abnormal potentials (fibrillation, positive
sharp waves)
after 5 to 7 days
Anesthesia of
innervated area,
paresthesia or
hyperesthesia of
adjacent areas

Paresis to
paralysis—loss
of voluntary
movements
Normal to hyperreflexia (especially
myotatic reflexes)
Late and mild:
disuse

Parameter

Muscle tone
Electromyographic
changes

Associated
sensory
signs

Normal to increased
No changes

Decreased proprioception;
decreased perception of superficial
and deep pain

From Oliver JE Jr, Lorenz MD: Handbook of veterinary neurologic
diagnosis, Philadelphia, 1983, WB Saunders.

proprioception and patellar reflexes, whereas deficits of
conscious proprioception in animals with intact patellar reflexes indicate lesions in the UMN.
Withdrawal reflexes also are referred to as flexion
reflexes, and testing is performed by applying a noxious stimulus to the medial or lateral digits of the
front limbs and hindlimbs. A hemostat often is used to
apply the stimulus. In the front limb, the withdrawal
reflex evaluates the axillary, median, and ulnar nerves.
In the hindlimb, the reflex evaluates the sciatic nerve
on the lateral part of the limb and the femoral nerve on
the medial part of the limb. A normal response is the
flexion of the limb fully away from the stimulus.
Testing the perineal reflex is performed by pinching the skin around the anus. The perineal reflex
tests the afferent pudendal nerve, whereas the efferent
nerve fibers are part of the caudal nerves. The normal
response is anal sphincter contraction and downward
contraction of the tail. During the reflex test, the tail
should not be manipulated, because this may cause
contraction of the anus.
The panniculus reflex or cutaneous trunci reflex also
relies on a reflex arc. This test is performed by applying
stimuli to both sides of the body starting caudally at the
wing of the ileum to the cranial thoracic area (at the T2
level). The stimulus usually is applied with the tip of a
ballpoint pen or a hemostat. The sensory fibers from the
skin enter the dorsal root of the spinal cord and then
ascend to the C8 and T1 segments, where the efferent
limb of the reflex is the motor neurons of the lateral
thoracic nerve. A normal reflex is flinching of the skin.
If twitching of the skin occurs at the level of the wing of
the ileum, then the afferent limb is intact in its entirety.
However, a transection of the spinal cord caudal to T1
may result in a decreased or absent cutaneous response
in the area caudal to the transection.

Pain
Whereas spinal reflexes test the LMN, assessments of
conscious proprioception, voluntary motor functions,
superficial pain sensation, and deep pain sensation are
used to test UMNs. With compromise to the spinal cord,
conscious proprioception is the first deficit observed,
followed in order by voluntary motor function, superficial pain sensation, and deep pain sensation. Superficial
pain sensation can be assessed by applying a noxious
stimulus over a dermatome or cutaneous zone, which
is an area of skin on the animal’s body surface that is
innervated by a single nerve. A two-step pinch technique
is recommended to test superficial pain sensation. First,
a small area of skin is lightly tented using a hemostat. After a slight pause, a second, sharp skin pinch
is applied. Intact superficial pain sensation is present
if a reflex withdrawal occurs, and the UMN is intact
if the animal demonstrates conscious recognition of
the pain through an aversion response, vocalization,

Chapter 13 • Diseases of the Neurologic System
or both. Deep pain sensation is determined by placing
a large hemostat or needle-holders across the digit just
above the coronary band, and progressively pinching to
stimulate the periosteum. As with the superficial pain
sensation, a positive response is conscious recognition
of the stimulus as evidenced by aversion, vocalization,
or both. The assessment of deep pain sensation is
important for prognosis for the recumbent small ruminant with neurologic disease, because deep pain is the
last function to be lost with a severe spinal cord lesion.

Localization of Neurologic Lesions
During the complete neurologic examination, abnormalities of nervous system function should be identified, characterized, and recorded. Some abnormalities
in nervous system function can be readily ascribed to
specific segments of the nervous system, whereas for
others, the origin of dysfunction is more difficult to
identify. Determining the neuroanatomic location of
lesions or abnormalities within the nervous system is
important with respect to management and prognosis
for the sheep or goat with neurologic disease. For sheep
and goats with suspected neurologic disease, clinical
signs or specific pathologic processes should be ascribed
to four functional areas of neuroanatomy: (1) the
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cerebrum, (2) cerebellum, (3) brain stem and cranial
nerves, and (4) the spinal cord and peripheral nerves
(Table 13-2). If the location of a lesion is not readily
apparent after the complete neurologic examination,
repeating all or specific portions of the neurologic
examination can reveal subtle abnormalities missed
earlier.

Cerebral Disease
Nervous system disorders involving the cerebrum can
be variable in severity and frequently are characterized
by alterations in mental acuity, behavioral changes,
seizures, and blindness. Diffuse or symmetric cerebral
disease often does not affect the gait on flat surfaces, but
gait can appear abnormal on ascending or descending
slopes. Likewise, postural and proprioceptive reflexes
are normal with diffuse cerebral disorders unless the
affected animal is moved across slopes. In most animals
with diffuse cerebral disease, spinal reflexes are normal.
Of note, metabolic abnormalities are considered the
most common cause of symmetric cerebral disease in
ruminants.1 Dehydration and acid-base and electrolyte abnormalities often result in depression in small
ruminants.
With unilateral lesions located within the cerebrum,
a majority of clinical signs will be observed contralateral

TABLE 13-2 Association of Neurologic Signs With Functional Deficits of Clinically Relevant
Neuroanatomic Locations

Neurologic
Sign/Disorder
Mentation
Gait
Posture
Spinal reflexes
Disorders
discussed
within chapter

Cerebral Diseases
Abnormal
Normal
Normal
Normal
•	Bacterial meningitis
•	Clostridium enterotoxemia
•	Lentiviral encephalitis
•	Louping-ill
•	Polioencephalomalacia
•	Thiamine deficiency
•	Sulfur toxicosis
•	Lead toxicosis
•	Sodium toxicosis
•	Pseudorabies
•	Rabies
•	Scrapie
•	Urea toxicity
•	West Nile virus
encephalitis

Cerebellar
Diseases
Normal
Abnormal
Abnormal
Abnormal or normal
•	Grass staggers

Diseases of Brain
Stem and Cranial
Nerves

Diseases of Spinal
Cord and Peripheral
Nerves

Abnormal or normal
Abnormal or normal
Abnormal or normal
Abnormal or normal
•	Listeriosis
•	Otitis

Normal
Abnormal
Abnormal
Abnormal or normal
•	Botulism
•	Cerebrospinal
nematodiasis
•	Enzootic ataxia
•	Organophosphate
toxicity
•	Spastic paresis
•	Spinal cord trauma
•	Tetanus
•	Tick paralysis

Modified from Constable PD: Clinical examination of the ruminant nervous system, Vet Clin North Am Food Anim Pract 20:185, 2004.
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to the lesion, with the exception of circling and head
turn, which usually are in the direction of the lesion.
Specific examples of clinical signs associated with
asymmetric cerebral disease are contralateral hemiparesis, circling with the head turned toward the side of
the lesion, contralateral facial sensation deficits, and
presence of a contralateral menace deficit with normal
palpebral reflexes and normal pupillary light reflexes.

Cerebellar Disease
The cerebellum functions by providing input data to
motor areas of the cerebral cortex and brain stem, thus
clinical signs of cerebellar dysfunction reflect failure of
smooth, coordinated movements of the head, body,
and limbs. Clinical cerebellar disease with lack of coordinating input results in ataxia, truncal sway, dysmetria,
intention tremors, pupillary abnormalities, and vestibular signs. Sheep and goats with clinical cerebellar disease
are characterized by normal mentation and abnormal
gait; however, depression and stupor can be observed in
kids and lambs with congenital cerebellar disease as a
result of failure to nurse with subsequent dehydration
and hypoglycemia (metabolic disease). In sheep and
goats with cerebellar ataxia, strength is preserved in the
front limbs and hindlimbs, and proprioceptive deficits are not observed. Strength of the limbs is assessed
by applying pressure on the withers and the pelvis.
Although diffuse cerebellar disease, which is more common in large domestic animals/livestock, causes ataxia
of all four limbs, unilateral cerebellar lesions result in
ipsilateral ataxia of front and rear limbs.

Brain Stem and Cranial Nerve Diseases
Sheep and goats with brain stem lesions may have
normal or abnormal mentation. Because the ascending reticular activating system in the rostral brain stem
frequently is affected by diseases of the brain stem,
profound depression and stupor are common. Cranial
nerve deficits in a small ruminant with abnormal mentation characterized as depression and stupor suggest
that the lesion is localized to the brain stem. During
the complete neurologic examination, the evaluation
of cranial nerve function should receive much attention. Clinical signs associated with brain stem disease
include cranial nerve deficits (as described previously),
ipsilateral hemiparesis, coma, and stupor (with abnormalities of the ascending reticular activating system). In
addition, respiratory and cardiovascular abnormalities
may be noted, because the respiratory center is located
in the caudal brain stem.

Spinal Cord and Peripheral Nerve Diseases
Clinical signs of spinal cord disease depend on the location of the disease within the spinal cord. In examining
a small ruminant with suspected spinal cord or peripheral nerve disease, differentiating LMN disease from

UMN disease is useful. As described previously, the
UMNs are a group of neurons that do not physically exit
the nervous system and provide stimulatory or inhibitory influences to the LMNs. The LMNs are composed of
the peripheral nerves and the effector organs (primarily
skeletal muscles). Clinical signs of UMN disease include
proprioceptive deficits, weakness, and paralysis, but
exaggerated reflexes and increased extensor tone also
are observed. Lesions of the LMN result in clinical signs
consisting of paresis or paralysis combined with absent
or diminished spinal reflexes.
Peripheral nerve injuries are uncommon in sheep
and goats but result in clinical signs referable to LMN
disease, including paresis, paralysis, diminished or
absent spinal reflexes, and muscle atrophy. The radial
nerve and brachial plexus can be traumatized in the
forelimb. In the hindlimb, the sciatic, peroneal, femoral, or obturator nerve can become damaged.
Radial nerve paralysis can result from fractures of ribs
or the humerus or from avulsion of the brachial plexus,
and the severity of clinical signs often is dependent on
the location of traumatic injury. Damage to the radial
nerve causes a lack of innervations to the triceps muscle
group and the inability to extend the elbow joint. The
more distal the injury on the limb, the less the animal’s gait is affected. Trauma to the distal radial nerve
results in paralysis of the extensor muscles of the carpus
and digits, and knuckling of the lower limb. A loss of
sensory innervation to the dorsum of the leg below
the elbow also may be evident. The animals may have
scuffed or abnormally shaped hooves, as well as abrasions on the front of the fetlocks.
The femoral nerve provides innervations to the quadriceps muscle group. Animals with femoral nerve paralysis drag or carry the affected rear limb while hopping
on the unaffected leg. Injury to this nerve can occur
as a result of extreme extension of the hind limb or as
a result of injection sites that have become infected.
Sensation of medial skin surfaces often is preserved
through the saphenous branch of the femoral nerve,
because this branch separates from the rest of the femoral nerve proximally at the level of the iliopsoas muscle.
Obturator nerve paralysis occurs as a result of extreme
abduction of the rear limb or as a lambing or kidding
injury. When the nerve is damaged, the animal is unable
to adduct its rear limb. Unilateral involvement of the
obturator nerve is associated with gait abnormalities
less frequently than is bilateral involvement. Radiographs of the pelvis are warranted to rule out pelvic
fracture.
Sciatic (ischiadic) nerve paralysis can occur after pelvic
or lumbosacral fractures. The nerve arises from spinal
cord segments L6 to S2 and travels in the vertebral
canal before its fibers exit. The sciatic nerve innervates
the muscles that extend the hip and flex the stifle before
dividing into the peroneal and tibial branches. The
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tibial nerve provides motor innervations to the gastrocnemius muscle, whereas the peroneal provides motor
innervations to the extensors of the digits. The tibial
and peroneal nerves also collect sensory input from the
distal portion of the hindlimb. Whereas lumbosacral
fractures usually cause bilateral hindlimb paresis or
paralysis, damage to the proximal sciatic nerve, which
can be a consequence of acetabular and femoral fractures, results in dysfunction of flexor muscles only. The
extensor muscles of the stifle remain functional, allowing the animal to bear weight but not flex the stifle.
The animal will exhibit a dropped hock, and the limb
will be knuckled over. On testing, the animal’s flexor
response is greatly inhibited, and with pinching of the
medial claw, the animal flexes its hip without flexing
the rest of the limb. This differential response occurs
because the medial side of the limb still has intact sensory innervation through the saphenous branch of the
femoral nerve. Many of these injuries resolve over time,
but a poor prognosis is associated with the complete
loss of deep pain.
The peroneal nerve supplies the muscles that flex the
hock and extend the digits and provides cutaneous
sensory innervation to the dorsal aspect of the foot
and cranial surface of the hock and tibia. Improperly
administered injections may injure this nerve, resulting in knuckling onto the dorsum of the fetlock and
overextension of the hock. Animals appear to be able
to compensate fairly well with this type of injury by
extenuated flexing of the hip and extension of the stifle
at walk. The flexor response is depressed when the dorsum of the fetlock is stimulated; however, if the sole
of the hoof is stimulated, the animal flexes its leg but
keeps the hock fixed.

Ancillary Tests
As noted previously, the objectives of the neurologic
examination are to verify that the sheep or goat has
disease of nervous system origin and to determine the
anatomic location of the lesion within the nervous system. Once the neuroanatomic location has been identified, additional diagnostic testing can be performed to
identify a specific causative disorder or contributing factor. A precise etiologic diagnosis is important because
individual sheep and goats typically are members of
herd or flock, and elucidation of the etiology will allow
implementation of preventive strategies aimed at reducing the potential for disease in other at-risk animals.
A number of diagnostic tests are available for the
neruologic workup of a small ruminant, but owing to
cost and availability of testing equipment, only a few
tests can be routinely used in practice settings for the
diagnosis of neurologic diseases in small ruminants.
Complete blood count and serum biochemistry profile,
cerebrospinal fluid (CSF) analysis, and routine imaging
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studies such as survey radiographs can be used during
the diagnostic evaluation of sheep and goats with suspected nervous system disease.5,6

Complete Blood Count and Serum
Biochemistry Panel
Because metabolic disorders are the most frequent cause
of symmetric cerebral dysfunction, the complete blood
count and serum biochemistry panel should be performed to evaluate for the presence of hypocalcemia,
hypoglycemia, acid-base disorders, electrolyte abnormalities, and inflammatory conditions. Anomalies observed
during routine blood workup may be primary or secondary to the nervous system disorder.6 (see Appendix 2)

Cerebrospinal Fluid Analysis
CSF is located within the subarachnoid space; therefore
diseases involving the CNS can lead to alterations in
the normal composition of the CSF. The CSF can be collected from the atlantooccipital space but is more easily
obtained at the lumbosacral site. General anesthesia or
heavy sedation is required for atlantooccipital CSF collection, and anesthesia for neurologically impaired animals often is contraindicated. Positioning and restraint
are critically important for successful collection of CSF
(Figure 13-5, A). Sampling can be performed in the
standing sheep or goat provided that restraint is sufficient to prevent lateral motion, or the animal can
be sedated. If recumbent, most sheep or goats can be
manually restrained in sternal recumbency. Ideally,
the animal is positioned such that the hips are flexed
and the pelvic limbs extended alongside the abdomen,
with the pelvis kept straight and level. The skin over the
lumbosacral space should be clipped and aseptically
prepared. A palpable indentation should be felt at the
lumbosacral space, and this site should be infiltrated
with 2% lidocaine (0.5 mL administered subcutaneously [SC]) (Figure 13-5, B). A final scrub should be
applied, and the clinician should don sterile gloves.
For lambs and kids weighing less than 30 kg, a 20- or
21-gauge, 1-inch needle can be used; an 18- or 20-gauge,
1.5-inch needle can be used for adult sheep and goats.
A disposable needle or a stylet-type spinal needle can
be used. The needle should be inserted on midline
halfway between the last palpable lumbar dorsal spinous
process and the first palpable sacral dorsal spinous process. The needle should be placed perpendicular to the
spine from the lateral view and straight up and down as
viewed from the back of the animal. If bone is encountered, the needle should be redirected either cranially or
caudally. The needle is advanced until a slight “pop” is
felt as the needle passes through both the interarcuate
ligament and the subarachnoid membrane. The animal
may move or jump slightly when the needle punctures
the dura mater, or the tail and anus may reflexively contract. The clinician can periodically remove the stylet
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A

B

C
Figure 13-5 Collection of cerebrospinal fluid. A, Correct positioning of an animal for collection of cerebrospinal fluid from
the lumbosacral space. The animal is placed in sternal recumbency, and both pelvic limbs are pulled cranially to arch the spinal
column. B, The lumbosacral space is identified at the intersection of a line connecting the caudal aspects of the tuber coxae with
the vertebral midline (between L6 and S1). C, Cerebrospinal fluid is collected by free catch or aspiration using a 5- to 10-mL syringe
and immediately placed into tubes for analysis.

to check for presence of CSF in the hub of the needle.
Approximately 1 mL of fluid/5 kg of body weight can
be safely removed, but only 1 to 2 mL is necessary
for cytologic evaluation. Gently and slowly aspirating
CSF or allowing it to flow freely from the needle prevents excessive movement and blood contamination
(Figure 13-5, C). The CSF samples should be placed in
ethylenediamine tetraacetic acid (EDTA) for cytologic
analysis and in a serum separator tube for culture. For
biochemical analysis, CSF should be placed in serum
separator or lithium heparin tubes. Cytologic evaluation of CSF should be performed rapidly, ideally within
60 minutes of collection. If this is not possible, the CSF
can be mixed with an equal volume of 40% ethanol to
preserve the cells.
Once collected, CSF can be evaluated for gross
appearance, cytology, protein concentration, biochemical composition, and presence of bacteria. Normal
CSF is clear and colorless. Red discoloration indicates

presence of blood in the CSF, and the hemorrhage may
be iatrogenic (Figure 13-6, A) or the result of the collection or from previous hemorrhage within the CSF.
In general, blood from a previous hemorrhage is evenly
mixed with the CSF and often does not clot, as opposed
to iatrogenic hemorrhage during collection, in which
the red discoloration may lessen as additional fluid
is collected and the CSF will clot. Xanthochromia is
orange or yellow discoloration of the CSF, and this finding can be observed for up to 10 days after occurrence
of bleeding within the CSF. Turbid CSF usually indicates
a high white blood cell count, as can occur with bacterial meningitis. The total nucleated cell and differential
counts should be performed to assist with an etiologic
diagnosis. Normal CSF contains less than 10 nucleated
cells/μL, with a majority of cells being mononuclear
(see Appendix II , Table F). Bacterial infections of the
nervous system usually are characterized by a neutrophilic pleocytosis (Figure 13-6, B), with the exception of
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Figure 13-6 A, Iatrogenic blood contamination during collection of a cerebrospinal fluid (CSF) sample. This can be differentiated from histopathologic evidence of disease by the presence of red and white blood cells in ratios similar to those in blood
samples and the presence of thrombocytes. Similar findings are detected in cases of traumatic injury occurring within 30 minutes of CSF collection. B-D, CSF cytology for different neurologic diseases. B, Findings in a goat with streptococcal meningitis.
A majority of nucleated cells are neutrophils that show degenerative changes. The identification of many small cocci in pairs or
short chains suggests streptococcal meningitis. C, Findings in a goat with listeriosis include a mixed-cell mononuclear pleocytosis,
with a predominance of mononuclear cells, small lymphocytes, and presence of neutrophils. D, Findings in a goat with cerebrospinal nematodiasis include predominance of eosinophils, which is seen in cases of aberrant spinal migration by Parelaphostrongylus
tenuis. (Courtesy Dr. Elizabeth Spangler, Auburn, Alabama.)

listeriosis in small ruminants where mononuclear pleocytosis (Figure 13-6, C) is usually present. Mononuclear
pleocytosis can also be observed with viral encephalitides and PEM. Cerebrospinal nematodiasis, secondary to
aberrant migration of nematode parasites, often results
in marked elevations of eosinophils, which may be the
predominant CSF leukocyte in affected animals (Figure
13-6, D). Normal protein concentrations in CSF are
considerably lower than in blood. CSF protein concentration of healthy sheep is less than 40 mg of protein/dL
and that of healthy goats less than 15 mg of protein/dL.
CSF glucose content generally is low compared with
that in the peripheral blood. Glucose concentrations
normally are 80% of the value in peripheral blood, and

decreased concentrations are detected in animals with
bacterial meningoencephalitis as a consequence of bacterial glucose consumption.

Medical Imaging
After a lesion has been localized within the CNS, plain
survey films may be helpful to identify luxations of the
vertebral column, osteomyelitis, or fractures of the pelvis. Survey radiographs of the skull can be used to diagnose fractures or assess involvement of the tympanic
bulla in cases of otitis. Radiographic techniques used
in medium to large dogs are applicable in sheep and
goats. For UMN disease of the forebrain, brain stem,
or cerebellum, several diagnostic imaging procedures
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can be performed. The structural integrity of the UMN
anatomy can be evaluated by the use of computed
tomography (CT) and magnetic resonance imaging
(MRI). Myelography can be used to identify compressive or expansive lesions in the spinal cord. Electromyography also can be used to determine whether specific
neurons are responsible for neuromuscular disease by
assessing the electrical activity of the muscle after a
neuron is stimulated. Electroencephalography can be
used to assess the electrical activity in various parts of
the brain. It is used primarily in cases of presumed neurologic disease manifested by seizures, narcolepsy, and
encephalopathy.

CEREBRAL DISEASES
Bacterial Meningitis and Encephalitis
Etiology and Pathophysiology
In meningitis, one or more of the three layers (dura
mater, arachnoid, and pia mater) covering the CNS
are inflamed, and involvement of adjacent structures
(CNS or spinal cord) is common. Meningitis and
meningoencephalitis may result from many different
disorders but principally follow extension of local
processes or hematogenous dissemination.1 Infections extending into meninges and nervous tissues
may be caused by surgical procedures such as dehorning and tail docking, thermal osteonecrosis after
cauterization for dehorning, sinusitis, otitis interna,
and skull fractures. Bacteremia associated with pneumonia, omphalophlebitis, mastitis, endocarditis, or
other septic processes also may cause meningoencephalitis. Hematogenous infection is especially common in neonatal septicemia arising with failure of
passive transfer. Any of several bacterial pathogens
may be involved in the disease. In neonatal meningoencephalitis, Escherichia coli, Pasteurella multocida,
Streptococcus spp., Staphylococcus spp., and Arcanobacterium pyogenes have been reported and invasion of the
CNS may depend on various virulence factors.1 Goat
kids affected by polyarthritis and pleuropneumoni
tis caused by Mycoplasma mycoides ssp. mycoides, may
develop meningoencephalitis.2 Pseudomonas aeruginosa may cause septicemia and meningitis in goats
secondary to mastitis.3 In the CSF, host immune
defense mechanisms provide only limited protection
because antibody and complement concentrations
of CSF are low.1,3 Bacterial and inflammatory insults
may potentially lead to congestion and infarction of
arachnoidal or subependymal veins, decreased CSF
absorption, intraventricular hypertension, and necrosis of nerve cells.1,3
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Clinical Signs
Affected animals often are severely lethargic and
depressed but may be hyperexcitable. In cases associated with neonatal septicemia, diarrhea and dysthermia are common. Clinical examination reveals
hyperesthesia, a stiff and extended neck, and pain
induced by movement of the head and neck. Passive
manipulation of the neck may result in sudden tonic
extension and rigidity of the limbs.3 Loss of cranial
nerve functions may be recognizable as nystagmus,
strabismus, and facial palsy.1,3 Progression of the disease leads to decreased sensory functions, propulsive
walking, seizures, and coma.

Diagnosis
Meningitis should be suspected on the basis of clinical signs, especially in neonates with indications of
failure of passive transfer and sepsis. To differentiate
the disease from metabolic abnormalities, serum electrolytes and glucose should be evaluated. Confirmation
of meningitis is based on CSF analysis or postmortem
examination. Marked increases in protein concentration, total leukocyte count, and proportion of neutrophils in CSF samples are characteristic of bacterial
meningitis. CSF glucose concentration is below that
in serum, reflecting bacterial consumption of glucose
in the CSF.1 Xanthochromia and free or intracellular
bacteria also may be present. Bacteriologic culture and
sensitivity testing should be attempted if therapy is
intended.

Treatment
Case-fatality rates in farm animals with bacterial meningitis are high, owing in part to late recognition of the
disease. Therapy is based on aggressive and prolonged
administration of antibiotics, supplemented with antiinflammatory drugs, and anticonvulsive therapy as
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needed. The choice of antibiotic should be guided by
an initial Gram stain of CSF or by culture and sensitivity testing. Preferably, antibiotic therapy should be
administered by the intravenous route to attain maximum peak blood and CSF concentrations.3 The use of
a third-generation cephalosporin (e.g., ceftiofur, 1 to 5
mg/kg given intravenously [IV] one to three times daily)
has been recommended, and a combination of antibiotics may be used (e.g., a β-lactam plus a trimethoprimsulfonamide agent).1 These recommended regimens
are empirical, and other intravenous antibiotics may
be used. The choice of antiinflammatory agent has
not been evaluated in farm animals, but nonsteroidal
antiinflammatory drugs are thought to be beneficial.
Seizures should be controlled using diazepam (0.01 to
0.2 mg/kg every 30 minutes).1 In neonates with failure
of passive transfer, plasma should be administered (15
to 25 mL/kg IV).

Clostridium perfringens
Enterotoxemia
Etiology and Pathophysiology
Clostridium perfringens types C and D (and possibly
type E) are important pathogens of sheep and goats
that cause infection manifesting primarily as enteric
disease and peracute death, with associated pathologic
changes in the nervous system. The organisms are ubiquitous in the environment and feces of farm animals.
C. perfringens type C produces α and β toxins, which
are not degraded in young animals (less than 10 days
of age), owing to low intestinal concentrations of proteolytic enzymes. The β toxin induces ion-conductive
channels in membranes of excitable cells, leading to
irreversible depolarization and neurologic disease.1
Disease associated with C. perfringens type D usually
is seen in young animals consuming overly plentiful
diets, allowing clostridial overgrowth and production of α and ε toxins in the small intestine; however,
neonatal lambs in unvaccinated flocks also may be
affected.2 Activation of ε toxin from its precursor is
induced by enteric proteases. The active toxin causes
disruption of tight junctions of vascular endothelial
cells and vasogenic edema in different organs, including brain, lungs, and kidneys.3 The systemic effects of
ε toxin may be facilitated by intestinal activity of β2
toxins4 (see Chapters 12 and 16).
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Prevention
Timely administration of adequate colostrum is the
most important method of preventing bacterial meningitis in neonates. Proper sanitation should be provided during surgical procedures, and dehorning of
goats should be performed with attention to hygiene,
analgesia, and limited thermal cauterization. When predisposing conditions are recognized, early therapy may
prevent extension to the nervous system.
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diarrhea may be present in some cases and is regularly
observed in goats with type D enterotoxemia.5 Neurologic signs include depression, tetany, opisthotonos,
convulsions, and coma.5,6 In type D enterotoxemia,
focal encephalomalacia may develop, which is characterized by aimless wandering, blindness, and walking
into inanimate objects.5

Diagnosis
The short duration of clinical disease precludes use of
most antemortem diagnostic modalities. Identification
of large numbers of clostridia in fecal smears may be
suggestive. At postmortem examination, the presence
of enteritis with numerous clostridia in the upper small
intestine and, in cases of type D enterotoxemia, edematous tissues supports the diagnosis. Toxin assays may
be performed using polymerase chain reaction (PCR)
techniques, enzyme-linked immunoassay (ELISA), or
mouse inoculation assays.

Treatment
Affected animals usually die before systemic antibiotics
(affording coverage of the gram-positive spectrum) and
fluid therapy could have any effect. Administration of C
and D antitoxin probably is more beneficial to prevent
disease in at-risk herdmates than as a treatment of moribund animals.6

Clinical Signs

Prevention

The duration of disease is limited to a few hours, and
clinical signs preceding death may not be observed.
Abdominal discomfort and signs of colic, such as teethgrinding and vocalization, may be noted. Hemorrhagic

Routine vaccination of sheep and goats against C. perfringens C and D is paramount. Regular boosters should
be administered to all breeding stock. Administration
of C and D antitoxin shortly after birth should provide
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protection to lambs and kids of unvaccinated dams for
approximately 2 weeks.6
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Lentiviral Encephalitis: Caprine
Arthritis-Encephalitis and Maedi-Visna
Etiology and Pathophysiology
In small ruminants, lentiviral leukoencephalomyelitis is caused by caprine arthritis-encephalitis virus
(CAEV) in goats and either maedi visna virus (MVV)
or, less commonly, ovine progressive pneumonia virus
(OPPV) in sheep. In North America, OPPV usually is
associated with respiratory disease; however, neurologic disease in sheep also has been described.1 Small
ruminant lentiviruses (SLRVs) belong to the genus
Lentivirus, family Retroviridae, and have a worldwide distribution, although prevalence varies widely
among herds.2 While differing in certain clinical
aspects, SLRVs share many virologic, epidemiologic,
and pathophysiologic features. The nomenclature
may indicate SLRVs to be species-specific, but natural
infection of sheep with CAEV and goats with MVV
is possible, and crossing of species barriers is not
uncommon.3,4
The SRLVs are enveloped RNA viruses that, on
infection of host cells, transcribe their genome into a
double-stranded DNA that is inserted into the host’s
genome, resulting in life-long infection.2 Monocytes
and macrophages are the primary cells infected by
SRLVs, and invasion of target organs is believed to be
in macrophages.5,6 Transmission of SRLVs is primarily horizontal. Infection of lambs or kids by ingestion
of colostrum and milk from infected dams is a main
route of transmission. Horizontal transmission by
the respiratory route may cause infections in older
animals. In utero infections are possible, but their
relative importance is unclear.2,6 Inflammatory changes
associated with SRLV infection may occur in the CNS,
lungs, udder, joints, lymph nodes, and blood vessels,
potentially resulting in progressive dysfunction of the
affected organ(s).
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of infection in comparison with respiratory disease in
adult sheep and arthritis in adult goats.1,7 In sheep,
clinical signs usually occur in animals older than 1 to
3 years of age; however, clinical disease has been
reported in younger sheep.2,7,8 Initial signs include
weight loss, hindlimb weakness, and abnormal stance
with progression to ascending paresis and paralysis.
Death occurs several months after initial signs are
noticed and may be preceded by neurologic signs
localized to the head, such as lip twitching, nystagmus,
and blindness.
The clinical course of neurologic disease is more
rapid in goats than in sheep. Affected goats usually
are 1 to 5 months of age; however, adult goats may
be affected.6 Clinical signs include a short, choppy
gait and unilateral or bilateral posterior paresis and
ataxia. Initially, the mentation appears to be unaffected, and animals eat, drink, or nurse normally. Progression of the disease leads to tetraparesis, and head
tilt, circling, torticollis, opisthotonos, and blindness
may develop.

Diagnosis
Neurologic disorders associated with SRLV infection are
relatively rare, and other conditions should be considered in the workup. Presence of interstitial pneumonia
may suggest SRLV infection, but clinical signs of respiratory disease often are absent. CSF analysis may reveal
increased protein concentrations and mononuclear
pleocytosis. Identification of SRLV antibodies is performed by AGID or ELISA techniques. The presence of
antibodies in serum implies infection but not disease
causation. PCR techniques may be used to detect SLRV
infections before antibodies are produced.9 Postmortem
diagnosis is based on identification of a nonsuppurative
demyelinating encephalomyelitis and lymphocytic infiltration of the CNS.

Clinical Signs

Treatment

Clinical signs associated with SLRV infection are slowly
progressive and initially nonspecific. Neurologic disease (leukoencephalomyelitis) is a relatively rare form

Effective therapies to slow or halt the disease do not
exist, and affected animals should be humanely euthanized (see Chapter 16).
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Prevention
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Louping-Ill (Ovine Encephalomyelitis)
Etiology and Pathophysiology
Louping-ill is a tickborne viral encephalomyelitis of
sheep that also affects red grouse (Lagopus lagopus scotica)
and occasionally other species, including humans. The
disease is caused by louping-ill virus (LIV), a member of
the genus Flavivirus in the family Flaviviridae. Loupingill virus is closely related to other tickborne flaviviruses,
which cause similar disease but demonstrate antigenic
and geographic variation, including Turkish sheep
encephalitis virus, Spanish sheep encephalitis virus,
and Greek goat encephalitis virus.1 Louping-ill occurs in
moorland pastures in upland United Kingdom, Ireland,
and Norway, where the tick vector Ixodes ricinus is supported by a ground-layer microclimate of high humidity. I. ricinus is a three-host tick that becomes infected
with LIV by feeding on viremic hosts, which is present
mainly in the spring but also in the early fall, when
lambs have lost colostral immunity.2,3 After infection of
the tick, LIV survives in salivary glands, and infection of
a new susceptible host occurs when the tick feeds during its next life cycle in the following season. Although

maintained primarily by the sheep-tick cycle, LIV also is
amplified by red grouse and hare, in which high levels
of viremia sustain transmission. After ticks transmit
the pathogen to sheep, replication of LIV occurs in
lymphatic tissues, followed by viremia and invasion
of the CNS after 6 to 20 days. Viral replication in the
CNS results in nonsuppurative inflammation, neuronal
degeneration, and associated clinical signs.4

Clinical Signs
Sheep that have acquired protective antibody levels
through previous infection, vaccination, or ingestion
of colostrum are protected from infection, and clinical
signs are most common in lambs older than 3 months
of age and yearlings.2,3 Initially, pyrexia, anorexia, constipation, and depression are observed. Progression of
the disease leads to generalized muscle tremors and
rigidity, hyperesthesia, ataxia, hypermetria, and a stiff,
bounding gait. Severely affected animals develop cerebral disease and exhibit head-pressing, recumbency,
convulsions, and coma, with progression to death in
some cases.2
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Diagnosis
When neurologic signs develop, viremia has ceased,
and virus isolation from blood will be unsuccessful.
High levels of specific antibodies develop in CSF of
affected animals. CSF should be handled with caution
owing to the zoonotic potential of LIV.5,6 Detection of
hemagglutinating IgM antibodies, which occur early
in the disease course, may be used diagnostically.5 No
gross lesions are observed on postmortem examination. Histopathologic changes include perivascular
cuffing of mononuclear cells and presence of neutrophils in the meninges, brain, and spinal cord. Neural
degeneration is most evident in cerebellar Purkinje
cells. Virus isolation, immunohistochemistry, or PCR
techniques are used to demonstrate LIV in tissues2 (see
Chapter 20).

Treatment
No specific therapy is available, and affected animals
should receive supportive care.

Prevention
LIV may cause disease in humans, and veterinarians,
shepherds, and abattoir workers are at increased risk

Polioencephalomalacia
The histopathologic changes in the cerebral gray matter
referred to as polioencephalomalacia (PEM) may result
from diverse etiologic disorders. All appear to involve a
disruption of the cerebral energy metabolism, resulting
in intracellular sodium and water accumulation. These
pathophysiologic changes cause edema, swelling, and
subsequent pressure necrosis of cerebral neurons, which
have a limited capacity to expand within the bony calvaria.1 In sheep and goats, PEM may result from thiamine deficiency, sulfur toxicosis, sodium toxicosis and
water deprivation, or lead toxicosis. Regardless of the
pathophysiologic mechanism, clinical signs are similar
in most cases of PEM, and further diagnostic testing
may be warranted before initiation of specific therapies.

Thiamine Deficiency
Etiology and Pathophysiology
Sheep and goats rely on thiamine (vitamin B1) production by ruminal microorganisms for adequate amounts
of this vitamin, and sufficient quantities are produced
by the healthy rumen microflora. Thiamine phosphate
serves as a cofactor for transketolase, the rate-limiting
enzyme of the glycolytic pathway (pentose phosphate
pathway) that provides most ATP to the brain. In thiamine deficiency, reduced availability of ATP results in

for infection.7 Infection of susceptible sheep may be
prevented by vaccination and acaricide treatments8 (see
Chapter 16).
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dysfunction of neuronal Na+,K+-ATPases with consequent intracellular sodium and water accumulation
leading to PEM. In sheep, ruminal thiamine synthesis is
estimated to be approximately 1.5 to 3 mg/day,2 which
implies that little excess to daily requirements (2.9 mg
for a 75-kg pregnant ewe) exists.3 Thiamine requirements are altered by certain physiologic and environmental conditions, such as pregnancy, lactation, and
availability of pasture.3 As is true for all water-soluble
vitamins, long-term storage of thiamine is impossible,
and any disruption of the ruminal fauna may quickly
lead to a state of deficiency. Subclinical thiamine
deficiency may result from increased thiaminase production when dietary changes are made without prior
adaptation.4
PEM secondary to thiamine deficiency is associated
most commonly with ruminal acidosis.5 Under acidic
conditions, a decrease in the number of thiamine-
producing bacteria is exacerbated by increasing numbers of bacteria that produce thiamine destroying
“thiaminases.” The activity of bacterial thiaminase type II
is enhanced in acidic conditions such as rumen acidosis.
This pathophysiologic mechanism is most frequently
identified in lambs and kids on low-roughage, highconcentrate diets, such as in feedlots or in preparation
for shows, but may occur in small ruminants of any
age. In preruminants, the feeding of low-quality milk
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replacers with insufficient thiamine content also may
cause PEM. (see Chapter 5)
In addition to thiaminase type II, bacterial thiaminase type I, cofactors such as common medications
(promazines, levamisole, benzimidazoles, and others), and products of fermentation are necessary, may
be of important in reducing available thiamine in the
rumen.1 Plant-derived thiaminases are produced by
bracken fern (Pteridium aquilinum), horsetail (Equisetum arvense), Nardoo fern (Marsilea drummondii), and
prostrate pigweed (Amaranthus blitoides) and have been
implicated in experimental and natural cases of thiamine deficiency–associated PEM.6-9 Administration of
thiamine analogues, such as the commonly used anticoccidial drug amprolium, may cause PEM by competitive inhibition.10

Clinical Signs
Typical clinical signs of PEM are bilaterally symmetric,
develop rapidly, and may progress. The onset of clinical
signs may be peracute, and the rapid development of
severe clinical manifestations warrants a poor prognosis.1 Affected sheep often are found wandering aimlessly
but become recumbent and display central blindness (absent menace response and intact PLR), opisthotonos, muscle tremors, extensor rigidity, periodic
tonic-clonic convulsions, and nystagmus (Figure 13-7).
Affected animals may walk along their confinement’s
enclosure and into inanimate objects (head-pressing).
Behavioral changes, including depression, stupor, coma,
and hyperexcitability, and excessive chewing may be
observed. Dorsomedial strabismus, although difficult to
assess in presence of opisthotonos, has been suggested
to be typical of PEM caused by thiamine deficiency. In
the absence of nystagmus, an ophthalmoscopic examination may reveal papilledema as a result of increased
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intracranial pressure. Normal rumen function may
be present initially, but inappetence and underlying
ruminal acidosis result in rumen atony and diarrhea. In
addition to neurologic disease, thiamine deficiency and
the presence of thiaminases in feces have been associated with poor growth and development in lambs.11

Diagnosis
Commonly, signalment, history, and clinical signs constitute the rationale for initiation of therapy. A rapid
response to thiamine therapy suggests the correct diagnosis. Complete blood count and serum chemistry findings usually are unrewarding but may serve to rule out
other conditions. CSF analysis may show mild increases
in protein concentrations and mononuclear cell count,
and CSF pressure is increased.
Specific diagnostic tests include measurements of
blood thiamine concentrations, erythrocyte transketolase activity, and ruminal or fecal thiaminase concentrations, but these tests are not widely available.
Erythrocyte transketolase activity may be determined
using the thiamine diphosphate (TPP) effect, which
measures the increase in transketolase activity when
TTP is added to the sample in excess. A TPP effect above
70% to 80% is detected in animals affected by PEM.12
Sheep affected by acute ruminal acidosis had a mean
TTP effect of 109% ± 28%, compared with 22.2% ±
3.7% in normal sheep5 (see Chapter 5).
On postmortem examination, evidence of diffuse
cerebral edema is present. Cerebral gyri are flattened
and widened and the brain surface may be yellowishdiscolored. The cerebellum may be dislocated caudally
into the foramen magnum. Under ultraviolet light,
lesions may autofluoresce, indicating necrosis and
engulfment of necrotic tissues by lipophages.12 Histopathologic examination reveals bilateral cortical laminar necrosis, edema, and presence of phagocytic cells.

Treatment

Figure 13-7 A goat with thiamine-responsive polioencephalomalacia, displaying opisthotonos, incoordination,
recumbency, and central blindness.

Therapy consists of immediate thiamine replacement,
and a common recommendation is to give the initial
dose (10 mg/kg) by intravenous injection.1 Because
adverse reactions including sudden death may occur
with intravenous administration of thiamine, the injection should be given slowly. Thiamine hydrochloride
therapy should be continued for several days with
10 mg/kg administered every 3 to 6 hours by the subcutaneous or intramuscular route. Improvement often is
noticed in 6 to 24 hours, and the frequency of thiamine
administration can be slowly reduced. In severely deficient animals, treatment of cerebral edema using mannitol 20% (1 to 2 g/kg IV), followed by dexamethasone
3 hours later (1 mg/kg IV), has been recommended.13
Oral administration of thiamine hydrochloride (1 g)
has been recommended when deficiencies are caused
by thiaminases, or in herd outbreak situations, in which
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other animals are likely to be affected. Oral thiamine
administrations also may be of benefit in cases of acute
ruminal acidosis.5

or scouring was noted in affected lambs.15 The ruminal
contents of affected animals may smell of rotten eggs
(H2S).15

Prevention

Diagnosis

Adequate provision of good-quality roughage (1.5
kg/100 kg), allowing slow adaptation to dietary changes,
prevention of ruminal acidosis, and avoidance of phytothiaminases are cornerstones of preventing thiamine deficiency. Diets for animals at risk for thiamine
deficiency may be supplemented with oral thiamine.
Although protective levels of oral thiamine are not well
established, rates of 3 to 30 mg of thiamine per kg of
feed have been recommended.12

Sulfur toxicosis may be suspected in cases of PEM that
do not respond rapidly to thiamine therapy.15,16 In
suspected cases, all sources of feed and water should be
tested for sulfur content. Reported cases of PEM have
been associated with sulfur contents of 0.43% of a diet
fed ad libitum.16 Dietary sulfur content of greater than
4000 ppm and water sulfur content of greater than 1000
ppm are suggestive of sulfur toxicosis.1
The assessment of H2S in the ruminal gas cap may
be useful to detect sulfur toxicosis. Although ruminal
H2S concentrations above 1000 ppm are considered
diagnostic, ruminal H2S concentrations may decline
rapidly owing to anorexia in affected animals. Comparing the ruminal H2S concentrations of affected animals with those of unaffected herdmates may be more
informative.
On postmortem examination, cerebrocortical necrosis similar to thiamine deficiency–induced PEM is seen.
In sulfur toxicosis, lesions may be distributed multifocally rather than in the laminar pattern seen in the PEM
of thiamine deficiency. Severe involvement of the rostral
neuroaxis, thalamus, and midbrain without lesions in
cerebellum and hippocampus may be observed at necropsy in animals affected by sulfur toxicosis.17

Sulfur Toxicosis
Pathophysiology
High dietary intake of sulfur or sulfates has been associated with PEM in ruminants without thiamine deficiency. Potential sources for sulfur include elemental
sulfur, feed intake limiters such as gypsym (calcium
sulfate), urinary acidifiers such as ammonium sulfate,
cruciferous crops, Kochia scoparia (burningbush, “poor
man’s alfalfa”), and molasses.1 High levels of sulfates
also may be found in some water sources, such as
new wells.
A seasonal occurrence of sulfur toxicosis may be
observed in the summer months, when concentrations
of sulfates in water sources may be elevated, coinciding with increased water intakes during high ambient
temperatures. Although not completely understood,
the pathophysiology of sulfur-induced PEM is likely
to involve sulfides produced from ingested sulfur compounds in the rumen. Sulfides normally are incorporated into bacterial de novo synthesis of amino acids,
eructated as hydrogen sulfide (H2S), or absorbed across
the rumen wall. Sulfides are detoxified by hepatic oxidation but may reach the brain when large amounts are
intestinally absorbed, overwhelming hepatic capacities.
Alternatively, sulfides may circumvent hepatic detoxification when inhaled as eructated H2S. Sulfides are
thought to inhibit the cellular electron transport chain,
thereby reducing neuronal ATP availability and resulting in PEM.14

Treatment
Specific therapies do not exist, and treatment as
described for thiamine deficiency is recommended.

Prevention
Prevention relies on testing for and avoidance of feed
and water sources with high sulfur content. Other measures to reduce the incidence of PEM include allowing
free access to a good-quality trace mineral salt, monitoring for the possibility of sulfur-related changes in
animals fed a diet with calcium sulfate as a component,
and providing free access to good-quality forage (see
Chapter 2).

Lead Toxicosis

Clinical Signs

Etiology and Pathophysiology

Clinical signs of bilaterally symmetric cerebral disease
are principally those described for thiamine deficiency–
associated PEM. A larger percentage of at-risk animals
may develop clinical PEM due to sulfur toxicosis, compared with thiamine deficiency–induced PEM.15,16 In
sheep with PEM due to sulfur toxicosis, reported clinical signs included depression, central blindness, and
head-pressing, but not hyperesthesia, nystagmus, or
opisthotonos.16 Furthermore, no evidence of acidosis

Lead poisoning is among the most frequent intoxications of ruminants, although the disease appears to be
more common in cattle than in sheep and goats.18,19
In recent years, various new sources for lead have been
eliminated in many countries, but reports of environmental contamination continue to be of concern.19
Concomitant pollution with other heavy metals may
occur in areas or situations in which lead contamination is detected.19 Sources for lead include lead
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arsenical insecticides and herbicides, lead-acid batteries,
lead-containing paints, gasoline, crankcase oil, shotgun
pellets, and discharges from smelting plants.1,19
The pathophysiology of lead poisoning is affected
by various factors. The route and chronicity of exposure
influence the type and severity of clinical signs. Young
animals are more susceptible to lead toxicosis as a consequence of higher rates of intestinal absorption.20 Metallic
or sulfide lead compounds are intestinally absorbed less
efficiently than are lead acetate, phosphate, carbonate,
and hydroxide salts; however, chronic toxicities may
result from entrapment of metallic lead in the reticulum. Once absorbed, most lead is irreversibly bound
to erythrocyte proteins. When aged erythrocytes are
removed from the bloodstream, lead is again released
and deposited in bone and in smaller quantities, in
kidneys and liver. Lead adversely affects many biologic
processes and enzyme systems. Lead damages capillary
endothelial cells and interferes with mitochondrial
functions and neuronal ATPases, resulting in dysfunction of the cerebral energy metabolism and neurologic
disease. Gastrointestinal damage results from caustic
actions of the ingested lead salts. Interference with
enzymes of heme synthesis, such as δ-aminolevulinic
acid dehydratase and ferrochelatase, as well as other red
cell proteins, results in a shortened erythrocyte lifespan,
anemia, and increases in blood δ-aminolevulinic acid
and porphyrin concentrations. Lead readily crosses the
placental barrier and accumulates in fetal tissues, especially bones.

Clinical Signs
In cases of acute toxicosis, clinical signs of neurologic
disease and gastrointestinal irritation predominate.
Affected animals show bilaterally symmetric cerebral
disease with weakness, ataxia, either dullness or excitability, cortical blindness, muscle tremors, and skin
twitching. Clinical signs of intestinal irritation include
abdominal pain, anorexia, and scant feces, followed
by foul-smelling diarrhea. Subacute and chronic exposures, such as those caused by industrial pollutants, may
result in emaciation, anorexia, weakness, and anemia.19
In chronically exposed sheep, infertility and abortions have been reported.21 Young lambs grazing lead-
contaminated pastures may develop stiffness, lameness,
and hindlimb paralysis as the result of osteoporosis
and weakness of vertebral bones that results in spinal
compression. Posterior paresis in lambs with high tissue
levels of lead but without evidence of osteoporosis also
has been described.22

Diagnosis
The presence of fetid diarrhea may suggest lead toxicosis as the cause for clinical manifestations of PEM.
Measurement of lead concentrations in whole blood
samples is the standard method of diagnosis, and levels
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up to 0.3 ppm are considered the maximum normal
concentration.23 Because blood lead concentrations
may vary significantly by laboratory and test assay, the
interpretation of test results as well as the choice of
blood tubes for sample collection should be discussed
with the laboratory. Blood lead concentrations do not
reflect the length of exposure or tissue concentrations.
In some chronic cases, blood lead concentrations may
be normal. In such cases, submission of blood and
urine samples after initiation of therapy with calcium
disodium EDTA has been recommended.23 The activity
of erythrocyte δ-aminolevulinic acid dehydratase has
been demonstrated to be a sensitive indicator of lead
poisoning in sheep.24 In chronically exposed animals,
a normocytic, normochromic anemia may be present.
Basophilic stippling and other pathologic changes in
red cells may be detected, but they are neither specific
nor sensitive diagnostic tools.24 For postmortem diagnostic testing, liver, kidney, fetuses and feed samples
should be submitted either fresh or fixed in formalin.

Treatment
Calcium disodium EDTA is used for chelation therapy.
This agent removes lead from osseous but not soft tissues. Slow intravenous administration of EDTA for 3
to 5 days (70 to 110 mg/kg IV, once daily) followed
by 2 days without treatment and then 3 to 5 days of
additional administration once daily has been recommended. An alternative treatment regimen uses 110 mg/
kg of EDTA twice daily for 2 days, followed by 2 days
without treatment, after which 2 more days of twicedaily treatment are administered.23 At present, no commercial preparations containing Ca disodium EDTA are
available. Although the use of compounded products
is allowed with restrictions, their use in food animals
requires that no violative residues occur. Administration
of adjunctive thiamine therapy (20 mg/kg or 500 mg/
head SC once daily) enhances the success of chelation
therapy and reduces lead deposition in soft tissues.25,26
Oral administration of magnesium sulfate enhances
fecal lead excretion by formation of insoluble salts.
Further therapies may include supportive fluid and
nutritional care and the control of seizures. Nutritional
(oral or total parenteral nutrition) and fluid support are
required. If convulsions occur, they can be controlled
with diazepam (0.5 to 2 mg/kg IV).

Sodium Toxicosis and Water
Deprivation (Salt Poisoning)
Etiology and Pathophysiology
Sodium toxicosis may result either from ingestion
of excessive amounts of sodium chloride in feed or
water or from normal sodium chloride intake during
restricted water access. In small ruminants, the disease
and its associated clinical signs are likely to be the
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consequence of water intoxication rather than overconsumption of salt, because sheep and goats tolerate
fairly high dietary salt concentrations.22 High saline
concentrations are found in certain water sources
(e.g. artesian wells), in oral electrolyte solutions, or
when salt is used to limit feed intake. Animals without previous access to salt may consume excessive
amounts when salt becomes available. Limited access
to water may be a factor in bottle-fed neonates and
transported animals or may become an issue when
water troughs malfunction or freeze. Regardless of
the underlying cause, the resulting hypernatremia
causes fluid shift from extracellular spaces and, subsequently, increases in CSF sodium concentrations. As
a protective response to prevent neuronal water loss,
increased concentrations of electrolytes and idiogenic
osmoles are maintained within the CNS. If hypernatremic animals are allowed unrestricted access to
water, or are rapidly rehydrated, cerebral edema and
PEM will result as fluids follow the osmotic gradient
into the CNS.

Clinical Signs
High dietary salt concentrations may result in reduced
feed intake, depression, and gastroenteritis. The neurologic form of the disorder is associated with clinical
signs of PEM, including ataxia, central blindness, behavioral changes, nystagmus, opisthotonos, coma, and
death. Brown-discolored serum and urine may result
from accompanying intravascular hemolysis.1

Diagnosis
Historical overexposure to salt or water deprivation
and presence of hemolysis may be suggestive of salt
poisoning. Hypernatremia may be present but may be
masked by water intake before serum chemistry analysis. Sodium concentrations of CSF in excess of those of
serum are diagnostic for salt poisoning.

Treatment
The type and route of administration of fluid therapy
will depend on the number of animals affected and
the severity of clinical signs. Oral and intravenous
fluids should be isotonic or hypertonic to prevent the
development of cerebral edema. Affected animals and
herdmates that are still able to drink should be provided with restricted access to water four to six times
a day until free-choice drinking water can be offered
after 3 to 4 days. For initial therapy, drinking water
should be made isotonic by addition of 9 g of sodium
chloride/L. More severely depressed animals should
be given fluids by oral or intravenous route. Intravenous fluids should be isotonic or hypertonic, and a
slow correction of the serum sodium concentration is

desirable, especially in chronically affected animals.
Although higher rates of correction may be tolerated,
a reduction in the serum sodium concentration by
1 mEq/L/hour has been recommended.27 Cerebral
edema may be treated by administration of intravenous mannitol 20% (1 to 2 g/kg IV) and possibly
dexamethasone.

Prevention
The provision of free-choice water of high quality to
animals of all ages and the proper preparation of milk
replacers and electrolyte solutions are important in preventing salt poisoning.
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Pseudorabies (Aujeszky’s Disease,
Mad Itch)
Etiology and Pathophysiology
Pseudorabies, also called Aujeszky’s disease and “mad
itch,” is caused by suid herpesvirus 1 (SHV1), an alphaherpesvirus of swine. Other farm animal species, including sheep and goats, may develop clinical disease but are
considered dead-end hosts.1 Although severe neurologic
disease occasionally may occur in piglets, low casefatality rates are seen in older pigs, which serve as the
reservoir for SHV1. Pseudorabies encephalomyelitis in
sheep or goats has been reported only rarely, but infection may be acquired through the bite of an infected pig,
from exposure of open wounds or mucous membranes,
iatrogenically, and by the airborne route. The virus is
neurotropic and spreads centripetally from peripheral
neurons to the CNS, resulting in progressive encephalomyelitis. The incubation period and duration of clinical
signs are short, and death occurs within 2 to 7 days.1

Clinical Signs
In infected small ruminants, paresthesia and intense
local pruritus at the site of inoculation are common.1,2
Pyrexia and self-mutilation result in abrasions, swelling,
and alopecia.
Other clinical signs include fever, ataxia, circling,
excitement, and aggression, although affected animals
often are depressed. Death is preceded by recumbency,
convulsions, vocalization, and other signs of severe
cerebral disease.2

Diagnosis
In sheep and goats that have contact with pigs and
show clinical signs of severe pruritus and cerebral disease, pseudorabies should be suspected. At postmortem
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examination, superficial traumatic injury is noted, and
signs of meningoencephalitis including histopathologic
evidence of nonsuppurative inflammation are present. Affected ruminants die before the development of
serum antibodies, and serologic testing is not useful.
Diagnostic confirmation is made by identification of
SHV1 on virus isolation, immunohistochemistry studies, or PCR assay.

Treatment
Effective therapeutic measures are not available, and
affected animals should be humanely euthanized.
Pseudorabies is a reportable disease, and regulatory
authorities should be alerted when suspicious clinical
signs are noticed.

Prevention
Prevention of contact with swine or secretions from
swine protects small ruminants from pseudorabies.
Contaminated barns and paddocks can be sanitized
with quaternary ammonium or phenol-containing
compounds.3
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Rabies
Etiology and Pathophysiology
Infections with rabies virus result in fatal nonsuppurative encephalomyelitis in all farm animal species and
humans. With the exception of a few countries, the disease has a worldwide distribution. In 2008, 6841 cases
were detected in animals and 2 cases in people in the
United States.1 In the same year, 12 small ruminants
were reported as being seropositive for rabies virus.1
The virus belongs to the genus Lyssavirus in the
family Rhabdoviridae. Several viral strains that are
adapted to particular host species have been identified. In farm animals, the disease is associated with
spillover infections from affected wildlife populations,
which include the skunk (south central to north central
regions of the United States and California), raccoon
(the southeastern United States and the East Coast), fox
(southern United States and Alaska), and mongoose
(Puerto Rico).1 Bat-associated rabies variants also are
recognized; although a public health concern, such
strains are of limited importance in sheep and goats.
Maintenance of the virus within wildlife is influenced
by migration, expansion, and density of populations.
Natural barriers such as mountain ranges and rivers
contain the disease geographically.2,3
Transmission of rabies virus occurs principally
through the bite of an affected animal, in which the virus
is present in saliva. After infection, the virus replicates in
muscle cells and subsequently spreads toward the CNS
by centripetal axoplasmic flow. The virus replicates in
the CNS gray matter and, by way of parasympathetic
nerves, invades several tissues including salivary glands.4
Shedding of rabies virus may occur before clinical signs
are noticeable. The length of the incubation period may
be from 2 weeks to several months and depends on the
proximity of the bite wound to the CNS.

Clinical Signs
Rabies should be a consideration in the differential
diagnosis for any animal with neurologic disease,
because clinical signs may be quite variable. Although
the disease usually affects individual animals, several
sheep may have been bitten and infected. Early clinical signs may include depression, ataxia, and anorexia.
Proprioceptive deficits, hyperesthesia, muscle twitching,
and ascending paralysis may develop as the disease progresses. Pharyngeal paralysis results in inability to swallow, stertorous breathing, and accumulation of frothy
saliva around the oral cavity. Behavioral abnormalities,
such as aggression toward handlers and inanimate
objects and sexual hyperactivity, may be intermittent.
The disease is rapidly progressive, and affected animals become recumbent within 3 to 5 days, followed
by coma and death within 10 days of onset of clinical
illness.5

Diagnosis
Whenever rabies is suspected, efforts must be focused
on preventing the exposure of personnel handling the
animal, and diagnostic samples must be appropriately
labeled before submission. Antemortem diagnostic
tests aid in ruling out other diseases but are not available for rabies testing. Collection of CSF should be
avoided in all suspected rabies cases, because of the
potential for exposure to high viral numbers with
this zoonotic disease. The diagnosis of rabies is based
on examination of brain sections by histopathologic
analysis and fluorescent antibody test (FAT) performed
on fresh tissues. When fresh tissues are not available,
an immunoperoxidase test can be used on formalinfixed samples. Tissues should be submitted cooled, but
not frozen. The entire brain or head of the animal in
suspected cases should be submitted intact. Methods
of euthanasia that traumatize brain tissue (i.e., captive bolt or gunshot) should be avoided. Classically,
diagnosis has been based on histopathologic detection
of Negri bodies within the hippocampus, medulla
oblongata, and cerebellum, but false-negative and
false-positive findings are not uncommon. The FAT is a
highly accurate test and detects viral antigen in thalamus, pons, and medulla, among other regions (see
Chapter 20).

Treatment
Rabies is uniformly fatal, and effective treatments are
not available.

Prevention
In endemic areas, vaccination of sheep and goats with
a killed vaccine may be appropriate, and vaccines
labeled for sheep are available. Postexposure prophylaxis in sheep and goats depends on the animal’s
vaccination history and the value of the animal and
should be discussed with regulatory authorities. After
all bite wounds have been cleaned and disinfected,
exposed vaccinated animals should be revaccinated
immediately and observed for 45 days in quarantine.
Unvaccinated animals may be culled immediately
or vaccinated and observed for at least 90 days to
6 months, with further booster vaccination during
quarantine.2
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Scrapie
Etiology and Pathophysiology
Scrapie is the earliest known member of the transmissible
spongiform encephalopathies (TSEs) and is characterized as
a uniformly fatal, progressive neurodegenerative disease
of sheep and, less frequently, goats. The disease is classified as “classical scrapie” or “atypical scrapie” according
to immunobiochemical differences and variations in
the localization of neuropathologic lesions. Both classical and atypical forms of scrapie have been reported
in sheep and goats.1 In addition, bovine spongiform
encephalopathy (BSE) has been reported to occur naturally in two goats.2,3 Scrapie is endemic in most countries but appears to have been eliminated from Australia
and New Zealand by extensive slaughter campaigns.
Prevalence rates of 0.1% to 0.3% have been reported,
but accurate estimates are difficult to obtain. Bias from
testing sensitivity, underreporting of fallen animals, and
type of studied population (e.g. fallen, culled, or adult
slaughtered sheep) has been well documented.4-7 Since
institution of a mandatory surveillance program in the
European Union in 2002, larger numbers of cases of
classical and atypical scrapie have been discovered, of
which many were in a preclinical stage. From 2002 to
2008, scrapie was detected in 15,034 sheep and 3,292
goats in EU countries.1
The causative agent of scrapie is believed to be a
transmissible, self-replicating protein that lacks nucleic
acid—a prion (proteinaceous infectious particle). However, other hypothesized agents, including bacteria and
small virions, may be involved in the pathophysiology of TSEs and the production of the characteristic
abnormal protein found in affected animals.8,9 The
infectious agent is highly resistant to many methods
of disinfection and can be recovered from fresh-frozen
or formaldehyde-fixed tissues.10 Common to all TSEs is
the misfolding and accumulation of PrPSc, an abnormal
isoform of a host-encoded glycoprotein that is found
in high concentrations in lymphoreticular and nervous
tissues. Accumulation of PrPSc in nervous tissues is
associated with the development of clinical signs. Transmission of the agent is not fully understood; however,
infected animals contaminate pastures by shedding
from the placenta and fetal fluids and possibly by other
routes.11 Shedding of the pathogen occurs during the
extended incubation period, and transmission is likely
to occur only by the horizontal mode after ingestion of
the organism. Young sheep appear to be most susceptible to infection.12
Susceptibility and length of incubation time are
strongly associated with polymorphisms of the prion
protein gene. In sheep, polymorphisms at codons 136,
154, and 171 (A136V/T, R154H/L, and Q171R/H/K,
respectively) are linked to susceptibility or resistance
to classical scrapie. Although various polymorphisms
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exist, the ARR/ARR genotype is most resistant to scrapie and therefore recommended for breeding. Highest
risk for classical scrapie is found in sheep with genotypes VRQ/VRQ, VRQ/ARQ, VRQ/ARH, and VRQ/
AHQ.13 By a less complex mechanism than in other
breeds, the increased susceptibility of Suffolk sheep is
associated with homozygosity for glutamine at codon
171. Genotype ARR/ARR does not protect from atypical scrapie, in which polymorphisms of codons 141
and 154 are of importance for disease susceptibility.13
In goats, susceptibility to scrapie also is associated
with PrP gene polymorphisms; however, these are only
incompletely understood. Codons 142, 154, 211, and
222 appear to be influential for classical scrapie in
goats; codon 154 also was related to atypical caprine
scrapie.1,14
After ingestion, the agent crosses the intestinal
mucosa and invades gut-associated lymphoid tissues,
where it replicates before invasion of the nervous system. The agent reaches the CNS by way of the enteric
nervous system, followed by sympathetic and parasympathetic fibers.11 Initial infection of the brain is localized to the diencephalon and medulla oblongata, with
subsequent replication in other areas of the brain. A
noninflammatory, vacuolar (spongiform) degeneration
of the gray matter with presence of PrPSc in scrapieassociated fibrils follows and results in clinical signs.

Clinical Signs
Scrapie is a progressive and protracted neurologic and
dermatologic disease characterized by intense wasting,
pruritus, behavioral changes, and gait abnormalities.
The clinical course may last from 2 to 12 months but
in sheep is commonly approximately 6 months and
in goats 2 to 24 weeks in duration.15 Affected animals
usually are between 2 and 5 years of age but may be
older. Initial clinical signs are subtle and noticed intermittently. Behavioral changes such as aggression toward
people and objects, fixed gaze, charging dogs or gates,
and failure to respond to herding are noted. Affected
animals begin rubbing and biting, especially on the
tail head, rump, thighs, and dorsum, and ataxia and
weight loss become apparent. As clinical signs worsen,
pruritus becomes more persistent and leads to wool
loss and self-inflicted trauma, which may manifest as
aural hematomas or facial swelling, with secondary
bacterial infection in some instances (Figure 13-8).
Application of pressure to affected areas may provoke
a “scratch reflex,” during which the animal nibbles on
the distal extremities, smacks and licks its lips, or performs rhythmic head movements. Gait abnormalities
begin as hindlimb ataxia and are progressive (Figure
13-9). Poor postural reactions, exaggerated gaits, hypermetria, “bunny-hopping,” and falling can be observed.
Affected animals separate from the herd and become
severely anorectic, which may predispose the females
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Figure 13-8 Patchy wool loss in a Southdown sheep with
clinical scrapie. (Courtesy Dr. Michelle L. Crocheck, Ames, Iowa.)

the identification of preclinical disease, before involvement of the nervous system. Tonsillary biopsy material
is a better sample for analysis but is difficult to collect.
Third eyelid specimens are easier to obtain but may
not contain sufficient amounts of lymphoid tissue,
especially in early cases, when PrPSc is less evenly
distributed.16 For collection of third eyelid biopsy
material, animals are sedated and topical analgesia is
applied. Visualization of the lymphoid tissue may be
enhanced by adding histamine to the topical analgesic.
After eversion of the third eyelid, lymphoid specimens
are excised using a pair of scissors.10 Postmortem
diagnosis is based on histopathologic identification of
degenerative changes in the CNS gray matter. Submitted samples must be of good quality, and euthanasia
of affected animals at the diagnostic laboratory may
be advisable. Distribution of lesions varies by genotype of the infected animal and the infecting scrapie
agent.16 In classical scrapie, typical PrPSc distribution is
observed in the medulla oblongata and the peripheral
lymphoreticular system, but in atypical scrapie, PrPSc
accumulates preferentially in cerebellar cortex. Identification of PrPSc is performed by immunohistochemistry, Western blot, ELISA, or confirmation-dependent
immunoassay16 (see Chapter 20).

Treatment
An effective treatment is not available. Early diagnosis
and removal of affected animals are paramount in preventing disease transmission and should be undertaken
in collaboration with regulatory authorities.

Prevention
Figure 13-9 Hunched posture and wool loss in a Suffolk
sheep with clinical scrapie. (Courtesy Dr. Michelle L. Crocheck,
Ames, Iowa.)

to pregnancy toxemia. Other clinical signs may include
nystagmus, inability to swallow, dysphonia, blindness,
and vomiting. Severely affected animals are emaciated
and weak and become recumbent, with convulsions
and hyperextension of the limbs.10,15

Diagnosis
Scrapie is a reportable disease, and early contact with
regulatory authorities limits the potential for misdiagnosis and errors in the enforcement of control
and eradication strategies. Clinical signs of scrapie
are variable and nonspecific and may go unnoticed
in early cases. Antemortem diagnostic tests for scrapie rely on the detection of PrPSc in lymphoid tissues. Immunohistochemistry techniques are used on
biopsied specimens from tonsils, pharyngeal lymph
nodes, or lymphoid follicles in the third eyelid.16
Detection of PrP plaques in lymphoid tissues enables

Scrapie prevention is based on removal of affected and
high-risk animals from herds, biosecurity, and selective breeding for resistant animals (ARR genotype).
When affected small ruminants are identified, regulatory authorities may require removal and testing of the
entire flock or of affected and high-risk animals (e.g.,
sheep born in the same year as those affected, offspring
of affected sheep, lambs born in the year affected ewe
gave birth).10 In the United States, the Voluntary Scrapie
Flock Certification Program identifies and monitors
enrolled flocks and, if scrapie is not detected, assigns the
certified status. Certified herds avoid trade restrictions
that are otherwise impeding the U.S. sheep industry.
National breeding efforts to perpetuate resistant genotypes and increased testing strategies are used in scrapie
eradication efforts in countries of the European Union.
In the United Kingdom, where widespread testing of
breeding sheep has been performed since 2001, genotypic selection has effectively altered the national PrP
genotype while having little influence on performance
traits or increased inbreeding.17 Although genetic selection for resistance is utilized for the prevention of classical scrapie in sheep, breeding for resistance against
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atypical scrapie and scrapie resistance in goats still
proves challenging.
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Urea (Ammonia) Toxicity
Etiology and Pathophysiology
Sheep and goats fed urea as a source of nonprotein
nitrogen, or those accidentally exposed to large quantities of urea as a result of mixing errors or contamination of water sources, may develop toxicity.1,2 In the
rumen, urea is catabolized to ammonia and assimilated
into microbial proteins, provided that adequate carbohydrates are available. If this process is overwhelmed,
ammonia is absorbed from the rumen and detoxified
by the liver. Absorption of ammonia exceeding the
liver capacity results in clinical signs. Risk factors for
development of toxicity include lack of adaptation,
high rumen pH (associated with poor-quality forages),
concurrent feeding of soybean meal (high in urease),
and the lack of readily fermentable carbohydrates in
the diet.3

Clinical Signs
Affected animals may display signs of severe abdominal pain, become bloated, regurgitate, and froth at the
mouth. Muscle tremors, hyperesthesia, incoordination,
weakness, ataxia, violent struggling, convulsion, and
recumbency may be observed.4 In severe toxicity, death
results from cardiac or respiratory failure.

Diagnosis
History of exposure and clinical signs may suggest urea
toxicity. Serum chemistry analysis may show marked
increases in glucose and potassium concentrations,
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elevated aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activity, and decreased
sodium concentrations.4,5 The ruminal pH is markedly
increased at approximately 7.5 to 8, and ammonia concentrations are elevated in rumen, blood, and ocular
samples.

Treatment
Infusion of a 5% acetic acid (vinegar, 0.5 to 1 L) into
the rumen followed by cold water (1/2 - 1L) reduces
the degradation of urea to ammonia and decreases its
absorption. This treatment may have to be repeated.
In valuable animals, intravenous fluid therapy and a
rumenotomy to remove rumen contents may be considered (see Chapter 5).

Prevention
Rations containing urea should be introduced slowly
and should never contain more than 3% of the chemical. The adaptation to urea feeding is lost rapidly
(in 1 to 3 days), and animals must be reintroduced
to such rations when urea feeding is interrupted (see
Chapter 2).
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West Nile Virus Encephalitis
Etiology and Pathophysiology
West Nile virus (WNV) is a flavivirus in the family Flaviviridae with wide geographic distribution. After its
introduction in 1999, the virus has become endemic in
the United States. Although different studies have demonstrated antibodies in sheep, disease caused by WNV
appears to be rare in small ruminants.1,2 Maintenance
of WNV in a population relies on an endemic cycle that
involves mosquitoes (Culex spp.) and various species of
birds. When a susceptible bird is bitten by an infected
mosquito during the vector season (July to October), an
amplifying viremia develops that allows transmission
of WNV to another mosquito. Large warm-blooded animals appear to be dead-end hosts that do not develop
viremia of sufficient degree for transmission of the virus
to uninfected mosquitoes. WNV has caused sporadic
cases of fatal meningoencephalomyelitis in sheep.3,4

Clinical Signs
The disease typically affects only individual animals
within a herd.4 The interval from appearance of initial
clinical signs to death has been reported to be as short
as 8 hours to longer than 1 week.4,5 Presenting clinical
signs include depression, ataxia, and teeth-grinding.
Muscle fasciculations and spasms are typical signs of
WNV infection in horses and also have been described
in sheep. Affected animals become recumbent and may
exhibit convulsions preceding death.

Diagnosis
Attempts at detection of WNV in blood samples may
be unrewarding owing to low viral titers in many
instances. Hyperfibrinogenemia and increased muscle
enzymes secondary to fasciculation and recumbency
may be present in blood samples. On CSF analysis,
increased protein concentrations and mononuclear
pleocytosis may be detected. Definitive diagnosis is

CEREBELLAR DISEASES
Grass Staggers
Grass staggers refers to any of the various plant-associated
tremor syndromes caused by the ingestion of endophytic
or intrinsic toxins of grasses. Because these toxins confer

4.	Edjtehadi M, Szabuniewicz M, Emmanuel B: Acute urea toxicity in
sheep, Can J Comp Med 42:63, 1978.
5.	Roy A, et al: Subchronic toxicity study of urea molasses mineral
block in kids, Vet Res Commun 33:183, 2009.

based on comparison of acute and convalescent sera
or on findings at postmortem examination. Histopathologic examination may reveal nonsuppurative
encephalitis with lymphocytic, plasmacytic perivascular
inflammation. The virus may be detected in nervous tissue by virus isolation, PCR, or immunohistochemistry
techniques.

Treatment
Effective therapies in small ruminants have not been
reported, and treatment is supportive. In addition to fluids, nutritional support, and deep bedding, antiinflammatory therapy has been recommended.6 However, studies
evaluating the efficacy of steroidal or nonsteroidal antiinflammatory drugs, or of oral vitamin E supplementation
for its antioxidant properties, have not been published.

Prevention
Currently, an approved WNV vaccine for use in ruminants is not available, but four such vaccines are
approved for use in horses. Prevention of mosquito
bites by application of repellants, housing animals
indoors at dusk and dawn, and use of fans to limit
indoor invasion and feeding of mosquitoes has been
recommended.6
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protection from parasites and overgrazing (as plantdefensive compounds), infested grasses often have a
selective advantage over noninfested grasses.1 Although
toxic principles vary among grasses, the clinical characteristics of grass-associated tremor syndromes are similar.
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Etiology and Pathophysiology
Annual Ryegrass (Lolium rigidum). Toxicity is
caused by corynetoxin produced by Clavibacter toxicus,
which may infect seed galls of annual ryegrass infested
with the nematode Anguina agrostis. The disease has
been reported in Oregon but is a problem principally in
Australia and South Africa.1,2 Although clinically similar
to perennial ryegrass staggers, toxicosis associated with
annual ryegrass causes severe pathologic changes in
the brain and may be lethal.1
Bermuda Grass (Cynodon dactylon). The toxic
principle of offending Bermuda grass pastures is uncertain but has been proposed to be intrinsic alkaloids or
mycotoxins.3 Production of tremorgenic indole-diterpenoid mycotoxins by Claviceps cynodontis on ergotized
Bermuda grass samples has been described, and the
identified toxin was similar to that of Claviceps paspali.4
Canary Grass (Phalaris spp.). Tryptamine alkaloids present in certain species of canary grass inhibit
the breakdown of serotonin by monoamine oxidase,
increasing the responses to excitatory stimuli in specific
brain and spinal cord nuclei.5 Two forms of disease
exist in canary grass intoxication: acute cardiovascular
disease and neurologic disease. The neurologic form
occurs with prolonged exposure to the toxin.6 Only
weaned animals are affected in an outbreak, and morbidity rates of up to 80% and mortality rates of 20%
have been reported.7
Dallis Grass (Paspalum spp.). Infestation of
grasses of the genus Paspalum, including Dallis grass,
water couch grass, and Argentine bahia grass, with the
ergot fungus C. paspali results in production of tremorgenic mycotoxins (paspalitrems).The fungus infects
seed heads, and large amounts of toxin are found in the
reddish-brown to black sclerotia.6
Perennial Ryegrass (Lolium perenne). Infestation with Acremonium loliae and production of tremorgenic mycotoxins (lolitrems) occur mainly in closely
grazed pastures at ambient temperatures over 23° C
(73.4° F), and the concentration of toxin varies seasonally.6 Fungal growth is most active in basal leaf sheaths,
and lolitrem B levels of 1800 to 2000 ppb are considered to represent the threshold for disease onset.8

Clinical Signs
Findings are similar for any of the tremorgenic grass
staggers, regardless of the grass species involved. Clinical signs, including muscle tremors, stiffness, and
ataxia, commonly appear in several animals of an
affected herd. Affected animals also exhibit a spastic,
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hypermetric gait and are prone to falling. Excitement
or external stimuli will exacerbate clinical signs and
may produce intention tremors of the head.3 In addition to ataxia and tremors, ingestion of phalaris grass
may result in signs of cardiovascular disease including
arrhythmia, dyspnea, cyanosis, and sudden death.

Diagnosis
Antemortem diagnosis is based on identification of the
typical clinical signs in animals grazing contaminated
pastures and on detection of the toxin in plant or seed
heads. In some cases of canary grass staggers, severe
pathologic lesions may be detected in lungs, heart, kidneys, and CNS.

Treatment
Animals should be quietly removed from offending
pastures and provided alternate feed sources. Although
severely affected animals may have to be euthanized,
spontaneous recovery from grass staggers is possible but
may take several months.

Prevention
Grasses in which the toxic principle resides in the seed
head (e.g., annual ryegrass, Bermuda grass, Dallis grass)
can be mowed before seed head development. Mowing
and raking seed heads or intermittent grazing also has
been recommended.6 Pastures may have to be burned
or sprayed, tilled, and reseeded.6 Toxins produced by
claviceps fungi in Bermuda and Dallis grass survive drying and remain toxic for years.
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DISEASES OF BRAIN STEM AND CRANIAL
NERVES
Listeriosis
Etiology and Pathophysiology
Infections with Listeria monocytogenes are common
in small ruminants worldwide, but the disease most
often is encountered in temperate climates. In addition to focal encephalitis, which is the most common
disease form in ruminants, L. monocytogenes may cause
septicemia, abortions, mastitis, and ophthalmitis,
which usually manifest as separate disease entities.1,2
The gram-positive, facultatively intracellular bacteria
are ubiquitous in the environment of farm animals
and may be shed by healthy carrier animals. L. monocytogenes is shed in feces, tears, nasal secretions, and
uterine fluid of sick and apparently healthy small
ruminants. Shedding in milk is of concern because
the organism is an important foodborne zoonotic
pathogen.
L. monocytogenes survives for month to years in soil,
feces, and contaminated feed and is able to grow at
broad ranges of pH and temperature, including refrigeration temperatures.3 Listeriosis typically is associated
with feeding of improperly fermented silage with pH
greater than 5.5, but sources of infection also include
other spoiled forages, such as the bottom of round bales
and rotten vegetation (e.g., grass clippings) (see Chapter 2). Goats consuming woody browse also may be at
increased risk for the disease.4
Listeriosis occurs throughout the year, but higher
rates of morbidity are reported during the winter,5
which may be associated with silage feeding and
crowded winter housing. After ingestion, L. monocytogenes may penetrate/cross mucosal surfaces, resulting
in bacteremia, septicemia, and infection of placenta
and fetus. Although the bacteria may breach the
blood-brain barrier within infected leukocytes or by
direct invasion of endothial cells, invasion of the CNS
in ruminants is thought to occur most commonly by
centripetal migration within axons of cranial nerves.6
In small ruminants, axonal migration within the
trigeminal nerve has been demonstrated, and other
cranial nerves may serve as ports of entry.6,7 Abrasions
in the oral cavity associated with hard feedstuffs and
the replacement of teeth appear to allow entrance of
the bacteria into cranial nerve rootlets, but invasion
through intestinal and conjuctival mucosae also may
be possible.1,6 Once in the CNS, L. monocytogenes
induces formation of microabscesses, focal neuronal
necrosis, and neuronophagia. Clinical signs depend
on the location of lesions. Commonly, the brain stem
and nuclei and roots of cranial nerves are affected.
Lesions also may extend into more rostral regions of
the brain, including the cerebellum, midbrain, and
thalamus.6

Clinical Signs
Clinical signs usually are unilateral and reflect the loss
of function of multiple cranial nerves. Affected animals
are anorectic and depressed, which may be the result of
metabolic abnormalities, meningitis, and involvement
of rostral brain regions. Listeriosis is an acute disease
that, in the absence of therapy, rapidly progresses.
Fever is observed only in early stages of the disease,
and affected animals often are dehydrated and have
decreased rumen motility. The impaired function of cranial nerves results in facial hypalgesia, dropped jaw, and
dysphagia (CN V); drooped lips and ears, nasal deviation, and ptosis with secondary exposure keratitis (CN
VII); head tilt, circling, and nystagmus (CN VIII) (Figure
13-10); pharyngeal paresis, dysphagia, and upper respiratory stertors (CNs IX and X); and unilateral tongue
paresis and dysphagia (CN XII). Involvement of other
areas of the nervous system may lead to development
of additional clinical signs, and spinal cord deficits may
result in limb paresis or paralysis.8 The case-fatality
rate in untreated small ruminants approaches 100%.
Recumbency, torticollis, and opisthotonos are observed
in moribund animals.1,9

Diagnosis
Listeriosis is among the most common CNS diseases
of small ruminants and should be suspected when
clinical signs of unilateral brain stem disease are present.
Clinical signs are not pathognomonic for listeriosis, and
specific antemortem tests are not available. Clinicopathologic findings reflect metabolic derangements associated with dehydration (azotemia, increased hematocrit,
and total protein concentration) and metabolic acidosis,
which results from loss of salivary bicarbonate in dysphagic animals.10 Identification of elevated protein concentrations and nucleated cell counts in CSF is useful in

Figure 13-10 Severe head tilt in a goat with listeriosis.
Other clinical signs in this animal included circling, nystagmus, ataxia, and inability to blink.
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diagnosing listeriosis. Mononuclear cells often predominate in CSF of affected animals, but neutrophils (see Figure 13-6, C) also are elevated. L. monocytogenes is rarely
identified in CSF, and microbiologic culture or PCR
assay of CSF samples is unrewarding.11 On postmortem
examination, severe gross pathologic lesions usually
are absent, but CNS microabscessation and neuronal
necrosis are characteristic histopathologic findings. The
bacteria may be identified using fluorescent antibody
testing or immunohistochemistry techniques.12

Treatment
Treatment of listeriosis includes antibiotic, antiinflammatory, and supportive therapies. These interventions must be initiated early in the disease progress,
because the treatment of severely ill and recumbent
animals is rarely successful.10 Commonly used antibiotics include oxytetracycline (5 to 10 mg/kg IV,
slowly, twice a day), penicillin (22,000 to 44,000 IU/
kg given intramuscularly [IM] as procaine penicillin
twice a day or IV as potassium penicillin two to four
times a day), and florfenicol (20 mg/kg IM every 48
hours). Cephalosporins have been reported to be ineffective for treatment of listeriosis, and aminoglycosides
such as gentamicin, although apparently effective, are
discouraged for use in food animals.10 Nonsteroidal
antiinflammatory drugs (e.g., flunixin meglumine, 1.1
to 2.2 mg/kg IV once or twice daily) and fluid therapy
to correct dehydration and acid-base abnormalities are
recommended. In cases of conjunctivitis or keratitis,
broad-spectrum ophthalmic antibiotics (tetracycline)
and ophthalmic atropine may be indicated. Supportive
care involves provision of good bedding and maintaining animals in sternal recumbency. Enteral forcefeeding of alfalfa slurries, moist feeds, green browse,
improvement of ruminal microflora by transfaunation,
and administration of vitamin B complex may be beneficial. Recumbent animals should be turned often,
supported in sternal recumbency, and given adequate
supportive care. Animals that are treated before becoming recumbent have a fair to good prognosis for recovery if appropriate antibiotic and supportive therapy are

Otitis Media and Interna
Etiology and Pathophysiology
Infections of the ear are common in ruminants, and
involvement of the middle and inner ear, or both, may
be associated with clinical signs of vestibular disease
and loss of facial nerve function. Invasion of the middle
ear by pathogens occurs by three routes: (1) invasion
of pathogens through the auditory tube, which extends
from the nasopharynx to the middle ear; (2) extension

391

provided. Therapy appears to be less effective in sheep
than in goats.

Prevention
Proper storage and handling of feedstuffs to prevent
growth of L. monocytogenes are important in preventing
exposures. Removal of improperly fermented silages and
rotten forages will decrease exposure to the organism.
Because many healthy ruminants, including wildlife,
shed L. monocytogenes, fecal contamination of feed sources
should be prevented. Adequate animal hygiene, prevention of overcrowding, and providing access to pasture
have been documented to decrease the risk of listeriosis.5
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of an infection from the external ear canal through the
tympanic membrane; and (3) the hematogenous spread
secondary to bacteremia. The last route is believed to
be least common, because bacteremia are rarely identified in cases of otitis media.1 Otitis media or interna
is believed to occur most commonly by invasion of
respiratory bacterial pathogens through the auditory
tube, and young animals such as feedlot lambs are at
increased risk for infection.2,3 After infection of the
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middle ear, local inflammation and accumulation of
exudate result in clinical signs of facial nerve dysfunction. Otitis media may remain localized or extend
through the tympanic membrane into the external
ear canal. Extension of otitis media into the inner ear
also is possible, resulting in otits interna and clinical
signs of vestibular disease. Various bacteria have been
isolated from sheep and goats affected by otitis. Commonly, mixed bacterial populations are present, and the
composition of bacterial populations depends on the
route of infection. Reported bacterial pathogens include
Mannheimia hemolytica, Pasteurella multocida, Pseudomonas aeruginosa, Neisseria catarrhalis, staphylococci
(specifically, coagulase-positive, hemolytic, and mixed
hemolytic Staphylococcus spp.), hemolytic streptococci,
and coliform bacteria.2-4 Several species of Mycoplasma,
some of which are pathogenic, have been recovered
from the external ear canal of goats; however, their
importance in otitis media and interna is uncertain.5-7
A role for ear mites in the transmission of Mycoplasma
spp. has been suggested, and the presence of mycoplasmas in ear-swab samples was associated with the presence of ear mites.8,9 Ear mites occur in all age groups
and in animals of both sexes, but breeds with dependent ears and younger animals may be at increased
risk.10,11 In goats, the ear mite species Psoroptes cunniculi
and Raillieta caprae are commonly detected, but infestations usually are subclinical.10,12 Signs of otitis externa,
including increased amount of cerumen, drainage of
purulent material, and head-shaking, are present in a
small percentage of infested animals.10,11 Infestation
of sheep with P. ovis, which is endemic in many herds,
results in clinical sheep scab, which is characterized by
exuberant yellowish scab on the ears and body, intense
pruritus, wool loss, and secondary lesions (eg, microbial dermatitis).13

follow extension of the infection into the inner ear
and is characterized by head tilt, incoordination, falling to the affected side, and occasionally nystagmus.
Circling to the same side as the head tilt is observed,
and the tightness of circles may aid in differentiation
from central vestibular disease, in which the circling
diameter is smaller.15

Clinical Signs

In cases of otitis externa, therapy is based on removal
of the inciting cause and treatment of inflammation
and secondary infections. Solutions used to flush and
cleanse the ear must be chosen according to the integrity of the tympanic membrane. Warm physiologic
saline is the safest solution to use, but microbicidal
solutions may be applied (Table 13-3). Irrigation,
cleansing, and subsequent drying of the ear canal
should be repeated before topical treatments are
administered. Ear mite infestations can be successfully
treated using parenteral administration of ivermectin (0.2 mg/kg in a single dose) or topical solutions
containing rotenone or fenthion.17 In cases of otitis
media, extended systemic antibiotic and antiinflammatory therapy may be successful, but chronic cases may
not respond. Surgical lateral ear resection facilitates
access to the horizontal ear canal in animals that do
not respond to medical therapy and in which adequate
drainage cannot be achieved.

Otitis externa may be subclinical. Clinical signs, when
present, include excessive head shaking, ear twitching, and scratching. Excessive production of cerumen
and formation of casts at the base of the ear are common. In addition, scabs and infected crusty lesions
may be noted. In more severe cases, aural hematomas
and abscesses resulting in thickening and distortion
of the pinnae (cauliflower ears) may be present.14
Animals affected by uncomplicated otitis media usually are alert and appetent, which may assist in ruling
out listeriosis.1 Visible discharge from the external
ear canal may be noted but is a less common finding
in sheep than in cattle. Loss of facial nerve function
results in ear droop, the most common clinical sign
in affected animals.1 Ptosis, lip droop, and exposure
keratitis on the side of the lesion, with deviation of
lips and nostril to the opposite side, also may be
observed. Vestibulocochlear nerve dysfunction may

Diagnosis
In addition to the physical and neurologic examinations, an otoscopic examination of the ear canal for
presence of foreign bodies, severity of inflammation,
and integrity of the tympanic membrane should be
performed. Visualization of the tympanic membrane
often is difficult, and endoscopy is a useful adjunct
in evaluating the external ear canal. The presence of
ear mites can support a diagnosis of otitis media, but
this finding may be incidental. Mites may be localized deep in the ear canal at the tympanic membrane,
which may complicate their recovery by swabbing or
irrigation. Bacterial culture and sensitivity testing of
exudate from the external ear should include testing
for Mycoplasma spp., and although results are often
unrewarding, such evaluation may aid in cases of
bacterial resistance. Ancillary diagnostic studies such
as a complete blood count, serum chemistry studies,
and CSF analysis uncommonly assist in the diagnosis
of otitis media or interna, except when meningitis or
secondary systemic illness is present. Radiographic
thickening and loss of definition of the temporal
bulla and sclerosis of the petrous temporal bone may
be visualized. Injection of contrast media into the
ear canal may improve visualization of the ear canal
and aid in assessment of the integrity of the tympanic
membrane.1,16

Treatment
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TABLE 13-3 Bactericidal Solutions for Flushing the External Auditory Meatus
Solution

Concentration

Toxicity

Susceptible Organisms

Resistant Bacteria

Chlorhexidine

2%, 0.05%

Ototoxic

Pseudomonas

Povidoneiodine

0.1% to 1%; smaller
concentrations are
more effective
1:1, 1:2, or 1:3 dilution
of a 5% solution

Ototoxic

Gram-negative and
gram-positive bacteria; fungi
Gram-negative and
gram-positive bacteria; fungi

Acetic acid

Ototoxic

Prevention
Prevention is based on decreasing metabolic and environmental stress in animals at high risk, such as
feedlot lambs, and on early treatment of respiratory disease. Parenteral administration of a macrocylic lactone
anthelmintic repeated at 2- to 3-week intervals is useful
in controlling ear mite infestations.1,17
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DISEASES OF SPINAL CORD
AND PERIPHERAL NERVES
Botulism
Etiology and Pathophysiology
Botulism is caused by toxins produced by the gram-
positive, spore-forming, anaerobic bacterium Clostridium
botulinum. Seven antigenically distinct types of toxin
are recognized, designated A to G. The distribution
of these toxin types varies geographically, and small
ruminants most commonly are affected by types C and
D. Toxin production occurs in warm, moist, anaerobic
environments such as those provided by spoiled forages (forage botulism) and animal carcasses (carrionassociated botulism). Contamination of feedstuff with

Pseudomonas, Staphylococcus,
Streptococcus, Escherichia coli,
and Proteus

Gram-negative bacteria

Very few bacteria are resistant
at 5% concentration, but it
is irritating to mucosa
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carrion, feeding of poultry litter, and factors that promote pica (e.g., hypophosphatemic animals chewing
on bones) increase the risk for toxin ingestion.1-3 In
sheep and goats, botulism is almost always associated
with ingestion of preformed toxin, although wound
contamination or toxic-infectious botulism (seen with
proliferation of C. botulinum in the intestinal tract)
also is possible.1 Because the degradation of ingested
toxin by the ruminal microflora provides a degree of
protection, young animals are at a higher risk than that
found in adults. After intestinal absorption, the toxin is
distributed to cholinergic nerve terminals by the bloodstream. Similar to tetanus neurotoxin, botulinum toxin
attaches to nerve cell walls by binding to gangliosides
whereupon it is translocated into the cell. The toxic
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effects and flaccid paralysis are caused by inhibition of
synaptic acetylcholine release at the motor endplate and
parasympathetic nerve endings.

Clinical Signs
After a variable incubation period, generalized muscular
weakness, reluctance to move, and a stumbling gait are
noted. Initial weakness and ataxia are more prominent
in the rear limbs.1 As the disease progresses, animals
become recumbent with flaccid paralysis. Weakness of
the neck musculature results in low head carriage and
head bobbing. Protrusion of the tongue, dysphagia, and
drooling may be observed. Rumen hypomotility, rumen
tympany, regurgitation, and bladder distention may
occur. Death results from respiratory paralysis and may
occur without premonitory signs.

Diagnosis
Specific hematologic, serum chemistry, or postmortem
findings are lacking, and the diagnosis often relies on
the clinical signs observed. Definitive diagnosis is based
on identification of toxin in feed, gastrointestinal contents, or liver. Botulinum toxin can be identified using
mouse bioassay or ELISA techniques, but detection may
not be successful in all affected animals.4

Treatment
Extended nursing care is the mainstay of therapy and
seeks to support the animal until toxin has degraded
and new nerve synapses have formed. Such care includes
fluid and nutritional support and, in severe cases, prolonged mechanical ventilation. Repeated bladder catheterizations and gas removal in cases of rumen tympany

Cerebrospinal Nematodiasis
(Meningeal Worm)
Etiology and Pathophysiology
Cerebrospinal nematodiasis results from aberrant
migration of nematode larvae within the spinal cord
and occurs in many ruminant species, including sheep
and goats. Parelaphostrongylus tenuis is endemic in
white-tailed deer and causes nematodiasis in North
America.1-3 In white-tailed deer, adult parasites reside in
the subarachnoid space, where they produce eggs, which
are removed from the CNS through venous sinuses.
First-stage larvae hatch and enter the lungs and trachea,
whence they are coughed up, swallowed, and passed in
the feces. Larvae then enter snails or slugs, their intermediate hosts, where they develop into the infectious
third stage and are protected from environmental conditions. Deer accidentally ingest the intermediate host
when feeding. Larvae migrate from the abomasum and

also may be necessary. Drugs that deplete acetylcholine
from the neuromuscular junction, such as neostigmine,
or that enhance muscular weakness, such as penicillin
or oxytetracycline, should be avoided.5 When available,
polyvalent antisera may be beneficial if administered
early in the disease.

Prevention
Adequate feed hygiene and removal of contaminated
feeds are important factors in prevention. Other measures include proper fermentation of silage, rodent
control, and the removal of carcasses. Nutritional
deficiencies that lead to pica should be corrected. Vaccination is practiced in endemic areas of the world;
in the United States, however, vaccines are available
only for horses (type B toxoid) and mink (type C
bacterin-toxoid).1
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migrate to the dorsal horn of the spinal cord where they
mature to adulthood and enter the subarachnoid space,
completing the life cycle.4 In sheep and goats, the life
cycle is not completed, and larvae migrate aberrantly
in the spinal cord, inciting inflammation. Although
uncommon, the aberrant larval migration may extend
further rostrally, causing brain involvement and more
severe disease.3,5 In Europe and New Zealand, cerebrospinal nematodiasis is associated with infestation by the
nematode Elaphostrongylus cervi,6-8 whereas in Asia, the
filarial nematode Setaria digitata may be the etiologic
agent of this disease in sheep and goats.9-11

Clinical Signs
Infestation with P. tenuis occurs most commonly from
late summer to winter.1 Clinical signs depend on the
number of infesting larvae and their migration pattern. Unilateral to bilateral hindlimb paresis and ataxia
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are most common. Affected animals refuse to rise and
exhibit neurologic deficits of UMN disease. Neurologic deficits may progress, and generalized ataxia and
recumbency may develop. Affected animals are bright
and alert and maintain a good appetite unless larvae
have migrated into the brain. Brain involvement is
uncommon but may result in depression, blindness,
and death.

Diagnosis
Definitive diagnosis can be made only by identification
of migrating larvae in the spinal cord during postmortem examination. Histopathologic changes include
demyelination, axonal degeneration, and presence of
larval sections and leukocytes. Antemortem diagnosis
is based on clinical signs and CSF analysis. In a majority of affected animals, eosinophilic pleocytosis with
7% to 97% eosinophils may be detected, but monocytes
may predominate in some cases.1,3 Other CSF abnormalities include increased concentrations of proteins,
erythrocytes, and leukocytes (see Figure 13-6, D). Serum
chemistry findings and the complete blood count usually are normal, but muscle enzyme concentrations may
be increased.

Treatment
Although spontaneous recovery has been reported,
cerebrospinal nematodiasis usually is a progressive disorder. Many treated animals have residual neurologic
deficits, and full recovery is slow. Treatment protocols
for this disease include administration of anthelmintics,
antiinflammatory drug therapy, and supportive care.
Fenbendazole (15 to 50 mg/kg by mouth [PO] once a
day for 5 days) may be administered alone or in combination with macrocyclic lactone anthelmintics and
appears to provide good clinical efficacy. Disagreement
exists over the effectiveness of ivermectin (200 to 400
μg/kg SC for 5 days), because this anthelmintic does
not cross the intact blood-brain barrier, but the integrity
of the blood-brain barrier is disrupted in cerebrospinal nematodiasis, so ivermectin should be efficacious.
Alternatively, moxidectin, a milbemycin with enhanced
lipid solubility and potential to cross the blood-brain
barrier, may be used. Nonsteroidal antiinflammatory
drugs (e.g., flunixin meglumine, 1.1 mg/kg IV for 3 to
5 days) or glucocorticoids, in nonpregnant animals,

Enzootic Ataxia (Swayback)
Etiology and Pathophysiology
Enzootic ataxia results from copper deficiency in
unweaned lambs and kids. Two types of the disease
are recognized: a congenital form and a delayed-onset
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aid in the suppression of inflammation that is believed
to be central in the pathophysiology of cerebrospinal
nematodiasis. Vitamin E given as an antioxidant, physical therapy, and supportive care may promote recovery
and improve outcome.

Prevention
Removal of susceptible animals from moist, low-lying
areas that support the intermediate hosts of P. tenuis or
fencing off these areas may decrease exposure. The use
of molluscicides is regulated and may be impractical
in larger production operations. Geese and ducks have
been used to reduce snail populations. Reduction of
contact with white-tailed deer, which shed P. tenuis larvae in their feces, also is difficult. Preventive deworming
programs using avermectins every 4 to 6 weeks are commonly used in at-risk New World camelids; these agents
disrupt larval migration from the abomasum to the spinal cord. Although apparently effective, such programs
may be too costly in many sheep and goat populations
and probably promote anthelmintic resistance of other
nematode parasites.
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form.1 The congenital form affects neonates born
to dams on diets with very low copper content. The
delayed form is characterized by slower progression
and later onset of clinical signs. Copper is a cofactor
for many biologic processes. Deficiencies during the

396

Chapter 13 • Diseases of the Neurologic System

perinatal period may cause abnormal mitochondrial
function and cytochrome c oxidase activity in the
cerebral white matter and spinal cord, which results in
oxidative degeneration and demyelination.1 Secondary copper deficiencies may develop when the copper
metabolism is disturbed by excess molybdenum, iron,
cadmium, or sulfate (see Chapter 2).

Clinical Signs

deficient. Liver samples are preferred over blood samples; however, 0.3 g of tissues is required for analysis.3

Treatment
Affected animals may be supplemented with copper
given either orally or parenterally. Many of the CNS
changes appear to be irreversible, and supplementation
of copper may have little effect.

Prevention

Neonates with congenital swayback may be stillborn or
may be weak and unable to stand and nurse. Affected
animals show spastic tetraparalysis and die in the first
week of life.
Delayed-onset enzootic ataxia may affect lambs and
kids at 2 to 4 months of age. The disease begins as pelvic
limb ataxia, which is less severe than in the congenital
form. With progression of the disease, ataxia and paresis will involve all limbs, resulting in recumbency and
death in most affected animals.

Prevention is based on dietary supplementation in
deficient areas and maintaining proper ratios of copper
to interacting minerals. Increasing the dietary copper
to 5 to 15 ppm and maintaining a copper-to-molybdenum ratio of 6:1 in pregnant females usually are
protective. Copper sulfate (35 mg/head twice a week)
has been advocated to prevent swayback in lambs3 (see
Chapter 2).

Diagnosis

REFERENCES

Measurements of copper concentrations in diet, plasma,
and liver biopsy samples are useful to confirm clinical
suspicion of the disorder. Neonatal values differ from
those in adults, complicating the evaluation. A plasma
copper level of 4.5 to 9 μmol/L has been proposed as
a marginal concentration in sheep.2 Hepatic copper
concentrations below 0.35 to 0.5 ppm are considered

Organophosphate Polyneuropathy
Etiology and Pathophysiology
Organophosphate toxicity may result from exposure
to insecticides for crop use or overdosing of medicinal
insecticides and anthelmintics of the organophosphate
or carbamate chemicals. These chemicals bind with
and inhibit acetylcholinesterase, resulting in accumulation of acetylcholine in tissues.1 In addition to typical
clinical signs of acute toxicosis (as embodied in the
acronym SLUD: salivation, lacrimation, urination, and
defecation), delayed neurotoxicity may occur. Axonal degeneration and secondary demyelination result
from an interaction between the toxic chemical and
the esterase, leading to a phosphorylated neuropathy
target esterase.2,3 Some sheep appear to have a familial
predisposition.4

Clinical Signs
Clinical signs appear 8 to 90 days after exposure. Posterior incoordination, weakness, and loss of proprioceptive ability are signs of neuropathy. Animals become
recumbent and lose tail, rectal, and bladder function.
Additional signs include anorexia, depression, ruminal
stasis, and diarrhea.2
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and goats, St Louis, 2002, Mosby.

Diagnosis
History of exposure and clinical signs may suggest the
disease. On postmortem examination, histopathologic
evidence of degeneration in peripheral nerves and spinal cord is apparent.

Treatment
In contrast with cases of acute intoxication, no treatments are available for delayed-onset neurotoxicity. In
young animals, peripheral nerve lesions may regress
after removal of the offending chemical. Acute cases
may be treated with high doses of atropine (0.2 to 0.4
mg/kg IV) or pralidoxime (2-pyridine aldoxime methyl
chloride [2-PAM]) (20 mg/kg).

Prevention
Use of organophosphates in accordance with label
instructions aids in prevention of intoxication and consequent neurologic disease.
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Spastic Paresis
Etiology and Pathophysiology
Spastic paresis is a sporadic disease of goats and has
been reported in different breeds including Pygmy
and Saanen.1,2 The condition is characterized by
progressive and intermittent or continuous contraction of the gastrocnemius muscles of one or both
hindlimbs. Spastic paresis appears to be inherited,
although the mode of inheritance and pathophysiology are currently poorly understood and other
etiologic mechanisms and disorders are under discussion.3 The exaggerated tone of the gastrocnemius
muscle is believed to be a consequence of overstimula
tion of myotatic reflexes in the muscle spindle of the
affected muscles.4

Clinical Signs
Spastic paresis affects goats between 1 and 3 years of age
and results in progressive clinical signs. Contraction of
the gastrocnemius muscles results in extension of the
tibiotarsal joint, weight shifting to the front limbs, and
apparent lameness. The pelvic limbs may barely touch
the ground or may be extended behind the animal.
Clinical signs are abolished or reduced when the animal
lies down.

Spinal Trauma, Abscesses, and Tumors
Etiology and Pathophysiology
Various clinical entities may be associated with
impaired function of the spinal cord, either from
external compression or from damage as a result of
injuries. Space-occupying lesions may be neoplastic,
infectious, or inflammatory. Neoplastic tissue compressing the spinal cord may originate in the CNS
(e.g., meningioma), other organs, or may be systemic
(e.g., lymphosarcoma).1,2 Abscesses of the spinal cord
usually result from vertebral osteomyelitis following
hematogenous infection as a sequela of bacteremia.3
Septicemia in neonates, rumenitis secondary to acidosis, pneumonia, and sepsis developing at injection
sites are common causes of bacteremia. Fractures of
the spinal cord may be traumatic or pathologic and
may result from nutritional imbalances of calcium
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Diagnosis
The diagnosis is based on identifying typical clinical
signs and severe contracture of the gastrocnemius muscle. Other diseases, such as CAE, that may cause similar
clinical signs must be ruled out. Epidural injection of
diluted procaine solution briefly abolishes clinical signs
of spastic paresis and may be useful for exclusion of
other potential causative disorders.1,4

Treatment
Different surgical techniques including tenectomy, partial
tibial neurectomy, and desafferentiation have been used in
cattle and may be successful in goats. Alternatively, medical
treatment with lithium (0.2 mEq/kg) or tryptophan potentiated by manganese and especially copper (20 to 50 mg/
kg per day of tryptophan) may be effective in early cases.3
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and phosphorus. Traumatic injuries to the spinal cord
commonly are inflicted by other animals (predators,
horses, and donkeys), are incurred in motor vehicle
accidents, or result from high-velocity impact with
inanimate objects. Identifying the cause of an injury
may be challenging.

Clinical Signs
Clinical signs are dependent on the location of the
lesion in relation to spinal nerve roots and the degree
of damage. In addition to paresis or paralysis of the
extremities, affected animals may display signs of
pain associated with movement of the spinal column.
The head and neck may be held in extension, and a
stiff gait may be noted. Spinal abscesses that extend
through the dura mater cause clinical signs of septic
meningitis.3
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Diagnosis

Treatment

In addition to clinical signs and palpation of the vertebral column, radiographs are useful in obtaining a
diagnosis of demineralization, spinal cord abscessation,
osteomyelitis, or fracture. Osteomyelitis is characterized
by a random pattern of hyperlucency and increased
bone density in the affected vertebrae.3 If indications
of bone demineralization are present, calcium and
phosphorus contents of feed and serum parathyroid
hormone concentrations should be evaluated.4 Myelography and advanced imaging techniques (CT, MRI) may
be required to visualize lesions from soft tissue compression and internal concussion.4 Although the complete blood count and serum chemistry findings may
not reflect diagnostic alterations, analysis of CSF often
is useful. In cases of trauma, xanthochromia and elevations in total protein and mononuclear cells may be
observed. Although localized abscesses that do not infiltrate the meninges may change the CSF composition
only marginally, protein elevations and neutrophilic
pleocytosis have been reported.5 Cytologic examination
of CSF also may suggest the presence of neoplasia.

Therapy is based on the causative disorder and may
involve administration of antibiotics and antiinflammatory drugs and surgical stabilization or decompression.
Antimicrobial drugs must be given for several weeks to
treat vertebral osteomyelitis, and recurrence rates are
high. Regimens for antiinflammatory therapy have not
been formally evaluated, and agents should be selected
according to the specific underlying disorder.

Tetanus
Etiology and Pathophysiology
Tetanus is caused by toxins of the gram-positive, anaerobic, spore-forming bacterium Clostridium tetani. The
organism is ubiquitous in soil and in the intestinal
tract of herbivores. Under aerobic conditions, C. tetani
produces tenacious spores that have a drumstick-like
appearance and can remain viable in soil for years.
Contamination of and entrance into tissues usually
are the consequence of penetrating wounds or surgical procedures (tail docking, castration, or shearing).
Although usually sporadic, outbreaks of tetanus have
been reported as a result of contaminated vaccines or
injectable dewormers, or after ear-tagging of unvaccinated sheep.1,2 Tetanus occurs when suitable anaerobic
conditions develop within tissues, allowing spores to
enter the vegetative state and begin production and
release of toxins.3 The necrotizing toxin tetanolysin
enhances anaerobic conditions and proliferation of
the bacteria. The tetanus neurotoxin (tetanospasmin)
affects the nervous system and is responsible for clinical
signs. After receptor-specific binding of tetanospasmin
to cell wall gangliosides on target motor neurons at the
site of infection, the neurotoxin is translocated into the
neuronal cytoplasm. Following retrograde axonal flow,
tetanospasmin crosses into inhibitory interneurons of
the spinal cord and blocks their function. Additionally,
effects on the brain stem and midbrain may occur with
further axonal or circulatory transport. Disruption of
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the synaptic membrane transport protein synaptobrevin
prevents release of glycine and gamma-aminobutyric
acid (GABA), blocking the inhibitory effect of affected
interneurons.4

Clinical Signs
The incubation period varies with the time of development of an anaerobic tissue environment, and a wound
may not be visible by the time clinical signs are present.
Early clinical signs include changes in gait, such as stiffness or apparent lameness. The disease is progressive,
and generalized stiffness with involvement of head, neck,
extremities, and tail (“pump handle tail”) ensues (Figure
13-11). The animal may be in a “sawhorse” stance or
recumbent. Trismus (lockjaw), erect ears, retraction of
lips (“sardonic grin”), and third eyelid prolapse are
observed on examination of the animal’s head. Tetanus
involving laryngeal and pharyngeal muscles decreases
the ability to swallow, and drooling of saliva, regurgitation, bloat, and aspiration pneumonia may develop.
External stimuli may result in accentuated symptoms
and tetanic convulsions.3 In animals that recover, clinical signs may last for weeks, because toxin binding is
irreversible. Death from respiratory paralysis is common.

Diagnosis
Clinical signs are typical of tetanus and suggest the
diagnosis. A definitive diagnosis is based on identification of C. tetani in infected wounds. Blood work reflects
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cases. Sedation and muscle relaxation can be achieved
using acepromazine (0.05 to 0.1 mg/kg IM twice
daily), diazepam (0.5 mg/kg IV), or xylazine (0.02 to
0.05 mg/kg IV) until clinical improvement has been
obtained. Providing soft, deep bedding and ensuring a
quiet, dark environment are important supportive measures. Ruminal tympany and anorexia may be alleviated
by a rumenotomy to allow escape of free gas as well as
enteral feeding (see Chapter 5).

Prevention

Figure 13-11 Severe clinical signs of tetanus, including
recumbency and generalized stiffness of the head, neck, and
extremities, in a goat that sustained traumatic injury to the
hindlimb.

dehydration (azotemia), loss of salivary bicarbonate
(acidosis), and stress (hyperglycemia, stress leukogram)
and reveals increased muscle enzymes.

Treatment
Animals affected by tetanus should be handled in a
calm and quiet fashion. Treatment is aimed at eliminating the infection, neutralizing unbound toxins,
relieving muscle spasms, and provision of nursing care.
Identification and débridement of the infected wound
will remove the anaerobic and necrotic tissues, thereby
exposing the bacteria to oxygen. Penicillins are the
antibiotic of choice and are given at high doses and frequency (22,000 to 44,000 IU/kg IM or SC as procaine
penicillin or IV as potassium penicillin two to four
times a day). The administration of tetanus antitoxin
(1500 to 15000 IU SC for 3 to 5 days) neutralizes only
unbound toxin and may not be effective in advanced

Tick Paralysis
Etiology and Pathophysiology
Tick paralysis is a rapidly progressing, ascending LMN
paralysis affecting many species, including sheep and
goats. In North America, the disease mainly occurs west
of the Rocky Mountains, despite broader distribution of
the causative ticks, Dermacentor spp.1 Globally, various
tick species have been reported to cause tick paralysis.2
The disease occurs during periods of highest tick activity—in North America from April to June.1 After attachment to the host by a female tick, a salivary neurotoxin
that impairs the acetylcholine release at the motor end
plate and causes neuromuscular blockade is secreted.3,4

Immunization against tetanus is efficacious and costeffective. Vaccines containing tetanus toxoid often
include other clostridial bacterins such as C. perfringens C and D (CD/T). Lambs and kids benefit from
improved colostral immunity when dams are vaccinated with tetanus toxoid during pregnancy.5 Lambs
and kids should be vaccinated at 2 to 3 months of age,
followed by a booster vaccination 3 weeks later, and
then revaccinated annually. Adequate hygiene should
be maintained during predisposing surgical procedures,
and nonvaccinated animals should receive tetanus antitoxin (150 to 200 IU) before surgery, which provides
protection for 2 to 3 weeks.
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Clinical Signs
Clinical signs are observed approximately 1 week after
ticks begin feeding on infested animals.5 Initially, pelvic
limb weakness and ataxia may be present, but flaccid
quadriplegia rapidly develops.1,5 Affected animals show
typical LMN deficits, are recumbent, and exhibit diminished spinal and withdrawal reflexes. Menace response
and corneal and palpebral reflexes may be absent.5

Diagnosis
The rapid development of flaccid paralysis and the presence of feeding ticks help to differentiate the disease
from cerebrospinal nematodiasis and botulism.
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Treatment
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Prevention
In high-risk areas, use of acaricides, such as pyrethrins or avermectins, will aid in prevention of the
disease.

CONGENITAL AND PERINATAL
NEUROLOGIC DISEASES
A high degree of differentiation and complexity,
together with a long duration of development, makes
the CNS prone to congenital disorders. Type and severity of congenital defect will depend on the gestational
age and, consequently, stage of fetal brain development
at the time of exposure to a teratogen or pathogen.
Developmental dysfunction may result from hereditary,
environmental, or infectious disorders, and a combination of lesions within and outside of the CNS may be
detected in affected animals. Elucidating the cause of
a congenital defect helps to prevent exposure of other
susceptible animals to a pathogen or environmental
stressor and will permit exclusion of carriers of inheritable conditions from breeding programs. Affected
stillborn fetuses should be evaluated thoroughly and
submitted for postmortem examination. In neonates
displaying neurologic deficits, presence of common
neonatal disorders such as hypoglycemia, meningitis,
hypoxia, and hypothermia should be ruled out when
congenital problems are suspected.1
Before the discussion of specific etiologic disorders,
common congenital disorders affecting the cerebrum
(hydrocephalus and hydrancephaly) and cerebellum
(hypoplasia and abiotrophy) are briefly described under
separate headings, although they may be encountered
in combination. Various factors, including maternal
hyperthermia, plant toxins (e.g., false hellebore [Veratum californicum], hemlock [Conium maculatum]), and
medications (e.g., certain benzimidazoles), may have
teratogenic effects that injure the developing fetal
CNS1,2 and are discussed in Chapter 8.

Hydrocephalus and Hydranencephaly
Accumulation of excessive fluid in the ventricular
system of the cranium may be a consequence of
infectious, inherited, environmental, nutritional, or

neoplastic conditions.1 The disorder can be classified as
either normotensive (hydranencephaly) or hypertensive
hydrocephalus, depending on the underlying pathophysiology. Both conditions may develop as congenital defects in sheep and goats, with hydranencephaly
occurring more commonly.3
In hydranencephaly, fetal cerebral tissues fail to
develop or undergo necrosis as a result of viral infection
or cerebrovascular insults. The cerebral hemispheres
and basal ganglia are nearly completely replaced by CSF,
surrounded by a thin layer of cerebrum. Affected fetuses
do not develop cranial enlargement because of the normotensive character of hydranencephaly. Hypertensive
hydrocephalus is caused by stenosis of the ventricular
system that prevents absorption of CSF and increased
intracranial pressures. Developmental anatomic malformations or alterations resulting from inflammation
may lead to stenosis and hypertension. The resulting
compression causes ischemia and necrosis of cerebral
hemispheres and enlargement and deformation of the
calvaria.

Cerebellar Hypoplasia
and Abiotrophy
Cerebellar dysfunction and associated clinical signs
in neonates and young animals may arise through
either of two distinct pathogenic mechanisms. Cerebellar hypoplasia refers to an arrested development of fetal
cerebellar tissue, commonly caused by viral infection
of the fetus in utero. The severity of cerebellar dysfunction depends on the gestational age and duration of the
developmental arrest and may range from aplasia to
hypoplasia.1 By contrast, cerebellar abiotrophy is observed
in animals in the postnatal period and describes the
premature degeneration of formed cerebellar tissues
and especially Purkinje cells.1 Affected animals may
appear healthy at birth but develop clinical signs in the
first months of life.
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Etiologic Agents of Infection
Akabane Virus. Akabane virus, an orthobunyavirus in the family Bunyaviridae, causes clinical disease
in ruminants in Africa, Japan, Israel, Korea, and Australia. Transmission of the virus is by arthropod vectors, including midges (Culicoides spp.) and mosquitos
(Aedes and Culex). In Australia, Culicoides brevitarsis is
considered the major vector, and occurrence of disease
is closely linked to vector distribution.4 Disease in
postnatal animals is rare, and infection in nonpregnant
animals produces protective immunity. Infection of
pregnant, susceptible animals without sufficient immunity (e.g., vector-virus spread to novel locations) results
in viremia.4
Transplacental invasion of the developing fetus
results in a persistent infection of fetal membranes,
with subsequent spread to fetal tissues.5 Sheep fetuses
infected at a gestational age of 30 to 36 days are susceptible to damage of nervous tissues, because rapid
development of the CNS occurs at this time and fetuses
are not yet immunocompetent. Viral activity is greatest
in the CNS and skeletal muscles, resulting in nonsuppurative encephalomyelitis and polymyositis. Necrosis
of subventricular zones of the developing cerebrum
prevents migration of neuroblasts and results in accumulation of CSF (hydranencephaly). Arthogryposis
appears to be a consequence of polymyositis and the
neurotropic failure of muscle development, which may
result in joint contracture.
Cache Valley Virus. Cache Valley virus (CVV)
is a member of the viral family Bunyaviridae that
is endemic in North America, and subtypes of CVV
have been detected in Central and South America.6,7
Transmission of CVV is by arthropods, especially
mosquitoes, in which the virus replicates and persists.
The presence of antibodies in mammalian hosts is
correlated with the distribution of mosquito vectors,
and infections are most common in late summer and
fall. Seropositive animals and their fetuses are protected from clinical disease, which is most common
in fetuses of seronegative ewes.7 Seronegative status
is typical in animals living in areas either previously
unaffected by infected mosquitoes or with diminished
vector populations after repeated years of drought and
winter frosts.7 In warm and wet years, when mosquitoes thrive, infection of seronegative ewes may result in
transplacental infection of fetuses. Although infections
occurring between 27 and 35 days of gestation result
in fetal death, fetuses infected between 36 and 45 days
of gestation may display a wide range of abnormalities
including hydranencephaly, skeletal muscle abnormalities, arthrogryposis, hydrocephalus, microcephalus,
porencephaly, cerebellar hypoplasia, and deformities
of the spinal cord. Older fetuses are protected from
congenital abnormalities and may seroconvert8,9 (see
Chapter 8).
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Bluetongue Virus. Infections with bluetongue
virus (BTV), a orbivirus in the family Reoviridae, are
associated with vascular injury and systemic disease
in a variety of ruminants, and among domestic species, sheep are considered particularly susceptible. At
least 24 serovars of BTV exist worldwide, with infections reported in all continents except Antarctica.10
Transmission of BTV between mammalian hosts is by
biting insects of the genus Culicoides, which serve as
vectors and are able to introduce BTV into new geographic areas when climatic conditions are permissive.
Various factors determine the virulence of an infecting BTV isolate, including nutritional and immune
statuses, environmental stresses, and breed of sheep
(with more severe disease seen in European fine-wool
sheep).10 Transplacental transmission and congenital
defects are not caused by all BTV isolates but have been
associated only with attenuated live vaccine strains and,
more recently, BTV serotype 8.11,12 Infections with these
strains in pregnant ewes at the time of development of
the fetal CNS may result in congenital defects. Neuronal and glial precursor cells that reside at subepidermal
regions before migrating into the developing cerebrum
are susceptible to BTV infection and undergo necrotizing cytolysis.10 Fetal lambs infected between days 55
and 60 develop hydranencephaly and retinal dysplasia
(blindness), whereas infections at days 70 to 80 result in
porencephaly and cerebral cysts without ocular defects.
Other congenital lesions in affected fetuses include
brachygnathia and arthrogryposis. After day 100 of
gestation, fetuses may develop meningoencephalitis
without destructive lesions13 (see Chapters 8 and 16).
Pestivirus Infections. Border disease virus and
bovine viral diarrhea virus are members of the genus
Pestivirus, family Flaviviridae, and both infect sheep
and goats.14,15 Pestivirus infections in nonpregnant or
postparturition animals often are mild, but infection of
susceptible pregnant ewes and does results in substantial clinical disease. In addition to pregnancy loss by
fetal resorption or abortion, transplacental infection of
the developing fetus may result in stillbirths, congenital anomalies, and persistently infected offspring. Fetal
infections before development of immunocompetence
(approximately 60 days) may result in tolerance to the
virus and persistent infection. Persistently infected lambs
often are weak, “poor doers,” chronically ill but may
appear normal. Persistent infections are rare in goats.
Affected lambs (so-called hairy shaker lambs) may be
bright and alert but exhibit cerebellar deficits (intention
tremors, ataxia, limb tremors, and inability to stand) that
worsen when attempting to nurse. In addition, fleece
changes are apparent including coarse, hairy appearance
and abnormal pigmentation. More severe neurologic
signs occur in fetuses infected at midgestation, including
hydrancephaly, cerebellar hypoplasia, porencephaly, and
ocular defects.15

402

Chapter 13 • Diseases of the Neurologic System

Heritable Diseases and Plants
Associated with Neurologic Disorders

neurologic disorders are listed in Table 13-5 (see also
Chapter 8).

Table 13-4 summarizes features of heritable diseases of small ruminants that have significant neurologic manifestations.16-34 Plants associated with

TABLE 13-4 Congenital and Perinatal Neurologic Diseases of Sheep and Goats with Heritable
Etiology

Condition

Breeds

Inheritance

Clinical Findings

Cerebellar
abiotrophy

Sheep: Charollais, Merino,
Wiltshire

Suspected
autosomal
recessive

Cerebellar cortical atrophy
(daft lamb
disease 1)
Star-gazing lambs
(daft lamb
disease 2)

Sheep: Corriedale, Drydale, Welsh
Mountain
Sheep: Border
Leicester,
Coopworth

Suspected
autosomal
recessive

Cerebellar dysfunction
in lambs beginning at
1 to 4 months of age,
tremors, equilibrium
disturbances
Weak lambs, inability
to stand, wide-based
stance

Dandy-Walker
syndrome

Sheep: Suffolk

GM1 gangliosidosis (lysosomal
beta-dgalactosidase
deficiency)
Holoprosencephaly

Sheep: “Coopworth
Romney,”
Suffolk, Suffolk crosses
Sheep: Border
Leicester

Probably
autosomal
recessive
Autosomal
recessive

Mucopolysaccharidosis IIID
(lysosomal
N-acetylglucosamine 6sulfatase
deficiency)
Neuraxonal
dystrophy

Suspected
autosomal
recessive

Clinically similar to cerebellar cortical atrophy: newborn lambs
with dorsal arching of
the neck
Usually stillborn with
enlarged domed skull;
dystocia common
Normal at birth; at 4-6
months: rapidly progressive ataxia, recumbency, blindness

Autosomal
recessive

Facial abnormalities,
inability to stand,
depression, blindness

Goats: Nubian

Autosomal
recessive

Neurologic deficiencies
at birth, clinical sign
of cerebral disease

Sheep: Coopworth,
Merino,
Perendale,
Romney,
South
Suffolk

Likely
autosomal
recessive

Onset of sign varies by
breed, progressive
ataxia, recumbency,
cerebellar signs

Additional
Information

Reference(s)

Severe loss of cerebellar
Purkinje cells, proliferation of Bergmann
glial cells

16-18

Severe loss of cerebellar Purkinje cells, cell
loss and gliosis of the
granular layer
No loss of Purkinje cells
or reactive changes,
histopathologic
changes in neck
muscles and nerves
Hydrocephalus, agenesis or hypoplasia of
cerebellar vermis
Evidence of intraneuronal lipid storage, deficiency of
β-galactosidase in
leukocytes
Lack of longitudinal
cerebral fissure,
fusion of cerebral
hemispheres, and
single lateral ventricle
Accumulation of lysosomal heparan sulfate
glycosaminoglycan in
central nervous system and other organs,
leading to cytoplasmic vacuolation
Spheroidal swellings of
axons in spinal cord
and peripheral nerves

17, 19

20, 21

22

23

24

25, 26

17, 27
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TABLE 13-4 Congenital and Perinatal Neurologic Diseases of Sheep and Goats with Heritable
Etiology—cont’d

Condition

Breeds

Inheritance

Clinical Findings

Neuronal ceroidlipofuscinosis

Sheep: Ramboulliet,
South
Hampshire

Autosomal
recessive

Progressive signs from
7-10 months of age,
blindness, circling,
proprioceptive deficits, reduced cognition

Spina bifida

Sheep: Icelandic sheep

Autosomal
recessive

Spongiform
leukoencephalopathy

Sheep: Romney

Suspected
hereditary

Thalamic cerebellar neuropathy

Sheep: Merino

Suspected
hereditary

β-Mannosidosis
(lysosomal
β-mannosidase
deficiency)

Goats: Nubian

Autosomal
recessive

Paralysis of hindlimbs,
arthrogryposis, tail
defect hairless slit in
lumbar area
Posterior paralysis in 2to 3-month-old lambs
developing to flaccid
paralysis
Onset at 2 years or
older, clinical signs
of cerebellar and
spinal cord dysfunction, ataxia, tremors,
hypermetria
Recumbency and
inability to stand
in neonates, carpal
contraction, hindlimb
extension, excessive
gingival tissue, thickened skin, intention
tremors, deafness, nystagmus, domed head

Additional
Information

Reference(s)

Accumulation of
lysosomal ceroidlipofuscin in neurons
of the brain, spinal
cord, eye, and dorsal
root ganglia
Failure of closure of
dorsal arches of
lumbar and sacral
vertebrae
Diagnosis: histopathologic evidence of
spongy vacuolation of
brain and spinal cord
Swelling and degeneration of neurons in
cerebellum, thalamus, and spinal cord

28, 29

Vacuolation and
demyelinization of
neurons, increases in
urine mannose and
N-acetylglucosamine, reduced
β-mannosidase
in plasma in
homozygotes and
heterozygotes

1, 34

30, 31

32

33

TABLE 13-5 Plants Associated With Neurologic Diseases*
Disease Category

Plant

Clinical Signs and Symptoms

Paralysis

Astragalus, Oxytropis—locoweed
Delphinium—larkspur
Apocynum—Indian hemp
Asclepias—milkweed
Cicuta—water hemlock

Emaciation, proprioceptive deficits, staggering, paralysis
Rapid onset, “nervous” behavior, muscle twitching, paralysis, death
Convulsions, weakness, coma
Convulsions, coma, death
Rapid onset, extremely toxic, convulsions, muscle spasms, grinding
teeth, coma, death
Trembling, incoordination, respiratory paralysis
Rapid onset, ataxia, seizures, twitching facial muscles, chewing
movements
Excitability, staggering, vomiting, convulsions
Nervousness, convulsions, coma

Seizures or central
nervous system
stimulation

Conium—poison hemlock
Corydalis—fitweed
Delphinium—larkspur
Lupinus—lupines

Continued
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TABLE 13-5 Plants Associated With Neurologic Diseases*—cont’d
Disease Category

Plant

Clinical Signs and Symptoms

Central nervous
system stimulation and depression or mixed
central nervous
effects

Aesculus—buckeye, horse
chestnut
Datura—jimson weed
Eupatorium—white snakeroot

Vomiting, ataxia, trembling, convulsions, hyperesthesia excitement
or depression
Ataxia, tremors, hallucinations, mydriasis, tachycardia, tachypnea
Trembling in the muzzle and legs after exercise, weakness, difficulty
breathing
Depression, stiff gait, trembling, weakness, recumbency, coma,
death
Convulsions, vomiting, weakness, paralysis, death

Depression or
weakness

Haplopappus—rayless goldenrod
Kalmia, Rhododendron—mountain laurel, rhododendron,
azaleas
Leucothoe—fetterbush
Lupinus—lupines
Ricinus—castor bean
Solanaceae—ground cherry,
nightshade, horsenettle, soda
apple
Veratrum—false hellebore
Zigadenus—death camus
Halogeton
Helenium—sneezeweed,
bitterweed
Hymenoxys—rubberweed
Oxytenia—copperweed
Sarcobatus—greasewood
Tetradymia—horsebrush

Incoordination, vomiting, weakness, spasm, coma, death
Nervousness, depression, twitching, convulsions, death
Diarrhea, dullness, weakness, trembling, incoordination
Depression, mydriasis, bradycardia, incoordination

Vomiting, arrhythmias, weakness, convulsions, coma
Weakness, staggering, convulsions, coma, excess salivation
Rapid and shallow breathing, coma
Depression, weakness, chronic vomiting
Depression, weakness, bloat, green nasal discharge
Depression, weakness, coma
Dullness, nasal discharge, drooling, weakness
Depression, weakness, swelling around head, peeling skin

*Cyanogenetic

plants such as Triglochin (arrowgrass) and Prunus (wild cherry), as well as plants that contain nitrates, may cause signs that mimic
neurologic deficits. Treatment of animals that have ingested any of these toxic plants should include oral charcoal (0.5 kg PO) and diazepam (0.25 to
0.5 mg/kg) to control seizures, maintenance of hydration status, and nutritional support.
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Diseases of the Eye
Melanie J. Boileau and Margi A. Gilmour

OCULAR ANATOMY
An understanding of the normal anatomy of the eye is
essential for clinical recognition and accurate identification of ocular abnormalities likely to be encountered
in veterinary practices that provide care for small ruminants. In these species eyes have retained essentially the
same basic components and embryologic development
over the course of evolution. Variations are additive to
the basic design and have emerged largely because of
ecologic factors such as light intensity and duration
and feeding habits.1 Goats and sheep are arrhythmic ruminants—they are equally active diurnally and
nocturnally.

Adnexa
Orbit
Sheep and goats have an enclosed orbit, typical of most
grazing animals. In both species, the bony fossa of the
orbit comprises lacrimal, zygomatic, frontal, sphenoid,
and palatine bones. In addition, sheep have a maxillary
bone and goats have an ethmoid bone that forms part
of the orbit. The size, shape, and position of the orbit
are closely associated with visual activity and feeding
behavior.1 In general, prey species such as sheep and
goats have eyes that are located more laterally on the
skull and have mostly monocular vision.1 The orbit
contains the globe, extraocular muscles, the orbital
lacrimal gland, and fat. The globe is surrounded by
three fascial layers of the orbit: the periorbita, which is
the most external layer; the superficial muscular fascial
layer, which encloses the lacrimal gland and the levator
palpebrae superioris muscle; and the deep muscular
fascia that sheaths the extraocular muscles and optic
nerve.2 The orbital fat fills the orbital dead space and
provides a cushion that protects the globe and extraocular muscles.

Extraocular Muscles
Seven extraocular muscles suspend the globe and move
the eye. The four rectus muscles are the dorsal, ventral,
medial, and lateral recti; they move the globe in the
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direction indicated by their names. The dorsal oblique
muscle inserts on the dorsolateral aspect of the globe
and rotates the dorsal aspect of the globe medially and
ventrally. The ventral oblique muscle inserts on the
ventrolateral aspect of the globe and rotates the globe
medially and dorsally. The retractor bulbi muscle inserts
posterior to the equator of the globe, forming an almost
complete cone around the optic nerve. This muscle
retracts the globe for additional protection. The oculomotor nerve (cranial nerve III) innervates the dorsal, ventral, and medial recti. The dorsal oblique is innervated
by the trochlear nerve (cranial nerve IV), and the lateral
rectus and retractor bulbi muscles are innervated by the
abducens nerve (cranial nerve VI) (see Chapter 13).

Eyelids and Conjunctiva
The superior and inferior palpebrae—the eyelids—are
two musculofibrous folds of thin skin continuous with
the facial skin. The superior eyelid is more mobile
than the inferior eyelid. The opening formed by the
free edges of the eyelids is the palpebral fissure.1-3 The
medial angle of the palpebral fissure is the medial canthus; the lateral angle is the lateral canthus. Histologic
analysis shows that the eyelids have four tissue layers:
the skin, the orbicularis oculi muscle, the tarsus and
stromal layer, and the palpebral conjunctiva. The palpebral skin, containing small tubular and sebaceous
glands, is thin and elastic and is covered by a dense coat
of short hairs. The superior palpebrae has a row of cilia,
and vibrissae are present a short distance from the superior and inferior palpebral margins in goats and sheep.
The superior palpebral skin receives sensory innervation from the ophthalmic branch of the trigeminal
nerve (cranial nerve V), and the inferior palpebral skin
is innervated by the maxillary branch of the trigeminal
nerve. The orbicularis oculi muscle encircles the entire
palpebral fissure and functions to close this opening. It
receives motor innervation by the palpebral branch of
the facial nerve (cranial nerve VII). The superior eyelid
is elevated by the levator palpebrae superioris muscle,
which receives motor innervation from the oculomotor nerve (cranial nerve III). At the margins of both
eyelids are the tarsal gland openings. The tarsal glands
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are sebaceous glands that produce the lipid component
of the precorneal tear film. These glands open onto the
edge of both eyelids through small openings arranged
longitudinally. The palpebral conjunctiva is the mucous
membrane that lines the inner aspect of the eyelids. The
conjunctival epithelium has numerous goblet cells that
contribute to the mucin layer of the precorneal tear film.
The palpebral conjunctiva continues onto the globe as
the bulbar conjunctiva, where it meets and is continuous with the corneal epithelium. The palpebral, bulbar,
and nictitans conjunctivae are named according to their
anatomic locations, but they are continuous.
The nictitating membrane (nictitans)—the third
eyelid—is located ventromedially between the inferior
eyelid and the globe. It is completely lined by conjunctiva and contains a T-shaped cartilaginous plate
with a gland (the gland of the third eyelid) at its base.
The horizontal part of the T lies at the free edge of the
nictitating membrane. The gland surrounds the stem of
the cartilage on the membrane’s posterior aspect. The
nictitating membrane moves passively over the eye in
a dorsolateral direction when the globe is retracted by
contraction of the retractor bulbi muscle with displacement of the orbital fat.1

Lacrimal and Nasolacrimal Systems
The lacrimal system consists of the orbital lacrimal
gland, the gland of the third eyelid, the accessory
glands of Krause and Wolfring, the glands of Zeis, the
tarsal glands, and the nasolacrimal duct system.1-3 The
lacrimal gland lies in the dorsolateral wall of the orbit.
The lacrimal gland is innervated by the lacrimal nerve
(branch of the ophthalmic branch of the trigeminal
nerve) and parasympathetic fibers from the facial nerve
nucleus and, to a lesser extent, by sympathetic nerve
fibers.4 Two large and four to five small excretory ducts
originate from the central surface of the lacrimal gland
in both sheep and goats.5 The lacrimal fluid drains
into the dorsal fornix of the conjunctival sac and mixes
with the secretions of the accessory glands.3 The tarsal
glands and, to a small extent, the glands of Zeis produce the outer lipid layer of the precorneal tear film.
The orbital lacrimal gland and the gland of the third
eyelid produce more than 90% of the middle aqueous
component of the precorneal tear film, with a minor
contribution from the accessory glands of Krause and
Wolfring. The inner mucin layer is produced by the
conjunctival goblet cells.1 The three layers of the precorneal tear film are continuously spread across the
eye’s surface by the eyelids and nictitating membrane
during blinking. Unlike cattle, sheep and goats have
lysozyme, an antibacterial enzyme, in their tears.6
Excess tear film pools in the lacrimal lake at the medial
canthus. Mechanical pumping action draws the tear
fluid into the superior and inferior lacrimal puncta
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located on the palpebral conjunctiva, just inside the
edge of the eyelid and medial to the last tarsal gland.1
The superior and inferior lacrimal puncta continue
as the superior and inferior canaliculi. The canaliculi
coalesce at the nasolacrimal sac located in the lacrimal
fossa of the lacrimal bone.1 The lacrimal sac empties
into the nasolacrimal duct, which initially continues
rostrally through the osseous lacrimal canal and the
osseous lacrimal groove of the maxilla. It then parallels the mucous membrane of the middle meatus and
opens on the nasal mucous membrane at the junction
of pigmented and nonpigmented skin.5

Globe
The globe (bulbus oculi) is nearly spherical in shape.
The average anterior-to-posterior axis of the globe in
sheep is 26.85 mm1 and in goats is 24.24 mm.7 The
globe is composed of three tunics, or coats: the fibrous,
vascular, and nervous tunics. The external fibrous tunic
is made up of dense collagenous connective tissue that
resists the eye’s internal pressure and gives the globe
its round shape. The fibrous tunic is composed of the
cornea and sclera, which coalesce at the corneoscleral
junction or limbus. The middle vascular tunic is composed of the uvea, which includes the iris, ciliary body,
and choroid. The inner nervous tunic includes the
retina and optic nerve. The three tunics surround the
clear intraocular media: the aqueous humor, lens, and
vitreous humor.

Fibrous Tunic
Cornea
The cornea is transparent and avascular and makes up
20% of the fibrous tunic. It is composed of dense collagenous connective tissue arranged in a regular lamellar pattern. This lamellar pattern, combined with the
physiologic pump of the endothelium, maintains the
cornea’s transparency and deturgescence.
The cornea is the most powerful refractive surface
of the eye. In sheep and goats, the shape of the cornea
is elliptical, with its horizontal diameter greater than
its vertical diameter. In sheep, the average width of the
cornea has been reported as 22.4 mm8 and 27 mm4;
and the average height as 15.4 mm8 and 19 mm.4 The
sheep cornea is thickest at its center (0.8 to 2.0 mm)
and thinnest at its edge (0.3 to 0.5 mm), as determined
on postmortem measurements.1 The cornea is innervated by the long ciliary nerves, which derive from the
ophthalmic branch of the trigeminal nerve.
In domestic animals the cornea has four layers:
the epithelium, stroma, Descemet’s membrane, and
endothelium. The epithelium covers the outermost
corneal surface and is continuous with the conjunctival epithelium. The stromal layer makes up 90% of
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the cornea and is composed of a lamellar arrangement
of collagen fibrils with scattered keratocytes. After
a deep corneal injury, keratocytes can differentiate
into fibroblasts and contribute to scar formation.1
Descemet’s membrane is a clear, acellular membrane
on the posterior aspect of the stroma. On clinical
probing, it is the deepest layer visible before corneal
perforation occurs. The endothelium is a single layer
of cells lining Descemet’s membrane. The endothelium has an active pump mechanism responsible for
corneal deturgescence.9 Endothelial cell loss or injury
results in corneal edema from imbibing of aqueous
by the stroma.

Sclera
The sclera makes up the posterior 80% of the fibrous
tunic and serves as the primary tissue for support and
protection of the intraocular structures. The sclera
also is composed of collagen fibrils; however, they
are irregularly arranged, and the scleral epithelium is
thicker than the corneal epithelium. Scleral thickness
at the entry point of the optic nerve in the sheep is
1.0 to 1.2 mm. The sclera thins at the equator to
0.25 to 0.30 mm and thickens at the corneoscleral
junction to 0.4 to 0.5 mm.1

Vascular Tunic (Tunica Vasculosa Oculi)
The vascular tunic is composed of the iris, ciliary body,
and choroid. These structures are highly vascularized
and usually are pigmented.

Iris
The iris is the smallest component of the uvea. It is a
muscular diaphragm suspended between the cornea
and the lens. It is attached to the sclera at its periphery
by the pectinate ligaments and to the ciliary body. The
iris divides the space between the cornea and the lens
into the anterior and posterior chambers of the anterior
segment. Its central aspect has an aperture, the pupil,
that changes in size to adjust the amount of light entering the eye and reaching the retina. The iris sphincter
muscle lies concentrically near the pupillary margin,
receives parasympathetic innervation, and functions to
cause constriction of the pupil (miosis). The iris dilator
muscle has fibers arranged radially from the sphincter to
the ciliary border, receives sympathetic innervation, and
functions to cause dilation of the pupil (mydriasis). The
pupil is oval in a horizontal plane in sheep and goats
and has several round, variably sized black masses at
the superior and inferior aspects of the pupillary border
called granula iridica. The granula iridica are extensions
of the posterior pigmented epithelium of the iris. They
enhance the effect of pupillary constriction. Iris color
depends on the density of the pigmentation (melanin)
in the iris stroma.1

Ciliary Body
The ciliary body is the middle portion of the uvea that
joins the choroid (posterior uvea) to the peripheral iris
(anterior uvea). It consists of an anterior section (pars
plicata) and a posterior section (pars plana). The pars
plicata consists of radial folds called ciliary processes
that are thick with shallow valleys between them in
herbivores.10 Zonular fibers insert on the ciliary processes
and lens equator to hold the lens in place. The ciliary
processes also have well-developed capillary beds and
specialized epithelium with an active transport mechanism that produces the major portion of the aqueous
humor.1,9 Aside from the ciliary processes, the ciliary
muscles make up the main part of the ciliary body. This
musculature is poorly developed in ungulates, accounting for their very limited accommodative ability. Evolution has allowed herbivores to develop large corneas,
horizontally oval-shaped pupils, and large anterior
chambers for better night vision and good motion
detection. However, these evolutionary changes also
have led to the loss of ciliary musculature development.

Choroid
The choroid is a dense network of blood vessels and
pigmented stroma between the retina and the sclera.
The choroid supplies nutrition to the posterior layers of
the retina. The total choroidal blood supply far exceeds
the need for retinal nutrition, and it also may serve as
a heat exchange mechanism to prevent the retina from
overheating. Within the inner stromal layer of the superior portion of the choroid lies the specialized, highly
reflective tapetum. In ungulates, the tapetum is fibrous
and composed of regularly arranged collagen fibers and
occasional fibrocytes. Herbivores are born with mature
eyes and well-developed tapeta.

Neural Tunic
The neural tunic includes the retina and optic nerve,
both derivatives of the forebrain. The retina and optic
nerve are the only portions of the brain that can be seen
on a physical examination, so observations of these
structures can provide clinical information about the
animal’s physical status. The retinal blood vessels and,
to a small extent, the vitreous provide nutrition for the
inner layers of the retina. The inner layer of the choroid
(choriocapillaris) provides the outer layers of the retina
with nutrients. The retinal metabolic rate is one of the
highest in the body, and therefore if either the retinal or
choroidal vasculature is even marginally compromised,
the retina can become ischemic.1
The retina has 10 layers, the outermost of which is
the retinal pigmented epithelium (RPE), and nine inner
histologic layers, known as the sensory retina, which
include the clinically important photoreceptors and
ganglion cells. The RPE is a single layer of cells between
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the sensory retina and the choriocapillaris. It is nonpigmented in the superior half of the fundus, allowing
exposure of the tapetum to light. The RPE has tight
interepithelial junctions that form the major portion of
the blood-retina barrier, and it removes photoreceptor
metabolic waste products.
The photoreceptors include the rods and cones. Rods
function in dim light vision. Cones function in bright
light and are involved with color recognition and visual
acuity. The retina in all ungulates is primarily composed
of rods. The rod-to-cone ratio for sheep is 30:1 to 40:1.11
No rod-to-cone ratio has been reported for goats. Both
sheep and goats have two types of cones, allowing these
animals dichromatic color vision.1 When stimulated by
light, the photoreceptors initiate the electrical impulse
through the other layers of the sensory retina eventually
reaching the ganglion cells. The axons of the ganglion
cells make up the optic nerve (cranial nerve II), which
then carries the impulse to the optic tracts, optic radiation, and finally the visual cortex of the brain. The area
centralis of the retina is the area of maximal cone density, and the visual streak is the area of maximal ganglion cell density. The central retina of sheep is similar
to that of other mammals, with an area centralis and
a single visual streak. Goats have an area centralis and
two visual streaks—a horizontal streak and a vertical
streak.12 Sheep and goat retinas have a holangiotic vascular pattern with very prominent vessels, as is typical
of ruminants. The term holangiotic means that all quadrants of the retina are vascularized with vessels extending from the optic nerve to the periphery. Sheep retinas
have three or four pairs of vessels (artery and vein) in
the dorsal, ventral, ventronasal, and ventrotemporal
quadrants; and an additional five to eight arterioles and
venules radiating from the nasal and temporal portion
of the optic disk. Paired vessels may wrap around each
other, especially the larger, dorsal vessels. Occasionally
the superior arteriole and venule wrap around each
other. Goat retinas have three to six arteries (one to
three dorsal and two or three ventral) and two or three
retinal veins. The dorsal (tapetal) fundus appears more
vascularized than the nontapetal fundus owing to the
more numerous vessels branching across the tapetum.13
The tapetal fundus is triangular, can be yellow to
bluish-purple, and is stippled with the stars of Winslow
(end-on choroidal capillaries). The dorsomedial tapetal
fundus has more pigment than the other sections. The
nontapetal fundus is pigmented owing to presence of
pigmentation in the RPE cells in this region. In sheep,
the optic disk is located within the nontapetal fundus just
ventral to the tapetal-nontapetal junction; in goats, it usually is located in the tapetal fundus just above the tapetalnontapetal junction. Sheep have a kidney bean–shaped
optic disk; goats have a rounder optic disk surrounded
by a ring of pigment.14 The small dark depression in the
center of the optic disc is the physiologic cup or pit.
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The optic nerve is located ventrolateral to the posterior pole of the globe. It is myelinated in all species; in
sheep and goats the myelin is maintained as the fibers
enter the globe through the sclera. Herbivores, including
sheep and goats, exhibit more than 80% decussation at
the optic chiasm to form the optic tracts. Each optic tract
is composed of pupillary and visual fibers. The pupillary
fibers travel to the pretectal nucleus to control the pupillary light reflex (described in detail further on), whereas
the visual fibers travel to the lateral geniculate nucleus
and then to the visual cortex for visual perception.

Clear Intraocular Media
Aqueous
Aqueous humor is the optically clear fluid within the
anterior chamber (between the cornea and the iris)
and posterior chamber (between the iris and the lens).
Aqueous is produced by the nonpigmented epithelium
of the ciliary processes and flows into the posterior
chamber, through the pupil, and into the anterior
chamber. From the anterior chamber, aqueous can exit
the globe by either the conventional or unconventional
pathway into the scleral venous circulation. The major
portion of aqueous follows the conventional pathway
through the iridocorneal trabecular meshwork to the
scleral veins. In the unconventional (uveoscleral) pathway, the aqueous diffuses across the iris and ciliary body
into the suprachoroidal space (between the choroid and
the sclera) and into the scleral veins. The percentage
of outflow through the uveoscleral pathway has been
determined for many species but not for cattle, sheep,
or goats. The continuous production and outflow of
aqueous maintain the normal intraocular pressure of
the globe. The average normal intraocular pressure in
goats has been reported at 7.9 to 11.8 mm Hg in Pygmy
goats15 and 13.9 mm Hg in Angora goats.16 The aqueous humor provides glucose, oxygen, amino acids, and
electrolytes for nutrition of the avascular cornea and
lens and also removes their metabolic waste products.

Lens
The lens further focuses light entering the eye to allow for
sharp focus of visualized images. The lens is a transparent,
biconvex, almost spherical structure. It is held in position
by the zonular ligaments that arise from the ciliary body
processes. The lens rests against the iris anteriorly and in
the patellar fossa of the vitreous posteriorly. Herbivorous
animals have a marginally functional accommodative
mechanism and therefore have poor near vision.17
The lens is transparent and avascular and receives the
major part of its nutrients from the aqueous humor. The
lens grows throughout life at a slow, regulated rate by
means of continued division and differentiation of the
lens epithelial cells into lens fiber cells. The newest fiber
cells are located peripherally and the oldest become
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the most centralized and compressed lens fibers. As the
animal ages, these centrally compressed fibers become a
distinct area of nuclear sclerosis that is always bilaterally
symmetrical and homogeneous; these changes do not
affect vision. The average diameter of the sheep lens is
between 14.5 and 15.53 mm; it weighs approximately
2.3 g.1

Vitreous
The vitreous also refracts light that enters the eye and
passes through the lens to focus light on the retina. The
vitreous is gel-like and lies posterior to the lens and
anterior to the retina. The vitreous is 98% water that
is suspended in collagen fibers and glycosaminoglycan
matrix. The vitreous body physically holds the retina
against the choroid. Unlike with the aqueous humor,
no continuous turnover of the vitreous occurs.
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OPHTHALMIC EXAMINATION
TECHNIQUES FOR SMALL RUMINANTS
Preliminary Considerations
Although special instrumentation and proper restraint
are necessary, routine eye examination is not excessively
time-consuming and promotes not only familiarity
with variations of normal eye appearance but also an
appreciation of the variety of ocular lesions encountered in different small ruminant species and breeds.
An ophthalmic examination is strongly indicated for all
sheep and goats exhibiting obvious or primary ocular
or periorbital symptoms. It also should be included as
a key component of a routine physical examination and
whenever systemic disease is present,1 because the overall appearance of the eyes may reflect the general condition of the animal. Information obtained from an eye
examination can be helpful in differentiating among
many systemic diseases, leading to a more precise diagnosis and institution of a tailored treatment regimen.
It is imperative to document historical findings, clinical signs and interpretation, final diagnosis, treatment
administered, and progression of the condition. Record
keeping is invaluable, especially in the management of
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complicated eye diseases or with patients unresponsive
to treatment. Unfortunately, such scenarios are not
always anticipated, so every case should be well documented from the very beginning.2 Special forms are
helpful in organizing the examination process, allowing
efficient recording of all observations in a user-friendly
manner (Figure 14-1). Drawing and labeling a diagram
of the lesions will facilitate objective evaluation of progress over time.

Getting the History
A thorough ophthalmic history begins with ascertaining
the animal’s signalment including age, breed, gender,
pregnancy status, and presenting ophthalmic problem.
Owners and caretakers should be interviewed about
initial signs and symptoms such as presence of ocular
pain (blepharospasm, apparent photophobia or epiphora); nature of ocular discharge, if present; change in
color or size of the eye(s); visual status in bright versus
dim light; and behavioral changes (e.g., isolation from
the rest of the flock). Other factors to identify include
the duration of the ocular condition, its progression
(improving, same, or worsening), and whether it is
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Right eye

Left eye

Orbit/globe position
Normal
Abnormal

Not examined

Orbit/globe position
Normal
Abnormal

Not examined

Eyelids/nictitans
Normal
Abnormal

Not examined

Eyelids/nictitans
Normal
Abnormal

Not examined

Conjunctiva
Normal
Cornea
Normal
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Abnormal

Not examined

Abnormal

Not examined

Conjunctiva
Normal
Cornea
Normal

Anterior chamber/iris/pupil
Normal
Abnormal

Not examined

Anterior chamber/iris/pupil
Normal
Abnormal

Not examined

Lens
Normal

Abnormal

Not examined

Lens
Normal

Abnormal

Not examined

Fundus
Normal

Abnormal

Not examined

Fundus
Normal

Abnormal

Not examined

Abnormal

Not examined

Abnormal

Not examined

Figure 14-1 Ophthalmology examination form.
worse on one side or the same on both sides. Investigate
if related (in case of hereditary conditions) and unrelated herd mates also are affected with similar clinical
signs. Inquire information about treatment administered and whether it changed the appearance, pain or
vision status of the affected eye(s). Next, ask about the
environment in which the sheep or goats are housed
(e.g., indoor (bedding type, air quality), outdoor (pasture, dry lot, stocking density), exposure to temperature
extremes or potential hazards, present and previous
diet, vaccination and deworming status including products used and dates, recent or past diseases diagnosed
in the flock, existence of previous eye problems, medical therapy administered, response to treatment, and

intended use of the animal. Ocular changes can be clues
to an animal’s health status, so questions concerning
the animal’s ophthalmic problems should be accompanied by inquiries about the animal’s physical condition.
The examiner should avoid asking so-called leading
questions that may induce the owner to overinterpret
observed clinical signs.

Initial Vision Assessment
After taking the history, the examiner should observe
the animal’s movements in a small area before beginning the ophthalmic examination. The animal should
be encouraged to maneuver around obstacles in bright
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and dim light. Because sheep and goats have laterally
placed eyes, unilateral blindness is less likely to be compensated for by the contralateral eye. An animal often
turns its head in an attempt to see in front of it when
visual acuity is compromised on one side. If the examiner still harbors doubts concerning vision, each eye can
be covered individually for better assessment.
During initial inspection and before restraint, the
head carriage, appearance and symmetry of the face,
the eyes and periocular region should be first examined
from a distance in normal ambient light for obvious
gross abnormalities. More specifically, periocular swelling or alopecia, palpebral fissure size, ocular or nasal
discharge or dryness, redness or other color changes,
corneal clarity and moistness, and size and position (enophthalmia, exophthalmia, strabismus) of the
globes in their respective orbit should be noted.1,3 In
most cases, enophthalmia is associated with moderate
to severe dehydration, but sunken-appearing eyeballs
also may reflect loss of periorbital fat in animals with
overall poor body condition. During this initial assessment, the animal’s temperament and requisite methods
of restraint also are determined.1

Instruments and Supplies
for Ophthalmic Examination
Ophthalmologic instruments and supplies should be
placed in a portable box or carry-on tote for easy access
on field calls. In a hospital setting, the ophthalmic box
should be located in a designated area of the examination room, readily available for use. Instruments and
supplies recommended for small ruminant ophthalmic
examination are listed in Box 14-1.

Restraint for Eye Examination
The ophthalmic examination ideally is conducted in
dim ambient light, preferably in a darkened room or
stall. If this is not feasible, a blanket or dark cloth can
be used to cover the animal’s head during examination to evaluate the ocular condition.3 In most small
ruminants, this evaluation can be performed using
manual restraint of the animal in a standing posture;
in sheep, “sitting” the animal on its rump is an alternative means of restraint. Depending on the species, size,
and temperament of the animal, placing it in a chute,
stand, or crate and application of halter can contribute
to optimal immobilization. Use of a simple rope halter
helps limit head movement and allows for safe and
expedient completion of the task. If the eye is painful,
topical proparacaine 0.5% can be used to eliminate
superficial (corneal and conjunctival) pain, thereby
facilitating the examination. Swabbing for subsequent
culture and Schirmer tear testing, if indicated, should
be performed before instillation of a topical anesthetic.

BOX 14-1

	Recommended Instruments and
Supplies for Ophthalmologic
Examination

INSTRUMENTS
Direct ophthalmoscope with cobalt blue filter (WelchAllyn) with Finnoff transilluminator head attachment
20-, 28-, or 30-diopter indirect ophthalmoscopy lens
Dressing forceps with serrated tips, 6-inch, or Graefe fixation forceps (nonlocking)
Lacrimal cannula, 22- or 23-gauge
Kimura spatula or cytobrush or microbrush for preparing
cytology specimens
Tonometer (Tonopen or Tonovet)
SUPPLIES
Eyewash
Fluorescein-impregnated paper strips
Schirmer tear test strips
Tropicamide 1%
Proparacaine 0.5%
Culturettes (regular tip and mini tip)
3.5F flexible polypropylene catheter
Glass slides for preparing cytology specimens
Lidocaine 2%
1- and 6-mL syringes
22- and 25-gauge, 1-inch needles
Gauze pads (2 × 2- or 4 × 4-inch)

An auriculopalpebral nerve block may be required for
examination of patients exhibiting severe blepharospasm not alleviated by topical anesthetic.
Chemical restraint usually is not necessary but may
be needed in noncooperative patients or in animals that
must be completely immobilized for more delicate procedures. In such instances, xylaxine (0.05 to 0.1 mg/kg
IV, IM), or butorphanol (0.05 to 0.1 mg/kg IV) alone
or combined with diazepam (0.05 to 0.2 mg/kg IV)
can be administered. Higher dosage or combined
sedation is likely to lead to recumbency. This outcome
should be anticipated and prepared for ahead of time.
It is prudent to have tolazoline (1 to 2 mg/kg IM) or
yohimbine (0.125 mg/kg IV) available for reversing the
effects of xylazine if necessary. Assessment of the neurophthalmic reflexes (palpebral, corneal, menace) must
be performed before auriculopalpebral nerve block and
chemical sedation, because the effects of these techniques may interfere with the animal’s true response.

Assessment of Neurophthalmic
Reflexes
Before touching the head, the examiner should assess
the eyes for symmetry in size and position, note the
presence of abnormal ocular discharge, observe the eyelids as they pass over the ocular surface, and record any
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rubbing, blepharospasm, or other abnormalities. The
menace response can be used to evaluate the optic nerve
(cranial nerve II) and facial nerve (cranial nerve VII) for
presence of vision and ability to blink, respectively. This
is an acquired response and therefore may not occur in
normal lambs and goat kids younger than 2 weeks of
age. In this age group, vision can be better evaluated
by observing the animal’s ability to maneuver around
obstacles in an enclosed area. After checking for the
menace response, the palpebral reflex should be tested to
confirm the presence of the ability to blink and to assess
the completeness of the blink. The palpebral reflex test
is performed by touching the skin around the eye. This
test assesses the trigeminal nerve (cranial nerve V) and
facial nerve (cranial nerve VII).
Both pupils should be assessed for size, shape, and
symmetry under both light and dark conditions without direct stimulation. Shining a focal bright light
source into one eye allows assessment of the pupillary
light reflex (PLR). After the response from the stimulated eye is observed, the contralateral eye should be
quickly assessed for the consensual pupillary response.
The consensual pupillary response is slower and more
incomplete than that in the stimulated eye because of
unequal crossover of the optic nerve fibers at the optic
chiasm. The PLR is a subcortical response that requires
normal function of the retina, optic nerve (cranial nerve
II), midbrain, oculomotor nerve (cranial nerve III), and
iris sphincter muscle. Cortically blind animals have
a normal PLR. The dazzle response assesses the visual
pathway between the optic nerve and the midbrain.
A very bright light source directed toward the eye usually causes a bilateral blink or turning of the head away
from the light stimulus. This is a subcortical response
that reaches the rostral colliculus and also stimulates
the facial nucleus to cause the blink reflex.

Detailed Ophthalmic Evaluation
Abnormalities of the orbit can be assessed by palpation
of the bones of the orbital rim for fractures and asymmetry or by skull radiography. Difficulty in retropulsing
the globe (with the eyelids closed) may indicate a retrobulbar space-occupying mass or other orbital disease.
Difficulty or pain on opening of mouth may indicate
inflammatory orbital disease. Retrobulbar neoplasia
usually does not cause pain on opening of the mouth.
The involved orbit or globe should always be compared
with the contralateral side. The eyelids should be evaluated for entropion or ectropion, complete closure of the
palpebral fissures, increased wetness or ocular discharge
on the hair adjacent to the eyelid margins, and distichiasis or trichiasis.
The nictitans can be examined by pulling the lower
eyelid down and retropulsing the globe. The nictitans
will sweep across the corneal surface. To examine the
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bulbar aspect of the nictitans, after application of topical anesthetic (proparacaine 0.5% or lidocaine 2%) over
the surface of the nictitans and cornea, the nictitans is
elevated by retropulsing the globe, and the margin of
the nictitans is grasped with Graefe or dressing forceps
and pulled up and then out.
The patency of the nasolacrimal apparatus can be
assessed by determining whether fluorescein dye passes
from the lacrimal lake to the nares after it is placed on
the globe and flushed with saline solution. If fluorescein dye is not evident at one or both nares, the examiner can use a 22- or 23-gauge cannula attached to a
6-mL syringe filled with sterile saline solution to flush
the nasolacrimal ducts in an orthograde direction. This
procedure is performed by first applying topical anesthetic (0.5% proparacaine) to the globe and puncta.
The distal blunt end of the cannula is inserted into the
superior puncta, and saline solution is injected until
fluid is seen exiting the inferior puncta. The cannula is
then inserted into the inferior puncta, and again, saline
solution is gently injected until fluid is seen exiting the
distal naris in this case.
The conjunctiva should not be hyperemic, thickened,
or edematous (indicating chemosis). Examination for
hemorrhage, foreign bodies (especially beneath the nictitating membrane), and lymphoid follicle hyperplasia
is indicated. Samples from the conjunctiva for culture
and sensitivity testing, cytologic analysis, immunofluorescent antibody (IFA) testing, polymerase chain
reaction (PCR) assay, and biopsy can be obtained in
physically restrained animals after the application of
topical anesthetic solution. Fluorescein dye should
not be applied before sample collection for IFA testing
because it may cause a false-positive result.4
The cornea is examined with a focal light source for
clarity. A bluish hue is indicative of edema, white opacities may indicate scarring, a yellow-white color is often
associated with white blood cell infiltrate, and red is
consistent with neovascularization. Corneal edema can
result from injury to the superficial corneal epithelium or
corneal endothelium. Corneal ulcers manifest with focal
corneal edema and uptake of dye on fluorescein staining.
Any pathologic process involving the cornea warrants use
of this staining procedure for visualization, because fluorescein is a hydrophilic dye that binds to exposed corneal
stroma but not epithelium or Descemet’s membrane.
The slit beam of a direct ophthalmoscope can be used
to assess the depth of a corneal ulcer by how deeply the
beam is projected on the ulcer. If the ulcer is deep and
fluorescein dye uptake is not evident, a descemetocele is
likely. With a perforated corneal ulcer, aqueous humor
may be seen draining from the perforation, or the iris or
fibrin may occlude the perforation. Such ulcers should
not be manipulated, and minimal diagnostic testing
should be performed, because surgical intervention is
the treatment of choice.
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The anterior chamber is evaluated for clarity and
depth. Damage to the blood-aqueous barrier allows
protein and cells into the aqueous humor, creating
turbidity or the Tyndall effect (aqueous flare). The slit
beam or the smallest circle on a direct ophthalmoscope
can be used to identify aqueous flare. The beam of light
is focused directly on the cornea, which is then observed
at 90 degrees to the direction of the beam as it passes
through the anterior chamber. The light should not be
visible passing through the anterior chamber. Aqueous
flare is seen when protein and cells absorb light and
the light beam is visible passing through the aqueous
humor. A shallow anterior chamber can be caused by
a perforating corneal injury, anterior lens subluxation,
intumescent cataract, iris mass, or iris bombé, characterized by a 360-degree posterior synechia (resulting
in complete adherence of the pupil to the lens), with
the peripheral iris bowing forward. A deep anterior
chamber can be caused by buphthalmia (enlargement
of the globe from glaucoma), posterior lens luxation, or
hypermature resorbing cataract.5
The iris is examined for abnormal color and thickness, and the pupil is examined for abnormal shape
(dyscoria), miosis, or mydriasis inconsistent with the
level of ambient light. Dyscoria can result from synechiae or a mass caudal to or within the iris. Pupil size
should be examined in both bright and dim light, and
the examiner should determine direct and consensual
PLRs. The color and thickness of the iris should be compared with those on the contralateral side; increased
iridal thickness may be obvious in the presence of cellular infiltrate and with anterior uveitis. The granula
iridica should be examined for size and symmetry,
because severe acute or chronic uveitis can cause them
to atrophy.
Intraocular pressure (IOP) in most species is between
15 and 25 mm Hg. The average IOP reported in Corriedale sheep was 10.61 ± 1.4 mm Hg (range, 9 to
13 mm Hg) as measured using a Perkins applanation
tonometer.6 The average intraocular pressure in caprine
species has been reported at 7.9 to 11.8 mm Hg (range,
6 to 14 mm Hg) using a Tonovet rebound tonometer
and 10.8 mm Hg (range, 8 to 14 mm Hg) using a Tonopen applanation tonometer in Pygmy goats.7 In Angora
goats, mean IOP was reported at 13.9 mm Hg (range, 8
to 20 mm Hg) using a Tonopen applanation tonometer.8
The most common tonometers used in veterinary
medicine are the Tonopen applanation tonometer and
the Tonovet rebound tonometer. Both are easy to use
in sheep and goats. With the Tonopen, topical anesthesia is required before the examiner gently touches
the cornea several times to obtain a computer-averaged
pressure reading. The Tonovet does not require topical anesthesia but has a more precise requirement for
head position so that the tonometer probe is parallel
to the ground. The probe assesses IOP at the corneal

surface several times for a computer-averaged pressure
reading, but the examiner does not have to touch the
cornea directly. Proper technique is critical for accurate
IOP readings. The examiner must avoid any pressure
on the globe by placing a finger on the dorsal orbital
rim and on the ventral orbital rim to stretch the eyelids
open. The person restraining the animal must avoid
holding the neck, because any pressure on the jugular
veins will increase IOP. A high reading is consistent
with glaucoma. The lens, vitreous, and fundus are best
evaluated through a dilated pupil. The pupil should be
dilated with a short-acting topical parasympatholytic
such as 1% tropicamide. Time to effect for tropicamide
is 10 to 20 minutes, and the effect lasts between 4 and
8 hours.5 The lens should be evaluated for position and
clarity. Nuclear sclerosis is a normal aging change that
does not preclude evaluation of the fundus but must be
differentiated from cataract. It will appear as a bilaterally symmetric, homogeneous, slight grayness to the
center (nucleus) of the lens.
A fundic examination can be performed by either
direct or indirect ophthalmoscopy. Direct ophthalmoscopy is performed at a distance of 2 to 3 cm from the
patient’s eye. The large circle is used when the pupil is
dilated, and the smaller circles are used when the pupil
is not dilated. The instrument is set at either 0 or the
red (negative diopter) 2 to begin the examination. The
numbers are sequentially changed to bring a lesion into
focus depending on its location. If a lesion is posterior
to the plane of the fundus, it will be in focus at a more
negative diopter setting; a lesion anterior to the plane
of the fundus will be in focus at a more positive (green)
diopter setting. The disadvantages of direct ophthalmoscopy include the small field of view (approximately
2% of the entire fundus), difficulty in examining the
peripheral fundus, and limited ability to see through
any opacification of the clear media. The advantages
of direct ophthalmoscopy include greater magnification and the ability to alter the dioptric strength of the
ophthalmoscope.5
Indirect ophthalmoscopy requires use of a focal light
source, such as the Finnoff transilluminator, to be held
adjacent to one of the examiner’s eyes and an indirect
lens (held at arm’s length) positioned 2 to 4 cm in
front of the patient’s eye after the tapetal reflex has been
identified. A relatively inexpensive, 20- to 30-diopter,
ophthalmic indirect lens is effective. The image seen is
virtual but is inverted and reversed. The advantages of
indirect ophthalmoscopy include a larger field of view
(approximately 40% of the entire fundus depending on
the strength of the lens), which allows the peripheral
fundus to be examined more completely; stereopsis (use
of both of the examiner’s eyes) for depth perception;
and the ability to see through mild to moderate opacification of the clear ocular media. Disadvantages include
the need for a relatively dilated pupil. Examination in a
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Figure 14-2 Normal fundus of a sheep. (Courtesy Dr. Paige
Evans, Leesburg, Virginia/Annapolis, Maryland.)

darkened room along with use of a dimmed light source
often allows fundic evaluation without dilation in herbivores through their horizontally oval pupils. Another
limitation of indirect ophthalmoscopy is that it requires
practice for the examiner to become proficient with the
technique. In examining the fundus by indirect ophthalmoscopy, movement of the examiner’s head should
follow in the direction that is to be visualized within the
fundus. The examiner should have a pattern for examining the fundus beginning with the optic nerve, dividing
the fundus into quadrants, and examining each one by
evaluating the vessels and color of the tapetal and nontapetal fundi (Figures 14-2 and 14-3).

Auriculopalpebral Nerve Block
The auriculopalpebral nerve is a branch of the facial
nerve and provides motor function to the eyelids. It can
be palpated along the dorsal margin of the zygomatic
arch. Local anesthesia of the auriculopalpebral nerve
results in flaccid eyelids, which facilitates manipulations of the lid and examination of the cornea and conjunctiva, especially in a painful eye. When combined
with topical anesthesia (0.5% proparacaine), local anesthesia helps with removal of foreign bodies, cytology,
flushing the lacrimal puncta, and subconjunctival injections. The auriculopalpebral nerve block is performed
by first palpating the nerve over the zygomatic arch and
then tenting the skin over the nerve to insert a 22- or
25-gauge needle to the hub. A 3-mL syringe with 2%
lidocaine is then attached, and 2 to 3 mL of lidocaine
is infiltrated subcutaneously around the nerve.9 Local
anesthesia of the eyelids may be accomplished with up
to 4 to 5 mL of anesthetic infiltrated into each eyelid
quadrant. In small ruminants, the amount of lidocaine
2% used for local anesthetic purposes should remain
below the toxic dose (5 mg/kg).

Figure 14-3 Normal fundus of a goat. (Courtesy Dr. John
Mould, Marlbrook, Leominster, United Kingdom.)

SPECIAL DIAGNOSTIC PROCEDURES
Corneoconjunctival Bacterial Culture
For investigation of suspected bacterial infection of
the eyes, specimens obtained by swab of the conjunctiva, cornea, or third eyelid may be cultured to isolate
and identify the microorganism(s). Aerobic bacterial
cultures are valuable for the diagnosis of infectious
keratoconjunctivitis in small ruminants. Antibiotic susceptibility testing of bacteria isolated should be used as
a guide for therapy.
Reports describing the normal conjunctival flora
of sheep and goats are scarce. In clinically normal
sheep, 60% of eye swabs were negative for bacterial
growth.10 In sheep, the most commonly isolated bacteria were similar to Branhamella ovis (previously Neisseria ovis) and were recovered in low numbers. Other
frequently isolated organisms were Micrococcus and
Streptococcus species. Less common isolates included
Corynebacterium, Acinetobacter, Bacillus, Staphylococcus,
Pseudomonas, Moraxella, Escherichia coli, and Pasteurella.1,10,11 Moraxella bovis is not a cause of infectious
keratoconjunctivitis in goats.11 However, conflicting
reports indicate the possible pathogenicity of Moraxella
in ovine keratoconjunctivitis.12,13

Technique
After gentle retraction of the upper and lower eyelids, the
affected conjunctiva or cornea selected area is swabbed
using a standard tip or micro tip bacterial culturette (e.g.,
Copan Transystem swab or BBL CultureSwab, respectively, both made by Copan Diagnostics, Inc., Corona,
California). Care should be taken to avoid contamination from the palpebral margins. The sample should

416

Chapter 14 • Diseases of the Eye

immediately be placed in the transport tube or plated
onto an appropriate growth medium. Corneoconjunctival swabbing ideally should be performed before application of topical anesthetic or fluorescein stain to the
eyes. Topical anesthetic solutions have been reported to
have antibacterial effects.1 Once collected, the sample
is submitted to a veterinary microbiology laboratory,
with care taken to specify appropriate culture conditions
(especially with Mycoplasma spp.) for the presumptive
clinical diagnosis. Anaerobic bacteria and fungi are rare
ocular pathogens in sheep and goats.11 Fungal cultures
usually can be obtained using standard culturettes;
however, scraping the tissue with a sterile Kimura cytology spatula and placing the sample directly onto fungal
culture media may provide even better results.11

Corneoconjunctival Cytology
Conjunctival cytologic evaluation is valuable for the
diagnosis of infectious keratoconjunctivitis. Corneal
cytologic examination is useful in characterizing cellular infiltrates such as for bacteria, fungi, and type of
inflammatory cells. Cell samples obtained from conjunctival scraping also can be submitted for PCR testing. Before the procedure is undertaken, the cornea and
conjunctiva should be anesthetized with topical 0.5%
proparacaine; an auriculopalpebral nerve block may
be beneficial. If conjunctival follicles are present, these
areas should be avoided to obtain a more representative
sample. Cytologic samples are obtained either by gently
scraping the tissue with a spatula or by using a cytobrush (e.g., Care Express Products, Inc., Cary, Illinois)
or regular-size Microbrush (Microbrush International,
www.microbrush.com), which is simply rolled over the
affected tissue. The cytobrush is inexpensive and very
easy to use and creates slides with evenly distributed
cells with little crush artifact. Cytologic samples should
be very gently rolled or smeared onto a slide and allowed
to dry somewhat for 1 or 2 minutes before staining with
Diff-Quick or Wright’s or Gram’s stain.11,13,14 At least
one slide should always be left unstained for submission to a veterinary clinical pathologist if required.
Viral, mycoplasmal, or chlamydial organisms are poorly
identified by Gram staining.11
Healthy conjunctiva is characterized cytologically
by numerous epithelial cells, occasional lymphocytes,
and rare neutrophils. Intracytoplasmic melanin granules may be observed in dark-faced breeds and can be
mistaken for bacteria or chlamydial elementary bodies. Goblet cells are more common in animals with
subacute to chronic keratoconjunctivitis but can be
a normal finding in corneal or conjunctival cytologic
preparations. Neutrophils are the predominant cell type
seen in acute conjunctivitis, especially of bacterial or
viral origin. A few mononuclear cells, multiple bacteria,
and degenerating epithelial cells also should be present.

Lymphocytes and plasma cells are more typical to
chronic infection. Presence of small numbers of eosinophils in otherwise normal sheep probably indicates a
local reaction to environmental irritants.15

Nasolacrimal Flushing
Signs of nasolacrimal duct obstruction may include
moderate to severe epiphora (wet face appearance) that
persists for days to weeks or accumulation of mucus
or purulent material, in the absence of obvious ocular
lesions or mild conjunctivitis, especially medially. Presumptive diagnosis is made on the basis of delayed or
absent passage of fluorescein stain from the lacrimal
puncta to the nasal punctum. For normograde flushing
of the nasolacrimal duct, after application of topical
anesthetic (0.5% proparacaine or 2% lidocaine) a 5-mL
syringe is filled with buffered saline or eyewash solution, and a nasolacrimal canula or blunted, smooth 20or 22-gauge stainless steel hypodermic needle is used to
canulate the dorsal and ventral lacrimal puncta, near the
medial canthus.1 Fluorescein stain can be added to the
irrigating solution to aid visualization of the fluid passage. In larger patients, a small canine urinary catheter
or 3.5F flexible polypropylene catheter (e.g., Tom Cat
Catheter, Sherwood Medical Industries, Inc., St. Louis,
Missouri) may be used for normograde and retrograde
flushing. In ruminants, the nasal orifice of the nasolacrimal duct is located caudolateral to the alar fold.
Imperforate lacrimal puncta, congenital atresia of
the nasal puncta, or agenesis of the distal nasolacrimal
duct should be suspected in young animals presented
with bilateral nasolacrimal duct obstruction. Surgical
intervention and management should follow published
guidelines for small animals.3

Imaging Techniques
Radiography
Plain radiographs of the skull in dorsoventral, lateral,
anterior-posterior, and oblique views may reveal disease
processes in and around the orbit, paranasal sinuses,
tympanic bulla, and maxillary teeth.3 Radiographic
examination of the small ruminant bony orbit can be
technically difficult and may or may not yield diagnostic images. However, it can be helpful to identify fracture, osteomyelitis with or without bony sequestrum,
soft tissue swelling, and radiopaque foreign bodies in
the ocular or periocular area.16
Contrast radiography can be performed after plain
radiographs have been obtained. This technique is
indicated mainly for performance of dacryocystorhinography, in which a contrast agent is injected into
the nasolacrimal system to achieve radiographic visualization in a patient that is heavily sedated or, ideally,
under general anesthesia. This study may be useful for
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evaluation of patients experiencing chronic or recurrent dacryocystitis, and for localization of foreign body
(typically a grass awn), soft tissue mass, or stricture
within the nasolacrimal system. Two to eight mL of
contrast medium should be slowly infused through
the lacrimal puncta. Lateral and dorsoventral radiographs are sufficient for evaluation of the condition.
If a partial obstruction is present, the ipsilateral nasal
punctum should be occluded during the infusion, with
release of occlusion just before the radiographs are
exposed.

Ultrasound Examination
Ultrasonography is particularly useful to examine intraocular structures that are not visible on the ophthalmic examination and to view the retrobulbar orbital
space. Intraocular tumors, some foreign bodies, retinal
detachment, and retrobulbar masses or abscesses can
be detected using this modality. Ultrasound guidance
also can be used for fine needle aspiration of orbital
and ocular lesions.3 A small, 7.5- or 10-MHz probe in
B-mode is recommended because it provides a twodimensional cross section of the eye.3
The patient is best examined under physical restraint
only, after administration of topical anesthetic and, if
deemed necessary, an auriculopalpebral nerve block.
The ultrasound probe with sterile coupling gel is
applied directly to the cornea or to the shaved eyelids.
Findings from the normal and the abnormal eye should
be compared.

Computed Tomography and Magnetic
Resonance Imaging
Computed tomography (CT) and magnetic resonance
imaging (MRI) are noninvasive cross-sectional imaging
techniques typically available only in referral centers;
however, these modalities provide the most detailed
localization of orbital and periorbital lesions. CT can
facilitate precise placement of the hypodermic needle or
biopsy instrument in a space-occupying mass, to obtain
specimens for cytologic analysis or histopathologic
confirmation. Patients undergoing CT or MRI must be
kept under general anesthesia for maximal diagnostic
yield and safety.

Retrobulbar Needle Aspiration
Retrobulbar aspiration is indicated in patients showing
progressive exophthalmia. For differentiation of spaceoccupying mass in the retrobulbar space, aspirated
material is submitted for cytologic examination and
bacterial culture. The material required and landmarks
for needle insertion are similar to those described for
the Peterson eye block. Use of ultrasound imaging to
guide needle placement usually will yield better diagnostic results.

417

TREATMENT TECHNIQUES
Cleaning the Eyes and Periocular
Tissues
Proper cleaning of the eyes often is done inadequately,
usually owing to a lack of a suitable eyewash bottle.2
A 6- or 8-ounce plastic goosenecked bottle that produces a sizable stream of buffered saline to the eye is
an inexpensive choice for this purpose. Commercially
available eyewash squirt-type bottles also can be used.
In all cases, the examiner must avoid aiming the stream
at the cornea and holding the bottle tip too close to the
eye surface, because either may lead to damage of the
cornea if the animal moves suddenly. Likewise, the tip
should not touch any ocular or periocular tissues, tears,
mucus, exudate, or blood owing to the risk of aspirating contaminated fluids back into the eyewash bottle.
Mucoid or purulent ocular discharge can be wiped off
from the conjunctiva or lid margins with a dry gauze
pad or lightly moistened cotton ball. Care must be taken
to avoid abrasion of the cornea during this process.
In preparing periocular tissues before surgery (e.g.,
tarsorrhaphy, eyelid laceration repair, third eyelid flap),
it is crucial to ensure protection of and avoid irritation
or damage to the eyes. Application of sterile artificial tear
ointment helps protect the cornea. Hair removal near the
eyes requires particular care and should be done using
sharp clipper blades. Repeated lavage using eyewash
solution or buffered sterile saline is warranted after clipping to ensure that all hair particles are removed from
the eye surface, conjunctival sac, and bulbar conjunctiva
of the third eyelid. Povidone-iodine solution (10% solution in sterile saline) is an acceptable detergent for periocular skin preparation. Chlorexidine solutions or scrubs
are very irritating to the eye and should be avoided.

Topical Medications
Administration of topical eye medications in small
ruminants is relatively easy to accomplish when proper
restraint has been obtained but can be challenging in a
noncooperative patient. In most cases, ophthalmic ointments and solutions can be applied to the eye surface
directly from the tube or bottle. An alternative method
of application is by use of a clean gloved fingertip to
smear a ½- to 1-inch strip of ointment across the medial
canthus or one of the lid margins.2 Use of ophthalmic
ointments should be avoided if a deep corneal ulcer or
corneal perforation is suspected, because such preparations are very irritating to intraocular structures. Liquid
medications are administered using one hand below
the mandible to direct the patient’s nose upward while
the thumb holds the lower lid open. The upper eyelid
is retracted with the back of the second hand as it rests
on the patient’s head while holding the medication at a
distance of 2 to 4 cm from the eye surface. A single drop
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is then instilled. The purpose of placing the hand on the
animal’s head is to allow for simultaneous movement
with the animal’s head and decrease the likelihood of
contamination or iatrogenically induced ocular trauma
from contact of the bottle with the patient’s eye.
The choice of topical eye medication formulation
should be based on the specific ocular disease present,
product availability, patient demeanor, and ease of treatment for the caretaker. Several ophthalmic medications,
either solutions or ointments, are commercially available.
Topical ointments have a contact time with the eye of no
more than 20 minutes, and solutions even less. Ointments are appropriate for eyelid, conjunctival, and corneal disease with no threat of perforation; however, many
owners find ointments more difficult to administer, and
their use requires a closer proximity to the eye, risking
accidental contact with ocular structures. Solutions can
be used for eyelid, nasolacrimal, conjunctival, corneal,
and anterior intraocular disease. Systemic therapy is
required for posterior intraocular disease (chorioretinitis), retrobulbar or orbital disease, severe blepharitis,
and severe dacryocystitis. Frequency of topical treatment
depends on the disease and severity of disease being
treated. A septic corneal ulcer should be treated every 2
to 4 hours; however, prophylactic treatment of a superficial, noninfected corneal ulcer can be every 6 to 8 hours.
Anticollagenase drugs for melting corneal ulcers usually
are recommended every 1 to 2 hours. In a mild case of
uveitis, one dose of atropine may provide mydriasis for
several days, whereas in a severe case of uveitis atropine
may be required every 6 hours.
Powdered preparations, sprays, insecticides, mastitis
preparations, or injectable antibiotics are, in most cases,
very irritating to the eyes because of either the carrier
type or an acidic or alkaline pH and should be avoided.

Subpalpebral Ocular Lavage System
For safe and reliable delivery of ophthalmic solutions, a
single-hole subpalpebral ocular lavage system (SPL) can
be a valuable means of providing topical ocular therapy,
especially in a patient with severe ocular disease requiring medication as often as every hour,2 or with a very
painful eye in which direct manipulation and treatment
of the eye can be expected to be difficult. The lavage
apparatus is commercially available (Eye Lavage Kit,
Mila International, Inc., Erlanger, Kentucky) or can be
easily fabricated from polyethylene tubing. Homemade
fabrication of an SPL entails cutting a 90-cm-long piece
of #190 polyethylene tubing and creating a footplate
flange by warming the tube extremity over a match
flame until it is softened and then pressing it gently
against the flat surface of a scalpel blade.17
The patient can be sedated before placement of an
SPL, if necessary. An auriculopalpebral nerve block as
previously described will ease the procedure. The skin at

the exit point of the needle tip, in the area of the dorsal
to dorsolateral orbital rim, is aseptically prepared and
locally anesthetized by infiltrating 2 mL of 2% lidocaine
subcutaneously at the site the needle will exit. Using
a 22-gauge needle hub (obtained by breaking off the
needle while leaving the hub attached), 2 mL of 2%
lidocaine is sprayed into and across the dorsal conjunctival fornix. The lavage tubing is secured into a hubless
needle. The needle-tubing unit is held in one sterilely
gloved hand; the needle tip securely positioned along
the veterinarian’s index finger. Before insertion in the
palpebral fissure, the veterinarian’s hand is turned such
that the index fingernail lies between the cornea and
the needle.17 The operator’s opposite hand should lift
the upper eyelid away from the cornea. The finger and
needle are then pushed dorsolaterally through the palpebral conjunctiva of the upper eyelid until the needle
is touching the inside of the orbital rim. Once properly
positioned, the needle is fully inserted through the
upper eyelid, just rostral to the orbital rim, and the lid
is released. The tubing is gently pulled through until the
footplate reaches its destination in the dorsal conjunctival fornix. An alternative placement in the lower, medial
conjunctival fornix between the eyelid and nictitans has
been described in the horse.18
Waterproof “butterfly” tape is placed around the tube
and sutured to the skin at the lavage exit point from the
upper eyelid, to prevent retrograde movement of tubing and footplate and potential damage to the cornea.
A 20-gauge, 2-inch intravenous catheter is carefully
inserted in the extremity of the polyethylene tubing and
then occluded with an injection cap. To avoid tubing
damage, the stylet should be retracted 2 to 3 mm from
the catheter tip during placement. Additional butterfly
suture units are placed along the length of the tubing as
needed. To prevent breaks, the remaining free portion
of the tubing and catheter is folded (not bent), taped
along a wooden tongue depressor or similar light plastic
device, and secured to the animal’s halter or dorsum. A
regular halter must be left in place until the ocular condition is improved enough to warrant removal of the SPL.
Once the SPL is in place, the dead space in the tubing is measured by slowly injecting eyewash through
the system and measuring the amount injected as soon
as it is seen coming out the eye. This is the volume of
air that should be used to push medication through the
tubing. Excessive air pushed through the tubing blows
on the cornea, which is uncomfortable for the patient.
For each treatment, 0.1 mL of ophthalmic solution is
administered through the injection cap of the subpalpebral lavage system.
Medications should be given individually as combining some drugs cause precipitates in the tubing19 and
risks diluting the effectiveness of medications. Minor
lid swelling can be expected within 48 hours after SPL
placement. The swelling must be differentiated with
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migration of the footplate subconjunctivally which
occurs more commonly with small home-made footplate. Tearing in the lavage tubing as well as loss of the
injection cap also can occur. A tubular stockinette can
be placed and fitted around the head of the patient to
protect the tubing from getting caught on objects and
subsequently torn. Improper placement of the lavage
system or loosening of the butterfly sutures can result
in corneal ulceration as a consequence of rubbing of
the footplate on the cornea. It is therefore essential to
check for and correct such technical problems: loose
tubing should be tightened and an improperly placed
SPL must be removed promptly.

Subconjunctival Injections
Subconjunctival injections with antibiotics are meant to
provide a drug deposit or an initial high drug concentration locally. They frequently are administered by everting
a lid and injecting beneath the palpebral conjunctiva.
Depending on the volume injected, a small portion of
the drug will leak from the needle tract onto the surface
of the eye and mix with the tear film. Local antibiotic
concentration may be high initially but drug persistence
over time is expected to be short-lived. Owing to the
specifics of eyelid vasculature and lymphatics, the major
portion of the injected drug is quickly absorbed into the
systemic blood circulation, where it is unavailable for
treating the affected globe. Therefore subconjunctival
injections are not recommended for treatment of infectious intraocular diseases in small ruminants.
An alternative and potentially more effective technique consists of injection of nonirritating antibiotics
(e.g., procaine penicillin G) under the dorsal or dorsolateral bulbar conjunctiva, using a 25-gauge needle
(Figure 14-4). Before injection, proper restraint (physical or chemical) combined with an auriculopalpebral
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nerve block is desirable. A few drops of topical ophthalmic anesthetic (e.g., proparacaine) are instilled to
improve patient compliance. A total volume of 0.5 mL
should be sufficient in most sheep and goats. Care must
be taken to avoid penetrating the globe. Slight hemorrhage at the injection site may occur, and the blood will
resorb over a 7- to 10-day period. Subconjunctival injection of antibiotics should not be substituted for topical
antibiotic administration.20

Tarsorrhaphy and Third Eyelid Flap
When protection and support of the cornea is indicated
(e.g., with severe corneal ulcer or facial nerve paralysis
with subsequent exposure keratitis), a temporary tarsorrhaphy or third eyelid (nictitans) flap procedure can be
performed with the use of light sedation, auriculopalpebral nerve block, and topical anesthesia.

Tarsorrhaphy
The technique of tarsorrhaphy, using horizontal mattress sutures, is useful in cases requiring short-term
corneal protection, for a few days to a few weeks at
most.18 Nonabsorbable suture, 3-0 or 4-0, is first placed
through a stent (made from a rubber band, intravenous
drip set tubing, button). A partial-thickness bite of the
lower eyelid is then made, with the needle entering 3 to
4 mm below the lower lid margin and exiting beneath
the lashes, through the center of the hairless portion of
the lid margin (Figure 14-5). While the cornea is protected, the suture is continued through the opposite lid
margin center and exits the skin in a similar fashion.
A second stent is placed, the needle direction is reversed,
and the mattress suture is completed by taking a final
bite through the lower eyelid stent. Care must be taken
to achieve apposition of the lid margins and to avoid
inversion (entropion), which could lead to further damage of the cornea. Depending on the size of the palpebral fissure, approximately 5 to 7 horizontal mattress
sutures may be necessary to complete the tarsorrhaphy.
The lid margins are carefully apposed; then each horizontal mattress is secured in place with either regular
knots or bow-type knots. The use of bow-type knots is
preferred because it allows examination of the affected
eye at regular intervals by untying the bows.

Third Eyelid Flap

Figure 14-4 Injection of procaine penicillin under the dorsal bulbar conjunctiva.

A third eyelid flap may be used in selected cases of
ulcerative keratitis as a temporary ophthalmic bandage.
The flap technique is advantageous in that it provides
slightly more intimate contact with the cornea than
that afforded by a tarsorrhaphy. After administration of
a topical anesthetic combined with a local block over
the dorsolateral aspect of the upper eyelid, the nictitans
is sutured to the dorsolateral fornix of the upper lid
with one or two simple interrupted horizontal mattress
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Figure 14-5 Placement of temporary tarsorrhaphy sutures and stents.
sutures, with bites spaced accordingly. The preferred
suture material is 2-0 or 3-0 nonabsorbable monofilament. If the flap is to be left in place for several weeks,
the sutures should be first placed through stent tubing
and tied with bow-type knots, similarly to that just
described for tarsorrhaphy, to allow follow-up examination of the cornea and intraocular structures. Nonabsorbable sutures should be removed as soon as ocular
disease has resolved.21
In brief, the sutures are preplaced using a curved
cutting needle directed through the skin and conjunctiva of the upper eyelid, 1 cm from the lid margin. The
upper lid is grasped and pulled away from the globe as
the needle is directed out through the palpebral fissure,
guarding the cornea. With the third eyelid extended, a
partial-thickness horizontal mattress-like bite is taken
through the palpebral or front surface of the nictitans,
2 to 3 mm from its free edge. A partial-thickness bite
in the cartilage is acceptable so long as it remains on
the palpebral surface of the third eyelid. The sutures
should not be placed around the base of the T-shaped
cartilage or on its caudal or bulbar surface.17 The suture
is completed by passing it back through the palpebral
conjunctiva and skin so that the final bite is 2 to 4 mm
from the first. An additional suture is preplaced in a
similar fashion. Before tying is completed, the sutures
are pulled in unison to allow the nictitating membrane
to sit as deeply as possible in the dorsal conjunctival
fornix, avoiding corneal injury by the suture material.
Tarsorrhaphy and creation of a third eyelid flap are
procedures with the primary goal of supporting the
globe. They should be avoided in cases of melting corneal ulcers, ulcers deeper than three quarters of the corneal stromal thickness, and infected ulcers. Institution of
an appropriate primary therapeutic regimen must precede their implementation, and the regimen should continue as needed on the basis of follow-up evaluations.

Housing and Feeding
Recommendations
Sheep and goats experiencing ocular diseases, regardless of the nature of the condition, must be housed in
shaded areas, away from prevailing winds and dusty

environments. Offered feedstuff, more specifically forages, should be fed on the ground. Animals eating hay
from an elevated feed trough may further worsen their
ocular condition, especially when a deep or melting
corneal ulcer is present.
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PATHOLOGIC CONDITIONS
OF THE EYELID, THIRD EYELID,
AND NASOLACRIMAL DUCT
Entropion

within 48 hours of birth for best outcome.4 For economic reasons, entropion in lambs has been treated
with subcutaneous injection of benzathine or procaine
penicillin to physically alter lid alignment. The injected
drug acts as a local irritant that often causes sufficient
fibrosis to correct the problem. Approximately 1 to
2 mL of penicillin (sufficient to evert the eyelid) is
injected in a linear fashion just parallel to the affected
eyelid margin.1-3,6,7 Another method for producing
local irritation involves application of a hemostat on
the skin just below and parallel to the eyelid margin for
a period of 30 seconds.1,3,4,8
Placement of two or three vertical mattress sutures
of 2-0 or 3-0 nylon or surgical skin staples (Figure
14-7) is preferable to injection or local irritation techniques.1-4,6-9 Skin staples, currently in favor, have the
advantage of being easy to apply as well as less traumatic and irritating, with persistence in the tissues for
longer than sutures.9 In most cases entropion is effectively treated with these nonsurgical methods. Surgical
correction should be considered only when temporary
eversion techniques have not been successful.7 Because
the condition generally progresses and improves over
time, it is strongly recommended to delay permanent
surgical correction of entropion to animals of at least
4 to 6 months of age7 or ideally, until facial maturity is
reached.9

Entropion is an inward rolling of the eyelid margin
that causes a contact irritation of the cornea and conjunctiva by the eyelashes and periocular hair. Entropion has been reported to be the most frequent ocular
disease of neonatal lambs.1 If entropion is congenital
(or primary), usually only the lower eyelid is affected
and the condition is bilateral.2-4 Congenital entropion
is considered to be a genetic defect in sheep; however,
the mode of inheritance is not clear.5 Acquired (or
secondary) entropion may result from trauma, severe
dehydration, loss of retrobulbar fat secondary to emaciation or old age, microphthalmia, phthisis bulbi, or
painful corneal or conjunctival conditions that cause
contraction of the retractor bulbi muscle and blepharospasm (Figure 14-6).

Clinical Signs
Besides eyelid inversion, clinical manifestations of
entropion ordinarily are observed in lambs during
the first few days to weeks of life and may include
blepharospasm, photophobia, eye rubbing, and keratoconjunctivitis. Epiphora may be present initially, but
ocular discharge becomes mucopurulent as secondary
bacterial keratoconjunctivitis develops.1-4 Secondary
or acquired entropion usually is unilateral and may
involve either the upper or lower eyelid. Animals of any
age may be affected.3,4

Treatment
Initial treatment of entropion generally is conservative and involves the administration of topical antibiotic ointments and nonsurgical attempts to evert
the affected eyelid(s). Antibiotic ointments should be
applied at least every 8 to 12 hours, especially in the
early course of the disease. Topical 1% atropine is indicated if severe ocular pain and ciliary spasm are present
and should be administered every 12 hours until the
pupil is dilated, after which the frequency of administration may be reduced.3
Nonsurgical eversion of the affected eyelid may be
attempted using a variety of methods, ideally instituted

Figure 14-6 Entropion of the lower eyelid in an adult goat.
(Courtesy Dr. Ralph Hamor, Champaign, Illinois.)
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Figure 14-8 Hotz-Celcus procedure for correction of
entropion.

B

C

Figure 14-7 Nonsurgical correction of entropion in lambs
using temporary “tacking” sutures or staples.

of the eyelid. A second incision that arcs between the
ends of the first incision is made, creating the crescentshaped skin flap. The skin defect is closed in one layer
with a series of small, closely spaced simple interrupted
sutures placed perpendicular to the eyelid margins.
Closure should begin in the middle of the incision or
widest point of the resected tissue and proceed to the
edges, to ensure even skin tension across the suture
line. Soft, monofilament (polybutester or nylon), fine
(3-0 to 4-0) suture material is recommended. The clinician should take care to tie knots away from the cornea,
to prevent irritation. Sutures should be removed in
10 to 14 days. Topical antibiotics should be continued
for several days after surgery or until any corneal ulcers
have healed. Systemic administration of a nonsteroidal
antiinflammatory agent also is indicated to alleviate
pain and reduce soft tissue swelling in the postoperative period.

Prevention
Surgical correction of entropion, also referred to
as the Hotz-Celcus procedure (Figure 14-8), is best
undertaken with the animal anesthetized and placed
in lateral recumbency. After surgical preparation of the
area, a crescent-shaped flap of skin is removed from the
affected eyelid using a No. 15 scalpel blade. The flap of
skin to be removed is first incised 1 to 2 mm distal to
the eyelid margin (e.g., at the haired-nonhaired border) and is made 3 to 4 mm wider than the affected
area. Placement of a sterile tongue depressor, Jaeger lid
plate, or scalpel handle underneath the eyelid in the
conjunctival fornix facilitates incision and dissection

Congenital entropion is suspected to be a heritable trait,
and affected animals should not be used for breeding
purposes.2,3,7,8 The genetic factors resulting in congenital entropion are unknown, but the trait is believed to
be multifactorial, involving more than simple autosomal recessive inheritance.2,4,10 Dusty or windy conditions may contribute to the development of entropion
in genetically predisposed animals.7 From 4% to 80%
of a flock may be affected with congenital entropion,
and usually several lambs are affected in the new lamb
crop.11 By contrast, acquired or secondary entropion
normally affects only single animals.4
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Ectropion
The most common causes of ectropion include iatrogenic overcorrection of entropion and trauma.1,3,4
Ectropion is relatively rare in sheep and goats.3,4
A congenital upper eyelid eversion has been described
in Piebald sheep.12

Clinical Signs
Clinical signs of ectropion include drooping of the
affected eyelid, epiphora, and exposure keratoconjunctivitis.4 Some sheep display mild drooping of the eyelids
as a normal conformational variation. Mildly affected
animals may be predisposed to development of conjunctivitis, but most have no clinical signs of ocular disease.1

A

Treatment
If surgical correction is necessary, a V-to-Y blepharoplasty or eyelid shortening procedure is recommended,
using techniques as described for other species.1,3,9

Eyelid Trauma
Traumatic injury to the eyelids may result in defects that
require surgical removal or reconstruction, especially
when involving the lid margins. Minor and major injuries necessitate cleaning and débridement and primary
closure (apposition) of the tissue (Figure 14-9). Prompt
treatment is essential to avoid distortion, scarring,
infection, and loss of lid function.13 Preservation of the
eyelid margin, if at all possible, is paramount, because
loss or distortion of this margin will result in permanent hair irritation to the cornea or conjunctiva in the
affected area.
Surgical preparation must be gentle to prevent further edema. Tissue débridement must be minimal,
with freshening of the wound margins (e.g., scraping
the laceration edges with a scalpel blade until they
are cleaned of obvious debris and exudates), and any
bleeding is noted.9 A two-layer closure with small (3-0
to 4-0) suture is recommended. The first repair is in
the subcutaneous layer just above the conjunctiva, with
care taken not to penetrate the conjunctiva, using soft,
absorbable, braided suture in a simple continuous pattern. For the second layer, the skin edges are apposed
with nonabsorbable sutures in a simple interrupted
pattern. A figure-eight suture is ideal at the eyelid
margin to provide apposition across the eyelid while
keeping the knot away from the lid margin.13 Topical
and systemic antibiotics should be used perioperatively.
Standard wound hygiene and application of fly repellent are desirable measures. Duration of post operative
treatment (typically 5 to 7 days in most patients) will
vary on a case-by-case basis. Systemic administration of
nonsteroidal antiinflammatory drugs and application
of warm compress postoperatively may minimize pain

B
Figure 14-9 Lower eyelid laceration in a pygmy goat before
(A) and after (B) surgical repair. (Courtesy Dr. Ralph Hamor,
Champaign, Illinois.)

and swelling.9 To prevent self-trauma, an Elizabethan
collar may be indicated.

Bacterial Blepharitis
Bacterial blepharitis may be caused by Dermatophilus congolensis, Actinobacillus lignieresii, and Clostridium novyi.3,4
A. lignieresii infections are characterized by pyogranulomatous nodules with draining tracts. Impression smears
of exudate reveal clumps of filamentous gram-negative
bacteria and inflammatory cells.3 “Bighead” (C. novyi
infection) usually occurs in rams as a consequence
of head trauma during fighting and butting. Affected
animals exhibit extensive facial and cervical swelling
that may involve the eyelids.3,4 Blepharoedema may be
severe enough to obliterate the palpebral fissure, leading to blindness, or may cause exposure keratitis when
the animal is unable to close the eyelids fully.4

Treatment
Prevention of C. novyi infection through proper immunization and selective isolation of breeding rams is the
most reasonable approach. However, when the disease
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is diagnosed, systemic antibiotics (e.g., penicillin), antiinflammatory therapy, and supportive treatment for the
eyes such as application of topical antibiotic ointments
are warranted.4 (see Chapter 16)

Viral Blepharitis
Inflammation of the upper and lower eyelids can be
associated with numerous pathogens, several of which
cause systemic diseases that are likely to affect other
body systems. Viral causes of blepharitis in small
ruminants include parapoxvirus infections such as
contagious ecthyma (orf, sore mouth) and ulcerative
dermatosis (lip and leg ulcer), sheep pox and goat pox
(capripoxiviruses), and bluetongue, caused by an orbivirus transmitted primarily through the bite of Cullicoides midges (gnats).3,4

Clinical Signs
Lesions of contagious ecthyma are characterized by
vesicles or pustules that rapidly progress to proliferative,
coalescing, scab-like crusts of the face, especially at the
mucocutaneous junctions of the mouth and nose and,
less frequently, the eyelids.14 Owners and clinicians
should wear gloves when treating animals exhibiting
signs of orf, because of its zoonotic potential. Similarly,
ulcerative dermatosis virus may cause encrusted but
nonproliferative ulcerations of the eyelids of sheep.
Sheep pox and goat pox are mostly exotic to North
America, although goat pox has been reported in parts
of the United States.15 The disease affects animals of
all ages and causes pyrexia, anorexia, conjunctivitis,
rhinitis, and skin lesions on the eyelids. Morbidity and
mortality rates are high. The lid lesions first appear as
circular (1 to 3 cm) hyperemic maculas, progress to
raised firm papules, and eventually become delicate
scabs that can be easily removed.4
Clinical manifestations of bluetongue are more likely
to be observed in ovine than in caprine species and
include blepharitis, blepharoedema, blepharospasm,
and conjunctivitis,3,4 accompanied by pyrexia, oral
ulcerations, cyanotic tongue, and abortion in pregnant
females. Other ocular lesions associated with this disease include hyperemia and eczema of the adnexal skin
and retinal dysplasia.3

Treatment
No antiviral drugs have been developed for treatment
of viruses of veterinary ophthalmic importance.9 Therefore treatment of viral blepharitis in small ruminants
is largely symptomatic and involves frequent cleaning of the eyelid margins followed by application of
ophthalmic antibiotics to prevent secondary bacterial
infection.3 Use of attenuated vaccines is the preferred
control measure for sheep pox and goat pox because
of the long-lasting immunity.16,17 Providing adequate

nutrition and maintaining hydration are essential,
especially for systemically ill patients. Along those lines,
antiinflammatory agents may be beneficial. Affected
animals should be isolated, and contamination of ophthalmic ointment tubes must be avoided.3

Fungal Blepharitis
Dermatophytosis or ringworm is due to skin infection
caused by Microsporum and Trichophyton species. It is
uncommon in goats and rare in sheep.

Clinical Signs
Clinical manifestation of dermatophytosis includes
facial alopecia and crusting that may affect the eyelids. The lesions often are circular. Pruritus is variable
in severity but usually is mild. Young goats are most
commonly affected, and cases are most likely to occur
during late winter and early spring.3 Diagnosis may be
based on fungal culture, fungal growth on dermatophyte test media (i.e., a DTM plate), and microscopic
examination of affected hairs after application of potassium hydroxide (KOH). For fungal cultures, broken
hairs at the periphery of the lesions constitute the
sample of choice.15 Dermatophytes are potentially zoonotic, and people should wear gloves when examining
and treating infected animals.

Treatment
Fungal blepharitis usually is self-limiting, and most animals recover in the spring with improved pasture conditions. Symptomatic therapy may involve the application
of topical antifungal ointments or shampoos.3

Parasitic Blepharitis
A variety of ectoparasite infestations can lead to blepharitis either directly through the effects of the parasite
itself or indirectly, from the pruritus and consequent
self-induced trauma. Chorioptic, psoroptic, or sarcoptic
mange may cause intense pruritus but rarely involves
only the facial area.3 Diagnosis is based on clinical
signs and confirmed by microscopic examination of
skin scrapings. Other external parasites that may cause
blepharitis include sheep keds, biting and sucking lice,
and ticks.3,4
The nematode Elaeophora schneideri may be the
source of infection by aberrant migrating larvae in
sheep and goats living in the Western states. Elaeophoriasis, or “sorehead,” occurs in the high mountain
regions of the western United States, where small ruminants are pastured near deer, the definitive host.1,7 The
horse fly is the intermediate host.4 Clinical signs of
E. schneideri infection in small ruminants and elk
include facial swelling, blepharospasm, keratoconjunctivitis, alopecia, ulceration, and encrusted lesions of the
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face.1,6 Sorehead most commonly affects adult sheep
during the fall and winter.1,7 Diagnosis is based on
consistent presence of clinical signs in animals residing
in endemic areas and demonstration of E. schneideri
microfilaria in skin or conjunctival biopsy specimens.

Treatment
Mite infestations can be treated by ivermectin administration (0.2 mg/kg SC at 14-day intervals for two to
four treatments),15 pour-on eprinomectin, insecticide
dips, and local application of insecticides as necessary.3
Reported effective treatments for E. schneideri infection
include piperazine (50 mg/kg PO) and diethylcarbamazine (100 mg/kg PO). The efficacy of ivermectin
against this parasite is unknown.7

Miscellaneous Causes of Blepharitis
Other causes of blepharitis and blepharoedema include
photosensitization, solar dermatitis, contact hypersensitivity dermatitis, and cutaneous myiasis.3,6

Neoplasia
Neoplasms reported to affect the eyelids of sheep and
goats include squamous cell carcinoma, fibroma, fibrosarcoma, melanoma, and papillomatosis.3,6,18 Involvement of peripheral adjacent lymph nodes or other
ocular structures should be determined at time of evaluation. Papillomavirus infection has been documented
to cause eyelid warts.3,6 In immunocompetent animals,
warts generally are fairly benign and self-limiting.

Treatment
Papillomas that interfere with eyelid function or irritate
the cornea should be removed.3 Treatment selection for
benign and malignant eyelid neoplasms is determined
by the invasiveness of the tumor and may involve
surgical debulking followed by cryotherapy or local
radiofrequency hyperthermia, “block” surgical removal,
or CO2 laser excision. Surgical debulking with adjunct
cryotherapy or hyperthermia is a simple, effective, rapid,
and affordable approach for use in small ruminants.
Before surgical debulking, proper restraint and local
infiltration of 2% lidocaine is recommended. A No. 15
or No. 10 scalpel blade is used to shave as much of the
raised portion of abnormal tissue as possible, ideally
to the level of the normal skin underneath. If present,
significant hemorrhage should be controlled appropriately. In performing cryotherapy, liquid nitrogen is used
to freeze the tissues to −30° C at least twice and up
to three times, with complete thawing between freeze
cycles.18 A nitrous oxide cryotherapy unit with probe
is preferred for close contact with small or pedunculated lesions (less than 5 mm in diameter); however, a
spray delivery system with liquid nitrogen may be used
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with larger, broad-based lesions (greater than 5 mm).
Extreme care must be taken to avoid freezing normal
ocular and periocular tissues. A piece of Styrofoam cup,
shaped according to the area to be protected, works well
for this purpose. In performing radiofrequency hyperthermia, the surface probes of the unit are used to heat
the tissues to 50° C for a period of 30 seconds.18,19 In
horses and cattle with ocular squamous cell carcinoma,
the latter technique is not recommended for large
tumors (5 cm in diameter or greater) with deep eyelid
penetration.20 Follow-up evaluation is recommended,
and retreatment may be necessary in some cases.

Surgical Removal
Selection of the most appropriate surgical approach for
en bloc (“block”) resection of eyelid neoplasm is based
on its size, location, and nature. Surgical resection of
small tumors or masses can be performed through an
elliptical or tent-shaped incision, as described elsewhere.21 For removal of larger tumors, a wedge resection, H- or V-to-Y blepharoplasty may be indicated.9,22
Topical antibiotic ointments should be administered
for several days after surgery (see Chapter 10).
No matter which technique is used for treatment of
eyelid neoplasms, as much of the tumor as possible
should be removed, and margins of the excised tissue
should be examined histologically.

Third Eyelid Diseases
Abnormalities of the nictitating membrane are uncommon. Lymphoid follicles of the third eyelid may be
very prominent in cases of infectious conjunctivitis,
especially if the condition is caused by chlamydial
organisms. Carcinomas and adenocarcinomas affecting the third eyelid may be treated by local excision or,
preferably, removal of the entire nictitating membrane.3
Third eyelid amputation is simple, requiring proper
head restraint and use of an auriculopalpebral nerve
block coupled with topical anesthetic. In brief, the third
eyelid is grasped and fully exteriorized. One or two
curved hemostats are clamped across the base of the
nictitans, proximal to the lesion. Using a scalpel blade
or a sharp pair of scissors, the tissue distal to the hemostat is resected along the clamp. The hemostatic clamps
are left in place for at least 2 to 3 minutes for proper
hemostasis. If clamps are not used, slight hemorrhage
can be anticipated but poses no problem. Microscopic
examination of the lesion and its surgical margin is
valuable in confirming the diagnosis and establishing
a prognosis.22
In cases of tetanus (Clostridium tetani infection), the
third eyelid of affected small ruminants often is prolapsed. Also reported in association with this condition
is mild bilateral exophthalmia secondary to retraction
of the eyelids.
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Nasolacrimal Duct Disease
Disease of the nasolacrimal duct of sheep most commonly is caused by larvae of the nasal bot (Oestrus ovis).
Normally the larvae of the nasal botfly mature in the
frontal and nasal sinuses until they are sneezed out to
complete their life cycle. Occasionally, larvae may aberrantly migrate up the nasolacrimal duct and enter the
conjunctival sac, causing local inflammation.

Clinical Signs
Clinical signs of ocular or nasolacrimal infection
include epiphora, mucoid or mucopurulent ocular
discharge, and conjunctivitis. Affected animals also may
exhibit frenzied behavior to avoid adult botflies, stomp,
or sneeze and may have a nasal discharge. Finding the
larvae in the conjunctival sac is diagnostic.

Treatment
Treatment involves mechanical removal of visible larvae, flushing of the nasolacrimal ducts, and administration of ivermectin (0.2 mg/kg SC). Nasal bot infections
are most effectively treated in the fall, when larvae are
smaller.3,7
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PATHOLOGIC CONDITIONS OF THE
CONJUNCTIVA AND CORNEA
General Considerations
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Conjunctival Trauma
Goats and sheep have large, prominent eyes that may
be traumatized by fencing, feeders, and coarse forage
during browsing. Dusty or windy conditions also may
cause an irritant conjunctivitis.

Clinical Signs
Animals with conjunctival trauma often have conjunctival hemorrhage and swelling. If the globe appears soft (as
in decreased IOP) or the anterior chamber is shallow or
flat, a scleral or corneal laceration is likely. Subconjunctival hemorrhage often is an incidental finding in neonates
and is caused by minor trauma during parturition.
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Treatment
In simple, uncomplicated cases, conjunctival irritation
or minor traumatic injury tends to heal rapidly, within
24 to 48 hours.1 Treatment with topical broad-spectrum
antibiotic ointments (e.g., neomycin–polymyxin B–bacitracin ointment) can be given to prevent secondary
bacterial infections and to provide corneal lubrication.2
More severe lacerations should be flushed with buffered
saline to ensure removal of foreign bodies, sutured with
6-0 or 7-0 polyglactin 910 (Vicryl) or polydioxanone
(i.e., PDS) under a magnifying loupe, and treated with
topical antibiotics.1

Corneal Trauma
Corneal trauma may be due to penetrating foreign bodies, lacerations from sharp objects in the environment,
or abrasions causing ulcerative keratitis. Regardless of
the type of trauma, prognosis should be established as
indicated by depth of the laceration, involvement of the
lens, and extension of the laceration beyond the limbus.1

Treatment
Small, superficial foreign bodies such as particles of
plant material that are adherent to or superficially
embedded in the cornea must be removed to limit pain
and to prevent secondary bacterial infection and scar
formation. Adhered foreign bodies are best removed
with flushing, with a fine but forceful stream of saline
or eyewash solution directed at the cornea after application of a topical anesthestic (0.5% proparacaine).1
Embedded foreign bodies usually are easily removed
using cotton-tipped applicators or ophthalmic forceps.
After foreign body removal and with nonpenetrating
corneal lacerations, broad-spectrum topical antibiotics
and 1% atropine should be administered for several
days, as with treatment for a simple corneal ulcer.2
Deep corneal ulcerations warrant bacterial culture and
cytologic study to direct specific antimicrobial therapy.
Small, sealed (with fibrin or iris) corneal perforations
can heal with medical management and result in a visual
eye so long as a pupil is maintained. Antibiotic and
atropine solutions should be used rather than ointment,
because ointment in the anterior chamber can exacerbate the anterior uveitis. The wound should be allowed
to vascularize and form scar tissue, and when healing is
complete, the blood vessels will regress on their own.
For animals with large perforating wounds, loss of
the pupil, rupture of the lens, or corneal lacerations
extending past the limbus into the sclera, the prognosis is poor, and referral to an ophthalmologist for
eye enucleation is recommended. Chemical injuries
to the cornea and conjunctiva may be caused by direct
contact with insecticide dips or sprays, shampoos, or
disinfectants. In the case of chemical injury, immediate
lavage with large volumes of isotonic saline or ordinary
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tap water is essential to flush the conjunctival sac and
dilute the offending agent. After lavage, the eyes should
be treated with topical antibiotics and atropine. Topical
anticollagenase preparations such as acetylcysteine 8%
to 10% may be beneficial to control ongoing keratomalacia. Systemic antiinflammatory agents are indicated to
control secondary uveitis.2

Infectious Keratoconjunctivitis
Infectious keratoconjunctivitis (IKC), also known as
“pinkeye,” is recognized worldwide as a common contagious disease affecting the eyes of domestic and wild
sheep and goats.3,4 Although numerous agents have
been associated with this condition, only two, Mycoplasma conjunctivae and Chlamydophila pecorum, are considered to be the primary etiologic pathogens.5-7

Mycoplasma Keratoconjunctivitis
Mycoplasma species (M. conjunctivae, Mycoplasma mycoides subsp. mycoides, Mycoplasma capricolum, Mycoplasma
agalactiae, and Mycoplasma arginini) are important and
frequent pathogens causing IKC in small ruminants.
Within this group, M. conjunctivae appears to be the
most commonly isolated pathogen. Other clinical syndromes associated with mycoplasmal infection in small
ruminants include pleuropneumonia, arthritis, mastitis,
and cellulitis.8-10

Clinical Signs
Classic clinical signs of ocular mycoplasmal infections
are conjunctival hyperemia, photophobia, blepharospasm, and epiphora, which may become mucopurulent.6,10-16 Corneal neovascularization and opacification
beginning at the limbus and progressing centrally may
occur in some cases.6,12-16 Occasionally, accompanying
conjunctival follicles may be noted. In severely affected
animals, findings may include anterior uveitis,17 corneal ulcers, and temporary or persistent blindness
consequent to intense corneal opacity.3,10-14,18 In one
study, 9 clinically affected bighorn sheep were followed
over time and found to be blind for approximately
38 days on average.3 Three regained eyesight after being
blind for 44 days. Six did not improve and eventually died after a period of 36 days. Clinical signs of
M. conjunctivae infection are more common and severe
in adult sheep than in lambs.6,14 Milder cases are usual
in goats.19 The condition may be bilateral or unilateral.
Apparent healthy carriers of M. conjunctivae have been
described in ovine species.20

Diagnosis
Diagnosis of mycoplasmal infection is based on
clinical signs, IFA staining of conjunctival scrapings,
and positive culture of lacrimal secretions, blood,
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or milk.6,13 Conjunctival scrapings stained with
Giemsa-type stains may reveal basophilic, coccobacillary organisms within the cytoplasm of the epithelial cells.6,13,14 Conjunctival neutrophils, lymphocytes,
and plasma cells, as well as necrotic epithelium, also
may be observed.13 Culture results are more likely to
be positive when swabs are obtained soon after the
onset of clinical signs14 and placed immediately into
Mycoplasma transport medium.6 M. conjunctivae also
can be detected rapidly with a high level of sensitivity
using real-time polymerase chain reaction (rt-PCR)
techniques on conjunctival swab samples.21 An indirect serum antibody enzyme-linked immunosorbent
assay (ELISA) has been developed to identify infected
sheep herds.22

Treatment
Many cases of IKC are self-limiting, and the condition may resolve completely within a few weeks
without treatment.10,12,16 However, the immunity to
Mycoplasma-associated keratoconjunctivitis is poor,
and relapses in individual animals and recurrence
of outbreaks in flocks are common.8 The disease can
be spread to other flocks by clinically healthy sheep,
because the organism can persist in the ocular and
nasal secretions for 3 and up to 6 months after apparent clinical recovery from the disease.6,20 Therefore
both systemic and topical antibiotic therapies have
been recommended, and antibiotics may speed the
recovery of affected animals.16,23 Systemic tylosin,
oxytetracycline (10 to 20 mg/kg intramuscularly [IM]
or subcutaneously [SC]), chlortetracycline (80 mg/
head/day in the feed), and streptomycin have been
found to be effective in vitro against isolates taken
from sheep.23 Topical tetracycline alone (applied
at least once a day for 5 or 6 consecutive days)14 or
combined with polymyxin B16 also is reported to be
effective, especially when clinical signs are restricted
to the conjunctiva. Subconjunctival administration of
oxytetracycline is not recommended because it may
cause a severe local inflammatory reaction. If anterior
uveitis also is present, atropine sulfate ointments are
indicated. A single intramuscular injection of oxytetracycline in lambs experimentally infected with
M. conjunctivae was successful in improving clinical
eye scores; however, it did not clear the bacteria from
the ocular secretion.24 In the face of an outbreak of
IKC, the prophylactic use of long-acting oxytetracycline (20 mg/kg every 72 hours IM or SC) may prevent
the appearance of clinical signs in other members of
the herd or flock.14

that were subclinical carriers of M. conjunctivae.6,14,16,18
The infection is spread by direct contact with infective
ocular secretions, fomites, and face flies.13,14,18 Some
researchers recommend isolation and prophylactic
treatment of new animals before they are added to the
herd or flock13 (Chapters 7 and 16).

Chlamydophila Keratoconjunctivitis
Chlamydophila abortus and Chlamydophila pecorum are
two species of the genus Chlamydophila (formerly Chlamydia), which causes diseases in sheep and goats.
C. abortus has affinity for the reproductive tract and
represents an important cause of abortion and orchitis
in small ruminants.7 C. pecorum commonly is isolated
from the digestive tract of ruminants and has been
determined to be the cause of keratoconjunctivitis
and polyarthritis outbreaks, predominantly in sheep
flocks.7,13,18

Clinical Signs
Initial ocular manifestations of Chlamydophila infection include epiphora, conjunctival hyperemia, and
chemosis (Figure 14-10). As the condition progresses,
ocular discharge becomes mucoid to purulent, inflammation spreads from sclera onto the cornea resulting
in corneal neovascularization, corneal ulceration can
occur but is uncommon,25,26 and follicle formation
in the conjunctiva becomes prominent.13,18,25,27-29
Lymphoid follicles appear initially as small, discrete,
pale, elevated areas in the conjunctiva that gradually
enlarge and coalesce to form pink to red folds in the

Prevention
Affected animals should be isolated to prevent the
spread of disease.13 Recently affected herds or flocks
often have a history of introduction of new members

Figure 14-10 Chlamydophila keratoconjunctivitis in a goat.
(Courtesy Dr. Gwendolyn Lynch, Leesburg, Virginia.)
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lower conjunctival fornix. They can protrude as much
as 8 to 10 mm to fill the conjunctival fornix and
become confluent with the follicles on the surface of
the nictitating membrane.25 Most keratoconjunctivitis
cases (approximately 80%) show bilateral and symmetrical lesions.13,18,25,27 Clinical signs are generally
more severe in lambs compared to adults. Despite
high morbidity associated (as many as 90% of lamb
crop may become infected),13,18 mortality rate is generally low. In case of keratoconjunctivitis outbreak,
approximately 25% of affected animals are expected
to develop polyarthritis.27 Owing to their similarity
in clinical signs, infection caused by Chlamydophila in
small ruminants can be indistinguishable from that
caused by Mycoplasma conjunctivae.18

Diagnosis
Early in the disease, microscopic examination of conjunctival scrapings reveal numerous neutrophils with
some lymphocytes and plasma cells.25 Intracytoplasmic
chlamydophilic inclusions are basophilic (on Giemsa
staining), usually juxtanuclear, and may be found in
approximately a third of eye scrapings.6,13,19,25,27 Their
presence also can be confirmed by IFA testing.7 The
organisms can be cultured from conjunctival scrapings
or blood sampled from sheep with keratoconjunctivitis
and polyarthritis.25,27,30 Organisms are more likely to be
found using culture or cytologic methods early in the
disease process.14,29 PCR technology also can be used
for final identification.
Serologic studies such as the complement fixation
test (CFT) also have been used to diagnose Chlamydophila infection in small ruminants.6,13,14,18,25,27,28
A four-fold or greater rise between titers in acute and
convalescent serum samples (taken 2 weeks apart) identified by CFT may confirm the diagnosis.6

Treatment and Prevention
Treatment of Chlamydophila infection is as described for
mycoplasmal infections. Long-acting systemic and topical tetracycline is reportedly effective.6,13,18,19 Parenteral
antibiotics should be considered for lambs with Chlamydophila-induced keratoconjunctivitis, particularly
because of the possibility of polyarthritis as a sequela.6
Intramuscular administration of tylosin represents
another alternative to tetracycline regimens.31 To reduce
incidence and severity of clinical disease associated with
Chlamydophila outbreaks, a recommended regimen is
administration of 150 to 200 mg of tetracycline/head/
day in the feed.7 In uncomplicated cases, the disease
usually is self-limiting, and recovery can be expected
within 2 to 3 weeks.13,25,29
Transmission is by direct contact with infective
secretions, especially in animals closely confined,7 and
indirectly, by insects.13,25 Recovered animals may shed
C. pecorum in tears and nasal secretions for several

429

months after the resolution of clinical signs.6,13 In 8- to
10-month-old lambs a degree of resistance appears to
develop.25 Although some workers14,29 state that sheep
may be carriers for C. pecorum, others report that these
organisms cannot be cultured from the eyes of clinically
normal animals.18

Branhamella ovis
Keratoconjunctivitis
Branhamella ovis (previously Neisseria ovis) may cause
bilateral conjunctivitis, epiphora, injected scleral
blood vessels, photophobia, and corneal neovascularization in sheep and goats.13,32 In one report, affected
goats also developed 0.5- to 1-mm raised transparent conjunctival follicles.33 Only a small number of
affected sheep develop keratitis.13 The role of B. ovis
as a primary pathogen is unclear, and the bacteria
may be primarily opportunistic with infections by
other organisms such as M. conjunctivae and C. pecorum6,14,18,34,35 or may contribute to the severity of the
disease.36 Animals of all ages are susceptible, with
those younger than 1 year of age most commonly
affected.35

Diagnosis
A predominance of gram-negative diplococci on Gram
staining of conjunctival scrapings is suggestive of B. ovis
infection; however, bacterial culture should be used to
confirm the diagnosis.32 B. ovis may be isolated from
the eyes of both diseased and unaffected sheep and
goats6,12,14,18,37,38 but has been isolated more frequently
in affected sheep.12,14

Treatment
Successful treatment of B. ovis infection in goats involves
parenteral administration of tylosin for 5 days combined
with topical application of bacitracin–neomycin–polymyxin B ointment. Injection of procaine penicillin G
under the bulbar conjunctiva was successful in treating
affected goats.33 Animals without any corneal involvement recover within 48 hours.32

Colesiota conjunctivae
Conjunctivitis
Colesiota conjunctivae is a member of the family Chlamydiaceae, and like C. pecorum, it has been reported to
cause infectious keratoconjunctivitis in sheep, but documentation is sparse. C. conjunctivae formerly was presumed to be a rickettsia-like organism on the basis of
its morphologic appearance.13,29,39 However, this classification probably was based on misidentification of
epithelial inclusions of C. pecorum as rickettsial organisms.13,29 The bacterium has not been cultured and has
been identified only in conjunctival scrapings.13
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Acholeplasma oculi Conjunctivitis
Clinical signs of Acholeplasma oculi infection in sheep
and goats include conjunctivitis, keratitis, blepharospasm, epiphora, and pannus.40,41 One report isolated
A. oculi together with M. conjunctivae from cultured eye
swabs obtained from a flock of ewes in England.40 The
significance of the concurrent isolations was not stated.

Listeria monocytogenes
Conjunctivitis
Compared with the encephalitic form, ocular infections
associated with L. monocytogenes in sheep and goats
appear to be of rare occurrence. Conjunctivitis and anterior uveitis due to L. monocytogenes infection have been
described in sheep fed baled silage.42

Clinical Signs
Reported clinical signs included blepharospasm, corneal edema, hypopyon, miosis, and catarrhal conjunctivitis. Bacterial culture of conjunctival swabs was used to
confirm the diagnosis.42

Treatment and Prevention
The response to topical ophthalmic oxytetracycline alone
appeared to be poor, but when it was combined with
parenteral administration of ampicillin, resolution was
obtained within 2 weeks of therapy, with no residual corneal scarring.42 The condition may be prevented by reducing eye contact with silage through feeding in troughs.26

General Considerations in
Management of Bacterial
Keratoconjunctivitis
Treatment Options
Most of the bacterial ocular pathogens of sheep and
goats are susceptible to tetracycline. Combination therapy with long-acting injectable tetracycline (20 mg/kg
IM or SC every 72 hours) and an ophthalmic preparation
of tetracycline (every 6 to 8 hours) usually is effective for
most bacterial infections.43 Topical ointments generally
are preferred over solutions because of their prolonged
contact time and because less drug is likely to be lost in
ocular secretions. Subconjunctival injection of antibiotics may be used to achieve initial high concentrations
of the therapeutic agent but should not be considered a
substitute for application of topical antibiotics.43 Third
eyelid flaps may be used in some cases of ulcerative
keratitis as a temporary ophthalmic bandage. In the
presence of overt ulcerative keratitis and anterior uveitis,
atropine sulfate ointments are recommended. Steroids
are contraindicated in cases of corneal ulceration and
should be avoided until corneal reepithelialization has
occurred.19

Removal of ocular discharge is important to prevent blepharitis, periocular dermatitis, and formation
of adhesions between upper and lower lids, and to
improve penetration and bioavailability of ophthalmic
medications.1 Removal of exudates or crusts with moistened cotton or gauze, flushing with commercial eye
cleaning solutions, and “warm packing” of the eyelids
not only will improve the patient’s comfort but also
represent useful and inexpensive add-on therapies for
most conjunctival diseases.

Control and Prevention
In epizootic cases of suspected bacterial keratoconjunctivitis, several control measures have been suggested to
reduce the spread of disease.44 Infected animals and animals in direct contact with them should be completely
isolated from the rest of the herd or flock for at least
2 weeks26 or longer (3 to 4 weeks) if possible. While
in quarantine, clinically affected and exposed animals
should be treated and carefully monitored on a daily
basis for clinical signs of ocular disease, respectively.
Exposure to environmental irritants such as flies,
dust, pollen, and wind should be avoided. Pastures
should be mowed to eliminate long-stemmed or rough
weeds and grasses. Contaminated stall bedding should
be removed, and water troughs and feeders should be
cleaned and disinfected. Affected animals may have
visual deficits and should be either confined or kept
near readily accessible feed and water sources.

Viral Keratoconjunctivitis
Severe conjunctivitis, keratoconus, corneal opacification, and blindness were reported in two goats naturally
affected with infectious bovine rhinotracheitis virus.45
The virus was isolated from the nasal secretions of both
goats. The goats exhibited clinical signs of respiratory tract
disease before ocular involvement was noted, and both
recovered. Bluetongue virus infection may cause conjunctivitis, blepharitis, and blepharoedema in sheep.19

Mycotic Keratitis
Mycotic keratitis is rare in ruminants.19 If fungal elements are cultured or observed in conjunctival scrapings,
their presence as possible environmental contaminants
should be carefully considered. Saprophytic fungi such as
Aspergillus and Mucor spp. have been isolated from both
diseased and unaffected eyes in sheep and goats.16,25

Treatment
Treatment involves the application of topical antifungal agents, such as natamycin, miconazole, itraconazole–dimethyl sulfoxide (DMSO), ketoconazole, or
fluconazole. Use of topical miconazole usually is the
most cost-effective regimen, and application every 4 to
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6 hours is recommended. Superficial keratectomy can
be used for both therapeutic and diagnostic purposes.

Parasitic Keratitis
Thelazia californiensis, the eye worm, causes widespread
infection in many warm-blooded animals in North
America. The nematodes are small, 7 to 18 mm long,
and are found in the conjunctival fornix, particularly
behind the third eyelid.19 Infrequently, they may invade
the nasolacrimal system. Of interest, development of
ocular clinical signs is uncommon.46,47 Such signs, if
present, may include epiphora, conjunctivitis, and subtle
blepharospasm in mild cases. With more severe infestation, corneal edema, ulceration, and neovascularization
may occur.47 Oestrus ovis larvae can aberrantly migrate
into the conjunctiva or nasolacrimal duct of sheep, causing epiphora and conjunctivitis.46 Keratoconjunctivitis,
blepharospasm, and blepharoedema may occur in small
ruminants as manifestations of E. schneideri infection.46

Treatment
Treatment of Thelezia californiensis infestation can
involve manual removal of worms after the application
of topical anesthestics47,48 or organophosphate (echothiophate iodide)44 and generous irrigation of the conjunctival sac. In cattle, both ivermectin (0.2 mg/kg SC)48
and doramectin (0.2 mg/kg SC)49 have greater than 99%
efficacy against eye worms. Levamisole (5 mg/kg PO)
also may be efficacious.44 Face flies and other Musca species are intermediate hosts for the parasite, so fly control
is essential for reducing the prevalence of infections.
Therapy for O. ovis and E. schneideri is described further
on under “Pathologic Conditions of the Eyelid.”

Exposure Keratitis
Locoweed (Astragalus and Oxytropis species) produces
paralysis of the palpebral nerve and secondary exposure-related keratoconjunctivitis sicca from an inability to blink normally.50 Locoweed toxicity also causes
marked cytoplasmic vacuolization of the lacrimal gland
secretory epithelium. The resultant decrease in tear
production further contributes to keratoconjunctivitis
sicca, leading to a “dull-eyed” appearance in some
affected animals.51 Infectious disease such as listeriosis
or extension of otitis media or interna should be ruled
out as a possible cause of facial nerve paralysis or paresis, especially in animals with unilateral deficits.52

Conjunctival Manifestations
of Systemic Diseases
The conjunctival membranes are very accessible to
physical inspection during an examination and may
provide diagnostic clues to many ongoing systemic
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diseases. Extreme pallor of the conjunctiva may be used
for clinical identification of anemic sheep and goats secondary to Haemonchus contortus infestation. The severity
of the anemia can be scored according to the FAMACHA
eye color chart53 (see Chapters 6 and 16).
Yellow coloration of the conjunctiva and sclera (e.g.,
icterus) accompanied by weakness possibly progressing
to death, in sheep and goats may be due to hemolytic
diseases such as copper toxicity, eperythrozoonosis
(Mycoplasma ovis), anaplasmosis (Anaplasma ovis), leptospirosis (Leptospira interrogans serovar Pomona or
Icterohaemorrhagiae), bacillary hemoglobinuria (Clostridium haemolyticum), and piroplasmosis (Babesia ovis),
the last being exotic to the Americas. Icterus also may be
a feature of liver diseases such as pyrrolizidine alkaloid
toxicity, liver fluke insfestation, and infectious hepatitis
(e.g., black disease).
Hemorrhages in the conjunctiva are most likely to be
traumatic in origin, especially if unilateral. Petechiae or
ecchymoses may be observed in patients suffering from
gram-negative sepsis (as in neonates), severe thrombocytopenia, or warfarin toxicity.54

Miscellaneous Disorders of the Eye
Dermoids (choristomas) are ectopic patches of epidermal tissue and can be found on the conjunctiva,
limbus, and cornea. They rarely occur in sheep and
goats.46 Dermoids affecting the conjunctiva or palpebral
mucosae often are easily removed by sharp dissection
with use of topical or regional anesthesia. Corneal dermoids can be surgically removed through a superficial
lamellar keratectomy. Regeneration can occur if the
entire lesion is not removed.55 Referral to an ophthalmologist for patients showing regrowth of the lesion is
recommended.
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PATHOLOGIC CONDITIONS
OF THE UVEAL TRACT AND LENS
Uveitis
Clinical Signs
Clinical manifestation of uveitis may include miosis, photophobia, iris hyperemia and edema, aqueous flare, hypopyon, hyphema, blindness, and fibrin deposition within
the anterior chamber.1-5 Aqueous flare is due to breakdown of the blood-aqueous barrier with increased permeability of vessels in the iris and ciliary body, allowing small
proteins to pass in the aqueous humor.6 Hypopyon is due
to accumulation of white blood cells, leading to formation
of a white layer in the anterior chamber of the eye.
Uveitis is a frequent clinical sign of bacteremia or
septicemia and often is observed in neonates with
failure of passive transfer.7 The organism usually gains
entrance through the umbilicus or the gastrointestinal
tract if enteritis is present. A thorough physical examination is indicated to reveal the original foci of infection and its extension in other organs (joints, meninges,
lungs) over time.7
Mycoplasma spp. often cause septicemia and systemic disease (pneumonia, mastitis, polyarthritis) in
both neonates and adult animals. The bacterium has
been isolated from goats with keratoconjunctivitis and
associated iritis.8 In young goats, Mycoplasma infection
may result in development of bilateral uveitis with
miosis, aqueous flare, and fibrin deposition in the
anterior chamber accompanied by polyarthritis.9 L.
monocytogenes infections can result in septicemia in 4- to
6-month-old feedlot lambs fed silage-based rations. The
affected animals may exhibit clinical signs of uveitis,
conjunctivitis, and endophthalmitis, as well as cranial
nerve deficits.2,5,10 E. schneideri infection (“sorehead”)
can cause uveitis; however, blepharitis and conjunctivitis are the primary ocular clinical manifestations of
infection with this bloodborne parasite.5
The intracellular protozoan Toxoplasma gondii, typically associated with abortion or stillbirth after ingestion
of sporulated oocysts shed by cats,11 is an uncommon
cause of anterior uveitis in sheep and goats.10 In sheep,
ocular toxoplasmosis most frequently involves the iris,
ciliary body, and retina, and a nonsuppurative iridocyclitis often is present.12 Sheep infected with Trypanosoma brucei (an exotic species in the United States) can
develop keratoconjunctivitis and panuveitis, including
chorioretinitis and optic neuritis.13

Diagnosis and Treatment
The goals of uveitis treatment are to suppress the
intraocular inflammation, prevent synechia formation
by maintaining a dilated pupil, and identify and treat
the underlying cause. In the absence of corneal ulcer,
systemic nonsteroidal antiinflammatory drugs and topical corticosteroids (e.g., prednisolone acetate 1% or
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dexamethasone 0.1%) can be used to suppress the
intraocular inflammation. Topical atropine is used to
prevent synechia formation, as well as to decrease pain
by paralyzing ciliary muscle spasm, and to help stabilize the blood-aqueous barrier. Appropriate topical and
systemic antibiotics are indicated based on the underlying cause. In septicemic neonates, results of blood
culture and sensitivity testing are valuable to determine
appropriate antimicrobial agents. Correction of total
or partial failure of passive transfer and use of supportive therapy (e.g., intravenous fluids) also are strongly
recommended.7 Culture of ocular secretions or blood
may identify pathogenic Mycoplasma or Listeria species.
Mycoplasmas usually are susceptible to tetracycline,
erythromycin, and tylosin.1,5 Penicillin or tetracycline5
generally is effective against L. monocytogenes.
Reported effective treatments for E. schneideri infection include piperazine (50 mg/kg PO) and diethylcarbamazine (100 mg/kg PO).10 Systemic pyrimethamine
and sulfadiazine in combination with topical 10%
sulfacetamide, atropine, and steroid ointments have
been recommended for treatment of ocular toxoplasmosis.5 Management of small ruminant flocks and
herds should aim to reduce the likelihood of cat fecal
contamination of pasture, feedstuff, and water source.11

Diseases of the Lens
Cataracts are the most common lens abnormality of sheep
and goats. In a majority of cases, cataracts are congenitally
acquired.10 Any opacity in the lens or its capsule is a cataract, except for nuclear sclerosis, which is an aging change
that results from compression of the oldest lens fibers.
Cataracts are described by their appearance, location, and
size. The smallest cataracts (involving less than 5% of the
total lens) are incipient. Immature cataracts can be subdivided into early immature (6% to 50% lens coverage)
and late immature (51% to 99% lens coverage). Mature
cataracts involve the entire lens. Hypermature cataracts
are characterized by lens fiber liquefaction, wrinkling of
the lens capsule, and development of dense plaques on
the anterior and posterior aspects of the capsule.14
Cataracts with an autosomal dominant inheritance
have been described in New Zealand Romney sheep.15
These cataracts were bilateral, and a majority of them
developed in animals between 2 to 4 months of age;
however, some lambs were affected at birth. Congenital,
nonprogressive nuclear cataracts that do not interfere
with vision have been observed in sheep and goats.3
Incipient cataracts and confirmed diabetes mellitus have
been reported in twin male lambs.16 Cataracts also may
occur as sequelae to ocular trauma and severe uveitis.3,10
Regardless of the primary etiologic disorder, any uveitis
can potentially cause cataracts and therefore should
be treated promptly. Septicemic infection such as that
caused by M. agalactiae can result in uveitis-induced
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cataracts.10 Intraocular E. schneideri infection may cause
posterior synechia and cataract formation.17 No treatment for cataracts is available except surgery. Animals
with cataract secondary to uveitis generally are not good
surgical candidates. The client should be referred to an
ophthalmologist if he or she wishes to explore the possibility of cataract extraction.5

Miscellaneous Conditions Affecting
the Lens
Persistence of the hyaloid artery may be an incidental finding during ophthalmoscopic examination of sheep and
goats.18 In the embryo, the hyaloid artery supplies blood
to the lens and normally atrophies after birth. However,
as many as 30% of sheep between 1 and 3 years of age
and approximately 40% of goats may have unilateral or
bilateral persistent hyaloid arteries. The remnant of the
hyaloid artery appears as a tight linear structure extending
from the posterior lens capsule to the optic disk.
Persistent pupillary membranes have been reported in
sheep.3 Remnants of the embryonic pupillary membrane
appear as pigmented strands of iris tissue extending from
the iris collarette to the anterior lens capsule or corneal
endothelium. In mild cases, such remnants may appear
only as small pigmented foci over the anterior lens capsule. Focal opacities may be present in the cornea or on
the anterior lens capsule in areas where the persistent
pupillary membranes adhere. An essential iris atrophy
has been reported in Shropshire sheep.19 Affected sheep
are born normal but develop ocular lesions by 1 to 1½
years of age. Lesions are bilateral but not symmetric and
include partial- or full-thickness holes in the iris stroma
and absent or rudimentary corpora nigra (granula iridaca). Pupils are pear-shaped and respond poorly to
both light and the administration of topical tropicamide.
No treatment is needed for persistent hyaloid remnants,
persistent pupillary membranes, or iris atrophy.
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Glaucoma
Glaucoma in sheep and goats usually results from
severe anterior uveitis secondary to severe ulcerative keratitis, ocular trauma, septicemia, and other pathologic
processes.1,2 The pathomechanism in glaucoma is a
decreased outflow of aqueous humor, which may result
from formation of extensive anterior (Figure 14-11) or
posterior synechiae or from filtration angle obstruction
with inflammatory cells or fibrin.1

Clinical Signs
Clinical signs of glaucoma include congestion of conjunctival and episcleral blood vessels, corneal edema, buphthalmos, blindness, exposure keratitis, lens luxation,

Figure 14-11 Anterior synechiae in a sheep. (Courtesy
Dr. Ralph Hamor, Champaign, Illinois.)
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dilated and nonresponsive pupil, and cataract.2 Intraocular pressure (IOP) should be determined in every
red eye with an intact cornea and sclera, particularly
if anterior uveitis or diffuse corneal edema is present.3
Although normal IOP values in sheep with glaucoma
have been noted in limited reports, one study reported
an average IOP of 10.61 mm Hg measured with an
applanation Perkins tonometer.4 In two series of goats,
reported average IOPs were 7.9 and 11.8 mm Hg using
the rebound Tonovet tonometer and 10.8 and 13.9 mm
Hg using the applanation Tonopen tonometer.5,6 IOP
should be measured with use of only minimal physical
restraint and topical anesthesia (the Tonovet requires no
topical anesthetic). Sedation with xylazine or ketamine
can decrease or increase, respectively, the IOP.7

travoprost) probably should be avoided owing to the
potential for exacerbating the anterior uveitis.
Eyes that are nonresponsive to medical therapy and
are still visual may benefit from diode laser cycloablation, which selectively destroys ciliary body epithelial
cells, thereby decreasing aqueous humor production.
Permanently blind and buphthalmic eyes should be
enucleated, especially if exposure keratitis is present.1,2
A silicone intraorbital prosthesis may be implanted in
some cases if a cosmetic appearance is desired.1 Owing
to the difficulty in managing glaucoma, referral to a
veterinary ophthalmologist for treatment options is
strongly recommended.

Treatment

1.	Moore CP, Whitley RD: Ophthalmic diseases of small domestic
ruminants, Vet Clin North Am Large Anim Pract 6:641, 1984.
2.	Lavach JD: Lens, uvea, and glaucoma. In Lavach JD, editor: Large
animal ophthalmology, St Louis, 1990, Mosby.
3.	Maggs DJ, Miller PE, Ofri R, editors: Slatter’s Fundamentals of veterinary ophthalmology, ed 4, St Louis, 2008, Saunders Elsevier.
4.	Gerometta R, et al: Steroid-induced ocular hypertension in normal
sheep, Invest Ophthalmol Vis Sci 50:669, 2009.
5.	Broadwater JJ, et al: Ophthalmic examination findings in adult
pygmy goats (Capra hicus), Vet Ophthalmol 10:269–273, 2007.
6.	Whelan NC, Thompson D: Normal ophthalmic diagnostic test values in Angora goats, October 15-18 Proceedings of the 39th Annual
Meeting of the American College of Veterinary Ophthalmologists, Boston
44, 2008.
7.	Seleim MA, Makady FM, Ahmed IH: Intraocular pressure after
xylazine and xylazine-ketamine injection in goats, Assiut Vet Med J
24:225, 1990.

Identification of the underlying cause of glaucoma is
crucial.3 Because glaucoma is almost exclusively secondary to inflammation in ruminants, antiinflammatory treatment such as with systemic dexamethasone
(0.1 mg/kg IV) or flunixin meglumine (1.1 mg/kg IV),
or topical dexamethasone 0.1% or prednisolone acetate
1.0% every 4 to 6 hours, can be used in the absence of
any ophthalmic or systemic contraindication.3 Specific
glaucoma medications such as topical carbonic anhydrase inhibitors (e.g., dorzolamide, brinzolamide) and
beta-adrenergic blockers (e.g., timolol 0.5%) can be used
every 8 to 12 hours; however, their efficacy in ruminants
is not known. Prostaglandin analogues (latanoprost,

PATHOLOGIC CONDITIONS
OF THE RETINA
Infectious Conditions and Related
Disorders
Many infectious organisms and septicemic conditions
can cause retinitis or retinal changes. Septic neonates
and feedlot lambs with listeriosis may develop chorioretinitis.1 In sheep, toxoplasmosis frequently causes
focal retinal necrosis and anterior uveitis .2
E. schneideri infections in sheep can result in retinal
disease. An ophthalmoscopic examination can greatly
aid in the identification of this parasite.3 Reported ophthalmoscopic changes include chorioretinal atrophy
with proliferation of tapetal pigment, attenuation of
retinal vasculature, and optic nerve atrophy.3 The optic
disks of affected animals may have a hazy outline and
appear edematous and pale gray. In contrast with elk,
affected sheep do not become blind.3

REFERENCES

A necrotizing retinopathy and retinal dysplasia occur
in lambs if their dams are naturally infected with bluetongue virus or if a modified live vaccine is administered during the first half of gestation.4 Lambs born to
infected or vaccinated ewes have visual impairment and
central nervous system defects such as hydrocephalus
and cerebellar hypoplasia.1 Goats are more resistant
to bluetongue virus than sheep.5 Modified live bluetongue vaccine should not be administered to pregnant
ewes, particularly during the first half of gestation6 (see
Chapter 8).
Scrapie has been shown to be a rare cause of blindness.7 In one report, affected sheep lacked a menace
reflex and walked into objects, although they maintained a normal PLR to bright light.7 Ophthalmoscopy revealed multifocal oval-shaped areas of retinal
detachment scattered throughout the tapetal fundus;
these lesions ranged in size from one-fourth to threefourths the area of the optic disk. On histologic
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examination, the lesions were caused by an accumulation of lipid pigment between the retinal pigmented
epithelium and photoreceptors in the retina. Finding
such lesions in association with chronic weight loss,
poor body condition, neurologic signs, wool loss, and
pruritus is suggestive of this diagnosis. The presence of
prion protein PrPSc can be confirmed in clinical and
preclinical ovine cases of scrapie using immunohistochemistry staining of formalin-fixed third eyelid8,9 or
rectoanal mucosa10 biopsy specimens (see Chapters
13 and 16).

Plant Toxicity
If it is chronically grazed, bracken fern (Pteridium
aquilinum) causes a progressive retinal degeneration
in sheep colloquially called “bright blindness.”11-13
A majority of affected sheep are noted to be blind
between September and November,11 several months
after they begin to graze bracken fern.13 Most sheep
are affected between 3 and 4 years of age.11 The
earliest detectable clinical sign of bright blindness
is an increased hyperreflectivity from the tapetum
lucidum.11 Affected sheep are permanently blind and
very alert. The pupils are dilated and rounded, and the
PLR is poor.11,13 Ophthalmoscopic examination may
reveal attenuated and narrowed retinal blood vessels
that appear more widely separated than normal. In
advanced cases, the nontapetal fundus is pale with
small cracks and gray foci. The optic disk may appear
pale or have a gray-pink hue.11,13 Choroidal vessels
may be visible in some areas of the fundus.13 Ptaquiloside, the glycoside present in bracken fern, has been
identified as the toxic principal responsible for bright
blindness in sheep; however, the exact mechanism of
action is unknown.14 Possible explanations include
disturbance in blood circulation secondary to narrowing of the blood vessels14 and decreased retinal lactate
dehydrogenase activity.12 Platelet and leukocyte counts
also are significantly lower in affected sheep.12 Microscopic lesions are limited to the retina and are characterized by a complete destruction of the outer nuclear
layer and photoreceptors.11
Locoweed (Astragalus and Oxytropis spp.) toxicity
causes marked cytoplasmic vacuolization of the retinal ganglion and bipolar cells, which may result in
visual deficits.15 Blindgrass (Stypandra imbricata) toxicity
occurs in sheep and goats of Western Australia. Ocular
clinical signs include blindness (no PLR, mydriasis)
caused by lesions in the photoreceptor layer of the
retina, optic nerve, and optic tracts.16 In southwest
Africa, ruminants grazing on Helichrysum argyrosphaerum
may develop paresis or paralysis and blindness characterized by bilateral mydriasis and papilledema on
fundus exam.17 Cataracts may be observed in affected
sheep. The toxic principle of H. argyrosphaerum is

unknown, but ingestion leads to retinal degeneration
and demyelination of the optic nerve.17

Inherited Retinal Degeneration
Ceroid lipofuscinosis (Batten’s disease) is an inherited
lysosomal storage disease that causes blindness, ataxia,
and tremors in South Hampshire sheep.18 Blindness
occurs by two mechanisms. Early loss of vision results
from atrophy of the cerebral cortex. A concurrent retinal
dystrophy also occurs in the rod and cone outer segments as the retinal cells accumulate ceroid lipofuscin
pigment.19,20 Affected animals exhibit abnormalities on
the electroretinogram.19,20 Retinal degeneration characterized as a rod-cone dysplasia has been reported in a
4-month-old Toggenburg doe.21 Clinical signs of blindness in this animal became apparent after weaning and
included bumping into objects, decreased weight gain,
horizontal nystagmus, and poor PLRs.

Vitamin A Deficiency
The retina requires a constant supply of vitamin A
to maintain vision, bone growth, reproduction, and
immune response.22 Phototransduction depends on
vitamin A, and progressive retinal degeneration results
from a dietary deficiency.23 Because vitamin A (retinol)
is a component of rhodopsin, the visual photopigment
of rods, severe deficiency causes impaired rod function, which is manifested clinically as nyctalopia or
night blindness in many domestic species.24 In young
animals, vitamin A deficiency induces bony remodeling, narrowing of the optic canal, and thickening
of the dura mater, which in turn causes an ischemic
necrosis of the optic nerves.25,26 Remodeling of the
optic canal does not occur in skeletally mature animals,
and associated blindness probably is caused by retinal
degeneration.25,26
Ruminants are efficient at converting dietary betacarotene into vitamin A if they have access to succulent
plants on pasture or good-quality green forage sources.
The vitamin content decreases, however, as forages
mature during the hay-making process, and the vitamin is essentially depleted from foodstuffs after several
years of storage.22,27 Diet components that are naturally
low in vitamin A include cereal grains, beet pulp, and
cottonseed hulls.27 Furthermore, vitamin A and betacarotene can be degraded in substantial amounts when
high-grain diets are fed.22 Sheep and goats are protected
from short-term deprivation (e.g., for several weeks) of
vitamin A by their ability to store the vitamin in the
liver; however, it is estimated that the intake required
to initiate hepatic accumulation is at least three times
the minimum daily intake.28 Vitamin A uptake may be
impaired in cases of severe endoparasitism, owing to
consequent damage to the intestinal wall.22
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Clinical Signs
Clinical signs of vitamin A deficiency may not become
apparent for at least 3 months in goats29 and 200 days
in sheep30 if they previously have been grazing goodquality pasture. Under the same conditions of dietary
vitamin A deficiency, males apparently are more susceptible than females to the development of clinical signs
of deficiency.25 Nyctalopia is a consistent clinical sign
of vitamin A depletion in sheep and goats, along with
anorexia and poor body condition.31,32 Severely affected
animals may be completely blind with dilated and
unresponsive pupils.25,32 Ophthalmoscopy reveals papilledema (pale optic disk with an inverted-heart appearance), papillary and peripapillary retinal hemorrhages,
and depigmentation of the nontapetal retina.25,33 Determination of vitamin A levels in plasma and feed is the
most direct method of diagnosing the dietary deficiency.

Treatment
Nyctalopia is reversible with vitamin A replacement.
The minimum recommended daily dose of vitamin A
for both growing lambs and 60-kg replacement ewes is
50 IU/kg.22 Pregnant and lactating ewes require 100 IU/
kg and 150 IU/kg of vitamin A, respectively.22 The upper
safe dietary limit for sheep and goats has been suggested to be 20,000 IU/kg for a maximum duration of
4 weeks.22 In affected cattle, the recommended treatment regimen consists of parenteral injection of
440 IU/kg of vitamin A once daily for 3 to 4 days and
then 6000 IU/kg every 50 to 60 days until the diet has
been enriched.27 Animals with severe and complete
blindness caused by damage to the retina and optic
nerves will not regain their vision despite therapy.25
Allowing free access to green forages or parenterally administering a commercially available vitamin
A product usually is preventive in areas in which dry,
brown hay is fed for extended periods. In such feeding
conditions, inclusion of vitamin A in a feed or mineral
supplement is warranted.
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BLINDNESS
Apparent blindness has been described in severely ill
or septicemic animals in association with depression
or systemic disease. Evaluation of vision is difficult in
neonatal animals, because they normally lack a menace
response for several days after birth. Blindness can be
caused by severe hypoglycemia in kids and lambs or
by neurologic diseases such as hydrocephalus, intracranial neoplasia, and any encephalitis, including caprine
arthritis-encephalitis, ovine progressive encephalomyelitis (maedi-visna), scrapie, cerebral abscesses, bacterial
meningitis, coenuriasis, toxoplasmosis, and aberrant
parasite migration (e.g., by larvae of Parelaphostrongylus
tenuis).1-3 L. monocytogenes infections may cause blindness as a sequela of septicemia, which generally causes
severe endophthalmitis or, less commonly, meningoencephalitis.3,4 Other clinical signs of listeriosis are
optic neuritis, amaurosis, decreased PLRs, head tilt, and
unilateral cranial nerve deficits.3 Pituitary abscesses or
neoplasia may lead to blindness if the optic chiasm is
compressed. Overeating disease (Clostridium perfringens1
syndrome characterized by ophthalmoscopically type D
infection)5 and hepatic encephalopathy secondary to
acute or chronic liver failure may cause blindness and
neurologic signs. Diseases causing retinitis or retinal
degeneration (e.g., E. schneideri infection or bluetongue;
intoxication with bracken fern, locoweed, or blindgrass;
vitamin A deficiency) may lead to visual impairment.
Pregnancy toxemia and ketosis may produce clinically
apparent blindness as a consequence of cerebral energy
deprivation and swelling.6 Lightning strike, trauma, and
improper use of debudding irons may damage the cerebral cortex, with resultant blindness.2,4,7
Central blindness is a clinical syndrome characterized
by ophthalmoscopically normal eyes, absence of a menace response, and normal PLR bilaterally.2 Causes of
central blindness in sheep and goats include thiamine

PATHOLOGIC CONDITIONS
OF THE ORBIT
Exophthalmos
Exophthalmos can be caused by retrobulbar abscesses
or neoplasia, especially lymphoma and squamous cell
carcinoma (Figure 14-12). Chronic nasal discharge,
inspiratory dyspnea, and diminished airflow from the
nostrils commonly are encountered in sheep with
advanced nasal adenocarcinoma or squamous cell carcinoma; however, exophthalmia and facial asymmetry

deficiency, sulfur toxicosis, lead poisoning, and sodium
toxicosis or water deprivation.8
Ascertaining the animal’s signalment, obtaining a
complete history, and performing a thorough physical,
neurologic, and ophthalmologic examination are warranted to localize the lesion and identify the most likely
disorders causing the visual impairment. Diagnostic
workup for blindness in small ruminants may include
but is not limited to blood glucose level determination
(neonates), urinalysis (pregnant doe or ewe), complete
blood count, serum chemistry panel, cerebrospinal
fluid analysis (for sodium content), cytologic studies
and bacterial culture, testing for a significant response
to parenteral administration of thiamine (within 12 to
24 hours), determination of blood lead levels, and computed tomography evaluation. Appropriate treatment
should be based on the final diagnosis.
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also may be noted.1,2 Orbital cellulitis is rare but may
result from periocular puncture wounds, migration of
plant awns from the oral cavity, and caseous lymphadenitis–associated abscesses.3
Examination with magnifying loupe, ultrasonography, radiography, computed tomography, endoscopy of
the upper airways, and cytologic analysis of fine needle
aspiration samples or histopathologic examination of
tissue biopsy specimens may be appropriate to confirm the cause of exophthalmia. Appropriate treatment
should be selected on the basis of the final diagnosis.
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of lambs in flocks grazing pastures contaminated with
skunk cabbage.5 Occasionally only one lamb of twins is
affected.4,5 Because no treatment is available for affected
offspring, prevention is warranted.

Miscellaneous Ophthalmic Problems

Figure 14-12 Severe exophthalmia, keratitis, and conjunctivitis secondary to a retrobulbar mass extending into the right
nasal cavity and decreasing airflow at the ipsilateral nostril.
Although not confirmed on histopathologic examination, the
mass was suspected to be neoplastic in origin.

Congenital microphthalmia (small eye), along with
other ocular defects such as aphakia, aniridia, and optic
nerve hypoplasia, may be inherited as an autosomal
recessive trait in Texel sheep.6 Several ocular abnormalities may occur in lambs born to ewes grazing seleniferous pastures, including microphthalmia.7,8 In addition
to microphthalmia, conjunctival cysts, aphakia or displacement of the lens, aniridia or rudimentary iris, and
lack of a division between the cornea and sclera have
been reported. Some 75% of affected lambs die at birth.
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Cyclopia in fetal lambs, a developmental anomaly characterized by the presence of only one orbit, has been
associated with the consumption of Veratrum californicum (skunk cabbage, corn lily, or false hellebore) by
ewes on day 14 of gestation.4,5 The plant grows in the
mountain ranges of the western United States. Other
congenital defects attributed to grazing V. californicum
include anophthalmia, shortening or absence of the
maxillary and nasal bones, cebocephalus (“monkey
face”), hydrocephalus, and harelip.4,5 The incidence
of congenital deformities may range from 1% to 25%
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ENUCLEATION

Retrobulbar Anesthesia

Enucleation is indicated for any permanently blind or
painful eye such as from severe perforating ocular trauma
with disruption or loss of ocular contents, glaucoma, intraocular neoplasia, severe panophthalmitis, or congenital
defects that result in exposure keratitis. Exenteration may
be necessary in cases of severe ocular infections extending
outside the globe or for orbital neoplasia. This procedure
involves removal of the entire globe, adnexa, and orbital
tissue including extraocular muscles and fat. The contralateral eye should be carefully evaluated to ensure normal
vision before enucleation or exenteration is performed. If
keratitis or endophthalmitis is present, systemic and topical antibiotics should be administered preoperatively.

General anesthesia or sedation with local retrobulbar
anesthesia may be used for enucleation in sheep and
goats.1 Analgesia of the eye and orbit and immobilization of the globe can be achieved using either a Peterson eye block or a four-point retrobulbar technique.1
Retrobulbar anesthesia desensitizes the optic nerve,
extraocular muscles, and sensory portions of the eye
and adnexa innervated by the oculomotor (CN III),
trochlear (CN IV), maxillary and ophthalmic branches
of the trigeminal nerve (CN V), and abducens nerve
(CN VI). Corneal analgesia, mydriasis, and maneuverability of the globe into proptosis are criteria indicative
of a satisfactory block.

Cyclopia
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Peterson Eye Block Technique
With the site aseptically prepared with povidone-iodine
solution, 2 to 3 mL of anesthetic (2% lidocaine) is
injected subcutaneously, half way between the lateral
canthus of the eye and the base of the horn, in the posterior angle of the junction of the supraorbital process
and the zygomatic arch, using an 18- or 16-gauge,
¾-inch needle2 (Figure 14-13, A). Next, a slightly
curved 3- to 4-inch 18- or 20-gauge needle is inserted
through the skin opening and advanced medially, with
the concavity of the needle directed caudally along the
zygomatic arch and slightly ventrally. If the needle contacts the coronoid process of the mandible, the needle
tip is “walked off” the anterior border until it can be
advanced freely, with the goal of reaching the medial
floor of the orbit at a 2- to 3-inch depth. After retracting
the needle 2 to 3 mm away from the orbital bone, and
ensuring that the tip is not located in the ophthalmic
artery nearby (through detection of nonproductive
negative pressure), approximately 7 to 8 mL of 2% lidocaine is injected slowly behind the globe.

Four-Point Block Technique
Alternatively, a four-point retrobulbar injection technique using a 2.5-inch, 20-gauge, slightly curved needle
may be used for retrobulbar anesthesia. Landmarks
for the injections are the dorsal, ventral, medial, and
lateral edges of the bony orbit (Figure 14-13, B). Topical ophthalmic anesthetic (0.5% proparacaine) should
be applied before injection to desensitize the cornea
and conjunctiva. The surgeon’s index finger should be
used to deflect the globe and protect it from the needle
as each injection is administered. The wall of the bony
orbit is palpated for orientation, and the needle is
inserted from the conjunctival fornix until it encounters
the apex of the orbit. Approximately 1 to 2 mL of local

anesthetic (2% lidocaine) is injected at each site as the
needle is advanced.
Possible complications related to the local anesthetic
techniques just described include development of retrobulbar hematoma and trauma to the globe.3 Although
rare, seizure activity resulting from inadvertent injection
of lidocaine into the meningeal reflection of the optic
nerve has been reported. The convulsions typically are
short-lived and self-limiting but may be fatal.3 These
complications can be avoided through proper needle
placement and adequate patient restraint.

Preoperative Considerations
Enucleation may be performed using either the subconjunctival or the transpalpebral technique. The
transpalpebral approach is indicated in cases of ocular
infection or neoplasia. Because enucleation commonly
is performed to remove a severely infected or ruptured
globe, the transpalpebral approach most often is indicated, to reduce surgical contamination.
After induction of general anesthesia or sedation
combined with retrobulbar and local anesthesia (lidocaine should be infiltrated circumferentially 1 to 1.5
cm from the upper and lower eyelid margins), the
patient is placed in lateral recumbency with the eye to
be enucleated toward the surgeon. The affected orbit
should be lavaged with a 1:50 dilution of povidoneiodine solution in isotonic saline. Before clipping and
aseptic preparation of the surgical field, the affected
eyelids should be sutured closed using a monofilament,
nonabsorbable suture material in a simple continuous
pattern. A tail of suture should be left at each end of
the incision to facilitate manipulation of the eye during
surgery. Preoperative administration of antibiotics and
an antiinflammatory drug is recommended.
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Figure 14-13 Retrobulbar anesthesia.
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Transpalpebral Enucleation
Technique
A circumferential incision 5 to 6 cm away from the
eyelid margin is made through the skin using a No. 15
or No. 10 scalpel blade. Sharp dissection is continued
through the eyelid muscle to the level of the conjunctiva. The medial and lateral canthal ligaments are
transected; the medial ligament is significantly larger
and is tightly adherent to the medial orbit. Once the
ligaments are cut, the eyelids will be completely free.
Sharp dissection is used to incise through the soft tissue down to the level of the sclera, just posterior to the
limbus. Once the sclera is visualized, the remaining
periorbital soft tissue can be cut using blunt and sharp
dissection around the circumference of the globe staying just posterior to the limbus. This will completely
free the globe. Any visible extraocular muscles are
now incised at their insertion on the sclera. The optic
nerve and associated vessels may be cut with scissors
or clamped with a curved hemostat and transected.
Ligation is optional. Excessive traction on the globe
should be avoided, because it may damage the optic
nerve or optic chiasm or induce an acute reduction in
heart rate (oculocardiac reflex).4 The orbit should be
gently lavaged several times with sterile saline solution
ideally containing a broad-spectrum antibiotic. Hemorrhage can be controlled by packing the orbit with
sterile gauze. Care must be taken to remove all gauze
pads before closure of the subcutaneous tissues, which
is accomplished using absorbable suture (2-0 to 3-0) in
a simple continuous pattern.
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Closure of the orbital soft tissues should be
attempted, to reduce postoperative swelling and sinking of the eyelids; however, this aspect of the procedure
often is difficult in sheep or goats because of the rather
deep and wide bony orbit in these animals. The skin is
closed in a simple interrupted pattern using nonabsorbable suture (0-0 to 2-0) appropriate for the size of the
patient. A pressure bandage may be applied for the first
24 hours to further control hemorrhage and decrease
postoperative swelling. Systemic antibiotics and antiinflammatory drugs should be continued for 5 to 7 days
after surgery.
All enucleated eyes should be submitted for histopathologic examination to determine the exact cause
of ocular disease. It is advisable to isolate the patient
from other herdmates for the first 2 weeks after enucleation, to prevent trauma or suture failure from head
butting. Skin sutures can be removed 10 to 14 days
after surgery.
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Diseases of the Mammary
Gland
Paul J. Plummer and Cassandra Plummer

Growth in the small ruminant dairy industry is driving the need for more sheep and goat–specific research
and tailored application of milk quality principles and
practices to small ruminant production settings. Intramammary infections (IMIs) in dairy operations result in
significant economic losses to the producer. Mammary
health is critical to young stock performance in food and
fiber herds and to overall well-being in small ruminants
kept as pets.

NORMAL ANATOMY OF THE MAMMARY
GLAND
The mammary structure of the sheep and goat consists
of two functionally and anatomically separate glands
(halves), each with one teat. Each half is supported by a
medial and a lateral suspensory ligament; in turn, these
ligaments branch off as secondary laminae that enter
into and support the gland tissue. The medial suspensory ligaments are adhered together and run on midline
from the prepubic symphysial tendon to the abdominal tunic. The intramammary groove is formed where
the medial suspensory ligaments meet the skin of the
ventral udder. The elastic medial ligament should hold
the udder high and tight to the abdominal wall above
the level of the hocks; heritability of the medial suspensory ligament conformation is 0.33,1 and breeding
programs should specifically select against a pendulous
udder. The lateral suspensory ligaments run deep to
the skin and superficial to the mammary neurovascular
and lymphatic structures. The draining supramammary (superficial inguinal) lymph node is located at
the dorsocaudal aspect of each gland. The main arterial supply to the udder is from the external pudendal
arteries, which emerge from the inguinal rings and can
be readily identified by their tortuous path. The paired
external pudendal veins, paired branching subcutaneous abdominal veins, and paired perineal veins drain
the udder and the supramammary lymph nodes. The
gland is innervated by the genitofemoral nerve with
superficial contributions from the lumbar cutaneous
nerves (cranially) and from the mammary branch of the
pudendal nerve (caudally).
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Each half of the udder consists of multiple gland
lobes that drain into six to nine milk ducts.2 These
ducts coalesce to form a gland cistern, which in turn
drains into the teat cistern. Furstenberg’s ring, an annular venous structure, forms the demarcation between
udder and teat. As in cattle, the teat wall consists of five
layers: mucosa, vascular connective tissue, circular and
longitudinal muscular layers, and epithelium. A 0.5- to
1.0-cm streak canal at the distal end of the teat connects
the teat cistern to the teat orifice and is identified proximately by the rosette of Furstenberg. The streak canal is
an important anatomic and physiologic barrier to the
udder with its keratin-producing squamous epithelial
cell lining and muscular teat sphincter.

PRODUCTION AND COMPONENT
BENCHMARKS
Species and operation type significantly influence various aspects of lactation. Dairy goats typically are milked
for a 305-day lactation with a 60-day dry period, in a
regimen similar to that for dairy cattle. It is common
for kids to be hand-reared on pasteurized milk or milk
replacer. Dairy sheep have a much steeper lactation
curve of approximately 5 months, similar to that for
sheep and goats in meat and fiber operations. A common practice in dairy sheep operations is to dam-raise
the lambs for the first 1 to 2 months and then switch
over to machine milking for commercial milk production, the suckling and suckling-to-milking periods offer
some unique challenges with regard to mastitis control.
Nutrition, mastitis, and reproduction are the major
factors influencing production in all herd types (see
Chapters 2 and 8).
Milk volume and composition differ among the dairy
species. Compared with milk from goats and cows,
sheep milk is highest in fat (7.62%), proteins (6.21%),
caseins, and other solids.3 As a result, rennet coagulation time is shortened and curd firmness is improved
during cheese production. However, dairy sheep
produce less milk volume per lactation period, and
genetic potential differs significantly between European
and U.S. lines. As a rough average, the East Fresian breed
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produces approximately 1000 lb of milk per lactation,
and the Lacaune lait breed, evaluated on an as-milked
basis (excluding milk used to dam-rear the lambs), produces around 650 lb per lactation.
Goat milk frequently is prescribed for milk-intolerant
children and adults; 40% of people who cannot digest
cow milk will be able to tolerate goat milk.3 Digestibility is facilitated by smaller fat globules and a
higher proportion of short-chain fatty acids, such as
the appropriately named caproic, caprylic, and capric
acids.3 Dairy goats produce more milk volume than
that typical for sheep, with component percentages
falling between those of cattle and sheep; production
volume and components are significantly influenced by
breed, herd, and individual genetic potential. Miniature
breeds produce a smaller volume of milk with higher
fat and protein content. The average milk production
in Wisconsin herds for 2008 was 1288 lb/doe, with the
top four herds averaging 1510 lb/doe.4 By comparison,
the 2009 “honor roll” members of the California Dairy
Herd Improvement Association (DHIA) produced as
much as 2717 and 603 lb/doe for standard and miniature breed dairy goats, respectively.5
In the standard European breeds, a 3.8% fat content
is typical.3 Among the top California operations, fat
contents as high as 4.9% and 6.9% were recorded for
standard and miniature breeds.5 In one high-volume
operation, however, the result of a butterfat test was
very low at 2.7%. As in cow milk, milkfat in goat milk
can be suppressed by highly fermentable diets (with a
carbohydrate-to-forage ratio greater than 2:1), subacute
ruminal acidosis, and heat stress. Increasing dietary forage and offering free-choice buffers (e.g., bicarbonate)
will help raise measured butterfat content. In the standard European breeds, protein averages 2.9%.3 Among
the top California operations protein ranged from
2.61% to 3.96% and 3.91% to 5.0% in the standard and
miniature breeds.5

SOMATIC CELLS
In small ruminants, increased somatic cell counts
(SCCs) are associated with increased parity, days in
milk, stressors, and onset of estrus, as well as with infection. The contribution of these factors is compounded
in a seasonally producing herd. In a survey of 71 U.S.
goat dairies, 65% did not meet grade A standards of
1 million cells/mL near the end of their lactation cycle,6
and many had difficulty meeting grade B standards
of 1.5 million cells/mL. Apocrine milk production
in small ruminants complicates SCC determination
because some testing methods will miscount normal
DNA-free cytoplasmic droplets; goats produce 10 times
more cytoplasmic droplets than sheep.7 The LevowitzWeber stain used for cattle SCC determinations does
not adequately differentiate between leukocytes and
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cytoplasmic droplets.7 Direct microscopic counts using
the pyronin Y methyl green stain is specified by the U.S.
reference standard for small ruminant milk, but staining methods and technician competency may vary by
laboratory.7,8 With Fossomatic techniques, counts are in
good agreement with the reference standard.6,8
Normal somatic cell populations differ dramatically
between the species. Neutrophils are the most common leukocyte in both the infected and uninfected
caprine mammary gland, making up 74% to 80% of
the cell population in late lactation.9 By comparison,
the noninfected ovine mammary gland cell population
is comparable to that in cattle, being largely composed
of macrophages (45% to 85%), with fewer neutrophils
(10% to 35%), lymphocytes (10% to 17%), and epithelial cells (2% to 3%); neutrophil numbers increase
during infection and are highly correlated with SCC.7,9
The degree to which infection directly correlates with
SCC is controversial. Some workers suggest that IMI
status is the major variable factoring into SCC.9,10 In
one goat dairy, however, although SCC increased with
IMI prevalence, 90% of SCC variability relates to factors other than mastitis.11 In both species, higher SCCs
in early and midlactation are more likely to indicate
infection than equivalent counts in late lactation,2,9
and repeated tests, or comparative samples between
udder halves, are more informative than single test
points.9 SCC also is moderately heritable, estimated at
approximately 0.11 to 0.15 in the larger sheep breed
databases. French Lacaune breeders are trying to reduce
SCC through selective breeding.9

BACTERIAL PATHOGENS
Bacterial pathogens responsible for clinical and subclinical mastitis in small ruminants are well characterized. Sporadic cases of clinical mastitis most frequently
are caused by Staphylococcus aureus, coagulase-negative
Staphylococcus spp., Arcanobacterium pyogenes, Corynebacterium, Pasteurella spp., and Pseudomonas spp.9 Outbreaks of clinical mastitis most frequently involve
S. aureus, Streptococcus spp. (S. uberis, S. agalactiae, and
S. suis), and opportunists such as Aspergillus, Pseudomonas,
Burkholderia, and Serratia.9
Numerous studies have identified coagulase-negative
Staphylococcus spp. as by far the most important cause
of subclinical mastitis in both the ewe (78%) and doe
(71%). S. epidermidis and S. caprae are isolated most
frequently, although other species are commonly identified.8,9 Shedding of coagulase-negative staphylococci
often is cyclic, in inverse proportion to SCC elevation,
and may be missed on single culture. From 60% to 80%
of cultured strains of coagulase-negative staphylococci
are hemolytic; hemolytic strains, and S. epidermidis
as a species, tend to cause very high elevations in SCC,
whereas other coagulase-negative staphylococcal species
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may not be obviously associated with an elevated SCC.9
S. aureus is the second most frequently isolated subclinical mastitis agent in the ewe (4%) and doe (8%),
whereas Streptococcus spp. and Corynebacterium are less
frequently identified.9 Unlike in dairy cattle, gramnegative bacteria are infrequent causes of mastitis in the
ewe (3%) and doe (8%).9 Although rarely involved in
mastitis, Listeria and Salmonella spp. are worth mentioning owing to their zoonotic potential; Listeria can be
shed from clinically normal udders.2

FUNCTIONAL ABNORMALITIES
AND THERAPIES
Congenital Abnormalities
Supernumerary Teats
The normal conformation of the udder in both sheep
and goats includes the presence of two teats, one on
each half of the udder; however, some animals may
be identified with three to six teats. Dairy breed organizations (for both goats and sheep) often identify
supernumerary teats as a serious disqualification in
both sexes and prohibit the surgical removal and subsequent registration of purebred animals with extra
teats. In meat animals, less emphasis is placed on teat
conformation, and many meat breed animals have
supernumerary teats. In some instances, breeders have
even advocated the selection of meat breed replacement animals that have four “clean” teats (i.e., fully
and separately developed) as a means of increasing
productivity.12
As with many conditions in goats and sheep, a variety of lay terms have emerged to describe specific supernumerary teat conformations. A clean teat is a single
normally shaped teat with a single teat orifice located
at the end of the teat. Teats are then further classified as
functional or nonfunctional, on the basis of the presence
of a single teat orifice and the ability to produce and
excrete milk from that teat. Nonfunctional teats have
the potential to interfere significantly with nursing if
associated with a separate milk gland that is not drained
by the primary teat; in our experience, presence of
such teats can lead to udder asymmetry with a slightly
increased risk of mastitis. Cluster teats are multiple
teats in close proximity to each other but remaining
distinctly independent (i.e., not split or bifid). In some
instances, two teats will be fused for some or all of their
length. These fused teats may have either one or two
teat orifices. If the fused portion accounts for less than
50% of the teat length, the teats are referred to as split,
whereas teats that are fused for the entire length often
are referred to as fishtailed. Both of these teat types have
been referred to as bifid teats. In rare instances, more
than two teats may be fused together; such large, conglomerate teats are referred to as “Christmas tree” teats
because of their multibranched appearance. Animals

with supernumerary teats also may have supernumerary mammary glands—a condition referred to as
hypermastia.
As mentioned earlier, most dairy breed organizations
prohibit the registration of animals with more than two
clean functional teats. The breed registry requirements
for meat breeds vary widely by registry. The American
Boer Goat Association (ABGA) allows registration of
animals with up to two functional teats per side (for a
total of four) and also allows split teats (in which 50%
or more of the teat is separate), with clean teats being
preferable. The ABGA considers cluster teats and fishtail
teats to be disqualifications.
Bifid (split or fishtailed) teats, when present, sometimes can be associated with and drain two distinct and
noncommunicating portions of the mammary gland.
In such instances, a thin membranous division along
the full length of the teat cistern may be visualized
with ultrasonography of the distal teat. For this examination, a 7.5-MHz or higher-resolution probe will
provide images of reasonable quality. Use of a probe
standoff will facilitate better-quality images; in field
situations, submerging the teat in a plastic container of
water will suffice for this purpose. For this technique,
a small plastic flat-sided storage container is filled
with water and then lifted up to the ventral portion
of the udder, with the teat submerged in the middle
of the container. Coupling gel can then be applied to
the probe and the side of the container, and the teat
is imaged in the middle of the water bath through the
side of the container. In the presence of a membranous
division of the teat cistern, a distinct variable-thickness
hyperechoic division will be seen extending down the
length of the teat cistern dividing the two teats. This
finding is of greatest clinical significance when one
of the teat cisterns lacks a teat orifice. In such cases,
this portion of the gland cannot be emptied of milk
and may remain swollen and painful until the gland
atrophies, which can take prolonged periods in highproducing animals.
From a production standpoint, the presence of supernumerary teats poses significant management problems. Most obviously, because the milking machine
claws have only two teat cups, the presence of more
than two functional teats constitutes a practical problem in getting the animals milked. Furthermore, the
presence of a split or bifid teat precludes proper placement of the inflation and renders milking by mechanical means impossible on that teat. These issues are less
important in meat production operations; nevertheless,
supernumerary teats can complicate initial attempts at
nursing by newborn lambs or kids, with cluster teats in
particular presenting significant challenges for offspring
trying to latch on to a functional teat.
Although detailed studies of the inheritance of supernumerary teats in small ruminants are not available,
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a genetic mode of inheritance has been recognized.
Consequently, attention to the teat structure in breeding males and females should be of high priority, and
animals with unacceptable teat conformation should
be culled. Surgical correction of supernumerary teats,
especially those classified as a disqualification, does
not address the genetic inheritance of this condition
and only prolongs and increases the prevalence of this
defect in the breeding population.

Weeping Teats and Teat Wall Cyst
In some animals selected for high milk production,
milk-secreting tissue may be present in the wall of the
teat. Three outcomes are possible relative to the milk
produced by such tissue: (1) In some instances, the
milk passes through local pores into the teat cistern,
with no clinical evidence of presence of this tissue.
(2) Alternatively, the milk can pass through skin pores
in the external epithelial surface of the teat and be
released onto the skin surface, resulting in a “weeping
teat.” Because the muscular orifice typical of the teat
streak canal is absent, this tissue may be prone to
development of retrograde bacterial infections and
localized mastitis. Clinically, animals with weeping
teats are easily identified by the presence of milk on
the lateral external surface, particularly at the time of
milking. Owners of affected animals also may report
that during hand-milking, their hands become wet
with milk. Apart from the aesthetic downside of these
lesions and the very occasional associated mastitis,
they generally do not pose significant health problems
for affected animals. The use of silver nitrate sticks
to cauterize these weeping pores has been reported2;
however, this procedure may potentially lead to the
development of a teat cyst, as described further on.
(3) Finally, if no porous passage exists for the milk to
move out of the teat wall, a teat wall cyst will develop
to contain the accumulating milk. In such cases, the
cyst can be readily identified clinically by detection
of a focal fluctuant swelling in the teat wall. Teat
wall cysts may be as small as a couple of millimeters
in diameter up to 1 to 2 cm in diameter. Ultrasonographic evaluation of the teat (as just described for
bifid teats) will readily identify a hypoechoic fluidfilled structure located in the teat wall. Aspiration of
the cyst, performed using aseptic technique, will confirm the diagnosis.2 In some instances, presence of the
cyst may lead to difficulty in placing the teat cup on
the teat; however, this problem generally is of limited
importance. Perhaps more significant is the occasional
teat cyst that results in deformation of the mucosal
wall of the teat cistern, with consequent functional
outflow obstruction of milk through the teat canal. In
such cases, ultrasonography-guided aspiration of the
cyst may restore milk flow, and surgical resection of the
teat cyst can be performed if warranted.
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Poor Suspensory Ligament Support
The mammary gland is supported by three primary
attachments: the two lateral suspensory ligaments and
the medial suspensory ligament located between the
two halves of the udder and oriented in the axis parallel
to the animal’s body. These three suspensory ligaments
provide the support necessary to hold the udder up
tight against the body wall, where it is less likely to be
injured. In cases where these suspensory ligaments do
not provide sufficient support, the udder will be carried
in a more pendulous fashion, with excessive movement
and swinging during locomotion. One commonly used
rule of thumb is that ideally the udder should be held
above the level of the hock in lactating animals.
Poor support of the udder contributes to a variety
of potential problems for both the doe or ewe and her
offspring. Excessively low carriage of the udder often
makes it difficult for newborn lambs or kids to find
the teats, because by nature they tend to look up at the
base of the udder. Furthermore, as the lambs and kids
grow older, a normal nursing posture becomes impossible when teats are close to the ground. In the doe,
poor udder support predisposes the animal to injury,
bruising, and mastitis. Pendulous udders can experience significant trauma associated with swinging while
the animal runs, or more directly when either the doe
or ewe or one of her penmates steps on a portion of the
udder or teat. Pendulous udders also are more prone
to damage during dog attacks or from barbed wire or
horns of other animals. With regard to mastitis, the
low carriage of the mammary system exposes it to more
fecal and environmental contamination from the bedding and predisposes affected animals to some forms of
mastitis, including coliform mastitis.
Poor udder conformation generally is considered to
be an inherited genetic defect and should be negatively
selected for in breeding programs, for the health of
both the does or ewes and their offspring. Commercially available nylon mesh udder supports are available
when warranted. Alternatively, a mastectomy provides a
long-term solution if the animal is being kept as a pet.
Because these animals should not be bred, the absence
of an udder will not be of significant concern with
regard to raising offspring.

Uneven or Asymmetric Udder
Asymmetric udders or uneven udders can occur as
both a congenital and an acquired condition. In rare
instances, the suspensory ligaments of the udder are
attached in an asymmetric fashion, which results in a
“twisted” appearance of the udder in relation to the
main body axis. In dairy goats, it is relatively common
for does to have an asymmetric udder associated with
uneven milk production. This situation may be present from the time of parturition or may develop over
the course of the lactation period. In some cases this
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finding may be associated with a subclinical infection
with coagulase-negative staphylococci on the side with
less milk production, so milk culture of each half performed separately is suggested. If the condition occurs
as a herd-level problem, a thorough evaluation of the
milking system should be conducted in addition to
individual animal milk cultures. Milking system cleaning and disinfection practices should be evaluated, as
well as milking claw design and placement during milking. In our own practice, we have observed a herd-level
problem with asymmetric udders associated with placement of milking claws from the side, resulting in differential milking rates from the halves and, consequently,
differential milk production.

Physiologic Abnormalities

mammary gland swelling but the milk will be normal.
Considerations in the differential diagnosis for udder
edema should include trauma, hypoproteinemia, recent
parturition (fresh doe or ewe), and dependent edema.
A less obvious but nonetheless important possibility is
hypoproteinemia associated with intestinal parasitism.
In one herd, udder edema was the first clinical sign of
hypoproteinemia and resolved after appropriate therapy for the parasitic infection (see Chapter 6).
In most cases, udder edema resolves without treatment in recently fresh animals. Correction of the primary cause of hypoproteinemia generally will result
in clinical resolution when this is the cause of udder
edema. Diuretics such as furosemide can be used if the
udder edema poses a significant risk for trauma or is
seen to impede locomotion.

Agalactia

Precocious Udder

Agalactia is the absence of milk production in an animal that should be producing milk. The two most
common causes of this condition are systemic disease
and mastitis. In animals with severe systemic disease
and decreased feed intake, milk production will drop
dramatically and, in some cases, will cease altogether.
A good physical exam often will identify the specific
systemic disease, and treatment should be focused on
correction of the underlying issue. If the duration and
extent of the systemic disease are limited in duration
and severity, the animal may return to some level of
milk production for the remainder of the lactation. If,
however, the insult is severe, milk production may not
be salvageable for that lactation. A syndrome known as
“contagious agalactia” associated with mastitis may be
caused by any of several members of the Mycoplasma
genus. Many of the organisms considered in the etiology of this syndrome are not routinely found in the
United States and are considered the agents of foreign
animal diseases; however, Mycoplasma spp. have been
identified as a significant cause of mastitis in some U.S.
operations and can be associated with decreased or
absent milk production. In clinical practice, the presence of agalactia with evidence of abnormal mammary
gland secretions or texture should result in inclusion
of mastitis (due to any of the organisms discussed later
on) on the differential diagnosis list.

Precocious udder can occur in all small ruminant species but most commonly is observed in nulliparous
dairy goats. In these animals, the mammary gland
development occurs before breeding or is excessive for
the stage of gestation in bred animals. The presence of
a precocious udder generally is not cause for concern;
however, the udder should be evaluated for texture,
heat, and pain, which may be indicative of a mastitis.
If heat and pain suggest the presence of an infection,
expression of some secretions for bacterial culture often
is possible, but the benefit of this procedure must be
weighed against the decreased mammary gland protection associated with removing the keratin plug from
the teat streak canal. Precocious udders may be asymmetric but should be soft and pliable on palpation.
If an infection is confirmed, antimicrobial therapy may
be indicated. Although intramammary infusion of an
appropriate drug for mastitis therapy may be considered, the very small size of the streak canal may preclude
infusion without significant trauma. In such cases, systemic therapy with an antimicrobial with good volume
of distribution may be a more effective option. In either
case, emphasis on appropriate drug withdrawal protocols is important, because most producers are not accustomed to scenarios involving antimicrobial-associated
milk withdrawals at the time of parturition.

Udder Edema

Gynecomastia refers to the abnormal development of a
mammary system and milk secretion in a male. Three
different causes have been identified in small ruminants, particularly goats. In two published reports, the
animals had evidence of sex chromosome abnormalities, one with Y chromosome deletions and the other
with sex chromatin in the neutrophils.13,14 Gynecomastia also has been reported to occur as the consequence
of a familial predisposition associated with high milk
production in the maternal line. It is speculated that the

Udder edema is a common finding in recently fresh
animals, especially primiparous does and ewes. Careful evaluation of an enlarged mammary gland is indicated to differentiate between mastitis and edema.
In mastitis, the gland often will be enlarged, may be
either very warm or very cold to the touch, and may be
painful and typically expresses milk with an abnormallooking texture or color or with an odor. In edema of
other causes, the clinical presentation also will include

Gynecomastia
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affected animals may have higher baseline production
of prolactogenic hormones that lead to the abnormal
mammary gland development.15 Similarly, animals
with endocrine imbalances associated with adrenal
tumors may exhibit gynecomastia.16 Finally, excessive
mechanical stimulation of the teats associated with
simulated milking or nursing appears to be sufficient
to elicit mammary gland development with secretion of
small volumes of milk.15
In many cases of short-term gynecomastia, the fertility of the buck may not be affected; nevertheless, a full
breeding soundness exam is always warranted. When
the mammary gland is excessively large, it may interfere
with normal cooling of the testicles, with the potential
for decrease in or loss of fertility.15 With abnormalities
involving the sex chromosomes, the affected animal
generally is infertile.

Obstructions to Flow
Blind Half
Severe damage to the mammary gland associated with
mastitis (bacterial or viral) or trauma may result in
fibrosis of the secretory tissue and the loss of function
in one or both halves of the mammary gland. In such
cases the mammary gland typically appears atrophied
and no milk can be expressed from the gland. The situation may resolve spontaneously at the time of the next
parturition or may be present for the remainder of the
animal’s life. Anecdotally, some practitioners also have
utilized chemical (chlorhexidine or iodine) means of
“killing” one half of an udder in cases of chronic nontreatable mastitis; however, no published reports have
evaluated the safety of this procedure, and the potential
exists for adulterated milk from the untreated gland.
In naturally occurring cases of “blind halves,” no
therapy is required, and the prognosis for returning to
normal full production is moderate to guarded.

Hard Milker
In some animals, the small size of the streak canal in
the teat severely limits flow of milk through the orifice;
animals with this condition are routinely referred to
as “hard milkers.” This problem may be the result of
genetic inheritance of small streak canals or due to
trauma or irritation associated with teat end lesions.
In severe cases, any of several types of teat knife or
bistoury can be used to expand the streak canal opening. The instrument is placed through the streak canal
and then removed in such a fashion as to cut the
internal portion of the streak canal while minimally
cutting the external portion of the canal. This procedure should be performed while the udder is full, to
assist in assessing the teat opening size. A second or
third cut may need to be performed in severe cases.
After surgery the teat ideally should be milked every
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20 minutes for 2 hours and then every hour until the
next day. Owners should be warned that milking will
become more difficult over the next 2 to 3 days owing
to swelling, but the surgery should not be repeated
until at least 1 week later, when a true assessment of
the success can be determined. This procedure does
carry significant risk of inducing a mastitis or chronic
teat leakage if the surgeon is overly aggressive. In our
own experience, some does with small but milkable
teat orifices tend to have lower somatic cell counts;
however, no controlled studies have been performed
to determine the role of teat canal size in relation to
mastitis and SCC.

Teat Spider and Lactoliths
Another consideration in the differential diagnosis
with animals that are difficult to milk is the presence
of a so-called teat spider or one or more lactoliths.
Unlike with tight streak canals, these conditions
result in difficult milking as a consequence of partial
or intermittent blockage of the canal from abnormal
tissue or by calcified concretions. Tissue-associated
blockage often is secondary to formation of a mass on
a pedunculated stalk that allows its free movement—
the teat spider. A concretion termed a lactolith may
form within the teat cistern, starting from a particulate
nidus or teat gargot, and grow to the point that it can
occlude flow through the teat canal. Typically, blockage occurs at the top of the streak canal by a ball valve
mechanism.
In cases of blockage palpation of the teat often will
reveal a firm pea-size mass that may be movable in the
teat cistern. Ultrasound examination can be performed
as described in the section “Diagnostic and Therapeutic Procedures” and can reveal the presence of a tissue
mass extending from the mucosa surface of the teat
cistern. With this type of lesion, two basic forms of
therapy have been used: Various forms of teat knives
can be introduced through the streak canal and used
to macerate the teat spider so that it can be removed in
smaller portions.17 Alternatively, a surgical thelotomy
may be performed to remove the mass. Anesthetic
block is obtained with local infiltration of lidocaine in
a circumferential pattern at the base of the teat. For the
procedure, a 3- to 4-cm-long incision is made parallel to the length of the teat. A teat cannula should be
passed through the streak canal and used to protect the
mucosa of the opposite side of the teat cistern during
entry. The mucosa surrounding the lesion should be
undermined and its edges apposed with monofilament
suture17 to prevent excessive granulation tissue from
developing and occluding the teat cistern. The submucosa and intermediate layer are closed in a continuous horizontal pattern using resorbable monofilament
suture, and the skin is closed with simple interrupted
sutures.
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Common Surgeries of the Teat
and Udder
Teat Laceration Repair
The first step in repair of any teat laceration is to
consider the prognosis for return to function. Several
factors influence the prognosis, including laceration
severity (partial-thickness versus full-thickness), laceration site, direction of laceration (parallel versus perpendicular to teat axis), and involvement of complex
anatomic structures (streak canal or annular ring). With
a full-thickness laceration that penetrates either the teat
cistern or gland cistern, the risk of mastitis or elevated
SCC is significant. An additional risk with these lesions
is the potential for postoperative development of teat
fistulas. The likelihood of successful laceration repair
generally increases as the laceration moves closer to
the base of the teat and when the laceration is oriented
parallel to the teat axis.
Preoperatively the animal can be sedated if necessary, and a ring block with 2% lidocaine is performed
around the base of the teat, with care taken to avoid
the circumferential vein and the teat and gland cistern.
If the laceration is full-thickness, some clinicians also
place a tourniquet at the base of the teat to minimize
interference with surgical visualization by milk from
the teat. If necessary, the wound should be surgically
debrided, with preservation of as much tissue as possible. Full-thickness lacerations should be closed in
three layers.17 First the submucosa is closed using a continuous horizontal pattern that does not penetrate the
mucosa, followed by closure of the intermediate layer
using a similar pattern, best accomplished with 4-0
monofilament synthetic resorbable suture introduced
by a swaged-on taper needle. Finally the skin is closed
using 4-0 or 3-0 monofilament suture in a simple interrupted pattern. Postoperatively, the patient should not
be subjected to mechanical milking or hand-milking for
at least 10 days. Instead, the milk should be passively
removed from the teat cistern using a teat cannula.
Intramammary antibiotics should be given every other
day during this time, and the mammary gland should
be closely monitored for signs of mastitis.

minimize the width of the elliptical tissue removed so
as to retain as much normal skin as possible for closure.
The incision is closed as described for the full-thickness
teat laceration.

Mastectomy
Radical mastectomy is a treatment for mammary conditions such as gangrenous mastitis not responsive
to medical treatment, precocious udder that exhibits
inappropriate lactation, or other localized mammary
disease. Goats with gangrenous mastitis present with
clinical signs of a discolored (dark) udder that is cold,
painful, and swollen. The milk usually is blood-tinged.
Most animals are affected at 10 to 15 days after kidding.
Medical treatment is seldom successful, and chronic
mastitis frequently is the end result.18 Mastectomy has
proved to be a safe and effective treatment to allow
good quality of life in pet animals or in genetically valuable animals to be used as embryo donors, or in natural
dams of offspring to be hand-raised.19
A radical mastectomy is performed with the animal
in dorsal recumbency under general anesthesia (Figure
15-1). This positioning allows access to more skin for
closure with minimal tension. Some veterinary surgeons prefer an elliptical skin incision. The inverted
cloverleaf skin incision, however, allows dissection of
the skin away from the mammary tissue and identification of the vasculature to allow ligation of the vessels to
prevent hemorrhage (Figure 15-2). The arterial blood
supply to the mammary gland arises from the external
pudendal and perineal arteries. The blood drains from
the gland by way of the external pudendal and perineal
veins as well as the large subcutaneous abdominal vein.
The mammary tissue can be bluntly dissected off the

Teat Fistula Repair
Teat fistulas that develop after teat lacerations increase
the risk for mastitis in that gland of the udder. Because
they do not have a streak canal or sphincter, they are
open to retrograde movement of bacteria and often
are associated with elevated SCCs or mastitis. When
surgical correction of the fistula is warranted, the
lesions should be allowed to heal until the fistula is
well demarcated and easily visible. The teat should be
anesthetized as described previously; then an elliptical
incision is made along an axis parallel to that of the teat
and around the perimeter of the fistula. Care is taken to

Figure 15-1 Three lines of the four that make up the
inverted cloverleaf skin incision for mastectomy in a 4-yearold Pygmy doe. This view is from the rear, with the animal in
dorsal recumbency. The teats are being held adjacent to each
other by an assistant’s gloved hand. (Courtesy Dr. A.N. Baird,
Purdue University.)
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external rectus sheath by fanning of the operator’s hand
under the glandular tissue. The skin closure is then
done in an X shape, with latex drains placed subcutaneously exiting away from the incision line (Figure 15-3).
The dissection leaves abundant dead space, which
should be ablated as much as possible by tacking the
subcutaneous tissue to the external rectus sheath with
absorbable sutures.
Partial mastectomy may be performed in the case
of unilateral disease. The partial mastectomy is done
through an elliptical incision around the teat of the
affected gland. Partial mastectomy is technically more
difficult to perform because of collateral circulation and
different dissection required. Care must be taken in the
dissection not to compromise the gland to be left intact.20

Figure 15-2 The external pudendal vein near the right
inguinal ring, in the doe shown in Figure 15-1. In this caudal
view, the skin has been dissected to the left and the mammary tissue is to the right. (Courtesy Dr. A.N. Baird, Purdue
University.)

Figure 15-3 X-shaped skin closure after mastectomy in the
doe in photo 4, with a latex drain in place. The view is from
the right side of the doe with her rear to the right. (Courtesy
Dr. A.N. Baird, Purdue University.)
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An alternative to radical mastectomy in does with
gangrenous mastitis is ligation of the mammary vasculature in conjunction with the amputation of the
teat. This surgical approach allows drainage of the
glandular discharge and ultimately avascular necrosis
of the udder. When compared with a traditional radical
mastectomy, this method was described as quicker to
perform, less expensive, and less stressful to the goat.21
However, the sloughing udder may not be cosmetically
pleasing to the owner.

Ligation of the External Pudendal Artery
The patient with severe gangrenous mastitis may be an
unsatisfactory anesthetic risk. In such cases, one option
is to ligate the external pudendal artery and vein as they
exit the inguinal canal. This procedure can be performed
with use of mild sedation and local anesthesia with the
animal in lateral recumbency. After ligation of these vessels, the absorption of toxins from the mammary gland
is limited, and the mammary gland will atrophy because
the external pudendal artery is the primary vascular supply for the mammary gland of sheep and goats.17
For this procedure, the animal is placed in lateral
recumbency, and the area external to the inguinal canal
is infiltrated with 2% lidocaine. A skin incision is made
over the region, and blunt dissection is used to identify
the inguinal canal with both the external pudendal
artery and vein exiting it. Each vessel is triple-ligated
and incised, leaving two ligatures on the cardiac side.
The dead space is minimized using several layers of
subcutaneous sutures and the skin is closed in a routine
fashion. The clinician also may consider teat amputation after this surgery, in order to facilitate drainage of
the mammary gland.17
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MASTITIS: DIAGNOSTIC APPROACH
AND TECHNIQUES
Herd Milk Quality Investigation

transition.1 Mastitis control programs should focus
on hygiene, the milking system and process, dry-off
protocols, and culling. Culling often is the best recommendation for animals with clinical mastitis and for
those with subclinical disease that do not respond to
dry therapy1,3 (Figure 15-4).

Mastitis is an “economic, hygienic, and legal” problem for producers.1 Although the incidence of small
ruminant clinical mastitis typically is less than 5% per
year,1,2 problem herds may have clinical mastitis rates
of 30% to 50%. The prevalence of subclinical mastitis
in the average herd is very high, especially during late
lactation, when chronic infections are at their highest
prevalence.1 Mastitis in small ruminants, especially
the goat, often persists through the lactation and dry
periods, and re-infection is common. Self-cure rates for
subclinical mastitis during the dry period are 35% to
67% in the ewe and 20% to 60% in the doe.1 New infections are associated with the first third of lactation, the
start of machine milking, and the suckling-to-milking

Prevention and Control
Hygiene
Skin flora and IMIs are the main reservoir for staphylococcal and streptococcal pathogens. Infections are
spread and established during milking or nursing.1
Although supporting evidence for their use is minimal,
udder hygiene practices common to cattle dairies are
encouraged in sheep and goat dairy operations.3 The
dry, pelleted form of small ruminant feces facilitates
good udder hygiene scores; this is especially important

Clinical mastitis in a small ruminant

Is the milk normal: No
Is the gland normal: Yes
Is the animal normal: Yes

Is the milk normal: No
Is the gland normal: No
Is the animal normal: Yes

Is the milk normal: No
Is the gland normal: No
Is the animal normal: No

Day 1:
Submit milk culture,
No therapy initiated,
Monitor carefully

Day 1:
Submit milk culture
Monitor every 6-8 hours
No therapy if maintaining

Day 1:
Submit milk culture
Initiate fluid therapy,
systemic antibiotics,
anti-inflammatories,
IMM therapy (target
S. aureus when in doubt)

Day 2:
Re-evaluate severity,
Initiate IMM treatment
based on preliminary culture

Day 2:
Re-evaluate severity,
Initiate IMM treatment
based on preliminary culture

Day 2:
Continue therapy,
reevaluate IMM choice
based on culture

Figure 15-4 Flow chart for clinical mastitis in a small ruminant.
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at milking, when the teats must be clean and dry. Teatdipping is recommended, especially “post-dipping,”
which can reduce the incidence of new IMI by 30% to
40% and also improve bulk tank SCCs4; in goat herds,
use of individual or single use towels also can reduce
IMI rates.5 These effects are most obvious during early
lactation and in herds with high levels of IMI. If the
producer is unwilling to adopt routine teat-dipping,
strategic application of teat dips during the high-risk
periods is a reasonable compromise.3,4,5 Teat dip solutions should be clean and changed regularly, with use of
potable water to avoid contamination with Pseudomonas
and Serratia.1 Intramammary infusions should be
applied with good aseptic technique and minimal cannula insertion. Splitting or sharing antibiotic infusion
tubes between teats is not recommended, but if it is
done, the healthy half should be infused first.1,3 Any
teat injury (e.g., lacerations, frostbite, orf infections,
teat end hyperkeratosis) increases the opportunity for
pathogen colonization.
Farm hygiene can have a direct effect on udder
health. Bedding areas should be kept clean and dry
to prevent coliform invasion. Moldy feed and bedding may introduce fungal pathogens.1 Strict attention
should be paid to stocking density; poor air ventilation
and increased humidity associated with overcrowding
will result in high airborne bacterial counts and a more
favorable cutaneous environment for pathogens.

Milking Processes
Milking practices and the milking system may have a
critical impact on udder health by causing mechanical
insult or by providing bacterial reservoirs in dirty equipment. Producers are advised to implement a milking
order whereby primiparous and nonmastitic animals
are milked first. This strategy will decrease major (clinical) mastitis rates among first-lactation animals and
decrease minor (subclinical) mastitis rates among multiparous animals.1 Milking insult cumulatively increases
end-of-lactation bulk tank SCCs.1
Milking practices that should be avoided include
overmilking and undermilking, claw removal under
vacuum, and vigorous udder massage or stripping.
Overmilking will promote teat end hyperkeratosis
and subsequent bacterial colonization; undermilking can increase udder sensitivity to bacterial pathogens.1 In dairy cattle, milkout and milk letdown are
directly influenced by the teat prep process and timing.
In sheep or goats, however, milk letdown is not closely
dependent on the teat preparation process, because
most of the milk (more than 50% in dairy sheep and
80% in goats) is stored in the gland cistern, rather than
the gland alveoli.3,6 Impact events such as claw removal
under vacuum, vigorous udder massage, and machine
stripping transmit mastitis through retrograde entry of
infected milk and surface bacteria into the teat.1
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Machine milking systems should optimize equipment to production levels, teat conformation, and
operation size. Ideal small ruminant milking systems
have not been fully characterized, and it is likely that
current recommendations will continue to evolve. Institution of a program of annual system inspection and
maintenance is a reasonable and often-overlooked
step. Detailed information on how to perform a system
inspection is published by the National Mastitis Council (NMC) as well as other sources. Inflations should
be inspected and replaced before visible wear caused
by time, milking, and sanitation processes. Suggested
replacement frequencies include every 1000 to 1500
milkings and annually (for rubber inflations) and on
alternating years (for silicone inflations)1 and as often
as every 60 days.3 The milking system should be cleaned
twice daily by a clean-in-place (CIP) system using
appropriate detergents, sanitizers, and water temperatures. A blacklight exam can identify milkstone or protein deposits missed by the cleaning program; further
information on CIP processes is published by the NMC.
Most milking system mechanical recommendations
are based on data from dairy cattle. Milk lines should
be constructed with sufficient size and slope to avoid
milk slugging. Low-line systems that permit lower and
more consistent teat end vacuum are preferred in small
ruminant dairies.3,5 Low teat end vacuum pressures of
11.5 to 12 mm Hg are appropriate for small ruminant
low-line systems3; slightly higher teat end vacuum pressure is necessary in high-line systems. Unnecessarily
high vacuum pressure will cause teat end hyperkeratosis
and increased SCCs.1 System vacuum requirements are
similar to those for cattle dairies. Line system requirements can be calculated by summing a base of 30 cubic
feet per minute (CFM) plus 1.5 CFM/milking unit and
3 to 4 CFM in reserve; bucket systems require a base of
10 CFM plus 1 CFM/unit. Current recommendations
for pulsation rate are 70 to 100 pulsations/minute, with
milk-to-rest ratios ranging from 50:50 to 70:303; these
are at the higher end of cattle-specific recommendations.

Dry-Off
The dry period permits udder involution and colostrum
development before the next lactation cycle. If well
managed, it is an excellent opportunity to improve
udder health and cure existing IMIs. Institution of dryoff should be prompted by decreased milk production
or increased bacterial or somatic cell concentration, or
should coincide with the next kidding date. Generally, it
is better for udder health to abruptly cease milking than
to gradually decrease milking frequency. This approach
is facilitated by decreasing the doe’s or ewe’s nutritional
plane several days in advance of the dry date.
Dry therapy is used to cure existing infections or to
prevent new infections in the close post-dry period;
the former is more important in sheep and goats.22
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Animals with IMIs that persist through the dry period
despite appropriate treatment should be culled.1 Intramammary dry treatments significantly improve mastitis cure rates in the ewe (655 to 95.8%) and doe
(50% to 92.5%) in comparison with untreated control
animals1,7; coagulase-negative staphylococcal infections are more responsive to dry therapy than are
S. aureus infections.8 In herds with a low prevalence
of subclinical mastitis (30% to 40% or less), selective
treatment of only infected animals or halves is a reasonable approach; otherwise, all animals should be
dry-treated.1,2,7,8 In Mycoplasma-free herds, goats with
multiple individual somatic cell count (iSCC)s greater
than 2 million cells/mL probably are infected with
S. aureus (with sensitivity of 100% and specificity of
74%) and should be dry-treated or culled.12 Unless
steps are taken to prevent new IMI in the following lactation period, dry-treated animals will lose their udder
health advantage by 75 to 100 days in milk (DIM).4,8
Parenteral dry therapy is an option in meat and fiber
herds. It is not advised in dairy operations, however,
because antibiotics that achieve effective concentrations in the gland are associated with prolonged milk
residues. Limited evidence suggests that two or more
injections of parenteral medication may be needed to
achieve mastitis cure rates above those in control animals.1 Several studies show a positive effect of extralabel
tilmicosin on udder texture, bacterial shedding, and
preweaned lamb performance when administered to
ewes1,9; tilmicosin should not be used in goats owing
to reports of adverse events.
Clinical trials are unavailable for several other drugs
that theoretically should be effective in the mammary
gland. Tulathromycin (2.5 mg/kg SC in a one-time dose)
and florfenicol (20 to 25 mg/kg IV or IM twice a day)
both are legal for extralabel drug use under the Animal
Medicinal Drug Use Clarification Act (AMDUCA) in the
United States. Tiamulin (25 mg/kg IM twice daily) is
not available in an injectable form in the United States,
and the labeled swine feed and water additives are not
legal for extralabel use. Other drugs that are not labeled
or recommended for food animal use in the United
States include the aminoglycosides tobramyacine and
apramycin, along with two fluoroquinolones (enrofloxacin and norfloxacin) that cannot be legally used
extralabel in the United States.1
Three nonantibiotic dry period interventions are
teat sealants, mastitis vaccination, and vitamin E and
selenium supplementation. Vitamin E and selenium
supplementation may decrease SCC in the following
lactation.1,3 Teat sealants are available in either external
(e.g.. Stronghold) or internal (Orbaseal) formulations.
Research in dairy cattle demonstrates that appropriately
applied teat sealants help prevent new IMIs during
the critical dry-off and precalving weeks.10 Although
sheep and goats are less susceptible to acquiring new

infections during the dry period, these products may
help in certain herds for which the environment is less
than optimal. External sealants may require multiple
applications—once at dry-off and repeated applications from 10 days before parturition until kidding or
lambing. The internal sealant should last through the
dry period and will need to be stripped out at the first
milking.10 Early milk from animals treated with internal sealants will appear clotty and mastitic but will not
cause a positive reaction on CMT. External sealants may
be the better choice in herds that dam-rear the young,
unless personnel will be available at parturition to
vigorously strip out the sealant material before nursing
can begin.
Staphylococcal and coliform mastitis vaccines are
available. Several S. aureus vaccinations have been used
in small ruminants with variable success. They are most
effective in decreasing the severity but not the frequency
of mastitis and may be of value if gangrenous mastitis
prevention is the goal, rather than reduction in herd
infection prevalence and decreased SCCs.3 The coliform J5 cattle vaccine originally was modeled in goats.
This vaccine did reduce shedding and clinical signs in
experimental infection.3 In general, however, coliform
mastitis is not a significant problem in small ruminant
herds, and when counts are elevated, hygienic practices
should be evaluated first.

Elevated Bulk Tank Bacterial Counts
Elevated bulk tank bacterial counts indicate poor milk
quality and create an economic crisis for the producer
when in excess of legal limits (U.S. Pasteurized Milk
Ordinance PMO Grade A, more than 100,000 colonyforming units [CFUs]/mL; PMO Grade B, more than
300,000 CFUs/mL). The first step is to determine the
bacterial source: mastitis, dirty udders, dirty equipment,
or poor milk cooling. The standard panel of bulk tank
bacteriologic tests includes the standard plate count
(SPC), preliminary incubation (or pre-incubation)
count (PIC), lab-pasteurized count (LPC), and coliform
count (Table 15-1). The SPC regulatory test is a measure
of the total bacteria in the milk flora and generally is
nonsensitive to source. Unlike with infections in cattle,
very high elevations in SPCs do occur with high herd
prevalence of staphylococcal IMI. Clinical laboratories
used to reading cattle milk cultures may report growth
of coagulase-negative staphylococci as “nonsignificant”;
in small ruminants, culture of these organisms is very
significant. The PIC is performed on milk that has been
incubated at 55° F for 18 hours before plating and
counting; this test selects for psychrotrophic bacteria,
and the PIC is an indicator of on-farm sanitation and
milk cooling problems. The LPC is performed on milk
that has been subject to pasteurization temperatures
and times in the lab before plating and counting; this
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TABLE 15-1 Standard Bulk Tank Bacteriologic Test Panel: Significance of Results
Procedure/
Result(cfu/mL)

Mastitis

Dirty Udder

Dirty Equipment

Poor Cooling

Possible
Possible (especially in
small ruminants)
Unlikely

Possible
Unlikely
Possible

Possible
Possible (more likely
in cattle)
Possible, more likely

PIC high vs. SPC
(>3-4 × SPC or
>50,000)
SPC high/no increase
in PIC

Unlikely

Possible

Possible, more likely

Possible
Possible (more likely in
cattle)
Unlikely (can occur under
certain circumstances)
Possible, more likely

Possible

Possible

Unlikely (can occur under
certain conditions

Coliform count high
(>25-50)

Possible (rare,
especially in small
ruminants)

Unlikely (can occur
under certain
conditions)
Possible

Possible

Unlikely (can occur under
certain conditions)

SPC >10,000
SPC >100,000
LPC >200-300

LPC, Lab-pasteurized count; PIC, preliminary incubation count; SPC, standard plate count.
Modified from Murphy S: Raw milk bacterial tests—standard plate, preliminary incubation, lab pasteurization and coliform counts. Sources
and causes of high bacteria counts, Ithaca, NY, 2004, Quality Milk Production Services, p 704.

test selects for thermoduric bacteria, and an increased
LPC is an indicator of poorly cleaned milking equipment, biofilm development, and occasionally dirty
udders. The coliform count is performed by plating
milk on selective media and is an indicator of dirty
udders (low levels), poor equipment sanitation (high
levels), or possibly coliform mastitis (rare in the small
ruminant). It is important that the bulk tank sample
was correctly obtained; a sanitized dipper should be
used to draw a 2-ounce sample from the top of a tank
that has been thoroughly agitated for 10 minutes.
The results of these tests will direct the remainder of
the diagnostic investigation (see Figure 15-4). Scores
indicative of mastitis necessitate follow-up individual
cultures in order to isolate the pathogen(s) and
identify infected animals. Improved mastitis controls,
selective therapy, and removal of individual animals
from the main milking string may be necessary. Milking procedures and udder cleanliness scores should be
examined if dirty animals are implicated. Problems
with equipment sanitation require a thorough inspection of the entire milking and CIP system. Any gasket
or rubber components should be closely inspected,
the CIP process and chemicals should be reviewed,
and the cleaning water should be tested. The farm’s
milking equipment supplier can be a welcome asset
in this investigation. If inadequate cooling or holding
temperatures are suspected, submersible temperature
data loggers such as the HOBO (Onset, Bourne, Massachusetts) can track milk temperatures between milk
shipments.

Elevated Bulk Tank Somatic Cell
Counts
The bulk tank SCC often is ignored until a regulatory
violation occurs. Such problems often arise late in the
lactation cycle, when making substantial changes can
be very difficult. Although nonpathologic increases
in SCC are unavoidable, especially in goats, it is possible to influence SCC by controlling subclinical mastitis. Focusing on the annual average bulk tank SCC
will help control for lactation-stage confounding factors and identify herd-level IMI. A strong correlation
(r2 = 0.845) between the annual average bulk tank
SCC and persistent subclinical mastitis has been documented in ewes. Each 100,000 cell/mL–step increase in
average bulk tank SCC equals a 2.5% increase in flock
IMI prevalence (e.g., 250,000 cells/mL = 16% prevalence; 1 million cells/mL = 35% prevalence).1 Although
interpretation of SCC in goats is more complex, a survey of 155 French goat dairies demonstrated a similar
association: bulk tank SCC of 750,000 cells/mL = 30%
(±12%) prevalence; 1 million cells/mL = 39% (±8%)
prevalence; and 1.5 million cells/mL = 51% (±8%)
prevalence.1 For these reasons elevations in bulk tank
SCC should be treated as an udder health problem until
proven otherwise.
In cattle, high bulk tank SCCs typically are broken
down into “cow versus herd” and “new versus chronic”
classification categories. High individual SCCs are tallied, and a 15% threshold is used to separate out herd
issues from a few very high-level shedders. If it is a
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herd problem, then the percentage of new infections
(10% threshold) is used to classify chronicity; new
problems often are due to lapses in milking technique
or hygiene (Schukken Y: personal communication,
2009). Although this approach has not been validated
in small ruminants, the theory should translate. Most
often, chronic, herd-level IMI is observed in small
ruminants.
Individual SCCs and production records should
be obtained to identify the heaviest contributors to
the tank and likely candidates for individual cultures.
Whole-herd CMT testing is a cheaper but less informative option. Bulk tank aerobic and Mycoplasma cultures
should be performed. If these tests support subclinical mastitis, individual culture specimens should be
obtained in all animals with the top 50% SCCs; ideally,
all animals would be tested. Milking processes and dry
therapy should be closely reviewed, as discussed earlier.
Nonphysiologic, noninfectious causes of elevated individual or bulk tank SCCs include feeding the Guatemalan avocado leaf (20 g of fresh leaf/kg of body weight)
and very recent intramammary infusions.3

Milk Quality Crisis Intervention
Because a majority of bulk tank SCC and bacterial violations occur in late lactation, one rapid but
temporary solution is to identify and remove the
highest-contributing animals through milk diversion,
treatment, or dry-off. These animals can be identified
by calculating and ranking the contribution to the tank
for each herd member; current individual SCC or quantitative bacterial counts and production volumes are
needed. The per-animal contribution to the tank can be
estimated by multiplying the individual SCC or bacterial counts by production volume after first converting
to matching units. This “Band-Aid” approach will allow
the producer to maintain the maximum possible production while quickly meeting regulatory standards. If
the underlying disease issues are not addressed, a rapid
return to elevated herd counts can be expected. In one
138-head goat dairy, the bulk tank bacterial counts were
reduced from 1 million CFUs/mL to as low as 6000
CFUs/mL simply by removing 13 animals from the
main milking string/line.

CONSIDERATIONS IN RESPONSIBLE
ANTIBIOTIC THERAPIES AND RESIDUE
AVOIDANCE
Important considerations in medicating dairy animals
include bioavailability in the udder and residue avoidance. Route of administration (systemic or intramammary) and drug type will influence both of these factors.
Generally, an antibiotic that easily crosses into mammary tissue after systemic administration will persist in

the milk for an extended period. Because very few drugs
are labeled for small ruminants in the United States,
proper extralabel use under AMDUCA guidelines should
be followed. Drugs prohibited from extralabel use (e.g.,
enrofloxacin [Baytril], phenylbutazone, chloramphenicol, metronidazole) should not be used in sheep and
goats in the United States. Future restrictions on extralabel cephalosporin use are currently under review.
Although gentamicin is legally allowed, the American
Association of Small Ruminant Practitioners supports a
voluntary ban on use of this drug in ruminants because
of extremely long tissue withdrawal times.
One significant challenge with extralabel drug use is
calculating an appropriate withdrawal period. Several
studies have documented increased milk residues from
cattle intramammary products used in goats,1,3 and
goats that are dry less than 2 months are at increased
risk for dry-therapy residues.3 General recommendations include at least doubling the label withdrawal
period.3 The European Union requires a 7-day withdrawal period for all extralabel lactating intramammary
therapy regimens and a 14-day withdrawal for nonlactating intramammary therapy regimens.1 Clearance of
systemic penicillin is highly variable in the goat, and
residue testing should be performed before the milk is
returned to the tank.3 The Food Animal Residue Avoidance Databank (FARAD) (available at www.farad.org)
can be consulted for specific pharmacokinetic and
residue concerns. More information on AMDUCA and
extralabel drug use is available on the American Veterinary Medical Association website (www.avma.org/
reference/amduca/amduca1.asp).

DIAGNOSTIC AND THERAPEUTIC
PROCEDURES
California Mastitis Test
The California mastitis test (CMT) is widely used in the
United States as a rapid “animal-side” assay that can be
used in conjunction with clinical signs to identify mastitis. The basis for this test is lysis of somatic cells by the
CMT reagent to precipitate the DNA and proteins contained in the cells. Consequently, the development of
a change in viscosity of the reagent when it is added to
milk is directly related to the relative number of somatic
cells. On the basis of the viscosity change, the sample
can be semiquantitatively scored to allow for sample
comparison and to facilitate communication of the
severity. In the United States, the scale in common use
ranks the samples from “trace” to “+++.” Concurrent to
evaluating the change in viscosity, the CMT reagent also
contains a pH indicator that will turn from blue to yellow in acidic milk.
Owing to the higher SCCs in dairy goats relative to
dairy cattle and the seasonal variability in SCCs in the
fall, the interpretation of CMT results in goats is more
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complicated than in cows. With clinical mastitis, the
test will clearly show evidence of a change and provides
additional support for a diagnosis. The more complicated situation arises in trying to interpret “trace” or
“+” reactions in animals that have no clinical signs of
mastitis. For this reason the CMT may be best used to
evaluate trends in animals or to compare the results
for one half of the udder with those for the other half.
Demonstration of a clear difference in the test results
between halves of the udder would provide good support for an increased SCC in one side and may require
further diagnostic investigation including but not limited to a more thorough physical exam, milk culture,
and SCC. The CMT also may provide a reasonably
low-cost screening test to evaluate each of the animals
in a herd with high bulk tank SCCs or bacterial counts.
Of note, however, if an animal with a very high SCC
contributes only a small amount of milk to the bulk
tank, its contribution may involve a lower total number
of cells than that contributed by a very heavy milker
shedding moderate levels of cells or bacteria. Therefore
the one downside of using the CMT as a screening test
for bulk tank problems is that it does not allow for
specific quantitation and subsequent “percent contribution” calculations, which provide the most useful data
in these situations.
To perform the CMT, equal amounts of milk and
CMT reagent are added to individual wells of the CMT
paddle and swirled while scoring. The paddles are
made of white plastic that allow for easy visualization

Milk examination:
Clots and flakes
Thin and watery
Bloody
Decreased production

of “stringing” with even small changes in viscosity. The
results should be read quickly and will change with prolonged incubation. The paddle should be rinsed with
clean water between uses (Figure 15-5).

Somatic Cell Count Testing
Monthly measurement of individual animal SCCs is
a sensitive and easy method of identifying subclinical
mastitis cases in dairy herds. Such testing often is performed as part of a monthly DHIA testing plan; however, very few producers use the data to fullest potential.
The results are reported back as either an actual count
or a linear score that is logarithmically derived from the
actual count. Perhaps one of the easiest ways to utilize
these data is to monitor for animals that have a linear
score above a preselected “trigger score” or have had a
significant jump in linear scores from the previous test
point. These animals should be identified and “pulled”
for further evaluation by physical exam and milk culture. Use of a CMT in these animals may help identify if
one half is worse than the other, to focus diagnostic testing, with expected cost savings if separate milk cultures
are to be performed for each half. Application of these
techniques to herd-level problems is discussed in the
earlier section “Diagnostic and Therapeutic Procedures.”
One important consideration with use of SCC testing
is that some automated SCC methods developed for
cattle are not valid when applied in dairy goats. Unlike
cattle, goats produce milk by apocrine secretion, which

Clinical history:
Uneven gait
Unthrifty kids/lambs
Systemic illness
CAE/OPP status

Udder abnormalities:
Asymmetrical udder
Abnormal texture
Erythema/edema
Abscesses

Mastitis

CMT/SCC
(each half)
-CMT excellent
negative predictive
value
- Differences
between halves
significant

Qualitative culture
(each half)
- Full speciation and
sensitivity not
usually necessary
- Pathogen
predictive of
prognosis
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Ultrasound
- Characterize
parenchymal and
structural
abnormalities
- Guided biopsy

Biopsy
- Viral mastitis
- Tumor

Figure 15-5 Flow chart for individual animal mastitis investigation.
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results in the release of a large quantity of non-nucleated
cellular debris in the milk. If this debris is enumerated
by the automated cell counter as a true somatic cell, it
will result in a falsely elevated count. For this reason,
SCCs in dairy goats are most accurate when performed
with a dye procedure that monitors for nuclear staining. The Pasteurized Milk Ordinance requires that such
a technique, the pyocyanin green assay, be used for all
regulatory purposes associated with dairy goat milk.

Milk Culture and Antibiotic
Susceptibility Testing
Milk cultures provide a cheap and cost-effective means
of confirming a clinical mastitis, driving therapy, and
determining the potential sources for infection. Cultures
should be obtained before the initiation of antimicrobial therapy and should be collected in a sterile fashion.
The teat should be thoroughly disinfected with teat dip
and then cleaned with isopropyl alcohol. Care should
be taken to prevent recontamination of the sample or
of the teat by the collector’s hands. A sterile milk vial
should be used for sample collection; after the cap is
removed, the tube should be held close to horizontal to
prevent contaminates from falling into the tube during
collection. An important consideration is whether the

sample should be collected as a composite sample of
the two halves or as a “half” sample with independent
samples taken from each side. If one half of the udder
is clearly more affected then the other, an independent
sample of the effected side probably is warranted.
In instances in which no clear differences are observed
between the udder halves, the decision may be more
difficult. Individual samples ideally should be collected
from each half, although culture cost must be weighed
against the potential added benefit. It is clear that in
many cases, the results of the halves are not the same,
often with one side being culture-negative and the other
culture-positive. Recognition of such differences will
help focus intramammary therapy to the affected side,
with some drug cost savings realized from not having to
treat both sides (Table 15-2).
After collection, the milk samples should be rapidly cooled to minimize overgrowth of contaminates
and then sent to the laboratory for testing. If the samples will not be inoculated within 24 hours, freezing
the samples until processing may be considered. The
effect of freezing on bacterial recoverability has been
evaluated and apparently is negligible, especially with
S. aureus, which may be more readily identified after
freezing—an effect probably mediated by cellular rupture and release of intracellular organisms. Also of

TABLE 15-2 Treatment Recommendations Based on Milk Culture Results in Small Ruminants
Bacterial Culture
Result

Treatment Recommendations

No growth

If not sick: No antibiotics; monitor for
disease progression

Coagulase-negative
staphylocci

If not sick: IMM lactating antibiotics; milk
last; record culture result in record;
monitor closely for recurrence
If not sick: Immediately segregate animal
and milk last; consider culling; extended
IMM therapy is an option but need
to monitor culture status; monitor for
disease progression

Staphylococcus aureus

Coliform

If not sick: IMM antibiotics with high CFU
count (consider use of IMM preparation
with adequate coliform activity,
possibly ceftiofur hydrochloride IMM
preparation); monitor low CFU counts;
monitor for disease progression

If sick (fever, off feed, dehydrated):
Antiinflammatories, IV or oral fluids if
warranted for dehydration; monitor often for
progression of disease
If sick (fever, off feed, dehydrated): IMM lactating
antibiotics, fluid therapy if warranted; monitor
often for progression of disease
If sick (fever, off feed, dehydrated): Treat
aggressively (rapid deterioration is possible):
IV fluid therapy, IMM lactating therapy with
drug effective against staphylococci and
NSAIDs; consider teat amputation, pudendal
artery ligation, or mastectomy in genetically
valuable animals if systemic illness progresses;
monitor often for progression of disease
If sick (fever, off feed, dehydrated): Treat
aggressively (possible rapid deterioration):
IV or oral fluid therapy, systemic antibiotics
with good gram-negative activity, IMM
antibiotics with high CFU count, NSAIDs;
monitor for progression of disease

CFU, Colony-forming unit; IMM, intramammary; IV, intravenous; NSAIDs, nonsteroidal antiinflammatory drugs.
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clinical importance is identification of likely suspects
among possible etiologic pathogens, because this consideration may have significant implications for sample
submission. For instance, if involvement of Mycoplasma
spp. is suspected, this possibility needs to be noted on
the submission form and a separate Mycoplasma culture
requested in addition to the standard aerobic culture.
In cases in which the clinician is familiar with the herd
and knows what microorganisms are common in the
herd, rapid culture screening that does not speciate the
organisms may be sufficient to drive clinical decisionmaking to maximize cost savings. In such cases, for
example, knowing that the organism is gram-positive
and looks like either a “strep” or a “staph” may be all
that is needed. On-farm culture systems that use combinations of selective media have been developed to
allow producers to perform their own milk cultures but
do require some training and supervision to be fully
effective.
Milk cultures ideally should be collected and submitted in all cases of clinical mastitis and when significant
changes in SCC are observed during monthly testing.
Recent data suggest that many animals with subclinical
mastitis may freshen, so routine screening of recently
fresh animals in herds in which significant subclinical
mastitis is present may be considered. Farm records
should be kept with the culture information, to permit
trend evaluation and identification of common organisms, which can be used to drive therapy decisions during the wait for culture results.
In most instances, treatment decisions have already
been made before the results of antibiotic sensitivity
testing, which often takes 48 hours after sample submission, become available. Determining sensitivity patterns
may be helpful in driving treatment decisions on future
cases, particularly when common trends in the isolated organisms are observed. An additional important
consideration is that only a limited number of drugs
have mammary-specific minimum inhibitory concentration (MIC) cutoff points for testing; thus reported
sensitivity findings need to be interpreted in light of the
drug distribution and locally attainable concentrations.
A point worthy of emphasis is that no drugs are currently labeled for use in mastitis of sheep or goats—
hence all such regimens constitute extralabel drug use
and must follow the guidelines provided by AMDUCA.
When herd-level problems are identified, the use of
bulk tank milk cultures also may be worthwhile. These
cultures provide a herd-level view of potential pathogens and of the relative extent of mastitis issues in the
herd. Bulk tank milk culture samples should be collected only after the tank has been agitated for a minimum of 5 minutes and should be taken from the top
of the tank using a sterile dipper.11 Samples should not
be collected at the outlet of the tank. The primary bulk
tank culture method used is the SPC, which enumerates
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culturable bacteria per mL of bulk tank milk. It also provides some speciation and an estimate of relative numbers of different bacterial classes, which can assist in
identifying what pathogens are present in the herd and
what organisms predominate in the sample. Knowledge
of the most prevalent organisms can help identify the
likely source of the problem, because the organisms
that cause subclinical mastitis (commonly coagulasenegative staphylococci) typically do not overlap with
the organisms commonly associated with poor sanitation of the milking system.
Two additional bulk tank milk culture techniques,
the LPC and the PIC, can be used for further evaluation
of the types of organisms present. For the LPC, the bulk
tank milk sample is subjected to a simulated pasteurization process. This test is used to identify thermophilic
organisms (those that survive and replicate in hot
conditions), which often are associated with improper
sanitation and cleaning of the milking system or pipeline. Elevations in LPC should trigger further evaluation of the milking system, replacement and cleaning
of pipeline gaskets, and evaluation of the cleaning
protocols. The second test is the PIC, which allows a
moderate temperature incubation period before an SPC
is performed. This test identifies organisms that may be
associated with milk spoilage as well as organisms that
will overgrow if the bulk tank is not cooling appropriately and rapidly. Bulk tank cultures can also be used to
assess the herd status of contagious organisms such as
S. aureus and Mycoplasma. As with standard milk culture,
the laboratory needs to be made aware if Mycoplasma
culture is needed at the time of sample submission.

Ultrasound Examination
Mammary gland ultrasonography is most helpful in
identifying lesions associated with the teat cistern,
streak canal, or teat wall.12 Details of its use for this
purpose are provided in the sections discussing those
topics. Ultrasonography also can be utilized to evaluate focal swellings of the mammary gland associated
with abscessation of the supramammary lymph nodes.
The procedure is best performed with a 7.5- to 10-MHz
linear or curvilinear probe and a latex standoff. Use of
a standoff permits higher-resolution imaging of superficial structures, particularly of the teat. Alternatively, the
teat can be submerged into a plastic container holding
water and the probe used to image it through the container wall, in essence creating an inexpensive standoff
(Figure 15-6).

Biopsy
In cases in which other diagnostic modalities fail to
provide sufficient evidence of a specific cause mastitis, mammary gland biopsy may be considered.
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specimens. Generally, the skin is prepared using sterile
technique and the needle introduced through the skin
into the area of interest. Of note, with some styles of
instruments, the biopsy tray will extend 1 to 2 cm past
the needle with deployment. The biopsy instrument
should therefore not be advanced too deep to miss
the desired biopsy area. Ultrasound-assisted or -guided
biopsy allows for sampling a target area when localized
lesions are present. The biopsied material can be used
for bacterial culture, viral isolation, and histopathologic
analysis when needed. In one report, the biopsy was performed by passing a Tru-Cut needle through the streak
canal and up into the mammary gland parenchyma.13

MASTITIS PATHOGENS
Clinical Mastitis

B
Figure 15-6 A, Ultrasound image of the right mammary
gland obtained from a 3-year-old LaMancha cross goat, demonstrating the normal appearance of the udder in a lactating
goat. The cistern has an echogenic appearance in which the
anechoic milk accumulates and is directed toward the teat.
The milk usually is seen to swirl during real-time examination.
This image was obtained using a 7-MHz microconvex transducer. Dorsal is to the left. B, Ultrasound image of the mammary gland of a 4-year-old Pygmy doe with chronic mastitis
of 1 year’s duration. Fibrin strands of adhesions, in response
to the chronic inflammation, appear as hyperechoic lines
throughout the gland cistern. The normal gland cistern should
appear as a cavity containing anechoic milk. This image was
obtained using a 7-MHz microconvex transducer. The adhesions were confirmed by gross examination after mastectomy
in this goat. (Courtesy Dr. Debra Baird, Purdue University.)

This procedure should not be used to evaluate routine
mastitis cases and should instead be reserved for complex cases in which definitive diagnosis both is necessary and will drive treatment decisions. Complications
of udder biopsies include iatrogenic mastitis, production of blood tinged milk, and udder edema.
Biopsy is best performed using a 16- to 18-gauge
spring-loaded biopsy needle. In our experience, the
automated feature of these biopsy needles allows more
reliable collection and results in higher-quality biopsy

Although clinical mastitis constitutes a small percentage
of mastitis cases in small ruminants, usually less than
5%, it frequently is the form of mastitis that the producer is most aware of.1 Clinical signs of mastitis include
hard and swollen glands, enlarged supramammary
lymph nodes, and possibly fever. Milk from affected
glands may have an “off” color, contain flakes or clots,
or be thinner or thicker than normal. Lameness or
abnormal gait may be observed in some animals as a
consequence of pain in the affected gland. Clinical mastitis usually is limited to sporadic cases, but occasional
herd outbreaks have been observed.14-16 Even with treatment, clinical mastitis can become subclinical mastitis
in many cases.
A number of different organisms have been implicated in small ruminant clinical mastitis. The most
common cause of clinical mastitis is S. aureus.1 Other
organisms that have been implicated include coagulasenegative staphylococci, Enterobacteria spp., Mannheimia
haemolytica, Pseudomonas spp., Arcanobacterium pyogenes,
Streptococcus spp., Bacillus spp., mycoplasmas, and fungal organisms.1

Coliform Mastitis
Although coliforms are very common in clinical mastitis in dairy cattle, these organisms are not a common
cause of clinical mastitis in small ruminants. Coliforms
account for between 1.4% and 14.2% of reported
cases.17-19 Coliforms, mainly Escherichia coli and Klebsiella, have been isolated in cases of small ruminant clinical mastitis. Both organisms are gram-negative rods and
form large gray or yellow, moist colonies. The relatively
lower incidence of coliform mastitis in small ruminants
probably is due to the difference in fecal consistency
between small ruminants and cattle. The drier feces of
small ruminants contribute to less fecal contamination
of the udder. Coliform mastitis is most common in
periparturient does.
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Clinical Signs
Clinical signs of coliform mastitis include fever, elevated heart rate, swelling, and heat and pain in the
affected gland.20 Although coliforms are not the predominant species associated with this disorder, they
have been isolated in clinical cases.19 Coliforms can
cause an endotoxin release that leads to severe systemic
illness in the affected animal. Many of the clinical
signs of coliform mastitis are associated with release of
lipopolysaccharides and the systemic response to these
endotoxins.

Treatment
Treatment of coliform mastitis must be aimed at elimination of the organism as well as supportive care of
the patient. Intramammary and systemic antibiotics
may be indicated. Controversy exists regarding the
benefit of antibiotic therapy in cases of coliform mastitis. It is believed that the bacteria are cleared from the
udder very quickly and that a majority of the clinical
signs constitute a reaction to the endotoxin release;
intramammary antibiotics may therefore be of little
benefit.21 Some research has shown a benefit from systemic antibiotics. Systemic antibiotics may be helpful
in cases with possible septicemia. Therefore treatment
with systemic antibiotics should be considered in
cases in which the animal is systemically ill. Supportive care includes administration of antiinflammatory
agents, such as nonsteroidal antiinflammatory drugs
(NSAIDs), and intravenous fluid support (see Chapter 3).
It is important to evaluate the hydration status of the
patient when NSAID dosages are determined. Dehydration increases the potential for nephrotoxic effects of
NSAIDs. Until the hydration status is corrected, the dose
of NSAIDs should be reduced, to decrease the chance
of damage to the kidneys.

Prevention
Coliform mastitis is an environmental disease, so
prevention strategies should be aimed at the environment. Care should be taken to provide dry, clean
bedding, and teats should be dried thoroughly after
milking. Efforts also should be made to prevent teat
end injuries as well, because teat injuries may predispose affected animals to the development of coliform
mastitis.

Bluebag (Gangrenous Mastitis)
Bluebag is a form of acute mastitis characterized by
ischemic necrosis of the udder causing discoloration
of the udder. The most common bacterium isolated
in gangrenous mastitis is S. aureus.19,22 M. haemolytica,
Clostridium spp., and the coliforms also have been isolated in cases of gangrenous mastitis.19 In one study,
S. aureus was isolated in 60% of cases.21 Gangrenous
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mastitis typically is seen during lactation but occasionally appears during the last week of gestation
as well.

Clinical Signs
Clinical signs of gangrenous mastitis begin with change
in the teat or udder floor becoming cool and edematous. The affected animal also may become lame.
Animals with gangrenous mastitis often will develop a
fever and have a decreased appetite as well. Eventually
the udder progresses in appearance from a reddish to a
blue discoloration, and the secretions become watery
and red. Occasionally gas bubbles may be present as
well. In some cases, death may occur within 24 hours
of onset of clinical signs. If the animal survives the initial stage of infection, a demarcation line will form on
the udder, and the affected portion of the udder will
slough. Supramammary lymph nodes also will become
enlarged, edematous, and hemorrhagic. Histopathologic exam of the affected tissues reveals proliferation
of the connective tissue and thrombosis and necrosis of
groups of lobules.22

Treatment
Treatment of gangrenous mastitis varies depending on
the severity of the infection. Early cases can be treated
with antiinflammatory agents, systemic antibiotics, and
fluid support. As cases progress and a larger portion of
the udder becomes necrotic, surgical removal of the
affected udder may be required. Surgical removal can be
accomplished through a surgical mastectomy or by vascular ligation and teat amputation.23 The case-fatality
rate is high with gangrenous mastitis, especially in cases
left untreated.

Staphylococcus aureus Mastitis
S. aureus is the most common cause of clinical mastitis
in small ruminants, accounting for 11% to 65.3% of
the cases.17-19 This organism is a gram-positive coccus
that occurs in clumps or pairs. It forms large colonies
that are surrounded by a zone of incomplete hemolysis
and up to 2 mm of complete hemolysis (Figure 15-7).
Most but not all isolates exhibit such double-zone
hemolysis.

Clinical Signs
The clinical presentation in S. aureus mastitis ranges
from severe gangrenous mastitis to subclinical mastitis. Acute infections manifest with a swollen, hot,
and painful udder half accompanied by systemic illness. Chronic infections are associated with decreased
production accompanied by induration and abscess
formation within the udder.3 Subclinical infections are
extremely difficult to treat and should be considered
contagious.
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teat dips, old pitted inflations on the milking machine,
and wet bedding. Case presentations range from subclinical to gangrenous mastitis.16,26 Affected animals
show clinical signs of systemic disease such as inappetence, fever, and depression, in addition to a firm,
swollen, painful udder. Culling of infected and carrier
animals is recommended; however, aggressive therapy
may be successful.27 When this organism is cultured
from a mastitis specimen, careful attention should be
paid to the water in the parlor and the teat dip as a possible source.

Arcanobacterium pyogenes
Infection
Figure 15-7 Characteristic double-zone hemolysis of
 taphylococcus aureus. Black arrow shows complete hemolysis
S
zone; white arrow shows incomplete hemolysis zone.

Control
S. aureus is thought to be transmitted primarily through
milking. The organism resides in microabcesses in
chronically infected animals, which then serve as a
source of infection for other members of the herd or
flock. S. aureus mastitis can be very difficult to cure, and
all culture-positive animals should either be culled or
milked last to prevent spread to flock- or herdmates.
S. aureus is shed intermittently, so a single negative
culture does not mean that an animal is truly clear
of the organism. Before an animal can be returned to
the main milking string, negative results on serial cultures and persistently low SCCs must be documented.
S. aureus milk should be pasteurized before it is fed to
kids or lambs, because diarrhea, pneumonia, and even
death have been reported in kids and lambs consuming
infected milk.3

Mannheimia Mastitis
M. haemolytica is a common cause of mastitis in sheep
and occasionally has been isolated from goat’s milk.
This organism is a gram-negative bipolar rod that forms
medium, gray-tinged, transparent colonies on blood agar.
Hemolysis also can be seen on blood agar. M. haemolytica
probably is transmitted by suckling kids or lambs, where
it often is found as part of the normal flora of the upper
respiratory tract.24,25 Clinical signs can mimic those of
S. aureus mastitis, so this infection should be a consideration in the differential diagnosis for bluebag.

Pseudomonas Mastitis
Pseudomonas is a gram-negative rod that forms granular
and dry-appearing colonies of a variety of colors. The
source of Pseudomonas may be contaminated water or

Arcanobacterium pyogenes is a small gram-negative rod
that grows slowly on blood agar and forms very small
“peach fuzz” colonies. A. pyogenes infections are associated with multiple abscesses in the udder. It is believed
that such wounds predispose the affected animal to
entry of the organism. A. pyogenes infections are more
severe in nonlactating animals than in lactating animals. With chronic infection, culling is advised. If no
evidence of spread to any other organs is found, amputation of the affected teat or gland can be performed.3

Other Species Associated
With Clinical Mastitis
Additional species that have been isolated in clinical
mastitis cases include Streptococcus spp., Micrococcus
spp., Corynebacterium spp., and Bacillus spp.18,27,28

Mycoplasma Mastitis
Mycoplasma mastitis frequently is suspected when signs
of clinical mastitis appear but repeated bacterial cultures
are negative. Mycoplasma also should be considered
as the infecting organism in mastitis associated with
arthritis, pneumonia, or conjunctivitis in the herd.29
Several different species of Mycoplasma cause mastitis in
sheep and goats. These species vary in their geographic
distribution and clinical signs of disease.

Mycoplasma agalactiae
Mycoplasma agalactiae is the etiologic agent associated
with the specific disease entity contagious mastitis.
At present, M. agalactiae infection is rare in the United
States but commonly is found in Mediteranean countries, Europe, Middle East, and South Africa. In the
United States, M. agalactiae mastitis is a reportable
disease. Clinical signs of contagious mastitis include
septicemia with localization in the udder, joints, or
eyes. The organism is shed in the milk, urine, feces, and
ocular and nasal discharge for months, which can be
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a source of infection for other animals in the flock or
herd.1 Transmission of M. agalactiae is through ingestion or inhalation. Environmental contamination can
occur and can be a source of infection as well.

Mycoplasma mycoides subsp.
mycoides (Large Colony)
Mycoplasma mycoides subsp. mycoides (Large Colony) has
been identified in cases of mastitis in the United States,
Israel, and Europe.14,19,29-33 This species is associated
with respiratory disease as well.29 It also has been classified by some workers as a cause of contagious agalactia. The disease associated with the organism occurs
frequently in Europe.

Mycoplasma putrifaciens
Mycoplasma putrifaciens has been associated with outbreaks of mastitis, agalactia, abortion, and arthritis in
California, Europe, and the Middle East.3,20 M. putrifaciens also has been identified in cases of subclinical
mastitis characterized by fibrosis or palpable inflammation within the udder with no visible changes in
the milk. This organism does not always cause fever in
affected animals.

Other Mycoplasmas
Several other Mycoplasma species have been described
in association with mastitis. Mycoplasma mycoides subsp.
capri and M. mycoides subsp. capricolum have both been
implicated in cases of mastitis in goats in France. Experimental infections with M. mycoides subsp. capricolum
resulted in severe clinical mastitis in does, manifesting
with thick yellowish secretions, increased somatic cells,
agalactia, and enlarged lymph nodes. Pneumonia, polyarthritis, and keratoconjunctivitis also were observed in
the nursing kids. M. arginini has been associated with
purulent mastitis in does in India but usually is considered nonpathogenic.

Clinical Signs
Clinical signs of Mycoplasma mastitis develop within
5 to 7 days of infection. Affected animals usually are in
early lactation. Early signs of Mycoplasma mastitis seen
during the septicemia stage include decreased appetite
and depression. Some animals also will be unwilling
to follow the herd. The septicemic stage is followed by
development of purulent mastitis and agalactia. The
secretions initially are watery but quickly become thick
and lumpy. A very rapid decrease in milk production
with progression to agalactia within 2 to 3 days may
be seen. Affected udders may return to production in
subsequent lactations. Mycoplasma does not always
affect both halves of the udder. In cases in which young
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animals are ingesting the affected milk, pneumonia and
polyarthritis may develop in the young stock. Mortality
rates can reach up to 20% if the disease is left untreated.
Carrier animals can be found in herds or flocks and
can act as a source of infection to the rest of the herd
or flock. Several Mycoplasma species have been cultured
from the external ear canals of goats and sheep and
may be a reservoir for the organism in carrier animals.34
In addition, ear mites have been suggested as a potential
vector for spread between animals, because large numbers of mycoplasmas have been isolated from ear mites,
which easily pass between animals.34 Mycoplasma mastitis also can occur in conjunction with outbreaks of
respiratory disease, arthritis, or abortion.30,35 Death can
be seen during the acute stage of the disease.

Diagnosis
Mycoplasma mastitis can be suspected when blood agar
cultures are negative in face of a clinical mastitis outbreak or when SCCs are elevated with no cause. Special
cultures must be performed to diagnose Mycoplasma,
so Mycoplasma cultures must be specifically requested
from the diagnostic lab. In addition to milk samples,
joint fluid, ocular swabs, ear swabs, blood, liver, spleen,
feces, and urine can all be potential samples for culture.
Polymerase chain reaction (PCR) assay is available and
may speed diagnosis of Mycoplasma infection. Serologic
testing using a commercially available enzyme-linked
immunosorbent assay (ELISA) is available in Europe
but is not widely available or utilized in the United
States at this time.
Histopathologic examination reveals marked interstitial inflammation with mononuclear leukocytes seen
around acini and ducts. Additionally, mononuclear
cells and desquamated epithelial cells also may be seen
within the ducts. Immunohistochemistry or Giemsa
staining may identify the organism.

Treatment
Treatment of Mycoplasma mastitis generally is ineffective. Antibiotics that typically are effective against
mycoplasmas can be tried but may induce carrier
status in affected animals, and their use entails very
extended milk withdrawal periods. Slaughter or culling
of affected animals is recommended unless Mycoplasma
is endemic in the herd or flock. In such situations, antiMycoplasma treatment is recommended for all animals
in the herd or flock.

Control
Mycoplasma usually is introduced into the herd or flock
through a carrier animal that has subclinical disease.
If available, serologic testing may be used to determine
the herd status.36 In vaccinated herds, such testing is
unable to differentiate between infected and vaccinated
animals.36 In dairy herds, bulk tank cultures can be a
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starting point to determine if Mycoplasma is present in
the herd or flock. Outbreaks may occur months to years
after the introduction of a carrier animal. This time
lag reflects the potential for intermittent shedding of
mycoplasmas. Stress can trigger shedding of the organism. Reported risk factors for M. agalactiae infections
have included introduction of outside rams, improper
cleaning of milking equipment, and leaving the young
animals on the dams.37
In herds or flocks in which Mycoplasma is present, any
affected animals should be either culled or segregated.14
The decision to cull versus segregation should be based
on the prevalence of the organism within the herd or
flock. In addition, the use of common udder towels
should be avoided, and individual single-use towels
should be instituted. With M. agalactiae infection, environmental contamination is an important transmission factor. M. agalactiae is shed in urine and feces, so
it is important to remove bedding and disinfect stalls.
Because Mycoplasma organisms lack a cell wall, they
appear to be susceptible to most routine disinfectants.
Several vaccinations have been developed and could
potentially be used but are not commercially available
at this time.38 The vaccines appear to protect against
clinical disease, but carrier states can still develop
despite vaccination. Therefore vaccination should be
used only as part of a complete prevention program.
Vaccination may complicate the interpretation of serologic test findings, because such tests are unable to
differentiate between vaccinated animals and infected
animals.

Fungal Mastitis
Although uncommon, fungal mastitis does occur
and usually is the result of prolonged antibiotic use.
A variety of organisms have been implicated, including
Candida albicans, Aspergillus fumigatus, Aspergillus terreus,
Cryptococcus albidus, Cryptococcus neoformans, Yersinia
pseudotuberculosis, Nocardia spp., Rhodotorula glutinis,
and Geotrichum candidum. Clinical signs of fungal mastitis include purulent mammary secretions, induration
of the affected gland, fever, and weight loss.39 Generally
treatment is not recommended owing to the lack of
approved drugs for use in food-producing species.

to indicate presence of a problem. Occasionally the
affected milk may have a slightly “off” color and may
contain clots or blood, but frequently the affected milk
may be completely normal in appearance. Some producers will note a decrease in production levels for an
animal subsequently found to have subclinical mastitis.
Detection of subclinical mastitis may require some
additional testing such as with CMT or by SCC.

Bacterial Subclinical Mastitis
The most common cause of subclinical mastitis in
most herds or flocks will be bacterial in origin. Coagulase-negative staphylococci have been implicated as
the leading cause of subclinical mastitis, with prevalence rates of 71% and 78%, respectively, in goats and
sheep.1 The second most common reported cause of
subclinical mastitis is S. aureus, with reported prevalence rates of 8% in goats and 4% in sheep.1 Subclinical S. aureus infections may start as clinical mastitis,
which subsequently progresses to chronic, subclinical
mastitis.

Coagulase-Negative Staphylococci
A variety of species have been implicated in causing subclinical mastitis, including S. epidermidis, S.
caprae, Staphylococcus haemolyticus, Staphylococcus simulans, Staphylococcus lugdunensis, Staphylococcus chromogenes, and Staphylococcus warneri.40-44 S. epidermidis and
S. caprae are the most common isolates (Figure 15-8).
These subclinical infections tend to persist through
the lactation cycle and also are more common in
older does and with later lactation. Coagulase-negative
staphylococci commonly are found on the skin or in
the environment. An ongoing debate concerns the clinical significance of infections due to coagulase-negative

Subclinical Mastitis
Subclinical mastitis is a significant cause of elevated
SCC and decreased production levels in small ruminants. Subclinical disease accounts for a majority of
mastitis cases in a flock or herd and is a common cause
of high bacterial counts or SCCs. Identification of
animals affected by subclinical mastitis is much more
difficult than recognition of those with clinical mastitis. In subclinical mastitis, few outward signs emerge

Figure 15-8 Typical appearance of nonhemolytic staphylococci. Often these are coagulase-negative staphylococci.
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staphylococci.41,44 Overall, the economic importance
is unclear, because these infections do not cause severe
illness or major production losses. A high prevalence of
these infections is seen in many dairy goat herds.
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Streptococci also have been isolated in cases of subclinical mastitis. Prevalence rates range between 1.1% and
6.8% of subclinical mastitis cases.18,19,27,28 With the
exception of Streptococcus agalactiae, these organisms
are environmental contaminants and should be treated
as such.

udder edema, or teat obstruction. Biopsy of the affected
udder also can be done ante mortem but frequently is
done at necropsy. Histopathologic changes that may be
observed include an accumulation of mononuclear cells
(lymphocytes, macrophages, and plasmacytes) in the
parenchyma and around the ducts. Occasionally these
cells will be organized into lymphoid follicles. The cellular infiltrations can compress ducts or protrude into
ducts. Lobular atrophy and prominent corpora amylacea also have been reported. CAE or OPP testing can be
done on either the herd level or in individual animals.
Testing options include ELISA, agar gel immunodiffusion (AGID) testing, and PCR testing. Additionally,
bacterial and mycoplasmal cultures should be done to
rule out bacterial mastitis.
Unfortunately, no treatment is available for CAE
or OPP. Therefore culling of affected animals is recommended. Cortisone injections can be given 2 days
before parturition to decrease clinical signs and make
the animals more comfortable. Control of CAE and
OPP is aimed at eradicating the viral infection within
the herd or flock. CAE and OPP prevention programs
include removal of kids or lambs at birth and feeding
heat-treated colostrum and pasteurized milk or milk
replacer. Biannual testing of the herd or flock should
be done, and all seropositive animals culled. Another
option is to dam-raise kids or lambs on known CAE- or
OPP-negative animals (see Chapter 16).

Retroviral Mastitis

Zoonotic Pathogens of Raw Milk

The caprine and ovine retroviruses that are the agents
of caprine arthritis-encephalitis (CAE) and ovine progressive pneumonia (OPP), respectively, both can be
the cause of subclinical mastitis. Although mastitis may
not be the primary clinical sign observed with each of
these infections, the mastitis caused by these viruses can
significantly affect the productivity of the doe or ewe.
Retroviral mastitis commonly is referred to as “hard
udder” or “hard bag.” It is an interstitial mastitis that
frequently is recognized at the time of parturition. The
primary clinical manifestation in interstitial mastitis
is a firm udder with loose overlying skin. No edema
in the skin, heat, or erythema is noted. At the start of
lactation, the affected animal may produce little to no
milk, but milk production may gradually increase over
the first couple of weeks after parturition. Any milk that
is produced will be normal in appearance but will have
significantly elevated cell counts. Evidence of systemic
illness is lacking in affected animals. Supramammary
lymph nodes also may be enlarged. Firmness also may
be noted in the udder of does or ewes that are milking
normally. In addition, affected animals may show signs
of arthritis or respiratory problems.
Diagnosis of retroviral mastitis includes a physical
exam to rule out other potential causes such as metritis,

Because of today’s growing interest in raw milk products, the veterinarian should be aware of the potential
risks associated with raw milk consumption. At present, raw milk sales are allowed in 29 states, and efforts
are ongoing in several other states to legalize the sale
of raw milk. Proponents of raw milk availability cite
higher nutritional qualities, increased nutritional benefits, and better taste as reason for consumption of
raw milk. Little research has been able to document
improved nutritional values and benefits of raw milk.
Opponents of raw milk cite the public health implications for requiring pasteurization. Since the implementation of the Pasteurized Milk Ordinance, a majority of
reported milk-associated foodborne illnesses have been
associated with consumption of raw milk products.
Between 2000 and 2008, 12 outbreaks associated with
consumption of raw unpasteurized milk were reported,
compared with only 2 documented outbreaks associated with pasteurized milk consumption.45 Especially
in consideration of the quantity of raw versus pasteurized milk consumed, these data show the significantly
higher rate of foodborne illnesses associated with raw
milk consumption.
A number of foodborne pathogens have been identified and isolated from raw milk. The most commonly

Coagulase-Positive Staphylococci
S. aureus is the most common coagulase-positive staphylococcal isolate in subclinical mastitis. Many of these
subclinical cases started as clinical mastitis, which
did not resolve completely because the organism was
not fully eradicated from the udder. Chronic S. aureus
mastitis can be very difficult to clear, and any culture-
positive animals either should be culled from the
milking herd or should be milked last to decrease the
potential to spread the organism to other animals in the
herd. Only after multiple negative cultures and a low
SCC have been obtained should an animal be returned
to the main milking string.

Streptococcus spp.
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identified organisms that are studied further for
clinical significance are Campylobacter jejuni, Shiga
toxin–producing E. coli, Listeria monocytogenes, and
salmonellae. Several surveys have been done to evaluate the incidence of these organisms in bulk tank milk
from cattle dairies. A summary of the reported findings
found that incidence of these organisms varies significantly between surveys.45 Several studies also have
looked directly at the incidence of these organisms in
goat or sheep milk; isolates have included Campylobacter
jejuni, Listeria monocytogenes, Salmonella, and E. coli.46-51
In these reports, the most common isolate is S. aureus,
identified in from 7% to 43% of samples culturing positive for S. aureus.47-50,52 In addition to these foodborne
pathogens, several other potentially zoonotic organisms
can be found in unpasteurized milk and milk products,
including Coxiella burnetii, Mycobacterium avium subsp.
paratuberculosis, Brucella melitensis, Mycobacterium tuberculosis, and Mycobacterium bovis, all of which do not
show up on routine milk culture and require additional
diagnostic testing.53 In investigations of potential foodborne pathogens in raw milk, it is important to consider
the source of such organisms. Although several of these
organisms are shed directly into the milk, other organisms find their way into the milk through fecal contamination of the product at the time of or after milking.
Depending on the organism involved, detection and
control methods will vary depending on the potential
source of the organism. An important point is that several of these organisms are shed intermittently, so negative bulk tank cultures may not reflect the microbiologic
reality, and occurrence of a single fecal contamination
event can infect a tank.
Home pasteurization can be performed to reduce
the incidence of foodborne pathogens in milk or milk
products used for home consumption. As specified in
the Pasteurized Milk Ordinance, pasteurization can
be performed by heating the milk to a temperature of
161° F for 15 seconds. Several other combinations of
heat and time, as set forth in the Pasteurized Milk Ordinance, also are effective.
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16

Diseases of the Hematologic,
Immunologic, and Lymphatic
Systems (Multisystem
Diseases)
Christopher Cebra and Margaret Cebra

BASIC HEMATOLOGY
An adequate volume of blood for hematologic and
biochemical analysis is best obtained from the jugular vein of sheep and goats. The animal should be
restrained in a standing position (for goats or sheep)
or tipped up (for sheep only) with the head turned
away from the jugular vein to be used. Ideally the
animal should be restrained by someone other than
the operator who will collect the blood, although with
sheep, the same person may be able both to provide
the necessary restraint and to collect blood if the animal is tipped up or a halter is used (Chapter 1; see
Figure 1-5, A and B). The animal should be at rest and
handled as gently as possible to minimize stress. The
operator parts or clips the wool or hair to visualize
the jugular vein and then uses the hand not holding
the needle to apply digital pressure proximally just
above the thoracic inlet to block blood movement
through the vein. The vessel may take a second or
more to distend after pressure is applied. The operator may then use the needle-bearing hand to “strum”
the vessel, causing the blood to oscillate. If in doubt
about whether the distended vessel is the jugular vein,
the operator can release the hand placing pressure on
the vessel and observe whether the distended vessel
disappears; if it does, the distended vessel probably
was the jugular vein. Also advisable is to avoid vessels
that pulsate, because these probably are the carotid
arteries. The area should be cleaned with alcohol or
other disinfectant, water, or a clean, dry gauze sponge.
An 18- or 20-gauge, 1- to 1.5-inch needle usually is
adequate to collect blood from an adult sheep or goat,
whereas a 22-gauge needle may be used in a neonate
(see Figure 1-5, A and B). The skin of adults or males
may be thicker and more difficult to penetrate with the
needle. A syringe or evacuated tube attached to a Vacutainer (Becton Dickinson Inc., Rutherford, New Jersey)
can be used to collect blood. The needle should be
plunged through the skin into the vein at an approximate 30-degree angle. The blood should not come out
of the vessel in pulsatile waves; observation of such
pulsatility is suggestive of an arterial stick.
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After aseptically obtaining an adequate volume of
blood, the operator removes the needle and releases the
pressure on the vessel near the thoracic inlet. Pressure
should be applied to the site of puncture for a minute
or more to prevent extravascular leakage of blood and
hematoma formation. The blood should be carefully
transferred to a vial containing the appropriate anticoagulant to prevent red blood cell (RBC) rupture. Goat
erythrocytes are small and particularly prone to hemolysis. To minimize this problem, goat blood should be
collected with a needle and syringe, not a Vacutainer.
White blood cell (WBC) differential distribution, individual blood cell staining characteristics, and morphology may be assessed by microscopic examination of a
stained blood film. The differential distribution provides more information than total WBC count, because
inflammatory conditions in sheep and goats often result
in a shift in neutrophil populations toward more degenerate, toxic, or immature forms without changing the
overall WBC count.1 The preferred anticoagulant for a
complete blood count (CBC) is ethylenediaminetetraacetate (EDTA), and tubes should be filled to capacity to
ensure the proper blood-to-anticoagulant ratio. Blood
samples should be processed as soon as possible after
collection. If a delay is anticipated, the blood sample
should be refrigerated (at 4° C), and an air-dried blood
smear should be made because prolonged contact of
blood with EDTA causes changes in WBC morphology
and the separation of some RBC parasites. Blood can be
refrigerated for 24 hours and still yield an accurate CBC.
A reference range for hematologic data for sheep
and goats is presented in Table 16-1 (see also Appendix
Tables 2-1 and 2-2). Goats tend to have a low mean
corpuscular volume (MCV) because of their small erythrocytes. Sheep and goats younger than 6 months of age
tend to have lower hematocrit, RBC count, hemoglobin,
and plasma protein concentrations, as well as a higher
total WBC count. Neonates often have a high hematocrit at birth that decreases with colostral ingestion.
Lactating animals may have decreased hematocrits,
RBC counts, and hemoglobin concentrations. Animals
grazing at high altitude (mountain goats and bighorrn
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TABLE 16-1 Normal Hematologic Parameters
For Sheep And Goats

Parameter (Units)
Hematocrit (%)
Hemoglobin (g/dL)
Red blood cell count
(×106/μL)
Mean corpuscular
volume (fL)
Mean corpuscular
hemoglobin
concentration (g/dL)
Platelet count (×105/μL)
Total white blood cell
count (/μL)
Segmented
neutrophils (/μL)
Band neutrophils (/μL)
Lymphocytes (/μL)
Monocytes (/μL)
Eosinophils (/μL)
Basophils (/μL)
Total plasma
protein (g/dL)
Fibrinogen (mg/dL)

Adult
Sheep

Adult Goat

27-45
9-15.8
9-17.5

22-36
8-12
8-17

28-40

15-26

31-34

29-35

2.4-7.0
4000-12,000

2.8-6.4
4000-13,000

1500-9000

1400-8000

0
2000-9000
0-600
0-1000
0-300
6.2-7.5

0
2000-9000
0-500
0-900
0-100
6.0-7.5

100-600

100-500

sheep) tend to have increased RBC counts, hematocrits,
and hemoglobin concentrations.

ADDITIONAL HEMATOLOGIC
ASSESSMENTS FOR ANEMIA
AND OTHER DISEASES
Bone Marrow Aspiration and Biopsy
Bone marrow aspirates and core biopsy samples taken
from sites of active erythropoiesis can be useful to
evaluate erythrocyte production and determine the
cause of anemia and other hemogram abnormalities.
The sites of biopsy in sheep and goats include the sternebra, femur, and ileum. The procedure should be done
with use of chemical sedation or with the animal under
general anesthesia (see Chapter 18). The area over
the biopsy site is clipped and surgically prepared; the
operator should wear sterile gloves to maintain asepsis.
Aspirates can be obtained by inserting a sterile needle
attached to a 3- or 6-mL syringe containing one or two
drops of EDTA through the bone and into the bone
marrow. Drawing back on the syringe plunger several
times may aid in the procurement of an acceptable sample; such a sample may consist of as little as 0.5 mL of
bone marrow. If the sample is going to be processed

467

immediately, no anticoagulant is required. Core samples are obtained using a Jamshidi or WestermanJensen biopsy needle. The skin is incised with a scalpel
and the biopsy needle is inserted into the bone and
turned several times to obtain the specimen. More than
one site may be used. The operator then closes the skin
with sutures or staples.
Biopsy samples are preserved by placing them in 10%
neutral buffered formalin solution. Impression smears
can be made from these samples by gently rolling them
on a clean glass slide before placing them in the formalin solution. Information obtained from bone marrow
samples includes subjective data regarding cell density,
megakaryocyte numbers, abnormal cells, maturation
patterns of RBCs and WBCs, and the ratio of erythroid
to myeloid cells. Prussian blue stain can be used on
bone marrow to demonstrate iron stores.
Bone marrow aspiration and biopsy are painful and
invasive procedures. Therefore animals should receive
prophylactic antibiotics and appropriate antiinflammatory drugs.

Blood Cultures
Blood cultures can be useful in diagnosing bacteremia
in an intermittently or persistently febrile sheep or goat
or an animal with numerous sites of organ infection.
Ideally the sample should be obtained before institution of antimicrobial therapy. If this is impossible,
however, antimicrobial therapy should be discontinued
48 to 72 hours before sampling. Samples should be
taken before and during febrile episodes. The jugular
vein is most commonly used to obtain a blood culture.
As described previously, the skin over the jugular vein
should be clipped and surgically prepared. The person
collecting the blood sample should wear sterile gloves
and use a sterile needle and syringe. Blood samples
should be placed immediately in a blood culture flask.
The chances of obtaining a positive culture from bacteremic animals increases with the size of the sample
up to about 30 mL, but adding more than the recommended amount to any one culture vial may overwhelm
the capacity of the specialized antibiotic-absorbing resins within the flasks. The clinician should change the
needle on the sample syringe after collecting the blood
and before putting the sample in the culture medium.
Samples should be refrigerated until they can be sent to
a diagnostic laboratory, where aerobic and sometimes
anaerobic cultures are performed.

The Famacha System of Assessing
for Anemia
As an alternative to hematologic testing, comparing
conjunctival color against swatches on a standardized FAMACHA chart has been used as a rapid and
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inexpensive assessment for anemia in whole flocks, primarily to evaluate the impact of Haemonchus contortus
and other blood-sucking parasites.2,3 Results from a
number of trials have yielded fair to good sensitivity for
packed cell volume and Haemonchus load in both sheep
and goats. As with body condition scoring systems, it is
essential to calibrate assessors to ensure consistency in
using this system.4 Also, some breeds “read” differently
on the cards, and use of an electronic color analyzer,
although more expensive and less field-friendly, may
detect anemia earlier5 (see Chapter 6).

CHANGES IN THE HEMOGRAM
The most common and significant abnormality on
the hemogram is anemia. In sheep and goats, anemia
occurs most commonly after blood loss and as a result
of toxin- or parasite-induced hemolysis or chronic
disease. Blood loss usually is covert and commonly is
caused by gastrointestinal or external parasites. Overt
blood loss usually is caused by major trauma such as
that from dog bites or severe lacerations of other cause
or is a complication of castration or dehorning. CBC
values appear normal immediately after acute blood
loss. However, after a few hours of fluid redistribution,
anemia and hypoproteinemia are evident. Evidence
of red cell regeneration (macrocytosis, reticulocytosis,
nucleated red cells) should appear within a day or two
of the blood loss.
Hemolysis occurs most commonly after ingestion
of toxic plants, RBC parasitism, intravenous injection
of hypotonic or hypertonic agents, contact with bacterial toxins, water intoxication, or immune-mediated
destruction of opsonized erythrocytes. Ingested toxins
include sulfur compounds from onions and Brassica
plants (kale, rapeseed [the source of canola oil]),6-9
nitrates, nitrites, and copper.10-13 Except for that caused
by copper, hemolysis usually occurs within a day or two
after ingestion. Copper toxicosis can occur after acute
overingestion but more commonly is seen in animals
that are chronically overfed copper and suffer some
stressful event. Goats are more tolerant of excess copper
than sheep, and certain breeds of sheep, particularly
the Suffolk, are highly sensitive to copper toxicosis (see
Chapters 2, 5, and 12).
Hemolytic bacterial toxins include those from Clostridium perfringens type A, Clostridium haemolyticum,
and Leptospira interrogans.14,15 Intraerythrocytic parasites
include Anaplasma spp., Mycoplasma (Eperythrozoon) ovis,
and Babesia spp.16-20 Immune-mediated RBC destruction is very uncommon except with parasitemia or the
administration of certain drugs (penicillin) or bovine
colostrum to small ruminant neonates.21 Rapid reduction of plasma osmolality can lead to osmotic lysis of
erythrocytes. This can occur locally as a sequela to rapid
intravenous injection of hypotonic substances or after

ingestion of a large quantity of water after a period of
water deprivation and dehydration (water intoxication).
Selenium and copper deficiency also have been associated with Heinz body anemia.22
Parasite infestation, opsonization, and ingestion
of toxic plants typically are the cause of extravascular
hemolysis. Subsequent removal of damaged erythrocytes by cells of the reticuloendothelial system results
in anemia, pallor, weakness, depression, icterus, and
dark urine. Bacterial toxins, changes in plasma osmolality, and copper toxicosis cause intravascular hemolysis,
resulting in the additional signs of hemoglobinemia
and hemoglobinuria. Other disease manifestations
such as fever, neurologic abnormalities, and sudden
death may be associated with specific diseases. Signs
of regeneration should be seen on the hemogram 1 to
2 days after the onset of hemolysis.
Anemia that is not related to the loss or destruction
of erythrocytes usually results from a lack of erythrocyte
production. By definition, these anemias are nonregenerative. Although mild forms may exist in pregnant
sheep and goats and animals deficient in vital minerals
(e.g., iron, selenium, copper, zinc), the most common
cause of nonregenerative anemia is chronic disease.
Under such conditions, iron is sequestered in an unusable form in the bone marrow; staining a marrow sample with Prussian blue stain will reveal large iron stores,
differentiating this disease from iron deficiency anemia.
The causes of anemia of chronic disease are numerous
and include infectious conditions (e.g., pneumonia,
footrot, caseous lymphadenitis), malnutrition, and
environmental stressors.1

TREATMENT OF ANEMIA
In most instances, anemia does not require treatment.
Unless loss of RBC mass is rapid and severe, the affected
animal usually is able to compensate for the decreased
oxygen-carrying capacity by decreasing activity. Of
importance in this regard is that anemia often first
becomes apparent to the manager of a sheep or goat
flock when animals appear overly stressed or die during
movement or handling.
If possible, the cause of the anemia should be
addressed. Interventions can involve strategies to control internal and external parasites, changes in the
diet, and treatment of infectious diseases. Maintaining
adequate hydration is essential in animals with intravascular hemolysis to avoid hemoglobin-induced renal
tubular damage. Specialty compounds such as molybdenum salts (e.g., ammonium molybdate) plus sulfur
or penicillamine for copper toxicosis13 and methylene
blue (15 mg/kg in a 4% solution in 5% dextrose or normal saline intravenously) for nitrate toxicity usually are
too expensive or difficult for application on a flockwide
basis but may be useful in valuable individual animals.
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Veterinarians should be aware that methylene blue is
no longer approved for use in food-producing animals
(see Chapter 12).
Animals with severe acute blood loss or hemolysis
may benefit from a whole blood transfusion. Because
transfusion reactions are rare and strong erythrocyte
antigens have not been identified in sheep and goats,
almost any donor of the same species is acceptable
for a first transfusion. Cross-matching can be done to
ensure compatibility, which becomes more important
if the animal receives more than one transfusion. Blood
should be withdrawn aseptically from the donor and
collected by a bleeding trocar into an open flask or by
a catheter into a special collection bag. Blood should
be mixed at a 7.5:1 ratio with acid-citrate dextrose, or
9:1 with 2% sodium citrate, or another suitable anticoagulant, and administered through a filtered blood
administration set. If the jugular vein is not accessible,
blood may be infused into the peritoneal cavity, but the
slower absorption from that site makes it less effective
for treating acute blood loss. The first 15 to 30 minutes
of administration should be slow. If no reaction is seen
(fever, tenesmus, tachypnea, tachycardia, shaking), the
rate may be increased. Transfused erythrocytes may survive only a few days, so it is important to address the
original cause of the anemia.1

CHANGES IN THE LEUKOGRAM
Peripheral WBCs include granulocytes (neutrophils,
eosinophils, and basophils) and mononuclear cells
(lymphocytes and monocytes). Immature forms of
neutrophils and lymphocytes may be seen during severe
inflammatory diseases. Abnormalities of the neutrophil
line usually constitute the best cellular evidence of
inflammation in small ruminants, and inflammation is
almost always a sequela of infection. An increase in neutrophil numbers and their proportional contribution
to the total WBC count usually is seen in mild gram-
positive, subacute, or chronic bacterial infections. Animals with more severe disease may exhibit high or normal
counts, but a greater proportion of the neutrophils will
display toxic changes or be immature forms (band cells,
metamyelocytes, or myelocytes). In severe, acute inflammation and many diseases caused by gram-negative
bacteria, a temporary reduction in neutrophil numbers
is observed, often with a concurrent shift toward more
toxic or immature forms. If the animal survives the
peracute disease, neutropenia should resolve over 3 to
4 days, mediated first by an increase in immature cells
and later by a mature neutrophilic response. Another
important cause of increased total and relative neutrophil counts is stress (or glucocorticoid administration),
which inhibits neutrophil margination and extravasation, thereby increasing the number of these cells in the
midstream blood.
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Increases in eosinophil counts usually are related
to exposure to eukaryotic parasites. Decreases are
rarely of clinical significance and may be seen as part
of the stress response. Idiopathic allergic-type reactions also are indicators of a pathologic process but
are very rare. Increases in basophils are rarely clinically significant.
Increases in lymphocyte counts often reflect chronic
inflammatory disease such as that seen with internal
abscesses. In rare cases, lymphocytosis may feature
abnormal, blast-type cells, indicating a lymphoproliferative neoplasm. Lymphopenia is an important part
of the stress response; nevertheless, the clinician must
keep in mind that many diseases stimulate a stress
response. Therefore lymphopenia and neutrophilia
may represent either stress or inflammation, and an
examination of neutrophil morphology and determination of plasma fibrinogen concentrations may be
useful in distinguishing between the two situations.
A high fibrinogen concentration, toxic changes, and
high counts of immature neutrophils indicate inflammation under those circumstances. Blood monocyte
counts also may indicate stress or chronic inflammation. The difficulties in interpreting individual
cell count abnormalities highlight the importance of
obtaining a differential WBC count and description
of cellular morphology in assessing sick sheep and
goats.
Leukogram abnormalities rarely lead directly to specific treatment. It is far more common and useful to use
the information from the leukogram to develop a plan
to treat the disease responsible for the abnormality.

ASSESSMENT OF THE LYMPHATIC
SYSTEM
Palpation of external lymph nodes is part of a thorough physical examination. Lymph nodes that can be
identified by this means in normal sheep and goats
include the submandibular, prescapular, and prefemoral nodes. None of these should be prominent or painful on palpation. Additional nodes that may be palpated
occasionally in normal animals include the parotid,
retropharyngeal, supramammary, perirectal, and popliteal nodes. Internal lymph nodes that may be identified during specialized diagnostic procedures include
the mediastinal, mesenteric, and other abdominal
nodes.
Enlargement of lymph nodes may be focal, multifocal, or generalized. Identification of a single
enlarged superficial node does not always rule out a
multifocal or generalized disorder, because the status
of the internal nodes often cannot be determined.
Enlargement generally indicates either inflammation
or neoplasia. Inflammatory enlargement typically is
related to an associated disease with an infectious
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component. Small ruminants are particularly sensitive to lymph node–based infections (e.g., caseous
lymphadenitis), so the search often does not extend
beyond aspirating or draining the lymph node itself.
Neoplastic enlargement almost always results from
lymphosarcoma.

DISEASE OF THE LYMPHATIC SYSTEM
Lymphosarcoma
Pathogenesis
Neoplastic transformation of a member of the lymphocyte cell line leads to unregulated clonal expansion
of that cell. The cause of transformation is usually
unknown; in rare cases, especially in flock outbreaks
in sheep, it can be linked to exposure to the bovine
leukemia virus, which has occurred experimentally and
as a result of the administration of whole blood Anaplasma vaccines. Whether the bovine leukemia virus
can induce lymphosarcoma in goats is still unclear.
Proliferation of lymphocytes leads to mass lesions
and infiltration of viscera. These changes cause physical obstruction (to breathing, blood flow, urination,
defecation), ulceration of mucosal surfaces (blood
loss, bacterial invasion), immune system dysfunction,
organ failure, and generalized malaise and cachexia.
Tissues masses may be internal or visible on external
examination.

Clinical Signs
Signs vary according to the site of the masses. Slowly
progressive weight loss is the most common finding.
In some cases, expansile masses are noted; at first they
usually are presumed to be caseous lymphadenitis
abscesses. Most masses form at the sites of internal
or external lymph nodes. Leukemia is rare. The most
common abnormalities are those of chronic disease
and cachexia and include nonregenerative anemia
and hypoalbuminemia. Bone marrow examination
may reveal clonal expansion of lymphoid precursor
cells.

Diagnosis
Lesions seen at necropsy include homogeneous white to
tan masses that bulge on the cut surface. They may be
small or large. Less commonly, diffuse paleness of the
reticuloendothelial organs is noted. Microscopic examination of these tissues reveals infiltrates of abnormal
cells of the lymphocyte line.

Prevention
Avoiding exposure to the bovine leukemia virus and
restricting the use of instruments to one animal between
cleaning procedures may help prevent the spread of
lymphosarcoma. In most animals, however, this neoplasm appears to develop spontaneously.

Failure of Passive Transfer
Pathogenesis
Lambs and kids are born with functional lymphocytes
that are capable of producing endogenous immunoglobulin. These cells develop the ability to respond to
foreign antigens in the fetus at approximately 80 days of
gestation. Because of a lack of in utero exposure, however, basal concentrations of immunoglobulin are low
at birth. These cells therefore respond too sluggishly to
new challenges to provide an adequate defense against
acute infection for approximately the first 6 weeks of
life. Additionally, as with other ruminants, no transplacental passage of immunoglobulin to fetal sheep
and goats occurs. Lambs and kids depend on intestinal
absorption of ingested colostral antibodies to provide a
ready supply of immunoglobulin and allow opsonization of pathogens for the first months of life.
Adequate passive transfer requires delivery of a sufficient quantity of good-quality colostrum into the
gastrointestinal tract, as well as adequate absorption
of antibodies from the colostrum into the blood. In
general, meeting this requirement is left to chance: The
quality of the colostrum, amount ingested, and adequacy of absorption are rarely monitored. Problems in
colostral quality can arise with young, sick, undernourished, and poorly vaccinated dams. Problems in availability can arise with antepartum leakage or nursing by
another lamb or kid. Problems in ingestion can arise
with weak or sick neonates, competition with other
lambs or kids, and separation of the neonate from the
dam. Problems in absorption can arise with weakness,
sickness, hypothermia, hypoxemia, dehydration, previous exposure of the gut to protein, delay in ingestion,
and other factors that affect gut function in the neonate.
Sheep and goats are especially prone to many of these
causes of failure of passive transfer because of their
tendency to give birth to multiple offspring per gestation; the earliest-nursing, most vigorous offspring may
ingest more than their share of colostrum.
As extrapolated from equine research, a finding
of 800 mg/dL of immunoglobulin in the plasma of
a 1-day-old lamb or kid is considered indicative of
adequate passive transfer. No research has been done to
show that this particular concentration is significantly
protective in small ruminants, and probably of greater
importance than any bulk amount is absorption of
immunoglobulin against specific opportunistic and
primary pathogens. Moreover, this amount should be
considered minimally acceptable—most healthy small
ruminant neonates achieve immunoglobulin concentrations that are 50% to 200% higher.
In addition to immunoglobulin, colostrum also
contains large quantities of fat-soluble vitamins that
do not cross the placenta. The most important of
these are vitamins A, D, and E, which are important
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in bone development and the immune or inflammatory response. Neonates that have not ingested enough
colostrum are likely to be deficient in these vitamins.

Diagnosis
A diagnosis of failure of passive transfer can be
deduced from the history if the neonate is known not
to have ingested colostrum in the first day of life or
the dam is known not to have produced colostrum.
Owners occasionally evaluate lambs or kids for adequate intake by picking up the animal and holding it
at ear level, while carefully cradling the head and neck,
and then shaking the abdomen in order to hear milk in
the abomasum. A presumptive diagnosis can be made
if the neonate shows signs of undernourishment or
sepsis in the first few days after birth. A definitive diagnosis can be made by direct laboratory measurement
(radioimmunoassay) of immunoglobulin concentrations. Numerous semiquantitative methods of estimating immunoglobulin are available, including various
agglutination (glutaraldehyde) and precipitate assays
(sodium sulfate) and measurement of blood protein
fractions (Chapter 8; see Table 8-6). Measurement of
total protein in a well-hydrated animal by means of a
hand-held refractometer may be used as a quick screen.
A total protein of 5.5 to 6 mg/dL or greater usually is
suggestive of successful transfer of colostral antibodies
in a normally hydrated neonate. These methods may
be relied on to give an overall flock assessment of adequacy of passive transfer, but they are rarely accurate
enough to provide definitive information on individual
animals23 (see Chapter 8).

Treatment
Failure of passive transfer is not in itself pathologic,
but it greatly increases the neonate’s susceptibility to
infectious diseases. The amount of colostrum absorbed
across the gut decreases with time, especially in animals
that have been ingesting other proteins (e.g., the casein
in milk); it also decreases with illnesses that decrease
gastrointestinal function. Sufficient immunoglobulin
likely cannot be absorbed more than 24 hours after
birth. Therefore oral colostrum is the best treatment
in the immediate postpartum period in still-healthy
neonates. Same-species colostrum is best: Hemolysis
has been reported in lambs receiving cattle colostrum.
To make up for complete failure, approximately 5% of
the neonate’s body weight by volume of colostrum (or
around 1.25 g of immunoglobulin/kg of body weight)
should be administered on two separate occasions,
4 to 12 hours apart. Colostral substitutes generated
from slaughterhouse blood are becoming available, but
their absorption and efficacy remain largely untested.
After the window for immunoglobulin absorption has
closed, plasma administered by the intravenous or intraperitoneal route is the best way to raise the neonate’s
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blood immunoglobulin concentrations. Adult donor
plasma contains approximately 2.5 to 3.5 g of immunoglobulin/dL, so a volume equivalent to 10% of body
weight is necessary to achieve similar concentrations as
with normal passive transfer. If plasma is used instead
of colostrum, administration of vitamins A, D, and E
also may be beneficial.
If colostrum and plasma are unavailable or costprohibitive, “closing” the gut as quickly as possible
with milk, maintaining high standards of hygiene, and
possibly administering prophylactic antibiotics offer
the greatest prospects for preventing infectious disease.
Vaccination of the neonate or the administration of
antitoxin hyperimmune serum should not be considered protective but may be of value.

Prevention
Ensuring colostral quality is best done through good
nutrition, health care, and vaccination of dam (see
Chapters 2 and 19). Administration of vaccines 6 weeks
before parturition, followed in 2 weeks with a booster,
provides the highest quantity of protective immunoglobulin in the colostrum. Antepartum leakage is rarely
the problem in small ruminants that it is in horses
and cattle. However, in a flock or herd environment,
still-pregnant dams may steal babies from other sheep
or goats. To prevent such theft and the resultant loss
of colostrum by the “adopted” neonate, owners may
choose to keep pregnant animals separate from those
that have already delivered. If complete separation
is not possible, the dam and her offspring should be
allowed to bond with each other in a private pen (“jug”
or “crate”) for at least 24 hours before being placed
back with the flock. Clipping excessive wool or mohair
from around the perineal area and udder before lambing or kidding, expressing the teats to ensure they are
not plugged, and having extra colostrum available when
pregnant females are placed in jugs or crates are other
good preventive measures.

Neonatal Sepsis
Pathogenesis
Sepsis is the condition resulting from systemic bacterial
infections or toxemia. Most systemic bacterial infections
are caused by opportunistic infections in immunocompromised animals or the overwhelming of a competent
immune system with massive challenge. Rarely, small
numbers of aggressive primary pathogens are the cause.
The most common cause of immune dysfunction in
neonates is failure of passive transfer. Less common
causes include nutritional deficiencies (notably in selenium, copper, or vitamin E), stress, and other illnesses.
Bacteria enter the body through the gastrointestinal
or respiratory tract or through a break in the skin (e.g.,
umbilicus, castration site, docked tail, wound). The role
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of the umbilicus is usually overemphasized over the
other, more common routes. Bacteria proliferate locally
and either enter the circulation or produce toxins that
enter the circulation. After entering the bloodstream,
bacteria seed various body sites, including the lungs,
kidneys, liver, central nervous system, joints, umbilicus, lymphoid tissue, and body cavities. Toxins tend to
damage blood cells, vascular endothelium, and various
organ tissues. Overwhelming bacteremia or toxemia
usually is fatal; less severe disease is associated with
localization of the bacteria to one or more sites of
chronic infection such as the umbilicus, lymph nodes,
organ abscesses, and joints. The greater the immune
responsiveness of the animal, the more likely it is to
prevent invasion and clear the infection.
The major opportunistic causes of neonatal sepsis
include most Escherichia coli, Streptococcus, Actinomyces (Arcanobacter), and other organisms (often gramnegative enteric bacteria). Most of these organisms are
normal inhabitants of the ruminant gastrointestinal
tract or soil and therefore are likely to be found in the
highest concentrations around areas on farms/ranches
with the poorest hygiene. The major primary causes of
neonatal sepsis include some strains of E. coli, Salmonella dublin or Salmonella typhimurium, and Erysipelothrix
rhusiopathiae. These organisms may be associated with
illness in adults and outbreaks in neonates despite
good nutrition and hygiene and adequate passive
transfer.

Clinical Signs
The clinical signs of acute sepsis are the same as those
of shock. Fever is present in the most acute phase but is
transient, and the absence of fever should not be taken
as evidence against the presence of bacterial infection.
Hypothermia often is present in advanced cases. Other
common clinical signs include obtundation, anorexia
with a weak suckle reflex, cold extremities, dry or
tacky mucous membranes with purple-blue discoloration (buccal) or enlarged and engorged blood vessels
(sclerae), tachycardia, prolonged tenting skin, and poor
filling of the jugular veins. Diarrhea, swollen joints,
tachypnea, and specific neurologic abnormalities may
be present if the pertinent organs are affected.

Diagnosis
A presumptive diagnosis can be made by observation
of the previously described clinical signs in a neonate.
Other disorders that can produce these signs include
hypothermia, hypoxemia, congenital cardiovascular
or nervous system anomalies, and starvation. These
other disorders often coexist with sepsis as predisposing factors or complications of the infectious disorder.
Clinicopathologic data that support a diagnosis of
sepsis include evidence of failure of passive transfer,
hyperfibrinogenemia, and left shift of the leukogram,

particularly when neutropenia, toxic changes to neutrophils, or myelocytes and metamyelocytes are present.
Serum biochemical analysis may be helpful in assessing overall condition.23 Definitive diagnosis of sepsis
is achieved by isolating the bacteria. Blood culture or
postmortem internal organ culture is the best diagnostic
tool for acute, untreated bacteremia. Findings in aspirates of abscesses or infected joints are more accurate
if sepsis is long-standing, particularly if the animal has
been treated with antibiotics.

Treatment
Treatment for neonatal sepsis is most rewarding when
initiated early in the infection. Although cost and
residues are always a concern when treating young
food animals, their small size combined with a long
time interval until slaughter or milk production gives
the clinician greater leeway in choosing appropriate
antimicrobial agents. Because both gram-positive and
gram-negative infections are possible, broad-spectrum
coverage through single antibiotics or combinations of
them is preferred (ceftiofur, 1 to 2.2 mg/kg given intramuscularly [IM] once or twice a day). Treatment should
be continued for at least 5 days to ensure clearance of
the infective organism. Nonsteroidal antiinflammatory
drugs (NSAIDs) also are beneficial in their antipyretic,
antiinflammatory, and anti-endotoxin effects (e.g., flunixin meglumine, 1 to 2 mg/kg given intravenously [IV]
or IM [of note, although flunixin meglumine is labeled
for intramuscular use, myositis has been reported in
some species when the drug is administered by this
route]).
If the neonate is severely dehydrated or obtunded,
fluid treatment should be initiated. Because septic neonates often are deficient in immunoglobulin as a result
of failure of passive transfer or consumption of antibodies fighting the infection, plasma transfusions often are
beneficial. Plasma should come from the same species;
whole blood can be used in an emergency situation.
Adverse reactions are rare.

Prevention
Methods to improve colostral quality and passive
transfer are helpful in preventing sepsis. Decreasing
overcrowding, separating neonates from most adult
stock (except their dams), and decreasing fecal and soil
contamination of facilities will decrease the amount of
bacterial challenge. Sanitizing common equipment and
minimizing contamination of tail docking and castration sites also are important. Dipping the umbilicus is
of questionable importance and probably is unnecessary in well-managed, clean flocks. The procedure is
harmless, however, and provides an opportunity to
examine the newborn, so current recommendations
include dipping the umbilicus with dilute iodine or
chlorhexidine solutions.23

Chapter 16 • Diseases of the Hematologic, Immunologic, and Lymphatic Systems

Uncomplicated Neonatal Diarrhea
Pathogenesis
Uncomplicated diarrhea may be caused by viral, bacterial, or protozoal pathogens. These organisms differ
from the agents of complicated diarrhea in that they
do not invade beyond the gut wall or result in systemic
toxemia (see Chapter 5).
The net result of such an infection is that a large
volume of isotonic intestinal fluid is lost into the bowel
with the unabsorbed ingesta. If enough fluid and electrolytes are lost, dehydration and metabolic acidosis
induce systemic clinical signs similar to those seen in
complicated diarrhea. In goats, this clinical entity is one
component of the floppy kid syndrome.

Clinical Signs
Profuse, watery diarrhea without fever is the hallmark
clinical sign. With severe dehydration or acidosis,
affected lambs and kids become weak and dull and lack
appetite. Mucous membranes become tacky, and skin
tenting times are prolonged. Shock signs may develop.
Physical assessment often has to take the place of clinicopathologic analysis in lambs and kids.
Mild, nonclinically complicated diarrhea is characterized by profuse diarrhea with minimal systemic signs.
The affected animal is bright and alert, with minimal
skin tenting, and can stand and eat readily, with a strong
suckle reflex. It is less than 5% dehydrated, with a blood
pH of 7.35 to 7.50 and a bicarbonate deficit of 0 mEq/L
(see also Chapter 3).
Moderate uncomplicated diarrhea is characterized
by profuse diarrhea in a dull but responsive animal.
Skin tenting is prolonged, but eye luster is normal.
The affected sheep or goat is able to stand and eat, but
eats slowly and has a weak suckle reflex. The head typically is held down. It is 5% to 7% dehydrated, with a
blood pH of 7.10 to 7.25 and a bicarbonate deficit of
5 mEq/L.
Severe uncomplicated diarrhea is characterized by
profuse diarrhea. The affected sheep or goat is dull and
minimally responsive, with a very long skin tent time
and dull, sunken eyes. It can stand only with assistance
and prefers to stay in sternal recumbency with its head
up. The animal eats very slowly, if at all, and has a
minimal suckle reflex. It is 8% to 10% dehydrated, with
a blood pH of 6.90 to 7.10 and a bicarbonate deficit of
10 mEq/L.
Very severe uncomplicated diarrhea is characterized
by profuse diarrhea and profound weakness. The animal’s skin remains tented for more than 1 minute, and
its eyes are very sunken and dull. It is nonresponsive
with no suckle response. It is unable to maintain sternal
recumbency lying on its side instead. The animal is 10%
to 12% dehydrated, with a blood pH of 6.8 to 7.0 and a
bicarbonate deficiency of 15 to 20 mEq/L.
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Clinical Pathology
The leukogram should be normal or show abnormalities compatible with stress. Serum biochemical or blood
gas analysis may reveal evidence of intestinal electrolyte
loss (hyponatremia, hypochloremia, metabolic acidosis) and dehydration (hyperalbuminemia, azotemia).

Diagnosis
A presumptive diagnosis may be based on the characteristic clinical signs and exclusion of causes of complicated diarrhea (“scours”). Response to conservative
treatment also is supportive of this diagnosis. Identification of the specific causative agent is less important
than proper treatment of infected animals. To identify the causative agent, feces should be examined by
electron microscopy to identify viruses, by culture to
determine a bacterial cause, and by light or fluorescence
microscopy after sugar flotation, acid-fasting, auramine,
or fluorescent antibody staining for Cryptosporidium
parvum.

Treatment
The immediate goals of treatment are rehydration,
replacement of lost electrolytes, and restoration of
acid-base balance. Less immediate goals are provision
of nutrition and replacement of ongoing losses. The
aggressiveness of treatment is dictated by the severity
of the condition, as well as economic considerations.24
1.	Rehydration: Calculate the percent dehydration and
use to calculate fluid requirement.
Example: 10% dehydration in a 3-kg lamb: 0.1 × 3 kg ×
1 kg/L = 0.3 L, or 300 mL.
2.	Replace lost electrolytes: Sodium, chloride, bicarbonate, and potassium are lost roughly in proportion
to extracellular fluid; replace in roughly the same
proportions (except for providing more bicarbonate
and less chloride; see next step). Replace with fluid
that is similar in composition to extracellular fluid.
3.	Restore the acid-base balance: Estimate bicarbonate
deficit by blood gas analysis (24 mEq, as measured)
or physical assessment. Then calculate the whole
body deficit.
Example: Assessment suggests a deficit of 16 mEq/L
bicarbonate in a 3-kg, comatose lamb with prolonged
skin tenting (0.5 is the multiplier for extracellular fluid
in a neonate): 0.5 × (16 mEq/L) × 3 kg × 1 kg/L = 24 mEq
bicarbonate.
Therefore the immediate goal is to provide 300 mL
of fluid and 24 mEq of bicarbonate to this lamb in a
formulation that resembles normal extracellular fluid
(ECF). Fluids can be given by various routes:

Oral

•	Advantages: Oral fluids are inexpensive (nonsterile)
and easy to give. They are less likely to cause fatal
arrhythmias or neurologic disease than intravenous
fluids.

474

Chapter 16 • Diseases of the Hematologic, Immunologic, and Lymphatic Systems

•	Disadvantages: An animal receives a maximum of its
gastric volume (5% of body weight), and good gastric motility is required. Oral fluids may not be well
absorbed by a damaged gut. Absorption also is slow.

Intravenous

•	Advantage: This method allows rapid correction of all
deficits, even in moribund animals.
•	Disadvantages: It is expensive (sterile), requires
venous access, and can rapidly lead to
overcorrection.

Subcutaneous

•	Advantages: This method does not require venous
access or good gut motility.
•	Disadvantages: It is expensive (sterile), and the fluids
may not be well absorbed in very dehydrated animals. Absorption is not as quick as by intravenous
administration. Animals should be given only hypotonic or isotonic fluids.

Intraperitoneal

•	Advantages: This method does not require venous
access or gut motility. Fluids are absorbed quickly by
this route.
•	Disadvantages: It is expensive (sterile) and can cause
peritonitis. Isotonic fluids are best used in this route.
Only a limited volume can be given.
In general, lambs and kids with good appetites (especially those being fed by bottle) and those that have
recently become inappetent (including those being fed
by tube or bottle) may be treated with oral fluids, but
animals with poor appetite coupled with severe dehydration should receive intravenous or subcutaneous fluids. Subcutaneous fluids are most useful as an adjunct:
Another 300 or 400 mL or so can be given to a neonate
that has already received an intravenous bolus, to provide a prolonged effect. If oral fluids have not produced
an improvement within 2 to 4 hours, intravenous treatment should be strongly considered.
Many good commercial oral fluids are available.
These contain electrolytes (sodium similar to plasma),
an alkalinizing agent (bicarbonate, propionate, acetate,
citrate; most good ones have approximately 80 mEq/L
of base), and glucose or glycine to slow gastric emptying
and aid in sodium absorption. The amount of carbohydrates varies, being higher in “high-energy” solutions.
Less carbohydrate is needed in less severely affected
animals because they are less likely to have severe hyponatremia. Fluids to be avoided include medicated milk
replacers and unbuffered saline solutions.
Intravenous treatment should be provided with a
sterile commercial product. Such preparations typically
contain 25 to 30 mEq/L of base. Additional sodium
bicarbonate solution or powder can be added (12 mEq
of bicarbonate/g of powder, or 1 mEq/mL of 8.4% solution) to replace the base deficit. The bicarbonate deficit
should be replaced gradually, over 4 hours, to avoid the
development of neurologic abnormalities.

After deficits are replaced, the following continued
treatments and adjuncts may be considered:
1.	Continued administration of fluids (oral rather
than intravenous if possible) to replace ongoing
losses (see Chapter 3):
•	A volume equal to 5% of the body weight per
feeding can be given orally; the number of feedings can be increased from two (normal) to three
to six a day. After 24 hours, less hypertonic fluids
can be used.
•	Intravenous fluids can be continued at twice the
maintenance fluid rate until appetite is restored.
•	More bicarbonate may be necessary.
2.	Consideration of addition of milk to the treatment
regimen:
•	Milk has more energy but fewer electrolytes per
unit of fluid.
•	Milk can be used for up to half of the feedings:
Lambs fed milk lose less weight with scours.
Free water helps prevent hypernatremia.
•	Milk should not be mixed with electrolytes
because they inhibit curd formation (although
acetate is allegedly safe).
•	Milk may exacerbate diarrhea in the early stage:
Large intestine fermentation leads to osmotic
diarrhea and further fluid loss. Withholding
milk for 24 hours may help, but longer delays
lead to cachexia.
•	Milk is a good potassium source.

Other Causes of Weakness and
Depression in Neonates
Ruling out infectious causes of depression and weakness
is difficult, and clinicians often do well to assume that
an infectious disease is contributing to clinical signs
when making treatment decisions. However, a number
of noninfectious systemic disturbances also can depress
neurologic and muscular function. Successful treatment
often requires identification and correction of each of
these disturbances. Among the more common abnormalities leading to depression in neonates are hypoxemia, metabolic or respiratory acidosis, hypothermia,
hyperthermia, hypoglycemia, dehydration, azotemia,
and some electrolyte imbalances.
Hypothermia and hyperthermia can easily be diagnosed by measuring body temperature with a rectal
thermometer. Hypothermia is far more common and
can result from weakness, shock, and environmental
stress. Cold, windy weather or tube feeding with cold
milk replacer or fluids can lead to a rapid drop in
core body temperature, especially in neonates that are
small or weak or have been inadequately licked off or
were rejected by their dams. Strong, vigorous neonates
usually are protected by heat produced during muscular activity and are able to seek food and shelter.

Chapter 16 • Diseases of the Hematologic, Immunologic, and Lymphatic Systems
Clinical signs appear when the rectal temperature
drops to 98° F (36.7° C) or below. Protection from
wind and cold such as with an individual ewe jug or
pen, heat lamps (positioned far enough away so as not
to burn the neonate), hot water bottles, blankets, and
administration of warm fluids is helpful in treating
and preventing hypothermia. Shearing the ewe before
lambing is of value because it forces the ewe to seek
shelter. If this management technique is used, care
should be taken to avoid inducing severe hypothermia
in the dam.
Environmental hyperthermia is much less common
than fever in neonates. Therefore treatment for infectious diseases in young animals with high temperatures
usually is warranted. Providing cool shelter with good
ventilation, minimizing stressful events, ensuring adequate fluid intake, and shearing the adults are the best
defenses against environmental heat stress.
Hypoglycemia also is easy to diagnose with the aid of
an inexpensive, portable glucose meter. Lambs and kids
typically develop hypoglycemia under the same circumstances as those leading to hypothermia. Administering
50 mL/kg of dextrose (approximately 3.5 fl oz/lb, or
5% of body weight) in warm milk replacer or 1 mL/kg
of 50% dextrose, by either the intravenous or oral route
(diluted to 5% dextrose), should provide ample energy
to correct hypoglycemia. Intravenous administration
may be necessary if gut motility is absent. Follow-up
treatment may be necessary if the neonate does not
regain its appetite.
Except during severe conditions, normal lambs and
kids should be able to maintain normal body core
temperature. They should therefore be examined for an
underlying disorder if they exhibit signs of hypothermia
or hyperthermia. Clinicians and owners should not
assume that warming and feeding a cold, weak neonate
will always correct the problem.
Hypoxemia is much more difficult to diagnose. Portable blood gas meters for arterial analysis and radiography units for thoracic imaging are available but are
still not in common use in small ruminant practice. For
those reasons, hypoxemia usually is underdiagnosed.
Hypoxemia can result from prematurity or dysmaturity,
infection, depression or weakness (decreased ventilation), meconium aspiration, bullous emphysema,
hernias, and other thoracic fluid or tissue masses. It is
likely to be a contributing factor in illness and death in
most weak neonates younger than 3 days of age. Such
animals benefit from the provision of supplemental
oxygen, either through a nasal insufflation tube or by
oxygen tent. In addition to its direct effect on general
well-being and behavior/attitude, hypoxemia at birth
leads to poor gut function and subsequent poor colostral absorption. Many animals that exhibit failure of
passive transfer and subsequent sepsis had a previous
bout of hypoxemia.
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Azotemia, metabolic acidosis, and electrolyte imbalances are difficult to diagnose without clinicopathologic analysis. Therefore these problems are best treated
in animals showing signs of dehydration with the
administration of a balanced, physiologic electrolyte
solution. Metabolic acidosis usually is accompanied by
either obvious evidence of bicarbonate loss (diarrhea)
or severe dehydration. However, neither of these conditions is present with floppy kid syndrome. This descriptive title is applied to muscle weakness, anorexia, and
depression in kids observed in the first 2 weeks of life.
By its strictest definition, floppy kid syndrome refers to
metabolic acidosis with a high anion gap without dehydration or any known cause in young kids that were
normal at birth. A variety of disorders and conditions
have been proposed as the cause of metabolic acidosis
without dehydration, including intestinal fermentation
of milk in well-fed kids with subsequent absorption of
volatile fatty acids, transient neonatal renal tubular acidosis, and lactic acidosis secondary to toxic impairment
of cardiovascular function. Overgrowth of C. perfringens
type A often is suggested as a source of the toxin. With
a high anion gap, a pathologic condition that leads to
overproduction of an organic acid is more likely than
one that leads to bicarbonate loss. The disease can occur
in individual animals or in outbreaks; although parity
of the dam and number of offspring have not been
associated with this metabolic disturbance, aggressively
feeding kids are more likely to suffer from milk fermentation or clostridial overgrowth. An infectious etiology appears to be more likely in herds displaying an
increased incidence of this metabolic disturbaces as the
kidding season progresses. The disease also is reported
to be more common in meat goats than in dairy goats.
The prevalence can vary tremendously from year to year
in a single flock or region. A similar disease has been
reported in calves and llama crias, and lambs also are
likely to be susceptible under the right conditions.
Because blood gas analysis and exclusion of other
diseases often are impractical, the term floppy kid syndrome frequently is used by owners to refer to any kid
that is weak and does not have an overt, organ-specific
sign (e.g., diarrhea). Different pathologic processes are
grouped together by their common clinical endpoint
(as with “thin ewe syndrome”), and the veterinarian
is charged with determining the etiology in a specific
flock. Most possible causes are found in the previous
list of conditions that cause weakness and depression in
neonates. Among these entities, sepsis and hypoxemia
are the most important items and therefore also must
be considered important causes of possible floppy kid
syndrome. Treatment and prevention of floppy kid syndrome currently follow the same lines as for treatment
and prevention of neonatal sepsis or enteritis. Spontaneous recovery of animals with floppy kid syndrome
may occur. However, in valuable kids, quick assessment

476

Chapter 16 • Diseases of the Hematologic, Immunologic, and Lymphatic Systems

of blood chemistry and base deficits will allow requisite
correction of electrolyte and blood pH abnormalities
with 1.3% sodium bicarbonate.25
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isolated from soil, where most are thought to have short
life spans. Soil concentrations are highest in locations
recently contaminated with ruminant feces, especially
crowded, overused facilities such as feedlots and lambing sheds. Environmental contaminations are associated
with cool, damp times of the year such as late winter
and spring.
The concentration of organisms and their toxins
found in the feces, gut contents, and internal organs
of most adult ruminants usually is small. Competition and peristalsis prevent overgrowth in the gut and
aerobic conditions prevent overgrowth in other tissues
in live animals. However, rapid overgrowth and tissue
invasion ensue after death, making rapid postmortem
examination essential to ascertain whether clostridial
organisms are responsible for the death.
Pathogenic clostridial organisms all produce heatlabile protein exotoxins. Most make a variety of toxins, and the relative contribution of each toxin to the
disease state is not known. The major exotoxins of
C. perfringens are alpha, a phospholipase that lyses

Chapter 16 • Diseases of the Hematologic, Immunologic, and Lymphatic Systems
mammalian cells; beta, a trypsin-labile necrotizing
toxin; epsilon, a trypsin-activated necrotizing toxin; and
iota, another trypsin-activated necrotizing toxin. Toxin
production is used to classify C. perfringens organisms
according to type. All five types of C. perfringens make
alpha toxin. Types B and C also make beta toxin (with
B making epsilon toxin as well), type D makes epsilon
toxin, and type E makes iota toxin. Because the necrotizing toxins cause more prominent lesions than alpha
toxin, they are used to characterize diseases caused by
C. perfringens infection with types other than A. Other
tissue-invasive clostridial organisms make toxins similar to those produced by C. perfringens, in addition to
various other necrotizing and hemolyzing toxins. In
many instances these toxins can be chemically altered
to produce antigenic toxoids.1-4

Enteric Infections
Pathogenesis
Enteric clostridial organisms are thought to proliferate under conditions of decreased peristalsis and poor
ruminal and abomasal function. Weather and handling
stresses, feed changes, and an overabundance of highenergy feeds are thought to promote overgrowth. Milk,
bakery products, and cereal grains are the most common high-energy feeds associated with outbreaks. Toxin
production occurs with overgrowth and precipitates disease. Other enteric infections that disrupt the mucosal
border may increase systemic absorption of toxins.
C. perfringens type A occurs worldwide and is the most
common type of this species isolated from soil. It causes
“yellow lamb disease” in younger animals, a condition
reported much more commonly in sheep than in goats.
Risk factors for infection have not been established. This
disease occurs most commonly in lambs 2 to 6 months
old. Under favorable conditions, the organisms proliferate and cause a corresponding increase in alpha toxin
production. The alpha toxin causes minor gastrointestinal lesions and is absorbed across the gut wall to cause
hemolysis and vasculitis. The clinical course usually is
less than 24 hours (see Chapter 5).

Clinical Signs
The clinical signs include weakness, depression, fever,
icterus, anemia, hemoglobinuria, tachypnea, and terminal recumbency. Laboratory evaluation reveals evidence of intravascular hemolysis. Necropsy reveals
evidence of hemolysis, hyperemic intestines, and multifocal internal petechial hemorrhages. Positive diagnosis is based on identification of the alpha toxin and the
absence of other toxins on testing by newer enzymelinked immunosorbent assays (ELISAs) or older live
animal assays. Morbidity in a flock is lower than for
many of the other enteric clostridial diseases, but the
mortality rate is very high.
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Adult animals also are susceptible to hemolytic disease and vasculitis caused by C. perfringens type A infection. The organism has been isolated from sites distant
from the infection, including muscle and the mammary
gland. Fatal abomasitis and rumenitis in neonates and
juveniles also have been blamed on C. perfringens type
A, but the rapid postmortem proliferation of the organism makes substantiation of this claim difficult.

Clinical Pathology
The most characteristic clinicopathologic change is neutrophilic leukocytosis with a left shift. Other evidence
of systemic toxemia (metabolic acidosis, azotemia,
increases in liver and muscle enzymes) also may be
seen.

Treatment
Administration of antibiotics such as penicillin and
Clostridium antitoxin is the mainstay of treatment,
although animals may die acutely before therapies can
be instituted.

Prevention
A conditionally licensed toxoid against the clostridial
alpha toxin is available for cattle in the United States.
Prevention efforts should focus on environmental
hygiene and avoiding gut conditions favorable for proliferation of the organism. Because this type appears to
survive better in soil than other types, preventing ingestion of soil may be important in preventing disease.

Clostridium perfringens Type B and
C Disease
C. perfringens types B and C cause very similar diseases
called lamb dysentery and hemorrhagic enterotoxemia,
respectively. Both lambs and kids can be affected. With
both diseases, the beta toxin is an important pathophysiologic factor, and inactivation of this toxin after
maturation of pancreatic trypsinogen secretion effectively limits the susceptible population to neonatal
animals. Older animals may become susceptible as a
result of overwhelming infection or trypsin inhibition
by some soy and sweet potato products. The reported
geographic range of both neonatal diseases is limited
(type B to the United Kingdom and South Africa and
type C to the United Kingdom and North America),
even though infection with C. perfringens type C appears
to occur worldwide.
The diseases initially affect lambs and kids younger
than 3 days of age, with illness occasionally occurring
in older lambs. Because of management practices in this
age group and age-related vulnerability, fecal contamination of teats, hands, and equipment that enter the
mouths of the neonates (orogastric tubes, nipples) is a
major cause of infection. Severely affected animals or
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those at the beginning of an outbreak usually are found
dead. Less acutely affected animals expel yellow, fluid
feces that may contain brown flecks of blood and show
splinting of the abdomen, especially when handled,
along with signs of colic and feed refusal. The clinical
course usually is short, and the disease is almost always
fatal. Terminal convulsions and coma occasionally are
noted, especially in outbreaks in the United States.
Postmortem examination reveals small hemorrhagic
ulcers in the small intestine with type B infection and
diffuse reddening with hemorrhage and necrosis of the
abomasum and the entire intestine with type C infection. Animals that die very rapidly may exhibit minimal
or no gross abnormalities of the intestine.
C. perfringens type C in older sheep causes the disease
known as “struck.” Temporary suppression of pancreatic trypsin production may be important in pathogenesis. Affected animals usually are found dead or with
signs of toxemia. Specific antemortem signs of gastrointestinal disease are rare. Postmortem changes include
neutrophilic leukocytosis with a left shift. Additional
evidence of systemic toxemia (metabolic acidosis, azotemia, increases in liver and muscle enzymes) also may
be seen.

Diagnosis
Diagnosis of these diseases is made by identification of
characteristic lesions and positive toxin assays. Because
the beta toxin is very labile, negative toxin assays are less
significant than negative assays for presence of other
tissue-invading clostridia.

Treatment
If the infection is identified early in the disease course,
antibiotics such as penicillins and Clostridium antitoxin
may be of benefit. Fluids and antiinflammatory agents
may be indicated as well. Usually the condition is not
recognized until the animal is dead or dying.

Prevention
A beta toxoid is available in the United States and other
countries. It usually is packaged with an epsilon toxoid.
The best protection is achieved by vaccinating pregnant
dams twice, with the second dose administered approximately 3 to 4 weeks before lambing or kidding. Juveniles also should be vaccinated twice, starting around
weaning time. Adults should receive an annual booster.

Clostridium perfringens Type D
Disease
C. perfringens type D produces epsilon toxin, which
is responsible for increasing gut permeability and
widespread tissue damage. The organism proliferates
best and produces the most toxin in the duodenum
under conditions of excess fermentable starch, such as

occurs after overingestion of high-energy feeds (milk,
grain, lush pasture). Overindulgence can be a primary
condition or may reflect failure of the ruminal flora
to adjust to an abrupt feed change such as increasing
the grain portion of the ration or moving a flock onto
an ungrazed, lush pasture. In addition to providing
substrate for the organisms, these diets of rapidly
fermentable feedstuffs may decrease peristalsis, allowing the toxin to accumulate. Because of the need for
trypsin cleavage of the protoxin, animals less than
2 weeks of age are rarely affected. The disease occurs
worldwide.
Natural disease caused by C. perfringens type D differs
between sheep and goats, possibly because of a difference in relative local and systemic actions of the toxin,
although experimental models have demonstrated that
both species develop similar lesions. Sheep tend to
develop enterotoxemia. Peracutely affected sheep may
die before or shortly after illness is noted and may
exhibit no postmortem lesions. Acutely affected sheep
develop tachypnea, tachycardia, fever, colic signs such
as lateral recumbency and splinting of the abdomen,
anorexia, and neurologic abnormalities that begin
as dullness and progress to seizures or coma. Yellow,
watery diarrhea may be evident in terminal stages of
disease and is a more prominent sign in subacutely or
chronically affected lambs. Postmortem lesions include
subendocardial hemorrhage around the mitral valve
and pericardial effusion (see Chapter 20). The disease is
more common in ewe lambs; in single, rapidly growing
lambs 3 to 8 weeks of age; and in feedlot lambs 2 to
3 weeks after they enter the lot. Tail docking, castration,
and other management interventions are thought to
decrease the incidence of this disease by temporarily
decreasing appetite. The disease also affects unvaccinated adult sheep, even without any history of stressors
or feed changes.
Goats tend to develop more severe enteritis but
exhibit fewer and less severe neurologic and systemic
signs. Postmortem findings include pseudomembranous enterocolitis with mucosal ulceration, as well as
fibrin, blood clots, and watery contents in the bowel
lumen. Evidence of systemic toxemia, including multifocal petechial and ecchymotic hemorrhage, proteinaceous exudates in body cavities, pulmonary edema,
and cerebral malacia with perivascular cuffing, is seen
after both natural and experimental infections but is
less common and less pronounced than lesions seen
in sheep.

Clinical Pathology
Characteristic clinicopathologic changes include neutrophilic leukocytosis with a left shift. Additional
evidence of systemic toxemia (metabolic acidosis, azotemia, increases in liver and muscle enzymes) also may
be seen.
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Treatment

Diagnosis

As with infections with types B and C, if the disease is
identified early in the disease course, antibiotics such
as penicillin products and Clostridium antitoxin may be
of benefit. Fluids and antiinflammatory agents may be
indicated as well. Usually the condition is not recognized until the animal is dead or dying.

Laboratory analysis may reveal an increase in enzymes
of muscle or liver origin as well as neutrophilic leukocytosis with many immature and toxic neutrophils.
Postmortem findings include local necrosis around the
injury site. Diagnosis usually is made by identifying
characteristic lesions.

Prevention

Treatment

Vaccination of pregnant ewes with two doses of toxoid, with the second dose given 3 to 4 weeks before
lambing, and adequate ingestion of colostrum are the
best methods of protecting newborn lambs. Vaccination of the lamb itself before it is 6 weeks old provides
minimal protection. Lambs should be vaccinated twice
around weaning or at entrance to a feedlot. Males and
adult females that are not part of the breeding program
may be vaccinated annually. Vaccination has been
shown to protect goats from experimental disease, but
clinical evidence suggests that well-vaccinated goats
are still susceptible to developing clostridial enteritis. The toxoids may not protect against local action
of the toxins in the goat, which appears to play a
greater role in their disease than it does in the sheep1-4
(see Chapter 5).

Wound management (disinfection, débridement) and
administration of antibiotic products (e.g., penicillin G
sodium, 20,000 IU/kg IV every 6 hours) are important
treatment considerations.

NONENTERIC CLOSTRIDIAL INFECTIONS
C. novyi—the agent of black disease (necrotic hepatitis)
and “bighead”—is found worldwide in the soil, feces,
and gastrointestinal tracts of healthy ruminants. The
organism also can be found in the liver of some healthy
ruminants. It is a very large, straight, rod-shaped organism with terminal oval spores. Two types exist: type A
secretes alpha, gamma, and epsilon toxins and is one
of the organisms responsible for bighead and a minor
contributor to malignant edema (see later section on
C. septicum); type B secretes alpha and beta toxins and
is responsible for black disease. The temporal and geographic distributions of black disease resemble those
of fascioliasis, with the highest incidence of disease in
milder, moister months in many countries. Black disease is less common in sheep than in cattle and also is
rare in goats.5-6

Bighead

Prevention
Ram management may aid in prevention of headbutting wounds. Annual vaccination with multivalent
clostridial toxoids also may be helpful. In flocks with a
high prevalence of this disorder, a booster vaccine given
to rams 1 month before the breeding season may provide additional protection.6

Black Disease
Pathogenesis
Sporulated organisms within Kupffer cells and spores
of the organism present in the liver are thought to proliferate and begin secreting toxins when migrating fluke
larvae create adequate anaerobic conditions. Infective
organisms also may be brought into the liver by the
flukes. Necrotizing toxins cause local hepatic necrosis
and systemic toxemia.

Clinical Signs
Affected sheep are debilitated, fail to keep up with the
flock, and exhibit generalized weakness, recumbency,
separation, and anorexia. Tachypnea and tachycardia
may be seen; fever occurs early in the disease. The
patchy subcutaneous hemorrhagic edema that gives
this disease its name is less likely to develop in sheep
than in cattle and therefore is rarely noticed before
the animal dies. The clinical course usually lasts less
than 1 day, and the disease is uniformly fatal. The
rapidity of the course often prevents producers from
noticing any abnormalities before the death of the
animal.

Pathogenesis and Clinical Signs

Diagnosis

Fecal and soil contamination of wounds received during head-butting leads to proliferation of C. novyi type
A in damaged head and neck tissues. Accumulation
of secreted toxins leads to swelling, edema, serohemorrhagic exudates, and local tissue necrosis. Wounds
appear and smell gangrenous. Systemic toxemia may
affect internal organs, leading to the death of the animal. Clostridium sordelli causes identical disease.

The most characteristic clinicopathologic change is
neutrophilic leukocytosis with a left shift. Additional
evidence of systemic toxemia (metabolic acidosis,
azotemia, increases in liver and muscle enzymes)
also may be seen. Postmortem findings include multifocal hepatic necrosis, straw-colored body cavity
exudates, and patches of subcutaneous hemorrhagic
edema.
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Treatment and Prevention
Although black disease is rarely identified before the
animal dies, it is best treated with flukicides (e.g., clor
sulon, 7 mg/kg PO) and antibiotics (e.g., penicillin G
sodium, 20,000 to 40,000 IU/kg IV every 6 hours). Supportive care, including nutritional support, fluids, and
stress reduction, may be beneficial. Efforts to control
fluke infestation constitute the most effective approach
to prevention of this disease (see Chapter 6). Annual
administration of multivalent clostridial vaccines also
may be helpful. In flocks at high risk for developing this disorder, a booster vaccine given 1 month
before expected fluke exposure may provide additional
protection.5,6

Malignant Edema and Braxy
C. septicum is the most important cause of malignant
edema. Other tissue-invasive clostridia can cause this
disease, however, and mixed infections are common.
The pathogenesis of infection is often similar to that
seen with bighead and blackleg: soil or fecal clostridial
invasion of a contaminated wound. Activation of dormant bacteria in damaged tissue similar to that seen in
clostridial necrotic hepatitis also occurs. In both cases,
bacterial toxins precipitate local tissue necrosis and
systemic toxemia. The alpha, beta, gamma, and delta
toxins are lecithinase, deoxyribonuclease, hyaluronidase, and hemolysin, respectively. Commonly affected
sites include castration, dehorning, and injection sites;
the umbilicus; and the postpartum uterus. Invasion
through the lining of the abomasum causes braxy.
Factors that promote braxy have not been identified,
although ingestion of frozen feedstuffs in yearlings has
been implicated. Both forms of the disease have worldwide distribution and are described more commonly in
sheep than in goats.

Clinical Signs
Malignant edema is characterized by local or regional
pain, edematous swelling, fever, and signs of shock.
Evidence of subcutaneous gas production is less common in this infection than in blackleg. Uterine infection may cause a fetid vaginal discharge. Death occurs
within hours to a few days after onset of clinical signs.
Braxy usually causes death before any abnormalities are
noted. On rare occasions, signs of depression, weakness,
and colic may be seen.

Diagnosis
Characteristic clinicopathologic changes include neutrophilic leukocytosis with a left shift. A decrease in
WBC and RBC counts also is possible because of the
leukocidal and hemolytic effects of the toxins. Additional evidence of systemic toxemia (metabolic acidosis, azotemia, increases in liver and muscle enzymes)

also may be seen. Postmortem changes with malignant
edema include dark red, swollen muscle filled with
hemorrhagic, proteinaceous exudate and little or no
gas. With braxy, the abomasal wall is hemorrhagic and
necrotic. Both diseases are associated with rapid postmortem decomposition of the carcass.

Treatment and Prevention
Wound management and antibiotics are important in
treating braxy. Ancillary treatments such as fluids, antiinflammatory agents (e.g., flunixin meglumine, 2 mg/kg
IV), nutritional support, and blood transfusions may be
necessary. Maintenance of good hygiene during invasive
procedures such as castration, obstetric manipulation,
shearing, tail docking, and administering injections is
helpful in preventing malignant edema. Multivalent
clostridial toxoids may provide some protection and
should be given annually to animals at risk for the
disorder.7,8

Blackleg
C. chauvoei is the most important cause of blackleg.
As with braxy, several other strains of tissue-invasive
clostridia can cause this disease, however, and mixed
infections are common. The pathogenesis of infection often is similar to that seen with bighead and
malignant edema: soil or fecal clostridial invasion of
a contaminated wound. Tail docking, castration, and
shearing wounds appear to be especially important sites
of infection in sheep. Activation of dormant bacteria
in damaged tissue, similar to that seen in clostridial
necrotic hepatitis, also occurs, and the original cause of
tissue damage such as a wound is not always evident.
In some cases, bacterial proliferation appears to occur
in a site distant from the original wound (as with fetal
infections after shearing of a ewe). Bacterial toxins cause
local tissue necrosis and systemic toxemia. This bacte
rium produces toxins similar to those produced by
C. septicum, and the disease is worldwide in distribution. C. chauvoei also causes severe gangrenous mastitis
in postparturient ewes.

Clinical Signs
Blackleg is characterized by local to regional painful,
edematous swelling; fever; and signs of shock. Focal
signs such as lameness, udder swelling, and subcutaneous swelling are more commonly seen with this disease
than with malignant edema. Evidence of subcutaneous
gas production is common. Uterine and mammary
infections may cause fetid vaginal and mammary discharge, resepectively. Death often occurs within hours
to a few days after onset of clinical signs, but the focal
nature of this disorder gives affected animals a better
prognosis than for those affected by other nonintestinal
clostridial disorders.
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Diagnosis
Characteristic changes on clinicopathologic analysis
include neutrophilic leukocytosis with a left shift.
A decrease in WBC and RBC counts also is possible because of the leukocidal and hemolytic effects of
the toxins. Additional evidence of systemic toxemia—
metabolic acidosis, azotemia, increases in liver and
muscle enzymes—also may be seen. Postmortem
changes with blackleg most commonly consist of focal,
crepitant red, brown, or black areas of myonecrosis.
Other regions such as the fetus, tailhead, or mammary
gland also may be affected. Degenerative changes can
occur in internal organs, especially if postmortem evaluation is delayed. Diagnosis is made by isolating the
organism. Fluorescent antibody tests are available to
differentiate C. chauvoei from C. septicum.

Treatment and Prevention
Wound management, administration of antibiotics
(e.g., penicillin G sodium, 20,000 to 40,000 IU/kg IV
every 6 hours), and supportive care (nutritional support, fluids, antiinflammatory agents) are important.
Maintaining excellent hygiene during invasive procedures such as castration, obstetric manipulation, shearing, tail docking, and administering injections is helpful
in preventing blackleg. Multivalent clostridial toxoids
may provide some protection and should be given
annually to animals at risk for this disease.7

Red Water Disease
C. haemolyticum is the etiologic agent associated with
red water disease. The organism appears to be related
closely to C. novyi and may be referred to as type D
of that species. The major difference between the two
organisms is that C. novyi type B produces a phageassociated alpha toxin in addition to the beta toxin
produced by both species. C. haemolyticum is similar to
other clostridial species in its life cycle and appears to
thrive on alkaline pastures with standing water. It colonizes the livers of healthy animals and proliferates after
liver damage, including damage caused by migrating
flukes or incurred in liver biopsy. The beta toxin causes
intravascular hemolysis and damages the capillary
endothelium. Anemia, hepatic infarction, hemorrhagic
enteritis, and hemoglobin-induced tubular nephritis are
the primary results of such damage. The disease is seen
worldwide and is more commonly reported in sheep
than in goats. Seasonality varies with the life cycle of the
flukes (see Chapter 5).

Clinical Signs
Affected animals appear weak and depressed and produce red urine and feces. Heart and respiratory rates
are high and become much higher with any sort of
effort or stress. Fever and icterus are seen early and late,
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respectively, in the course of the disease. Death occurs
within hours to a few days after onset of clinical signs.

Diagnosis
Hematologic evaluation reveals evidence of intravascular hemolysis, including severe anemia, hemoglobinemia, and hemoglobinuria. Mature neutrophilia with a
degenerative left shift (immature forms of neutrophils
and toxic changes) often is present. Serum biochemical evaluation may reveal evidence of organ failure and
shock. The most characteristic postmortem finding is a
large pale, necrotic center in the liver that results from
bacterial proliferation and regional infarction of the
portal vein. Microscopic evaluation reveals numerous
clostridia-like organisms within the necrotic region.
Hemorrhagic polyserositis with blood-tinged body cavity exudates also is a common finding. A presumptive
diagnosis can be made based on identification of the
characteristic lesions. Positive diagnosis is made by isolating the organism.

Treatment and Prevention
Treatment includes the administration of antibiotics
(e.g., penicillin G sodium, 20,000 to 40,000 IU/kg IV
every 6 hours) and flukicides (e.g., clorsulon, 7 mg/kg
PO) and the provision of supportive care (nutritional
support and administration of antiinflammatory agents,
blood transfusions, and fluids). Efforts to control liver
flukes and prevent other causes of liver damage are most
important. Polyvalent clostridial toxoids may provide
some protection. In addition to the annual booster, a
second or biannual booster vaccination given 1 month
before fluke exposure may provide additional protection to flocks at high risk for developing this disorder.9

Noninvasive Clostridia–Associated
Disease
Both tetanus and botulism are important diseases in
small ruminant medicine. These two diseases are covered in Chapter 13.
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JUVENILE AND ADULT SEPSIS

sepsis. Its association with chronic sepsis lends credence
to the belief that Arcanobacterium often is a secondary invader that colonizes tissues damaged by another
bacterium (see Chapter 10).
Bacillus anthracis is a large, gram-positive, anaerobic bacillus that causes anthrax. It forms spores under
aerobic conditions (such as on culture plates) but rarely
does so when oxygen tensions are low, as in carcasses.
The organism affects most mammals, with herbivores
being most susceptible. It usually is carried from one
area to another by shedding or dying animals and also
can multiply in alkaline, nitrogenous soils. Periods of
heat and intermittent flooding promote overgrowth
of the organism. B. anthracis spores may be inhaled or
ingested; in rare instances, the bacillus itself may be
spread by biting flies. After local replication the organism gains access to the blood, where it multiplies readily. Large numbers of the organism colonize the spleen.
B. anthracis secretes a holotoxin made of edema factor (EF), protective antigen (PA), and lethal factor (LF).
This toxin impairs phagocytosis, increases capillary permeability, and inhibits clotting. Splenic engorgement,
generalized edema, circulatory shock, and bleeding
diathesis are the most common lesions and signs of
anthrax. Generalized infection should be considered
uniformly fatal. Death may occur before or within
hours of initial recognition that the animal is sick.
Prophylactic antibiotic treatment of healthy animals
(e.g., with oxytetracycline, 10 mg/kg IV once a day) may
decrease spread and mortality during outbreaks. The
disease is reportable in many localities. Local forms of
anthrax also occur, most commonly through transmission by a skin wound or fly bite. Presenting manifestations include local heat, pain, swelling, and necrosis,
often followed by the generalized syndrome.2
Borrelia burgdorferi is thought to be spread to ruminants from its mouse host by Ixodes ticks. The condition is zoonotic, causing Lyme disease in people. The
organism is thought to be responsible for fever, weight
loss, and chronic septic arthritis in some ruminants, as
suggested by the finding that these animals are seropositive and occasionally respond to tetracycline antibiotics. Abundant evidence for this etiologic theory is
lacking, and it is likely that some of those animals have
mycoplasmal or other infections. A similar organism,

Pathophysiology
Older animals generally are more resistant to sepsis
than neonates because they have larger amounts of
circulating antibodies. However, this resistance can be
overwhelmed by aggressive bacteria, or loss of immune
function can allow invasion by opportunistic bacteria. Malnutrition, parasitism, transport, overcrowding,
other diseases, extreme weather conditions, and other
stressors are the major causes of immune suppression.

Clinical Signs
Sepsis may produce peracute, acute, or chronic disease
signs. Peracute signs include fever, injected mucous
membranes (including the sclera), tachycardia, tachypnea, dyspnea, swollen joints, lameness, splinting of
the abdomen, weakness, depression, anorexia, recumbency, seizures, and coma, with sudden death in some
cases. Acute signs are similar, except that they typically
persist for a longer period and therefore are more likely
to be noticed. Chronic signs usually result from the partial clearance of infection after an acute episode, which
may be clinical or inapparent.

IMPORTANT BACTERIAL CAUSES
OF SEPSIS
Actinobacillus seminis is a gram-negative bacillus or coccobacillus that primarily affects the male and female
reproductive tracts. Infection causes posthitis, epididymitis, and orchitis in rams and metritis and abortion
in ewes. Other sites of infection (e.g., sheath, joints),
including rare occurrences of chronic sepsis, also are
possible. Serologic tests are much more useful for identifying infected flocks than infected individual animals
within flocks. Definitive diagnosis depends on bacteriologic culture of the organism and its differentiation
from Brucella ovis. The bacillus is common in sheep in
some parts of the world but is uncommon in North
American sheep and goats.1
Arcanobacterium (Actinomyces) pyogenes is best known
as an abscess-forming bacterium because of the formation of thick pus and the fibrinous response elicited by
infection with the organism. It occasionally also causes
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possibly Borrelia theileri, is responsible for rare cases of
bacteremia and fever3 (see Chapter 11).

ZOONOTIC INFECTIONS
Brucella melitensis is more common in goats than in
sheep. Swine, cattle, and other ruminants are common
hosts. The disease is zoonotic. Infection usually causes
inapparent mammary gland infection and abortions.
Diagnosis is made by serologic studies, culture, or
agglutination tests4 (see Chapter 8).
Chlamydophila psittaci (formerly Chlamydia psittaci)
has a life cycle that is not particularly well understood.
It is an obligate intracellular parasite that spreads from
cell to cell in the form of elementary bodies. It colonizes epithelial membranes, including the intestinal
mucosa, where it may persist within a flock. Transmission between animals may occur through direct contact
(ocular secretions, abortions), by fecal-oral passage
of infective elementary bodies, and possibly through
insect bites, birds, and breeding (venereal spread).
Polyarthritis, conjunctivitis, pneumonia, orchitis, epididymitis, and middle- to late-pregnancy abortion are
the most common disease manifestations; the different
clinical syndromes may be caused by different strains.
Chlamydophilic diseases are more commonly reported
in sheep than in goats. Diagnosis often is difficult.
Elementary bodies may be seen on histopathologic
examination of affected tissues, including the placenta.
Serologic and cytopathologic assays also exist. Vaccines
are available to prevent Chlamydophila-induced abortion
in sheep5 (see Chapter 8).
Coxiella burnetii is a rickettsial organism that is an
important cause of abortion in sheep and goats and also
causes zoonotic disease. It is spread between animals
by ticks and also possibly by inhalation of aerosolized
particles or contaminated dust. In addition to abortion,
newly infected sheep and goats occasionally exhibit
mild, transient fevers. C. burnetii is far more important
as the cause of Q fever in people, who become infected
after inhaling particles, handling contaminated animals,
or coming into contact with contaminated body fluids
(uterine fluid, milk) from infected animals. Results of
vaccination trials in animals have been equivocal in
terms of both preventing abortion and limiting shedding of the organism. Currently no vaccine is available
in the United States6 (see Chapter 8).
E. rhusiopathiae has many hosts (including domestic
swine and wild rodents). Disease caused by this pathogen is more common in sheep than in goats. E. rhusiopathiae appears to be plentiful in some environments
and this zoonotic disease can cause a wound infection.
The organism appears to enter through skin breaks such
as from tail docking, castration, and shearing. Chronic
septic arthritis is the most common manifestation.
Diagnosis is by culture.7
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Francisella (Pasteurella) tularensis infection is more
common in sheep than in goats. The organism has
many hosts, of which the most important are wild
rabbits and rodents. It can contaminate water sources.
It is zoonotic, causing tularemia, or rabbit fever.
Transmission to sheep usually is through the bite of
arthropods (ticks, flies) that have previously fed on an
infected wild mammal. Acute or chronic sepsis may
result, with more widespread and severe disease occurring in sheep with poor immune function. Healthy
sheep are thought to be resistant to infection. Granulomatous splenitis and hepatitis are seen at necropsy8
(see Chapter 5).

Leptospira interrogans Infection
Pathogenesis
Leptospires are spirochete bacteria that live in moist
environments. Their survival time outside of hosts usually is short, so their most important reservoirs are the
kidneys of infected animals, especially rodents. Infected
animals shed the organisms through urine and most
other body fluids. Organisms enter new hosts through
mucous membranes and skin breaks and cause bacteremia. Clinical signs of sepsis range from severe, especially
in neonates, to inapparent. Intravascular hemolysis may
result from the action of hemolytic toxins or agglutinating antibodies.9,10 Animals that survive the acute stage
localize the infection in sites such as the kidneys, eyes,
and fetoplacental unit. Abortion may occur a month or
more after acute signs first become evident; renal shedding may occur for several months. Leptospirosis is zoonotic, causing flulike signs and encephalitis in people.
Because sheep and goats are not commonly infected,
they are less likely to be sources of infection than are
other domestic and wild species.

Clinical Signs
Acute leptospirosis causes signs of sepsis, including
fever, depression, dyspnea, exercise intolerance, and
weakness, with death in some cases. Additionally, many
affected animals show signs of intravascular hemolysis
such as anemia, icterus, and hemoglobinuria.

Diagnosis
Evidence of intravascular hemolysis such as anemia,
hyperbilirubinemia, hemoglobinuria, and hemoglobinemia is specific to this disease. In chronic infection,
nonspecific inflammatory changes and azotemia may
be seen. Animals dying in the acute hemolytic stage are
likely to have dark, discolored urine, bladder, and kidneys. Spirochetes can be identified on darkfield microscopy of fresh urine or plasma from infected animals and
may be cultured with special techniques. In animals
with less severe infection, a rise in antibody titers can be
used to support a diagnosis of leptospirosis.11
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Prevention

Prevention

Numerous vaccines are available for sheep. Because
protection is serotype-specific, it is important to vaccinate against common serotypes in the area. Leptospira
pomona is the most consistent isolate from sheep and
goats. Vaccination immunity is thought to be shortlived; boosters should be given at least twice a year in
endemic areas11 (see Chapter 8).

No vaccine is available, so efforts to avoid infection
include general cleanliness, providing adequate passive
transfer of immunoglobulin to neonates, properly fermenting silage, and removing rotting, woody vegetation
from pastures12 (see Chapters 8 and 13).

Listeria monocytogenes Infection
Pathogenesis
L. monocytogenes causes disease with similar frequency
in sheep and in goats. The organism is a common soil
and fecal contaminant, especially if pH is greater than
5.0. It also proliferates in silage that is not properly
acidified and in rotting, woody debris (see Chapter
13). Risk of exposure depends on the feed and environment of the animals. Environmental and fecal contamination are more common pathogenic factors than
improper silage preparation in small ruminants overall,
because most sheep and goats throughout the world are
never fed silage. Infection almost always results from
ingestion.
Listeria may invade the body through the gastrointestinal tract. The most common form of listerial
infection is sepsis, especially in animals younger than
1 year old. The organism appears to be cleared quickly
from the blood but causes persistent problems resulting from localized infections. Hepatitis, abortion,
and nervous system disease are the most common
manifestations. Listeria may have a predilection for the
central nervous system, because many affected animals
have clinical signs and necropsy lesions compatible
with diffuse meningoencephalitis or spinal myelitis.
Animals with the latter lesions appear bright but have
hindlimb paresis or tetraparesis. A better-known form
of listeriosis in ruminants is a specialized brain stem
disease.12

Clinical Signs
The most common signs are those of sepsis, with a
majority of affected animals also exhibiting neurologic
abnormalities. Animals with the brain stem form of the
disease display signs, mainly unilateral or occasionally
bilateral cranial nerve deficits, that differ according to
the nerve nuclei affected.

Diagnosis
Diagnosis is made by isolating the organism from
lesions, body fluids, or feeds (silage). A presumptive
diagnosis of the brain stem form of the disease can be
made by histopathologic identification of the microabscesses. Immunohistochemistry or polymerase chain
reaction (PCR) techniques can be used to confirm the
diagnosis.

Nonhemotropic Mycoplasmal Diseases
Pathogenesis
Mycoplasmas are very small, simple bacteria that parasitize cells of higher species. They are common inhabitants of mucous membranes and can have either a
commensal or a pathogenic relationship with the host.
Transmission between animals probably is through
direct or indirect contact with infected body fluids from
infected animals, inhalation of respiratory droplets, and
arthropod vectors. Common sites for superficial infection include the ocular membranes, lung, mammary
gland, and female reproductive tract. The organisms
also can enter the blood and cause septicemia, abortion, pleuritis, and polyarthritis. Flare-ups often occur
during times of crowding and during lambing or kidding, when neonates can spread the organisms from
the mother’s mouth to her udder and in turn become
infected by ingesting contaminated milk.
The most important Mycoplasma species in sheep
and goats in the United States are Mycoplasma conjunctivae, Mycoplasma capricolum, and the less pathogenic
Mycoplasma ovipneumoniae. They are most commonly
associated with keratoconjunctivitis, acute or chronic
sepsis, and pneumonia, respectively. M. conjunctivae and
C. psittaci are the most common causes of pinkeye in
North American small ruminants. Mycoplasmas are
thought to inhibit tracheal ciliary function and thus have
a role similar to that of viruses in “shipping fever pneumonia” in facilitating lower respiratory tract invasion by
Pasteurella and Mannheimia. Many of the major pathogenic serotypes found in other countries (some of which
cause severe pleuropneumonia without the participation
of another bacterial pathogen), including Mycoplasma
mycoides subsp. mycoides, Mycoplasma mycoides subsp.
capri, Mycoplasma agalactiae, and strain F38, are not
found in or have been eradicated from North America.

Clinical Signs
Keratoconjunctivitis, mastitis, exudative vulvovaginitis,
fever, cough, dyspnea, exercise intolerance, abortion,
lameness, swollen joints, neonatal death, and depression all may be seen with Mycoplasma infections (see
Chapters 7, 14, and 15).

Diagnosis
No specific clinicopathologic changes occur with these
diseases. Mycoplasma infection should be suspected in
sheep and goats with severe exudative pleuropneumonia
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in some parts of the world. Mycoplasmas can be
identified by bacteriologic culture or staining of exudates. Examiners must take care in interpreting positive
cultures from body surfaces, because nonpathogenic
Mycoplasma spp. are common.

Prevention
Vaccines against mycoplasmal infections are available in
some parts of the world, but not in the United States.
Providing fly control, preventing stress and overcrowding, and isolating sick animals from healthy ones may
help prevent the spread of disease13 (see Chapters 7,
14, and 15).

Fusobacterium Infections
Fusobacterium necrophorum causes or is associated with a
variety of diseases in sheep and is likely to cause many
similar diseases in goats. It is best known as a cause of
footrot and hepatic abscesses and also appears to be
important in lip-leg ulceration. It is an enteric gramnegative anaerobe and as such can cause gram-negative
sepsis after entrance of the bacterium or its toxins into
the circulation.
F. necrophorum has a poor ability to invade healthy
tissue. However, it readily colonizes regions damaged by trauma, persistent moisture, and infection.
In addition to endotoxin, the bacterium produces
leukocidal and cytolytic toxins that form zones of
necrosis around bacterial colonies. This tissue necrosis, as well as the foul-smelling waste gases produced
by the bacteria, are characteristic of necrobacillosis,
or F. necrophorum infection. Clinical signs include
necrotic, fetid lesions, usually of the mouth or feet,
that can cause ingestion or lameness problems. Efforts
to maintain good hygiene are helpful in preventing
fecal contamination. Additionally, preventing trauma
to foot and mouth tissues through good surface
choices and proper pasture drainage is important14
(see Chapter 11).

PASTEURELLA AND
PASTEURELLA-LIKE INFECTIONS
Pasteurella multocida Infection
Pathogenesis
Pasteurella multocida is a small, gram-negative, bipolar, ovoid rod that inhabits the pharynx of healthy
ruminants, similar to other Pasteurella species and
Mannheimia (formerly Pasteurella) haemolytica. It can
survive in soil and water for a various period after contamination with ruminant nasal secretions. Healthy
ruminants shed P. multocida much more frequently than
M. haemolytica. Disease occurs when bacteria colonize
the lower respiratory tract or enter the bloodstream.
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Risk factors for pulmonary and systemic infection
include viral or mycoplasmal respiratory diseases, temperature extremes, respiratory tract irritants, transport,
overcrowding, changes to higher-energy feeds, and handling stress. These factors are thought both to increase
bacterial replication in the airway and to suppress
mechanisms to clear the infection. Pasteurellosis is a
major problem in feedlot sheep but is less common in
small breeding or hobby flocks. Pasteurellosis also is a
significant disease in certain wild small ruminants such
as bighorn sheep.
Direct spread of the organism between animals
occurs with nasal contact, and indirect spread occurs
after contact with infected nasal secretions. The organism persists in the environment for longer periods
during warm, moist weather. Pasteurella produces a
polysaccharide capsule that inhibits phagocytosis and
an endotoxin that contributes to clinical signs. Unlike
M. haemolytica, P. multocida does not appear to produce
a leukotoxin that has a direct lytic effect on host cells
and leads to extensive secondary damage resulting from
the release of proteolytic enzymes from lysed neutrophils. The major disease caused by P. multocida is pneumonia. However, Pasteurella organisms also are capable
of entering the blood to cause septicemia in neonates
and hemorrhagic septicemia in adults. Occasionally
focal infections such as septic arthritis and mastitis are
encountered.

Clinical Signs
Clinical signs of pneumonic and septicemic pasteurellosis include bilateral purulent nasal discharge, coughing,
diarrhea, anorexia, and high fever. The disease course
can be short with septicemic pasteurellosis and usually
is more insidious with P. multocida pneumonia. Pasteurella mastitis is characterized by bluebag, or gangrene of
the udder.

Diagnosis
Inflammatory changes on the leukogram and hyperfibrinogenemia are the most frequent abnormalities.
With severe disease and in the septicemic form, immature neutrophils may predominate over mature cells.
Inflammation of the intestine and abomasum also may
be seen. Hemorrhage and fibrin usually are absent or
less prominent than in pneumonia caused by M. haemolytica. Samples for bacteriologic culture usually are
obtained post mortem. Blood or tracheal fluid may be
obtained for culture before death if the value of the animal warrants such testing.

Prevention
Vaccines are available for other species for control
of pneumonic pasteurellosis, although they are of
questionable efficacy with this infection in sheep and
goats.15 (see Chapters 7 and 8).
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Pasteurella haemolytica
M. haemolytica (P. haemolytica biotype A) is a gramnegative rod that is a common commensal inhabitant
of the tonsils of young animals. With age, it is gradually replaced by P. (formerly Bibersteinia) trehalosi, as
seen in older animals. Disease is described much more
frequently in sheep than in goats and occurs when the
organism gains access to the lower respiratory tract.

Clinical Signs and Diagnosis
The most common clinical presentation is that of an
enzootic pneumonia, which is seen in young lambs
and their dams. Hemorrhagic bronchopneumonia is
the major lesion, and respiratory signs predominate.
Gangrenous mastitis (bluebag) is seen in some infected
dams, presumably after they have been nursed by
infected offspring. Factors that promote respiratory disease, including viral infections, airborne irritants, high
stocking density, and stress, are thought to predispose
the animal to invasion of the lower airway by these
bacteria.

Prevention
Vaccines are available for control of pneumonic pasteurellosis in other species, but they are of questionable
efficacy with this infection in sheep and goats16 (see
Chapter 7).

Pasteurella trehalosi Infection
P. trehalosi (P. haemolytica biotype T, Bibersteinia trehalosi) is a gram-negative rod that gradually replaces M.
haemolytica as the major commensal inhabitant of the
tonsils. Disease is described much more frequently in
sheep than in goats and occurs when the organism
gains access to the lung or blood. Replication occurs
in the lung, with consequent systemic toxemia or bacteremia. Hemorrhagic pneumonia, necrotic hepatitis,
erosions of the tonsils and gastrointestinal tract, and
hemorrhagic serositis are seen. The case-fatality rate is
high. Studies have not determined whether vaccines
against M. haemolytica provide any protection against
P. trehalosi infection (see Chapter 7).

Yersiniosis
Pathogenesis
Yersiniae are gram-negative bacteria. Yersinia enterocolitica and Yersinia pseudotuberculosis both have many
mammalian and avian hosts, including humans, and
cause clostridial enteritis–like disease in goats. Rodent
and bird hosts may be important reservoir populations
for infections in domestic animals. Kids younger than
6 months of age develop enteritis, bacteremia, and diarrhea that is watery but not bloody. Severe toxemia and

sudden death can occur. Older kids and flocks with
chronic exposure tend to have less severe acute disease.
Instead, chronic diarrhea and weight loss are seen,
usually in association with formation of gut wall and
abdominal abscesses. Sheep are rarely affected.

Clinical Signs
Signs of enteritis or sepsis predominate in acute disease,
whereas signs of wasting are more common in chronic
disease.

Diagnosis
Evidence of acute or chronic inflammation is provided
by blood work. Characteristic necropsy lesions include
numerous microabscesses in the gut wall and mesenteric lymph nodes, as well as additional evidence of
enteritis or sepsis. Culture of lesions and demonstration
of a rising antibody titer are diagnostic.

Prevention
Avoiding exposure to sources and maintaining overall
flock health are helpful in preventing losses caused by
yersiniosis.

Gram-Negative Sepsis
Pathogenesis
Gram-negative bacteria and their toxins gain access to
the blood from a site of proliferation or destruction.
The most important toxin is the endotoxin consisting
of a group of lipopolysaccharide molecules that reside
within the wall of the bacteria. Bacteria or endotoxins incite a systemic inflammatory response, chiefly
through activation of host macrophages and stimulation of host cytokine release. These cytokines cause
inflammation, produce leukocyte recruitment, increase
capillary permeability, induce fever through stimulation of the hypothalamus, and have regional or diffuse
vasomotor effects.
Because the ruminant gut has a plentiful population of gram-negative bacteria, it is implicated as the
source of most cases of gram-negative sepsis. Grain
overload causes a die-off of the normal gram-negative
ruminal flora, ulcerative enteric disease allows invasion
of bacteria or absorption of their toxins, and ingestion
of pathogens provides a suitable place for proliferation
and a route for invasion of the body. Gram-negative
sepsis caused by opportunistic organisms is best recognized in the immunocompromised neonate but also
can be seen in stressed or immunocompromised sheep
or goats of all ages. In such cases, a predisposing cause
or source of overwhelming challenge should be sought.
E. coli commonly is found in fecal material, Klebsiella pneumoniae is found in feces and wood products,
F. necrophorum lives in the gastrointestinal tract and in
soil and invades through compromised gastric mucosa
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or footrot lesions, and Pseudomonas aeruginosa is found
in water and wash solutions.
Primary pathogens are relatively more common
in adults. Although some coliform bacteria may fit
into this category, by far the most important genus is
Salmonella. Sources of Salmonella infection are numerous and include carrier animals of the same species,
cattle, rodents, birds, other animals, and possibly feedstuffs. Only one serotype of Salmonella is specifically
adapted to sheep (S. abortus ovis), and it is not found in
North America. No strain is known to be host-adapted
to goats. Therefore all infections in sheep and goats
have the potential to spread to and from other species,
including humans. Serotypes of Salmonella that have
caused important infections in sheep or goats include
Salmonella typhimurium, Salmonella dublin, and Salmonella montevideo. Most of these infections lead to bacteremia with mild systemic signs, followed by abortion.
S. dublin and S. typhimurium are more likely to cause
illness in adult animals, manfesting as fibrinonecrotic
enteritis.

Clinical Signs
Affected animals can exhibit a wide range of clinical
signs, from mild depression with a low-grade fever to
shock. Common disease manifestations include fever,
tachycardia, tachypnea, depression with slow or absent
eating and drinking, weakness or recumbency, and
injection or cyanosis of mucous membranes. Organspecific signs may betray the source or at least the primary location of the infection. Fetid discharge may be
seen with metritis or abortion; dyspnea and abnormal
lung sounds may be noted with pulmonary infection;
and bloat, ruminal atony, abdominal distention, and
diarrhea may occur with gastrointestinal infections.

Diagnosis
The most common abnormality identified on a CBC
with peracute gram-negative sepsis is panleukopenia.
Over the course of several days, this condition may
resolve, first through an increase in immature neutrophils and later through an increase in mature neutrophils and restoration of lymphocyte counts. Very
immature cells, severe toxic changes, and persistence
of neutropenia suggest a poor prognosis. Changes in
serum biochemistry values often reflect the severity of
the condition; that is, the more normal the blood work,
the less severe the disease. The greater the evidence of
shock or tissue damage, the worse the prognosis. Metabolic acidosis with a large anion gap and azotemia suggest advanced disease. Necropsy findings will include
diffuse evidence of inflammation, including pulmonary congestion, and polyserositis with body cavity
exudates. Hemorrhagic pneumonia or fibrinonecrotic
enteritis may be seen and reflect the source of bacterial
invasion. In all cases, diagnosis is best confirmed by
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bacteriologic culture of body tissues or fluids. In the live
animal, culture of blood, feces, or tracheal fluid yields
the best results. When numerous animals are infected,
environmental samples (including feed, water, and bedding) should be tested for the presence of the bacteria.
However, bacteriologic culture of aborted fetuses or placentas frequently yields heavy growth of the organism.

Prevention
Maintaining overall good health and hygiene is the
best means of preventing gram-negative sepsis. Anti-
endotoxin bacterins are available for cattle in the
United States, but their use in small ruminants has been
too limited to permit assessment of their efficacy.17
During a flock outbreak, the use of autogenous bacterin
may help prevent the spread of disease on a farm.

TREATMENT FOR SEPSIS (ADULT AND
JUVENILE)
Bacterial organisms are rarely identified before important treatment decisions must be made. Therefore treatment should follow general principles of supportive
therapy and the use of broad spectrum antimicrobials.
Antimicrobial drugs are the cornerstone of treatment.
In meat- or milk-producing small ruminants, the veterinarian must be careful to use drugs within label
directions or have a rational plan for extralabel drug
use (see Appendix 1). The issue of extralabel drug use is
especially important in goats, because very few pharmaceutical products have been licensed for this species in
North America. Cost and convenience of treatment also
may dictate the drugs to be used.
Unless a particular organism (as with clostridiosis or
anaplasmosis) is strongly suspected, he or she should
use a single antibiotic or combination of antimicrobial drugs to provide a broad spectrum of coverage.
Penicillins, macrolides, tetracyclines, and cephalosporins all provide reasonably effective coverage against
gram-positive pathogens, but among these drugs,
only the newer cephalosporins are reasonably effective against many systemic and enteric gram-negative
pathogens. The gram-negative pathogens of the respiratory tract often are sensitive to other classes of antibiotics. Macrolides and tetracyclines also are effective
against Mycoplasma spp. and rickettsial organisms (see
Appendix 1).
NSAIDs almost always are beneficial in severe infectious conditions because of their antiinflammatory, antipyretic, and anti-endotoxin effects. They are likely to be
more effective than corticosteroids because they provide
benefits without suppressing the immune response. All
such drug use should be considered extralabel and instituted accordingly (see Appendix 1). Specific antisera for
some of the clostridial diseases are available and may
be of benefit if given before widespread tissue necrosis
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has occurred. Severely compromised animals should be
treated with fluids for shock (see Chapter 3).

OTHER CAUSES OF DISEASE
Infection with Common
Abscess-Forming Bacteria
Pathophysiology
Abscess-forming bacteria usually are able to survive
phagocytosis and thereby avoid destruction by cells of
the immune system. Alternatively, they invoke such an
inflammatory response that the host body “walls off”
the entire region with fibrous tissue. Abscesses may
occur locally, frequently after a wound infection, or at
numerous or distant sites from the point of infection.
For abscesses to occur at multiple or distant sites, the
organism must travel either by way of the blood or
within leukocytes. Therefore disease characterized by
multifocal or internal abscesses usually results from a
low-grade, transient event of bacteremia.
The best-known and most important abscess-forming
bacterium in small ruminants is Corynebacterium pseudotuberculosis, the gram-positive, facultative anaerobic
coccobacillus that causes caseous lymphadenitis. Infection usually is maintained in a flock/herd by infected
animals that spread the organism to others through
purulent material draining from open abscesses. The
organism is very hardy, so infection can occur through
direct contact or indirect contact with contaminated
common instruments and facilities. Infection usually
is introduced into a flock through acquisition of an
infected animal, although it also can occur when a naive
flock is moved into a contaminated area. Horses, cattle,
and people also are minor hosts. Infection is thought to
occur after ingestion, inhalation, or wound contamination. Except for lower respiratory tract invasion, a surface
break is thought to be necessary. Contaminated shears,
tail docking knives, and emasculators readily spread the
organisms through a flock. Abscesses can form at the site
of invasion or, more commonly, the local lymph node.

Clinical Signs
Clinical signs of external abscesses include surface swellings and draining lesions. Drainage may be intermittent
and usually consists of thick, yellow-white purulent material. Internal abscesses are more difficult to diagnose. Thoracic masses may cause inspiratory dyspnea or occlude
venous return to the heart. Abdominal lesions may cause
tenesmus, stranguria, and occasionally colic. The most
common sign of internal abscesses is weight loss with or
without intermittent fever. Common external sites include
the submandibular or retromandibular space, preinguinal, prefemoral, and supramammary nodes. Head
and neck lesions are more common in goats, whereas
sheep show a more even distribution of cranial and caudal lesions, presumably as a result of shearing wounds.

External infections rarely cause clinical illness beyond
the draining abscess, although some degree of cachexia
may be present. More important are internal infections.18

Diagnosis
Diagnosis often is made by identification of the characteristic lesions with their thick, nonmalodorous pus.
Bacteriologic culture provides a more specific answer,
which may be important for flock management. Serologic tests have been developed to identify carrier
animals and may be useful if a management goal is to
eliminate infection from the flock.

Treatment
Treatment often is unrewarding: antibiotic sensitivity
profiles do not reflect the degree of protection afforded
the organisms within the abscesses. Long-term treatment with antibiotics and drainage of any compromising masses may lead to some degree of resolution, but
internal abscesses are likely to persist.

Prevention
Prevention through the use of vaccines has been
attempted. Vaccines appear to reduce the severity of the
disease but do not completely prevent infection. Moreover, use of live attenuated bacterins leads to de facto
infection of all vaccinated animals and therefore should
not be used in virus-naive flocks18 (see Chapter 11).
Other abscess-forming bacteria are most important
as agents of diseases that should be considered in
the differential diagnosis for caseous lymphadenitis.
A. (Actinomyces, Corynebacterium) pyogenes is another
wound contaminant that affects focal areas or regional
external lymph nodes. It also commonly colonizes
damaged internal tissues such as lungs with pathophysiologic changes secondary to pneumonia, post-acidotic
livers, and injured or damaged feet and heart valves.
It is thought to be ubiquitous and poorly invasive in
ruminants and therefore does not have the same flock
significance as for C. pseudotuberculosis. Outbreaks of
this infection often reflect suboptimal management of
the affected flock. F. necrophorum is similar to A. pyogenes
in clinical manifestations of infection and often coinfects with this pathogen. Infections with F. necrophorum generally are more necrotizing and associated with
more serious systemic signs of acute illness, including
death. F. necrophorum also produces fetid pus, whereas
A. pyogenes usually does not. Rhodococcus equi is a rare
cause of pulmonary abscesses in sheep.
Numerous small, coalescent, nodular skin abscesses
may result from Pseudomonas pseudomallei infection
(melioidosis). Infection usually occurs after the sheep
or goat is bitten by an insect that previously fed on an
infected rodent. This organism is found in many subtropical regions, including the Caribbean, but is not
reported in North America.
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Mycobacterial Disease
Pathogenesis
Mycobacteria are small, aerobic, straight or curved
pleomorphic rods with thick lipid cell walls. They can
be stained with acid-fast stains and usually are grampositive. The bacteria live within infected animals of
many mammalian species and survive for several years
in warm, moist environments. Infection occurs after
ingestion or inhalation. An identifying characteristic
of the mechanism of infection by mycobacteria is the
organism’s ability to survive within macrophages by
preventing fusion of phagosomes and lysosomes. The
organisms are carried to local lymphatic vessels or
lymph nodes, where they form granulomas. As they
enlarge, granulomas may develop necrotic or mineralized centers surrounded by macrophages and giant
cells. Disease can be local, regional, or generalized,
depending on the distance the organism is carried from
the original site of infection. Granulomatous pneumonia, enterocolitis, and lymphadenitis are the most common local and regional forms of the disease.
Organisms from ruptured granulomas may be spread
in contaminated respiratory secretions and feces. Mycobacterial infections of all types are uncommon in North
American sheep and goats, and these species are considered to be relatively resistant to infection. Mycobacterium bovis is the most common organism associated
with ovine tuberculosis in other countries, but Mycobacterium avium is more common in the United States.
The most common mycobacterial infection is Johne’s
disease (paratuberculosis), whose causative organism
has been reclassified as M. avium subsp. paratuberculosis.
M. tuberculosis in small ruminants is rare in the United
States.
Mycobacterial infections are reportable in most parts
of the United States. Some debate is ongoing about
human susceptibility to M. avium subsp. paratuberculosis; the other organisms are known to be pathogenic in
people.

Clinical Signs
The most common clinical sign is emaciation. Diarrhea may be seen in terminal stages of disease in both
tuberculosis and paratuberculosis. The disease course is
insidious, with signs becoming more apparent over several weeks to months. Respiratory signs may be noted,
especially with infection by M. bovis or M. avium.

Diagnosis
Reports of clinicopathologic abnormalities are rare.
Hypoalbuminemia and hypoproteinemia are likely to
be common with chronic enterocolitis caused by either
tuberculosis or paratuberculosis.
The most common necropsy lesions seen with tuberculosis are nodular lesions of the lung, liver, lymph
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nodes, spleen, and intestines. Histopathologic evaluation reveals the nodules to be granulomas with giant
cells and acid-fast organisms. Frequently the center of
the lesion is necrotic and mineralized. Intestinal lesions
appear to be more common than pulmonary lesions in
goats.
The lesions of paratuberculosis are centered on the
ileocecocolic junction and the adjacent mesentery. The
regions may appear normal or be notably thickened.
Thickening of bowel or nodular infiltrates of lung
or liver may be detected ante mortem using imaging modalities, such as ultrasonography or computed
tomography. Postmortem diagnosis is made by identifying characteristic lesions and culturing the organisms.
Antemortem diagnosis of tuberculosis is best accomplished by observing the reaction to intradermal injection of tuberculin with or without comparative injection
of purified protein derivatives of M. bovis and M. avium.
All tuberculosis testing should be done in accordance
with local regulations. Antemortem diagnosis of Johne’s
disease can be achieved by fecal culture of the organism, but this test takes several weeks to months to
complete and is far less reliable in sheep or goats than
in cattle, with a sensitivity as low as 0.08.19 Serologic
tests (e.g., ELISA) appear to be sensitive and specific
for Johne’s disease, with both values higher for small
ruminants with clinical disease than for those with preclinical infection, and sensitivity higher in goats than in
sheep.20 The AGID test also is used, with false-negative
results typical in early infection or advanced disease.
Fecal or milk PCR assay can be used on pooled samples
for flock identification and to type the organism.21

Prevention
Tuberculosis should not be endemic in flocks in the
United States, because seropositive animals are quarantined or destroyed. Therefore preventing exposure to
wild ruminants and other possible sources is crucial.
Except in goat flocks raised for the production of milk
that is to be sold unpasteurized, testing is uncommon,
so affected animals usually are not identified until they
develop overt disease.
Paratuberculosis is much more common and may
be maintained in flocks by carrier animals. No effective
treatment is available for either disease, nor should any
be encouraged, because efforts should be concentrated
on eliminating infection from the flock or herd.22
REFERENCES
1.	Hagan WA, Bruner DW, Timoney JF: Actinobacillus seminis. In
Hagan WA, Bruner DW, Timoney JF, editors: Hagan and Bruner’s
microbiology and infectious diseases of domestic animals, ed 8, Ithaca,
NY, 1988, Comstock Publishing.
2.	Hagan WA, Bruner DW, Timoney JF: Bacillus anthracis. In Hagan
WA, Bruner DW, Timoney JF, editors: Hagan and Bruner’s microbiology and infectious diseases of domestic animals, ed 8, Ithaca, NY,
1988, Comstock Publishing.

490

Chapter 16 • Diseases of the Hematologic, Immunologic, and Lymphatic Systems

3.	Hagan WA, Bruner DW, Timoney JF: Borrelia burgdorferi. In
Hagan WA, Bruner DW, Timoney JF, editors: Hagan and Bruner’s
microbiology and infectious diseases of domestic animals, ed 8, Ithaca,
NY, 1988, Comstock Publishing.
4.	Hagan WA, Bruner DW, Timoney JF: Brucella melitensis. In
Hagan WA, Bruner DW, Timoney JF, editors: Hagan and Bruner’s
microbiology and infectious diseases of domestic animals, ed 8, Ithaca,
NY, 1988, Comstock Publishing.
5.	Hagan WA, Bruner DW, Timoney JF: Chlamydia psittaci. In
Hagan WA, Bruner DW, Timoney JF, editors: Hagan and Bruner’s
microbiology and infectious diseases of domestic animals, ed 8, Ithaca,
NY, 1988, Comstock Publishing.
6.	Hagan WA, Bruner DW, Timoney JF: Coxiella burnetii. In Hagan
WA, Bruner DW, Timoney JF, editors: Hagan and Bruner’s microbiology and infectious diseases of domestic animals, ed 8, Ithaca, NY,
1988, Comstock Publishing.
7.	Hagan WA, Bruner DW, Timoney JF: Erysipelas rhusiopathiae. In
Hagan WA, Bruner DW, Timoney JF, editors: Hagan and Bruner’s
microbiology and infectious diseases of domestic animals, ed 8, Ithaca,
NY, 1988, Comstock Publishing.
8.	Hagan WA, Bruner DW, Timoney JF: Francisella tularensis. In
Hagan WA, Bruner DW, Timoney JF, editors: Hagan and Bruner’s
microbiology and infectious diseases of domestic animals, ed 8, Ithaca,
NY, 1988, Comstock Publishing.
9.	Decker MJ, Freeman MJ, Morter RL: Evaluation of mechanisms
of leptospiral hemolytic anemia, Am J Vet Res 31:873–878,
1970.
10.	Smith BP, Armstrong JM: Fatal hemolytic anemia attributed
to leptospirosis in lambs, J Am Vet Med Assoc 167:739–741,
1975.
11.	Hagan WA, Bruner DW, Timoney JF: Leptospira interrogans. In
Hagan WA, Bruner DW, Timoney JF, editors: Hagan and Bruner’s
microbiology and infectious diseases of domestic animals, ed 8, Ithaca,
NY, 1988, Comstock Publishing.
12.	Hagan WA, Bruner DW, Timoney JF: Listeria monocytogenes. In
Hagan WA, Bruner DW, Timoney JF, editors: Hagan and Bruner’s
microbiology and infectious diseases of domestic animals, ed 8, Ithaca,
NY, 1988, Comstock Publishing.

13.	Hagan WA, Bruner DW, Timoney JF: The genera Mycoplasma
and Ureaplasma. In Hagan WA, Bruner DW, Timoney JF, editors:
Hagan and Bruner’s microbiology and infectious diseases of domestic
animals, ed 8, Ithaca, NY, 1988, Comstock Publishing.
14.	Hagan WA, Bruner DW, Timoney JF: Fusobacterium necrophorum. In Hagan WA, Bruner DW, Timoney JF, editors: Hagan and
Bruner’s microbiology and infectious diseases of domestic animals,
ed 8, Ithaca, NY, 1988, Comstock Publishing.
15.	Hagan WA, Bruner DW, Timoney JF: Pasteurella multocida. In
Hagan WA, Bruner DW, Timoney JF, editors: Hagan and Bruner’s
microbiology and infectious diseases of domestic animals, ed 8, Ithaca,
NY, 1988, Comstock Publishing.
16.	Hagan WA, Bruner DW, Timoney JF: Pasteurella haemolytica. In
Hagan WA, Bruner DW, Timoney JF, editors: Hagan and Bruner’s
microbiology and infectious diseases of domestic animals, ed 8, Ithaca,
NY, 1988, Comstock Publishing.
17.	Hagan WA, Bruner DW, Timoney JF: The genus. In Hagan WA,
Bruner DW, Timoney JF, editors: Hagan and Bruner’s microbiology
and infectious diseases of domestic animals, ed 8, Salmonella Ithaca,
NY, 1988, Comstock Publishing.
18.	Hagan WA, Bruner DW, Timoney JF: Corynebacterium pseudotuberculosis. In Hagan WA, Bruner DW, Timoney JF, editors: Hagan
and Bruner’s microbiology and infectious diseases of domestic animals,
ed 8, Ithaca, NY, 1988, Comstock Publishing.
19.	Kostoulas P, et al: Bayesian estimation of sensitivity and specificity
of serum ELISA and faecal culture for diagnosis of paratuberculosis in Greek dairy sheep and goats, Prev Vet Med 76:56–73, 2006.
20.	Nielsen SS, Toft N: Ante mortem diagnosis of paratuberculosis: a
review of accuracies of ELISA, interferon-gamma assay and faecal
culture techniques, Vet Microbiol 129:217–235, 2008.
21.	Whittington RJ, et al: Rapid detection of Mycobacterium paratuberculosis in clinical samples from ruminants and in spiked environmental samples by modified BACTEC 12B radiometric culture and direct
confirmation by IS900 PCR, J Clin Microbiol 36:701–707, 1998.
22.	Hagan WA, Bruner DW, Timoney JF: The genus Mycobacterium.
In Hagan WA, Bruner DW, Timoney JF, editors: Hagan and
Bruner’s microbiology and infectious diseases of domestic animals, ed
8, Ithaca, NY, 1988, Comstock Publishing.

BLOOD AND TISSUE PARASITIC DISEASES
Anaplasma ovis, Mycoplasma ovis,
and Babesia spp. Infections

organisms may occur in chronically infected animals
after temporary immune suppression. The humoral
and cellular immune responses against A. ovis lead
to opsonization of parasitized erythrocytes and their
removal by cells of the reticuloendothelial system;
M. ovis infection is thought to cause more intravascular hemolysis. The result in both cases is hemolytic
anemia.
The protozoal parasites Babesia ovis and Babesia
motasi have similar life cycles and cause similar diseases, but parasitic infections with these species have
been eradicated and are reportable in the United States.
Babesia spp. affecting small ruminants generally are less
pathogenic than their bovine counterparts.
Animals that survive the acute hemolytic crisis reduce
the parasites to low numbers but rarely clear the infection completely; they then serve as sources of infection
for other animals. Sheep and goats are susceptible to
infection by either organism; goats generally appear to
be more resistant to the development of severe parasitemia and clinical signs.

Pathogenesis
A. ovis and M. (formerly Eperythrozoon) ovis are small
bacteria that lack cell walls and parasitize erythrocytes.1-5 These and similar organisms have undergone
recent reclassification subsequent to molecular analysis. Other species of hemotropic mycoplasmas may
affect sheep as well.1 The organisms are spread from
animal to animal by insect or mechanical vectors.
Known arthropod vectors for A. ovis include ticks and
horseflies; other biting flies may be more important
with M. ovis infection. Hypodermic needles and equipment used for tail docking, castration, or horn disbudding may be important in iatrogenic transmission.
After being introduced into a naive host, the organisms proliferate, and the number of red cells infected
increases rapidly until an effective immune response
begins 1 to 2 weeks later. A similar proliferation of
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Clinical Signs
Animals may have fever after acute infection and during
the hemolytic period. Other signs present during the
hemolytic crisis may include weakness, mucous membrane pallor, and dark urine. Urine discoloration results
from increased amounts of bilirubin in most cases,
although hemoglobinuria may be seen in some sheep
with M. ovis infection. Icterus usually is seen only after
the acute hemolytic crisis. Clinical signs are exacerbated
during times of stress, and infection often is first noted
when the animals are moved or handled. Chronically
infected animals may appear clinically normal, may
have recrudescence of infection after stress, or may
display signs of ill-thrift such as poor body condition
and poor-quality fleece. Babesiosis occasionally causes
concurrent central neurologic abnormalities.

Diagnosis
The major clinical laboratory finding is regenerative
anemia with detection of the intraerythrocytic bodies.
Chronically infected sheep often exhibit high counts of
nucleated erythrocytes. Because M. ovis consumes glucose,
hypoglycemia and metabolic acidosis may be detected,
especially in blood samples that are not processed immediately. Diagnosis is by identification of the organisms
on blood smears. Special stains are available to make the
organisms more visible. Postmortem lesions include pallor or icterus of membranes and splenomegaly. Some evidence of vasculitis, including edema or exudates in body
tissues or cavities, may be seen with M. ovis infection.

Treatment
Mycoplasma and Anaplasma are sensitive to tetracycline
antibiotics (oxytetracycline, 10 mg/kg IV once daily).
Babesiosis is more difficult to treat. Drugs effective
against Babesia include diminazene, pentamidine, and
imidocarb dipropionate (1.2 mg/kg IM, repeated in 10
days). Supportive care for all blood parasite infections
includes whole blood transfusions, nutritional support,
and administration of fluids.

Prevention
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Cytoecetes) phagocytophila, infect ovine WBCs, causing
fever, immune suppression, and some organ damage.
Their major importance in sheep lies in the fact that
they cause abortion if infection occurs during late pregnancy and that they act as facilitators of other infectious
diseases. Anaplasma is spread by Ixodes ticks and causes
tickborne or pasture fever. The incidence of disease is
seasonal with the life cycle of the tick. A number of
other species can become clinically infected, including
humans. The organism infects granulocytes and some
monocytes, leading to severe persistent neutropenia
and acute lymphopenia. Fever occurs 1 to 2 weeks after
infection and lasts as long as 2 weeks, with occasional
relapses. Chronic infection is common. Spleen, lung,
liver, and kidney tissue may show some damage secondary to immune destruction of infected cells, but
organ-specific signs usually are the result of secondary
infection. Establishing A. phagocytophilia as a contributor to flock illness often requires looking beyond the
obvious clinical signs.
E. ovis causes fever (benign ehrlichiosis) 1 to 2 weeks
after infection. Because of this organism’s predilection
for mononuclear cells, the degree of immune suppression and subsequent importance of this disease are
much less than for E. phagocytophila infection.

Diagnosis
Specific diagnosis is best made by identifying darkly
stained bodies at the periphery of granulocytic cells, as
well as occasional large bodies deep within the cytoplasm of some cells. Stained bodies also can be seen
on the periphery of mononuclear cells from a blood
smear during the acute febrile stage or in tissues during chronic infection. Lymphadenopathy and splenomegaly may be seen.
Both of these infections affect sheep and goats
(A. phagocytophilia also affects many other ruminants),
but neither has been reported in North America.
A. phagocytophilia is found in northwestern Europe,
including the United Kingdom, Scandinavia, and India,
and E. ovis is found mainly in the countries bordering
the Indian Ocean.

Prevention in most cases involves maintaining low levels of parasites, rather than eliminating them entirely.
This strategy ensures continual stimulation of the
immune response, whereas eradication often leaves the
animal susceptible to another bout of acute infection.
Vector control also is important.6,7

Treatment and prevention efforts should focus on
reducing vectors and bacterial counts during vector
season.8,9 Both organisms also are susceptible to treatment with tetracycline.

Anaplasmataceae Infection
of White Blood Cells

Sarcocystis spp. and Neospora
caninum Infections

Pathogenesis

Pathogenesis

Member species of the family Anaplasmataceae have
recently undergone reclassification. Two of these organisms, Ehrlichia ovis and Anaplasma (formerly Ehrlichia or

Sarcocystis is a protozoal parasite that has a two-host
life cycle. Sexual reproduction occurs in the bowel of
a carnivore (mainly dogs and wild canids) after the

Treatment and Prevention
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carnivore ingests cysts in the muscles of sheep or goats.
Sporocysts are passed in the carnivore’s feces and later
ingested by a sheep or goat. The sporocysts hatch in
the ruminant gut and invade the vascular endothelium
during three phases of asexual reproduction. After the
third phase (approximately 8 to 10 weeks after ingestion), merozoites enter the ruminant’s muscle tissue
and encyst. Clinical signs are uncommon but can occur
during the stages of reproduction and muscle invasion
of the host. Neospora caninum has a similar life cycle and
causes similar disease, except that it appears more likely
to cause abortion and affect the central nervous system.

Clinical Signs
Most infections are asymptomatic. However, if a large
number of sporocysts are ingested, tissue damage may
occur during the intestinal, vascular, and muscle stages
of the Sarcocystis life cycle. Fever, lameness or a stiff gait,
reluctance to move, and diarrhea may be noted. Central
neurologic abnormalities (blindness, changes in mentation, seizures) may develop if the organisms invade the
brain or interrupt blood flow to it. Abortion can occur
as early as 4 weeks after ingestion. With severe chronic
infections, emaciation and anorexia are noted.

Diagnosis
The most characteristic abnormality is an increase in
muscle enzyme activity (creatine kinase [CK], aspartate
aminotransferase [AST]) in the blood. Anemia is common and may result from extravascular hemolysis. Cerebrospinal fluid may show mild mononuclear pleocytosis
or may appear normal. On necropsy, muscles may display
pale streaks or macroscopic cysts throughout. Other evidence of vasculitis includes hemorrhagic serosal surfaces,
body cavity fluids, and lymphadenopathy. Microscopic
or ultrastructural examination of affected tissues should
reveal the presence of organisms. Specific antibody tests
are available and do not cross-react with Toxoplasma gondii
antibodies. Blood antibody titers often peak around the
onset of clinical signs and should be markedly higher
than baseline values. Antibody preparations also are available for identification of organisms in tissue preparations.

Treatment
Sheep infected with Sarcocystis species can be treated
with salinomycin (200 ppm in complete feed), monensin (0.5 to 1 mg/kg PO), or amprolium (25 to 40 mg/kg
PO). Drugs such as sulfadiazine or trimethoprim (25 to
44 mg/kg IM once a day), pyrimethamine (0.5 to 1 mg/
kg PO once a day), and clindamycin have shown some
success in treating Neospora infections.

Prevention
Preventing contamination of feedstuffs with the feces
of infected carnivores and preventing ingestion of raw
meat by on-farm carnivores are most important, but

these measures may not be possible in flocks handled
with dogs or those living on range land. Anticoccidial drugs appear to decrease the chance of clinical
disease.10

Toxoplasma gondii Infection
Pathogenesis
T. gondii is a protozoal parasite with a life cycle very
similar to that of Sarcocystis, except that the definitive
host is the cat and a wider range of mammalian and
avian species, including humans, appear to be capable
of acting as intermediate hosts. Sporocysts are infective
a few days after passage in cat feces, and most ruminants
are infected by eating feed contaminated with cat feces.
People can become infected by ingesting raw meat or
milk from infected animals.
Abortion, stillbirth, and neonatal death are the
most common forms of clinical disease in sheep
and goats, and Toxoplasma should be considered one
of the most common causes of perinatal losses in
small ruminants. Abortion usually occurs during the
final month of pregnancy. Fever, vasculitis-induced
disease, and neurologic disease are less common
manifestations.

Clinical Signs
Beyond abortion, clinical disease is rare in adults and
resembles systemic sarcocystosis. Clinical signs include
fever, dyspnea, depression, and anorexia. Neurologic
signs are more common than with Sarcocystis infection,
especially in lambs and kids infected in utero.

Diagnosis
No specific laboratory abnormalities are associated with
toxoplasmosis. Nodular lesions similar to sarcocysts
may be seen in various tissues, including the brain.
Aborted or stillborn fetuses may appear normal except
for histologic lesions in the brain, liver, or lung, but
more commonly fetuses are macerated. The placenta
usually is abnormal, with gross and microscopic evidence of necrosis of the cotyledons. Microscopic identification of the organism in body tissues is the most
common means of diagnosis. Serologic tests also are
available.

Treatment and Prevention
Drugs similar to those used to treat Neospora are effective against Toxoplasma. Preventing contamination of
feeds with cat feces and preventing ingestion of infective
carcasses of dead animals by cats are the most important ways of stemming the spread of this organism.
Both methods are likely to be difficult in most small
ruminant operations. Direct spread from one sheep or
goat to another is rare. Anticoccidial drugs may have
some prophylactic effect.11 (see Chapter 6).
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ACUTE VIRAL DISEASES
Bluetongue
Bluetongue is an acute viral disease of domestic and
wild ruminants caused by a ribonucleic acid (RNA)
virus in the genus Orbivirus, family Reovirus; it is transmitted by the insect vector Culicoides varipennis (gnat)1,2
in North America and by other Culicoides spp. in other
regions and countries. Six of the 24 serotypes of the
virus are found in the United States. Of the domestic
ruminants, sheep are most severely affected. Goats and
cattle rarely develop acute disease (see Chapter 8).

Clinical Signs
Bluetongue disease has two different manifestations—
reproductive problems and acute vasculitis of several
organ systems. With vasculitis, a spiking fever often precedes depression, anorexia, and rapid weight loss. Leukopenia is present. Affected animals may exhibit edema
of the lips, tongue, throat, ears, and brisket. Other signs
include excessive salivation and hyperemia or cyanosis
of the oral mucosa, including the tongue (hence the
name bluetongue). A common finding is a profuse serous
nasal discharge that soon becomes mucopurulent, with
crusting and excoriations apparent around the nose and
muzzle. Oral lesions progress to petechial hemorrhages,
erosions, and ulcers. Pulmonary edema often is severe,
and pneumonia may develop. Skin lesions can progress to localized dermatitis. Affected sheep may exhibit
stiffness or lameness because of muscular changes and
laminitis. Cyanosis or hemorrhagic changes of the skin
of the coronet can extend into the horny tissue. After
recovery, a definite ridge in the horn of the hoof may
be present for many months. In severe cases, the hoof
sloughs. Mortality varies widely. In Africa, the virus is
much more virulent than in the United States, and mortality rates range from 2% to 30%.
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The reproductive or teratogenic form of the disease
varies greatly with strain, host, and environmental factors. Teratogenic effects include abortions, stillbirths,
and weak, live “dummy lambs.” Congenital defects may
include hydranencephaly.

Diagnosis
In parts of the world in which the disease is common,
the diagnosis is usually based on clinical signs alone.
The virus can be isolated from blood, semen, or tissues
(spleen and brain from aborted fetuses). Viral isolation
from blood obtained during the viremic, febrile state is
the most definitive means of diagnosis. Serologic evaluation involves two types of viral antigen groups, P7 and
P2. The former is found in all bluetongue viruses, and
the latter determines the serotype. Sera commonly are
tested with complement fixation, agar gel immunodiffusion (AGID), or one of several ELISAs. A competitive
ELISA is considered the best serologic test for detecting
group antibodies to bluetongue virus. A direct fluorescent antibody test is available. PCR-based tests for
bluetongue are now available and are extremely sensitive and specific. They can be useful for distinguishing
serotypes.
Other clinicopathologic signs that aid in diagnosis
include leukopenia during the early febrile stage of the
disease and an increase in serum CK corresponding to
the latter phase of muscle stiffness and lameness.

Treatment
Treatment is nonspecific and consists of supportive and
nursing care. Because of the reluctance of animals to eat,
they should be fed a gruel of alfalfa pellets by stomach
tube or encouraged to eat soft feeds and green grass.
Broad-spectrum antimicrobials (e.g., oxytetracycline,
5 mg/kg IM once or twice daily) often are used to treat
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secondary pneumonia and dermatitis. Animals should
be kept on soft bedding with good footing. Water and
shade should be readily available. NSAIDs (e.g., flunixin
meglumine, 1.1 to 2 mg/kg IV) are commonly used.

Prevention

lining of the mouth and digestive tract is highly vulnerable to the PPR virus. With the loss of the alimentary
tract mucosa, weight loss and diarrhea become severe.
The incubation period usually is 2 to 6 days, with up to
10 days possible.

The Culicoides vector is difficult to eliminate, so animals should be kept indoors during periods of peak
gnat activity (dusk and early evening). Owners should
attempt to eliminate gnat breeding grounds such as
around overflowing watering troughs and shallow septic
systems and should limit animal exposure to gnats with
the use of repellent sprays.
Modified live vaccines based on local strains and
serotypes are available in some parts of the world.
Some cross-protection among serotypes does occur.
The vaccine should be administered at least 2 weeks
before breeding season to prevent teratogenic effects.
Vaccinated breeding rams may be at a slight risk for
decreased fertility. Lambs can be vaccinated in the face
of an outbreak. Pregnant animals cannot be vaccinated
with modified live vaccines.
Sheep that have recovered from an attack of bluetongue are solidly resistant for months to infection
by the same viral strain and to some other viral types.
Active immunity in sheep requires both humoral and
cellular immunity.1,2

Clinical Signs

Peste des Petits Ruminants
(Pseudorinderpest)

A presumptive diagnosis of PPR can be made on the
basis of clinical, pathologic, and epizootiologic findings. The diagnosis can be confirmed by isolating the
virus from blood or tissues including lymph nodes,
tonsils, spleen, and lung. Immunocapture ELISA or PCR
assay may be used to detect infection several days before
the development of clinical disease.3 Most serologic
tests (complement fixation test or AGID test) cannot
differentiate between PPR and Rinderpest. Characteristic postmortem findings include necrotic stomatitis,
which generally is confined to the inside of the lower
lip and adjacent gum, the cheeks near the lip commissures, and the ventral surface of the free portion of the
tongue. Abomasal erosions often are present. In the
small intestine, Peyer’s patches are markedly affected,
particularly in the first portion of the duodenum and
terminal ileum. The large intestine may be severely
affected. Lesions occurring near the ileocecal valve,
at the cecocolic junction, and in the rectum often are
described as “zebra stripes,” which represent areas of
congestion along the folds of the mucosa.

Etiology
Peste des petits ruminants (PPR) is an acute or peracute,
febrile, often fatal disease of ruminants caused by a
virus in the genus Morbillivirus, family Paramyxoviridae.
Sheep are less susceptible than goats and white-tailed
deer. Cattle are infected only subclinically, and some
wild ungulates as well as camels appear to suffer the
occasional epizootic. The virus is serologically related
to the virus that causes Rinderpest. Geographically, the
virus is found throughout Northern Africa, the Middle
East, and adjacent regions of Asia, with possible movement into southern Africa and Europe reported.

Pathogenesis
The main route of infection is respiratory, and PPR is
spread by airborne droplets. All secretions and excretions of infected animals are contagious throughout
the course of the disease, but no carrier state exists.
The virus targets lymphoid tissue. Lymphocytes are
destroyed in germinal centers in lymph nodes, Peyer’s
patches, tonsils, splenic corpuscles, and cecal lymphoid tissue. Immunosuppression results from lymphoid destruction. Lymphocytes are partially replaced
by plasma cells, macrophages, an eosinophilic acellular
matrix, and occasionally neutrophils. The epithelial

The clinical disease produced by PPR virus in sheep
and goats closely resembles that of Rinderpest, but the
course is much more rapid. With the acute form, sheep
and goats typically display an abrupt rise in temperature
to 104° to 106° F (40° to 41° C). Within a few days,
infected animals develop nasal and lacrimal discharge,
depression, thirst, anorexia, and leukopenia. Congestion of the conjunctival and other mucous membranes occurs, followed by production of serous and
mucopurulent exudates. Sheep and goats develop oral
erosions with necrotic foci, which results in excessive
salivation. Diarrhea, which may be profuse but rarely
is hemorrhagic, develops later (within 2 to 3 days) and
is accompanied by abdominal pain, tachypnea, emaciation, and severe dehydration. Bronchopneumonia,
particularly that caused by Pasteurella spp., may be a
terminal sequela. Death usually occurs 5 to 10 days
after the onset of fever. Pregnant sheep or goats with
PPR may abort.

Diagnosis

Treatment and Prevention
PPR virus infection has no specific treatment. Mortality can be reduced by supportive care, including the
administration of antimicrobial and antiinflammatory
agents, as well as nutritional support. In the United
States, state and federal veterinarians should be notified
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if PPR is suspected. Methods used to eradicate Rinderpest are useful in the eradication and control of PPR.
All sick sheep and goats and those exposed should be
slaughtered and their carcasses disposed of by burning,
burying, or rendering. The premises should be decontaminated and the area quarantined. Sheep and goats
can be protected against PPR by immunization with
Rinderpest vaccines or by the simultaneous administration of PPR hyperimmune bovine serum and virulent
PPR virus vaccine.4,5
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A demonstrated increase in specific antibody titers in
survivors strongly suggests the presence of this infection.

Prevention
Vaccines are available in endemic areas to control infection. Vector control during tick season also is important.
Lambing season should also be timed for maximal
colostral antibody protection at the time of exposure
to ticks.7,8

Louping-Ill

Foot-and-Mouth Disease
and Vesicular Stomatitis

Pathogenesis

Pathogenesis

Louping-ill is caused by a togavirus related to the other
arthropod-borne encephalitis viruses. It mainly affects
lambs; occasionally also affects grouse, goats, and
cattle; and infrequently affects pigs, deer, rodents, and
humans. Currently, it is thought to occur only in and
near Scotland and Ireland, although a second focus of
a related viral disease in Eastern Europe is suspected.6
Transmission is most common during tick season,
and Ixodes ricinus is thought to be the most important
infective host. Co-infection of sheep with Cytoecetes
(formerly Ehrlichia) phagocytophilia is common and may
contribute to central nervous system infection.
Many sheep clear the infection after a few days of
fever and viremia, but others develop severe, fatal viral
encephalitis. The virus is shed in many secretions,
including milk, which is an important source of infection for other animals (and humans). The severity of
the disease depends on herd immunity, because previous exposure gives long-lasting immunity. Colostrum
from immune females is protective for the neonate.
High antibody titers also appear to shorten the duration and level of viremia, thereby preventing invasion of
the central nervous system. Virus-naive flocks may have
fatality rates as high as 60%.

Foot-and-mouth disease is caused by a highly contagious picornavirus and has been eradicated from the
United States. Vesicular stomatitis is caused by a rhabdovirus and is intermittently eradicated from the United
States. Both diseases, which are nearly indistinguishable
from each other, are zoonotic and reportable. Foot-andmouth disease has a broad host range that includes
most hoof stock (including pigs but not horses) and
several other mammalian species. Vesicular stomatitis
also affects many species of hoof stock, including both
pigs and horses. Sheep and goats are relatively less susceptible than cattle, particularly to vesicular stomatitis.
The viruses are spread by aerosol and mechanical
vectors and primarily colonize skin or mucous membranes. Milking machines, flies, birds, and humans
all may be important mechanical vectors. Vesicular
stomatitis tends to remain at the site of infection, and
colonization is facilitated by damage to the skin. Oral
mucous membranes, coronary bands and interdigital
skin, and teat end skin are common sites of lesions.
Vesicular stomatitis outbreaks in the United States tend
to occur in the summer or fall and end with the first
killing frost.
Viremia plays more of a role with foot-and-mouth
disease. The virus is present in most body tissues and
fluids in infected animals and can be transmitted
through milk, meat, bone, and hide products, as well as
in semen and on equipment that pierces the skin, and
by biting arthropods. It also tends to spread through the
circulation from the site of infection to other susceptible tissues, including the sites of vesicular stomatitis,
as well as to the nasal cavity, mammary glandular epithelium, and ruminal pillars. A rare “malignant” form
of foot-and-mouth disease also causes fatal myocarditis.
The basic lesion for both diseases is the vesicle that
forms and quickly ruptures approximately 2 to 14 days
after infection. Ruptured vesicles leave deep erosions on
the skin or mucous membranes and appear to be painful. Tissue damage and inflammation often are compounded by secondary bacterial infection, which can
cause greater morbidity and mortality than the original
viral infection. Morbidity is related to feed refusal,

Clinical Signs
High biphasic fever, anorexia, and depression are seen
in most infected sheep. Lambs may die quickly before
illness is noted. Some sheep also develop central neurologic abnormalities, including hyperexcitability, muscle
tremors, and rigidity. Abnormal coordination and muscle activity may cause affected animals to move with a
bounding gait (hence the name louping-ill).

Diagnosis
No characteristic gross lesions are associated with this
condition. Microscopic examination of the brain of
animals that exhibited neurologic signs reveals evidence
of viral meningoencephalitis. Diagnosis is made by history (based on location, signs, and time of year), the
identification of characteristic lesions, virus isolation,
or fluorescent antibody staining of fresh brain tissue.
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increased recumbency, and secondary infections of the
mouth, udder, and feet.

Clinical Signs
Sheep and goats usually develop minor lesions, if
any, and are more important in many outbreaks as
transport or multiplying hosts than as primary clinical
cases. However, identification of the following lesions
should raise suspicion for presence of this disorder: In
the worst cases, vesicles, erosions, and ulcers are seen
at target sites. They may appear mildly inflamed and
erythematous; if they are infected, they may appear
severely inflamed with hemorrhage and necrosis. Other
signs vary according to the location and severity of the
lesions. Lingual and buccal lesions cause salivation,
dysphagia, and feed refusal. Foot lesions, which are the
most common clinical manifestation in small ruminants, cause lameness and recumbency. Teat lesions
cause reluctance to be milked or nursed and a drop in
production. Fever also may occur early in the disease,
when vesicles are most apparent. The fever then usually
abates and vesicles are replaced by erosions or ulcers.
Abortion may occur, especially with foot-and-mouth
disease, and probably is related to the fever, rather than
to fetal infection.
Except for the malignant form of foot-and-mouth
disease and infection complicated by severe secondary infection, the disease usually is self-limiting; most
animals recover within 2 to 3 weeks. Shedding of the
virus causing vesicular stomatitis is thought to subside
soon after healing of lesions. Foot-and-mouth disease
virus may be shed for as long as 6 months, and all body
secretions and tissues should be considered contagious,
including milk, semen, meat, and offal. Both viruses
have zoonotic potential and cause a disease in humans
that resembles mild influenza. The diseases are selflimiting, but people can shed the viruses in sufficient
quantities to infect other animals.

America, bluetongue should be a primary consideration
in the differential diagnosis for ulcerative oral lesions
in sheep. A confirmed diagnosis of foot-and-mouth
disease is achieved by a combination of virus isolation
(from vesicles), immunohistochemistry staining, and
serologic testing. Identifying the source of infection also
is very important. Diagnosis of vesicular stomatitis is
achieved by complement fixation testing or fluorescent
antibody staining of virus in vesicular fluid or detection
of a rise in antibody titers. Flocks with either of these
diseases in the United States are subject to quarantine
and possible destruction (especially for foot-and-mouth
disease).

Prevention
Meticulous personal hygiene and avoidance of contact
with new animals are important during outbreaks to
prevent spread between flocks. Vaccines against footand-mouth disease are available in many parts of
the world, but not in the United States. Most nations
slaughter or quarantine affected animals. Vaccines
against vesicular stomatitis are available and are most
commonly used if the risk of outbreak is high, but vaccination does not prevent infection or shedding. Good
hoof and teat care and provision of soft feeds may help
prevent spread of the virus by providing a healthy, intact
barrier against invasion.9-11

Contagious Ecthyma (Orf, Sore
Mouth)
Contagious ecthyma (orf, sore mouth) is caused by a
parapoxvirus that has zoonotic potential. Animals of
all ages can be affected, but clinical disease generally
is seen only in young nursing animals. Characteristic
papules or pustules on the lips, nose, and udder may
last 2 to 4 weeks (see Chapters 4 and 10).

Diagnosis

Sheep Pox and Goat Pox

No characteristic clinicopathologic changes are reported
for either virus. Gross lesions resemble those seen
before death and include vesicular, erosive, and ulcerative lesions of the mouth, feet, and teat ends; footand-mouth disease also causes lesions of the mammary
gland and ruminal epithelium. Microscopic findings
include hydropic degeneration of cells of the stratum
spinosum of the epidermis without inclusion bodies.
Secondary bacterial infection may lead to deeper ulcers
and complicate identification of the viral etiology of
these lesions. “Tiger heart” striping of the myocardium
may be seen with the malignant form of foot-andmouth disease.
A presumptive diagnosis may be made by identifying characteristic lesions during a season and in a
locality at risk for one of these infections. In North

Sheep pox and goat pox are caused by two closely
related poxviruses. Some strains are infective to both
sheep and goats; most are species-specific. These diseases are maintained in populations by infected animals, and transmission occurs by aerosol or direct or
indirect contact. Flies may play an important role as
mechanical vectors in some flocks. Viruses remain infective in the environment for as long as 6 months.
After infection, viremia and inflammation of the
oral, nasal, and ocular mucous membranes occur.
Erythematous papular pox lesions appear a few days
later. Mild infections are characterized by lesions concentrated in the nonwooled or hairless regions of the
skin. Severe infections produce lesions throughout
the oral cavity, respiratory tract, and peritoneal cavity.

Pathogenesis
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Secondary infection is common with the severe form,
and mortality is high. Severity varies according to strain
pathogenicity, breed susceptibility, and immune status. If the affected animal survives, lesions heal in 3 to
4 weeks. Both diseases have been eradicated from the
United States and are reportable. People can acquire
mild disease on exposure to these viruses.

Clinical Signs
Fever, inappetence, conjunctivitis, and upper respiratory
signs are noted in the initial stages. Pox lesions are visible shortly thereafter. Secondary infection can lead to a
variety of clinical signs indicative of more serious disease
including respiratory involvement, sepsis, and shock.

Diagnosis
Characteristic pox lesions are highly suggestive of this
disease. Microscopic analysis reveals eosinophilic intracytoplasmic inclusion bodies, acantholysis, and pustule
formation within the epidermis and occasionally the
dermis. Viral particles may be seen on ultrastructural
examination.
Gross and microscopic lesions are characteristic with
the severe form, but mild disease may produce less specific lesions that are difficult to differentiate from the
oral proliferative or ulcerative changes associated with
other viral diseases. Virus can be isolated from blood or
tissues (mainly skin) during the acute viremic stage and
identified by antibody staining of material from more
chronic lesions. Serologic tests are available to detect
rising antibody titers in convalescent animals.

Treatment and Prevention
No specific treatment is available for sheep pox or goat
pox. Antibacterial drugs may be useful to treat secondary infection. Judicious use of insecticides and confinement of affected animals may prevent spread. Vaccines
are available in some countries, but not in the United
States. Infected flocks are placed under quarantine
or destroyed in regions in which the diseases are not

CHRONIC VIRAL DISEASES
Caprine Arthritis-Encephalitis
Virus Infection
Caprine arthritis-encephalitis virus (CAEV) is an enveloped, single-stranded RNA virus in the subfamily Lentivirinae. Similar to other retroviruses, CAEV integrates
into the host chromosomal deoxyribonucleic acid
(DNA) before replicating. The virus is able to remain
latent or undergo sporadic bouts of productive viral
replication. CAEV is closely related to ovine lentiviruses,
and recombination events have been recorded.1
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endemic. These viruses are difficult to eradicate from
flocks because of their environmental persistence and
the constant supply of susceptible hosts.12,13
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Clinical Signs
Clinical disease may be evident in only 10% of goats
from a CAEV- infected herd at any given time. As many
as 85% of seropositive goats may be clinically normal.
CAEV produces four clinical syndromes: encephalomyelitis, arthritis, interstitial pneumonia, and indurative
mastitis. The pattern of disease usually varies with age.
Arthritis generally is seen in sexually mature goats,
whereas encephalomyelitis generally is seen in kids
2 to 4 months old. Interstitial pneumonia and indurative mastitis are more common in adult goats. Some
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affected animals suffer from a wasting disorder characterized by poor body condition and rough hair coat.

Diagnosis
A presumptive diagnosis of CAEV can be made on the
basis of history and clinical signs suggestive of one or
more of the syndromes. In general, ELISAs are better
for detecting disease in an individual animal because
the sensitivity of these tests is higher than that of the
AGID, whereas the AGID is better for herd screening
that requires high specificity. With the AGID test, falsenegative results may be obtained in goats that have
not yet seroconverted to recent infection. Individual
goats may take months or years to seroconvert or may
never do so. Parturition or advanced stages of disease
also may be associated with a false-negative result.
False-positive results may be obtained in goats younger
than 90 days of age that have colostral antibodies. For
this reason it often is suggested that kids be at least
6 months old before they are first tested. PCR testing has
a high specificity and sensitivity and can detect infection within a day of exposure. Other, less commonly
used tests include a Western blot to detect antibodies
and a Northern blot to look for mitochondrial RNA
(mtRNA). Because of the limitations in interpreting
serologic results, CAEV-induced disease can be definitively diagnosed only by identification of characteristic
lesions in biopsy specimens or by postmortem viral
isolation.

Treatment
No specific treatments are available for any of the syndromes associated with CAEV, although chemotherapeutics currently used for acquired immunodeficiency
syndrome (AIDS) may be useful (zidovudine [AZT],
interferons IFN-α and IFN-γ, interleukin-2, and antiviral
agents). Young goats suffering from encephalomyelitis
may benefit from physical therapy if they are recumbent, and bottle feeding may help maintain hydration
and caloric intake. Antibiotics may be beneficial for
goats affected with interstitial pneumonia or mastitis if
secondary bacterial infection is present. Generally the
prognosis is poor for the encephalitic form and guarded
for the other forms.

Prevention
Prevention of CAE is crucial because infection is lifelong. Infected colostrum and milk are the most important sources of infection. Newborn kids should be
prevented from ingesting colostrum from infected
does and should instead be fed pasteurized goat’s milk
(heated to 56° C or 132.8° F for 60 minutes) or milk
from CAEV-negative goats. All goats in a herd should
undergo serologic testing twice yearly; seropositive
goats should be segregated or culled to prevent direct
contact between infected and uninfected animals. When

no seropositive animals remain after two successive testing periods, the herd is considered to be free of CAEV.2,3
Because of recent evidence supporting the transmission
of retroviruses between goats and sheep, all control
measures apply to contact with sheep as well.4

Ovine Progressive Pneumonia
Virus Infection
Ovine progressive pneumonia (OPP) is an ultimately
fatal retroviral illness that causes chronic, progressive,
debilitating inflammatory disease of the lungs (in the
United States) and central nervous system (in other
parts of the world). It also is called maedi-visna (in
Icelandic, “shortness of breath–wasting”). The virus is
a member of the Lentivirinae subfamily of retroviruses
and is closely related to CAEV. Recombination between
OPP and CAE viruses has been observed.1 OPP affects
primarily sheep and rarely goats5,6 and has been identified worldwide, except in Australia and New Zealand.
The disease has a long incubation period and a protracted clinical course.

Pathogenesis
Only sheep (or the rare goat) older than 2 years are
affected by ovine progressive pneumonia virus (OPPV).
The virus is spread by direct contact, probably with
respiratory and salivary secretions, and by excretion in
the milk and colostrum.7 Transplacental transfer is of
minor importance. Virus is shed by both clinical and
asymptomatic animals. Infection is established in the
monocyte and macrophage cell line and spread by these
cells to the lungs, lymph nodes, choroid plexus, spleen,
bone marrow, mammary gland, and kidneys. Similar to
CAEV, OPPV evades the cellular and humoral immune
system of the host by incorporation of its provirus in
host DNA, low-grade replication of virus only when
monocytes differentiate into macrophages (restricted
replication), and production of antigenic variants that
are not neutralized by existing antibodies. Continual
antigenic stimulation of the host by low-grade replication of OPPV results in chronic inflammation and
resultant lymphoid proliferation in various target tissues. The virus may prevent B lymphocytes from differentiating into plasma cells in lymph nodes and
may thereby impair immunoregulation. Seroconversion
occurs within 2 to 3 weeks after infection.

Clinical Signs
In the United States, serologic surveys reveal infection
rates of between 30% and 67%, but rarely is more than
5% of a flock lost to OPPV. Icelandic, Texel, Border
Leicester, and Finnish Landrace appear to be susceptible
sheep breeds. Goats also are susceptible. More resistant sheep breeds include Rambouillet, Suffolk, and
Columbia.
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Various clinical syndromes are associated with OPPV
and include wasting (thin ewe syndrome), dyspnea
(occasionally with a dry cough), pneumonia, mastitis
(“hard bag”), posterior paresis, arthritis, and vasculitis. In North America, pneumonia and indurative
aseptic mastitis are common sequelae of infection. Co-
infection with the Jaagsiekte virus (the cause of pulmonary adenomatosis) worsens respiratory signs.
Visna, the neurologic form, is more common in
goats. Over the course of up to a year, subtle signs such
as a head tilt or hindlimb weakness progress to gross
incoordination, whole body tremors, and rarely, more
profound cranial nerve tract signs.

Diagnosis
A presumptive diagnosis can be made on the basis of
clinical signs, poor response to treatment, characteristic postmortem findings, and serologic testing. Definitive diagnosis requires PCR assay or isolation of the
virus from WBCs (buffy coat of whole blood sample)
or tissues. Less expensive and more rapid serologic
tests include AGID, ELISA, and an indirect immunofluorescence test. The AGID test frequently is used as a
flock screening test, but the ELISA is more sensitive on
an individual basis and can detect antibodies earlier in
the course of the disease.8 As with CAEV, false-negative
and false-positive results are possible (see the section
on CAEV, which discusses instances in which each
occur).
Characteristic postmortem lesions include generalized wasting and firm, noncollapsing lung or firm,
mottled mammary glands, both with regional lymphadenopathy. Microscopic evaluation of those tissues
reveals interstitial nonseptic, mononuclear cell infiltrates, although these infiltrations may be complicated by
secondary infections. Microscopic evaluation of nervous
tissue reveals evdience of meningoleukoencephalitis.

Treatment
No effective treatment is available for OPPV infection.
Supportive therapy that includes appropriate husbandry
and control of secondary infection with antibiotics may
prolong life for a few weeks or months, but the disease
ultimately is fatal. Because of the poor prognosis and
risk of exposure of naive animals to clinical disease,
long-term treatment is not recommended.

Prevention
The only known method of preventing OPPV infection
in a flock is to prevent exposure to the virus. Management practices that help decrease the incidence of
horizontal transmission include disinfection of milking
equipment, dehorning instruments, and tail docking
and castration tools before use and between animals.
Contaminated feed and water also are potential sources
of infection, and water and feed should not be shared
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between infected and uninfected animals. Serologic
testing and separation or culling of seropositive animals
may help reduce infection. Although OPPV can readily
be isolated from ewe colostrum, colostral transmission
of OPPV has not been definitively established. However,
many prevention guidelines recommend that offspring
from infected dams be separated from the dam before
they nurse and then be fed cow colostrum and artificially reared. Quarantine and serologic testing of flock
additions before placing them with the current flock
and purchase of sheep only from OPPV-free flocks are
important to prevent the introduction of new infections. Because of the potential cross-species spread, all
precautions taken for sheep also apply to contact with
goats. Serologic testing should be performed at least
annually in a flock until two consecutive negative test
results are obtained.9,10

Scrapie
Another member of the “slow virus infection” group
of diseases of small ruminants is scrapie (see Chapter
13). It is an afebrile, chronic, progressive degenerative
disorder of the central nervous system of sheep and
occasionally of goats. The causative agent is poorly characterized and is postulated to consist of protein fibrils
(scrapie-associated fibrils).
Sheep (and goats and mouflon to a lesser degree)
are the natural hosts for scrapie. Clinical signs often
do not appear until animals are 2 years of age, and
animals as old as 5 years may exhibit clinical disease.
Both vertical and horizontal transmission have been
demonstrated experimentally in sheep and goats. The
abnormal scrapie protein has been identified in the
milk,11,12 urine,13 and seminal plasma14 of sheep up
to 20 months before the development of clinical signs.
Also, more recent evidence from deer with chronic
wasting disease, a similar disorder, suggests that infective prions are excreted in the saliva15 and feces16 well
before the development of clinical signs. These revelations may help explain horizontal transmission of
infection.

Clinical Signs
The onset of scrapie is insidious. Initially, sheep show
subtle changes in behavior such as mild apprehension,
staring or fixed gaze, failure to respond to herding dogs,
and boldness around people. Several months later,
exercise intolerance with development of a clumsy,
unsteady gait and floppy ears is noted. Later, affected
sheep develop itchy skin that causes them to rub themselves excessively against firm, immobile objects (hence
the name scrapie). These efforts at relieving the pruritus
lead to excoriations and wool damage. A general decline
in body condition and coordination becomes apparent
as well.
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Diagnosis
Histologically the only consistent lesions are degenerative changes in the central nervous system consisting of
bilaterally symmetric vacuolation of the neurons in the
brainstem and spinal cord with accompanying spongy
degeneration.17 As a preclinical test, immunohistochemistry staining may be performed in lymphoid tissue from the tonsils, third eyelid, or rectoanal mucosa,18
but none of these methods is fool-proof.

thyroid hormones. In the absence of these hormones, a
resultant lowered concentration of a specific nucleotide
in the central nervous system also contributes to the
hypomyelination. The third factor is altered immune
function. The virus causes the host to produce a virusspecific delayed hypersensitivity reaction that causes
inflammation in the central nervous system. It also
causes immunosuppression. Death often results from
opportunistic pathogen–related conditions such as
parasitism, diarrhea, and bronchopneumonia.

Border Disease Virus Infection

Clinical Signs

Border disease virus (BDV) is in the genus Pestivirus,
family Flaviviridae, which also includes the two types
of bovine viral diarrhea (BVD) virus and classical
swine fever (hog cholera) virus. The virus is a helical,
enveloped, noncytopathic RNA virus. It rarely causes
disease in adults and is most important as a cause of
in utero infection of lambs and kids. The condition
gets its name from the fact that it was first reported in
sheep along the Welsh border of the United Kingdom.
Other names such as “hairy shaker disease” and “fuzzy
lamb disease” refer to some of the clinical signs seen in
affected newborns. An important point is that although
BDV is genetically distinct from the two types of BVD
virus, sheep and goats also are susceptible to some
strains of BVD virus19-21; the designation border disease
may therefore refer to a condition caused by either BDV
or BVD virus.

Pathogenesis
Horizontal transmission of BDV occurs through contact
with secretions and excretions of body fluids and tissues
from infected animals. The virus crosses intact mucous
membranes and can spread rapidly through a flock.
The major reservoir is the persistently infected sheep or
goat. These animals, which usually are asymptomatic,
congenitally infected, and often seronegative, shed large
quantities of virus. They may be residents of a flock with
an ongoing problem or brought in as replacement animals to a virus-naive flock. Some cross-infection from
other species is possible, particularly from cattle.
Adult, immunocompetent sheep rarely show any
signs of acute infection. However, if a pregnant ewe or
doe is infected, the virus may be transmitted vertically
to the embryo or fetus. Depending on the stage of gestation, embryonic or fetal infection may have different
outcomes ranging from embryonic reabsorption to
normal birth. These infections are the most important
aspect of border disease.
The major organ system targeted by BDV is the fetal
central nervous system. The hallmark lesion is hypomyelination, or degeneration of oligodendroglial cells.
Three factors contribute to this lesion. The first is direct
viral damage. The second is virus-induced inhibition
of the thyroid gland that causes decreased secretion of

Clinical signs depend on the time during gestation
when the fetus or embryo is exposed to the virus.
Clinical signs also may vary in severity from animal
to animal, because different fetuses develop competent immune systems at different times. If the fetus
or embryo is exposed to the virus within 45 days of
conception, it dies and is resorbed or aborted. These
losses are not usually noticed by the flock manager. The
principal manifestation in the flock is a large number
of open ewes and a small lamb crop. Infection of the
fetus between days 45 and 80 of gestation results in
damage to rapidly growing systems such as the skin
and nervous, lymphoid, thyroid, and skeletal systems.
Congenital malformations are seen at birth: The lambs
have abnormal fleece (hairy rather than woolly in consistency), small stature, domed heads, shortened legs,
and dark pigmentation of the skin, particularly on the
dorsal aspect of the neck. A characteristic feature of this
disease is the occurrence of tonic-clonic tremors (hence
the name “hairy shaker”) in the awake state, which
may prevent standing or suckling. Most affected lambs
die within a few days of birth. If they survive, the hair
changes disappear in 9 to 12 weeks and the central nervous system signs resolve by 20 weeks. Goats infected at
this time have similar symptoms except that they rarely
exhibit hair coat changes. If kids are infected before day
80 of gestation and are still viable, they may become
persistently infected and immunologically compromised. They are small at birth and exhibit generalized
weakness.
Typical outbreaks of border disease cause abortions
and birth of weak lambs in the first year as the virus
rapidly spreads throughout a susceptible flock, and
then insignificant losses in the succeeding years as adult
sheep acquire immunity. However, if new naive ewes are
introduced to the flock, substantial losses may occur in
essential perpetuity.

Diagnosis
Border disease viral antigens can be demonstrated in
abomasum, pancreas, kidney, thyroid, skin, and testicle
tissues from aborted fetuses and persistently infected animals using fluorescent antibody tests.22 However, immunohistochemistry staining on ear notch samples is not
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considered as reliable for detecting persistently infected
small ruminants as it is for cattle. The virus can be isolated, or viral antigen detected by ELISA, from serum,
heparinized whole blood, or tissue taken from brain, spinal cord, spleen, and bone marrow from affected lambs.
Whole blood is better than serum if colostral antibodies
are likely to be high; serum is an adequate sample in
neonates and juveniles that have not suckled.
Antibodies to the virus may be quantified by serum
neutralization, AGID, and complement fixation with
hyperimmune BVD antiserum. Serologic tests are useful to detect exposure in late-gestation (after day 80)
neonates and unvaccinated animals, but results may
be confounded by presence of colostral antibodies in
suckling neonates, previous exposure, and vaccination
in older animals. Any measurable titer in a presuckling
neonate indicates in utero exposure, whereas a serum
neutralization titer of 1:20 to 1:320 suggests infection
in adults. The presence of specific antibodies in the cerebrospinal fluid suggests border disease virus infection.
Negative results on presuckling serologic tests do not
rule out exposure, because persistently infected lambs
tend to be immunotolerant to BDV and therefore are
born without an antibody titer. These animals may subsequently develop a titer that is indistinguishable from
that of a normal animal. Although persistently infected
animals do not respond immunologically to the strain
of the virus they carry, they may respond to other strains
of the virus, including vaccine strains.
As with BVD, PCR assays are gaining popularity for
the detection of BDV in fluids and tissue samples. These
assays appear to be superior to other techniques, except
in autolyzed tissues.23 Real-time PCR techniques also
may be used to differentiate BDV from BVD virus and
to type isolates.24
Gross postmortem findings include hydranencephaly, porencephaly, microcephaly, cerebellar hypoplasia,
abnormal rib curvature, brachygnathia, doming of the
frontal bones of the skull, narrowed distance between
the orbits, shortened crown-to-rump length, shortened
diaphyseal length, retention of secondary hair fibers,
and abnormal skin pigmentation. The major histopathologic changes include hypomyelination and hypercellularity of the white matter. Glial cells appear normal.

Treatment
No treatment is available for border disease infection.
Supportive care may include assistance in nursing and
standing for affected lambs, provision of good bedding
and solid footing, and treatment of secondary opportunistic infections.

Prevention
Control is achieved primarily by eliminating persistently infected carrier animals from the flock and
preventing the addition of new carrier animals. This
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approach is easiest in a closed flock but especially difficult in small ruminant flocks because of the frequent
desire to import new genetics. To identify carriers, virus
isolation must be performed in every animal in the
flock; carrier animals must be culled. Additionally, all
unborn animals must be considered potential carriers
and should be tested at birth. After two lamb or kid
crops are born without any positive animals, the flock
is likely to be free of border disease. An alternative solution in hobby flocks is to arrest breeding activity until
all animals have been shown to be free of infection.
New animals should be quarantined and tested before
admission to the flock. Herd screening with the ear skin
biopsy test using fluorescent antibody staining to detect
virus is less expensive and more convenient than the
whole blood virus isolation test.
The role of vaccination in preventing infection is
still unclear. No vaccine against border disease virus is
available, but some reports suggest that BVD vaccines
(inactivated or killed products) for cattle may be helpful
for sheep at risk. However, these vaccines have proven
to be more effective at preventing clinical disease in
vaccinated animals than in preventing in utero infection because they do not prevent transient viremia.
Vaccination decreases viremia and fetal infection but
does not eliminate them. Therefore vaccines play a role
in decreasing economic loss, but a vaccination program
does not replace culling of carrier animals as the major
method of control.25,26
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Diseases of the
Cardiovascular System
Christopher Cebra and Margaret Cebra

EXAMINATION OF THE
CARDIOVASCULAR SYSTEM
Auscultation of the Heart
The most basic method of assessing cardiac health is
thoracic auscultation. For this procedure, the clinician
places a stethoscope against the chest wall in the axillary region and then assesses heart rate, rhythm, and
strength and listens for any abnormal sounds. The
axillary region, the ventral third of the chest between
the second rib and the fourth or fifth rib, has relatively little fleece or hair cover, allowing good contact
between the bell of the stethoscope and the skin. The
clinician should listen to the heart from both sides of
the chest at two or three intercostal spaces on each side.
Two important considerations in this examination are
(1) the need to push the bell under the elbow for
assessing the cranial aspects of the heart and (2) the
risk of too-ventral placement of the bell, overlying the
sternum rather than the thorax, thereby preventing
effective auscultation.
Normal heart rate varies with the age of the sheep or
goat. Neonatal lambs and kids frequently exhibit rates
of 120 to 140 beats/minute, whereas adults of both species often have rates between 66 and 80 beats/minute.
Juveniles typically attain an adult rate by 3 months of
age. Rates can be increased in stressed or excited animals; such animals should be given time to acclimate
to restraint before the clinician assesses their heart rate.
Other reasons for tachycardia include anxiety, hypovolemia, venous pooling of blood, arterial hypotension,
tachyarrhythmia, and poor cardiac function. Causes of
bradycardia include lesions affecting the vagus nerve,
bradyarrhythmia, and late-stage shock.
Normal heart rhythm is regular. The most common
rhythm anomaly is sinus arrhythmia, in which the heart
rate speeds with inspiration and slows with expiration.
Reports of other dysrhythmias in sheep and goats are
uncommon, but a reasonable presumption is that atrial
and ventricular fibrillation, atrioventricular block of
variable degree, premature and escape beats, and pathologic tachyarrhythmias occur under conditions similar
to those described in other species.

Assessment of the strength of cardiac contractions
often is subjective. Sounds are louder on the left side
than the right side, and amplitude varies inversely with
the body condition of the animal. Both S1 (closure of
the atrioventricular valves or onset of ventricular systole) and S2 (closure of the semilunar valves or onset of
ventricular diastole) should be audible.1

Peripheral Pulses
Assessment of peripheral pulse strength and synchronicity with cardiac contractions is the simplest
way of evaluating the effectiveness of cardiac output.
Peripheral arteries can be difficult to find in sheep and
goats, especially adult animals. The largest of these
vessels are the femoral artery (medial thigh) and the
brachial artery (proximal medial foreleg). The facial
artery (ventrolateral mandible) and the carotid artery
(ventrolateral neck) also can be used for pulse assessment in some animals. Weak or absent pulses are
consistent with hypotension and poor cardiac output.
Exuberant pulses are consistent with hyperdynamic
shock or regurgitation of blood from the aorta into the
heart (aortic valve insufficiency) or lung (patent ductus
arteriosus with left-to-right shunting). Pulses usually
are assessed manually because of the difficulty of placing any sort of manometric device on a conscious sheep
or goat.1

Venous Filling, Pulses, and Pressures
Monitoring jugular vein filling and pulses allows the
operator to assess right heart function and blood volume. Sheep and goats with hypovolemia may have
small jugular veins that are not visible or palpable even
after manual occlusion for several minutes. By contrast, sheep and goats with right heart failure or restrictive pericardial disease may have large jugular veins
that are visible or palpable without being occluded
and have positive pressures. Pulses in the jugular vein
result from backflow of blood during right atrial or
ventricular systole. No valve is present to prevent regurgitation during right atrial systole; “weak” pulses that
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disappear when the head is elevated or do not extend
above the level of the heart base are common and
nonpathologic. Pulses that extend further up the neck
even when the head is elevated most commonly are
the result of tricuspid valve insufficiency. Such pulses
coincide with right ventricular systole and are caused
by regurgitation of ventricular blood through the
incompetent valve. Tricuspid insufficiency can occur
with right heart failure (and jugular distention) or as a
separate entity.
Monitoring venous pressures requires a manometer. The most common form of monitoring involves
inserting a fluid-filled line into the jugular vein. The
line is attached to a pressure transducer and measuring
instrument. Many electrocardiographs also have the
capability of measuring pressures. The venous line may
be left in the jugular vein or advanced into the central
veins and heart. Pressures for the jugular and central
veins usually range from negative to as high as 5 cm
H2O. Positive pressures are the result of hypervolemia
(caused by excess fluid administration or renal dysfunction), restrictive pericardial disease, and cardiac
dysfunction. If venous hypertension becomes severe,
especially over a long period, edema develops.1

Mucous Membrane Assessment
Mucous membranes can be assessed for color, appearance of vessels, hydration, and capillary refill time. The
most commonly evaluated mucosae are the buccal,
conjunctival, scleral, and vaginal mucous membranes.
Normal mucous membranes are pale pink to pale
red, although the high frequency of dark-pigmented
membranes in some breeds of sheep and goats sometimes makes this assessment difficult. Overly pale membranes can be attributed to anemia or hypoperfusion; of
note, however, ruminant membranes tend to be paler
than those in many monogastric species because of
their smaller erythrocytes and keratinized membranes.
Anemic ruminant membranes often are white, rather
than pale pink, and scleral vessels become very small.
A semiquantitative color comparison system (FAMACHA) for estimating anemia is available (see Chapters 6
and 16). In some animals, anemia can be differentiated
from hypoperfusion by observing capillary refill time
after slight digital pressure is applied to the buccal or
vaginal membranes. In normal animals, color returns
in 1.5 to 2 seconds. A shorter refill time is seen in
hyperdynamic shock (which often is accompanied by a
reddening of the membranes), and a longer time is seen
in hypoperfusion.
Change of the normal membrane color toward a
purple or blue hue is indicative of cyanosis. Cyanosis
results from poorly oxygenated hemoglobin and can
be seen with poor central oxygenation (right-to-left
cardiac shunting, pulmonary disease), nonfunctional

hemoglobin (methemoglobinemia or sulfhemoglobinemia), and local vascular stasis (hypodynamic shock,
poor cardiac output, hypothermia). With poor central
oxygenation, purple-blue discoloration of all mucous
membranes and possibly of nonpigmented skin is characteristic, whereas with vascular stasis, only certain areas
such as the gingival margins may be affected. Scleral
vessels often become engorged, tortuous, and purple
during vascular stasis. Approximately one third to one
half of blood hemoglobin must be deoxygenated for
membranes to become cyanotic; therefore cyanosis usually occurs only when blood oxygen partial pressures
(local or central) are already very low.
Accumulation of bilirubin leads to yellow discoloration of the mucous membranes—a condition termed
jaundice or icterus. Icterus can develop as a result
of intravascular or extravascular hemolysis, decreased
hepatic uptake of bilirubin, and decreased biliary excretion; the hemolytic causes are most common in sheep
and goats.
Hydration can be assessed by observation of the
moistness or tackiness of the mucous membranes. This
is a subjective determination that is improved by practice on normal animals. A loss of body water suggests
that fluids should be part of the treatment protocol.
However, dehydration becomes clinically apparent only
when body fluid loss exceeds 5% of total body weight
(see Chapters 3 and 16).

Blood Gas Analysis
Analysis of blood gases can provide valuable information about animals with hypoperfusion. Metabolic acidosis in sheep and goats without diarrhea, ketonemia,
or grain overload often results from lactic acid production by underperfused tissues. Venous blood for analysis
can be obtained from any accessible peripheral vein;
the blood specimen should be collected anaerobically
and stored in a heparinized container. A determination
of whether underperfusion is attributable to inadequate
blood oxygen content (pulmonary gas exchange) or
inadequate tissue blood flow (blood volume and pressure) requires arterial blood gas analysis. Arterial blood
most commonly is collected from the brachial, femoral,
or medial saphenous artery, but these arteries are poorly
accessible in vigorous animals. Clinicians must avoid
unnecessary stress when restraining sick animals for
blood collection. The auricular arteries and peripheral
limb arteries can be used in anesthetized patients. Inadequate arterial blood oxygen content suggests right-toleft cardiac shunting (as in right-to-left patent ductus
arteriosus or septal defect with or without abnormalities of the great vessels) or pulmonary disease. Differentiation among the causes of inadequate arterial blood
oxygen content requires an extensive cardiopulmonary
examination.1
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Electrocardiogram
Electrocardiographic evaluation is most useful for sheep
and goats with cardiac dysrhythmias. The most common technique uses the base-apex lead: The positive
electrode (LA) is placed over the cardiac apex in the left
fifth intercostal space at the level of the elbow, the negative electrode (RA) is placed in the right jugular furrow
at the height of the base of the heart, and the ground
(LL) is placed on the dorsal spine or another site distant
from the heart. Topical application of alcohol improves
skin contact, and clipping of fleece may be necessary
if the complexes are small (Figure 15-1). Presence of
behaviors such as panting and muscle tremors often
leads to baseline interference in adult sheep.
The electrocardiogram (ECG) should reveal a distinct P wave (atrial depolarization), QRS complex
(ventricular depolarization), and T wave (ventricular
repolarization). The R component (negative deflection
after a positive deflection) of the QRS complex usually
is the most prominent, and the Q component (negative
deflection before the first positive deflection) usually
is absent. The T wave can be either positive or negative
and may vary on a single strip.
The ECG should be evaluated for regular appearance of P waves and QRS complexes; regular P-P, R-R,
and P-R intervals; presence of P waves and QRS complexes that are identical in appearance; and presence of
T waves of normal amplitude. The Q-T interval varies
inversely with heart rate. An absence of P waves indicates atrial fibrillation or ascension of a ventricular or
supraventricular pacemaker. The absence of QRS complexes indicates atrioventricular block.1

Echocardiography
Echocardiography is a diagnostic ultrasound imaging
modality that is safe, noninvasive, and convenient to
perform in a standing animal; however, it is seldom
used in small ruminants because of the expense. Nevertheless, it is extremely useful in sheep and goats to
confirm presence of intracardiac and pericardial diseases, including valvular endocarditis, pericarditis and
pericardial effusions, cardiomyopathy, congestive heart
failure, and congenital heart defects. Echocardiography
can be used to assess heart chamber size, valve motion,
wall thickness of various structural components, blood
flow, and intracardiac hemodynamics.
Echocardiography is performed in three basic modes:
1.	M-mode echocardiography, used to evaluate wall
thickness, heart chamber diameters, and valve motion
2.	Dimensional echocardiography, used to evaluate
anatomic relationships between cardiac structures
and to define their movement relative to each other
3.	Doppler echocardiography, used to evaluate blood
flow direction, turbulence, and velocity
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With these ultrasound techniques, pressure gradients can be estimated within the heart and great vessels such as the pulmonary artery and aorta. The two
main Doppler modes are pulsed wave and continuous
wave. Another modality in common use, Color flow
Doppler, converts the Doppler signals to an arbitrarily
chosen color scale for semiquantitative evaluation of
the direction, velocity, and turbulence of blood. The use
of color flow Doppler is restricted mainly to specialty
practices and referral institutions, because significant
expertise and experience are required to interpret the
findings, and the equipment is cost-prohibitive for
many smaller practices.
Echocardiography can be performed in a standing
or laterally recumbent small ruminant. The best location for placement of the transducer is over the right
third intercostal space at the level of the elbow; a highfrequency transducer that fits well in the intercostal
space should be selected. The same spot on the left
side can be used if the entire heart cannot be visualized
from the right side. The examiner may choose to clip the
fleece of a sheep or the hair of a goat to improve image
resolution before applying the coupling gel.
Performing echocardiography involves systematic
interrogation (examination) of cardiac structures to
determine chamber size, myocardial function, valve
appearance and motion, and aorta and pulmonary
artery blood flow and assessment for the presence
of abnormalities within or around the heart. All cardiac structures should be imaged on both long- and
short-axis views.1

Other Imaging Modalities
Thoracic radiographs are used diagnostically by many
private practitioners with access to portable radiographic equipment or a stationary small animal x-ray
machine. Most sheep and goats can be examined using
the same radiographic techniques as for large dogs.
Radiographic studies are most helpful if the practitioner
suspects that heart failure, valvular lesions, or abnormal
extracardiac or intracardiac communication may be
causing chamber or great vessel enlargement or dilatation. Some pulmonary disorders also can be visualized.
Lateral thoracic radiographs are easiest to obtain in
sheep and goats, and the imaging may be performed
with use of physical restraint only. Ventrodorsal views
may require use of sedation and are of limited usefulness in deep-chested small ruminants. Dirt and foreign
bodies in the fleece of sheep can create artifacts on the
radiographic film, so the fiber should be examined
before the radiograph is taken.1
Cross-sectional imaging techniques such as computed tomography (CT) and magnetic resonance imaging (MRI) have seen limited use in sheep and goats
because of expense and availability, but their use will
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increase as more practices invest in this type of equipment. Both of these modalities are useful for identifying
subtle morphologic defects that might be obscured by
overlying tissue on conventional radiographic examination, such as vascular anomalies or other cardiac malformations. Sheep and goats are relatively easy to image,
because they fit on equipment designed for people or
larger small animals.

CONGENITAL CARDIAC DISEASE
Congenital cardiac defects are abnormalities of cardiac structure or function that are present at birth.
Proposed etiologic factors include maternal viral infections leading to fetal infection or metabolic dysfunction, fetal anoxia from placental insufficiency, use of
pharmacologic agents in pregnant dams, exposure to
toxins, nutritional deficiencies in early pregnancy, and
heredity. The most common defect in sheep and goats
is a ventricular septal defect (VSD).2,3 Other reported
defects include atrial or ventricular hypoplasia, cardiomegaly, patent ductus arteriosus (PDA), atrial septal
defect, valve anomalies, tetralogy of Fallot, and abnormalities associated with partial duplication of the head
or body.

Pathogenesis
A VSD is an opening, primarily in the membranous
portion of the ventricular septum, that separates the
right and left ventricles. The defect is suspected to be
the result of failure of the ventricular septum to fuse
during gestation. Blood flows through the hole from
the left ventricle to the right ventricle and right ventricular outflow tract after birth. This shunting increases
the blood flow to the pulmonary circulation and the
venous return to the left atrium and ventricle, causing
volume overloading in the left heart. Eventually left
heart failure may lead to the backup of blood through
the lung into the right heart, with consequent right
heart failure. If the defect is large and a great deal of the
blood is shunted, right-sided congestive heart failure
may develop first. This defect is thought to be inherited
as a simple autosomal recessive trait in Southdown
sheep and possibly in Saanen goats, and to be a sporadic occurrence in other breeds.
Rarely a large VSD may cause such severe right
ventricular hypertrophy that deoxygenated blood is
pumped into the left side of the heart and out the aorta.
This “reverse VSD,” or so-called Eisenmenger syndrome,
results in hypoxemia.
Tetralogy of Fallot is a more complex abnormality
that includes a VSD as well as pulmonic stenosis, an
overriding aorta, and right ventricular hypertrophy. The
result is an increase in deoxygenated blood entering
the systemic circulation, which severely decreases the
oxygen content of arterial blood.

PDA and atrial septal defects are uncommon and
often are transient. Both result in recirculation of oxygenated blood through the lung, without diminishment
of the oxygen content of arterial blood. Unless a large
volume of blood is recirculated, these lesions often
do not cause clinical disease. In some instances, either
defect may be detected and then resolve spontaneously
over the first months of life.1

Clinical Signs
The major clinical signs associated with all congenital
heart defects include anorexia, reduced growth rate,
exercise intolerance, lethargy, and weakness. Other signs
such as dyspnea and cyanosis at rest or with exercise
may suggest a specific defect. Signs of congestive heart
failure may predominate. Tachycardia and a heart murmur may be present.
The most common murmur associated with a VSD
is a pansystolic murmur heard best on the right side
over the tricuspid valve. Often it can be heard on both
sides of the thorax. A PDA murmur also is often heard
on both sides of the thorax, but it is loudest in the
left third or fourth intercostal space at the level of the
shoulder. The murmur is described as high-pitched and
continuous throughout systole and diastole. Its intensity
increases with increased heart rate, exercise, and excitement. A tetralogy of Fallot may cause both a VSD murmur and a murmur heard best over the pulmonic valve.

Diagnosis
Identification of a murmur in a young sheep or goat
in conjunction with signs of failure to thrive is highly
suggestive of congenital heart disease. Echocardiography is the diagnostic method of choice for noninvasive
identification of cardiac anomalies and assessment
of the hemodynamic significance of the shunt. Twodimensional echocardiography can be used to image
the VSD directly and to measure the size of the defect.
Color flow Doppler may be useful in observing the jet
of regurgitant blood. A PDA and tetralogy of Fallot may
be difficult to visualize with echocardiography. Clinicopathologic findings usually are unremarkable with
VSDs and PDAs, but tetralogy of Fallot may be associated with an increase in packed cell volume and hemoglobin concentration (polycythemia). Radiography may
be used to diagnose congenital heart defects. Cardiomegaly, decreased pulmonary vascularity, or presence
of an overriding aorta may be noted as evidence of such
defects. Cardiac catheterization can be used to provide
supplemental information about congenital cardiac
defects when applicable.

Treatment and Prognosis
No treatment to correct congenital heart defects is economically feasible in small ruminants. Prostaglandin
inhibitors have been used successfully in humans to
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close PDAs, although the efficacy of these agents has
not been evaluated in sheep or goats. In the absence of
clinical signs, animals with defects can live productive
lives, but the prognosis is poor for animals with signs of
congestive heart failure.

Prevention
Because the role of inheritance in congenital heart
defects is unclear, affected animals generally should not
be bred.1

ACQUIRED CARDIAC DISEASES
Heartwater Disease (Cowdriosis)
Heartwater disease, or cowdriosis, is an acute, tick-borne
septicemic disease caused by the rickettsial organism
Ehrlichia (formerly Cowdria) ruminantium. All ruminants
are susceptible, particularly Merino sheep and Angora
goats. Birds, tortoises, and various mammals also can
serve as hosts. The disease is not contagious and is
transmitted by ticks of the genus Amblyomma, particularly Amblyomma hebraeum (the bont tick) and Amblyomma variegatum. The rickettsial organism is found in
the intestinal epithelial cells of its vector. The host tick
requires three blood meals to complete its life cycle;
only the third host must be a large mammal. Infected
ewes and does develop ovarian infections and pass
E. ruminantium vertically to their offspring. Transcolostral transmission has been described as well.
The disease is largely confined to areas in which ticks
of the genus Amblyomma are prevalent, including subSaharan Africa, Madagascar, some islands in the Indian
Ocean and the Caribbean Sea, and Europe. Reports have
described the recovery of infected ticks from imported
tortoises in Florida, and uninfected vector ticks from
people and birds in the United States.4-6 Some North
American Amblyomma ticks have been shown to be
competent vectors, but the disease has never established
itself in the United States. Heartwater disease severely
impairs ruminant health and husbandry in diseaseendemic areas.

Pathogenesis
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younger than 6 weeks are inherently resistant to
E. ruminantium) and the virulence of the organism,
three different clinical forms of heartwater disease have
been identified. Peracute cowdriosis is relatively rare
and occurs most commonly in naive exotic breeds of
ruminants in a heartwater-endemic area. The clinical
presentation may be one of sudden death with no
premonitory signs or fever and convulsions. Occasionally severe diarrhea may be seen. The acute form is the
most common. Presenting manifestations typically
include pyrexia of sudden onset (with temperatures
as high as 107° F) followed by anorexia, depression,
and respiratory distress, with resultant rapid breathing and cyanosis. Clinical signs may develop in a few
days and include chewing movements, twitching of the
eyelids, protrusion of the tongue, behavior changes,
circling and high-stepping gait, wide-based stance, and
muscle fasciculations. Hyperesthesia, nystagmus, frothing at the mouth, recumbency, seizures, and coma can
occur in terminal stages of the disease. Death usually
occurs within 1 week of onset of clinical signs. A mild or
subacute form (heartwater fever) is seen in some indigenous breeds of sheep with high natural resistance to
the disease. It is more common in older animals. This
form is characterized by a transient fever. Animals with
heartwater fever may serve as a source of infection for
others, because the rickettsial organisms do not clear
for as long as 223 days in sheep and 8 days in goats.4-6

Diagnosis
Heartwater disease can be definitively diagnosed by
identification of the tick vector and microscopic demonstration of E. ruminantium in histologic sections of
brain cortex stained with Giemsa stain. Brain biopsy
specimens have been experimentally obtained from
goats for antemortem diagnosis. The organism also
can be found in the intimal layer of large blood vessels and in sections of kidney glomeruli and lymph
nodes. A common biologic test to confirm the diagnosis involves inoculation of fresh blood from an animal
with suspected infection into susceptible sheep. An
indirect immunofluorescence test also is available.

E. ruminantium multiplies initially in macrophages and
neutrophils close to the site of infection. On rupture
of these cells, the organism is released into the circulation, where it invades the vessel walls, particularly the
capillary endothelial cells of the brain. Vasculitis leads
to effusion in various sites, including the pericardial sac
(“heartwater”).5,6

Treatment

Clinical Signs

Prevention

The incubation period in sheep and goats varies,
ranging between 14 and 17 days. Depending on the
susceptibility of the animal (Angora goats are exquisitely sensitive; lambs younger than 8 days and kids

Tick control in pastures is the mainstay of cowdriosis
prevention. Control is difficult to achieve, because
Amblyomma ticks have developed acaricide resistance
and because ticks feed off many hosts and have a high

Early in the disease course, oxytetracycline (6 to 10 mg/
kg given intravenously [IV] every 12 hours for 3 to
4 days) may be helpful. Long-acting tetracyclines also
are effective but must be used early in the disease
course. Treatment is less effective in the later, neurologic
stages of the disease.
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rate of reproduction. Complete elimination of tick
infestation may not be possible in some localities and
in any case is not desirable, because exposure to low levels of the organism is effective in developing immunity.
In some parts of South Africa, goat herds are given oxytetracycline every 14 days during the summer months.
Controlled infection followed by antibiotic administration has been tried as a means of immunizing small
ruminants. Such a method is effective in preventing disease caused by a homologous strain of E. ruminantium
but has no effect against a heterologous strain.
An attenuated live strain of E. ruminantium is available as a vaccine, but it has not been tested in field conditions. Immunity after disease is not lifelong; time to
emergence of susceptibility to reinfection varies, ranging between 6 and 58 months. Mortality rates in sheep
range between 6% and 80%, depending on the breed
(Persian or Africander sheep versus Merino sheep).
Mortality rates for Angora goats can exceed 90%.4-6

Nutritional Myodegeneration
(White Muscle Disease)
Nutritional myodegeneration, or white muscle disease,
produces two distinct syndromes: a cardiac form and
a skeletal form (see Chapters 2 and 11). Both forms of
the disease affect young, rapidly growing farm animals,
but the cardiac form typically affects neonates in the
first week of life. It is caused primarily by a dietary deficiency of selenium or vitamin E or both. Animals are
most often affected if their dams consumed seleniumdeficient diets during gestation.7,8

Pathogenesis
Deficiencies of selenium and vitamin E result in the
destruction of cell membranes and proteins, impairing cellular integrity. Both nutrients are biologic antioxidants. In their absence, cell damage results from the
presence of free radicals and peroxides liberated during
normal cellular metabolism. Many animals deficient
in selenium or vitamin E, or both, exhibit no evidence
of nutritional myodegeneration, and sometimes both
nutrients must be deficient to cause clinical signs.7,8

Clinical Signs
Clinical signs of both the cardiac and skeletal syndromes range from peracute to subacute. White mucle
disease often results in severe debilitation or sudden
death. Small ruminants suffering from the cardiac form
often exhibit referred respiratory signs, because the cardiac, diaphragm, and intercostal muscles are affected.
Respiratory signs include dyspnea, tachypnea, and
foamy or blood-tinged nasal discharge; related manifestations include profound weakness, recumbency,
and sudden death. Auscultation often reveals cardiac
murmurs and irregular rapid heartbeats. The clinical

course often is short, with death often occurring within
24 hours. Small ruminants that survive the acute phase
may fail to thrive because of residual cardiac damage
and may exhibit signs of skeletal muscle involvement
later in life.

Diagnosis
Definitive antemortem diagnosis of white muscle disease is based on measurement of deficient whole blood
levels of selenium and plasma levels of vitamin E.
Plasma selenium concentrations are indicative of the
current diet or recent injections, whereas whole blood
concentrations (or glutathione peroxidase analysis) also
include selenium incorporated into intracellular selenoenzymes over the previous several months. Therefore
plasma is useful only if the diet has not changed.
Tissue samples of liver can be used to evaluate body
stores of selenium. Ration analysis may help support
a diagnosis. Necropsy lesions include white streaks
in muscle fibers and pale areas that represent areas of
acute coagulative necrosis or chronic fibrosis and calcification. Nonspecific clinicopathologic findings that are
suggestive of white muscle disease include significant
elevations in creatine kinase (CK), aspartate aminotransferase (AST), and lactate dehydrogenase (LDH).
Evidence of dehydration and myoglobinuria may be
present.

Treatment
The cardiac form of white muscle disease carries a poor
prognosis despite appropriate treatment. Injectable
vitamin E and selenium preparations should be given
parenterally, and appropriate supportive care should
be provided. The vitamin E content of combination
supplements is insufficient to correct vitamin E deficiency. Both oral and injectable vitamin E products are
available.7,8

Prevention
Prevention is aimed at proper supplementation of the
dam either by salt mix or by total ration supplementation (0.1 to 0.3 ppm selenium in the diet). During late
gestation, injectable vitamin E and selenium may be
necessary7,8 (see Chapters 2 and 9).

Vegetative Endocarditis
Acquired endocarditis is most common in adult small
ruminants and is caused by infection, degenerative
changes, inflammation, trauma, and valvular insufficiency caused by idiopathic dysfunction of one or
more of the four heart valves. As a result of infectious,
neoplastic, or inflammatory changes, vegetative lesions
may form on the cardiac valves; this is the pathomechanism for vegetative valvular endocarditis. Chronic active
infections such as foot or liver abscesses, rumenitis, and
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omphalophlebitis can lead to sustained or recurrent
bacteremia that predisposes the animal to development
of bacterial endocarditis. Common bacterial isolates
include Arcanobacter (Actinomyces) pyogenes and alphahemolytic streptococci.9

Pathogenesis
Vegetative lesions on the valves interfere with normal
blood flow and cause cardiac dysfunction. Dysfunction
can result from leakage of blood caused by the inability
of the valve to close properly or from interference with
the ejection of blood by an obstructed orifice. The vegetative lesions also fragment easily, resulting in embolic
showers that can create abscesses in distant sites such as
the lungs, kidney, and joints.
Valve incompetence results in volume overload of
the recipient heart chamber. Over time, the increased
end-diastolic volume of this chamber leads to dilatation with mild elevations in end-diastolic pressure.
Compensatory hypertrophy may result. Eventually
the contractility of the chamber is impaired, leading to further elevations in end-diastolic pressure
and reduced compliance. Depending on the valve
involved, other sequelae may include pulmonary
venous hypertension and left-sided heart failure (with
aortic and mitral regurgitation) or elevated central
venous pressure and right-sided heart failure (with
tricuspid regurgitation).

Clinical Signs
Affected animals initially show no clinical signs but
have an audible heart murmur, with the point of maximum intensity (PMI) over the affected heart valve in the
direction of abnormal blood flow. The intensity of the
murmur is not associated with the severity of the lesion.
With chronic endocarditis, disease manifestations may
include cyclic or intermittent fever, weight loss, exercise
intolerance, anorexia, and signs of congestive heart
failure (tachycardia, respiratory distress, cough, jugular
venous distention, subcutaneous edema, and ascites).10
In cattle, diarrhea, decreased milk production, and
lameness have been reported; these signs also may be
encountered in small ruminants.

Diagnosis
The best method of diagnosing vegetative endocarditis
is with a complete echocardiographic examination.
Two-dimensional echocardiography is best for detecting valve lesions and dysfunction and measuring ventricular function. Lesions must be at least 2 to 3 mm
in diameter to be visible. M-mode ultrasonography
may help detect chamber enlargement and a decrease
in left ventricular shortening fraction. Color flow, pulse
wave, or continuous wave Doppler ultrasound evaluation may be useful to help quantify the severity of valve
regurgitation.

509

In the absence of echocardiographic data, a presumptive diagnosis can be based on thoracic auscultation.
Systolic heart murmurs over the left or right heart apex
or diastolic murmurs over the left base are suggestive of
valve incompetence.
Bacteriologic culturing of blood samples taken during febrile episodes and preferably before antibiotic
administration may help determine the etiology of bacterial endocarditis. Other nonspecific clinicopathologic
findings include nonregenerative anemia, neutrophilia
with or without a left shift, hyperglobulinemia, and
hyperfibrinogenemia. Radiographic changes include
generalized or focal cardiac enlargement and disseminated pneumonia. The ECG may indicate cardiac
arrhythmias secondary to chamber enlargement or
underlying myocardial disease. Nonspecific tests such
as cardiac catheterization for pressure measurements
and nuclear angiocardiography may reveal myocardial
dysfunction and cardiac enlargement, respectively, but
may be cost-prohibitive.

Treatment
Treatment and prognosis depend on the cause, duration, and severity of the valve lesion. When valve
incompetence is present, the prognosis often is guarded
to poor. Degenerative lesions may be asymptomatic
and often exhibit slow progression, contributing to the
guarded prognosis. If no abnormalities are detected or
minimal regurgitation is present on echocardiography,
the prognosis is fair to good.
Bacterial endocarditis should be treated with longterm administration of broad-spectrum antibiotics.
Treatment may last for weeks to months. Bactericidal
antibiotics are chosen on the basis of sensitivity patterns
and the ability of the drug to penetrate tissue. Nevertheless, bacterial endocarditis has a guarded to grave prognosis even with long-term antibiotic administration.9

Plant Cardiotoxicity
Important plants that contain cardioactive glycosides
(cardenolides) capable of poisoning livestock in North
America include oleander (Nerium oleander), foxglove
(Digitalis purpurea), Indian hemp or dogbane (Apocynum
cannabinum), lily-of-the-valley (Convallaria majalis),
laurels (Kalmia species), milkweed (Asclepias species),
azalea (Rhododendron species), and ornamental succulents (Cotyledon orbiculata). Plant-derived drugs that
affect the autonomic nervous system and cardiac function include atropine derived from Atropa belladonna
and Datura species, muscarine derived from Amanita
muscaria, ephedrine derived from Ephedra species, ergotamine derived from Claviceps purpurea, and nicotine
derived from Nicotiana species. Gossypol is the toxic
polyphenolic aldehyde from cottonseed. It particularly
affects preruminant sheep and goats and causes necrosis
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of heart muscle, liver, and kidneys, as well as decreased
reproductive function. Alkaloids found in yews (Taxus
species) and false hellebore (Veratrum species) have
both direct and indirect cardiac effects. Locoweed
(Astragalus spp. and Oxytropis spp.) ingestion induces
an increase in vascular resistance, which has been
linked to fetal heart hypertrophy and potentially failure
and eventual abortion when ingestion occurs during
pregnancy.11
A number of different cardiotoxic plants have been
identified outside of North America. Such plants include
Urginea sanguinea Shinz12; Galenia africana,13 which is
primarily hepatotoxic; and Tylecodon species,14,15 which
are mainly neurotoxic, in southern Africa.
Specific antidotes rarely are available for plant toxins. Therefore prevention is the most effective cure. In
general, most toxic plants are unpalatable and grow in
overgrazed pastures. The plants may be masked in hay,
silage, or grain. Most plant toxicoses can be prevented
by providing adequate amounts of feed that is free of
toxic plants and maintaining appropriate grazing management practices, weed control programs, and harvest
techniques for feeds. Goats are more inquisitive than
sheep and therefore are more susceptible to plant toxicity through oral exploration of their environment.16,17

Pathogenesis
The principal agents responsible for producing cardiotoxic effects in plants are cardioactive glycosides; many
varieties exist. The concentration of glycosides within
the plant varies with season, stage of maturity, part
of the plant, and environmental conditions. Cardiac
glycosides block cellular Na+,K+-ATPase, leading to
sodium accumulation in excitable cells such as those
found in nervous tissue and the myocardium. The result
is increased myocardial contraction and altered heart
rhythm. These glycosides also are potent gastrointestinal irritants.
Gossypol has a number of toxic effects, and it is difficult to say which are more pathogenic: It binds iron,
inhibits a number of enzymes, and binds calmodulin,
leading to anemia and damage to most internal organs.
As noted previously, agents found in plants that
affect the autonomic nervous system also may affect cardiac function. The alkaloids in yews depress myocardial
conduction by blocking sodium movement through
membranes. The result is any of various arrhythmias,
ranging from those associated with decreased chronotropic and inotropic effects to ventricular tachycardia
or fibrillation. Nicotinic-acting alkaloids, such as those
specific to Nicotiana, cause toxicity by stimulating ganglions and then blocking them, leading to paralysis.
Sheep are less susceptible to these effects than cattle.
Tropane alkaloids such as belladonna contain atropine,
which blocks acetylcholine at muscarinic nerve synapses. The cardiac effect is tachycardia.

Clinical Signs
Many of the clinical signs of acute cardiac glycoside toxicosis in sheep and goats are the direct result of hypoxia
caused by the inability of the heart to pump blood,
as well as gastrointestinal irritation. They may include
nausea, abdominal pain, anorexia, increased salivation,
catarrhal or hemorrhagic diarrhea, coma, and convulsions, with sudden death in some cases. A variety of
cardiac conduction abnormalities are seen with this
toxicosis, including bradycardia, tachycardia later in the
disease course, dropped beats, heart block, and atrial or
ventricular arrhythmias. Clinical manifestations appear
4 to 12 hours after ingestion of the plant. If death does
not occur, signs may persist for 2 or 3 days. Relapses
may occur in ruminant species because of continued
release of the glycoside from the rumen. Cardiac toxins
often cause death before any clinical signs are noted.
Yew poisoning causes both cardiac and nervous system signs. Cardiac signs include bradycardia and cardiac
arrest. Nervous system signs include depression, trembling, dyspnea, collapse, and sudden death. Subacute
toxicity causes gastroenteritis and diarrhea.
Belladonna toxicosis causes gastrointestinal atony,
anorexia, rapid heart and respiratory rates, diarrhea,
excess urination, vision impairment, and delirium.
Death is uncommon. With consumption of nicotinecontaining plants, ataxia, weakness, central nervous
system stimulation, tremors, and bloating are characteristic findings, and death may result from respiratory
paralysis.16,17
Overingestion of gossypol can lead to dyspnea and
rapid death. Affected animals have a faster ST segment and heightened T wave on electrocardiogram.18
Dyspnea also is evident in animals with more chronic
exposure, as are weight loss, weakness, and potentially
other signs of liver or congestive heart failure.

Diagnosis
Definitive diagnosis of cardiotoxic plant ingestion
requires a demonstration of the presence of cardiotoxic
plants in the animal’s pasture and rumen contents.
Clinical signs are suggestive of ingestion of cardiotoxic
plants but are not pathognomonic. Findings on cardiac
auscultation and electrocardiographic examination may
suggest rhythm and rate disturbances. With oleander
poisoning, bradycardia or tachycardia, AV block, depression of S-T segments, ventricular premature beats, and
ventricular fibrillation have been described.19 Necropsy
lesions also are nonspecific and include hemorrhagic
gastroenteritis and pale mottling of the heart with
congestion and hemorrhage. Histopathologic evidence
may include myocardial degeneration and necrosis
and similar lesions in the liver and kidney. A human
serum radioimmunoassay is available to assess exposure to digoxin or ouabain, but such tests are often
host- and glycoside-specific and may not be practical for
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evaluating suspected animal poisoning. Cross-reactivity
with oleander glycosides also is possible with this test.
Alkaloids can be identified by mass spectral chemistry
in samples taken from poisoned animals.
Abortion is the major sign of fetal locoweed intoxication. Ultrasonographic evaluation of affected lambs
may reveal tachycardia and fibrillation in early stages
of poisoning, followed by bradycardia, and eventually
asystole.11 Other abnormalities include malformation
of the cotyledons and accumulation of fluid in body
cavities. At postmortem examination, fetal hearts are
found to be enlarged with right ventricular dilatation.

the myocardium leads to fibrosis and resultant reduced
performance or congestive heart failure. As dilated
cardiomyopathy develops, changes in cellular metabolism occur, leading to ECG abnormalities and reduced
cardiac output.20 Compensation for reduced cardiac
output includes activation of the renin-angiotensinaldosterone system and increased arterial resistance. The
result is increased ventricular preload (venous return)
and afterload (arterial resistance), leading to pulmonary
edema and further reduction in cardiac contractility.
The ventricle dilates, further reducing cardiac output,
and signs of heart failure appear.

Treatment

Clinical Signs

Elimination of continued exposure to the poisonous
plant is an important part of treatment and prevention.
A rumenotomy may be required to permit lavage of the
rumen and removal of any remaining cardiotoxic plants
before significant systemic absorption occurs. Transfaunation may help to reestablish rumen motility (see
Chapter 5). Supportive care should include provision
of fluids, minimization of stress, and administration of
activated charcoal (2 g/kg), as well as beta-adrenergic
blocking agents and antidysrhythmic drugs to treat cardiac dysrhythmias. Fab antibodies against cardiac glycosides have been used experimentally to treat digitalis
and oleander toxicosis.16,17

Signs in sheep acutely poisoned with monensin include
lethargy, stiffness, muscular weakness, stilted gait, tachycardia, tachypnea, mild to moderate dyspnea, mild
mucoid diarrhea, and recumbency. Sudden death may
occur after stress or exercise. Cardiac auscultation
may reveal an arrhythmia, and pulmonary auscultation
may reveal evidence of pulmonary edema. Signs of congestive heart failure such as jugular venous distention,
peripheral edema, and evidence of circulatory collapse
may be present. Cardiac murmurs may be noted and
associated with ventricular dilatation. Signs in goats
may be similar. Dairy goats may exhibit decreased milk
production.20

Prevention

Diagnosis

Prevention involves vigilant pasture care and examination of all feedstuffs. Animals typically do not consume
these plants if other palatable, readily available food is
present.

Diagnosis is made by analyzing suspected feed for
inappropriate ionophore concentrations. A presumptive diagnosis can be based on identification of clinical
signs and characteristic necropsy lesions and clinicopathologic findings, including evidence of skeletal and
cardiac muscle injury, kidney damage, and increased
erythrocyte fragility. Findings indicative of erythrocyte
fragility include elevated concentrations of alkaline
phosphatase, indirect bilirubin, blood urea nitrogen,
CK, creatinine, LDH, and AST. Reductions in calcium
and potassium concentrations and urine pH may occur.
Abnormal values for the myocardial isoenzymes CK
and LDH are highly suggestive of monensin toxicosis
in conjunction with historical information consistent with this diagnosis. An ECG may demonstrate
sinus tachycardia and other cardiac dysrhythmias.
Echocardiography may yield normal findings or show
evidence of dilated cardiomyopathy with increased
ventricular chamber size, decreased thickness of the
interventricular septum and left ventricular free wall,
and decreased myocardial function. Increased enddiastolic dimensions of the left and right ventricles may
be apparent, as well as increased left arterial size and
an increased left atrial–to–aortic root dimension ratio.
Cardiac catheterization may reveal elevated intracardiac pressures consistent with dilated cardiomyopathy.
Postmortem findings include microscopic evidence of

Ionophore Toxicity
Ionophores include monensin, lasalocid, salinomycin,
maduramicin, and narasin. Some are approved for use
as coccidiostats and others are used to improve feed efficiency in sheep, goats, chickens, and cattle. Ionophore
toxicity varies considerably among species, with horses
being the most sensitive. Toxicoses commonly occur
when sensitive species consume ionophore-containing
feed formulated for another species and when errors
are made in mixing.20,21 Exposure to poultry litter from
ionophore-fed chickens has been another source.22
Ionophore toxicity is potentiated by concurrent
administration of various antibiotics, including erythromycin, chloramphenicol, and sulfonamides. Even at
therapeutic doses, monensin can potentiate selenium
toxicity.20

Pathogenesis
Excessive ionophore ingestion causes preferential transport of specific ions, which results in altered ionic
gradients and disturbed cellular physiology. Damage to
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fibrosis, degeneration of the myocardium, and myocardial necrosis. The heart may be grossly dilated,
pale, and pale-streaked as well. Myopathy of skeletal
muscles, characterized by paleness, mottling, streaking,
and edema on gross examination, may be apparent.
Evidence of congestive heart failure may be reflected
in hydrothorax, hydropericardium, and passive congestion of the liver and lungs.20-22
Major considerations in the differential diagnosis
include white muscle disease and infectious causes of
weakness, tachypnea, and dyspnea. When multiple animals are affected, other feed-based toxicity and carbohydrate overload should be considered as well.

Treatment
No specific antidote or tested treatment is available
for animals that have recently ingested ionophores.
General management consists of administration of
activated charcoal; provision of intravenous fluids to
correct electrolyte imbalances, preserve renal function,
and minimize shock (but not in amounts large enough
to exacerbate congestive heart failure); specific treatment for dysrhythmias (e.g., with digoxin, quinidine,
vasodilators, or diuretics); and stall rest. The prognosis
for animals with dilated cardiomyopathy is poor.

Prevention
Prevention involves careful mixing of feeds containing
ionophores, caution in feeding practices to preclude
giving animals feed formulated for other species, and
avoiding contact with litter from ionophore-fed poultry.
Proper concentrations of selenium in ionophore-treated
feeds are important to prevent selenium toxicosis.

Cysticercosis
Pathogenesis
Taenia ovis is a tapeworm that has its egg-producing
adult phase within the gut of domestic dogs or, less
commonly, other canids. Sheep or goats act as the intermediate host, ingesting eggs on pasture or in hay contaminated with dog feces. Larvae hatch in the animal’s
gut and migrate to form cysts in the heart and other
muscles. Cysts mature 7 to 10 weeks after ingestion and
then rapidly degenerate. Degeneration may precipitate
sudden death, gait or chewing abnormalities, or illthrift, depending on which muscles are affected. Sudden death is the most common clinical presentation.
This disorder does not appear to be zoonotic.

Diagnosis
History of exposure to infected dogs is helpful. Antemortem electrocardiographic changes, including sinus
tachycardia and arrhythmia, atrial fibrillation or dissociation, a pathologic Q deflection, decreased amplitude
of the R wave, and inversion of the T wave, have been

identified in sheep with heart lesions.23 The disease
most commonly has been detected on postmortem
examination or at slaughter, when multiple white,
3 to 10 mm long ovoid lesions are found in the heart,
diaphragm, and various skeletal muscles. Presence of
these internal lesions is referred to as sheep measles or
bladderworm infection. The lesions appear cystic the
weeks after infection and then become more caseous
with degeneration. In older animals, calcified nodules
may be found.

Prevention
This disorder can be a major cause of small ruminant
death and carcass condemnation in regions in which
it is endemic. No effective treatment is available for
infected sheep, so efforts must be directed at reducing
infection in dogs and transmission from dogs to sheep
or goats. Strategies for prevention aim to minimize
exposure of the herd or flock and should include treating dogs with effective anti-tapeworm agents, keeping
infected dogs out of pastures as much as possible, and
limiting exposure of dogs to contaminated meat or
carcasses.

PERICARDIAL DISEASE
Pericarditis
Pericarditis is pericardial inflammation that results in
fluid or exudate accumulation between the visceral
and parietal layers of the pericardium. Causes in large
animals include trauma induced by penetration of an
ingested foreign object (hardware disease), external
wounds, hematogenous spread of infection (septicemia), extension of infection originating from the pulmonary cavity, and specific viral or neoplastic causes.
This condition is rare in sheep and goats.

Pathogenesis
Pericarditis is classified as primarily effusive or constrictive, or a combination of both. Inflammation
between the parietal and visceral layers of the pericardium results in fluid accumulation. Over time, pericarditis results in decreased cardiac distensibility, which
causes increased ventricular end-diastolic pressure. This
in turn impairs the ability of the heart to fill during
diastole. As a result, atrial pressures rise and venous
return to the heart is reduced, impairing the perfusion of the myocardium. Reduced perfusion causes a
depression in ventricular contractility, stroke volume,
and ultimately cardiac output. Arterial pressures and
renal blood flow also decrease. The heart compensates
initially through vasoconstriction, increased heart rate,
and sodium retention, increasing vascular volume to
maintain cardiac output.
Traumatic reticulopericarditis results from penetration of the reticular wall, diaphragm, and pericardial
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sac by a sharp metal object and ensuing septic inflammation. The foreign body is pushed through the cranial
wall of the reticulum during reticular contractions or
episodes of increased abdominal pressure such as parturition. (The pericardium and reticulum are in close
proximity.) The foreign object allows bacteria from the
reticulum to enter the pericardial sac. Cattle often are
said to have “splashy” heart sounds, referred to collectively as a “washing machine murmur,” from gas and
fluid accumulation in the pericardium. Acute, subacute,
or chronic fibrinopurulent pericarditis results. After the
pericardial sac becomes inflamed, the pathogenesis
is similar to that for pericarditis from other causes.
Because of their grazing habits, sheep are only rarely
affected by traumatic reticulopericarditis. Goats may be
slightly more prone to development of the condition
because of their inquisitive nature and eating habits.
Nontraumatic pericarditis usually results from sepsis.

Clinical Signs
The most consistent clinical signs of pericarditis on auscultation include muffled heart sounds, tachycardia, and
dampened or absent lung sounds in the ventral thorax.
Amplitude of heart sounds may alternate between loud
and quiet beats (bigeminy). Dorsal lung sounds may
be more pronounced. Nonspecific clinical signs include
fever, anorexia, depression, and weight loss. Signs of
congestive heart failure may be apparent and include
distended or pulsatile jugular veins, tachypnea or dyspnea, and exercise intolerance. Signs of chest pain such
as abducted elbows and grunting or breath-holding on
palpation and auscultation may be noted. Clinical signs
depend on the speed of development of pericarditis and
the volume of fluid accumulation.

Diagnosis
Definitive diagnosis of pericarditis is made by pericardiocentesis and echocardiography. The former technique
enhances evaluation of effusion and allows aspiration
of fluid samples for bacterial and fungal culture. It
should be performed using echocardiography to guide
aspiration. Echocardiography can be useful to evaluate
cardiac function and visualize the site and extent of
fluid and gas accumulation. A common finding is an
echo-free space surrounding the right and left ventricular free walls and between the descending aorta and left
ventricular posterior wall. If cardiac tamponade is present, right ventricular diastolic collapse and right atrial
collapse will be apparent. Electrocardiographic findings
associated with pericarditis include decreased amplitude of the QRS complexes, electrical alternans, and
S-T segment elevation or slurring. A right axis deviation
may be noted in the standard limb leads. Clinicopathologic changes are nonspecific and may include evidence
of hemoconcentration, mild anemia, leukocytosis
with an absolute neutrophilia or lymphopenia, and
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hyperfibrinogenemia. Hypoalbuminemia and hyperglobulinemia may be present. Frequently mild elevations in liver enzymes, creatinine, bilirubin, and serum
urea nitrogen are seen. Elevations in the myocardial
isoenzymes AST, CK, and LDH occur. Radiography of
the thorax or reticulum and diaphragm may be helpful,
particularly for diagnosing traumatic reticulopericarditis in ruminants. A metallic foreign body may be seen
in the cranial reticulum or caudal thorax. Apparent
cardiomegaly may be seen with pericarditis and is the
result of pericardial effusion obscuring the cardiac silhouette. An obscured vena cava and diaphragm, dorsal
displacement of the trachea, and interstitial pneumonia
may be noted.

Treatment
Treatment of traumatic reticulopericarditis often is
unrewarding and not economically feasible in most
instances. When instituted, it frequently is directed
toward salvage and short-term survival. Removal of a
foreign body by rumenotomy may prevent further complications but rarely is curative. Pericardial drainage can
be performed repeatedly by means of pericardiocentesis, fifth rib resection, lavage, or pericardiectomy. However, often heart function does not return to normal
after these procedures are performed. Thoracotomy and
pericardiectomy performed using a split rib technique
may be effective in treating ruminants with traumatic,
restrictive pericarditis. Treatment with long-term antibiotics is required. The prognosis with treatment of
nontraumatic pericarditis is guarded. Indwelling chest
tubes placed in the pericardial sac can enable drainage,
lavage, and local infusion of antibiotics. These procedures can be performed once or twice a day. Treatment
with systemic broad-spectrum antibiotics is indicated.
Nonsteroidal antiinflammatory drugs (NSAIDs) are
useful adjuncts, as are corticosteroids in the absence
of evidence of bacterial involvement. Diuretics may be
helpful in the short term to relieve some of the symptoms of congestive heart disease. Fluids may help combat dehydration and reverse signs of shock.

Prevention
In flocks in which this condition has been a problem,
small magnets can be administered before pregnancy to
help prevent metallic foreign bodies from perforating
the pericardial sac. Because of the rare nature of this
condition, however, their routine use is not warranted.

VASCULAR DISEASES
African Trypanosomiasis
People and animals can become infected with trypanosome protozoa. The trypanosomes can complete
their developmental cycle only in tsetse flies (Glossina
species). Trypanosomes multiply in blood, tissues, and
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body fluids of their vertebrate hosts and are transmitted
between vertebrate hosts in the saliva of blood-sucking
flies as they feed. The trypanosome species that are
known to infect goats and sheep include Trypanosoma
congolense, Trypanosoma vivax, Trypanosoma brucei subsp.
brucei, Trypanosoma evansi, and Trypanosoma simiae.
The first three are moderately pathogenic to these
small ruminants, whereas the latter two are only mildly
pathogenic.24

Pathogenesis
After entering through the skin, trypanosomes reach
the bloodstream by way of the lymphatic system. The
parasites multiply, and the prepatent period lasts for
10 to 14 days after infection. The infection is characterized by periods of parasitemia followed by the absence
of parasites. This pattern of infection occurs because of
antigenic variation: Trypanosomes vary the antigenic
nature of their glycoprotein surface coat to evade the
host’s immune system. This immune system–evasive
maneuver prolongs infection and is responsible for
chronic disease. Some trypanosomes tend to invade
extravascular spaces such as the ocular aqueous humor
and cerebrospinal fluid. The pathogenicity of trypanosomes varies with the different host species. Trypanosomes may produce a hemolysin early in the course
of the disease that causes anemia in the host. Later,
increased phagocytic activity results in massive erythrocyte destruction. This may occur in the absence of
parasitemia.24

Clinical Signs
The clinical signs are variable and nonspecific and
depend on the speed of onset of anemia and the degree
of organ impairment. Entire herds may be affected.
All aspects of production are impaired—fertility, birth
weight, lactation, weaning weight, growth, and survival.
Trypanosomiasis may predispose the animal to development of other diseases that mask the underlying
trypanosome infection.
Trypanosomiasis may be acute, subacute, or chronic,
with the last being the most common. Acute disease
often causes abortion. Dairy goats may show a sudden
drop in milk production. Depression, anorexia, and a
stiff gait may be present. Physical examination reveals
tachycardia, tachypnea, and a slight fever. Hyperemic
mucous membranes and excessive lacrimation may
be noted. Affected animals often become recumbent
and anorexic and die within 1 to 3 weeks of onset of
clinical signs. If the animal survives, progression to the
subacute phase, characterized by listlessness, weight
loss, enlargement of superficial lymph nodes, and a
dull, dry hair coat, may occur. In such cases, auscultation findings are similar to those in other forms of
acute cardiac disease, as well as pale mucous membranes and a pronounced jugular pulse. The animal

may linger for several weeks or months, or the chronic
form of the disease may develop. Affected animals
show ill-thrift—presence of dull and dry hair coat,
inelastic skin, lethargy, emaciation, peripheral lymphadenopathy, pale mucous membranes, and exercise
and stress intolerance. Death may occur many months
or even years after infection and usually results from
congestive heart failure. Subclinical trypanosomiasis
causes acute episodes when animals are stressed by
inadequate nutrition, increased production demands,
or concurrent disease.24

Diagnosis
Diagnosis is difficult because the parasitemia is intermittent, clinical signs are nonspecific, and infection
is not always synonymous with disease. A PCR assay
is gaining acceptance as the most sensitive diagnostic
modality, but not all infected animals exhibit clinical
disease.25 Although a tentative diagnosis of pathologic
trypanosomiasis can be made on the basis of clinical signs, presence of appropriate vectors, and history
of trypanocide use in the herd, a definitive diagnosis
requires identification of trypanosomes on a fresh
blood smear, a Giemsa-stained blood smear, or less
commonly, a lymph smear. Examination of the buffy
coat of centrifuged blood with darkfield phase-contrast
spore illumination is the most sensitive direct microscopic method and is useful when parasite numbers are
low. Pathogenic trypanosomes must be distinguished
from more ubiquitous, nonpathogenic species particularly common in cattle, such as Trypanosoma theileri.
Repeated blood sampling in individual animals often is
necessary, because as noted, parasitemia is intermittent.
The diagnosis is supported by evidence of anemia on a
complete blood count.
Indirect diagnostic methods include an indirect
fluorescent antibody test (IFA) and the enzyme-linked
immunosorbent assay (ELISA). These tests are less helpful for diagnosis of a single clinical case but are useful
in assessment for herd infection. Both T. congolense and
T. brucei readily infect rats and mice, and detection of
these pathogens can be used to diagnose the infection
indirectly.24

Treatment
Treatment consists of the use of trypanocidal agents and
supportive care. Animals with acute, subacute, and subclinical disease respond better to treatment than those
with chronic disease because of the irreversible damage
to hematopoiesis associated with chronic infection.
With most trypanocides, the therapeutic index is low
and varies with the host species. Trypanocide efficacy
also varies with the species of trypanosome present;
resistance to agents is common. Some trypanocides are
irritating to the skin and may cause severe inflammation
at the injection site.
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In sheep and goats with T. brucei infection, the
trypanocide of choice is diminazene aceturate, which
should be used at a higher dosage rate (7 mg/kg given
intramuscularly [IM] or subcutaneously [SC]) than that
recommended for cattle. Protection after trypanocide
use usually lasts 2 to 4 months, depending on the season. Animals must be rested before and after treatment.
Supportive care consists of providing fluids, an environment conducive to rest, good nutrition, and possibly
blood transfusions.

Prevention
Vector control, stress and nutrition management, and
selection of trypanosome-tolerant breeds of sheep and
goats all help control or prevent trypanosomiasis. No
vaccine is available. Animals can be treated with insecticides (pyrethroids) to prevent bites by tsetse flies and
other flies. Control is accomplished by strategic use of
trypanocides during the peak season. Continued parasitologic and clinical surveillance is essential to determine the efficacy of control measures.24

Shock
Pathogenesis
Shock is the result of many varied pathologic processes
and, regrettably, often is the condition for which veterinary attention is sought. Among the numerous important causes are sepsis, localized bacterial infections,
myocarditis, dehydration, electrolyte and acid-base
disturbances, and cardiovascular anomalies. The pathogenic mechanism in shock is inadequate tissue perfusion and organ dysfunction, which can result from
inadequate vascular tone or integrity, poor cardiac output, and pooling of blood within capacitance vessels.
Shock begins with a hormone-mediated hyperdynamic phase that is characterized by bounding pulses,
tachycardia with loud heartbeats, and decreased capillary filling times of mucous membranes. This phase is
transient and often goes unnoticed, but it is quickly
followed by the hypodynamic phase of circulatory
failure.

Clinical Signs
Most clinical abnormalities reflect insufficient perfusion
of organs or the inability of the cardiovascular system to
maintain perfusion. Common signs include weakness,
obtundation, cold extremities, tachycardia with a weak
pulse, decreased urination and defecation, cyanotic or
pale mucous membranes, and shallow breathing. Other
signs are possible, depending on the inciting cause.

Diagnosis
Most of the clinicopathologic changes reflect the inciting cause of shock, whereas others reflect the changes
that occur with shock. The latter category includes
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organic acidosis, azotemia, and stress hyperglycemia.
Diagnosis is by recognition of characteristic clinical
signs and clinicopathologic abnormalities.

Treatment
Restoration of organ perfusion and function is the
main goal of treatment. This is best accomplished
through administration of intravenous fluids. A shock
dose of approximately 8% of the animal’s body weight
should be given as an initial bolus. Any isotonic fluid
is adequate in most emergency situations because of
the positive effect such fluids have on vascular volume.
Polyionic, pH-balanced fluids are the most useful. Continued therapy depends on the animal’s response to the
initial bolus. Oral and subcutaneous fluids are unlikely
to restore adequate cardiovascular function in animals
in shock (see Chapters 3 and 16).
Vasoactive drugs may be helpful to increase blood
pressure, but these agents should be used in conjunction with fluids if possible. Corticosteroids may be
beneficial for nonseptic shock because of their antiinflammatory and membrane-stabilizing effects. Because
most cases of shock in small ruminants have an infectious origin, the usefulness of these drugs is limited.
Other treatments for primary disease processes, such
as administration of antimicrobial drugs, antitoxins, or
antiinflammatory drugs, may be indicated in specific
cases.

REFERENCES
1.	Reef VB, McGuirk SM: Congenital cardiovascular disease.
In Smith BP, editor: Large animal internal medicine, ed 2, St Louis,
1996, Mosby.
2.	Saperstein G, Leipold HW, Dennis SM: Congenital defects of
sheep, J Am Vet Med Assoc 167:314–322, 1975.
3.	Dennis SM, Leipold HW: Congenital cardiac defects in lambs, Am
J Vet Res 29:2337–2340, 1968.
4.	Hagan WA, Bruner DW, Timoney JH: Heartwater disease.
In Hagan WA, Bruner DW, Timoney JF, editors: Hagan and
Bruner’s microbiology and infectious diseases of domestic animals, ed
8, Ithaca, NY, 1988, Comstock Publishing.
5.	Commission on Foreign Animal Diseases: Heartwater. In Commission on Foreign Animal Diseases, editors: Foreign animal
diseases, Richmond, Va, 1984, US Animal Health Association.
6.	Oberem PT: Heartwater. In Howard JL, editor: Current veterinary
therapy, ed 3, Philadelphia, 1993, WB Saunders.
7.	Welker B: Nutritional myodegeneration. In Howard JL, editor:
Current veterinary therapy, ed 3, Philadelphia, 1993, WB Saunders.
8.	Maas J, et al: Nutritional myodegeneration. In Smith BP, editor:
Large animal internal medicine, ed 2, St Louis, 1996, Mosby.
9.	Reef VB, McGuirk SM: Valvular heart disease. In Smith BP, editor:
Large animal internal medicine, ed 2, St Louis, 1996, Mosby.
10.	Scott PR, Sargison ND: Extensive ascites associated with vegetative
endocarditis and Sarcocystis myositis in a shearling ram, Vet Rec
149:240–241, 2001.
11.	Bunch TD, Panter KE, James LF: Ultrasound studies of the effects
of certain poisonous plants on uterine function and fetal development in livestock, J Anim Sci 70:1639–1643, 1992.
12.	Joubert JP, Schultz RA: The treatment of Urginea sanguinea Schinz
poisoning in sheep with activated charcoal and potassium chloride, J S Afr Vet Assoc 53:25–28, 1982.

516

Chapter 17 • Diseases of the Cardiovascular System

13.	Van Der Lugt JJ, et al: Galenia africana L. poisoning in sheep
and goats: hepatic and cardiac changes, Onderstepoort J Vet Res,
59:323–233.
14.	Botha CJ, et al: Krimpsiekte, associated with thalamic lesions,
induced by the neurotoxic cardiac glycoside, cotyledoside, isolated from Tylecodon wallichii (Harv.) Toelken subsp, wallichii,
Onderstepoort J Vet Res 64:189–194, 1997.
15.	Botha CJ, Kellerman TS, Schultz RA, et al: Krimpsiekte in a sheep
following a single dose of Tylecodon ventricosus (Burm. f.) Toelken
and the isolation of tyledoside D from this plant species, Onderstepoort J Vet Res 65:17–23, 1998.
16.	Fowler ME: Cardiotoxic plants. In Howard JL, editor: Current veterinary therapy, ed 3, Philadelphia, 1993, WB Saunders.
17.	Galey FD: Glycosides. In Smith BP, editor: Large animal internal
medicine, ed 2, St Louis, 1996, Mosby.
18.	Morgan S, et al: Clinical, clinicopathologic, pathologic, and toxicologic alterations associated with gossypol toxicosis in feeder
lambs, Am J Vet Res 49:493–499, 1988.
19.	Aslani MR, Movassaghi AR, Mohri M, et al: Clinical and pathological aspects of experimental oleander (Nerium oleander) toxicosis
in sheep, Vet Res Commun 28:609–616, 2004.

20.	McCoy CP: Ionophores: monensin, lasalocid, salinomycin, and
narasin. In Howard JL, editor: Current veterinary therapy, ed 3,
Philadelphia, 1993, WB Saunders.
21.	Jones A: Monensin toxicosis in 2 sheep flocks, Can Vet J 42:
135–136, 2001.
22.	Bastianello SS, et al: Cardiomyopathy of ruminants induced by
the litter of poultry fed on rations containing the ionophore
antibiotic, maduramicin. II. Macropathology and histopathology,
Onderstepoort J Vet Res 62:5–18, 1995.
23.	Kostov I, Georgieva D: Changes in the ECG telemetry of lambs
infected with, Cysticercus ovis, Vet Med Nauki 22:56–61, 1985.
24.	Commission on Foreign Animal DiseasesCommission on Foreign Animal Diseases, : African trypanosomiasis. Commission on
Foreign Animal Diseases, editor: Foreign animal diseases, Richmond,
Va, 1984, US Animal Health Association.
25.	Bengaly Z, et al: Validation of a polymerase chain reaction assay
for monitoring the therapeutic efficacy of diminazene aceturate in
trypanosome-infected sheep, Vet Parasitol 96:101–113, 2001.

CHAPTER

18

Anesthetic
Management
Hui-Chu Lin, Fred Caldwell, and D.G. Pugh

The veterinarian with cattle anesthetic experience will
find both anatomic and physiologic similarity with
sheep and goats. Physical restraint and local anesthetic
techniques are most commonly used to achieve immobility and analgesia for sheep and goats. Pain perception in these animals is no different from that in other
species, so analgesia for prevention and easing of pain is
an important component of specific veterinary care and
general management practices, just as in other animals.
Occasionally, general anesthesia is required for surgical intervention. In such instances, balanced anesthetic
techniques should be used to provide narcosis, analgesia, and muscle relaxation, thereby minimizing the
stress response induced by surgery and anesthesia.
At present, only one anesthetic drug has been
approved for use in goats (ophthalmic proparacaine)
and only one for use in sheep (thiopental sodium).
Extralabel use of drugs is permitted only when animal
health is threatened or death may result without treatment. Although issues of violative residues should be
considered, use of anesthetics is strictly short term, and
animals that have been given such agents are unlikely
to be marketed immediately after surgery. Furthermore,
anesthetics are administered either intravenously (IV)
or by inhalation, and the drugs commonly used today
tend to be potent enough that low doses are required to
produce general anesthesia. Thus problems with anesthetic drug residues appear to be very rare.1 Table 18-1
summarizes meat and milk withdrawal intervals recommended by the Food Animal Residual Avoidance Databank (FARAD) for some of the analgesics, tranquilizers,
and injectable anesthetics typically used in an extralabel
manner for sheep and goats.2,3 Clinicians should consult FARAD recommendations whenever using unapproved drugs, because withdrawal times are subject to
change.

PREANESTHETIC PREPARATION
Domestic ruminants have a multicompartmental stomach with a large rumen that does not empty completely4
and are therefore susceptible to certain complications
associated with recumbency and anesthesia. Tympany,

bloat, regurgitation, and aspiration pneumonia are
common problems that should be anticipated and
addressed with the proper precautions. When possible,
adult animals should be fasted for 12 to 24 hours and
water withheld for 8 to 12 hours before induction of
anesthesia. The fasting of neonates is not recommended
because of the potential for hypoglycemia in this age
group.4 In emergency situations, fasting may not be
possible, and precautions should be taken to avoid
aspiration of gastric fluid and ingesta. Effective measures include endotracheal intubation and positioning
of the animal’s head so that the throat latch area is
elevated relative to the mouth and thoracic inlet, which
prevents pooling of saliva and ruminal contents in the
oral cavity.
Venipuncture and catheterization of the jugular vein
usually are performed before induction of anesthesia.
A 16-gauge indwelling catheter is appropriate for adult
sheep and goats; an 18-gauge catheter is suitable for
younger animals. The technique for catheterization
in sheep and goats is similar to that used in calves
(Figure 18-1).
Intubation is more difficult to accomplish in sheep
and goats than in many other animals, for several reasons: The mouth does not open widely, the intermandibular space is narrow, and the laryngeal opening is
distant beyond the thick base of the tongue.4 Intubation
should be prompt and performed with the animal in
sternal recumbency immediately after the induction of
anesthesia. Intubation is best accomplished if an assistant pulls the mouth open by means of a loop of gauze
placed around the upper jaw and a second loop around
the lower jaw and tongue (Figure 18-2). At the same
time, the assistant should hyperextend the animal’s
neck. If the larynx cannot be visualized, the neck should
be extended further.5 A long (25- to 35-cm) laryngoscope blade can be used to suppress the tongue base
and epiglottis and enable visualization of the larynx.
The next step is placement of a “guide tube” (preferably
a 10F, 22-inch-long polyethylene canine urethral catheter that is three times the length of the endotracheal
tube), over which the endotracheal tube is slipped into
place. This method makes endotracheal intubation
517
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TABLE 18-1 FARAD Recommended Withdrawal Intervals for Sheep and Goats with Single and
Multiple Doses of Anesthetic Drugs*

Drug

Dose

Acepromazine
Aspirin

Up to 0.13 mg/kg IV
Typical use
100 mg/kg PO
0.02-0.05 mg/kg SC or IV
Up to 0.08 mg/kg IM, IV
0.05-0.08 mg/kg IV
Not specified
Up to 100 mg/kg IV
0.5-1 mg/kg IV
Up to 2 mg/kg IV; 10 mg/kg IM
Up to 3.3 mg/kg IV once daily for 3 days
Infiltration, epidural
5 mg/kg every other day
Thiamylal: up to 5.5 mg/kg
Thiopental: up to 9.4 mg/kg
2-4 mg/kg IV
0.016-0.1 mg/kg IV
0.05-0.3 mg/kg IM
0.3-2.0 mg/kg
Up to 0.3 mg/kg IV

Butorphanol
Detomidine
DMSO
Guaifenesin
Flunixin meglumine
Ketamine
Ketoprofen
Lidocaine with epinephrine
Phenylbutazone
Ultra-short-acting barbiturates
Tolazoline
Xylazine

Yohimbine

Meat Withdrawal
Interval (days)

Milk Withdrawal
Interval (hours)

7
1
1
2
3
7
4
3
10
3
7
1
6-8 months
1

48
24
24
72
72
72
96
48
72
48
24
24
24

30
10
5

NA
120
72

7

72

*Whenever using unapproved pharmacologics in animals intended for meat or milk production, the clinician should check with federal authorities concerning proper withdrawal times.
DMSO, Dimethyl sulfoxide.
Data from Craigmill AL, Rangel-Lugo M, Riviere JE: Extralable use of tranquilizers and general anesthetics, J Am Vet Med Assoc 211:302, 1997; Fajt
VR: Label and extralabel drug use in small ruminants, Vet Clin North Am Food Anim Pract 17:403, 2001; George LW: Pain control in food animals.
In Steffey EP, editor: Recent advances in anesthetic management of large domestic animals, Ithaca, NY, 2003, International Veterinary Information Service; and Damian P, Craigmill AL, Reviere JE: Extralabel use of nonsteroidal anti-inflammatory drugs, J Am Vet Med Assoc 211:860, 1997.

much easier to achieve than with other methods (see
Figure 18-2). A cuffed endotracheal tube should be used
to prevent regurgitation and aspiration of ruminal contents, and the animal should be maintained in sternal
recumbency until the cuff is inflated.

PREANESTHETICS
Preanesthetic tranquilization or sedation is rarely
needed in small ruminants. In larger or more vigorous
animals, however, the use of a tranquilizer or sedative
may minimize the stress caused by forceful restraint,
ease the induction process, and decrease the dose
requirement for anesthetic, thereby potentially preventing disastrous hypotension (Table 18-2).

Phenothiazine Derivative
Acepromazine maleate produces mild tranquilization
without analgesia. This drug has minimal effects on
heart rate and respiratory function. Its use may result

in hypotension and increase the risk of regurgitation.6,7
When administering acepromazine, the clinician should
avoid using the coccygeal vein for intravenous injection
because of the close proximity of the coccygeal artery.6
Prolapse of the penis with the potential for traumatic
injury sometimes occurs in sheep and goats after the use
of this agent. Furthermore, acepromazine is contraindicated in debilitated or hypovolemic animals.6

α2-Adrenergic Agonists and
Antagonists
α2-Adrenergic Agonists

Xylazine hydrochloride probably is the most popular
α2-adrenergic agonist in large animal practice today.
Ruminants are very sensitive to the effects of xylazine,
with goats appearing to be more sensitive than sheep.7
Xylazine is a potent sedative, analgesic, and muscle
relaxant that frequently is used as a preanesthetic or
anesthetic adjunct in ruminants. Xylazine alone produces dose-dependent effects ranging from standing
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Figure 18-1 Intravenous catheterization of the right jugular
vein. The esophagus is on the left side of the neck in most
instances. Therefore many clinicians choose the right jugular
furrow for catheter placement.

sedation to full recumbency and immobilization. Xylazine also may cause bradycardia, hypotension, hypoxemia, hypercapnia, pulmonary edema, hyperglycemia,
hypoinsulinemia, increased urine production, and an
oxytocin-like effect.8 It should be used with extreme
caution in animals with preexisting cardiopulmonary
disease or urinary tract obstruction. An up to six-fold
increase in urine output frequently is observed after
xylazine administration.9 Administration of xylazine
to ruminants in the final trimester of pregnancy may
cause premature parturition and retention of fetal
membranes and should therefore be avoided.10 Lateral
recumbency has been reported to induce a significant
decrease in partial pressure of arterial oxygen (Pao2)
in conscious sheep.11 This hypoxemia can occur even
when the animal remains standing during xylazine
sedation.12,13 Severe hypoxemia and pulmonary edema
have been implicated as the causes of death in sheep that
die under xylazine anesthesia.14-16 Bronchospasm and
venospasm resulting from direct α2-receptor activation
on vascular and bronchial smooth muscle, α2 activity–
induced transient platelet aggregation with pulmonary
microembolism, and release of cytokines and other
inflammatory mediators due to α2 activity–induced
pulmonary intravascular macrophage activation may
be the contributing factors for the development of
hypoxemia.17
Epidural administration of xylazine (0.07 to 0.1 mg/
kg) with or without lidocaine into the sacrococcygeal
space induces long-lasting, good somatic analgesia for
open castration in rams (8 hours without lidocaine)
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Figure 18-2 Position of the head for endotracheal intubation. The intubation is performed with the aid of a guide tube
and laryngoscope.
and for correction of vaginal prolapse in ewes (24 hours
with 0.5 mg/kg of lidocaine).18,19 Visceral analgesia
induced by xylazine alone, however, may not be sufficient for ligation of the spermatic cord.18
Detomidine hydrochloride, when administered at
an intravenous dose of 0.02 mg/kg, produces sedation comparable to that provided by 0.04 mg/kg of
xylazine.20 Increasing the dose to 0.03 mg/kg, which is
equivalent to 0.15 mg/kg of xylazine and 0.01 mg/kg
of medetomidine, induces recumbency in sheep.21 The
pharmacologic effects of detomidine are very similar
to those of xylazine.21 Hypoxemia and pulmonary
edema may occur with all α2-agonists, but the degree
of severity of hypoxemia is reported to be less with
detomidine.17 In addition, ruminants appear to be
less sensitive to detomidine than to xylazine. Unlike
xylazine, detomidine at intravenous doses smaller than
0.04 mg/kg does not produce an oxytocin-like effect on
the uterus in gravid cattle. Even though detomidine at
doses higher than 0.04 mg/kg may increase the electrical activity of the uterine muscles, it does not induce
the synchronization of the bursts of potentials that is
characteristic of parturition. Detomidine is unlikely to
induce abortion in pregnant ruminants at therapeutic
doses22,23 and therefore may be safer for pregnant sheep
and goats.
Medetomidine hydrochloride in doses of 0.001 to
0.007 mg/kg IV induces dose-dependent sedation and
analgesia: 0.005 mg/kg appears to produce analgesia
in sheep comparable to that provided by 0.015 mg/kg
of fentanyl.24 At an intramuscular dose of 0.04 mg/kg,
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TABLE 18-2 Doses of Preanesthetics Commonly Used in Sheep and Goats
Preanesthetics

Dosage for Sheep

Dosage for Goats

Atropine

0.066 mg/kg IV
0.005-0.01 mg/kg SC or IM; 0.02-0.04 mg/kg IV
0.002-0.005 mg/kg IV; 0.005-0.01 mg/kg IM
0.01-0.02 mg/kg SC or IM; 0.005-0.01 mg/kg IV
Less than 50 kg: 0.to 0.2 mg/kg IV
More than 50 kg: 0.05-0.1 mg/kg IV or IM
0.05-0.1 mg/kg SC or IM; 0.025-0.05 mg/kg IV
0.04-0.09 mg/kg IM; 0.01-0.02 mg/kg IV
30-60 mg/kg IV
0.001-0.007 mg/kg IV for sedation; 0.04 mg/kg IM,
recumbency for 45-60 minutes
0.05-0.08 mg/kg IV
0.25-0.5 mg/kg IV slowly
0.2-1 mg/kg SC or IM; 0.2-0.4 mg/kg IV
0.001-0.007 mg/kg IV for sedation; 0.04 mg/kg IM,
recumbency for 58 minutes
0.1-0.5 mg/kg SC, IM, or IV
0.01-0.02 mg/kg IV, standing sedation for
30-60 minutes
0.1-0.2 mg/kg IV, or 0.2-0.3 mg/kg IM, recumbency
for 60 minutes
0.1-0.3 mg/kg IV or SC
0.1-0.3 mg/kg SC or IM; 0.025-0.1 mg/kg IV
≤0.1 mg/kg IV; 0.1-0.6 mg/kg IM

0.066 mg/kg IV
0.005-0.01 mg/kg SC or IM; 0.02-0.04 mg/kg IV
0.002-0.005 mg/kg IV; 0.005-0.01 mg/kg IM
0.01-0.02 mg/kg SC or IM; 0.005-0.01 mg/kg IV
Less than 50 kg: 0.1-0.2 mg/kg IV
More than 50 kg: 0.05-0.1 mg/kg IV or IM
0.05-0.1 mg/kg SC or IM; 0.025-0.05 mg/kg IV
0.04-0.09 mg/kg IM; 0.01-0.02 mg/kg IV
30-60 mg/kg IV
0.001-0.007 mg/kg IV, sedation; 0.04 mg/kg IM,
recumbency for 45-60 minutes
0.05-0.08 mg/kg IV
0.25-0.5 mg/kg IV slowly
0.2-1 mg/kg SC or IM; 0.2-0.4 mg/kg IV
0.001-0.007 mg/kg IV, sedation; 0.04 mg/kg IM,
recumbency for 58 minutes
0.1-0.5 mg/kg SC, IM, or IV
0.01-0.02 mg/kg IV, standing sedation for
30-60 minutes
0.05-0.11 mg/kg IV, or 0.11-0.22 mg/kg IM,
recumbency for 60 minutes
0. 1-0.3 mg/kg IV or SC
0.1-0.3 mg/kg SC or IM; 0.05-0.1 mg/kg IV
≤0.1 mg/kg IV; 0.1-0.6 mg/kg IM

Glycopyrrolate
Acepromazine

Chloral hydrate
Detomidine

Diazepam
Medetomidine
Midazolam
Xylazine

Data from Blaze CA, Glowaski MM, editors: Veterinary anesthesia drug quick reference, St Louis, 2004, Elsevier Saunders; Muir WW, et al, editors:
Handbook of veterinary anesthesia, St Louis, 2007, Mosby Elsevier; Cornick-Seahorn JL, editor: The practical veterinarian: veterinary anesthesia,
Boston, 2001, Buttorworth Heinemann.

medetomidine induces recumbency for 58 minutes, as
well as good analgesia and marked muscle relaxation
for 30 to 45 minutes. Sheep usually recover within 1.5
to 2 hours after regaining the righting reflex.25 When
medetomidine was administered intramuscularly (IM)
as a preanesthetic at either of two doses (0.005 or
0.01 mg/kg) 30 minutes before induction with propofol and maintenance with isoflurane, medetomidine
at either dose induced decreases in heart rate and
respiratory rate. Mean arterial blood pressure values
were significantly higher in sheep receiving a higher
dose of medetomidine than in those receiving a lower
dose or no preanesthetic medetomidine. In general,
the administration of medetomidine reduced the dose
requirement of propofol for induction and isoflurane
anesthesia during surgery.26 In sheep anesthetized with
medetomidine (0.02 mg/kg IV) and ketamine (2 mg/
kg IV) and breathing room air, Pao2, arterial pH, and
arterial oxygen (O2) saturation decrease and the partial
pressure of arterial carbon dioxide (Paco2) increases significantly. Supplementation of 100% O2 may improve
Pao2 and hemoglobin saturation.27

α2-Adrenergic Antagonists

The pharmacologic effects induced by xylazine, detomidine, or medetomidine can be effectively antagonized
by an α2-adrenergic antagonist such as yohimbine,
tolazoline, or atipamezole (Table 18-3). These antagonists can be used to shorten recovery time and prevent
the significant adverse effects sometimes seen with
agonists, especially accidental overdose. However, these
drugs are not without risks: The death of a sheep after
administration of a large dose of yohimbine (0.8 mg/
kg IV) has been reported.28 For administration of an
antagonist, slow injection is recommended to avoid
sudden awareness of pain and excitement on the part
of the animal. Rapid injection of tolazoline has been
reported to cause significant cardiac stimulation, tachycardia, increased cardiac output, vasodilation, coronary
vasodilation, and gastrointestinal distress.29 Ruminants
and camelids apparently are more sensitive to tolazoline than other species, and death has been reported
in several animals after its use.30,31 When administered alone to Holstein calves, intravenous tolazoline
caused coughing, increased frequency of defecation,

Chapter 18 • Anesthetic Management

521

TABLE 18-3 Doses of Antagonists Commonly Used in Sheep and Goats
Drug

Dosage for Sheep

Dosage for Goats

Yohimbine
Yohimbine
Yohimbine
Yohimbine

0.05 mg/kg IV
0.125-0.2 mg/kg slow IV
2 mg/kg slow IV
0.5-1.5 mg/kg slow, IV
0.125-0.22 mg/kg slow IV
0.1-0.3 mg/kg IV
1, IV
0.3-0.5 mg/kg IM

0.05 mg/kg IV
0.125-0.2 mg/kg slow IV
2 mg/kg slow IV
0.5-1.5 mg/kg slow, IV
0.125-0.22 mg/kg slow IV
0.1-0.3 mg/kg IV
0.3-0.5 mg/kg IM

BENZODIAZEPINE ANTAGONIST
Flumazenil

0.1-1 mg/kg IV

0.1-1 mg/kg IV

α2-ADRENERGIC ANTAGONIST
Atipamezole
Tolazoline

NEUROMUSCULAR BLOCKING DRUG ANTAGONIST
Edrophonium
0.5 mg/kg IV
Neostigmine
0.02-0.04 mg/kg IV
Pyridostigmine
0.2 mg/kg IV

0.5 mg/kg IV
0.02-0.04 mg/kg IV
0.2 mg/kg IV

NONSPECIFIC ANTAGONIST
Doxapram
Doxapram

5-10 mg/kg IV
0.2-0.4 mg/kg IV

5-10 mg/kg IV

OPIATE ANTAGONIST
Nalmefene
Naloxone
Naltrexone

0.25-30 μg/kg IV
0.01-0.02 mg/kg IV, titrate to effect
0.05-0.1 mg/kg SC

0.25-30 μg/kg IV
0.01-0.02 mg/kg IV, titrate to effect
0.05-0.1 mg/kg SC

Data from Blaze CA, Glowaski MM, editors: Veterinary anesthesia drug quick reference, St Louis, 2004, Elsevier Saunders; Muir WW, et al, editors:
Handbook of veterinary anesthesia, St Louis, 2007, Mosby Elsevier; and Cornick-Seahorn JL, editor: The practical veterinarian: veterinary anesthesia, Boston, 2001, Butterworth Heinemann.

and a mild increase in breathing effort at a dose of
1.5 mg/kg. At higher doses (2 to 10 mg/kg IV), adverse
effects such as bright red conjunctival mucous membranes, coughing, nasal discharge, salivation, increased
breathing effort (labored breathing), CNS depression,
signs of abdominal pain, straining, head pressing,
restlessness, and increased frequency of defecation to
severe diarrhea were observed. Nonetheless, all calves
in the study recovered uneventfully.31 Therefore lower
doses at 0.5 to 1.5 mg/kg IV are now recommended
in ruminants including sheep and goats. When atipamezole (0.1 mg/kg IV) was administered to six goats
to antagonize medetomidine (0.02 mg/kg IV)-induced
sedation and recumbency, all goats stood within 86
± 24 seconds. Four goats developed piloerection, and
all six appeared to be agitated and vocalized.32 Nevertheless, the undesirable effects of α2-antagonists are
extremely rare in healthy animals when the drugs are
administered by slow intravenous injection and at
appropriate dosages.

Benzodiazepines
Benzodiazepines such as diazepam and midazolam are
classified as minor tranquilizers and are useful for their
effective anxiolytic, anticonvulsant, and central muscle
relaxant effects. Diazepam and midazolam produce
minimal cardiovascular depression. Thus they can be
used as alternative agents to induce sedation in small
ruminants when adverse effects such as hypoxia, lung
edema, or increased airway pressure commonly associated with the administration of xylazine or other α2agonists are particularly undesirable.
Diazepam has a mild sedative-hypnotic effect and
produces decreased anxiety along with muscle relaxation. Diazepam often is used for its anxiolytic effect in
high-risk animals because of its minimal cardiovascular
and pulmonary effects at therapeutic doses. It also can
be used in combination with ketamine to improve
muscle relaxation during anesthesia.33
In goats, intramuscular midazolam (0.6 mg/kg)
induced ~20 minutes of sedation. Hypnosis with
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recumbency for 10 to 20 minutes occurred with intravenous administration of midazolam at 0.6 and 1.2 mg/
kg. Increasing the dose to 1.2 mg/kg increased the
degree of reflex suppression and the animals appeared
to be in a light plane of anesthesia, as evidenced by the
lack of response to mechanical stimulation applied by
tail base clamp.34

ANESTHETICS (Table 18-4)
Injectable Anesthetics
Thiopental sodium can be used to induce anesthesia in
sheep and goats; the depth of anesthesia and muscle
relaxation is sufficient for endotracheal intubation.
Additional incremental doses may be administered to
prolong anesthesia.4 A guaifenesin-thiopental mixture
can be administered to effect, to induce and maintain short-term anesthesia. The final concentration of
the mixture is 5% (50 mg/mL) guaifenesin and 0.2%
(2 mg/mL) thiopental.35 Thiopental causes minimal
cardiovascular depression. A moderate tachycardia,
slight decrease in mean arterial blood pressure, and
short-lived respiratory depression usually occur immediately after rapid induction of anesthesia with thiopental. Transient apnea is not uncommon during induction
with thiopental, and spontaneous breathing returns
within several minutes. With prolonged apnea, the
animal should be intubated and ventilated until spontaneous breathing resumes.36 Recovery from thiopental
anesthesia relies mainly on redistribution of the drug
from the brain to the peripheral tissues. Administration of a large dose or prolonged infusion may result in
extremely prolonged recovery. Therefore maintenance
of anesthesia with thiopental is not recommended if
the surgical procedure will require more than 1 hour.36
Ketamine hydrochloride, a dissociative derivative,
probably is the most commonly used injectable anesthetic in sheep and goats. Acepromazine, diazepam,
xylazine, and medetomidine can be used in combination with ketamine to enhance the degree of analgesia
and muscle relaxation during anesthesia. Unlike other
conventional anesthetics, ketamine does not depress
cardiovascular function; instead, heart rate and arterial
blood pressure increase during ketamine anesthesia as
a result of central sympathetic stimulation. A mixture
of ketamine (1 mg/mL) and guaifenesin can be used
to maintain short-term anesthesia.37 A combination of
guaifenesin (50 mg/mL), ketamine (1 to 2 mg/mL), and
xylazine (0.1 mg/mL) (GKX), often referred to as “triple
drip,” can be used for both induction and maintenance
of anesthesia.38
Telazol (Pfizer Animal Health, New York) is a proprietary combination of tiletamine (dissociative) and
zolazepam (benzodiazepine) in a 1:1 (weight-weight)
ratio. Compared with ketamine, Telazol produces better muscle relaxation, more profound analgesia, and

longer-lasting effects. In ruminants the induction of anesthesia after Telazol administration is rapid and smooth,
and the recovery usually is gradual and prolonged.16
Similar to ketamine, this drug causes cardiovascular
stimulation rather than depression.37 Hypoventilation
and hypothermia may occur during Telazol-induced
anesthesia. Assisted or controlled ventilation with O2
supplementation may be required in cases of severe
hypoventilation and hypoxemia. Animals should be
placed in sternal recumbency with support throughout
the recovery period.16
Propofol is a unique short-acting anesthetic. Structurally, this drug does not relate to any of the injectable
anesthetics currently available in veterinary practice.
Propofol is only slightly water-soluble and is formulated as an emulsion containing 10 mg of propofol,
100 mg of soybean oil, 22.5 mg of glycerol, and 12 mg/
mL of egg lecithin in sterile glass ampules. Because this
emulsion contains no preservative, after the ampule
is opened, the contents should be used or discarded
within 8 hours.37 A single dose of propofol (2 mg/kg)
induces approximately 10 minutes of anesthesia, with
complete recovery occurring in 20 to 30 minutes.4,39
Propofol is best used for induction before inhalation
anesthesia; it also can be given as a continuous infusion
to maintain short-term anesthesia.40-42 In goats, a combination of detomidine, butorphanol, and propofol
for induction and continuous intravenous infusion of
propofol for maintenance provides adequate anesthesia
for castration or ovariectomy.43
A comparative study was performed to evaluate use
of propofol (3 mg/kg IV), thiopental (8 mg/kg IV), and
ketamine (10 mg/kg IV) as induction agents before
halothane anesthesia in goats. The result of this study
indicated that propofol was superior to thiopental or
ketamine as an induction agent owing to rapid and
uneventful recovery from its effects. Time to standing
with propofol after 30 minutes of halothane anesthesia was 18 ± 2.4 minutes, as opposed to 43.9 ± 7.3
minutes with thiopental and 76.9 ± 10.3 minutes with
ketamine.44
Total intravenous anesthesia (TIVA) with ketamine
and propofol infusion has been used to maintain
immobilization and anesthesia in goats undergoing
magnetic resonance imaging (MRI) procedure. These
goats were sedated with midazolam (0.4 mg/kg IV),
and anesthesia was induced with intravenous propofol
(1 mg/kg) and ketamine (3 mg/kg) and maintained
with constant infusion rates of propofol (0.3 mg/kg/
minute) and ketamine (0.03 mg/kg/minute) with or
without sevoflurane. Goats anesthetized with propofol
and ketamine exhibited significant decreases in respiratory rates and increases in arterial blood pressure values.
As supported by our own experience, overall, anesthesia
with ketamine and propofol infusion is practical and
safe for animals undergoing MRI procedures.45
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TABLE 18-4 Doses of General Anesthetics Commonly Used in Sheep and Goats
Anesthetic Agent(s)

Dosage for Sheep

Dosage for Goats

Guaifenesin

30-90 mg/kg IV; when muscle relaxed,
followed by ketamine 1.1 mg/kg IV
0.2 IV mg/kg for initial dose; 0.1 IV
mg/kg for repeat dose
0.005/mg/kg/hour IV (infusion)
0.5-1 mg/kg IV
22 mg/kg SC or IM; 2-4 mg/kg IV
0.55 mg/kg IV
2.2 mg/kg IV
0.11 mg/kg IV
4.4 mg/kg IV
0.25-0.5 mg/kg IV
4-7.5 mg/kg IV
0.28 mg/kg IV
5.5 mg/kg IV
Induction: 2 mL/kg IV, 50-75%
calculated dose first
Maintenance: 2.2 mL/kg/hour or to
effect
0.02 mg/kg IV
2 mg/kg IV
0.02 mg/kg IV
0.5-1 mg/kg IV
0.22 mg/kg IM; wait 10 minutes
10-15 mg/kg IM
0.03-0.2 mg/kg IV or IM
5 mg/kg IV
Induction: 0.67-1.1 mL/kg
Maintenance: 2.2 mL/kg/hour to effect
Induction: 0.5-1 mL/kg
Maintenance: 1.5-2 mL/kg/hour
0.005 mg/kg IV

30-90 mg/kg IV; when muscle relaxed,
followed by ketamine 1.1 mg/kg IV
0.2 IV mg/kg for initial dose; 0.1 IV mg/
kg for repeat dose
0.005/mg/kg/hour IV (infusion)
5-10 mg/kg IV
11 mg/kg SC or IM; 2-4 mg/kg IV
N/A

Atracurium (neuromuscular blocking
drug)
Etomidate
Ketamine
Acepromazine
Ketamine
Diazepam
Ketamine
Diazepam
Ketamine
Diazepam
Ketamine
Guaifenesin (5%) plus ketamine
(0.1%)

Medetomidine
Ketamine
Medetomidine
Ketamine
Xylazine
Ketamine
Xylazine
Ketamine
Guaifenesin (5%), xylazine (0.01%),
and ketamine (0.1-0.2%)
Guaifenesin (5%), xylazine (0.005%),
and ketamine (0.1-0.2%)
Pancuronium (neuromuscular
blocking drug)
Propofol

Diazepam
Propofol
Thiopental
Guaifenesin (5%) plus thiopental
(0.2%)

Tiletamine plus zolazepam (Telazol)

Induction: 3-4 mg/kg IV or 4-8 mg/kg IV
Maintenance: 18-40 mg/kg/hour IV
(infusion) or to effect
4-6 mg/kg IV
0.28 mg/kg IV
4-6 mg/kg IV
10-16 mg/kg IV
Induction: 2 mL/kg IV, 50-75%
calculated dose first
Maintenance: 2.2 mL/kg/hour or to
effect
2-6 mg/kg IM; 1-4 mg/kg IV
5.5 mg/kg IV, anesthesia for 100
minutes
5.5 mg/kg IV with butorphanol 0.1
mg/kg IV, anesthesia for 100 minutes

0.11 mg/kg IV
4.4 mg/kg IV

0.28 mg/kg IV
5.5 mg/kg IV
Induction: 2 mL/kg IV, 50-75% calculated
dose first
Maintenance: 2.2 mL/kg/hour or to effect
0.02 mg/kg IV
2 mg/kg IV
0.02 mg/kg IV
0.5-1 mg/kg IV
0.22 mg/kg IM; wait 10 minutes
11 mg/kg IM
0.03-0.2 mg/kg IV or IM
5 mg/kg IV
Induction: 0.67-1.1 mL/kg
Maintenance: 2.2 mL/kg/hour to effect
Induction: 0.5-1 mL/kg
Maintenance: 1.5-2 mL/kg/hour
0.005 mg/kg IV
Preanesthetic: detomidine 0.01 mg/kg IM
plus butorphanol 0.1 mg/kg IM
Induction: 3-5 mg/kg IM
Maintenance: 31 mg/kg/hour
4-6 mg/kg IV
0.28 mg/kg IV
4-6 mg/kg IV
10-16 mg/kg IV
Induction: 2 mL/kg IV, 50-75% calculated
dose first
Maintenance: 2 mL/kg/hour or to effect
2-6 mg/kg IM; 1-4 mg/kg IV
5.5 mg/kg IV, anesthesia for 100 minutes
5.5 mg/kg IV with butorphanol 0.1 mg/
kg IV, anesthesia for 100 minutes
Continued
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TABLE 18-4 Doses of General Anesthetics Commonly Used in Sheep and Goats—cont’d
Anesthetic Agent(s)

Dosage for Sheep

Dosage for Goats

Xylazine
Telazol
Vecuronium (neuromuscular blocking
drug)

0.05-0.1 mg/kg IV or IM
2-4 mg/kg IV or IM
0.005 mg/kg IV

0.05-0.1 mg/kg IV or IM
2-4 mg/kg IV or IM
0.005 mg/kg IV

Data from Blaze CA, Glowaski MM, editors: Veterinary anesthesia drug quick reference, St Louis, 2004, Elsevier Saunders; Muir WW, et al, editors,
Handbook of veterinary anesthesia, St Louis, 2007. Mosby Elsevier; and Cornick-Seahorn JL, editor: The practical veterinarian: veterinary anesthesia, Boston, 2001, Butterworth Heinemann.

Inhalation Anesthetics
Inhalation anesthetics require expensive and specialized
equipment for delivery to the patient. However, these
agents allow veterinarians to perform complicated and
prolonged surgery. Either halothane or isoflurane can
be used effectively and safely in sheep and goats. Mask
induction may not be a wise choice in healthy adults but
can be used in smaller or debilitated animals. Use of a
small animal anesthesia machine with a double carbon
dioxide (CO2)-absorbent canister usually is adequate
for most sheep and goats. The clinician should be aware
of a rare condition called halothane-induced hepatitis,
an acute, massive liver necrosis that sometimes occurs
after halothane anesthesia in healthy goats, especially
after prolonged exposure.46,47 Clinical signs, including
depression, inappetence, salivation, teeth grinding, head
pressing, and icterus, usually appear within 24 hours.
Serum concentrations of aspartate transaminase, bilirubin, alkaline phosphatase, and creatinine and blood
urea nitrogen are significantly increased from normal
ranges. Death usually occurs within 4 days, and histopathologic examination reveals centrilobular necrosis.
Necrosis of the proximal renal tubules, abomasal ulceration, and hepatic encephalopathy have been observed
in some cases.46,47 Severe hypotension, hypoxemia, and
hepatic hypoxia may encourage the reductive metabolism of halothane, leading to the production of toxic
free radicals.48 Therefore maintaining adequate cardiovascular function and oxygenation through careful
monitoring and supportive therapies is key to a successful anesthetic procedure.
Isoflurane and sevoflurane have become popular
inhalation anesthetics in recent years. Both anesthetics have lower potency (halothane: 0.96%; isoflurane:
1.29%; sevoflurane: 2.33%)49 and lower lipid solubility
compared with halothane (halothane: 2.36; isoflurane:
1.41; sevoflurane: 0.69).50 Thus the induction of anesthesia and recovery usually occur more rapidly with
these agents than with halothane. Hepatitis associated
with halothane is unlikely to develop with isoflurane
and sevoflurane owing to the fact that elimination
of these two anesthetics involves very little hepatic

metabolism (halothane: 20%; isoflurane: 0.25%; sevoflurane: 3% to 5%).50 Isoflurane and sevoflurane have
similar cardiovascular and pulmonary effects, which
include vasodilation and dose-dependent decreases in
arterial blood pressures, respiratory rate, tidal volume,
and minute ventilation. Decreases in arterial blood
pressure during halothane anesthesia have been shown
to be the result of depression of myocardial contractility and the subsequent decrease in cardiac output. In
contrast with halothane, the vasodilating effect of isoflurane and sevoflurane is believed to be the primary
contributing factor in the decreases in arterial blood
pressure.49

Local Anesthetics
Local anesthetics produce their effects by blocking the
propagation of action potentials along nerve axons in
a reversible manner. These anesthetics can be injected
into the tissue at the surgical site to produce local anesthesia, or they can be administered in the perineural
area of major nerves to produce regional anesthesia (see
Chapter 8). In small ruminants, many surgical procedures are performed safely and painlessly with the use
of local or regional anesthesia.
All local anesthetics have similar physical properties
and molecular structures. Most of them are weakly basic
tertiary amines with a hydrophilic end, a lipophilic
end, and an intermediate hydrocarbon chain. They are
generally available as acid solutions of the water-soluble
salts. The acid salt is neutralized in the tissue, liberating
the base, which then penetrates the cell membrane and
interrupts the propagation of the action potential. This
mechanism of action means that a local anesthetic is
less effective in inflamed tissue with lower pH, because
less liberation of the basic form of the drug occurs
under these conditions.51 Local anesthetics are classified as either ester-link or amide-link drugs, depending
on the intermediate chain structure. Inactivation of
ester-link local anesthetics (e.g., procaine, tetracaine)
depends on hydrolysis by cholinesterase enzymes in the
plasma and to a lesser extent in the liver. Metabolism
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of amide-link local anesthetics (e.g., lidocaine, bupivacaine, mepivacaine) relies on microsomal enzymes
located primarily in the liver.51
Lidocaine probably is the most popular local anesthetic used and may produce anesthesia for 0.75 to
2 hours. Because of its ability to induce vasoconstriction in the tissue around the injected area, epinephrine decreases systemic absorption of concurrently
administered local anesthetics. Therefore epinephrine
(1:200,000 to 1:50,000) at concentrations of 5 to 20
μg/mL can be incorporated with or added to lidocaine
solution to prolong the duration of local anesthesia.52
Mepivacaine (5 mg/kg), with effect duration of 1.5 to 3
hours, and bupivacaine (2 mg/kg), with effect duration
of 4 to 8 hours, can be used for procedures that require a
longer duration of local anesthesia.51,53 Administration
of a large single dose or repeated small doses of local
anesthetics can result in toxicity in sheep and goats,
especially in neonatal and young patients. Clinical
signs of toxicity include nystagmus, muscle fasciculation, CNS stimulation progressing to opisthotonos and
convulsions, hypotension, respiratory arrest, and circulatory collapse, with death in some cases.51 The maximum calculated safe dose of lidocaine was reported to
be 13 mg/kg in one study.54 In another study, accumulated intravenous doses of 5.8 mg/kg, 18 mg/kg, and
42 mg/kg induced signs of toxicity in adult, neonatal,
and fetal sheep, respectively.55 Intravenous infusion of
mepivacaine in sheep induced convulsions at doses of
7.5 to 7.9 mg/kg and cardiovascular collapse at doses as
high as 52 to 69 mg/kg.56 Bupivacaine is approximately
four times more potent than lidocaine, so a 0.5% solution produces the same degree of neuronal blockade as
that achieved with a 2% lidocaine solution.57
Ewing58 suggests using a maximum of 6 mg/kg of
lidocaine or mepivacaine and 2 mg/kg of bupivacaine
in small ruminants. With this maximum safe dose in
mind, the clinician should dilute lidocaine and mepivacaine solutions to 1% and 0.5%, respectively, to prevent
overdosage when using these drugs in lambs and kids.58
Diazepam (0.1 mg/kg IV) or thiopental (5 mg/kg IV)
should be administered if seizure activity or convulsions caused by accidental overdose persist longer than
1 to 2 minutes.57,59

PERIOPERATIVE MANAGEMENT
AND RECOVERY
Monitoring During Anesthesia
Animals should be monitored continuously throughout
anesthesia. Peripheral pulses should be palpable, and
an electrocardiogram, if available, should be used at
all times. Recently, the use of capnograms to evaluate
end-tidal CO2 and pulse oximeters to assess arterial O2
saturation has became part of routine monitoring to
ensure adequate ventilation and gas exchange. Samples
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TABLE 18-5 Normal Vital Signs and Values
for Anesthetized Sheep and
Goats

Vital Sign or Value
Heart rate (beats/min)
Respiratory rate (breaths/min)
Systolic arterial pressure (mm Hg)
Mean arterial pressure (mm Hg)
Diastolic arterial pressure (mm Hg)
Partial pressure of arterial carbon
dioxide (Paco2) (mm Hg)
Partial pressure of arterial oxygen
(Pao2) (mm Hg)
Arterial pH

Values for Sheep
and Goats
80-150
20-40
80-120
75-100
60-80
28-36
72-90
7.48-7.58

Data from Riebold TW, Geiser DR, Goble DO: Clinical techniques
for food animals anesthesia. In Riebold TW, Geiser DR, Goble DO,
editors: Large animal anesthesia: principles and techniques, ed 2,
Ames, Iowa, 1995, Iowa State University Press; and Alon E, et al:
Effects of propofol and thiopental on maternal and fetal cardiovascular and acid-base variables in the pregnant ewes, Anesthesiology
78:562, 1993.

for measurement of end-tidal CO2 are collected directly
at the connecting point between the breathing system
(Y piece) of the anesthesia machine and the end of the
endotracheal tube; the partial pressure of CO2 is determined by infrared absorptiometry. Normal end-tidal
CO2 should be closely related to alveolar CO2, if the
anesthetized patient is healthy with no preexisting diffusion disturbance in the lung tissues.
Arterial hemoglobin O2 saturation is measured by
pulse oximetry with the sensor clip placed on the lingual artery in the tongue or on the auricular artery in an
ear. Normal arterial hemoglobin O2 saturation should
always be close to 98% to 100%. Indirect arterial blood
pressures can be measured by an oscillometric blood
pressure machine with an inflatable pressure cuff placed
on the tail or mid thigh and over the coccygeal or dorsal
metatarsal artery, respectively. Normal values for heart
rate, respiratory rate, arterial blood pressures and various arterial blood gases are listed in Table 18-5.
A balanced electrolyte solution (5 to 10 mL/kg/hour)
should be administered by the intravenous route for
supportive hydration during anesthesia. Administration
of 5% dextrose solution is required to prevent hypoglycemia in neonates and young animals. A circulating
warm-water blanket can be used to maintain body temperature during anesthesia and recovery.
Sheep and goats usually recover from anesthesia
gradually and smoothly. Emergence delirium and premature attempts to stand seldom occur in these animals. They should be placed in sternal recumbency
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with support, if necessary, during the recovery period. If
regurgitation occurred during anesthesia, the oral cavity
and pharynx should be lavaged to prevent aspiration of
ruminal materials and subsequent aspiration pneumonia. The endotracheal tube should be left in place until
the animal regains its chewing and coughing reflexes.
This tube should be removed with the cuff inflated.

Influences of Pathophysiologic
Alterations on Anesthesia
Obstructive urolithiasis is the inability to void urine
normally secondary to obstruction of the urinary outflow tract by calculi (see Chapter 12). This condition
occurs most frequently in young castrated goats. In
cases of urethral obstruction without ruptured bladder,
perineal urethrostomy can be performed with use of a
local infiltration technique or epidural analgesia. General anesthesia is induced for bladder repair, bladder
marsupialization, penile urethrostomy, and tube cystotomy.60,61 Xylazine, detomidine, medetomidine, and
other α2-agonists are contraindicated in obstructive urolithiasis, because their potent diuretic effects can result
in bladder rupture before the obstruction can be relieved
and the bladder emptied.8 Most of the routine anesthetic regimens can be safely used in cases of obstructive
urolithiasis and ruptured bladder. However, anesthetic
dosage adjustments may be necessary depending on the
animal’s physical condition, particularly when blood
work reveals increased blood urea nitrogen and serum
creatinine levels or hypoproteinemia.60
As discussed in various chapters in this book, caseous lymphadenitis in sheep and goats is a chronic
contagious disease caused by Corynebacterium pseudotuberculosis. Airway obstruction may result from occlusion of the pharynx by the enlarged pharyngeal lymph
nodes. In some cases, respiratory embarrassment is
severe enough to cause respiratory distress. Treatment
of affected animals involves either draining or surgically removing the abscessed nodes. Depending on the
size and invasiveness of the abscess, general anesthesia
sometimes is required to ensure immobilization so that
vital tissues and structures (e.g., carotid artery, vagus
nerve, esophagus) are not compromised during dissection.62 Animals with respiratory embarrassment should
be handled with great caution and with as little stress as
possible. Stress and excitement may worsen the severity
of respiratory embarrassment, resulting in severe hypoxemia and death. Rapid induction of anesthesia and
intubation to maintain the airway is indicated. Tracheal
intubation may be difficult because the larynx may be
obscured by the swollen pharyngeal tissues. Therefore
the skin over the upper third of the trachea should
be clipped and surgically prepared before the induction of anesthesia. Tracheostomy can be performed to
ensure a patent airway should difficulty in endotracheal

intubation occur. The tracheotomy and placement
of a cuffed tracheostomy tube also can be performed
with use of local anesthesia before the induction of
general anesthesia. Anesthesia can be induced with
either intravenous injectable anesthetics or inhalation
anesthetics administered through the tracheostomy
tube. The tracheostomy tube should be left in place for
48 to 72 hours after surgery if possible. If removal of
the tracheostomy tube is necessary after completion of
the surgery, the clinician should assess airway patency
rostral to the tracheostomy tube by deflating the cuff
and ensuring good airflow before removing the tube.61
Cesarean section sometimes is performed as an
elective surgical procedure to save valuable fetuses
and relieve dystocia in sheep and goats. The selection
of suitable anesthetics and techniques is vital to the
survival of both dam and fetus. Pregnancy induces
several physiologic changes that can affect the response
to anesthesia. Because of hormonal changes, minute
ventilation increases and the requirement for inhalation anesthetics decreases (by 25% for halothane, 32%
for methoxyflurane, and 40% for isoflurane). Induction of anesthesia is therefore more rapid than it is in
nonpregnant patients.61 Heart rate and cardiac output
increase because of the increased cardiac work required
by pregnancy and at parturition. Consequently, cardiac
reserves decrease, and pulmonary congestion and heart
failure may occur in animals that are exhausted or
prone to shock after a prolonged and difficult delivery;
animals with preexisting cardiovascular disease also
are at risk.61 Furthermore, venous engorgement resulting from increased intraabdominal pressure from the
enlarged uterus reduces the space available for local
anesthetic administration by epidural injection, with
resultant cranial migration of the anesthetic solution.
This migration may result in sympathetic blockade,
profound maternal hypotension, and reduction of
uteroplacental perfusion. Therefore the dose of local
anesthetic administered to produce adequate epidural
anesthesia should be reduced to one-third to one-half
that used in nonpregnant animals.61 Drugs administered to induce or enhance uterine contraction during
parturition (e.g., oxytocin) cause peripheral vasodilation and hypotension when administered in large or
repeated doses, with the potential for decreased uterine perfusion to the uterus/placenta, and subsequent
decreased fetal viability. Fluid with balanced electrolytes
should be administered to animals with severe hypotension before induction and during anesthesia.61
Either general anesthesia or local anesthesia is suitable for cesarean section. Selection of the anesthetic
regimen should be based on maternal and fetal safety
considerations. Most anesthetics have physicochemical properties that allow them to cross the blood-brain
barrier; these properties also permit them to cross the
placenta, with resultant depression of the fetal CNS.
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The only exceptions are neuromuscular blocking agents
such as succinylcholine, pancuronium, and atracurium.
These drugs cannot cross the placenta as easily as other
anesthetics because of their quaternary molecular structure. To enhance fetal viability, the intended incision
site should be clipped and aseptically prepared before
induction, the period between induction of anesthesia
and removal of the fetus should be as short as possible,
and the anesthetic concentration should be kept to a
minimum. For these reasons, in addition to economic
concerns, local anesthesia often is chosen for this procedure. Local infiltration of anesthetic along the incision site and lumbosacral epidural or subarachnoid
anesthesia are the two most commonly used techniques
for cesarean section in most food animals. Procaine
and tetracaine, which are esters of paraaminobenzoic
acid, do not accumulate in the dam and fetus. Lidocaine, mepivacaine, bupivacaine, and etidocaine are
amide-link local anesthetics that depend on hepatic
microsomal enzymes for inactivation of drug effects.51
Blood concentrations of these drugs decline slowly after
absorption from the injection site. They can accumulate
in the fetus, causing fetal depression when large doses
are administered.61 (See Chapter 8)
Preanesthetic tranquilizers or sedatives usually are
reserved for use in excited or unruly animals. General
anesthetics with low lipid solubility, short duration
of action, and minimal cardiovascular depression are
preferred. Low doses of thiopental, a combination of
xylazine and ketamine, or “triple drip” can be used for
induction; anesthesia is maintained with triple drip
intravenous infusion to effect or with an inhalational
anesthetic agent (halothane or isoflurane). Tracheal
intubation should be performed in these animals even
with use of injectable anesthesia techniques, to prevent
possible aspiration pneumonia, and administration of
supplemental O2 is recommended. Neonatal respiratory or CNS depression caused by anesthetic effects can
be reversed by the administration of doxapram or an
α2-antagonist immediately after delivery.

PERIOPERATIVE ANESTHETIC
COMPLICATIONS
Regurgitation and Aspiration
Pneumonia
Regurgitation can occur during both light (active regurgitation) and deep (passive regurgitation) anesthesia in sheep and goats despite preoperative fasting
and withholding of water. Active regurgitation is a
reflexive, protective mechanism directed at rejection
of inhaled material from the pharynx, upper airway,
and upper digestive tract. Passive regurgitation occurs
when the esophageal muscles and transluminal pressure gradients relax as a result of the anesthetic effects.
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Aspiration of acidic stomach or gastric contents may
result in aspiration pneumonia, which is characterized by reflex airway closure, bronchospasm, dyspnea,
hypoxemia, and cyanosis. Pulmonary hemorrhage or
edema may result from destruction of type II alveolar
cells and pulmonary capillary lining cells after aspiration of large amounts of particulate matter or extremely
acidic material. In severe cases, the animal dies before
an endotracheal tube can be placed to protect the
airway. Therefore preoperative withholding of feed
and endotracheal intubation with the cuff adequately
inflated are recommended for prevention of aspiration
pneumonia in all ruminants that will undergo an anesthetic procedure.63 Placing a sandbag or some other
rolled padding beneath the animal’s neck to elevate
the occiput and avoiding vigorous manipulation of the
rumen and other internal abdominal organs during
surgery helps minimize the occurrence of aspiration
pneumonia. If regurgitation occurs before intubation
can be completed, the clinician should either quickly
lower the animal’s head or place the endotracheal tube
in the esophagus and inflate the cuff to allow ruminal
contents to flow out of the mouth while another tube
is placed in the trachea.4 Intravenous aminophylline
(2 to 4 mg/kg given over a 5-minute period or 11 mg/kg
delivered over a 20-minute period) or other bronchodilators along with 100% O2 can be administered to
relieve bronchospasm at the time of aspiration. If the
animal survives the initial insult, corticosteroids and
broad-spectrum antibiotics are indicated for the treatment of pneumonia.4,35

Ruminal Tympany
Ruminal tympany sometimes develops during anesthesia as a result of the animal’s inability to eructate, leading to accumulation of gas produced by fermentation
of ingesta (see Chapter 5). Pressure increases within the
abdomen and on the diaphragm, resulting in reduced
functional residual capacity of the lungs and impaired
ventilation. Placing the animal in sternal recumbency
immediately after anesthesia helps eliminate the accumulated gas in the rumen. However, decompression of
the rumen may need to be performed while the animal
is still anesthetized and the surgery is in progress. Passage of a stomach tube or insertion of a 12-gauge needle
through the abdominal wall allows outflow of the accumulated gas, reducing the pressure in the abdomen and
on the diaphragm and thereby improving ventilation.
Most anesthetics, particularly α2-agonists and opioid
agonists, decrease gastrointestinal motility; an antagonist can be administered to treat the resultant ruminal
tympany if necessary. Preoperative fasting reduces the
amount of fermentable ingesta in the rumen, thereby
decreasing the chance for development of perioperative
ruminal tympany.63
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Hypoventilation
In conscious sheep, lateral recumbency alone can
lead to significant hypoxemia.11 During anesthesia,
severe hypoventilation and hypoxemia (characterized
by a significant increase in Paco2 and decrease in Pao2)
may result from the abnormal surgical body position
combined with the respiratory depressant effect of the
anesthetic drugs. Ventilation should be assisted or controlled by squeezing the rebreathing bag with a positive
pressure of 20 to 25 cm H2O if an inhalation anesthetic
is used. Supplemental O2 also can be provided to
sedated and recumbent animals through an orotracheal
or endotracheal tube by using an O2 demand valve,
particularly if xylazine is part of the anesthetic regimen.
Occasionally, apnea may occur and persist throughout
anesthesia. The anesthetist should ensure that the animal is under an adequate plane of anesthesia before
instituting any drug treatment. A respiratory stimulant
(doxapram, 0.1 to 0.5 mg/kg IV) can be administered to
initiate respiration. If the depression persists, doxapram
can be administered by continuous intravenous infusion (5 to 10 μg/kg/minute).64

Cardiovascular Collapse
During anesthesia, prolonged decreases in pulse pressure, hypotension (mean arterial pressure less than
60 to 75 mm Hg), increases in capillary refill time,
pale mucous membranes, and bradycardia (heart rate
less than 70 to 80 beats/minute) or tachycardia (heart
rate greater than 150 beats/minute) can lead to cardiovascular collapse. Causes of this perioperative collapse include significant endotoxin-induced peripheral
vasodilation, severe hypovolemia resulting from dehydration or blood loss, and deep anesthesia resulting in profound myocardial depression. Treatment of
impending cardiovascular failure should begin with
correction of the causative disease status, rapid administration of supportive fluid (90 mL/kg), and reduction
in anesthetic dosage or even cessation of anesthesia.64
Additional symptomatic treatment includes vasoactive
drugs (e.g., dopamine, phenylephrine, ephedrine) for
hypotension, inotropic drugs (e.g., dobutamine) for
myocardial depression, chronotropic drugs (e.g., atropine, glycopyrrolate) for bradycardia, and antiarrhythmic drugs (e.g., lidocaine) for ventricular arrhythmias
such as ventricular tachycardia or premature ventricular
contractions. Dobutamine (1 to 5 μg/kg/minute) is a β1
agonist that increases cardiac output and arterial blood
pressure by increasing myocardial contractility when
administered at a low dosage. Dobutamine seldom
increases heart rate, except in the presence of reduced
total blood volume.65 Dopamine is a dose-dependent,
dopaminergic, α- and β-agonist. When administered at
an intravenous infusion rate of 1 to 2 μg/kg/minute,

dopamine increases renal perfusion by stimulating
dopaminergic receptors. Increasing the infusion rate to
2 to 10 μg/kg/minute causes stimulation of β1 receptors
and a resultant increase in heart rate. Vasoconstriction
and the subsequent increase in arterial blood pressure
mediated by stimulation of α1-receptors are not evident
until the infusion rate is greater than 10 μg/kg/minute.65
Phenylephrine (2 to 4 mg/kg given as an intravenous
bolus or 0.2 to 0.4 μg/kg/minute by intravenous infusion) and ephedrine (22 to 66 μg/kg IV) both have been
used to treat hypotension in anesthetized animals.66
Ephedrine appears to have a longer duration of action
(30 to 60 minutes) than dobutamine or dopamine,
which may be undesirable if tachycardia occurs after
ephedrine administration.66
Prolonged untreated cardiovascular collapse may
result in cardiac arrest and death. Cardiopulmonary
resuscitation (CPR) should follow the ABC technique,
whereby the airway is opened by endotracheal intubation, controlled breathing is initiated by squeezing an
Ambu bag or using the rebreathing bag on the anesthesia machine (12 to 20 breaths/minute), and artificial
circulation is established by cardiac compression (80 to
100 compressions/minute). After CPR has been instituted, an intravenous catheter should be placed if one
is not already present. If the attempts at intravenous
catheterization are unsuccessful, emergency drugs may
be administered intratracheally through the endotracheal tube at 2 to 2.5 times the intravenous dose after
dilution with sterile water or saline to a volume of
5 to 10 mL. Absorption of the drugs from the lung is
sometimes significant enough to be more effective than
intramuscular, subcutaneous, or intravenous administration through a peripheral vein.64 Emergency drugs
and products frequently used during CPR include 100%
O2, balanced electrolyte solutions, atropine, lidocaine,
and epinephrine. Depending on the animal’s condition,
the vasoactive drugs mentioned previously can be used
in conjunction with emergency drugs.
Electrical defibrillation is the most effective treatment
for conversion of ventricular fibrillation, but it is not
practical in field situations. Epinephrine (10 μg/kg IV)
usually is the drug of choice for treatment of ventricular
fibrillation. Epinephrine induces peripheral vasoconstriction, increases arterial diastolic blood pressure and
intracranial and coronary blood flow, helps convert fine
to coarse ventricular fibrillation, and produces a positive
inotropic effect by stimulating α- and β-adrenoceptors.
Potential side effects of epinephrine include increased
myocardial and cerebral O2 demand, postresuscitation
arrhythmia, and tachycardia. Lidocaine (0.5 to 2 mg/kg
IV) may be used to treat the postresuscitation ventricular arrhythmia.64 Chemical defibrillation with intravenous potassium chloride (1 mg/kg) and acetylcholine
(6 mg/kg), followed by administration of 10% calcium
chloride (1 mL/10 kg), is recommended for treatment
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of ventricular fibrillation. Although it is ineffective in
defibrillation, this technique usually converts fibrillation to asystole.64 A normal sinus rhythm is actually
more easily initiated from asystole.
The best treatment for perioperative complications is
prevention, which requires a devoted and vigilant anesthetist. Careful preanesthetic evaluation and preparation and proper use of anesthetic regimens can prevent
most anesthetic-related complications; close monitoring allows recognition of potentially dangerous situations with rapid institution of corrective measures at an
early stage. In this regard, an important concept is that
“there are no safe anesthetic or anesthetic techniques—
only safe anesthetists.”

PERIOPERATIVE PAIN MANAGEMENT
Increased awareness in the general public of animal suffering has resulted in the improvement of
pain management in livestock species in recent years.
Although veterinarians often struggle to establish a balance between financial considerations for the owner
and the ethics and legalities of pain management for
animals, the focus of veterinary anesthesiology should
always be on restoration of normal physiology, prevention of the initiation of pain, preemption of the pain
cascade, and attack of the pain at various levels along
the cascade.67 Pain can originate from preexisting disease processes, traumatic injury, or surgery. Pain would
be easy to treat if it were always of iatrogenic origin,
such as that associated with surgery, but prediction or
prevention of the initiation of pain is impossible when
it is caused by naturally occurring disease.
The rule of thumb for pain management is that
less analgesic is needed to relieve pain if the analgesics are administered before the initiation of the pain
(preemptive analgesia). In addition, use of preemptive analgesia techniques will decrease the amount of
anesthetics required to maintain surgical anesthesia.
Multimodal therapy using combination or sequential
administration of analgesics or analgesic techniques
that act through different pain mechanisms or pathways
is highly recommended. Such multimodal therapy has
the benefit of maximizing analgesic effects of each drug
as a consequence of synergism of the drugs and, at the
same time, reducing individual drug dose and subsequently minimizing the side effects of each drug. Opioids, μ2 agonists, nonsteroidal antiinflammatory drugs
(NSAIDs), and ketamine have been administered alone
or in combination to produce multimodal (balanced)
analgesia. For example, injection of a local anesthetic or
administration of an NSAID combined with low doses
of an opioid or α2-agonist, an NSAID with an opioid,
an NSAID with an α2-agonist, and an opioid with an α2agonist (neuroleptanalgesia) are the most commonly
used multimodal regimens for intra- and post-operative
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pain management.68 Administration of analgesics or
local anesthetics to provide pain relief should be considered in the context of overall case management to
optimize the patient’s quality of life and to restore
normal function. In ruminants, this aim must take into
consideration the issue of drug residues and standards
established by the Animal Medical Drug Use and Clarification Act (AMDUCA).69

SYSTEMIC PAIN MANAGEMENT
(Table 18-6)
Opioid Analgesics
Opioid analgesics such as morphine, meperidine, fentanyl, buprenorphine, and butorphanol have been used
effectively for pain management in sheep and goats.
These drugs bind either to μ, κ, or δ opiate receptors
located on neuronal cell membranes. Binding of an
opioid to these receptors then triggers cellular changes
that hyperpolarize the cell membrane and inhibit spinal
pain transmission. Activation of the μ receptor results in
depletion of intraneuronal substance P, which reduces
overall inflammation and neural pain transmission.
Most opioids used in veterinary practice are classified
as either pure or partial μ receptor agonists. Side effects
including increased gastric and intestinal emptying
time and tachycardia sometimes occur with high doses
of opioids. Of interest, hyperexcitability, commonly
observed in other species, is an uncommon effect in
ruminants.70
Morphine has poor analgesic properties in sheep
and goats. Good analgesia was achieved in only one
third of the animals receiving morphine.70 With these
species, morphine should be administered parenterally,
rather than orally, because the drug is inactivated by the
ruminal microflora. Doses of 0.05 to 0.1 mg/kg, administered by either the intravenous or subcutaneous route,
every 4 to 6 hours have been recommended. However,
superior analgesia has been reported with doses as high
as 10 mg/kg in goats.70
Meperidine hydrochloride is a synthetic opioid that
has an analgesic potency of only 10% to 50% that of
morphine. Meperidine produces mild sedation and
analgesia. Its administration can be associated with histamine release.71 In yearling goats, meperidine (10 mg/
kg IM) can be used as a preanesthetic given 10 minutes
before induction of anesthesia with thiopental. After
intubation this combination provides 20 minutes of
surgical anesthesia with complete recovery occurring in
90 minutes.72
Fentanyl is a pure μ agonist similar to morphine,
with a potency that is approximately 75 to 100 times
that of morphine. Fentanyl can be administered parenterally or transdermally. When administered parenterally, fentanyl induces analgesia within 5 minutes, which
lasts for 20 minutes. Intravenous administration of
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TABLE 18-6 Doses of Analgesics and Non
steroidal Antiinflammatory Drugs
(NSAIDs) for Sheep and Goats

Drug
OPIOIDS
Fentanyl Patch
Fentanyl
Injectable
Meperidine
Morphine

Buprenorphine

Butorphanol

Acepromazine
Butorphanol
Glycopyrrolate
Diazepam
Butorphanol
Midazolam
Butorphanol
Xylazine
Butorphanol
Xylazine
Butorphanol
NSAIDS
Aspirin
Diclofenac
Flunixin
meglumine
Ketoprofen
Carprofen
Phenylbutazone

Dosage for Sheep and
Goats

Duration
(hours)

5 mg or 10 mg/70 kg
transdermal
1-6 μg/kg IV; 1-5 μg/kg/
hour IV during anesthesia
3.3-4.4 mg/kg SC or IM
10 mg/kg IM for goats
0.1-0.5 mg/kg IM
0.5-1 mg/kg IV
0.05-0.1 mg/kg epidural
0.005-0.01 mg/kg SC
0.005-0.1 mg/kg IV or IM
0.005 mg/kg IM
0.05-0.5 mg/kg IV or IM
0.05 mg/kg SC
0.05-0.5 mg/kg IM for
sedation; 0.4 mg/kg IV
for sedation and ataxia
0.05 mg/kg IM
0.01 mg/kg IM
0.01 mg/kg IM
0.1-0.5 mg/kg IM or IV
0.01 mg/kg IM
0.05-0.025 mg/kg IM
or IV
0.01 mg/kg IM
0.1-0.2 mg/kg IV
0.01-0.02 mg/kg IV
0.02 mg/kg IM
0.05-0.07 mg/kg IM

72-96
(3-4 days)

50-100 mg/kg PO
100 mg/kg PO
1 mg/kg IV or IM
1-2.2 mg/kg PO,
1 - 2.5 mg/kg SC,
1 mg/kg IV
2 mg/kg IV
3 mg/kg IV or IM
2-2 mg/kg PO, SC, IV
4 mg/kg SC
5 mg/kg PO
10 mg/kg PO

4
12
24
6
8-12
12
2-4
6

12-24
12
24
12
12
24
24
24
24

Data from Anderson DA, Muir WW: Pain management in cattle,
North Am Vet Clin Food Anim Pract 21:623, 2005; and Wegner K:
Anesthesia and analgesia. In SRR Hankell, editor: Blackwell’s fiveminute veterinary consult, Ames, Iowa, 2008, Wiley-Blackwell.

fentanyl has been associated with abnormal behaviors
such as pica, stall pacing, nystagmus, hyperexcitability,
and ataxia.70 Transdermal patches are available in doses
of 0.025, 0.05, 0.075, and 0.1 mg/hour. A 0.05 mg/hour
patch is an appropriate dose for a 30- to 50-kg goat.
Onset of analgesia is observed at 18 to 24 hours after
placement, and each patch lasts approximately 3 days.
Therefore a new patch should be placed 48 hours after
the first one. Owing to slow absorption of the drug from
the transdermal patch, another fast-acting analgesic
should be given to provide pain relief until the fentanyl
effect has been realized.67 A 3-day meat withdrawal
time is recommended when fentanyl is administered
parenterally. However, rumenosalivary recycling may
prolong fentanyl’s effect, posing a problem in establishing withdrawal times.73
Tramadol is a synthetic analog of codeine and morphine.74 This agent produces analgesia by its action
through central opiate, adrenergic, and serotoninergic
receptors.75 Tramadol offers some advantages over other
opioids: The drug is not a controlled or schedule drug,
which makes its use less complicated; it also is associated
with less potential for respiratory depression, less potential for abuse in people,74,76 and less CNS excitation in
horses.77 It has been shown that Tramadol is effective
in treating moderate to moderately severe postoperative
pain in people and dogs.78,79 Tramadol has low affinity for opiate μ receptors, and its dose requirement to
produce the same degree of analgesia for moderate
pain as that obtained with morphine is higher in a 10:1
ratio.80 However, for more severe pain, tramadol at the
same dose ratio is less effective than morphine.81 Orally
administered tramadol is well absorbed in humans,
dogs, and cats, with bioavailabilities of 70%, 65%, and
93%, respectively.82-84 In goats, lower oral absorption
with a bioavailability of 36.9% was reported after a
single dose of 2 mg/kg.85 A large volume-to-surface
ratio, a constantly high content of solid matter, and a
complex microflora and microfauna in the rumen were
suggested to be the contributing factors for the lower
oral absorption of tramadol in goats compared with
that in dogs and cats.85 Nonetheless, a higher gastric pH
of 6.8 in the rumen, as opposed to pH of 1.0 to 2.0 in
the monogastric stomach, in the presence of a pKa value
of 9.41 for tramadol, resulting in greater percentage of
nonionized tramadol in plasma, and the enterohepatic
recycling of ruminants increase the absorption of the
drug were suggested to be the primary factors responsible for the high plasma tramadol concentration of
542.9 ± 219.5 ng/mL in goats.85 In people, plasma concentrations of 100 to 150 ng/mL are the recommended
minimum effective concentrations for relieving mild to
moderate pain.78,82 The elimination half-life after oral
administration was 2.67 ± 0.54 hours in goats, which
is shorter than in people76 but longer than in horses.77
Intravenous administration of tramadol at 2 mg/kg to

Chapter 18 • Anesthetic Management
the goats did not result in a plasma concentration that
provided effective pain relief, because the plasma concentration rapidly declined below minimum effective
concentrations.85 Apparently, with oral administration
in goats, not only is drug delivery easier physiologically,
but the analgesic effect provided is better and more
intense than with the intravenous route. Tramadol is
capable of crossing the placenta and appears in the
fetal circulation, and low concentrations of parent drug
and its active metabolite (M1) also have been detected
in breast milk within 16 hours after administration.76
However, no milk or meat withdrawal time for tramadol
has been established in goats.
Buprenorphine is classified as a partial μ agonist,
with an analgesic potency 25 times that of morphine.
Buprenorphine is poorly absorbed from the gastrointestinal tract. Its effect is weakly reversed by an opiate
antagonist because of buprenorphine’s high affinity
and low specificity for the μ receptors. Onset of analgesia occurs in 45 minutes with a duration of 240 minutes
after intramuscular administration of buprenorphine
(0.005 to 0.01 mg/kg). Propulsive walking, rapid
and frequent head movements, chewing, and hypersensitivity to auditory and visual stimuli have been
observed in sheep receiving buprenorphine.86 In goats,
intramuscular buprenorphine at 0.01 mg/kg given
every 6 hours after orthopedic surgery provided satisfactory analgesia. No signs of central nervous system
(CNS) effects as described in sheep were observed in
these goats (Edmondson M: personal communication,
2010).
Butorphanol is a κ agonist and μ antagonist with
an analgesic potency approximately three to five times
that of morphine. Butorphanol has a unique “ceiling
effect”—that is, after effective action has been attained,
further increases in dose do not increase or enhance the
degree of desired pharmacologic effect.87 Butorphanol
may cause slight CNS stimulation, especially when used
in animals that are not in pain. Twitching of the facial
muscles, lips, and head may occur.88 Butorphanol is the
most frequently used opioid in ruminants at recommended doses of 0.02 to 0.05 mg/kg IV or SC every
4 to 6 hours.67 Butorphanol can be given alone in sheep
and goats to produce light sedation. No behavioral
effects were seen with butorphanol given at 0.05 mg/
kg IV in sheep, but ataxia was observed at 0.4 mg/kg IV,
and excitement occurred at 0.1 to 0.2 mg/kg IV.7,88,89
Butorphanol frequently is used in combination with a
sedative or tranquilizer to produce good standing sedation for minor surgery and diagnostic procedures. It
also can be administered postoperatively for pain relief.
In sheep and goats, xylazine and butorphanol can be
administered simultaneously to produce deep sedation
and recumbency for as long as 60 minutes.4 In cows,
the residues of butorphanol can be detected in milk
36 hours after administration. Therefore, withdrawal
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times of 4 days and 72 hours are recommended for
meat and milk, respectively.70

Nonsteroidal Antiinflammatory Drugs
Nonsteroidal antiinflammatory drugs (NSAIDs) are used
for their analgesic, antipyretic, and antiinflammatory
effects mediated through inhibition of cyclooxygenase
(COX), lipoxygenase, and thromboxane enzymes. COX
acts on arachidonic acid to release prostaglandins and
other mediators of inflammation, so COX inhibitors
such as NSAIDs prevent production of these mediators.
Additional evidence indicates that NSAIDs may produce analgesia by central inhibition of pain response
involving α2 and μ receptors. Different NSAIDs appear
to have differential activity according to their affinity
for different receptors; for example, flunixin meglumine
is an excellent visceral analgesic and phenylbutazone is
very effective at relieving musculoskeletal pain. Flunixin
meglumine, ketoprofen, and phenylbutazone are nonspecific COX inhibitors, whereas etodolac and carprofen are selective COX-2 inhibitors. Clinical observation
suggests that specific COX-2 inhibitors are not effective
analgesics in ruminants.67,90 All NSAIDs have good oral
bioavailability, allowing oral administration—an easy
and effective route for treatment. However, significant
differences in clearance between animal species and age
groups are recognized. Also, some of the NSAIDs have
narrow margins of safety such that the therapeutic index
often is relatively close to the toxic index. Therefore
extrapolation of drug dosing regimens from other species is extremely dangerous and not recommended.73
Aspirin, although not approved for use in food animals by the U.S. Food and Drug Administration (FDA),
has been administered orally at 100 mg/kg twice daily for
treatment of fever and minor joint or muscle pain. The
Food Animal Residual Avoidance Databank (FARAD)
suggests a milk and meat withdrawal time of 24 hours.70
Flunixin meglumine (Banamine) is a COX-1 inhibitor. It is approved for use in beef and lactating dairy
cattle for fever and inflammation associated with respiratory disease, endotoxemia, and acute bovine mastitis.
The drug is approved only for intravenous administration at a dose of 1.1 mg/kg twice daily or 2.2 mg/kg
once a day to produce analgesia for a duration of 6 to
12 hours. The dose can be repeated for up to 3 days.
The recommended meat withdrawal time is 4 days in
the United States and 6 days in Canada, and the milk
withdrawal time is 36 hours.67,73
Phenylbutazone has been clinically proved to be
more effective than flunixin meglumine in relieving pain
associated with musculoskeletal injuries and chronic
osteoarthritis. Phenylbutazone is a drug associated with
a high level of regulatory concern owing to lack of predictable withdrawal times. The drug is highly protein
bound, with a very long t½ in cattle (30 to 80 hours)
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and sheep and goats (15 to 20 hours) compared with
that in other large animal species. When administered to
cattle at a loading dose of 24 mg/kg followed by a single
daily dose of 12 mg/kg, the drug was still detectable in
milk 82 hours after administration. At this time, the use
of phenylbutazone in dairy cattle older than 20 months
of age is strictly prohibited and its use in other milk- and
meat-producing animals is strongly discouraged owing
to concerns regarding consumption by people.91 Phenylbutazone is believed to be a carcinogen in humans,
in whom it has been reported to induce blood dyscrasias (e.g., aplastic anemia, leukopenia, agranulocytosis,
thrombocytopenia), with death in some cases. Several
reports have described an idiosyncratic serum sickness–
type hypersensitivity reaction resulting from exposure
to food residue of the drug; however, no threshold concentration has been established at this time.92 Extralabel
use of phenylbutazone is believed not to be justifiable
under AMDUCA, because other effective NSAIDs, such
aspirin and flunixin meglumine, are available and
approved for use in food animals.91 It is recommended
that phenylbutazone be restricted to use in animals
with severe chronic disease conditions that are valuable
beef breeding stock for which slaughter is not an option
but temporary relief of pain is necessary for embryo or
semen collection, to be followed by euthanasia. Meat
withdrawal time of a minimum of 45 days for the first
dose of phenylbutazone, with another 5 days added to
each additional day of therapy beyond the first, is recommended, with a duration of up to 6 to 8 months if
needed.67,73 Although no NSAIDs are approved for use
in small ruminants, flunixin meglumine should be used
preferentially over phenylbutazone because it is labeled
for use in food animals.
Ketoprofen is not approved for use in food-producing
animals by the FDA in the United States. Ketoprofen has
a short plasma t½ (30 minutes) and a small volume of
distribution (0.2 L/kg). At peak plasma concentrations,
the concentration of ketoprofen in milk was below the
test sensitivity level, suggesting that the drug can be used
safely in milk-producing ruminants with a short and
predictable milk withdrawal time. The recommended
meat withdrawal time is 4 to 7 days. Some clinicians
believe that ketoprofen does not have any advantage
over flunixin meglumine.73 However, if the criteria for
extralabel use can be met, ketoprofen can be administered at 3.3 mg/kg once a day. Ketoprofen (3 mg/kg
PO) has been shown to reduce pain-related behaviors
in 4- to 8-week calves when administered before and at
2 and 7 hours after hot iron dehorning.67,70
Carprofen has greater potency and lower ulcerogenicity when compared with phenylbutazone and
aspirin. However, the effect of carprofen on both
COX-1 and COX-2 enzymes is considered to be very
weak. With intravenous administration of this agent to
sheep at doses of 0.7 and 4 mg/kg, therapeutic plasma

concentrations of carprofen were maintained for at
least 72 hours.70 Measurable amounts of carprofen
were detected in the milk of mastitis cattle after a single
intravenous dose of 0.7 mg/kg.70 Similar to ketoprofen,
carprofen is believed not to have any advantage over
flunixin meglumine, and its use in food-producing animals is not recommended owing to its prolonged clearance time and detectable milk distribution.70
Diclofenac, a more recently introduced NSAID, is an
effective analgesic for post-traumatic pain, postoperative
wound hyperalgesia, pain associated with movement
and swelling, and joint pain resulting from lameness
in horses.93-95 Diclofenac also has been reported to be
effective in the treatment of acute aseptic arthritis and
myositis in cattle and buffalos96,97 and in relieving pain
in lambs due to castration.98,99 In sheep, diclofenac has
been proved to be very effective against Brucella spp. and
agents of schistosomiasis when used in combination
with streptomycin, rifampicin, or tetracycline.100,101 The
elimination t½ values for diclofenac after its intravenous
and intramuscular administration in a dose of 1 mg/kg
to sheep were 2.84 ± 1.94 hours and 2.12 ± 1.60 hours,
respectively. Therefore twice- and thrice-daily doses will
be ideal to maintain an effective plasma concentration.102

α2-Adrenergic Agonists

α2-Adrenergic agonists and opioids often are used in
combination to provide good analgesia. The effects of
these two drugs are synergistic, so greater analgesia can
be achieved at lower doses of both drugs. More detailed
information is presented earlier under “Preanesthetics.”

Ketamine
Ketamine, at subanesthetic doses, is effective in preventing or minimizing pain by blocking the NMDA
receptors. Ketamine has been used in combination with
opioids or NSAIDs at 0.25 to 0.5 mg/kg IM every 6 to
8 hours to provide pain relief for goats suffering severe
pain from burn injury, polyarthritis, or osteomyelitis.53

Drug Combinations for Pain
Management
Similar to the technique of using different classes
of anesthetics to produce balanced anesthesia (i.e.,
unconsciousness, analgesia, and muscle relaxation),
combining different classes of analgesics can prevent
pain transmission at multiple levels and, at the same
time, minimize the side effects of each drug by reducing the required dose of each, because of the synergistic
effects of the agents when used together. For example,
xylazine (0.02 mg/kg IV) plus butorphanol (0.05 mg/
kg IV) or detomidine (0.01 mg/kg IV) plus butorphanol
(0.05 mg/kg) has been used to provide good standing
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sedation in cows.103 Another combination used to produce good standing sedation is intramuscular xylazine
(0.02 to 0.05 mg/kg), butorphanol (0.01 to 0.025 mg/
kg), and ketamine (0.04 to 0.1 mg/kg). For procedures
associated with more intense pain such as castration,
higher recommended doses of each drug can be administered IV to induce good, appropriate analgesia.67

Constant-Rate Infusion
Several advantages of administering an analgesic or
analgesic combination by constant-rate infusion (CRI)
are recognized: With this technique, low doses of
analgesic(s) can be used to maintain steady-state plasma
concentrations; the constant infusion avoids peak-andtrough fluctuation of the drug effect; and, most important, continuous pain relief is afforded to the patient
suffering severe and occasionally chronic pain.
Lidocaine is a commonly used local anesthetic in
veterinary medicine. The use of systemically administered lidocaine for the treatment of postoperative ileus
after colic surgery in horses has increased dramatically.
In such cases, lidocaine is believed to provide beneficial
effects including analgesia achieved through its local
anesthetic effect, prevention of intestinal adhesions and
ileus by promoting gastrointestinal movement (prokinetic), and minimizing reperfusion injury of ischemic
areas by providing an antiinflammatory effect.104,105 In
horses, lidocaine CRI has been proved to provide good
long-term analgesia after laparotomy at a loading dose
of 1.3 mg/kg followed by an infusion of 0.05 mg/kg/
minute.105 Concomitant CRI administration of low
doses of lidocaine (0.05 mg/kg/minute) and detomidine (0.1 mg/kg IV) every 4 hours markedly reduced
peritoneal pain in food animals.70
In a study reported by Grant and colleagues,106
sheep weighing 45 to 60 kg were sedated with xylazine
(5 mg IM) and given a continuous intravenous infusion of xylazine (2 mg/hour) for 90 minutes. A steadystate analgesic effect, tested by leg lifting response to
an electrical stimulus, was obtained 10 minutes after
the start of infusion and lasting until the end of the
study (90 min). Ketamine produces intense analgesia by blocking N-methyl-d-aspartate (NMDA) and
stimulating opiate receptors. Studies also indicated that
ketamine may have a potent antiinflammatory effect
mediated by suppressing cytokines and neutrophil chemotaxis.67 Ketamine is an effective analgesic for established pain, will provide analgesia at microdoses, and
can be used for long-term pain relief. Ketamine can be
used for CRI at 0.4 to 1.2 mg/kg/hour.67
Butorphanol has been proved to be an excellent visceral analgesic in ruminants. In adult cattle, long-term
analgesia can be maintained by CRI of low doses of ketamine for which 10 to 20 mg is added to 5 L of balanced
electrolyte solution and administered at a rate of 1 or
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2 L/hour.67 Currently, no report on the use of butorphanol CRI in sheep and goats has been published. In
the aforementioned regimen, however, the amount of
butorphanol (10 to 20 mg) in 5 L of balanced electrolyte solution results in a butorphanol concentration of
0.002 to 0.004 mg/mL. If this solution is given at a rate
of 1 or 2 L/hour to a small ruminant weighing 60 kg,
the dose of butorphanol administered for an hour will
be 2 to 4 mg and the dosage given will be 0.03 to 0.06
mg/kg; thus it would still be within the recommended
dosage range for small ruminants.

SPECIFIC NERVE BLOCKS (Table 18-7)
Many of the local anesthetic techniques for specific surgical procedures described in this book are covered as
part of the relevant surgical description. In this chapter,
however, separate descriptions are provided for three
commonly used local and regional anesthetic techniques: caudal epidural block, lumbosacral epidural
block, and local anesthesia for dehorning. In our own
practice, we perform caudal epidural anesthesia routinely and lumbosacral epidural anesthesia occasionally but rarely use local anesthetic techniques for horn
removal. For removing large horns from adult goats or
rams, our preference is for general anesthesia. On occasion, however, local anesthesia for horn removal is warranted, so it is included here.

Caudal Epidural Block
If properly performed, caudal epidural anesthesia
desensitizes the perineum, vulva, vagina, and rectum.
To locate the injection site, the clinician grasps the animal’s tail and locates the most cranial movable intervertebral space. Localization of this space is enhanced
by “pumping” the tail. In sheep and goats, the injection
site is either in the interspace between the fifth sacral
and first coccygeal vertebrae or between the first coccygeal and second coccygeal vertebrae. The area over the
site is clipped and aseptically prepared. The needle (18to 20-gauge, 4-cm) is placed into the correct interspace
at a 90-degree angle to the skin. The needle (without an
attached syringe) is pushed ventrally through the interarcuate ligament toward the floor of the neural canal.107
A slight vacuum should be noted on entering the epidural space. If blood is visualized in the hub or flows from
the needle, the needle should be withdrawn because it
has been inappropriately placed into a venous sinus. As
a general rule, lidocaine 2% will achieve adequate analgesia at a dose of 1 mL/45 kg of body weight, so a total
dose of 1 to 2 mL is effective for most sheep and goats.
The onset of analgesia occurs within 1 to 5 minutes, and
the duration is approximately 1 hour.4
Bupivacaine, xylazine (0.05 to 0.07 mg/kg, diluted
with saline or lidocaine to required epidural volume),
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TABLE 18-7 Doses of Local Anesthetics and Drugs Used for Epidural Blockade
Drug
Lidocaine

Bupivacaine

Medetomidine
Xylazine

Morphine (preservative-free)

Dosage for Sheep

Dosage for Goats

0.05 mg/kg by infiltration
1 mL of 2%/50 kg by epidural instillation
0.22 mg/kg by epidural instillation
1 mg/kg by intrapleural instillation
0.05 mg/kg by infiltration
0.05 mg/kg by epidural instillation
1 mg/kg by intrapleural instillation
0.02 mg/kg by epidural instillation, 5 mL
with sterile water
0.03 mg/kg by epidural instillation
0.15 mg/kg by epidural instillation, 5 mL
with sterile water
0.1-0.2 mg/kg by epidural instillation

0.05 mg/kg by infiltration
1 mL of 2%/50 kg by epidural instillation
0.22 mg/kg by epidural instillation
1 mg/kg by intrapleural instillation
0.05 mg/kg by infiltration
0.05 mg/kg by epidural instillation
1 mg/kg by intrapleural instillation
0.02 mg/kg by epidural instillation, 5 mL with
sterile water
0.03 mg/kg by epidural instillation
0.15 mg/kg by epidural instillation, 5 mL with
sterile water
0.1-0.2 mg/kg by epidural instillation

Data from Blaze CA, Glowaski MM, editors: Veterinary anesthesia drug quick reference, St Louis, Elsevier Saunders, 2004; Muir WW, et al, editors,
Handbook of veterinary anesthesia, St Louis, 2007 Mosby Elsevier; and Cornick-Seahorn JL, editor: The practical veterinarian: veterinary anesthesia,
Boston, 2001, Butterworth Heinemann.

detomidine (0.04 mg/kg), and medetomidine (0.015 mg/
kg) have been administered for caudal epidural block to
provide longer duration of analgesia of 4 hours, 4 to
5.5 hours, 3 to 4 hours, and 7 hours, respectively.67 In
sheep, epidural injection of fentanyl (0.0015 mg/kg)
did not produce analgesia.108 With addition of fentanyl
to xylazine (0.2 mg/kg) administered into the caudal
epidural space, fentanyl was able to shorten the time
of onset (4.5 ± 0.5 minutes versus 10 ± 1.1 minutes)
and prolong the duration of analgesia (315 ± 6 minutes
versus 96 ± 6 minutes) as compared with use of xylazine
alone. Cardiopulmonary functions were not affected significantly by caudal epidural administration of fentanyl
with xylazine, and the relevant values were maintained
within baseline ranges.108 CNS depressant effects such
as sedation, ataxia, and sometimes recumbency may
occur after caudal epidural or lumbosacral intrathecal
injection of an α2-agonist (e.g., xylazine, detomidine,
medetomidine). This CNS effect is believed to result
from (1) absorption of the drug from the epidural space
into the systemic circulation, (2) cranial migration of
the drug, or (3) a local anesthetic effect of the drug, particularly with xylazine. Intravenous administration of an
α2-antagonist, atipamezole (0.005 mg/kg), reversed the
CNS effects induced by epidural xylazine but did not
impair the epidural analgesia.109

Lumbosacral Epidural Block
If properly performed, a lumbosacral epidural block
provides analgesia caudal to the diaphragm (abdominal
wall caudal to the umbilicus, inguinal region, flank, and
perineal area).2 The site for injection can be palpated in

some sheep and goats as a soft spot at the intersection of
the dorsal midline with an imaginary line drawn between
the cranial borders of the two iliac wings4 (Figure 18-3).
In sheep and goats, this lumbosacral space is located just
caudal to the spinous process of the last lumbar vertebra.
The skin over the space between the last lumbar vertebra
and the first sacral vertebra is clipped and aseptically prepared. A needle (18- to 20-gauge, 4- to 9-cm) is advanced
through the skin at a 90-degree angle. Occasionally a
slight cranialward movement of the needle is required. If
cerebrospinal fluid or blood is encountered, the needle
is in the subarachnoid space, so it should be withdrawn
and insertion reattempted. A slight vacuum should be
noted on entering the epidural space. If local anesthetic is
injected into the subarachnoid space, rear limb paralysis
occurs within 3 to 5 minutes.107,110 After passing through
the epidural space, the needle “pops” through the interarcuate ligament.110 The drug can then be injected slowly
without resistance. Use of a 2% lidocaine hydrochloride
solution in a dosage of 0.3 to 0.5 mL/10 kg of body
weight provides adequate analgesia for most surgical
procedures.110 The onset of analgesia and rear limb
paralysis occurs after 5 to 15 minutes; duration of these
effects is for 1 to 2 hours.107,110
Lumbosacral injection of xylazine (0.05 mg/kg) with
lidocaine (2 mg/kg) or buprenorphine (0.005 mg/kg)
with lidocaine (2 mg/kg) was used to produce intrathecal analgesia for pain management in goats after stifle
surgery. The result of the study showed that intrathecal
buprenorphine with lidocaine produced more profound and longer-lasting analgesia with less sedation
and hemodynamic and respiratory impairment than
xylazine with lidocaine. Heart rate and arterial blood
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Figure 18-3 Lumbosacral anesthesia. The injection site is
located on the dorsal midline, behind the most caudal lumbar
vertebra and midway between the dorsal aspects of the iliac
wings. The clinician’s thumbs are pressing on the iliac wings.
The index finger indicates the site to be injected. The clinician
locates the site, places the needle at an angle of approximately
90 degrees to the skin, and injects the anesthetic agent without
resistance.

pressure values were significantly lower whereas Paco2
was significantly higher in goats receiving xylazine with
lidocaine. Both combinations produced satisfactory pain
relief for these goats after stifle surgery. However, the
duration of analgesia for buprenorphine with lidocaine
was at least 6 hours, which was approximately twice as
long as that for xylazine with lidocaine.111 In another
study, morphine (0.1 mg/kg, preservative-free) and bupivacaine (1.5 mg/kg) administered into the lumbosacral
epidural space were compared for analgesic effects after
abdominal surgery. In goats, morphine produced 22
hours of analgesia, but a duration of only 3 hours was
observed with bupivacaine.112 Goats receiving morphine
stood within 59 ± 9 minutes after surgery, whereas those
receiving bupivacaine remained recumbent for 285 ±
49 minutes.112 Although prolonged recumbency generally is not associated with long-term adverse effects in
goats, a lumbosacral epidural block with morphine is
the preferred anesthetic technique when faster recovery
to standing with longer pain relief is desired.113

Clinical Use of Caudal or Lumbosacral
Epidural Analgesia
Castration, regardless of the method used, has been
shown to cause acute pain. It is therefore better to perform castration in animals at a young age. Rubber ring
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castration is believed to result in chronic pain, whereas
Burdizzo castration is proved to be the least painful
procedure as evidenced by the stress/increrased cortisol output response. Caudal epidural lidocaine (1 mL/
90 kg) combined with intratesticular or intrascrotal
lidocaine and a systemic NSAID is recommended as
the approach of greatest clinical benefit, with consequent production advantages.70 Tail docking in lambs
is a commonly performed procedure. Heat docking at a
young age was not associated with behavioral changes
or a cortisol response in control lambs. Ring block with
lidocaine or bupivacaine is recommended when a rubber ring plus Burdizzo clamp technique is applied.
Caudal epidural anesthesia produced by lidocaine
during dystocia may aid in the delivery of a live fetus.
However, lidocaine will not block sensation in the
cranial vagina and cervix and thus may not provide
sufficient analgesia to reduce straining and adverse and
potentially harmful behaviors. Butorphanol (0.04 mg/
kg IV) can be added with caudal epidural lidocaine to
supplement pain relief. Acepromazine (0.02 mg/kg IV)
has been used to provide sedation to the dam. When
used alone, acepromazine does not have an analgesic
effect, but when used with an opioid such as butorphanol, acepromazine will enhance the analgesic effect
of the opioid. Administration of xylazine or other α2agonists either systemically or by epidural instillation
is not a good choice when the goal is to deliver a live
fetus. α2-Agonists can cause reduction in uterine blood
flow and oxygen delivery to the fetus. Nevertheless,
xylazine (0.04 mg/kg IV) provides good sedation and
analgesia when the procedure is performed to remove
a dead fetus.67

Horn Anesthesia
Because dehorning in adult goats and rams is a very
bloody surgical procedure, general anesthesia probably
should be used; however, some clinicians prefer local
anesthesia. The administration of local anesthesia for
dehorning sheep (rams) is similar technically to that
used in cattle.114,115 In the ram, local anesthetic (1 to
2 mL of 2% lidocaine) is injected at a depth of 1 to
2 cm just beneath the zygomatic ridge toward the horn.
Another protocol entails the application of a 3- to 4-cm
line block 1 or 2 cm from the base of the horn. The subcutaneous line of injection should be placed perpendicular to an imaginary line drawn along the shortest
distance from the horn base to the eye. A third option
is to place a ring block around one or both horns and
adjacent areas by infiltrating the tissue with a local
anesthetic. In clinical practice (specifically, of D.G.P.),
the ring block has yielded the most reproducible results.
Because of the potential for lidocaine toxicity, the 2%
lidocaine should be mixed with an equal volume of
sterile saline.116
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not evaluate the total duration of analgesia induced by
the combination, a similar study in dogs117 suggested an
analgesic duration of approximately 24 hours.118
A

B

Figure 18-4 The location of the cornual branch of the
intratrochlear nerve (A) and the cornual branch of the
lacrimal nerve (B). Local anesthetic can be infiltrated into
these two areas to obtain good analgesia of the horn and
surrounding skin.

In the goat, the horn and immediately surrounding skin can be anesthetized by “blocking” the corneal
branch of the lacrimal nerve. This nerve is anesthetized by injecting a local anesthetic (1 to 2 mL of 2%
lidocaine), at a depth of 1.5 to 2 cm, adjacent to the
caudal ridge of the base of the supraorbital process.
The cornual branch of the intratrochlear nerve, which is
located dorsomedial to the eye and adjacent to the margin of the orbit (Figure 18-4), can be palpated in some
animals. Local anesthetic (1 to 2 mL of 2% lidocaine)
can be administered there approximately 1 cm deep. By
anesthetizing both of these sites, good horn analgesia
is obtained.116
Dehorning is a frequently performed procedure in
food animals. Lidocaine alone can provide 90 minutes
to 2 hours of local anesthesia when used for corneal
nerve block and ring block around the base of the horn.
Bupivacaine with its longer-lasting effect will provide
4 hours of pain relief. Xylazine sometimes is administered in combination with lidocaine, which prolongs
the usual duration of analgesia for this agent to 3 hours.
Adding systemic administration of an NSAID-like ketoprofen to the dehorning protocol, along with local
anesthetic with or without xylazine, has been shown to
greatly improve animal comfort with consequent production advantages.70

Intraarticular Analgesia
In sheep, proper pain relief can be obtained after
stifle arthrotomy by means of intraarticular analgesia.
Intraarticular injection of lidocaine (40 mg; 2 mL)
before incision and bupivacaine (10 mg; 2 mL) after
closure, in addition to phenylbutazone (1 g PO once
daily for 5 days) and transdermal fentanyl (15 mg), initiated 24 hours before surgery, was reported to result in
apparently excellent analgesia. Although this study did
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DEFINITION OF FLOCK HEALTH
The aim of a flock health program is to improve the
overall health and welfare of the sheep in the flock,
decreasing losses from disease, increasing productivity, and maximizing the profitability of the flock. The
use and analysis of production, health, and financial
records are excellent ways to measure the success of the
program. Regardless of the approach used, flock health
programs should include a written component that
addresses all aspects of the production unit, time of
year, vaccination, nutrition, reproduction, and parasite
control, as well as overall productivity.
Flock health programs are developed for multiple
applications. They may be used by an individual producer or incorporated into initiatives for the control
and eradication of specific diseases through either voluntary or mandatory cooperation with state and federal
animal health officials. Programs used by individual
operators generally are planned annual approaches that
address the following:
•	Prevention of common disease conditions through the
use of appropriate vaccination schedules (Table 19-1)
•	Management strategies that minimize risk factors for
disease occurrence
•	Provision of appropriate levels of nutrition for the
stage of production
•	Assessment of metabolic status and productivity
In order to provide correct advice, the veterinarian
must have a sound knowledge base regarding the sheep
industry and the individual production system. The client and the veterinarian should work together in order to
outline all pertinent details of a record-keeping system.
Veterinary visits usually are scheduled in accordance
with timing of major production events (e.g., before
breeding; in midpregnancy; before, during, and after
lambing; in midsummer). During the first visit, the veterinarian assigns a body condition score (BCS) to the
ewe flock, which is imperative for making nutritional

TABLE 19-1 Basic Vaccination Program for
Sheep
Timing

PREGNANT EWES
•	Midgestation

•	Last month of
pregnancy

•	2 to 4 weeks after
birth

LAMBS
•	1 to 2 months
•	Repeat immunizations in 3 to
4 weeks
•	1 to 3 weeks
•	Repeat immunizations twice
at 3- to 4-week
intervals

Immunization/Scheduled
Management
Practice(s)/Intervention(s)

In endemic areas, vaccinate ewe
lambs or previously vaccinated
animals against Campylobacter
and Chlamydia (Chlamydophila)
abortion.
Vaccinate for Clostridium species
(C. perfringens type C and D,
C. novyi, C. sordelli, C. chauvoei,
C. septicum, C. tetani)
Repeat Chlamydophila and
Campylobacter vaccinations
for previously unvaccinated
animals and give yearly booster
to other ewes

Immunize lambs from immunized
dams for Clostridium species
(C. perfringens types C and D,
C. novyi, C. sordelli, C. chauvoei,
C. septicum, C. tetani)
Immunize lambs from nonimmunized dams for Clostridium
species (C. perfringens types C
and D, C. novyi, C. sordelli,
C. chauvoei, C. septicum, C. tetani)

RAMS AND YEARLINGS
•	As for ewes
Vaccinate at the same time as for
ewes, with an emphasis on
Clostridium species.
Vaccines against rabies should be
given in endemic areas.
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and feeding management recommendations. Evaluation of the rams should include both a general physical
examination and fertility assessment (see Chapter 8).
A written record should indicate the ram’s BCS and
weight, problems identified on the physical examination, and an action plan to address any problems that
are crucial to breeding. The midpregnancy visit focuses
primarily on ultrasound pregnancy determination and
fetal counting and aging. On the basis of these results,
the veterinarian can develop a plan for feeding ewes
appropriately and economically as appropriate for fetal
numbers and stage of pregnancy (see Chapter 2). This
visit can be crucial in preventing metabolic disease in
late pregnancy. The visit, examination, and herd/flock
recommendations for the ewe in late pregnancy entails
a review of the nutrition of the late-gestation ewe so that
she can perform up to her genetic potential at lambing.
Properly fed ewes produce maximal amounts of
colostrum and milk, give birth to thrifty lambs with

minimal difficulty, and demonstrate excellent mothering abilities. The final 2 months of pregnancy are crucial
to successful lamb growth and survivability. During this
visit, the veterinarian can review strategies to prevent
disease such as vaccinating against clostridial infections
4 weeks before lambing and providing a clean environment. The management plan at lambing time, including
the layout and use of facilities, also should be reviewed.
This plan should include education of farm personnel to recognize the need for intervention for lambing
problems (Tables 19-2 and 19-3).
Minimum standards and target production parameters should be set for morbidity, mortality, culling,
and growth rates (Table 19-4). A quality assurance
program also should be designed for the flock. To date,
the sheep-packing industry has not required producers
to participate in flock quality assurance programs, but
such programs exist and will become more common
in the future as a result of consumer demand. Quality

TABLE 19-2 Generic Management Calendar for Spring Kidding and Lambing
January

February

March
April
May
June
July
August

September
October
November

December

Evaluate range and forage conditions; monitor body condition of does and ewes and supplement if necessary;
ensure adequate intake of minerals, salt, and water; vaccinate during the final month of gestation for clostridial disease and any other endemic diseases.
Begin supplemental feeding of pregnant females and consider prebirthing shearing; begin birthing; check teats
for milk and identify lambs and kids; ensure ingestion of adequate colostrum by lambs and kids; institute
pre- and postbirthing strategic deworming; maintain an ionophore in feed or mineral mixture before and
after birthing to decrease coccidial contamination of pasture.
Separate singles from twins; confine and feed females with their lambs and kids as needed; feed does and ewes
to maintain milk production; continue strategic deworming program.
Continue to feed a supplement to lactating does and ewes; monitor for parasites with FAMACHA scoring and
“smart drenching.”
Wean small, stunted lambs and kids; discontinue supplemental feeding of does and ewes; monitor internal
parasites (with FAMACHA and fecal egg counts using McMaster technique).
Continue parasite control program with FAMACHA monitoring.
Monitor internal parasites; watch for signs of heat stress; wean lambs and kids.
Continue parasite control program; continue weaning lambs and kids; supplement replacement does, ewes,
bucks, and rams; select replacement males and females; identify and cull unsound and inferior animals;
perform breeding soundness evaluation in males. Criteria for culling include the following:
•	Poor or slow growth
•	Barren status in females (missed one season)
•	Unsound teats or udders (too big or too small)
•	Poor dentition
•	Structural defects (feet, leg, or back abnormalities)
•	Testicles that are small or soft or have other abnormalities (so that animal fails a breeding soundness evaluation)
•	Unthriftiness (caused by old age or chronic disease)
Begin supplemental feeding of females and males on fresh green pasture with ½ lb feed/head/day for 2-3
weeks before and after males are placed with females; continue parasite control program.
Begin breeding; maintain good male-to-female ratio, depending on pasture size and conditions; continue
supplemental feeding of females for 2-3 weeks after start of breeding season.
Evaluate range and forage conditions; determine females’ body condition and plan winter supplemental and
feeding program; control internal and external parasites; remove some of males’ feed to regain body condition; determine pregnancy status and number of fetuses.
Evaluate body condition of does and supplement feed if needed; monitor internal and external parasites.

Chapter 19 • Flock and Herd Health
assurance programs educate producers in good production practices and encourage cooperation between
practitioners and area producers. Table 19-2 presents a
sample management calendar for spring lambing.

BIOSECURITY ASPECTS OF FLOCK
HEALTH PROGRAMS
Biosecurity programs are a critical element in the control of infectious disease. Such programs include management steps to reduce the likelihood of introduction
of a new disease from an external source.
Another benefit of a biosecurity program is that it
has the potential to reduce the spread of infectious
disease already present in the flock. Scientifically sound
TABLE 19-3 Seasonal Veterinary
Management
Period in
Seasonal Cycle
Prebreeding

Midpregnancy

Prelambing

Midsummer

Veterinary Visit Assessments
BCS in ewes
Nutrition and feeding recommendations for flushing
Ram breeding soundness exam
Ultrasound pregnancy exam: fetal
counting and aging
BCS
Vaccination for clostridial diseases
Review of nutrition
Lambing management plan
Review of intervention criteria
BCS
BCS
FAMACHA scoring and “smart
drenching”

BCS, Body condition score.

TABLE 19-4 Production Targets
Production Parameter

Target

PREGNANCY
Ewes
Ewe lambs
Visible abortion

More than 95%
More than 75%
Less than 5%

LAMBING
Ewes
Ewe lambs
Stillbirths
Weaning

More than 90%
More than 70%
Less than 2%
More than 95%
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approaches regarding the introduction of sheep into a
flock are required to prevent the introduction of new
diseases into the resident sheep population. Practical biosecurity principles include purchasing animals
directly from the farm of origin, transporting them in
clean and disinfected transport vehicles, housing them
in true isolation facilities while following practical
isolation practices for 1 month, and regularly observing for conditions such as pruritus, lameness, external
lumps, and unexplained weight loss. In addition, isolated sheep should be integrated into the flock’s regular vaccination program, dewormed with an effective
anthelmintic, and have their feet trimmed and visually
inspected for footrot.
Even before performing a visual examination and
obtaining the history of the flock of origin, the producer
or the clinician may wish to use a foot bath (15 minutes
in a 10% zinc sulfate solution) for footrot control. During isolation, the sheep may be serologically tested for
diseases of concern to the buyer. If the sheep were tested
for various diseases before purchase, the buyer should
request the official test forms and results to check the
results and test dates. Incoming sheep should be thoroughly examined for obvious clinical manifestations
of contagious or infectious diseases such as contagious
ecthyma (“soremouth” or orf), keratoconjunctivitis
(“pinkeye”), external parasites, caseous lymphadenitis,
scrapie, footrot, strawberry footrot, ulcerative dermatosis, and other contagious diseases of concern.

BARNYARD BIOSECURITY
Producers should be educated regarding the following
practices and principles as key to an efficacious biosecurity program for farm animals:
•	Do not haul disease home or to the market. Table
19-5 lists some of the diseases that should “stay
home” on the farm until the animal fully recovers.
•	Isolate new animals for 2 to 4 weeks. Have no contact
between new animals and the resident farm herd or
flock animals during this time. Prevent introduction
onto farm by keeping a closed herd or flock, and
purchase animals from known sources (Table 19-6).
•	Restrict access to the farm: post signs for vehicle and
foot traffic control; keep a visitor log; don’t track
disease in—wear different shoes, clothes, and hat to
livestock auction market or public area and change
before working with livestock.
•	Provide good nutrition (water, feed, and minerals) and
management plan (including vaccination, deworming,
and the like) to maintain a healthy herd or flock.
•	Report animals with unusual illness or those that
are not responding to treatment to a local veterinarian, the state veterinarian, or the U.S. Department of
Agriculture (USDA) Veterinary Services. Early detection may save animal lives.
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TABLE 19-5 Diseases That Need to Stay Home on the Farm Until Animal Recovers
Disease

Biosecurity*

Zoonosis†

Comment(s)

Contagious ecthyma (soremouth, orf)
Caseous lymphadenitis (“cheesy gland”)
Keratoconjunctivitis (“pinkeye”) and/or
conjunctivitis
Ringworm/club lamb fungus
Footrot (not foot scald)

Yes
Yes
Yes

Yes
Yes—not common
No

Scabs on outside of mouth; wear gloves
Abscesses in head, neck, or body

Yes
Yes

Yes
No

Wear gloves
Bottom of sole/foot usually deformed;
does not include overgrown toes; foot
scald affects only between the toes

*Biosecurity: set of preventive measures to protect livestock from disease and keep animals healthy. The transmission of infectious agents will be minimized and disease prevention will be maximized with attention to biosecurity strategies for these five clinical entities.
†Zoonosis: infectious disease that can be transmitted from animals to humans. These are public health risks.

TABLE 19-6 Diseases Without Clinical Manifestations That Can Cause Abortion*
Disease

Biosecurity

Zoonosis

Comments

Toxoplasmosis

Keep cats away from feed

Yes

Chlamydiosis (Chlamydophilosis)
Campylobacteriosis
Q fever

Yes
Yes
Goats and sheep can be
carriers

Yes
Rare
Yes

Abortions; pregnant women should use
caution around kidding or lambing
Abortion
Abortion—rare
Usually with handling birthing fluids and
placenta, drinking unpasteurized milk

*Animals can be inapparent carriers of these diseases.

Vaccination Programs
Through regular and correct usage, vaccines are designed
to reduce the incidence and severity of a specific disease.
Few, if any, vaccines are 100% efficacious in preventing
disease. When vaccines are used properly, however, in
most instances their beneficial effects will far outweigh
their drawbacks. Area veterinarians can provide advice
on prevalent diseases that should be used regionally,
because farms in different areas have different needs.
The local veterinarian should work with the producer
to design a farm-specific vaccination program for ewes,
young lambs, market or feedlot lambs, replacement
breeding stock, and rams. Knowledge of prevalent diseases in the area and of diagnostic laboratory data is
the best basis for developing a vaccination program.
Vaccination should proceed according to label directions, because the timing of doses is crucial to optimal
protection.
Clostridial diseases are the only universal group of
diseases for which all sheep should receive vaccinations.
Decisions regarding the inclusion of other vaccines in
an individual flock health program should be based
on knowledge of prevalent diseases in the area and the
needs of the particular flock. In areas in which a disease

is known to occur but no vaccine is available, risk factors for that disease should be controlled with proper
management. Sheep that are frequently exhibited (as in,
FFA, 4H, or breed shows) are at greater risk for contracting contagious and infectious diseases. For this reason,
show sheep usually should be vaccinated against more
diseases than is usual for sheep in a closed flock.
Other diseases that have an available vaccine labeled
for use in sheep in the United States include some infections associated with abortion such as those caused by
Campylobacter spp. and Chlamydia (Chlamydophila) psittaci; multisystem diseases such as caseous lymphadenitis, musculoskeletal diseases such as footrot, neurologic
diseases such as rabies, and integumentary diseases such
as contagious ecthyma (soremouth). If past history indicates that the flock is at risk for a disease, such vaccines
can be included in an immunization program (see Table
19-1), which can be modified for the individual farm.

Internal Parasite Control Programs
The epidemiology of pathogenic sheep nematodes
and protozoal species depends on the climate of the
region; therefore internal parasite control must be
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BOX 19-1 	Summary of Recommendations for Parasite Control*
1.	Make certain that the anthelmintic or combination of
anthelmintics used on the farm actually works (kills at
least 90% of the viable worms). Check for resistance
with fecal egg counts before and after deworming.
2.	Utilize FAMACHA “smart drenching” in the spring and
continue to assess every 2-4 weeks until the hazard
of Haemonchus infestation no longer remains in cold
weather.
3.	Use strategic deworming. Deworm the flock while the
parasites are in hypobiosis and are being transmitted
at low levels (i.e., the winter). This strategy reduces the
frequency of exposure to deworming products.
4.	Employ pre- and postbirthing deworming starting 1
month before birthing at 2- to 4-week intervals and
ending 2-4 weeks after the final lamb or kid is born.
5.	Tactical dewormings (based on increased levels of
parasite eggs or 10-14 days after rainfall) enhance the
effectiveness of a parasite program.

6.	Graze above 4 inches; use “clean” or safe pastures when
possible (aftermath of crops, annual forage such as
chicory); utilize rotational grazing or cograzing with
cattle or horses. (Beware: Permanent pastures promote
parasites.)
7.	Deworm new animals and place them in a nonpasture
environment such as a dry lot or barn after treatment
for as long as 72 hours before moving them to a safe
pasture. Check fecal egg count 10-14 days after treatment for fecal egg shedding
8.	Rotate anthelmintics yearly if effective drugs are
available.
9.	Do not underdose. Determine dose for the heaviest
animal in a production group.
10.	Identify and select individual animals resistant to internal parasites for flock/herd retention and breeding.

*More in-depth recommendations are available in Chapter 6.

tailored to the region of the country in which the flock
resides. Parasite control programs also must take into
account whether the flock is confined, pastured, or
rotationally grazed. Successful programs implement
regular monitoring of the efficacy of anthelmintics,
sheep-friendly handling equipment for anthelmintic
delivery such as well-designed pens and chutes, and
use of automatic syringes or drench guns. Other components of a parasite control program include the
use of multiple strategies to minimize the buildup of
nematode eggs on pasture; this aim can be achieved
by deworming ewes with larvicidal doses during winter housing, at 4 weeks after spring turnout, and at
3 weeks into lambing. Control also is enhanced by
the use of management practices that reduce reliance
on chemical anthelmintics, such as FAMACHA “Smart
Drenching,” grazing clean ground with weaned lambs,
“vacuuming” nematode eggs by grazing the previous
year’s sheep pastures with cows or horses, and selecting for and breeding nematode-resistant sheep (see
Chapter 6).
When the flock must graze close to the ground and
nutritional input is marginal, nematode infestation
may escalate, typically with development of clinical
parasitism in stressed sheep. The veterinarian and the
producer should create an annual calendar that details
the entire flock health program. The producer should
record details about any procedures performed in the
production groups. Box 19-1 summarizes recommendations to improve parasite control. Table 6-1 shows some
commonly used anthelmintics and coccidiostats useful
in parasite control for sheep and goats.

External Parasite Control Programs
Keds and biting lice are the prevalent external parasites
of sheep. Many sheep flocks have not introduced these
parasites. In these flocks, all newly purchased sheep
should be treated prophylactically while they are in
isolation to prevent parasite introduction. In flocks
in which either parasite is endemic, all sheep on the
property should be treated at the same time, so that one
group does not serve as a reservoir for reintroduction.
Treated sheep should be kept out of any contaminated
buildings for 2 weeks, because buildings also can serve
as reservoirs during this time. Further treatments should
not be necessary after the whole flock is properly treated.
The flock should be monitored for ectoparasite infestation after reintroduction from carrier sheep or after
improperly applied whole flock treatment. An external
parasite control program is described in Chapter 6.

Flock Health Monitoring
Program records should contain a flock inventory
divided into production groups. Important information
gained from the records can include:
•	Ram-to-ewe ratios at breeding
•	Pregnancy rates
•	Lambing percentages
•	Ewe and ram mortality numbers and reasons
•	Pre- and postweaning lamb mortality rates and
reasons
•	Ram morbidity and treatment outcomes (especially
those that pertain to breeding use)
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The average BCS of the ewe flock should be recorded
at breeding, lambing, and weaning (see Chapter 2). If
target scores are not achieved, the producer and the
veterinarian need to determine why and make appropriate management changes. If the correct changes are
implemented, future scores should improve, with consequently enhanced production.
If mortality rates exceed targets, necropsy should be
performed in representative sheep to determine cause
of death. Gross findings can be further investigated with
ancillary laboratory-based tests.

Culling and Disposal Practices
Culling practices should be based on genetics, productivity, poor fertility, substandard growth, parasite and
disease susceptibility, and disease (e.g., footrot, caseous
lymphadenitis, scrapie, ovine progressive pneumonia).
Not all sick or thin animals survive to the point of culling. Each operation must have a plan for carcass disposal. Carcass disposal procedures used should be legal
in the area and state, environmentally friendly for the
size of the animal and number of carcasses, and practical for the producer. Many states legally permit sheep
composting (see Box 20-2). A sheep of any size will turn
into compost if the procedure is done correctly. With
some diseases (e.g., scrapie, foot-and-mouth disease),
carcasses may by law require incineration.

Neonatal Care
A “strip, sip, clip, and dip” strategy for management of
the newborn lamb is sound advice for beginning and
advanced clinicians and owners alike: The producer
can strip the wax plug from the teat so that the lamb
can sip colostrum, as well as clipping and dipping
the umbilicus in 7% iodine or another antiseptic or
astringent (e.g., solutions of chlorhexidine or povidoneiodine). Owners and practitioners should be able to
recognize normal maternal and neonatal behavior, as
well as normal-appearing and functioning mammary
glands. The recognition of normal traits and conditions
allows abnormalities to be detected and dealt with
appropriately.
Equipment and facilities should be prepared and
organized before the start of lambing. Records to guide
improvements in management should be kept and
used. Regardless of whether animals are raised in confinement or on pasture, periparturient ewes should be
grouped together according to expected lambing dates
and fetal numbers, if available. These groupings enable
tailored levels of feeding, which are economically justifiable, minimize the occurrence of metabolic disease,
and prevent fetal under- or overfeeding. The result is
the birth of viable lambs. When lamb losses occur,
postmortem examination by the local veterinarian or

veterinary diagnostic center in representative cases is
recommended. Management changes should be based
on the necropsy findings (see Chapter 20).

Shearing Management
Shearing is a highly stressful experience for sheep.
Accordingly, the shearing setup should be designed
so that handling stress is minimized. Many preventive
health procedures often are performed at shearing,
such as prelambing vaccination against clostridial diseases, especially those caused by C. perfringens types
C and D and C. tetani. Ewes should be vaccinated
against colibacillosis (in situations in which such vaccines are used) approximately 30 days before lambing
on farms with a history of previous cases of neonatal
lamb diarrhea known or suspected to be caused by
pathogenic Escherichia coli. Other procedures frequently performed at shearing include sorting out
noncompetitive sheep or those with abscesses or mastitis, foot trimming, and deworming. With all such
procedures, the well-being of both the sheep and the
shearers must be considered. Freshly trimmed feet can
lacerate a shearer if the sheep kicks, for example. The
owner should be encouraged to be present at shearing
and to accept the shearers’ observations as valuable
professional input. Prelambing shearing of ewes may
decrease the incidence of pregnancy toxemia, encourage the ewe to seek shelter on cold days (with the
resultant birth of lambs in warmer, dry environment),
decrease the maintenance requirements of the ewe
(because of less fleece weight), and enhance the likelihood that newborns will nurse the udder instead of
the ewes’ wool.
Most small flock facilities lack a permanent shearing
setup. Therefore many shearers perform the procedure
on sheets of plywood or pieces of indoor-outdoor carpet that they carry in their trucks and use every day on
numerous farms. Such surfaces may readily transmit
bacteria, fungi, and even viruses from other farms.
Owners should therefore provide their own shearing
surfaces.

Foot Care
Part of the annual care of sheep should include assessment of the condition and length of their hooves.
Depending on the terrain and rainfall in the area, some
flocks do not require annual hoof trimming, but most
flocks in the midwestern and eastern regions of the
United States will need regular trimming. The timing
of this procedure is not important so long as hoof overgrowth, which predisposes affected animals to other
foot problems such as foot scald, toe abscesses, and
footrot, is not allowed to occur. Many farm flocks trim
the ewes’ feet around lambing time while they are in
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confinement and being handled regularly. Many range
flocks only require foot trimming of a few individual
animals. These sheep wear their feet down adequately
on dry, rough terrain, and some breeds are predisposed
to slower foot growth. Rams should have their feet
trimmed 4 to 8 weeks before breeding. Trimming in the
week before the start of breeding is contraindicated in
case overzealous trimming causes temporary lameness.
A generic footrot prevention program is presented in
Box 11-2 (see also Chapter 11).

Facility Design and Function
Sheep housing should be designed and constructed for
proper ventilation and efficient manure handling.

Water Availability and Design
Water is an essential nutrient for sheep of all ages.
It should be of good quality and readily available.
Cleanliness, taste, impurities, and temperature all
affect consumption. Key times during which the quality of the water supply has a direct influence on the
productivity or health of the animal are the lambing
and finishing phases, late pregnancy, and lactation
(see Chapter 2).

Role of Management in Maintaining
Health
The level of management determines the success and
sustainability of a farming operation. Excellent managers make most decisions on a timely basis and correctly
relative to the care of their flock. Accordingly, the flock
responds by meeting target production goals. In today’s
economic environment, sound management decisions
are based on a combination of recorded data and observational subjective findings.

Specific Diseases Introduced by
Carrier Sheep
Sheep can carry and introduce into a flock a number of diseases that are not visible to the naked eye.
These disease conditions include footrot, chlamydiosis,
campylobacteriosis, Q fever, and anthelmintic-resistant
nematode infection. In general, tests for these diseases
do not exist or are not financially feasible for whole
flocks. Therefore all animals introduced into the flock
should undergo a complete physical examination and
be quarantined from the rest of the flock for 21 to
30 days, to minimize the introduction of new diseases.
All new additions should be quarantined in a dry
lot (without any grass) or on concrete and aggressively
dewormed with a product from each of the three classes
of anthelmintics. After 14 days, a fecal egg count is
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performed, and sheep with negative fecal counts can
then be added to previously grazed pastures (not onto
clean or safe pastures).

GOAT HERD HEALTH
Jason Johnson, Seyedmehdi Mobini, and D.G. Pugh

HERD HEALTH MANAGEMENT
Herd health management and preventive medicine
programs are designed to minimize potential adverse
effects of predictable problems and to protect against
unexpected ones. The goal of a herd health program
is to improve the goat herd’s productivity through
general husbandry, nutritional management, parasite
control, vaccination, and environmental management.
An understanding of various management practices and
common disease problems is necessary to achieve this
goal. Ultimate success lies in the positive results that
will emerge from implementation of a herd health program, but it will take effective communication between
practitioner and owner. Effective communication can be
achieved by conducting regular herd visits, producing
newsletters, providing website links, or other resources
to farms. Information exchanged should include a
written herd health plan for each specific farm and
regular assessment of herd production. The practitioner
should keep owners informed on any new technologies in goat production, emerging disease information,
current treatment recommendations and preventative
medicine. For the typical busy practitioner, this is a
lofty goal; however, with existing computer programs,
the practitioner is encouraged to maintain a “template,”
which may be adjusted on the basis of individual farm
nuances.
Because of their remarkable adaptability, goats are
maintained over a more diverse range of production
systems than any other domestic livestock species. Goat
production can be divided into dairy, fiber, meat, pet,
and show production. The largest body of information
about goat herd health management and preventive
medicine is for dairy and fiber-producing goats. However, the meat goat industry continues to expand, and
this text will include current herd health recommendations therein. Herd health management programs must
be developed on an individual basis, and these programs vary according to the herd size, its purpose, and
the owner’s production goals. Overall, the practitioner
should keep in mind a few target areas responsible for
economic loss in goat production and make efforts to
address these respective areas (Box 19-2). For the purpose of organizing goat herd health information into
a simple, usable, and easily remembered format, the
herd can be divided into four groups: bred does and dry
does, kidding does and newborn kids, kids and weanlings, and bucks.
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BOX 19-2

	Major Causes of Economic Loss
in Goat Herds in North America

1.	Suboptimal reproductive performance
2.	Periparturient diseases of does
3.	Neonatal mortality
4.	Diseases of weanlings
5.	Nutritional mismanagement of pregnant and lactating
does
6.	Parasitism
7.	Lack of sound biosecurity program

Bred Does and Dry Does
The major disease problems in this group are pregnancy toxemia, abortion, and pseudopregnancy.
Goats that are over-conditioned during this period are
at risk of pregnancy toxemia, vaginal prolapse, and
dystocia. The primary objective for these animals is
proper nutritional management, avoidance of obesity
in early gestation, and provision of adequate nutrients
to support the rapid growth of the fetus in the final
trimester.
Pregnancy toxemia can be avoided by proper dietary
management. First, care should be taken to prevent
obesity in late lactation does by decreasing fed grain.
These does in early gestation (late lactation) can be
maintained on high quality forages until around
the last trimester, when supplemental feeding should
begin. During the dry period, does should receive a
daily ration of hay with at least 10% protein and grain
supplementation at a rate of 1 to 2 lb/head. Grain
supplementation can be increased if environmental
conditions are excessively cold and wet. Owners should
aim for does to freshen with a body condition score of
3.5 to 3.75. If pregnancy toxemia is detected in a herd,
then urine ketone testing is warranted (see Chapters 2
and 5).
As reviewed in other chapters, many infectious and
noninfectious causes of abortions in goats are recognized. If abortions do occur, the clinician should strive
for a diagnosis. Does that have aborted should be
isolated, and if possible, areas in which the abortion
occurred disinfected. Aborted fetuses and placentas
that are not submitted to a laboratory should be incenerated or buried. Sound biosecurity measures are the
mainstay of preventing infectious abortions. All new
incoming animals, including bucks, should undergo
a period of quarantine. No new animals should be
introduced into the bred doeling or dry doe groups.
In herds in which Chlamydia (Chlamydophila) or Campylobacter abortions have occurred, all does should be
vaccinated before the breeding season. Management
principles for bred does and doelings are outlined in
Table 19-7.

TABLE 19-7 Management of Bred Does
and Dry Does
Management
Practice(s)

Scheduled Management
Intervention(s)

Maintain proper
nutrition.
Maintain proper BCS:
Scores of 2.5 to
3.5 (on a 5-point
system).
Ensure adequate dry
period.
Introduce no new
animals into bred
does production
group.
Perform pregnancy
diagnosis 45-60 days
after breeding.
Trim feet as needed.
Provide a clean, dry,
draft-free area for
maternity pens, or a
well-drained, clean
pasture with shelter.

Vaccinate with Clostridium
perfringens types C and D
and tetani toxoid 5-7 weeks
before parturition.
Vaccinate for Chlamydia or
Campylobacter (in previously
diagnosed herds) 1 month
before breeding season.
Deworm 2-3 weeks before
kidding (if applicable).
Monitor urinary ketone levels
in herds with history of
pregnancy toxemia.
In deficient areas, administer
vitamin E and selenium to
does 30 to 45 days before
kidding.
Ensure adequate selenium
intake with a free-choice
mineral mixture.
If herd has history of infectious abortions, consider
adding ionophores/tetracyclines to feed.

Kidding Does and Newborn Kids
Kidding should be a well-anticipated event and not an
unexpected surprise. Where possible the pregnant doe
must be given adequate exercise until the time for kidding. Does should be placed in a clean, warm, dry, wellventilated area as parturition nears. Dairy goat udders
can be clipped 2 weeks before the due date. Preparation
for routine processing of kids at birth, including navel
dipping, colostrum feeding, and establishing a protocol
for responding to parturition-related emergencies, will
reduce neonatal losses. To this end, equipment lists
should be in place for all farm personnel, and work
schedules should address the possibility of attending the
does during parturition. Induction of parturition using
prostaglandins (e.g., PGF2α, 2.5 to 20 mg IM) is one management option to ensure that does are attended at birth.
The major obstacles to survival of newborn kids are
hypothermia, hypoglycemia, and infectious diseases
secondary to delayed or inadequate colostral intake.
Other diseases that are seen in this production group
are septicemia, pneumonia, omphalophlebitis, and
diarrhea. Proper facilities and management techniques
can decrease the incidence and severity of these diseases.
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The doe and neonate should be placed in an area that
is warm, dry, and protected from wind. Environmental
pathogen load can be decreased by regular changing of
bedding. The newborn kid should receive an adequate
amount of high-quality colostrum. Failure of passive
transfer of maternal antibodies to newborn kids leads to
an increased incidence of disease and death. On farms
that practice dam-rearing of kids (meat and fiber), visual
assessment of colostral intake is indicated; if adequacy
of intake is questionable, neonate immunoglobulin levels should be tested. Hand-feeding of colostrum is the
most definitive way to ensure adequate intake.
Caprine arthritis-encephalitis virus (CAEV), which
is transmitted from infected does to kids primarily by
colostrum and milk, is a major concern in dairy goats.
Basically, implementation of a CAEV control program
targets the newborn dairy kids; however, multipronged
control measures that may maximize protection also
are available. Kids should be dried and separated from
their dams immediately after birth. To help prevent the
spread of CAEV, colostrum can be heat-treated at 56° C
(133° F) for 60 minutes before being fed. Does that have
the mammary form of CAEV disease may have normalsize udders that are firm on palpation and may exhibit
hypogalactia or agalactia (see Chapters 13 and 16).
Newborn kids and their mothers should be properly
identified, and records should be updated accordingly.
The newborns should be inspected for the presence of
any congenital abnormalities. Kids born to does that
were not vaccinated for Clostridium perfringens types C
and D and tetanus should receive an antitoxin during
their first week of life. Udder conformation, milk production, and milk quality should be critically assessed
during this period in milking does. Standardized milking procedures, with emphasis on the use of good-quality equipment, good udder hygiene, and milk records,
should be in place. Adequate trough space should be
provided for milking does. Bucks should be separated
from lactating does to prevent development of a “buck
odor” to the milk. A summary of management practices
for this production group is presented in Table 19-8.

Kids and Weanlings
Weaning may occur at 6 to 12 weeks in dairy goats or
orphaned kids, depending on the feeding and management system. Meat goats usually are weaned at 4 to 6
months. Common diseases encountered during the
weaning period include pneumonia, coccidiosis, and
gastrointestinal nematode parasites. Enterotoxemia and
neurologic CAE disease also can be seen in this production group.
The diseases in this category are intimately connected
to management practices. Incidence of respiratory disease may be reduced by providing proper ventilation,
maintaining an ambient temperature between 6° C and
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TABLE 19-8 Management of Kidding Does
and Newborn Kids
Management
Practice(s)

Scheduled Management
Intervention(s)

Provide proper protection from elements for
periparturient does and
neonates:
•	Dry area
•	Out of wind
•	Warm area
•	Well-ventilated
Decrease environmental pathogen
load:
•	Provide clean
bedding.
•	Change bedding
regularly.
•	Clean housing
regularly. Clean
dam’s teats.
Examine and palpate
udders of parturient
does.
Assess colostrum intake
in dam-reared kids:
•	Visually
•	IgG tests
Accurately identify all
newborn kids.
Examine each kid for
congenital defects.
Introduce hay and feed
within first week of
life.

Ensure adequate intake of
high-quality colostrum
within 4 hours of birth.
Implement CAEV control
program measures:
•	Feed pasteurized
colostrums/milk.
•	Dry and separate kid from
dam immediately after
birth.
•	Tape teats of CAEV-positive
does. Dip navel with iodine.
Administer Clostridium perfringens type C and D and
tetanus antitoxin within first
week of life to kids born
to unvaccinated does, with
booster vaccination within
3 to 4 weeks.
In deficient areas, administer
vitamin E and selenium
injections to kids within
first 2 weeks of life.
Perform horn disbudding of
dairy kids at 2-14 days of
age.
Inspect doelings for extra
teats; remove within 7 days
of age.
Castrate bucks at 4-14 days
of age.

IgG, Immunoglobulin G.

27° C (43° to 81° F), and preventing overcrowding.
Attempts to control coccidiosis should concentrate on
reducing the infective number of oocysts in the environment. Prompt and regular removal of soiled bedding,
decreasing stocking densities, and the use of movable
hutches can be expected to decrease the effective number of oocysts. The disease may still show up on a farm,
however, and addition of a coccidiostat to the feed may
be necessary. Common dosages are listed in Table 6-1.
Under intense production conditions, it may be prudent to begin coccidiostats around 1 to 4 months of age
(see Chapter 6).
On initial release onto summer grazing, weanlings
may incur heavy internal parasite burdens. Depending
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on the particular parasite management approach of the
farm, some investigators advocate deworming before
turnout. Release of weanlings onto “new” pastures
that have been without livestock for certain minimum
periods may decrease initial infective worm burdens.
Parasite monitoring strategies may include the use of
FAMACHA coupled with composite fecal egg counts
(see Chapters 6 and 16).
Hay and concentrates should be offered early during the life of the kid, before weaning, in an attempt
to decrease anorexic weaning stress. Depending on
genetics, nutrition levels, and management practices,
spring-born kids may be of sufficient body weight (70%
adult body weight) for entry into the autumn breeding doeling group. In milking herds, where year-round
kidding is desirable, reproductive manipulation will be
warranted, as covered in depth in Chapters 2 and 8.
Vaccines for C. perfringens types C and D and tetanus toxoid should be administered at the age of 1 to
2 months in kids whose dams were vaccinated during
pregnancy. No respiratory disease vaccines exist for
weanling goats.
In meat goat finishing programs in which young
bucks are fed high-concentrate feed, conditions such
as bloat, urinary calculi, and enterotoxemia are frequently encountered. As confirmed by our own
experience, urinary calculi may be diagnosed in male
Boer kids as young as 2 to 3 months of age. Providing a continuous supply of clean, fresh water and
increasing the concentration of salt in the ration to
a maximum of 4% are helpful strategies to prevent
calculi. Prophylactic use of urinary acidifiers also has
been advocated. The continuous administration of
ammonium chloride at a level of 1% to 2% of the
diet is recommended in castrated and intact bucks.
Polioencephalomalacia can occur under intensive
management conditions in goats of any age; however,
the stress and anorexia associated with weaning predispose kids and weanlings to development of this
disease. Weaned meat goat kids consuming rations
containing high levels of concentrates or grains also
are highly susceptible. Causes of polioencephalomalacia include thiamine deficiency, inhibition of thiamine activity, and sulfate contamination of water or
feed. Increasing the roughage and decreasing the grain
portion of the diet, decreasing sulfate ingestion, and
possibly including thiamine in the diet all are good
therapeutic interventions. An outline of management
practices for this production group is presented in
Table 19-9.

Bucks
Bucks are too often neglected and omitted from specific
consideration in herd health management practices.
Urolithiasis probably is the most important disease

condition in bucks. Although formation of urinary
calculi is more common in castrated males, calculi also
have been observed in intact males (especially meat
goats); this problem can necessitate the bucks’ destruction as breeding animals. Providing fresh water, increasing salt concentration in the diet to 2% to 4%, and
using urine acidifiers are as important in the herd health
management of bucks as they are in the management of
kids and weanlings.
Bucks become very aggressive during the breeding
season and can injure workers and one another. They
urinate on their faces and forelimbs during breeding
season, which can cause severe urine scald, secondary
bacterial dermatitis, and stench.

TABLE 19-9 Management of Kids and
Weanlings
Management
Practice(s)

Scheduled Management
Intervention(s)

Introduce hay and
concentrates early
in life.
Provide proper housing to decrease respiratory disease:
•	Ensure good
ventilation.
•	Maintain comfortable temperature.
•	Prevent
overcrowding.
Ensure adequate fencing is in place before
turnout.
Separate doelings from
intact bucks before 3
or 4 months of age
to prevent unwanted
breeding.
Examine external genitalia for abnormalities such as intersex.

Administer Clostridium perfringens type C and D and
tetanus vaccines to kids born
to vaccinated dams by 1 to
2 months of age.
Implement control measures to
aid in controlling coccidiosis:
•	Regularly change bedding.
•	Consider using movable
housing.
•	Provide coccidiostats in feed
or water.
Implement parasite control
strategy:
•	Administer anthelmintic
before turnout.
•	Turn out onto “new”
pastures.
•	Perform regular FAMACHA
evaluations and fecal egg
counts.
Institute measures to prevent
urinary calculi in finishing
meat animals:
•	Maintain a 2:1 dietary
calcium-to-phosphorus ratio.
•	Provide high levels of salt
(up to 4%) and 1% to 2%
ammonium chloride in diet.
•	Allow for sufficient trace
mineral intake.
•	Ensure ready access to plentiful, clean drinking water.
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Bucks should be in good body condition before
onset of the breeding season. Regular foot trimming, deworming, and health checks should not be
neglected in bucks. Before the breeding season, the
buck should undergo a breeding soundness evaluation, including semen evaluation, and libido testing
(Table 19-10).

Vaccination Protocol
Enterotoxemia and Tetanus
A minimal vaccination program for goats includes vaccinations against C. perfringens types C and D (enterotoxemia) and Clostridium tetani. Some multivalent
clostridial vaccines, including those against blackleg,
malignant edema, and bacillary hemoglobinuria, are
used in goats. These are unusual diseases in goats,
and vaccination to prevent them usually is not economically justified, but many vaccines are combined
to contain seven or eight bacterins. Vaccination site
considerations include the potential for development
of blemishes, lameness, and site reactions that require
trimming at slaughter or cause poor performance in the
show ring. Subcutaneous injection in the caudolateral

549

neck region or behind the elbow often is preferred.
Injection over the ribs is an alternative for adult animals. All animals should be vaccinated initially with
clostridial and tetanus toxoid products and receive
a second vaccination in 3 to 4 weeks. Pregnant does
should receive their annual vaccination 1 month
before parturition. Bucks, yearlings, and other adults
should receive annual boosters at the same time, to
streamline animal handling. Animals that are fed large
amounts of concentrate may need to receive a booster
vaccination every 6 months. This booster program can
be accompanied by vaccination of does a month before
breeding.
Kids from immunized dams should be vaccinated
at 1 to 2 months and given a booster 3 to 4 weeks
later. Kids from nonimmunized dams should be
vaccinated at 1 to 3 weeks and given a booster 3 to
4 weeks later. A C. perfringens type C and D antitoxin
is available for treatment in cases of failure of passive transfer of colostral antibodies and for use in
endemic areas. Similarly, C. tetani antitoxin is available and should be used before even routine surgical
procedures (e.g., castration, dehorning) and parturition, if the previous vaccination status of the animal
is unclear. The dosage of the tetanus antitoxin for
young kids is 150 to 250 U and 400 to 750 U for adult
goats (Box 19-3).

TABLE 19-10 Management of Bucks

Management Practice(s)
Allow adequate opportunity/conditions for
exercise.
Ensure adequate BCS
(3-3.5) before breeding
season.
Perform regular foot trims.
Perform breeding soundness exam 1-2 months
before breeding season.
Apply petroleum jelly to
areas of urine scald.

BCS, Body condition score.

Scheduled Management
Intervention(s)
Vaccinate bucks at same
time as for does with
Clostridium perfringens
type C and D and tetanus
toxoid.
Monitor fecal egg counts
and administer
anthelmintics.
Institute measures to prevent urinary calculi:
•	Maintain a 2:1 dietary
calcium-to-phosphorus
ratio
•	Provide high levels of salt
(up to 4%) and 1% to
2% ammonium chloride
in diet.
•	Allow for sufficient trace
mineral intake.
•	Ensure ready access to
plentiful clean drinking
water.

BOX 19-3

	Basic Vaccination Program for
Goats

PREGNANT DOES
•	Vaccinate does during last month of pregnancy for
Clostridium perfringens types C and D and C. tetani.
KIDS
•	Immunize kids from immunized dams at 1-2 months
of age for Clostridium perfringens types C and D and C.
tetani; repeat immunization in 3-4 weeks.
•	Immunize kids from nonimmunized dams at 1-3
weeks of age for Clostridium perfringens type C and
D and C. tetani; repeat immunization twice at 3- to
4-week intervals.
BUCKS AND YEARLINGS
•	Immunize bucks and yearlings at the same time pregnant does are vaccinated, with emphasis on Clostridium
species.
•	In endemic areas, vaccines for rabies and leptospirosis
may be of value.
BREEDING DOES
•	Vaccinate breeding does for Chlamydia (Chlamydophila)
and Campylobacter before breeding, and repeat in
midgestation.
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Contagious Ecthyma (Soremouth, Orf,
Contagious Pustular Dermatitis)
In general, goats should be vaccinated to protect against
contagious ecthyma (soremouth, orf, contagious pustular dermatitis) only if the disease has been identified
in the herd. Vaccine preparations contain live virus and
therefore serve as a means of introduction of the virus
onto a farm. The virus, once introduced, may reside
in the environment from year to year. With herds that
have been exposed to vaccine virus or through natural
infection, the producer may consider implementing
a vaccine protocol. Vaccination and isolation of unaffected animals during an outbreak may shorten disease
duration. Vaccination should be coupled with disinfection of working areas, pens, and fomites with detergent.
Additionally, for farms that regularly show or acquire
new animals, vaccination may be considered to prevent
epidemic disease. The initial program of vaccination
for contagious ecthyma should include all animals
in the herd; thereafter, yearly vaccination of new kids
(6 to 8 weeks of age) and new goats is recommended.
The preferred site for vaccination is inside the ear pinna,
in the axilla, or beneath the tail. The skin is lightly scarified, and the virus suspension is applied. Scabs usually
appear at the vaccination site within 1 to 3 days; the
absence of scabs may indicate unsuccessful vaccination
or previous exposure to virus. Vaccination should be
timed for 6 to 8 weeks before showing the animal, to
ensure that scabs disappear. Commercially available or
autogenous vaccine may be used.
Of note, contagious ecthyma is a zoonotic disease
and may be transmitted by scabs, vaccines, or active
lesions. Gloves should be worn for handling ill animals
or vaccine. Vaccines can cause severe lesions in people
who incur accidental self-injection.

Caseous Lymphadenitis
Caseous lymphadenitis is a common disease of goats
that is caused by Corynebacterium pseudotuberculosis.
Infection with this pathogen causes abscess formation
in lymph nodes and organs, resulting in poor production, weight loss, and death. The organism may remain
viable for months in the environment, and fomites also
spread disease. A vaccine usually is available singly or
in combination with C. perfringens type C and D and
C. tetani vaccines for sheep. The vaccine itself can cause
severe local or systemic reactions in infected goats and
may interfere with some forms of serologic testing.
Under natural conditions, the ability of the vaccine to
prevent spread of disease is questionable. Autogenous
or commercial vaccines may reduce the number and
severity of lesions in individual animals (see Chapter
10). An isolation protocol for all incoming animals,
whether bought at or returning from show, should
be in place to prevent entrance of the organism onto
the farm. Effective identification and rapid culling of

ill animals constitute the mainstay of treatment in
affected herds.

Other Vaccines
Vaccines to Control Abortion
No routine vaccination programs are recommended for
control of abortion in goats. The most common organisms associated with abortions in goats in the United
States are Chlamydia (Chlamydophila) and Toxoplasma. Of
note, Campylobacter, which is one of the most common
causes of abortion in sheep, is rarely implicated in abortions in North American goats (see Chapter 8).
No United States–approved goat vaccines for
Chlamydia(Chlamydophila) are available; however, sheep
vaccines may be used in problem herds. The vaccine
may cause adverse tissue reactions. Initially, all breeding
adults and replacement yearlings should be vaccinated
60 days and 30 days before the breeding season. In
successive years, all adults should be vaccinated 2 to
4 weeks before the start of the breeding season. A combined vaccine against Chlamydia (Chlamydophila) and
Campylobacter for sheep can be used in the rare event
that Campylobacter infection is a problem in a particular
goat herd. The efficiency of these vaccines is questionable, because several biotypes of these two diseases
exist, and vaccines against one biotype may not be
cross-protective
Toxoplasma gondii causes abortions in goats around
the world. Producers should concentrate on minimizing herd exposure to cat feces, where the infective oocyst
is shed. Vaccines have been available in New Zealand
and Europe to aid in control of the disease. Listeria
monocytogenes may cause abortion in goats, but this
manifestation of the disease is not common. Serial vaccination with live virus provided protection to a cohort
of pregnant does challenged with virus. No commercially available vaccine exists in the United States (see
Chapter 8).
Cattle leptospirosis vaccines can be used in goats that
are kept near cattle or hogs or housed in an area where
confirmed Leptospira-induced abortion is a problem in
other species.

Miscellaneous Vaccine Notes
Footrot, caused by Dichelobacter nodosus, among other
organisms, occurs during warm, wet months of the year.
Some investigators suggest vaccination of goats with
Footvax, a sheep-labeled product, to control footrot in
endemic goat herds. Vaccines should be given 30 days
apart and then again yearly, preferably before the start
of the wet season. Owners should be informed that
injection site reactions are relatively common. Current
control and prevention measures for this disease are
covered in Chapter 11.

Chapter 19 • Flock and Herd Health
Keratoconjunctivitis is caused by different organisms
in caprine and in bovine species, although both forms
of the disease share the name “pinkeye” and are associated with similar clinical signs. Moraxella bovis vaccines
are not warranted in goats (see Chapter 14).
No rabies vaccine is approved for use in goats in the
United States. Vaccination of valuable breeding stock or
pets with a killed vaccine approved for sheep is advisable in endemic areas (see Chapter 13).
Some cattle respiratory disease vaccines are occasionally used by goat producers and veterinarians. The
efficacy of these vaccines and their value in reducing
“respiratory disease complex” for goats are questionable
(see Chapter 7).

Herd Nutritional Management
Principles
Presented next is an overview of basic nutrition principles; more in-depth coverage of this topic is provided
in Chapter 2 on nutrition.
On the basis of body size, goats have larger nutritional requirements compared with other ruminants.
They have an almost unique browsing and foraging
ability and can utilize a wide variety of grass, legume,
weed, and browse species as food. Goats seem to prefer
approximately 50% browse, 20% grasses and legumes,
and 20% forage in their diets.
Good-quality grass forage plus minimal grain feeding, with a trace mineral and salt supplement and fresh
water, generally is sufficient to meet most nutritional
requirements of goats, particularly those kept as pets.
However, pregnant does should receive supplemental
feed 1 month before and after kidding. Does in late
pregnancy and early lactation and breeding bucks also
may benefit from the feeding of concentrates, particularly if forage quality and quantity are suboptimal.
However, excessive grain feeding can result in health
problems. The likely economic benefit of feeding grain
to some meat goats, versus the risk of feed-induced
health problems, is not sufficient to warrant this practice. Dairy goats with high genetic potential for milk
production benefit from relatively high levels of grain
feeding during early lactation. Goats should be grouped
according to age and production levels.
Flushing, or increasing the feed intake of does 3
to 4 weeks before and during the breeding season,
increases the ovulation rate, particularly in animals
of moderate body condition, and has been described
in sheep. Flushing can be accomplished by providing
free-access high-quality pasture, supplement grain
feeding, or creep grazing pasture. Over- or underconditioning can predispose females to pregnancy
toxemia. Free access to legumes should be limited
during the final trimester of gestation (particularly in
dairy goats) to prevent excessive calcium intake, which
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can predispose animals on such diets to milk fever.
Pregnant animals in selenium-deficient areas should
receive dietary supplementation or vitamin E and selenium injections during the final months of pregnancy.
A complete, loose, trace mineral–salt preparation
containing selenium should be offered free choice
year-round to all goats. Salt or mineral blocks designed
for cattle may not be suitable for goats, particularly
in deficient areas or for growing or lactating goats
(see Chapter 2).
Proper feeding of colostrum is crucial to the health
and survival of the kid. Properly treated, slow-pasteurized colostrum should be used in dairy herds
for CAEV control. If goat colostrum is not available,
heat-activated cattle colostrum can be used. A creep
feeding starter ration and good-quality hay should be
provided to kids from the first week of life to promote
rumen development. Adult bucks and wethers should
be fed a ration similar to one that is appropriate for
nonpregnant, nonlactating does. Bucks should be on
urinary calculi prevention programs. Body condition
scoring can be used to monitor the long-term energy
intake of goats. Because of their curiosity and browsing habits, goats are exposed to toxic plants but are
not likely to eat fatal quantities of any given plant.
When feed supply is limited, however, they are at risk
for intake-related toxicity. Also, confined goats may be
more likely to consume anything within their reach,
including toxic plants

PRODUCTION MANAGEMENT
In dairy goat operations, the monitoring of milk and
udder health is an important aspect of production management. All animals should possess accurate identification indicators. Dairy goats usually are identified by
neck tags or ear tattoos. Plastic ear tags are more commonly used in meat goats. Complete animal records
are important for both dairy and fiber-producing goat
operations. Records can be kept on individual animals
with use of a card file or computer system. Dairy Herd
Improvement Association (DHIA) records should be
kept for dairy goats, both for individual animals and
for the herd as a whole. Multiple record-keeping models
that allow assessment of herd productivity are available
for use by the practicing veterinarian.
Unproductive animals should be identified and
culled. Does that fail to conceive, fail to carry their kids
to birth, or fail to raise kids to weaning and those that
produce kids with genetically undesirable traits should
be culled. Bucks that fail the breeding soundness exam,
do not get does bred during an acceptable time period,
or lack libido should be culled. Herd improvement can
be accomplished by focusing on increasing kidding
percentage, growth rate, and milk yield, based on farm
purpose (see Chapter 15).
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Facilities
Owing to their inherent inquisitive nature, the most
important aspect of facility management for goats is
fencing. The two goals of a fence are to keep goats in and
predators out. Both of these goals are very difficult. A 6by 12-inch woven wire fence 48 inches high is the most
suitable perimeter fencing for horned goats. Electric fencing also can be used for the perimeter or for cross-fences.
Ease of handling requires the use of working pens.
Furthermore, goats require some shelter from inclement
weather, especially at or around kidding or after shearing
(especially for Angora goats). Shelters provide shade in
summer and protect animals from wind, rain, and snow
in winter. Goats tolerate cold weather rather well so long
as they are dry and can move out of the wind.
Feeders are necessary for supplemental feeding of
grain or concentrates and for allowing free access to
minerals. They should be constructed in such a way
that goats cannot lie down or defecate in them. A feeder
space of 1.5 to 2 feet per adult goat usually will suffice.
Goats prefer fresh, clean water and should have access
to a constant supply. Predator control should never be
overlooked, particularly for pastured meat or pet goats.
Guard dogs (Great Pyrenees) are commonly used, but
donkeys and llamas also have predator control value.
These other herbivores may become goat companions
(e.g., llamas, donkeys).
Goats should be separated into groups on the basis
of production status. Males should be separated from
females, and females of breeding age should be maintained separately from other animals. Meat goat kids
should be kept in a “grow-out” group. Space-equivalent
stocking rates for meat goat operations are around six to
eight adults per adult cow–calf unit. As many as 10 adult
goats can be maintained on the same land required to
feed a cow and her calf, if the land is predominantly
browse. Although many space requirements have been
suggested, one recommendation (of D.G.P.) for 55- to
110-lb (25- to 100-kg) goats is for a minimum of 15
square feet (if each animal is kept alone) to 11.5 square
feet (if animals are kept in groups of five or more).
Goats weighing less than 60 lb should be allowed a
minimum of 10 square feet (if kept alone) or 7.5 square
feet (if kept in groups of five or more), whereas goats
weighing more than 50 lb should have 20 square feet of
space (if kept alone) or 15 square feet (if kept in groups
of five or more). Overstocking predisposes the herd to
losses from parasites, poor pasture forage production,
and greater production costs. Pasture rotation is essential for maximum profitability.

Biosecurity
Sound biosecurity is the mainstay of any successful
herd health program. Preventing entry of an organism
onto the farm is more economical than are attempts

at elimination. Effective biosecurity strategies include
buying goats from herds free of contagious disease,
performing prepurchase examinations, testing for disease, instituting on-farm quarantine for a minimum
of 30 days, retesting during quarantine, providing
treatment with antibacterial agents and anthelmintics
to address subclinical carrier states, and immunizing
incoming goats against certain diseases.
Owners should be well informed about biosecurity
principles. Both practitioner and producer can become
overwhelmed if biosecurity is viewed as the prevention
of multiple diseases on multiple fronts. Rather, biosecurity becomes simpler if viewed through the lens of
disease transmission. Accurately identifying all possible
routes of transmission and then concentrating efforts
on preventing the introduction of disease should fuel
successful biosecurity programs. Routes of disease transmission are reviewed in Box 19-4. Many diseases gain
access to herds through incoming animals; a good quarantine and testing program for all incoming animals is
paramount. An example of a quarantine protocol for
goat farms is presented in Box 19-5.

Basic Biosecurity Management
Principles
Maintaining a closed herd is the most sound strategy
to prevent a breech in biosecurity. Once the desired
genetic base is in place, the owner should save desirable
replacement does. For most farms, the introduction
of new bucks will be necessary, and these new bucks
should undergo a standardized farm quarantine period.
The use of virgin bucks on replacement doelings can

BOX 19-4 	Routes of Disease Transmission*
1.	Aerosol—via droplets
2.	Direct contact
•	Open wounds, mucous membranes, skin, blood,
saliva, nose-to-nose contact, rubbing, biting
•	Reproductive transmission
3.	Fomite—inanimate object that carries disease from
one animal to another
•	Dehorners, tattoo pliers, needles, syringes, bottles,
hardware, housing
•	Traffic—vehicle, trailer, people spreading organic
material
4.	Oral—disease transmitted by animal after consuming
contaminated feeds or water or by licking or chewing on
environmental objects
5.	Vector-borne—insect transmits disease from one
animal to another
*Modified from C.B. Navarre, LSU.
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augment this goal. All animals in the herd should have
permanent identification in order to keep accurate
records in case of disease outbreak. The owner should
document all off-farm travel of individual animals.
Any new animals or animals returning to the farm
from show or breeding should undergo quarantine (as
outlined in Box 19-5). Owners should recognize that
bucks that are bought, leased, or borrowed can serve
as a means of introduction of caseous lymphadenitis,
CAE, or Johne’s disease into a herd.
The veterinarian should encourage the producer and
all farm personnel to practice good sanitation principles. Clothing should be changed in between working
with groups of separate animals. Rubber boots, disposable boots, and soap and brushes should be available
for all people who enter the farm. The farm should
have well-maintained fences, locks on gates, and a
registry for visitors. Excessive vehicular traffic should
be discouraged, and proper paving or gravel should
be in place in heavy traffic areas. Rodents, cats, and
wildlife can harbor diseases that are transmissible to
goats. Measures to decrease food available to these animals should be in place. Some workers have advocated
spaying and neutering the cats on the farm to control
numbers. The veterinarian should seek a diagnosis in
all herd deaths by performing a complete necropsy
examination or by submitting the whole animal to a
diagnostic laboratory. Aborted fetuses, placentas, and
carcasses should always be buried or incinerated to
prevent disease propagation.

BOX 19-5 	Quarantine Principles
1.	Quarantine area should be located away from herd.
2.	Quarantine and sick pens should not be the same pen.
3.	Quarantine all animals arriving on farm:
•	Show
•	Animals returning from breeding
•	New acquisitions
4.	Maintain quarantine period of 2-4 weeks.
5.	Observe quarantined animals daily for any signs of
disease:
•	“Pinkeye”
•	Orf
•	Caprine arthritis-encephalitis (CAE)
•	Footrot
6.	Perform appropriate tests on quarantined animals:
•	Anthelmintic resistance testing
•	CAE
•	Caseous lymphadenitis
•	Johne’s disease
7.	Administer anthelmintics to quarantined animals.
8.	Inspect and treat for external parasites.
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Considerable effort should be made to educate new
goat owners on the value of merely observing individual animals from a distance. The owner should be comfortably familiar with normal breathing, rumination,
ambulation, body posture, and social interaction in
goats. Early identification and quarantine of ill animals
may thwart an epidemic disease in a herd.

REPRODUCTIVE MANAGEMENT
Efficient reproductive management is essential to the
profitability of a goat enterprise. Reproductive management of goats in the United States has focused primarily on milk and fiber production systems. However, the
introduction of exotic meat goat breeds (South African
Boer, New Zealand Kiko) is encouraging a greater
emphasis on reproductive management to increase the
number of offspring born and feed conversion rates. In
milking herds, the production of out-of-season kids and
milk is desirable to take advantage of market premiums.
As a general rule, does are seasonally polyestrous in
North America and are simply polyestrous the closer to
the equator they are located. Breed exceptions to this
rule are recognized, and some goats in North America,
especially in the southern United States, can and will
breed year round. The typical doe in a temperate region
will cycle from August to March, with the most fertile
heats in the October-to-December time frame. This timing results in kidding in January through March. The
transition periods are approximately 2 months before
and after the breeding season. The “deepest” anestrous
period is April.
A goal of the dairy goat herd producer typically is
kidding on a year-round basis in order to meet supply
and demand. This approach will require manipulation
of the reproductive cycle of the doe, which is covered
in depth in Chapter 8. A controlled kidding program
will be appealing to the meat goat producer in order
to manage pastures and forages and to optimize use
of personnel and furthermore meet niche market meat
prices at a particular point in time in the year. A tight
kidding season will enable the producer to keep a
watchful eye on newborns and weanlings as the season progresses. This timing also will promote maximum utilization of spring grasses at turnout, thereby
positively contributing to overall herd health in a cyclic
fashion.
Goals for reproductive efficiency in meat goats
include high fertility rate (greater than 90%), optimal
litter size (1.5 to 2 kids), high rate of survival to weaning (more than 90%), and kidding intervals of less than
12 months. Establishing the time of mating marks the
commencement of the annual production cycle. It can
be calculated on the basis of the desired date of parturition in a given region to take advantage of good spring
pasture. The bucks should be left with does for 32 days
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(equivalent to one and a half reproductive cycles),
resulting in birth of kids within 1 month. This short
kidding period should produce a uniform kid crop and
can be expected to streamline weaning and other herd
health management practices. After 32 days with the
does, the bucks’ job is finished for the year. Pregnancy
should be confirmed between 45 and 60 days after
breeding.
Controlled accelerated kidding programs (three kid
crops every 2 years) require out-of-season breeding.
Proper nutrition, intensive management practices, early
weaning, and hormonal manipulation are required for
such programs to be successful. If enhanced production
is the aim of the breeding program, at least 20% of the
breeding females should be replaced annually. The kidding percentage can be increased by retaining female
replacements that are twins and the daughters of twins.
Selection of highly fertile males also contributes to
the attainment of this goal. As a consequence of breed
variation, the age at onset of puberty will vary, but most
does will show signs of estrus at approximately 6 to
8 months of age. The does should not enter the breeding program until they reach 60% to 70% of their adult
body weight.
In selecting a buck, the ultimate goal of the particular herd should be kept in mind. Criteria such as
milk production, twinning rate, and muscling are just
a few of the parameters that should be examined for
potential sires. Although still more commonly used in
dairy breeds, artificial insemination is becoming a more
popular technology in today’s goat herds. All bucks
should be in good body condition before turnout into
the breeding herd. Each buck should undergo a thorough physical exam, scrotal circumference determination, and breeding soundness evaluation well before the
breeding season (see Chapter 8).

Parasite Control Strategies
This section summarizes current recommendations
for parasite control strategies for goats. More detailed
information is provided in Chapter 6. Regular-interval
deworming is no longer practical in goat herds. Furthermore, no parasite control program is broadly applicable across many herds. Rather, the practitioner needs
to develop an integrated approach to parasite control
guided by the specifics of host, parasite, and farm
interactions.
Gastrointestinal nematodes are the most serious
problem affecting goat production, inducing substantial economic losses worldwide. Haemonchus contortus
is the most important such nematode affecting meat
and fiber goats. In dairy goats, several other gastrointestinal nematodes such as Ostertagia, Trichostrongylus,
and Nematodirus species may be significant in certain
geographic areas.

As with any disease process, host, parasite, and environmental interactions are important to consider in
developing a parasite control strategy. The Haemonchus
nematode thrives in warm, moist conditions. The survival time of the infective stage is short during hot summers (30 to 60 days) and prolonged during the winter
(4 to 8 months). Haemonchus has the ability to undergo
hypobiosis, or become metabolically inactive, within
the host during adverse weather conditions and then
emerge when favorable environmental conditions are
forthcoming. This dormancy results in better parasite
survival and increased transmission from spring to fall.
For example, with the arrival of spring, a rise in fecal
egg counts is seen in periparturient does. Implementation of a control program for gastrointestinal parasites
in goats requires a working knowledge of the important
parts of their life cycle.

Anthelmintics
The only dewormers currently approved for use in goats
are morantel, thiabendazole, fenbendazole, and phenothiazine. Morantel and thiabendazole are not currently
commercially available, and widespread resistance to
fenbendazole has emerged. Therefore it has become
commonplace to use cattle-based dewormers in extralabel fashion in goats. A summary of current dewormers
is provided in Table 6-1 and Appendix 1. The practitioner should consult FARAD regulations regularly for any
changes at http://www.farad.org.
A broad generalization for the administration of
anthelmintics to goats is to double (1.5 to 2 times)
the cattle or sheep dose, although exceptions exist, as
noted throughout this book. The benzimidazoles are
broad-spectrum dewormers, all formulated as a white
liquid, and include oxfendazole, febantel, fenbendazole, and albendazole. These agents possess good
adulticidal nemotocidal activity, with a lesser effect
on larvae. As a group, they generally are safe for goats
and have a wide margin of safety, although albendazole is not recommended for use in pregnant goats up
to 45 days of gestation owing to possible teratogenic
activity.
The macrocyclic lactones are broad-spectrum
dewormers, all formulated as a clear liquid, either (1)
avermectins, including ivermectin, doramectin, and
eprinomectin, or (2) milbemycins, such as moxidectin.
These agents possess both larval and adulticidal activity.
As a group, macrocyclic lactones have a wide margin of
safety and exhibit persistence of efficacy in the body.
However, resistance to this group is quite widespread.
The current recommendations are to administer moxidectin subcutaneously to goats based on cattle dose. All
other drugs are administered orally and at 1.5 to 2 times
the cattle dose. This class of dewormers has little efficacy
if delivered topically.
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BOX 19-6 	Steps for Implementation of Integrated Parasite Control Strategy for Goat Herds
1.	Quarantine new animals:
•	Place new animals in dry lot.
•	Perform fecal egg count (number of parasite eggs per
gram [EPG]).
•	Deworm with double-dose broad-spectrum anthelmintics from two different classes.*
•	Perform follow-up EPG count 14 days after initial
treatment.
•	Release new animals onto “dirty” pasture.
2.	Administration of anthelmintics:
•	Weigh individual animals or base weight on heaviest
animal.
•	Administer anthelmintic over base of tongue.
•	If using avermectins or benzimedazoles, withhold feed
24 hours before administration of anthelmintic.
3.	Work with owner to determine anthelmintic resistance
profile of herd.
•	Fecal egg count reduction test (FECRT)†
•	Larval development assay (LDA)‡

4.	Adjust anthelmintic regimen used on farm on the basis
of FECRT and LDA results.
5.	Treat selected animals only:
•	Evaluate individual animals based on FAMACHA:§
✓	Administer anthelmintic only to animals that score
3, 4, or 5.
✓	Train producers in this methodology.
•	In grazing dairy goat herds:
✓	Administer anthelmintic to first-lactation does and
multiparous does before turnout.
6.	If documented resistance in herd:
•	Consider administration of two different anthelmintics
at once.
•	Perform regular FECRT to assess for effectiveness of
chosen anthelmintic(s).
7.	Develop and maintain management approach that
complements parasite control.¶

*Some authors advocate regimen of agents from all three classes (Kaplan, 2009)
†See Box 6-1 for instructions on how to perform FECRT.
‡DrenchRite: information available at http://www.scsrpc.org, or contact Dr. Ray Kaplan at the the University of Georgia’s Veterinary Diagnostic Laboratory.
§Information is available at http://www.scsrpc.org; FAMACHA cards also are available from Dr. Kaplan.
¶See Box 19-7 for management measures that complement parasite control strategies.

The cholinergic agonists, or membrane depolarizers, include (1) imidazothiazoles, such as levamisole,
and (2) tetrahydropyrimidines, including pyrantel and
morantel. These dewormers possess nematocidal activity similar to the benzimidazoles. Levamisole has a
narrow margin of safety and should be administered
at 1.5 times the cattle dosage. Morantel is not commercially available at this time.
Approved products for dairy goats include morantel,
thiabendazole, and fenbendazole. Dewormers should be
used until proved ineffective; alternatively, some investigators recommend switching classes on a yearly basis.

Integrated Parasite Management
Control
Before changing or rotating deworming chemicals, the
practitioner should set a goal of controlling, rather than
eliminating, parasites within the goat herd. A concerted
combination of management and treatment is necessary to achieve control. An integrated parasite control
program should be designed for implementation of
strategies on multiple fronts, as outlined in Box 19-6.
Parasite control management strategies should focus
on grazing practices, but the overall aim should be to
decrease stocking rates and lessen pasture contamination with infective larvae.

The degree of infestation varies with the management system in use (Box 19-7). Goats kept in dry lots
(e.g., dairy goats) may have minimal problems with
gastrointestinal nematodes. Meat goats grazing land
with abundant brush and tall weeds suffer little exposure to infective parasitic larvae. These browsing goats
develop little immunity and are highly susceptible to
infection if they then graze infested pastures. Parasite
infestation may be insignificant in dry years and in certain rangeland areas. Parasites are a continual problem
in moist, temperate areas. Special care should be taken
during times of drought, in inclement weather, and
with lack of adequate forage (or pasture), because these
situations may increase animal concentration, thereby
encouraging parasitism. When feeding is necessary, the
feed bunks should be designed to allow the animals to
eat comfortably but not allow them to get in or defecate
in the trough. Obviously, feed should never be placed
on the ground. Goats flock together and tend to bed
down in the same place nightly; this behavior pattern
promotes development of a heavy parasite population
in concentrated areas.
Assessment of the fecal egg count is a valuable tool
for parasite control programs in goats. A McMaster
count of 500 to 1000 parasite eggs per gram of feces
(EPG) in the spring or early summer or more than 2000
in the fall suggests serious infection. Fecal samples are
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BOX 19-7 	Herd/Flock Management Systems and Parasite Control Strategies
1.	Zero grazing
•	Ensure good-quality forage/feed.
•	Place forage/feed in bunks off ground.
•	Monitor fecal egg count reduction test (FECRT).
2.	Seasonal pasturing
•	Practice pasture rotation.
•	Ideally, allow pastures 1 full year of rest.
•	Maintain high forage height.
•	Prevent overstocking.
•	Provide areas of browse around fences.
•	Administer anthelmintics to pregnant doe 30 days
before kidding.
•	Administer anthelmintics to weanlings before turnout.

collected on the day of deworming and 10 to 14 days
later. McMaster flotation testing (see Chapter 6) is
performed on both samples, and the EPG counts are
compared. If the drop in EPG value is less than 90%,
anthelmintic resistance is present, and the animals
should be switched to another class of dewormer. Regular egg counts help the veterinarian determine when
animals are to be dewormed.

Anthelmintic Resistance
All classes of anthelmintics have been reported to demonstrate decreasing or inconsistent effectiveness against
various parasites. Parasite resistance to two or more
major classes of anthelmintics is a growing concern as
well. An apparent correlation has been noted between
the number of times a worm population has been
exposed to a deworming agent and the emergence of
anthelmintic resistance. Multiple factors have contributed to parasite resistance. Anthelmintic bioavailability
varies between sheep and goats, and when these agents
are administered to goats in doses based on sheep
parameters, insufficient drug levels are attained to produce a parasite kill.
Underdosing the amount of anthelmintic delivered
to the goat produces suboptimal results. The parasites
“see” the dewormers, but quantities or levels are insufficient to kill them. These treatment failures over time
contribute to development of anthelmintic resistance
and survival of resistant parasite subpopulations, as the
worms that survive reproduce and populate the environment. Finally, emerging evidence indicates that certain nematodes may be able to develop intrinsic genetic
resistance (see Chapter 6).

•	Release animals onto “clean pastures.”
•	Monitor FAMACHA.
•	Monitor FECRT.
3.	Continuous grazing
•	Provide ample browse areas.
•	Decrease stocking densities.
•	Pasture rotation every 30 days may decrease larva
numbers on pasture.
•	Consider mixed grazing to decrease larva numbers on
pasture.
•	Monitor FAMACHA.
•	Monitor FECRT.

Coccidiosis
In addition to Haemonchus infestation, as mentioned
previously, coccidiosis can be a major problem in
recently weaned meat and dairy kids. Kids grazing on
rangeland pastures seem to be less often affected by
coccidiosis, but in confined quarters they are very susceptible to infestation. Management efforts to control
coccidiosis should be aimed at decreasing environmental moisture and decreasing stocking densities. Housing
in movable hutches that allow the sunlight to penetrate
within is associated with decreased oocyst survival. In
herds with a recognized coccidial problem or those in
which intensive production practices are used, coccidiostats can be provided in the feed or water. Dosages are
listed in Table 6-1.
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Necropsy
John F. Roberts

A systematic and carefully performed necropsy procedure will save time and money, and can be expected to
result in a definitive diagnosis in the greatest possible
proportion of cases. The potential risk for zoonotic
diseases should be considered before initiation of the
postmortem examination. If rabies or another reportable disease is strongly suspected as the cause of death,
the carcass should be transported to a governmental
diagnostic laboratory.
Collection of a complete standard set of formalinfixed samples and fresh or frozen tissues and body
fluids, along with appropriate culture specimens, for
submission to the clinical testing laboratory is most
likely to result in a definitive diagnosis. Providing limited tissue samples as suggested by a tentative gross
diagnosis or based on owner-reported clinical symptoms may result in a missed opportunity for identification of an important problem. Although necropsies
performed by veterinary clinicians may be refered to as
“field necropsies,” it is not recommended to conduct
the procedure in a pasture or similar setting. The small
size of most sheep and goats allows for transfer of the
entire carcass to a suitable working area for conducting
the examination.
Of note, in sheep with thick wool and goats with
dense hair, autolysis occurs rapidly after death, even
in winter. A carcass frozen shortly after the animal’s
demise and necropsied when freshly thawed is preferable to an autolyzed carcass.

DESCRIPTION AND INTERPRETATION
OF GROSS OBSERVATIONS
Lesions encountered on gross examination can be
described in terms of the following characteristics1:
•	Location
•	Color
•	Size and weight
•	Shape
•	Consistency
•	Number or percent involvement
•	Content
•	Odor

Weights of individual organs may aid diagnosis.
For example, liver weight may vary depending on the
presence or absence of toxic hepatopathy, and thyroid
weight may be increased in cases of goiter. Volume of
gastrointestinal content or fluid in compartments also
may provide reliable objective data. Many common
veterinary diagnoses, such as trauma, lightning strike,
and certain types of bloat, can be made only by gross
examination (Figure 20-1, A and B). In such instances,
submission of tissues for histopathologic examination
and culture to a diagnostic laboratory, without appropriate history and descriptive gross observations, may
result in no diagnosis.
Table 20-1 lists commonly encountered systemic
pathologic processes along with their characteristic
necropsy lesions and possible causes.2-8 Table 20-2 lists
gastrointestinal diseases that may require gross examination for diagnosis.6, 8-13 Table 20-3 lists “pseudolesions” that may be confused with pathologic changes4
(Figure 20-2). Astute clinical observation and field
necropsy constitute the first line of defense against
exotic or reportable livestock diseases in the United
States. Table 20-4 lists necropsy lesions that may be
observed in goats and sheep infected with reportable
agents.14-32

NECROPSY PREPARATION
AND EQUIPMENT
If removal of the spinal cord is not elected, a skilled
practitioner with advance preparation and an assistant
can conduct a complete necropsy in less than 1 hour.
To maximize the operator’s physical comfort, the examination is performed with the carcass on a table of proper
height, under controlled environmental temperature
and with sufficient lighting. Necessary components
such as water, access to cold storage, scales, prearranged
sample containers, recording forms, necropsy tools,
and digital camera must be easily accessible before the
procedure is started.
Necropsy tools and supplies include the following:
saw, loppers, knife and sharpener, scalpel, forceps,
scissors, hemostat, rongeur, clippers, ruler, camera
557
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A

Figure 20-1 A, Singed hair in a linear pattern (arrows) on a goat caused by lightning strike. This is an
unusual case in that singe marks often are not obvious. B, Close examination demonstrates curled burnt hairs.

TABLE 20-1 Selected Systemic Pathologic Processes: Necropsy Findings and Potential Causes
Pathologic Process

Possible Lesions

Cause(s)

Cardiogenic shock

Pulmonary congestion and edema,
jugular vein distention, large liver with
“nutmeg” pattern, generalized edema,
anasarca, ascites, submandibular
edema, hydropericardium, hydrothorax,
hydroperitoneum, heart lesions
(cardiomegaly, myocarditis, hydatid cysts,
myocardial abscess, hemorrhage/pallor,
white streaks in myocardium, morphologic
defect, myocardial mineralization)2
Pericardial fluid or exudate accumulation,
thrombus in vena cava or lung

Hypoxia, ventricular tachycardia, and other
arrhythmias, cardiomyopathy, congenital
defect, hypertension, endocarditis (chronic
infections, long vascular blood catheter
use), bacterial or viral infection, nutritional
deficiency (selenium, copper), cardiotoxic
substance or plant (e.g., vitamin D,
rhododendron/azalea), monensin toxicity,
electrocution or lightning strike, obstruction of
blood flow, fluid overload3
Thrombosis, congenital (aortic stenosis), cardiac
tamponade (traumatic reticulopericarditis,
ruptured coronary artery), neoplasia, bloat
(abdominal or rumen distention), liver failure
Hemorrhage, fluid loss (dehydration)
Enteric hemorrhage, predator attack, ruptured
viscera (spleen, uterus, abomasa), ruptured
liver from dystocia, ruptured uterine or ovarian
artery, abomasal ulceration, rupture of aorta,
ruptured aneurysm4
Diarrhea, burn injury, acute intestinal obstruction,
electrolyte imbalance, acid-base imbalance5
Endotoxemia, septicemia (gram-positive or
-negative bacteria septicemia), rapid reduction
of body fluid (removal of ascitic fluid),10
neurologic dysfunction, anaphylactic shock,
neurogenic shock, septic shock2,5

Obstruction of blood
flow

Hypovolemic shock
Hemorrhage

Pale or swollen kidney, contracted spleen
Extravasation of blood, pallor of tissues
(lungs, mucous membranes), watery/thin
blood, observation of blood in body cavity,
contracted spleen

Fluid loss
(dehydration)
Maldistributive shock

Sunken eyes, reduced skin elasticity
Reduced circulating blood, volume pooling
in capillaries, congested spleen, pulmonary
edema
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TABLE 20-1 Selected Systemic Pathologic Processes: Necropsy Findings and Potential Causes—cont’d
Pathologic Process

Possible Lesions

Cause(s)

Anaphylactic shock

Pulmonary congestion, mucus secretion
in bronchioles, pulmonary edema,
emphysema edema in gut wall5
Nonspecific gross lesions that are similar to
cardiogenic shock
Petechiae, injected sclera, ecchymoses, large
swollen lymph nodes, splenomegaly,
fibrinopurulent exudates in pericardial
space or joint spaces or adhered to
meninges5
Lesions may be same as for toxemia5

Repeated administration of antibiotic, vaccine, or
biologic breakdown products of arthropods2

Neurologic shock
Septic shock

Endotoxemia (toxic or
septic shock)
Toxemia (toxic shock)

Edema

Hypoxia

Hypothermia
Hyperthermia

Liver failure

Renal dysfunction
Coagulopathy

Emaciation

Pale or enhanced liver parenchyma,
enlarged kidneys, enlarged adrenal glands,
hemorrhage of myocardium, coagulopathy,
increased vascular permeability,
congestion, distended intestines, presence
of glucose in urine6
Fluid accumulation in tissues, pleural cavity,
or abdominal cavity5 or in subcutis or
ventrum
Nasal discharge, pulmonary changes, cyanosis

Pulmonary congestion, generalized
congestion
Congested tissues, petechial hemorrhages in
mucous membranes, subcutis; hyperemia
of skin
Altered liver size (small or large), altered
liver texture (firm or friable), ecchymoses,
enhanced lobular pattern
Urine obstruction, swollen pale kidneys,
dilated ureter or calyces
Petechial or ecchymotic hemorrhage,
subcutaneous hemorrhage, pooling of
blood in spaces or lumina of organs

Decreased subcutaneous, pericardial adipose
tissue, muscle atrophy, poor hair or wool
quality, oral disease, changes in liver
parenchyma

Trauma, electrocution, lightening strike, fear and
stress2
Bacteremia

Lipopolysaccharide cell wall of gram-negative
bacteria
Bacterial toxins (enterotoxemia), tetanus,
inorganic toxin, plant toxins, nitrate toxicity,
snake bite, xenobiotic toxicity (e.g., from
tilmicosin),4 urea toxicity

Congestive heart failure, obstructed venous return,
endotoxemia, anaphylactic shock, vasculitis,
obstruction of lymph flow5
Anemia, cardiac failure, pneumonia, rhinitis,
pulmonary edema, infectious disease, toxicity
(cyanide anemia, nitrate or carbon monoxide
toxicity), metabolic disease (pregnancy
toxemia), neoplasia, pneumothorax, tracheal
collapse, allergic pneumonitis, hyperthermia,
trauma (diaphragmatic hernia, tight collar)4
Cold stress, exposure to rain or wind; may occur
after shearing4
Infection, high environmental temperature

Hepatitis, hepatopathy

Urolithaisis, glomerulonephritis, nephritis,
nephropathy,
Disseminated intravascular coagulation, reduction
in vitamin K–dependent clotting (toxic
plant ingestion, rodenticide toxicity), snake
envenomation, fungal toxins (Aspergillus,
Fusarium), liver flukes (Fasciola hepatica),
bacterial infection7
Dental disease, protein-energy malnutrition,5
micronutrient deficiency, gastric foreign
body, chronic enteritis, chronic liver disease,
infectious (prion disease, retroviral infection,
chronic septicemia, chronic parasitism), plant
toxicities, neoplasia, amyloidosis8
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TABLE 20-2 Digestive Tract Diseases: Necropsy Findings and Potential Causes (see Chapter 5)
Digestive Disease

Possible Lesions

Cause(s)

Esophageal choke

Distended esophagus with thinned or
hemorrhagic wall

Rumen acidosis

Distended rumen with porridge-like content
and “fermented” odor, rumen pH <5.5,9,10
rumen epithelium hyperemic and sloughs
readily,11 dehydration (sunken eyes),
chronic (scarred rumen lining, liver
abscesses)11; urine pH 5.0-6.0; packed cell
volume >35%6,9
Distended rumen, esophageal “bloat line,”
edema in hindquarters, dry scant feces

Inadequate mastication, large/firm food item,
foreign body, injury from stomach tube, injury
to tissue surrounding esophagus
Rapid rumen fermentation with ingestion of
highly digestible carbohydrates (corn, oats,
wheat, barley, breads, fruits, beets, potatoes,
others)9

Rumen distention,
impaction

Frothy bloat

Free gas bloat

Esophageal “bloat line,” flattened liver, diaphragm rupture; edema in hindquarters,
hindquarters blanched11
Rumen distended with gas, esophageal “bloat
line”

Traumatic
reticuloperitonitis
Abomasal impaction

Peritonitis, pericarditis, draining tracts from
chest cavity
Abomasum enlarged with rumen-type contents that are dry and doughy

Abomasal bloat in
juveniles10
Abomasal rupture6

Distended abomasa with milk content

Cecal volvulus/torsion
of root of mesentery
Rectal prolapse

Feed content in peritoneal space, tear in
greater curvature of abomasa accompanied
by hemorrhage in abomasal wall
Hemorrhage and congestion at the site of the
torsion
Hemorrhage, gas distention, mesenteric rent
(tear)
Intestinal telescoping most commonly
observed at ileocecal valve
Dilated intestine with watery content
Failure of intestinal segment to form, first
week of life
Distention of forestomachs, abomasa, and
intestine
Protrusion of rectal tissues

Atresia ani

The rectum is not patent

Abomasal torsion6
Intestinal volvulus
Intussusception
Intestinal ileus
Intestinal atresia,

Protein-energy or micronutrient malnutrition,10
ingestion of foreign body (plastic bags),8 dehydration, legume, ingestion of high-fiber/lowdigestibility diet, sand ingestion, consumption
of horse feed9
Legume consumption (alfalfa), lush cereal-grain
pastures, high-grain diets
Inhibition of eructation (rumen malfunction,
esophageal obstruction, newly introduced
grain diet, neurologic function impaired, hypocalcemia, endotoxemia, pain, peritonitis, some
pharmaceuticals (e.g., xylazine)9,12
Ingestion of wires, needles
Poor-quality roughage, foreign body obstruction (phytobezoar, trichophytobezoar),
protein-energy malnutrition, abomasal atony,
emptying defect in Suffolk and Dorset sheep,
dysautonomia9,11
Associated with large quantities of milk replacer
diet,10 consumption of hay mixed with feces13
Abomasal impaction, abomasal bloat, abomasal
atony
Gas accumulation and displacement10
Gas accumulation in intestine
Associated with intestinal mass in adults, enteritis in young, Oesophagostomum in sheep9
Multiple-system disease
Congenital defect
Gas accumulation and displacement9,10
Diarrhea in lambs and kids; dietary imbalance,
urolithiasis, grazing lush pasture; secondary to
chronic coughing, short tail docking, growth
implants, rabies, atresia ani9
Congenital defect
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TABLE 20-3 Pseudolesions Observed
at Necropsy
Pseudolesion
Bird damage
Euthanasia barbiturate
Gunshot euthanasia
(owner may not
inform vet concerning
method of euthanasia)
Liver mortis-postmortem
Digestive
overflow-postmortem
Rumen distention after
death (“postmortem
bloat”)
Terminal lesions associated with death process
Congenital melanosis

Normal placenta features
mistaken for lesions

Autolysis

Diaphragm rupture
(postmortem)

Necropsy Findings
Loss of eyes, damage to anus
Soft, discolored dark tissue
at injection site
Hemorrhage and fractures,
bullets

Settling of blood in dependent parts of body4
Rumen contents in bronchi,
nasal cavity4
Rectal or vaginal prolapse

Tracheal froth from cardiac
hemorrhages
Dark pigmentation of
meninges, other tissue4
(see Figure 20-2)
Necrotic membrane tip,
hippomanes, amniotic
plaques (see Figures 20-17
and 20-18)
Rumen mucosal sloughing,
postmortem GI rupture
Blackening of tissues adjacent to intestines4
Discoloration of tissues adjacent to gallbladder
Free gas in rumen combined
with autolysis; mimics rupture from bloat or trauma

GI, Gastrointestinal.

(preferably digital), polyethylene cutting board, necropsy form, indelible markers, pencil, pen, formalin
fixation container, tissue cassettes, fecal container,
clean Petri dish, syringe, needles, commercial culture
kits with swabs and collection tubes (Culturettes),
general-purpose swabs, blood tubes, string, and plastic specimen bags (Whirl-Pac). Box 20-1 lists types of
blood collection tubes that are indicated for different
testing procedures. Consistent use of a necropsy checklist form will save time, reduce omissions, facilitate
communication, and serve as a written legal record.
Use of a sharp stainless steel knife and polyethylene
cutting surface will reduce risk of injury and ease
the creation of appropriate-width tissue samples for
fixation.

Figure 20-2 Melanosis of the meninges is an example of
a “pseudolesion,” as observed in a 2-year-old black-faced
mixed-breed ewe. (Courtesy Dr. William Castleman, Gainesville,
Florida.)

An overall “clean” necropsy procedure with reduced
spillage of ruminal/intestinal contents and blood will
enhance visualization of gross lesions, reduce exposure
to potential pathogens, decrease attraction of flies, and
allow for fast clean-up. Utilization of personal protective equipment (gloves, apron, and mask) will limit
exposure to zoonotic pathogens or toxic substances.
Special training and personal protective gear such as
N95 particulate respirators, nonpermeable (e.g., Tyvek)
coveralls, nitrile or vinyl gloves, and face shields are
recommended if an exotic disease or easily contracted
zoonosis is suspected.

HISTORY AND CLINICAL INFORMATION
Necropsy samples submitted to a clinical testing laboratory are best interpreted by diagnosticians or experienced veterinary pathologists if patient and herd or
flock history, clinicopathologic data, and a differential
diagnosis list are provided. A review of farm management practices and clinical data is recorded on the
necropsy submission form or provided as attachments.
History may include information such as pasture conditions, types of forage, stocking rate, supplemental
feeding, hay and grain storage practices, weather information, and epidemiology of past disease outbreaks.
The veterinarian has the responsibility to inform
the laboratory if a potentially zoonotic disease (e.g.,
rabies) is suspected.

Digital Photography of Specimens
Digital photography of fresh necropsy specimens provides a one-time opportunity to collect information
that will facilitate communication among the owner,
veterinarian, plant specialist, toxicologist, epidemiologist, and pathologist. Photographs may facilitate
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TABLE 20-4 Reportable Diseases of Worldwide Significance or Foreign to the United States:
Endemic Distribution and Necropsy Lesions
Disease* with Causative
Pathogen When Known
PRION DISEASE
Scrapie
OIE list B
VIRAL DISEASES
Foot-and-mouth disease
Aphthovirus (family
Picornaviridae)
OIE list A, USDA select agent

Endemic Distribution

Necropsy Findings

North America, Europe,
Asia, Australia14

Emaciation, loss of wool or hair, traumatic skin lesions caused
by rubbing14

Africa, Asia, Europe, South
America, previously in
North America15

High morbidity, low mortality; usually affects younger animals; lesions in goats and sheep are mild or nonapparent
Small vesicles or erosions on the dental pad, lips, gums, or
tongue; vesicle or erosion on the coronary band or in the
interdigital space; decreased milk in mammary gland; gray or
yellow streaking in the myocardium; abortion is possible16
Less frequent in sheep and goats, high morbidity, rarely causes
death; vesicles on tongue, gums, lips, coronary bands, and
possibly teats; secondary bacterial mastitis16

Vesicular stomatitis
Vesiculovirus (family
Rhabdoviridae)
OIE list A, USDA select agent
Rabies
OIE list B
Genus Lyssavirus (family
Rhabdoviridae)
Peste du petits ruminants
Morbillivirus (family
Paramyxoviridae)
OIE list A, USDA select agent

South America, Central
America, North
America15

Rinderpest
Morbillivirus (family
Paramyxoviridae)
OIE list A, USDA select agent

Africa, Middle East, Asia,
previously Europe and
South America15

Sheep pox and goat pox
Genus Capripoxvirus (family
Poxviridae)
OIE list A, USDA select agent

Africa, Middle East, Asia17

Worldwide except
some Pacific islands,
Australia17

No gross lesions

Africa, Middle East, Indian
subcontinent15

Emaciation; inflammatory lesions in GI tract from oral cavity to
colon; dehydration, fecal staining; stomatitis involving inside
of lower lip and adjacent gum, cheeks near commissures and
free portion of tongue; lesions possible on hard palate, pharynx, upper third of esophagus, rumen, reticulum, omasum,
abomasa; Peyer’s patch necrosis, congestion at ileocecal valve
and cecocolic junction, “zebra stripe” congestion in colon
Respiratory lesions: erosion and petechiae of nasal mucosa
turbinates, larynx, and trachea; bronchopneumonia
Enlarged lymph nodes, conjunctivitis, vulvovaginitis16
Emaciation, dehydration
Digestive tract lesions: small gray foci on oral mucosa that
coalesce, gray necrotic epithelium that sloughs and leaves
red erosion; erosions on gums, lips, hard and soft palate,
cheeks, and base of tongue; erosion of esophagus/omasum,
congestion and edema of abomasum; Peyer’s patch necrosis, fibrinous exudates on intestinal mucosa, edema and/or
luminal blood in cecum and colon; congestion of colonic
ridges—“tiger” or zebra striping, swollen or edematous
lymph nodes16
1- to 3-cm-diameter macules on skin, particularly in groin,
axilla, perineum; papules on mucosal membranes of nose,
mouth, mammary glands, vulva, or prepuce; nasal discharge
from rhinitis; mastitis, multiple necrotic foci of mucous
membranes, enlarged lymph nodes; papules on mucosal
surface of abomasum, rumen, large intestine, tongue, hard
and soft palate, trachea, and esophagus; pale areas on
surface of kidney, liver, and testicle; hemorrhagic enteritis,
multifocal firm areas in lungs, abortion possible16,17
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TABLE 20-4 Reportable Diseases of Worldwide Significance or Foreign to the United States:
Endemic Distribution and Necropsy Lesions—cont’d
Ovine encephalomyelitis
(louping ill)
Genus Flavivirus (family
Flaviviridae)
Rift Valley fever
Genus Plebovirus (family
Bunyaviridae)
OIE list A, USDA select agent

Scotland, England,
Ireland17

No characteristic gross lesions17

Africa, Middle East15,16

Nairobi sheep disease
Genus Nairovirus (family
Bunyaviridae)
OIE list B

Africa16

Akabane virus infection
Genus Bunyavirus (family
Bunyaviridae)
USDA select agent
Wesselsbron disease
Family Togoviridae
Zoonotic risk

Africa, Asia, Australia15

Bluetongue
Genus Orbivirus (family
Reoviridae)
OIE list A, USDA select agent

Worldwide in mostly
tropical and subtropical
climates, Europe, North
America15

Borna disease
Genus Bornavirus (order
Mononegavirales)17
Caprine arthritis-encephalitis
(CAE)
Nononcogenic retrovirus
(subfamily Lentivirinae)17
OIE list B
Ovine progressive pneumonia (maedi-visna)
Retrovirus (subfamily
Lentivirinae)17
OIE list B

Europe

Hepatic necrosis; enlarged friable, soft, red to yellow-brown
liver; petechial to ecchymotic hemorrhage; patchy congestion, small gray-white 1- to 2-mm foci in liver parenchyma,
petechiae and ecchymoses in mucosa of abomasa, dark
chocolate-brown abomasal contents; edema and hemorrhage in wall of gallbladder and hepatic lymph nodes16
Hemorrhagic and catarrhal gastroenteritis, soiling of hindquarters with mixture of blood and feces; hemorrhages or
congestion in longitudinal folds of the abomasum distal
ileum, ileocecal valve, cecum, and colon; congestion or
hemorrhage in the cecum and colon appearing as longitudinal striations of the mucosa (“zebra striping”); colon
contents may be watery and blood-tinged, with hemorrhages in serosa of colon, submucosa of gallbladder, epicardium, and endocardium; nasal discharge, prominent lymph
nodes, enlarged spleen; abortion is possible with numerous
hemorrhages in tissues, edema, and hemorrhage of fetal
membranes16
Encephalitis with no gross lesions, stillborn, weak or aborted
fetus, atrophy of skeletal muscle, tendon contraction,
arthrogryposis, hydranencephaly, torticollis, scoliosis,
brachygnathism15
Liver in fetus and newborn is enlarged and orange-brown,
with multifocal pinpoint white areas; icterus often present;
hydranencephaly, microcephaly, arthrogryposis, hydrops
amnion in ewes16,18
Vascular injury, consumption coagulopathy, generalized
edema, hyperemia, hemorrhages, erosions, ulceration of
upper gastrointestinal tract (oral cavity, esophagus, forestomachs), subintimal hemorrhages in pulmonary artery,
pulmonary edema, pleural effusion, pericardial effusion,
edema in facsial planes, necrosis of papillary muscle in
left ventricle; embryonic or fetal death, fetus: cavitating
encephalopathy, hydranencephaly16
No characteristic gross lesions; possible leptomeningeal hyperemia, brain edema16

Africa18

Worldwide

Emaciation, chronic polysynovitis, degenerative joint disease,
hyperplasia of synovium, enlarged lymph node, diffusely
firm lungs (interstitial pneumonia), mastitis17

Africa, North America,
South America, Europe,
Asia17

Noncollapsing heavy lungs, diffuse thickening of lungs
Enlarged bronchial and mediastinal lymph node, thickened
firm mammary gland, thickened synovial membrane,
arteritis17
Continued
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TABLE 20-4 Reportable Diseases of Worldwide Significance or Foreign to the United States:
Endemic Distribution and Necropsy Lesions—cont’d
Ovine pulmonary
adenocarcinoma
(Jaagsiekte, pulmonary
adenomatosis)
Beta retrovirus (family
Retroviridae)
OIE list B
Aujeszky’s disease
(pseudorabies)
Porcine herpesvirus-1 (family
Herpesviridae)
OIE list B
BACTERIAL DISEASES
Anthrax
Bacillus anthracis
OIE list B, USDA select agent
Burkholderia pseudomallei
infection
USDA select agent
Heartwater (cowdriosis)
Ehrlichia (Cowdria)
ruminantium
OIE list B, USDA select agent

Africa, North America,
South America, Europe,
Asia17

Solid raised foci in lungs, pulmonary neoplasia in
anterior-ventral regions and diaphragmatic lobes, excessive
froth in bronchi, enlarged bronchial and mediastinal lymph
nodes with occasional metastasis, secondary pneumonia,
pulmonary abscess, pleuritis17

North America, South
America, Europe17

No characteristic gross lesions, in purities cases damage to
skin, subcutaneous edema, pulmonary congestion and
edema, hydropericardium, endocardial hemorrhages17

Worldwide

Absence of rigor mortis, rapid gaseous decomposition; dark
tarry nonclotting blood at orifices, widespread ecchymoses,
blood-stained fluid in body cavities, hemorrhagic enteritis,
splenomegaly with “blackberry jam” consistency19
Thick exudates from eyes and nose, multiple abscesses in
subcutis associated with lymph nodes and abscesses in many
organs (lungs, spleen, liver), abscess may contain green-tinged
pus, aortic lesions, joint effusions, cloudy meninges20
Hydropericardium, pericardial fluid that is reddish to
straw-colored, decreased packed cell volume, orange-yellow
serum, hydrothorax, pulmonary edema, ascites, edema
of lymph nodes, mediastinal edema, froth in the trachea,
subendocardial petechial hemorrhages, subtle swelling of
the brain, partial brain herniation, possible splenomegaly16
Lesions usually confined to the thoracic cavity; 1- to 2-cm
yellow nodules in lungs, consolidation of lung lobes
(hepatization), pleuritis with involvement of one or both
lungs, straw-colored pleural fluid16

Asia, Australia, Middle
east, Africa, Caribbean,
South America (tropical
regions)20
Africa

Contagious caprine
pleuropneumonia
Mycoplasma capricolum subsp.
capripneumoniae
OIE list B, USDA select agent
Contagious agalactia
Mycoplasma agalactiae,
Mycoplasma capricolum
subsp. capricolum,
Mycoplasma putrefaciens,
Mycoplasma mycoides subsp.
mycoides Large Colony
type16
OIE list B
Brucellosis
Brucella abortus, Brucella
melitensis, Brucella ovis
OIE list B, USDA select agent

Africa, Indian
subcontinent

Q fever–induced abortion
Coxiella burnetii
OIE list B

Worldwide

Mortality is low
Mastitis with edema between lobule leading to fibrosis,
polyarthritis, keratoconjunctivitis to corneal ulceration
Acute disease may be associated with congestion of muscles,
spleen, and liver, and with periarticular edema, particularly
in carpal joints, and hyperemia of synovial membranes and
joint cavities, as well as abortion16

Worldwide

Metritis, orchitis, epididymitis, synovitis, abortion–placentitis
(placental edema, grayish-white areas of necrosis on
placenta, brownish-red exudate on chorionic surface, with
progression to leathery plaques on chorionic surface),
inflammation of multiple fetal organs, serohemorrhagic
fluid in multiple body cavities, fetal pneumonia21,22
Abortion–intercotyledonary necrotizing placentitis, minimal
lesions in fetus; fetus may be nonautolyzed16
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TABLE 20-4 Reportable Diseases of Worldwide Significance or Foreign to the United States:
Endemic Distribution and Necropsy Lesions—cont’d
Tuberculosis
Mycobacterium bovis
Mycobacterium bovis subsp.
caprae

Worldwide

Johne’s disease
Mycobacterium avium subsp.
paratuberculosis
OIE list B

North and South America,
Asia, Europe, Africa,
Australia24

Tularemia
Francisella tularensis
HHS select agent

North America, Europe,
North America, Europe,
Asia21

Salmonella-induced abortion
Salmonella enterica subsp.
enterica serovar Abortusovis
OIE list B

Worldwide; most common
in Europe, Asia

Ovine enzootic abortion
(OEA)
Chlamydophila abortus
OIE list B

Worldwide

Leptospirosis
OIE list B

Worldwide

PARASITES
Babesia-induced abortion
Babesia ovis, Babesia motasi,
Babesia crassa
Trypanosomiasis
Trypanosoma congolense,
Trypanosoma brucei,
Trypanosoma Vivax
Echinococcosis/hydatidosis
OIE list B

ARTHROPOD PEST
Screwworm myiasis
New World: Cochliomyia
hominivorax
OIE list B

North America, South
America, Africa, Asia,
Australia16
Africa

Worldwide

South America, Mexico

Often subclinical in adult animals
Granulomas affecting any lymph nodes (bronchial,
retropharyngeal, mediastinal nodes most common);
bronchopneumonia, intestinal ulceration, diarrhea,
enlargement of lymph nodes associated with
gastrointestinal tract; with generalized form, miliary
granulomas in many organs; mastitis, metritis23
Thickening and corrugation of intestinal mucosa, most
pronounced in distal jejunum and ileum; mesenteric
lymphatic vessels may be thickened and cordlike, with
enlargement of ileocecal and mesenteric lymph nodes;
in advanced cases, edema of abomasal wall, fluid
accumulation in abdominal and pericardial cavities24
Large numbers of ticks may be present on skin; multifocal
dark red subcutaneous areas of congestion, necrosis of
tissue associated with tick attachment; enlarged and
congested lymph nodes, pulmonary edema21,25
Metritis, enlarged darkened uterus with foul-smelling
retained placenta, peritonitis, pneumonia in lambs,
abortion, placentitis; placental cotyledons may be pale
and edematous; fetal pneumonia; rapid autolysis, with
development of a “cooked” appearance to the fetus, with
bruising and severe edema of subcutaneous tissues21
Pneumonia in lambs, hepatitis, bloody vaginal discharge in
females, abortion, regional to generalized thickening of
allantochorion, brownish exudates on chorionic surface,
opacity of the intercotyledonary spaces and white-gray foci
on the chorionic surface of cotyledons; fetus may have
white spots on liver26,27
Jaundice, hemoglobinuria, polyarthritis, abortion, jaundice
of fetal subcutaneous tissues, petechial hemorrhage on
surface of serosal membranes, enlarged kidney; fetus may
be autolyzed28

Intravascular hemolysis, dark-red discoloration of urine, icteric
mucous membranes, watery blood, swollen spleen, swollen
orange-red liver, dark red or black kidneys16
Anemia lesions, pallor of mucous membranes, serous atrophy
of fat, pulmonary edema, subcutaneous edema, ascites,
hydrothorax, enlarged lymph nodes and spleen; also may
produce atrophic lymph nodes16
Hydatid cyst in various organs; lungs and liver commonly
affected; cyst usually less than 10 cm in diameter but can
grow larger29

Difficult to confirm at necropsy; tissue destruction of open
wounds with larvae (navel, tick bites, castration sites,
barbed wire sores, mouth sours); vacated larval cases will be
evident unless death was recent; postmortem confirmation
needed16
Continued
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TABLE 20-4 Reportable Diseases of Worldwide Significance or Foreign to the United States:
Endemic Distribution and Necropsy Lesions—cont’d
Old World: Chrysomyia
bezziana
OIE list B
Psoroptes ovis
Amblyomma hebraeum
South African bont tick
Amblyomma variegatum
Tropical bont tick
Ixodes ricinus

Africa, Asia,

Difficult to confirm at necropsy; tissue destruction of open
wounds with larvae; presence of vacated larval cases16

North America, Europe
Africa31

Loss of fleece, scabs, emaciation30
Present on skin; vector of heartwater

Africa, Caribbean32

Present on skin; vector of heartwater, Nairobi sheep disease,
and C. burnetii32
Present on skin; vector of louping ill, tick-borne fever in
ruminants17

Europe

*OIE (Office International des Epizooties, The World Organization for Animal Health) lists specify diseases requiring possible intervention by
governmental veterinary offices: list A, transmissible diseases with potential for very serious spread causing widespread socioeconomic or public health
consequences and affecting international trade; list B, transmissible diseases with socioeconomical significance and/or public health importance and
significance in international trade.
A USDA select agent or HHS select agent is an agent deemed to be a threat to public, animal, or plant health and is regulated under the Public
Health Security and Bioterrorism Preparedness and Response Act of 2002, United States federal law. The law is implemented and enforced by the U.S.
Department of Agriculture (USDA) and the U.S. Department of Health and Human Services (HHS).

BOX 20-1 	Blood Tubes for Venous Collection and Indications
STOPPER COLOR
Red

ADDITIVE
None or clot activator

Green

Lithium or sodium heparin

Purple/lavender
Royal blue-plastic

EDTA
None or heparin

Blue

Buffered sodium citrate

Gray

Potassium oxalate/sodium fluoride

INDICATION
Serum: most biochemical assays, serologic studies for
infectious diseases
Plasma: erythrocyte enzymes (GSH-Px, SOD, transketolase),
most components of biochemical analysis, endocrinologic
studies, hematocrit, hemoglobin
Whole blood: hematology, lead
Trace element, especially zinc, because zinc analysis affected
by rubber stopper
Blood should be drawn from animal with Vacutainer needle
Whole blood: coagulation studies (fibrinogen, prothrombin
time)
Whole blood: glucose determination

EDTA, ethylenediaminetetraacetic acid; GSH-Px, glutathione peroxidase; SOD, superoxide dismutase.

publication of an interesting case or can be used as
evidence for legal purposes. (Note: Photographs are
best made early in the necropsy, at an angle perpendicular to the structure or area of interest on the subject’s
body, and should depict tissues that are free of excess
blood and digesta.) The images in the camera should
be checked between shots to ensure proper exposure
and focus. Removal of tissue and arrangement on a
suitable background for photography may facilitate
visualization of the lesions. Preservation of tissues in
Klotz solution and maintenance in a refrigerated environment will maintain organ color if photography must
be postponed for 24 hours.

Collection of Blood, Urine, Fecal,
Fluid, and Fresh Tissue Samples:
Clinicopathologic Analysis, Bacterial
Culture, and Virology, Molecular
Biology, and Toxicology Studies
When animals are to be euthanized immediately before
necropsy, appropriate tubes should be used for blood
collection while the animal is alive33 (Table 20-5).
Fresh blood can be used for serum chemistry studies,
complete blood count (CBC), serologic testing, and
element analysis. If delayed laboratory analysis of
blood is anticipated, blood smears should be made
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TABLE 20-5 Tissue Collection During Necropsy With Subject in Left Lateral Recumbency
Tissue Location

Fresh

Skin
Cervical lymph node
Mammary gland
External genitalia
Bone marrow

X

X

Fixed

Comments

X

Sample vesicles, macules, erosions from mucocutaneous junctions, lesions
from infection or trauma
May be used for culture or PCR assay
Culture may be indicated in cases of mastitis; both lobes may be sampled and
labeled for comparison
Sample vesicles, viral lesions such as papillomas
Use cassette to place sample in formalin; obtain fresh sample for cytologic
analysis if animal was euthanized
Optional—may be important in CAE diagnosis, culture may be indicated in
neonatal septicemia.
Optional—may be important in nutritional disease, vitamin D deficiency
Sample dark or pale or hemorrhagic lesions, (clostridial myositis, selenium
deficiency, trauma verification)
Sample vesicles or lesions on the mucosal surface
Sample vesicles on gingival soft or hard palate
Located in a pouch adjacent to the glottis
Weight, mineral analysis of fresh tissue may be indicated for iodine deficiency
Difficult to locate
Sample lesions (viral or bacterial tracheitis)
Sample “bloat line”
Sampling of multiple sites may be indicated if lesion is observed
Fresh tissue may be used for culture, virology or PCR assay
Culture or virology or PCR assay may be indicated
May be important for diagnosis of clostridial myositis or traumatic
reticulopericarditis

X
X
X
X

Joint capsule

X

Bone
Skeletal muscle

X
X

Tongue
Oral mucosa
Tonsil
Thyroid
Parathyroid
Trachea
Esophagus
Lung

X
X
X
X
X
X
X
X

Mediastinal lymph node
Pericardium
Pleura
Cervicothoracic ganglia
Adrenal gland
Celiacomesenteric
ganglia
Pancreas
Liver

Gallbladder
Spleen
Rumen
Reticulum
Omasum
Abomasum
Duodenum
Jejunum
Mesenteric lymph node
Ileum
Ileocecal valve
Cecum
Spiral colon
Descending colon
Rectum

X

X
X

X

X

X

X

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

X

X
X

X
X

X
X
X
X

Optional—used to diagnosis disease of autonomic nervous system
Frozen sample may be needed for herpesvirus diagnosis
Optional—used to diagnosis disease of autonomic nervous system (abomasal
emptying defect)
Easy to confuse with adipose tissue
Fresh tissue is important for toxicology and mineral analysis; at least 100 g
may be required
Culture, virology studies, or PCR assay may be indicated on fresh tissue
Culture, virology studies, or PCR assay may be indicated on fresh tissue
Sample with mucosa intact
Sample with mucosa intact
Sample with mucosa intact
Sample with mucosa intact
Observe location of bile papillae and sample if indicated
Multiple fresh samples should be saved “tied off” for bacterial culture
Parasitology or virology studies or PCR assay may be indicated on fresh tissue
Culture, virology studies, or PCR assay may be indicated on fresh tissue
Tissue should including gut-associated lymphoid tissue (GALT) (i.e., Peyer’s
patches) should be sampled
Important site of parasite identification
Culture or parasitology or virology studies may be indicated on fresh tissue
Culture or parasitology or virology studies may be indicated on fresh tissue

Continued
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TABLE 20-5 Tissue Collection During Necropsy With Subject in Left Lateral Recumbency—cont’d
Tissue Location

Fresh

Fixed

Comments

Urinary bladder
Kidney

X

X
X

Culture may be indicated
Important tissue for toxicology; at least 100 g may be required; culture or
virology studies may be indicated

Vagina/cervix
Uterus
Ovary

Brain
Eyes

X

X

Ears
Nasal mucosa
Spinal cord

X
X
X

X
X
X

X
X

X
X

Culture may be indicated for metritis cases
The ovary is best sectioned longitudinally and saved whole for histopathologic examination; both ovaries should be saved if ovarian histopathologic
analysis is required
See sections on rabies, louping ill, and scrapie
Eyes may be fixed whole after adipose tissue and muscle are removed from the
globe; Bouin’s solution or 10% buffered formalin can be used
Optional—ears are often overlooked and culture may be indicated for Mycoplasma diagnosis or other otitis
Culture, virology studies, or PCR assay may be indicated on fresh tissue
Multiple specimens may be taken and labeled with clothespin-type tags or
placed in cassettes to designate region of spinal cord or relationship to disk
space

at time of blood collection.33 Bone marrow for cytologic study also can be collected while the animal is
alive or shortly after euthanasia. Depending on the
degree of autolysis, blood collected hours to days
after death and refrigerated may still be useful for
serologic testing. Serum should be separated as soon
as possible after clotting. Fresh urine may be cultured
or submitted for clinical pathology tests. Glucosuria
detected by dipstick testing at necropsy may indicate
enterotoxemia, and ketonuria may support a diagnosis
of pregnancy toxemia.11 Urinalysis and urine cytologic studies should be done immediately, because
bacteria rapidly overgrow urine flora, which may alter
interpretation. Use of ethylenediaminetetraacetic acid
(EDTA) containers for urine specimens will slow down
bacterial overgrowth.33 Feces obtained post mortem
can be used for fecal flotation testing and may provide
data that can be applied to herd health programs (see
Chapter 6).
Collection of most fresh tissue for culture is best
accomplished shortly after the carcass is opened and
before organ removal. Both aqueous (anterior chamber) and vitreous eye fluids (posterior chamber) can
be collected in separate tubes and cooled. Lungs, pericardial fluid, abomasal contents (fetus), liver, kidney,
and spleen are best sampled for bacterial culture early
in the necropsy procedure. Tubular organs (intestine,
gallbladder, and urinary bladder) can be sampled after
the viscera are removed. Culture swabs with media are
useful for sampling abscesses and fluid-filled compartments, and in situations in which transport of samples
to the laboratory may be delayed. Sections of intestine

Figure 20-3 Preparation of intestinal specimens. Intestinal
sections are first tied off and then removed and submitted
with lumen contents intact for culture.

submitted for culture should be tied off at both free
ends to contain contents and improve viability of
anaerobic organisms (Figure 20-3).
Fresh tissues for toxicology and virology studies and
molecular analysis can be collected at a later stage in the
necropsy procedure after organs are removed. Although
some aspects of molecular analysis can be conducted
on formalin-fixed tissues, the clinician should be aware
that many laboratories do not accept formalin-fixed
tissues for polymerase chain reaction (PCR) assay.
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Cerebellar cut
Obex

Obex

Obex cut

B

A

Figure 20-4 Sheep brain. A, Fresh brain with cerebellum lifted to reveal location of obex. B, The same
brain fixed and sectioned in dorsal plane to demonstrate the location of the obex for removal during scrapie
surveillance. The obex is a Y-shaped area observed on the dorsal brain stem where the fourth ventricle narrows
to become the central canal of the spinal cord. The obex is located under the cerebellum. The cerebellum
must be cut to facilitate visualization of this structure. Scrapie protocols usually dictate that the obex sample
be submitted fixed in a complete transverse section (“obex cut”).

DNA extraction from formalin-fixed paraffin-embedded
tissues requires modification of the usual procedure,
and sensitivity is decreased the longer tissues are held
“wet” in formalin.34 Fresh tissue samples collected for
virology and PCR testing need not exceed 20 g, whereas
100 or more g each of fresh liver, kidney, and stomach
contents usually is required for routine toxicology
assays. Fresh thyroid gland can be submitted for analysis of iodine in cases of goiter (see Chapters 2 and 9).
Collection of stomach contents may be crucial for identification of toxic plants, insecticides, and other toxins.
All tissues should be collected, shipped, and stored
in individually labeled containers or plastic bags. Tissue from different organs should not be commingled.
Rumen fluid content usually is not diagnostic for nitrate
or nitrite analysis, so a hay sample or plasma, serum, or
ocular fluid must be submitted for this purpose. If grain
or hay is analyzed for nitrate or mycotoxins, several
liters may be required.

Collection of Brain Tissue for
Diagnosis of Rabies, Louping Ill,
and Scrapie
If the clinical history indicates a strong possibility
of rabies virus infection, the head or entire carcass
should be submitted to the appropriate governmental diagnostic facility. Depending on the laboratory,
more than half of the brain, as fresh tissue, divided in
a sagittal plane or the entire brain preserved fresh or
frozen may be required for rabies diagnosis by standard
fluorescent antibody technique. Fresh samples of brain
and any other tissues from the animal with suspected
disease should not be further processed by diagnostic
personnel until negative rabies status is confirmed. If

circumstances dictate that the fresh brain or entire head
must be held longer than 2 days in refrigeration, the
samples are best frozen.
If rabies is low on the list of diagnostic possibilities,
the brain can be sagittally sectioned (slightly off center).
The larger half of the brain should be stored frozen for
potential processing by the rabies lab. The smaller, sagittally sectioned portion can be fixed whole in formalin.
Before this smaller half is immersed in formalin, small
fresh tissue samples are collected for freezing and bacterial culture. Culturettes may be useful for culture of
the meninges and abscesses. If the clinician discovers
evidence of rabies on histopathologic examination, the
larger half of the brain can be recovered from the freezer
and shipped to the diagnostic laboratory for confirmation. In countries with louping ill, a similar procedure
can be followed.33
If scrapie is suspected, the smaller fixed section of
brain is examined to detect characteristic microscopic
changes and is subjected to immunohistochemistry
staining for detection of scrapie prion protein (PrPSc).
If clinical data strongly suggest scrapie or the necropsy
is conducted in compliance with a scrapie surveillance
program, the obex area of the brain stem should be
fixed whole. The obex is a Y-shaped area as observed
from the dorsal aspect of the brain stem, where the
fourth ventricle narrows to form the central canal of the
spinal cord. The obex is located under the cerebellum.
The caudal half of the cerebellum must be detached by
means of a complete transverse cut through the middle
of the cerebellum before the obex can be observed
(Figure 20-4). With ovine necropsy conducted in compliance with scrapie eradication programs, other specific tissue collection requirements may be dictated in a
protocol (see Chapter 13).
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Collection of Fixed Tissues
Routine microscopic examination of tissues with hematoxylin and eosin (H&E) staining can provide a specific
disease diagnosis, as well as directing the choice of the
most useful diagnostic test. The number and location of
tissues saved for histopathologic analysis will be determined by available resources, clinical data, gross diagnosis, and completeness of necropsy. Table 20-5 lists
tissues that can be saved for histopathologic analysis,
culture, and other diagnostic tests. Floating tissues can
be weighted down with paper towels to ensure submersion when fixative is limited. Bone samples intended
for decalcification are fixed in 10% neutral buffered
formalin first and then (at a diagnostic laboratory)
decalcified with commercially available decalcification
solution. Tissues intended for electron microscope
examination are sectioned very thin (2 to 3 mm) and
placed in glutaraldehyde or Trump’s solution at time of
necropsy.33
When a necropsy is conducted on a freshly euthanized or very recently deceased animal, a bone marrow
sample should be fixed immediately on opening the
carcass. Hematopoietic cells are fragile, and their morphology changes quickly after death. Histology tissueprocessing cassettes are useful for holding bone marrow
and other friable samples to be commingled with other
tissues during fixation. Some pathologists prefer that
intestine, muscle, skin, and nerve sections be dried on
cards for 3 minutes before their immersion in fixative.33
Card fixation of these tissues is not used routinely in
many pathology labs, however.
Sampling of tissue for histopathologic evaluation is
best accomplished in an organized anatomic progression, such as from the tip of the tongue to the anus.
Although it is important to directly sample specific
lesions, the transition zone between normal and
abnormal tissue, such as “pneumonia line,” often is of
greatest interest. The kidney sections should contain
capsule, cortex, medulla, and pelvic epithelum.4 Tissues intended for microscopic examination should be
sectioned in pieces thicker than 0.5 cm and immersed
immediately in buffered formalin in a tissue-formalin
ratio of 1:10. For the most part, tissues can be commingled in a single container containing sufficient formalin. Again, histology cassettes are useful for holding
small tissues or identifying the anatomic location of
tissues such as trachea, forestomach, intestine, lymph
node, or spinal cord sections. Clothespin-type labels
also are useful for identifying the anatomic location
of selected organs during fixation (Figure 20-5). Pencil or pens with “permanent” ink should be used to
label cassettes or paper tags that are to be immersed
in formalin.
Large fragile tissues such as brain initially can be
fixed for several days in a bucket of buffered formalin.

Figure 20-5 Tissue tags are useful for designating location
of “like” tissue segments from the same organs. Examples of
tissues for which locational designation may be required are
trachea, lymph nodes, spinal cord, and intestines. A pencil or
pen with nonsoluble ink can be used to write on heavy ply
paper or cardboard that is immersed in formalin.

Fixation of large samples may take several days and even
longer with autolyzed tissues, especially brain. Eyes
can be fixed whole after the adipose tissue and muscle
covering the globe have been trimmed away. Many veterinary pathologists and diagnostic ophthalmologists
prefer that eyes be fixed in Bouin’s fixative. If this is not
available, use of sufficient buffered formalin is acceptable. When tissues are completely fixed, they can be
shipped in sealed plastic bags with a small amount of
formalin (2 to 5 mL) to keep them moist during transport. If a congenital heart disease is suspected, fixation
of the entire heart with great vessels attached is useful
for morphologic evaluation by a veterinary pathologist
or diagnostic cardiologist.

NECROPSY PROCEDURE
Positioning: Left Lateral Recumbency
The preference for positioning of the carcass during
necropsy differs between veterinarians. Lateral recumbency is the most practical position for the field necropsy, allowing better access to organs and structures
in the dorsal abdomen and thorax (Figure 20-6). Some
published procedures advocate necropsy of sheep and
goats in a cradle beginning with a midline incision.33
One disadvantage of lateral recumbency is that it does
not permit evaluation of symmetry of organs (lungs) or
estimation of size difference in paired organs (lymph
nodes).33 A few diagnostic pathologists prefer placment of the subject in right lateral recumbency because
it allows immediate visualization of the spleen. The
advantage of left lateral recumbency, which is more
commonly used, includes early access and visualization of the pylorus, ileocecal junction, and gallbladder.
These structures are useful for establishing orientation
of the gastrointestinal tract and liver.
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and head is noted: If the animal died in a posture of
opisthotonos and has external evidence of a wound,
for example, a diagnosis of tetanus may be suspected.
In addition, joint spaces in the lower extremities should
be opened and examined, and joint fluid and other tissue collected for clinical pathology analysis and culture,
if indicated.

Skinning the Carcass: Right Subcutis—
Adipose Tissue, Lymph Nodes, Muscle

Figure 20-6 Positioning for necropsy in a goat. A midline
incision has been made with the subject in left lateral recumbency. Arrow identifies the abomasal pylorus. Hemostats are
clamped onto the stump of the brachial plexus nerves, providing a landmark for identification of cervicothoracic ganglia.

External Examination: Skin, Hooves,
Body Orifices
The carcass is weighed and measured before the postmortem exam is begun. A condition score can be
assigned to the carcass (see Chapter 2, Fig 2-1). Determination of crown-rump length and observations of
developmental characteristics are useful for investigations of abortion and neonatal death. The external
characteristics of the carcass on both right and left
aspects of the body—orifices (nostrils, ears, mouth,
anus, vulva, external urogenital opening, and teat
canals), umbilicus, hair or wool, skin, and hooves—are
noted. Mucous membranes are examined for anemia
or jaundice (icterus). If the necropsy is to be conducted
with the subject in left lateral recumbency, the “down
side” (the left external and muscular skeletal aspect)
should be examined before the carcass is placed in
final necropsy position. Mammary glands and external
genitalia are evaluated for symmetry and consistency.
Lymph nodes are palpated before the carcass is opened.
(Note: It is essential to sample and culture skin lesions
at this time.)

External Examination:
Musculoskeletal System
Muscle and bones are examined before the carcass is
opened. The limbs are flexed if possible and evaluated for fractures or joint disease. Rigor mortis begins
approximately 3 hours after death, peaks at 12 hours,
and declines over days, depending on environmental
conditions. If the carcass is in rigor mortis and was not
moved at time of death, the positioning of the limbs

Although knife positioning should be comfortable
for the operator, “blade-up” dissection of skin will
reduce dulling of the cutting instrument and decrease
contamination of the necropsy field. If the forelimbs
are reflected backward, the brachial plexus is excised
directly adjacent to the limb. The free nerves of the
brachial plexus nerves can be clamped to a hemostat
for orientation purposes during location of cervicothoracic ganglia. When the inguinal skin and muscle
are excised, aspects of the right hip, including inguinal
and mammary lymph nodes, pelvic plexus, hip joint,
and articular surfaces, are examined. The color and
consistency of subcutaneous adipose tissue should be
recorded. Tissue should be examined for bruising or
hemorrhage

Opening of the Abdominal
and Thoracic Cavities and Abdominal
Cavity Examination
Without puncturing the rumen, the musculature and
parietal peritoneum of the abdominal wall are completely excised along the caudal border of the rib cage.
Rupture of the rumen will make recognition of lesions
in the abdominal cavity difficult. The ventral abdominal
musculature is excised off center and right of midline
to create a “bowl” for retention of abdominal viscera
within the carcass. The umbilicus, fetal vasculature
(umbilical arteries and veins), and urachus are left
intact in fetuses and neonates (Figure 20-7).
Quantity and consistency of abdominal fluid should
be recorded. The intact diaphragm is penetrated with
the point of a knife, before the ribs and sternum are cut,
to verify negative pressure in the thoracic cavity. The diaphragm muscle is excised along its insertion point on
the right rib cage, leaving the intact diaphragm in place
as an anatomic partition. This landmark may be useful for identifying the origin of free fluids (abdominal
versus thoracic effusions) and in assessing for the presence of a diaphragmatic hernia. The dorsal and ventral
attachments of the right rib cage are removed with loppers and a knife, with care taken not to excise vessels,
brachial nerves, and the trachea at the thoracic inlet.
The pleural surface of the right rib cage is examined for
fractures or adhesions before proceeding.

Chapter 20 • Necropsy

572

nodes, either subcutaneous or associated with viscera,
can be labeled with a tag or placed in a histology cassette at time of fixation. This is now the best opportunity to observe and photograph lesions or artifact such
as hemorrhage from jugular injection or bleeding from
neck trauma. The thyroids can be located and weighed
if goiter is suspected (see Chapter 9).

Removal of the “Pluck”
(Tongue, Esophagus, Trachea,
Lungs, and Heart)

ua
uv

Figure 20-7 Paramidline sagittal excision to open the
abdomen of a goat fetus of 15 weeks gestation. The internal
umbilicus is formed at the junction of the umbilical arteries
(ua), urachus, and vein (uv).

With the right aspect of the thoracic and peritoneal
cavity exposed, the operator should pause and resist
handling the organs. This is the last opportunity to
observe and photograph the “in vivo” position of
gastrointestinal tract and the location and volume of
compartmental fluids. At this time, gross observations
and digital images of organs before manipulation are
best recorded. Lung, liver, spleen, and other organs or
effusions for which bacterial culture may be appropriate
are sampled with use of sterile forceps, scissors, needles,
or syringes as required. After these tasks are completed,
the small intestine can be flipped over the vertebral
musculature to allow observation of the spleen and left
aspect of the peritoneal cavity.

Thoracic Cavity Examination
Before removal of heart and lungs, organs and structures of the thoracic cavity should be examined in place.
The pericardial space is examined for fluid volume and
presence of exudate. Pericardial or thoracic fluid is collected for culture, serologic testing (as for leptospirosis
in fetuses), or clinicopathologic analysis (Chapter 8).
Fresh postmortem heart blood should be collected for
serologic studies. The mediastinum, lymph nodes, and
thoracic duct are examined.

Throat and Neck Examination
The skin of the right medial aspect of the neck should
be excised down to the mandibular symphysis and
carefully skinned off the vasculature, esophagus, and
trachea. The right cervical and mandibular lymph nodes
are best observed at this time; findings may be crucial
for the diagnosis of caseous lymphadenitis (caused by
Corynebacterium pseudotuberculosis). Individual lymph

The cervicothoracic ganglia can be located and removed
before removal of the “pluck” (tongue, trachea, lungs,
and heart). Ganglia are best located by means of blunt
dissection performed with an appreciation of their
anatomic location in relation to the first rib and nerves
of the brachial plexus. The tongue is removed by cutting along the medial aspect of the mandibular rami
while the tongue and associated muscle are reflected
back. Excising joints of the hyoid apparatus and tissues of dorsal pharynx will free up the larynx, trachea,
and esophagus for removal. The complete tongue with
attached trachea and esophagus including thyroids and
jugular veins and arteries is dissected away from the
musculature of the neck.
The organs of the thoracic cavity (heart, lungs,
dorsal aorta, and esophagus) are removed by incising
against the thoracic vertebrae and making a complete
transverse section though the esophagus and caudal
vena cava just proximal to the diaphragm. Organs of
the “pluck” can be hosed off before examination and
sampling for histopathologic evaluation. Symmetry
of paired organs such as lungs and thyroids is now
evaluated. Lungs are palpated before proceeding. The
esophagus can be opened in a cranial to caudal direction and examined for a “bloat line.” A bloat line is a
faint demarcation between cranial, congested tissue
and pale caudal tissue caused by abdominal distention and blocked return of blood from the head and
cranial neck. The trachea should be opened longitudinally from the larynx, with the incision continued into
each bronchial branch. The lumen of the trachea may
contain excess mucus associated with shock, blood, or
lungworms.
To facilitate examination of the pulmonary artery, the
heart should be opened while it is still attached to the
lungs. The right and left sides of the heart can be opened
using an elliptical incision to preserve the architecture
of the heart while allowing examination of valves,
compartments, and great vessels. The heart should be
examined in a systematic order that follows the flow
of blood—cranial or caudal vena cava > right atrium >
right AV valve (tricuspid) > right ventricle > pulmonary
valve > pulmonary artery > ductus arteriosus (if indicated) > pulmonary vessels in lungs > pulmonary vein
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> left atrium > left AV valve (mitral valve) > left ventricle
> aortic valve > aorta (see Chapter 17). The pulmonary
artery is excised longitudinally and followed into each
lobe of the lung to check for thromboemboli. In young
animals, closure status of the ductus arteriosus should
be determined before the heart is removed from the
lungs.

Removal of Abdominal Organs:
Adrenal Gland, Pancreas, Spleen,
Liver, Forestomachs, Abomasum,
Small Intestine, Cecum, Spiral Colon,
Descending Colon, Mesentery
The adrenal glands and celiac-mesenteric ganglia are
examined before removal of the abdominal viscera
(Figure 20-8). These ganglia can be used for microscopic diagnosis of abomasal emptying defect caused
by dysautonomia35 (see Chapter 5). Perirenal adipose
tissue is evaluated to assess body condition. At this
time, renal arteries can be excised and the kidneys can
be dissected away, leaving the ureter attached. The kidneys are flipped over the vertebral musculature, to be
examined later. The gallbladder and patency of the bile
duct are evaluated before organ removal by opening
the duodenum at the location of the bile papilla and
squeezing the gallbladder (Figure 20-9). The lumen of
the gastrointestinal tract is not further opened before
removal of the viscera.
The gastrointestinal tract with attached liver and
spleen can now be removed by dissecting between the
dorsal aorta and the vertebrae. The genitourinary tract
with attached kidneys can remain in the abdomen
at this time. The entire gastrointestinal tract is now
arranged for orientation before culture, collection of
contents, and sampling of tissue for histopathologic
evaluation. The ileocecal junction and pylorus are best
observed from the right-sided aspect of the mesentery
(Figure 20-10). The spiral loop of the colon is best
examined from the left aspect of the mesentery. The
last centrifugal coils of the spiral loop of the colon are
difficult to differentiate from small intestine but can
be identified by the presence of fecal balls. Palpating
or running a knife over mucosa of tissues intended
for histopathologic examination is to be avoided,
because such maneuvers destroy the superficial mucosa.
The jejunal lymph node and lymphatics supplying
the intestine are now examined (Figure 20-11). Distended lymphatic vessels can be best visualized in
anorexic animals; such distention may reflect uptake
of intestinal materials, lymphatic edema, or Johne’s
disease (caused by Mycobacterium avium subsp. paratuberculosis) (see Chapter 5).
Careful examination of the gastrointestinal tract
requires a systematic approach. Some pathologists prefer to examine the forestomachs last, because spillage
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Pan
Right ad

Right kid

cm ganglia

Figure 20-8 Location of celiacomesenteric ganglia in the
right aspect of the dorsal abdomen. The celiomesenteric ganglia (cm ganglia) lies under the right adrenal gland (right ad)
near pancreas (pan) and right kidney (right kid).

ddn papillae

Bile duct

ddn
ddn

Gall bl

Figure 20-9 Checking the bile duct for patency. The duodenum (ddn) is excised to reveal the duodenal papillae (ddn
papillae). Compression of the gallbladder (gall bl) forces
yellow-green bile through the bile duct and out the papillae
opening.
of rumen contents often obscures visualization of the
intestine. The rumen often is overlooked at necropsy,
but detection of ruminal lesions or incriminating
content may be crucial for determination of cause of
death. Consistency of rumen contents and distention
of the rumen are important for diagnosis of bloat
secondary to grain overload or legume consumption.
Identification of feedstuffs in rumen, abomasum, and
intestine may be crucial for achieving a diagnosis.
At least 500 mL of rumen content is needed for toxicologic analysis. The pH of rumen contents is determined
at the time of necropsy. A pH value less than 5.5 indicates acidosis. The contents of the rumen, abomasum,
and intestine may be sifted in shallow trays to identify
plant material, seeds, parasites, inorganic debris, or
toxic substances (Figure 20-12, A). A stream of gentle
free-flowing water can be directed to the mucosal
surface of forestomachs, abomasum, and intestine to
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reveal parasites (Figure 20-12, B). The ileocecal junction is a good landmark for use in examination of the
intestine (see Chapter 6). Sections of ileum and cecum
are useful for histopathologic evaluation because they
contain gut-associated lymphoid tissue (GALT) (i.e.,
Peyer’s patches). Examination of the entire mucosal
surface of the small intestine is time-consuming in
sheep and goats. If a gastrointestinal disease is low on
the differential diagnosis list, the intestine can be spotchecked for mucosal changes. Organ weights (liver and
spleen) and volume of lumen contents from the gastrointestinal tract (sand, digesta) may be useful to validate
disease processes.

Rumen

dc

Urogenital Tract
The ureters of the reflected kidneys are now examined to determine patency of the lower urinary tract
(with evidence of hydronephrosis in cases of lower
tract obstruction) or to detect pylonephritis (caused
by Corynebacterium renale). The capsule of the kidney
is removed to help facilitate visualization of infarcts.
The bony pelvis can be opened by cutting through the
ischium and pubis using loppers or a saw. This maneuver allows dissection of the entire genitourinary tract
system from kidneys to the external opening. In cases
of severe bladder dilation, it is important to evaluate
the entire penile urethra for identification of urinary
calculi. Obstructions may be present in the penile
viliform process of bucks and rams (see Chapter 12,
Figures 12-7 and 12-8).

icj

ce

lccslc
Pylorus
jln

Figure 20-10 Right aspect of the gastrointestinal tract
with structures arranged for examination. The cecum (ce),
ileocecal junction (icj), descending colon (dc), and pylorus
are anatomic landmarks for examination of the intestines. In
right orientation, the last centrifugal coils of the spiral loop of
the colon (lccslc) and jejunal lymph nodes (jln) are observed.
This goat had distention of the cecum.

A

Afferent lymph vessel

B
Figure 20-12 A, Abomasal contents sifted on a disposFigure 20-11 A jejunal lymph node demonstrating afferent lymph vessels containing white substance likely taken up
from the intestine.

able tray to reveal numerous Haemonchus contortus organisms
( barber’s pole or wire worms). B, The abomasal mucosa with
an H. contortus organism visible.5 Multifocal hemorrhage can
be seen on on the mucosal surface of the abomasum.
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Head and Brain Removal
and Examination of Pituitary,
Eyes, Ears, Oral Cavity, Teeth,
and Nasal Cavity
With the subject in dorsal recumbency and the head
extended off the table edge, the atlantooccipital joint
is excised for decapitation. Cerebrospinal fluid can be
collected at this time. Skin, hair, and muscle should
be removed from the cranium, and anatomic landmarks located for making saw cuts to open the calvaria. Horned sheep or goats can be dehorned post
mortem by a single sagittal cut that opens the frontal
sinus and removes both horns (Figure 20-13). In
polled or dehorned animals, the calvaria can be cleanly
entered with a series of five saw cuts. The orbital bone

Horn cut

Location of orbit
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around the eye serves as a locator for transverse cut 1.
The supraorbital foramen is used to determine location
of sagittal cuts 2 and 3. The occipital-parietal suture and
the occipital condyles are used to locate oblique cuts 4
and 5 (Figure 20-14, A and B). After removal of the calvaria and examination and biopsy (for culture) of the
meninges, the skull is inverted and tapped to remove
the brain with help of gravity. Care is taken not to
damage the fragile brain during manipulations to free
it from the calvaria, accomplished by clipping cranial
nerve attachments one by one.
If rabies is suspected, the disease-specific protocol
should be followed. If the obex is to be removed for
scrapie surveillance, the brain should not be sagittally
sectioned. The entire fixed obex, which should be
located on the dorsal aspect of the brain stem under the
cerebellum (see Figure 20-4), is required as a sample.
After removal of the mandible, the external ear canal
and tympanic bulla serve as a locator for a complete
transverse saw cut through the head that will expose
both internal ears and tympanic cavity for examination
and sampling for culture. The pituitary is separated
from the brain by connective tissue and lies in the
hypophyseal fossa (sella turcica) (Figure 20-15). The
skull should now be completely sectioned in a sagittal
plane to examine the nasal cavity (Figure 20-16).

Left Subcutis and Spinal Cord
Removal
Figure 20-13 Sagitally sectioned goat skull demonstrating
landmarks for removal of horns and position of the calvaria
in regard to the orbital rim. A single dorsal-plane “horn cut”
can be made through the frontal sinus to remove both horns.
Cut 1

Cut 1
Cut 5

Cut 4

A

The carcass should now be flipped and the subcutis
and muscle of the left side examined. Finally, the spinal
canal can be entered with a Stryker autopsy saw, rongeur, or small Barnes dehorner. Removal of the spinal
cord is time-consuming and usually is optional.

Cuts 2 and 3

Cuts 4 and 5

Cut 3

Cut 2

Ear cut

B
Figure 20-14 Sheep skull (ewe): A, medial aspects; B, dorsal aspects. White lines indicate location of saw
cuts required for entry into the calvaria for brain removal and the final “ear cut” needed to gain access to the
ear and tympanic bulla. Cut 1 is transverse, directly behind the orbit of the eye. Cuts 2 and 3 are in a sagittal plane perpendicular to cut 1 and are angled slightly medially. Cuts 2 and 3 are started just medial to the
supraorbital foramen. Cuts 4 and 5 continue from the junction of cuts 2 and 3 at the parietal-occipital fissure
and continue obliquely through the occipital condyle. The “ear cut” is a complete transverse section of the
skull at the external acoustic meatus and tympanic bulla.
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ec

Figure 20-17 Normal fetus and umbilical cord with amniotic plaques. Amniotic plaques are normal incidental findings
consisting of multifocal accumulations of layered keratin on
the fetal side of the amnion. (Courtesy Dr. Jose Ramos-Vara,
West Lafayette, Indiana.)

tc
pt

Figure 20-15 Caudal aspect of head with brain removed
and complete transverse section to reveal the ear canal (ec)
and tympanic cavity (tc). A membrane on the floor of the
cranial cavity must be excised to remove the pituitary (pt)
concealed in the hypophyseal fossa (sella turcica).
nac

pt

Figure 20-16 Enzootic nasal tumor in a 3-year-old ram.
Sagittal section of the head before brain removal demonstrates position of nasal turbinates, sinuses, brain, pituitary
(pt), and a nasal adenocarcinoma (nac). The nasal tumor
deforms the cribriform plate. (Courtesy Dr. Lisa Farina and
Dr. Jason Kimbro, Gainesville, Florida.)

Necropsy of the Fetus and Neonate,
Including Stillborn, and Placenta
The procedure for fetal or neonate necropsy is similar
to that in an adult animal. In addition, care should be
taken not to excise the structures of the internal umbilicus when the abdominal cavity is opened. The buoyancy of the lungs in formalin is observed to determine
if the neonate took a breath of air. Fetal abomasal contents are extracted with a sterile needle and syringe and

submitted for culture. In absence of fetal membranes,
this bacterial population may reflect what was growing
in amniotic fluid before occurrence of abortion.
Amniotic plaques on the fetal surface of the umbilical cord and amnion are normal (Figure 20-17). The
placenta should be cleansed gently with water if coated
by debris and then arranged in the best position for a
complete evaluation. The integrity and length of the
umbilical cord should be noted. Complete transverse
sections of the umbilical cord should be obtained for
histopathologic examination. Although the surface of
the chorion is likely to be covered with debris, cotyledons should be sampled and submitted for culture
and frozen for PCR assay. Multiple sites should be
sampled for histopathologic examination from the
chorioallantois, including both horns and body. The
intercotyledonary areas should be thin and transparent
in the normal placenta. The nongravid horns normally
may have yellowish, necrotic, membrane-covered tips
(Figure 20-18).

Packaging and Shipment
of Diagnostic Samples
Packaging and shipment of samples can be time-consuming and complex. International, national, and state
laws vary in regard to shipment of diagnostic specimens. The United States Animal Health Association’s
Foreign Animal Diseases (“The Gray Book”), available
online (www.aphis.usda.gov/emergency_response/
downloads/nahems/fad), presents detailed information
on shipping requirements.
Specimens should be mailed in leak-proof containers
at appropriate temperature and labeled with a waterproof marker. Fresh tissues should be packaged individually, although formalin-fixed tissues can be combined.
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BOX 20-2 	Sheep or Goat Composting

cd

nt
ica

Figure 20-18 The maternal side of a normal placenta
 emonstrating cotyledons (cd) and intercotyledonary areas (ica)
d
of the chorioallantois and a necrotic tip of the chorioallantoic
membrane from the nongravid horn (nt). The intercotyledonary
area of the normal chorioallantois should be thin and transparent. The necrotic tip of the horn is a nonpathogenic finding, or
“pseudolesion.” (Courtesy Dr. John F. Edwards, College Station,
Texas.)

The submission sheet or necropsy form should be
placed in a separate plastic bag to prevent its destruction from accidental spillage. Specimens should not
be shipped on Friday before the weekend or on the
day before a holiday. With prolonged time in transit,
thawing or warming of specimens may occur if they are
retained in a warm mailroom for a day or longer.

Clean-up and Disposal of Remains
Laws concerning the disposal of ruminant remains
may vary between countries, states, and municipalities.
A plan for disposal of remains should consider the geographic location of digestion or incineration facilities.
Methods of carcass disposal include burial, landfill,
incineration or combustion, rendering, composting (see
Box 20-2), and alkaline hydrolysis (chemical digestion).7
The remains of animals suspected of having scrapie or
zoonotic diseases should be burned, incinerated, buried, or chemically digested. The United States Animal
Health Association’s “Gray Book,” available online as
noted earlier, provides detailed information on specific chemical products needed to inactivate individual
pathogens.
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•	A 5- to 10-square-foot enclosure or container makes
a good composter. The sides (e.g., corrugated wire,
fine wire mesh) should have enough holes to allow
maximal airflow during the composting process.
•	The composter should be placed separate from the
flock but in an area where water is easily attainable to
keep the composted material moist. All runoff should
be kept out of the flock’s water supply.
•	The carcass, aborted material, or offal should be placed
in the composter so that 1 foot of sawdust separates it
from the ground and the sides. The carcass should then
be covered with 1 to 1.5 feet of sawdust. Approximately
1 cubic foot of sawdust is required for every 10 lb of
carcass weight. Green or freshly cut sawdust is superior
for composting.
•	Water should be added to attain a water–to–dry matter
ratio between 50:50 and 60:40. During very rainy
seasons, the composter should be covered to prevent
excessive water accumulation.
•	A 2- to 4-foot-long thermometer should be placed
into the stack and the temperature monitored. The
temperature should be maintained at 130° F for 1 week
to destroy most pathogenic bacteria. If the composter’s
temperature drops below 100° F, water should be
added and the material aerated (i.e., stirred, forked).
•	The composted material can be safely placed on the
pasture after 21 to 30 weeks. However, in the case of
animals dying of scrapie, the owner should notify local,
state, or federal authorities and follow recommended
guidelines for carcass disposal (e.g., incineration).
Modified from Estienne MJ: Disposing of dead goats, Practical Goat
Farming Seminar, 1998, Salisbury, Md: http://www.sheepandgoat.com/
compost.html. Accessed March 12, 2011.
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APPENDIX

1

Commonly Used Drugs in
Sheep and Goats: Suggested
Dosages
Virginia R. Fajt, and D.G. Pugh

GENERAL PRINCIPLES
Some of the drugs and uses listed in this appendix may
be illegal, unavailable, or extralabel in the United States
or other countries. It is the responsibility of attending
veterinarians to be familiar with the laws governing drugs
in their practice areas. The clinician should therefore be
cognizant of and take specific steps and help educate producers in order to reduce drug residues in food animals.
If a dose is provided only for sheep and not for goats,
unless the drug appears to be contraindicated for or
toxic to goats, the sheep dose usually can be extrapolated for use in goats, and vice versa (as recommended
by D.G.P.). Some of the anesthetic dosages presented
here are the same as those given in Chapter 18 and are
referenced as such. After reviewing Chapter 18, where
dosages for anesthetics appear different, the clinician
then compare the two, and decide the best dosage for
the situation based on referenced materials.

AN EVIDENCE-BASED APPROACH
In an effort to provide an evidence-based approach and
to characterize confidence levels for the dosages listed in
this appendix, notations have been made to indicate the
quality and type of evidence presented to support the
dosage recommendation. The categories used in the evidence notations are defined at the end of this section;
specific designations are given in brackets after each
dosage in the table that follows.
As an example, a dosage that has been demonstrated
to be effective in at least one good-quality, large, randomized controlled trial (RCT) would be assigned the designation A-1, and a dosage for which moderate evidence
based on expert opinion is available would have the designation B-5. In this appendix, only drug dosages with
A- or B-quality evidence are listed, but the type of evidence varies by drug and species, with a range of A-1 to

B-6, with the highest level of evidence available noted in
the designation (in other words, lower levels of evidence
also may be available to support that particular dosage).
All evidence notations derive from an unpublished
analysis of the data (by V.R.F.) and have not been subjected to peer review. For some dosages, the cited references do not constitute the only evidence but rather are
provided as examples of relevant published data.

Evidence Quality
A	Good evidence to support a recommendation for use
B	Moderate evidence to support a recommendation
for use
C	Insufficient evidence to support a recommendation
for use
D	Moderate evidence to support a recommendation
against use
E	Good evidence to support a recommendation
against use

Evidence Type
1	Species-specific evidence from at least one large
RCT or multiple small RCTs
2	Species-specific evidence from a small RCT, disease
models, large case studies, pharmacokinetic studies
using surrogate end points, or evidence from welldesigned trials in a different species that is considered appropriate for comparison
3	Dramatic results from either well-designed, speciesspecific trials without controls or small case studies
4	Pharmacokinetic studies without surrogate end
points
5	In vitro studies
6	Opinions of respected authorities based on clinical
experience or reports of expert committees
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Drug

Sheep

Goats

Acepromazine
maleate (see
Chapter 18)

0.05-0.10 mg/kg
IM [A-1]1-3

0.05-0.10 mg/kg
IM [A-1]1-3

Acetic acid (5%
solution)
Albendazole

Ammonium chloride
Ammonium
molybdate
Ammonium
tetrathiomolybdate
Amoxicillin–
clavulanic acid

Amoxicillin
trihydrate
Ampicillin sodium
Ampicillin-sulbactam
Ampicillin trihydrate
Amprolium

Aspirin
Atipamezole
(see Chapter 18)
Atropine
(see Chapter 18)

Azithromycin
Buprenorphine

Butorphanol

0.5-1.0 L/head PO for ammonia toxicosis
[B-3]5-7
7.5 mg/kg PO for flukes and nematodes
[A-1]8,9
10 mg/kg PO for cestodes [A-2]10
0.5-1.0% of diet for prevention of urinary
calculi [A-1]12-19
100 mg/head/day PO in combination with
sodium sulfate to increase elimination of
copper [A-1]20-22
3.4 mg/kg IV once daily for 4 days [B-3]24
20 mg/kg (amoxicillin component) IV two
or three times a day [B‑4]25,26
7 mg/kg IM for prevention of pneumonia
[B‑2]27
200 mg amoxicillin plus 50 mg clavulanate
per quarter IMM [B-4]28
10 mg/kg IM two or three times a day
[B-4]30,31
10 mg/kg IV three or four times a day
[B-4]30,32
13.3 mg/kg (ampicillin component) IM
once or twice a day [B‑4]33
10 mg/kg IM [B-4]34
50 mg/kg PO for 5 days for treatment [A‑2]35
55 mg/kg PO twice a day for 21 days for
treatment [A‑2]36
15 mg/kg in feed for prevention [A-2]38
100 mg/kg PO twice a day [B-4]39-41
0.1-0.2 mg/kg IV slowly [A-2]42,43
0.005 μg/kg IV slowly after intrathecal or
subarachnoid alpha2-agonists [B-2]44,45
0.05-0.2 mg/kg IV to prevent bradycardia
during anesthesia [A-2]46
0.15-0.5 mg/kg IV for organophosphate toxicity [A-3]47-49 (Some recommendations
are to give one half to one third of
the dose IV and the rest IM or SC, but
published data on the efficacy of this
approach are lacking)
20 mg/kg IV or IM [B-4]50,51
0.01 mg/kg IM every 6 hours [B-3]52,53
0.5 mg/kg SC [B-3]54
6 μg/kg IV [B-3]55
0.2-0.5 mg/kg IM or SC for sedation and
analgesia [A-2]3,54,56,57

0.2 mg/kg IM for tetany [B-6]4
0.5-1.0 L/head PO for ammonia toxicosis
[B-3]5-7
10 mg/kg PO for flukes [A-1]8
10 mg/kg PO for cestodes [A-3]10,11
0.5-1.0% of diet for prevention of urinary
calculi [A-1]12-19
300 mg/head/day PO in combination with
sodium thiosulfate to increase elimination
of copper [A-2]23

20 mg/kg (amoxicillin component) IV two or
three times a day [B‑4]25,26

200 mg amoxicillin plus 50 mg clavulanate
per quarter IMM [B-4]29
10 mg/kg IM two or three times a day
[B-4]30,31
10 mg/kg IV three or four times a day
[B-4]30,32
13.3 mg/kg (ampicillin component) IM once
or twice a day [B‑4]33
10 mg/kg IM [B-4]34
100 mg/kg PO for 5 days for treatment [A‑2]35
50 mg/kg PO for 21 days for treatment [A‑2]37

100 mg/kg PO twice a day [B-4]39-41
0.1-0.2 mg/kg IV slowly [A-2]42,43
0.005 μg/kg IV slowly after intrathecal or
subarachnoid alpha2-agonists [B-2]44,45
0.05-0.2 mg/kg IV to prevent bradycardia
during anesthesia [A-2]46
0.15-0.5 mg/kg IV for organophosphate
toxicity [A-3]47-49 (Some recommendations
are to give one half to one third of the dose
IV and the rest IM or SC, but published
data on the efficacy of this approach are
lacking)
20 mg/kg IV or IM [B-4]50,51

0.2-0.5 mg/kg IM for sedation and analgesia
[A-2]3,56,57
0.1 mg/kg IV for reducing stress response
[B-3]58
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Drug

Sheep

Goats

Calcium gluconate

11 mg/kg IV (approximately 1 g/200 lb) for
hypocalcemia [A-3]59
50-100 mL of 20% solution IV or SC for
hypocalcemia [A‑3]60-62
4 mg/kg SC or IM [A-1]53,63-65
1 mg/kg IM once daily [B-4]66,67
1.0-2.2 mg/kg IM once daily [A-1 for
respiratory disease; B-4 for all other
indications]68-71
250 mg IMM every 12 hours for three doses
[B-3]72

11 mg/kg IV (approximately 1 g/200 lb) for
hypocalcemia [A-3]59
50-100 mL of 20% solution IV or SC for
hypocalcemia [A‑3]60-62
4 mg/kg SC or IM [B-2]53,63-65
1 mg/kg IM once daily [B-4]66,67
1.0-2.2 mg/kg IM once daily [A-1 for
respiratory disease; B-4 for all other
indications]68-71
250 mg IMM every 12 hours for three doses
[B-3]73
300-mg dry cow syringe once IMM for dry
does with mastitis [B-3]74
500 g in 4 L of fluid [A-2]75

Calcium
borogluconate
Carprofen
Cefquinome
Ceftiofur sodium

Cefuroxime
Cephapirin
benzathine
Charcoal (activated)
Chloral hydrate
Chlortetracycline

Clopidogrel
Cloprostenol

Clorsulon
Clostantel
Danofloxacin

Decoquinate

Detomidine
(see Chapter 18)
Dexamethasone

Dexamethasone
sodium phosphate
Dextrose (glucose)

500 g in 4 L of fluid [A-2]75
100-150 mg/kg IV reported in calves
[B‑3]76,77
80 mg/head/day to reduce the incidence
of abortion caused by susceptible
Campylobacter fetus strains [A-1]78
6 mg/kg IV loading dose on day 1, 3 mg/kg
daily after loading [B-3]79
100-125 μg IM at 9- to 11-days apart for
estrus synchronization and for early
pregnancy termination [A-1]80-84

7-21 mg/kg PO for flukes [A-2]88-90
10 mg/kg PO for flukes and Oestrus ovis
[A-1]93-97
6 mg/kg SC or IV once daily for pneumonia
[B‑2]98; for other bacterial diseases [B‑4]99
0.5 mg/kg in feed for at least 28 days for
prevention of coccidiosis [A-1]101,102
2 mg/kg in feed during pregnancy to prevent
abortion and decrease lamb mortality
caused by Toxoplasma gondii [A-1]102,103
0.01 mg/kg intrathecally [B-3]44
0.01-0.02 mg/kg IM [A-2]105,107,108
15 mg IM once for pregnancy termination
[A‑3]109,110
0.05-0.44 mg/kg IM as an antiinflammatory
[A‑2]112-114

5-6 mg/kg IV for shock [B-3]117,118

Diazepam
(see Chapter 18)

4-10 g IV for pregnancy toxemia [B‑3]119,120
10 mL/kg of 20% solution intraperitoneally
for weak lambs [B-3]121
0.3-0.4 mg/kg IV [A-2]52,122-124
1 mg/kg IV for tetany [A-3]125

Diclazuril

1 mg/kg PO [A-2]127-129

7 mg/kg loading dose on day 1, 3.4 mg/kg
daily after loading [B-3]79
100-125 μg IM at 9- to 11-day intervals for
estrus synchronization and for pregnancy
termination [A-1]80-83,85,86
100 μg IM followed by 50 μg IM 10 hours later
for induction of parturition [B‑2]87
7-15 mg/kg PO for flukes [A-2]91,92

6 mg/kg SC or IV once daily for
pleuropneumonia [B-2]100; for other
bacterial disease [B-4]99
0.5 mg/kg in feed for at least 28 days for
prevention of coccidiosis [A-1]101

0.01-0.04 mg/kg IM [A-2]104-106
10 mg IM once for induction of parturition
[A‑2]111
0.44 mg/kg IV once as an antiinflammatory
[A‑2]115
(Higher doses or more than one dose may
result in immunosuppression116)
5-6 mg/kg IV for shock [B-3]117,118
4-10 g IV for pregnancy toxemia [B‑3]119,120

0.3-0.4 mg/kg IV [A-2]52,122-124
1 mg/kg IV for tetany [A-3]125
0.06 mg/kg IV to stimulate appetite [B‑2]126
Continued
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Sheep

Goats

Dinoprost
(prostaglandin
F2α)

15 mg IM twice, 10 days apart, for estrus
synchronization [A-2]130,131

5-10 mg IM once for induction of parturition,
treatment of hydrometra, and luteolysis and
estrus synchronization [A‑2]132-134

Dopamine
Doramectin

Doxapram
EDTA (calcium
EDTA)
Enrofloxacin
Epinephrine
Eprinomectin

Erythromycin
Estradiol cypionate
Febantel
Fenbendazole

Fentanyl transdermal
patch on clean
shaved skin
Fenprostalene
Florfenicol
Flumazenil
Flunixin meglumine
Follicle-stimulating
hormone
Furosemide
Glycopyrrolate
Griseofulvin
Guaifenesin
Guaifenesin-
ketamine-xylazine
(see Chapter 18)

10 mg/kg to terminate early pregnancy
[A‑2]135
5-20 μg/kg/minute IV to increase blood
pressure [B-3]136-138
200 μg/kg IM for gastrointestinal parasites
[A-2]139
200 μg/kg IM for Oestris ovis infection
[A-2]139
300 μg/kg IM for Psoroptes and
gastrointestinal nematodes [A-2]140
5.5 mg/kg IV [B-2]142
100-110 mg/kg IV for lead poisoning for
4 days [B-2]143-145
5 mg/kg IV, IM, or SC once daily B‑4]146,147
0.01 mg/kg IV, IM, or SC [B-3]149
0.5 mg/kg topically for gastrointestinal
nematodes and Oestris ovis infection
[A-2]150,151
10 mg/kg IM once or twice a day [B-2]153-156

5-12 mg/kg PO [A-2]158-160
5 mg/kg PO [A-2]162
(Anecdotal reports suggest that this dosage
may not be clinically effective and that
10-20 mg/kg PO may be required to
control nematode parasites in sheep and
goats)
2 μg/kg/hour [B-2]52

[B-4]164

20-30 mg/kg IM
40 mg/kg SC [B-4]165
20 μg/kg IV to reverse benzodiazepine
effects [B-3]168
1 mg/kg IV [B-2]169
2.5 mg/kg SC or IM [A-1]65,72
See Chapter 8 on reproduction
0.5-1.0 mg/kg IV or PO for heart failure or
diuresis [B‑2]170-172
0.01 mg/kg IV [B-2]46
7.5 mg/kg PO for 7 days [B-3]173
50 mg/kg IV [B-3]174
1.2 mL/kg/hour for induction, 2.6 mL/kg/
hour for maintenance (guaifenesin,
50 mg/mL; ketamine, 1 mg/mL; xylazine,
0.1 mg/mL) [B-3]175

5-20 μg/kg/minute IV to increase blood
pressure [B-3]136-138
400 μg/kg PO [A-2]141

5-7.5 mg/kg SC once daily [B-4]147,148
0.5 mg/kg topically [A-2]152

10 mg/kg IM once or twice a day [B-2]153-156
0.2 mg/kg IM after GnRH for induction of
estrus [B-2]157
5 mg/kg PO [A-2]161
5 mg/kg PO [A-1]162

0.5 mg IM for pregnancy termination [B‑3]163
20 mg/kg IM [B-4]166,167

2.5 mg/kg IM [A-1]73
See Chapter 8 on reproduction
0.5-1 mg/kg IV or PO for heart failure or
diuresis [B‑2]170-172
0.01 mg/kg IV [B-2]46

Appendix 1 • Commonly Used Drugs in Sheep and Goats: Suggested Dosages

Drug

Sheep

Goats
[B‑2]79

Heparin

200 U/kg bolus for anticoagulation

Hyaluronate sodium
Hypertonic saline
(7%)
Ibuprofen
Imidocarb

20 mg IA weekly for 5 weeks [B-2]176,177
4 mL/kg IV over 5-10 minutes [B-2]178-180

Insulin
Ivermectin

Ketamine (see
Chapter 18)

12.5-15 mg/kg IV [B-2]181,182
1.2 mg/kg IM twice, separated by 10-14 days
[B-2]184
0.4 IU/kg SC of repository insulin for
pregnancy toxemia [B-3]120
200 μg/kg PO [A-1]185
(Anecdotal reports suggest that this dosage
may be clinically ineffective in sheep and
goats, and that more than 300 μg/kg may
be needed for nematode parasite control)
1 mg/kg epidural [A-2]174 for analgesia
4-7.5 mg/kg IV [A-2]122,124

Ketoprofen
Lasalocid
Levamisole

Lidocaine (see
Chapter 18)
Lincomycin
hydrochloride
Lincomycin-
spectinomycin

Magnesium
Mannitol
Mebendazole
Medetomidine
(see Chapter 18)
Melengesterol acetate

Methocarbamol
Methohexitone
(methohexital)
Methylene blue
Metoclopramide

583

3 mg/kg IV [A-2]107,190,191
15-70 mg/head/day (20-30 g/ton in feed)
for prevention of coccidiosis [A‑1]192,193
8 mg/kg PO [A-1]194,195
(Anecdotal reports suggest that this dosage
may be clinically ineffective for nematode
parasite control in sheep and goats, and
that 12 mg/kg PO may be needed)
4 mg/kg epidural [A-3]122
0.5-0.6 mg/kg caudal epidural [B-3]196
3 mg/kg IV as antiarrhythmic [B-2]197
10 mg/kg IM once daily B-3]198
5 mg/kg lincomycin plus 10 mg/kg
spectinomycin for footrot and Ureaplasma
infection [B-3]199,200; for dermatophilosis
[B-2]201
200-400 mg/kg IV or SC for treatment of
hypomagnesemic tetany [A-2]202,203
0.3-2 mg/kg IV over 5-10 minutes
[B‑3]204-206
15 mg/kg PO [A-2]207-212
0.005-0.020 mg/kg IV [A-2]42,213
0.125 twice a day or 0.25-0.3 mg once daily
PO for 7-10 days for estrus synchronization [A‑1]214-217
22 mg/kg IV for tetany [B-6]4
3-5 mg/kg IV [B-3]218,219
2-15 mg/kg IV (depending on severity) for
treatment of nitrate toxicity [A‑3]220-225
0.5 mg/kg IM or IV [B-3]226,227

350-400 U/kg bolus for anticoagulation
[B-2]79
4 mL/kg IV over 5-10 minutes [B-2]178-180
14-25 mg/kg IV or 50 mg/kg PO [B‑3]181-183

200 μg/kg PO [A-1]185
(Anecdotal reports suggest that this dosage
may be clinically ineffective in sheep and
goats, and that more than 300 μg/kg may
be needed for nematode parasite control)
4-5 mg/kg IV in combination with midazolam
[B-2]186,187
10 mg/kg IV [A-1]188
0.03 mg/kg/minute constant-rate infusion for
anesthesia [B-2]189
3 mg/kg IV [A-2]107,190,191

8 mg/kg PO [A-2]194,195

10 mg/kg IM once daily [B-3]198

0.3-2 mg/kg IV over 5-10 minutes [B‑3]204-206
15 mg/kg PO [A-2]207-212
0.005-0.020 mg/kg IV [A-2]42,213

22 mg/kg IV for tetany [B-6]4

2-4 mg/kg IV (depending on severity) for
treatment of nitrate toxicity [A‑3]220-225
0.5 mg/kg IM or IV [B-3]226,227
Continued

584

Appendix 1 • Commonly Used Drugs in Sheep and Goats: Suggested Dosages

Drug

Sheep
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Midazolam

0.3-0.4 mg/kg IV for induction and
analgesia [B-2]3,168,228
0.5-1.0 L PO for treatment of bloat effective
in cattle [B‑3]229,230
15 mg/head/day throughout gestation to
prevent abortion and to improve subpar
lamb birth weights associated with
Toxoplasma gondii [A-1]231,232
11-22 ppm for coccidiosis control
[A‑1]193,233
1.0 lb of medicated ration (0.44 g of
morantel)/45 kg body weight [A-2]234
10 mg/kg PO [A-2]235
200-500 μg/kg PO or SC [A‑1]236
300 μg/kg SC for persistent activity against
Psoroptes [B-2]237
1-1.5 mg/kg/week for adjunctive therapy of
anemia [B-6]240,241
22 mg/kg PO twice a day in water or milk
replacer for a maximum of 14 days for
treatment and control of colibacillosis
caused by E. coli susceptible to neomycin
[A-1]242,243
0.02-0.03 mg/kg SC [A-1]244

0.3-0.6 mg/kg IV for induction
[A‑2]3,186,187,228

Mineral oil
Monensin sodium

Morantel tartrate

Moxidectin

Nandrolone
Neomycin soluble
powder

Neostigmine
methylsulfate
Netobimin

Niclosamide
Nitroxynil
Norgestomet 6 mg
implant
Norgestomet–
estradiol valerate
Oxfendazole

Oxyclozanide
Oxytetracycline,
injectable
Oxytetracycline
(in feed)

Oxytetracycline
(in water)

7.5 mg/kg PO for adult nematodes [B‑2]245
20 mg/kg PO for L4 larvae or flukes
[A‑2]245-247
75 mg/kg for cestodes [A-1]249
10 mg/kg SC for flukes [B-2]93,250
One-half implant (3 mg) for estrus
synchronization [B-2]251,252
1.5 mg norgestomet plus 0.5 mg estradiol
[B-3]253
5 mg/kg PO for nonresistant nematodes and
cestodes [A-2]254-257
10 mg/kg PO [A-2]209,258
30 mg/kg PO once a week for several weeks
for cystic echinococcosis [B‑1]259,260
15 mg/kg PO for flukes [A-1]93,250
10 mg/kg IV or IM once daily for 7-10 days
for listeriosis [B-3]261
22 mg/kg once daily PO for 7-14 days
[A-1 for E. coli enteritis and Pasteurella
multocida pneumonia; B-4 for other
indications]262
100-150 mg/head/day before breeding to
prevent chlamydial abortion [B-6]263
400-500 mg/head/day for an outbreak of
chlamydial abortion [B-6]263
22 mg/kg once daily PO for up-14 days
[A-1 for E. coli enteritis and bacterial
pneumonia; B-4 for other indications]264

1.0 lb of medicated ration (0.44 g of
morantel)/45 kg body weight [A-1]234
10 mg/kg PO [A-1]235
200 μg/kg SC [B-2]238,239
400 μg/kg PO [B-3]141
1-1.5 mg/kg/week for adjunctive therapy of
anemia [B-6]240,241
22 mg/kg PO twice a day in water or milk
replacer for a maximum of 14 days for
treatment and control of colibacillosis
caused by E. coli susceptible to neomycin
[A-1]242,243
0.02-0.03 mg/kg SC [A-2]244
10 mg/kg PO for 2 days or 7.5 mg/kg PO
for 3 days for gastrointestinal and lung
nematodes [B-2]248
75 mg/kg for cestodes [B-3]11,249
One-half implant (3 mg) for estrus
synchronization [B-2]251,252
0.375 mg norgestomet plus 0.625 mg
estradiol [B-3]251
5 mg/kg PO for nonresistant nematodes and
cestodes [A-2]254-257
10 mg/kg PO [A-2]209,258

22 mg/kg once daily PO for 7-14 days
[A-1 for E. coli enteritis and Pasteurella
multocida pneumonia; B-4 for other
indications]262
100-150 mg/head/day before breeding to
prevent chlamydial abortion [B-6]263
400-500 mg/head/day for an outbreak of
chlamydial abortion [B-6]263
22 mg/kg once daily PO for up to 14 days
[A-2 for E. coli enteritis and bacterial
pneumonia; B-4 for other indications]264
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Drug

Sheep

Goats

Oxytetracycline
(long-acting)

20 mg/kg IM once for prevention of
Chlamydia-induced abortions [B-2]265-267;
for treatment of Pasteurella pneumonia
[B-2]268; twice 7 days apart for treatment
of footrot [B-2]269
20 mg/kg IM every 72 hours [B-4]270,271
20-50 IU IV, IM, or SC for obstetric use and
retained placenta [A-1]273,274
50 mg/kg/day PO to increase elimination of
copper [A-2]20,276,277
20,000-40,000 IU/kg IV every 4-6 hours
[B‑4]278,279
10,000 IU/kg IM once daily [B‑3]280-282
50,000 IU/kg SC once daily for 7-14 days
for listeriosis [B-3]283
15,000 IU/kg IM every 8 hours for 7-10 days
for listeriosis or Clostridium haemolyticum
infection [B-3]261,284
1
⁄2 syringe of 200,000 IU penicillin plus
200 mg novobiocin [B-2]285
10-30 mg/kg IV [B-3]219,286
6-75 mg/kg IV to control tetany or seizures
[B‑3]287,288
4 mg/kg IV or PO [B-2]289-291
3 g/50 kg in feed to prevent bloat [B-2]293

20 mg/kg IM every 72 hours [B-3]270-272

Oxytocin
Penicillamine
Penicillin G sodium
or potassium
Penicillin G procaine

Penicillin-novobiocin
dry cow therapy
Pentobarbital
(pentobarbitone)
Phenylbutazone
Poloxalene
Praziquantel
PMSG (pregnant
mare serum
gonadotropin,
equine chorionic
gonadotropin
[eCG])
Prednisolone

400-500 IU at the time of progestin removal
before breeding and for superovulation
protocols [A‑2]295-299
1000-1500 IU for superovulation [A‑2]303,304

Propofol

2.0-6.0 mg/kg IV for induction [A‑2]3,189,213
0.3 mg/kg/minute IV for constant-rate
infusion [B-3]189
60-100 mL PO [B-3]308,309
15-30 mL twice a day PO for pregnancy
toxemia [B-6]310
25 mg/kg PO [A-1]209,311-314
0.5-2.0 mg/kg PO in cattle [B-2]316
10-30 ppm in feed [B-2]317,318
2-3 L of isotonic solution (1.3%,
156 mmol/L) IV for pregnancy toxemia
(in 60- to 70-kg ewe) [B-3]319
0.5-1.0 L of 5% solution for ruminal
acidosis [B-3]320
3 g IV at weekly intervals [B-3]322
70 mg/kg IV every 7-10 days [B-6]323

Propylene glycol

Pyrantel
Salinomycin
Sodium bicarbonate

Sodium iodide

20-50 IU IV, IM, or SC for obstetric use and
retained placenta [A-2]273,275
50 mg/kg/day PO to increase elimination of
copper [B-3]23
20,000-40,000 IU/kg IV every 4-6 hours
[B‑4]278,279
10,000 IU/kg IM once daily [B‑3]280-282
50,000 IU/kg SC once daily for 7-14 days for
listeriosis [B-3]283
15,000 IU/kg IM every 8 hours for 7-10 days
for listeriosis [B-3]261

4-10 mg/kg IV or PO [B-2]291,292
60 mg/kg PO for Schistosoma bovis infection
[B‑2]294
200-400 IU 2 days before progestin removal
for estrus synchronization [A-3]300-302
750-1250 IU for superovulation [A‑2]305,306

1 mg/kg IM every 12 hours for
immunosuppression until remission, then
1 mg/kg IM every 48 hours [B‑3]307
2.0-6.0 mg/kg IV for induction [A‑2]3,189,213
0.3 mg/kg/minute IV for constant-rate
infusion [B-3]189
60-100 mL PO [B-3]308,309
15-30 mL twice a day PO for pregnancy
toxemia [B-6]310
20-40 mg/kg PO [B-2]315

23-63 mL of 5% solution IV for floppy kid
syndrome [B-3]321

Continued
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Drug

Sheep

Sodium nitrite

20 mg/kg IV for cyanide poisoning in
combination with sodium thiosulfate
[B-2]324-326
12.5 g PO for pregnancy toxemia [B-3]120
1 g/head/day PO in combination with
ammonium molybdate to increase
elimination of copper [A-1]20-22
500 mg/kg IV for cyanide poisoning in
combination with sodium nitrite [B‑2]324-326

Sodium propionate
Sodium sulfate

Sodium thiosulfate

Stanozolol
Sulfadiazine
Sulfadimethoxine
Sulfamethazine

Sulfamethazinepyrimethamine

Sulfaquinoxaline

Testosterone
propionate
Thiabendazole

Thiamine

Thiopental
(thiopentone)
sodium (see
Chapter 18)
Tiletaminezolazepam
(Telazol)
(see Chapter 18)
Tilmicosin
Tolazoline
(see Chapter 18)
Toltrazuril
Triclabendazole
Trimethoprim-
sulfonamide

25-50 mg IM weekly for adjunctive therapy
of anemia [B-6]240,241
100 mg/kg IV [B-4]327
50 mg/kg PO for 5 days to reduce coccidial
oocyst shedding [B-2]128
200 mg/kg PO for several days to reduce
coccidial oocyst shedding [B-2]328
100 mg/kg IV [B-4]328
165 mg/kg sulfamethazine IM plus 2 mg/kg
pyrimethamine IP on day 1, 83 mg/kg
sulfamethazine IM plus 1 mg/kg pyrimethemine IP on days 2 and 3 [B‑2]329
1 tsp of 24% powder/125 lb body weight in
drinking water for 3-5 days (approximately
125 mg/kg) approved in cattle [B‑2]330,331
25 mg IM three times a week for adjunctive
therapy of anemia [B-6]240
44 mg/kg PO [A-2]332
(Anecdotal reports suggest that this drug
may only rarely be clinically effective for
sheep and goats)
10 mg/kg IV or 25 mg/kg twice a day or
75 mg/kg SC daily as an adjunct for lead
poisoning [B‑3]143,333,334
10 mg/kg IV or SC for
polioencephalomalacia [B-3]335,336
13-20 mg/kg IV [B-3]337,338

Goats

300 mg/head/day in combination with
ammonium molybdate to increase
elimination of copper [A-2]23
25-50 mg IM weekly for adjunctive therapy of
anemia [B-6]240,241

200 mg/kg PO loading dose, then 100 mg/kg
PO for 4 more days [B-3]

1 tsp of 24% powder/125 lb body weight in
drinking water for 3-5 days (approximately
125 mg/kg) approved in cattle [B‑2]330,331
25 mg IM three times a week for adjunctive
therapy of anemia [B-6]240
44 mg/kg PO [A-2]332

10 mg/kg IV or 25 mg/kg twice a day or
75 mg/kg SC daily as an adjunct for lead
poisoning [B‑3]143,333,334
10 mg/kg IV or SC for polioencephalomalacia
[B-3]335,336
6-8 mg/kg IV [B‑2]174,188

1.1-5.5 mg/kg IV [B‑3]57,339,340

1.1-5.5 mg/kg IV [B‑3]57,339,340

10 mg/kg SC for bacterial pneumonia [A‑1]341,342
10 mg/kg SC for mastitis [B-2]343
2 mg/kg IV [A-2]286,344

(Anecdotal reports suggest that the use of this
drug may result in death in some goats)
2.2 mg/kg IV [A-2]345

20 mg/kg PO once [B-2]346
10-20 mg/kg PO for flukes [A-1]347-351
30 mg/kg IM in preruminant lambs once
daily [B‑4]352

5 mg/kg PO for flukes [B-2]347
20 mg/kg IM in preruminant goats once daily
[B‑4]353
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Drug
Tulathromycin
Tylosin
Vitamin B12
(cyanocobalamin)
Vitamin K1
(phylloquinone)
Xylazine (see
Chapter 18)
Yohimbine
(see Chapter 18)

Sheep
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Goats
[B-2]354-356

2.5 mg/kg SC
20 mg/kg IM every 12-24 hours [B‑3]357,358
0.05-0.2 mg IM or 2 mg SC for deficiency
[A‑2]360-364
1.1 mg/kg IM or 2.2 mg/kg or IV reported in
cattle [B‑2]365-367
0.05-0.22 mg/kg IV or IM [A‑2]108,122,368-370

2.5 mg/kg SC [B-2]354-356
20 mg/kg IM [B-3]359

0.2-0.25 mg/kg IV [A-2]45,344,373,374

0.2-0.25 mg/kg IV [A-2]45,373,374

1.1 mg/kg IM or 2.2 mg/kg IV reported in
cattle [B‑2]365-367
0.05-0.22 mg/kg IV or IM [A-2]186,371,372

EDTA, Ethylenediaminetetraacetic acid; GnRH, gonadotropin-releasing hormone; IA, intraarticularly; IM, intramuscularly; IMM, by intramammary
infusion; IP, intraperitoneally; IU, international unit; IV, intravenously; PO, per os (orally); SC, subcutaneously.
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Reference Intervals
and Conversions
John A. Christian, and D.G. Pugh

In general, the best source of reference intervals for
interpreting patient data is the laboratory performing
the testing. Use of published reference intervals generally is discouraged unless the (1) reference population
used for the intervals, (2) sample collection and handling procedures, and (3) instruments and assay methodologies (including reagents) are well defined and are
appropriate for the patient testing circumstances.
Some selected population variables that may affect
reference intervals and thus the interpretation of a
patient’s data include animal age, sex, species, breed,
function, diet, pregnancy, and lactation status. From a
laboratory perspective, different instruments based on
different technologies will yield significantly different
results for the same sample. Even similar instruments
using different methodologies or reagents can produce
noncomparable test results. Different labs using similar
instruments, methodologies, and reagents may report
results in different units; this disparity can be corrected
using the conversion tables presented in this appendix.
Although the values provided in the following tables
come from several respected sources, the essential background information as just described usually is lacking
in clinical practice. If the reference intervals contained

in this appendix are the only or the best source available
for interpreting patient data, the practitioner should
be aware of the potential for significant limitations or
discrepancies. Consultation with the testing laboratory
may be helpful. Caution and common sense should be
applied liberally. More detailed discussion of principles
regarding development and use of reference intervals is
available in well-recognized sources in the literature.1-3

	  APPENDIX BOX 2-1

 Celsius to Fahrenheit
and Fahrenheit
to Celsius

To change Celsius to Fahrenheit, multiply the number of
degrees in Celsius by 1.8: then add 32 to the result.
Example: 40° C
(1.8) (40) + 32 = 104° F
To change Fahrenheit to Celsius, subtract 32 from the
number of degrees in Fahrenheit; then multiply the result
by 0.556.
Example: 104° F
(104 – 32) (0.556) = 40° C

APPENDIX TABLE 2-1 Erythrocyte Parameters
Sheep

Goats

Measured Entity

Range

Mean

Range

Mean

Hematocrit (packed cell volume [PCV]): %
Hemoglobin (Hb): g/dL
Erythrocytes (red blood cells [RBCs]): 106/μL
Mean corpuscular volume (MCV): fL
Mean corpuscular hemoglobin (MCH): pg
Mean corpuscular hemoglobin concentration (MCHC): g/dL
Platelet count: n × 103/μL

27-45
9-151,2
9-151,2
28-401,2
8-121,2
31-341,2
205-7052
800-11001
3.2-6.01
125
0.71
0.8-1.72

35
11.51
121
341
101
32.51
5001

22-38
8-121,2
8-181,2
16-251,2
5.2-81,2
30-361,2
300-6001,2

28
101
131
19.51
6.51
331
4501

4.5

2.5-3.9
140-150
0.77-1.71
0.7-12

3.2

RBC diameter: μm
RBC life: days
Myeloid-to-erythroid ratio (M/E)
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APPENDIX TABLE 2-2 Leukocyte Parameters, Plasma Protein, and Fibrinogen
Sheep
Measured Entity
White blood cell count (WBC):
number/μL
Segmented neutrophils (seg):
% number/μL
Banded neutrophils (band):
% number/μL
Lymphocytes (lymph): %
number/μL
Monocytes (mono): %
number/μL
Eosinophils (eos): % number/μL
Basophils (baso): % number/μL
Plasma protein (PP): g/dL
Fibrinogen: mg/dL

Percentage

Range

Goats
Mean

Percentage

4000-12,0002
10-502

700-60001,2

Range

Mean

4000-13,0002
24001

30-481

0

1200-72001,2

32501

0

40-752

2000-90001,2

50001

50-701

2000-90001,2

50001

6-2

0-7501,2

2001

0-41

0-501,2

2501

0-102
0-32
6-7.51,2

0-10002
0-3001,2

4001
501
6.0 - 7.51,2

1-81
0-11

50-6501,2
0-1201,2

4501
501

100 - 5001,2

100-4001,2

APPENDIX TABLE 2-3 Serum Biochemistry Values
Measured Entity

Sheep

Acetone: mmol/L
Acetylcholinesterase: U/L
Albumin: g/dL
Alkaline phosphatase (ALP): U/L
Arginase (ARG): U/L
Aspartate aminotransferase (AST, SGOT) U/L
Beta-hydroxybutyrate (β-OHB): mmol/L

0-1.723
6403
2.4-3.02,3
68-3872,3
0-143
60-2802,3
Normal: <0-7 moderate: 0.8-1.6 Severe
underfeeding: 1.7-3.0 Pregnancy
toxemia: >6.5
20-253
0.1-0.52,3
0-0.123
0-0.272,3
52-761
21-283
8-133
1.2-1.93
44 ± 112
20-523
3.5-5.73
50-802,3
203
90-1403
2-53
0.4-8.03
238-4402
88-487
1-1.333
6-7.93
5.8-27.93
8-202,3

Bicarbonate (HCO3–): mmol/L
Bilirubin, total: mg/dL
Bilirubin, unconjugated (UCB): mg/dL
Bilirubin, conjugated (direct): mg/dL
Cholesterol: mg/dL
Carbon dioxide, total (tCO2): mmol/L
Creatine kinase (CK): U/L
Creatinine: mg/dL
Gamma-glutamyl transferase (GGT): U/L
Globulin: g/L, g/dL
Glucose: mg/dL
Glutamate dehydrogenase (GD): U/L
Hemoglobin: mg/dL
Icterus index
Isocitrate dehydrogenase (ICD): U/L
Lactate dehydrogenase (LDH): U/L
Lactate: mmol/L
Protein, total serum: g/dL
Sorbitol dehydrogenase: U/L
Blood urea nitrogen (BUN): mg/dL

Goats
2703
2.7-3.92,3
93-3872,3
167-5132,3

0.10-1.713

80-1301
25.6-29.63
0.8-92,3
1-1.822,3
20-563
2.7-4.13
50-752,3
80-1203
2-53
123-3922,3

6.4-72,3
14-23.63
10-202,3
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APPENDIX TABLE 2-4 Serum Electrolyte
and Mineral Concentrations
Measured Entity

Sheep

Goats

Calcium: mg/dL
Phosphate: mg/dL
Magnesium: mg/dL
Sodium: mEq/L
Chloride: mEq/L
Potassium: mEq/L
Bicarbonate (HCO3–): mEq/L
Iron: μmol/L
μg/dL
Copper: μmol/L
Lead: μmol/L
μg/dL

11.5-12.81

8.9-11.71
4.2-9.11
2.8-3.61
142-1551
99-110.31
3.5-6.71

5.0-7.31
2.2-2.81
139-1521
95-1031
3.9-5.41
20-251
29.7-39.73
162-2223
9.13-25.23
0.24-1.213
5-253

0.24-1.213
5-253

APPENDIX TABLE 2-5 Serum and Liver Concentration of Vitamins and Minerals in Sheep
Measured Entity

Deficient

Adequate

Vitamin A, serum: ng/mL7

Newborn: <20
Yearling: <150
Adult: <150
Newborn: <20
Yearling: <40
Adult: <40
Newborn: <3
Yearling: <10
Adult: <10
Newborn: <20
Yearling: <50
Adult: <50
0.22-0.458

30-100
225-500
225-500
50-100
100-500
300-1100
7-35
20-40
20-40
50-90
80-120
110-160
0.8-27.8
105-250
0.7-2.07,8
88-3507
1.6-2.27
105-1050
7-15
1.5-6

Vitamin A, liver: μg/g dry weight7
Vitamin E, liver: μg/dL dry weight7

Selenium, serum: ng/mL7

Zinc, serum: ppm
Zinc, liver: mg/kg (dry weight)
Copper, serum: mg/kg
Copper, liver: mg/kg (dry weight)
Iron, serum: mg/kg (as soluble element)
Iron, liver: mg/kg (dry weight)
Manganese ug/g (dry weight)
Molybdenum ug/g (dry weight)

<0.6
0.5-4.0

Toxic

30-50
>400
3.3-20
250-400
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APPENDIX TABLE 2-6 Cerebrospinal Fluid
Analysis3

APPENDIX TABLE 2-7

Parameter

Sheep

Goats

White blood cells: number/μL
Erythrocytes: number/μL
Calcium: mg/dL
Magnesium: mg/dL
Chloride: mg/dL
Phosphorus: mg/dL
Potassium: mg/dL
Sodium: mg/dL
Hydrogen ion: pH
Glucose: mg/dL
Total protein: mg/dL

0-5

0-4

5.1-5.5
2.2-2.8
128-148
1.2-2
3.0-3.3
145-157
7.3-7.4
52-85
29-42

4.6
2.3
116-130
3.0
131
70
12

APPENDIX TABLE 2-8
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Urinalysis

Component

Normal Results

Color
Glucose
Ketones
Protein
Specific gravity
Bilirubin
Turbidity
Crystals
Casts
Epithelial cells
Gamma-glutamyl
transferase (GGT)
Red blood cells (RBCs)
White blood cells (WBCs)

Pale yellow
Negative
Negative
Negative to trace
1.015-1.045
Negative
Clear
Rare
Occasional hyaline
Occasional
<40 U/L
<5/μL
<5/μL

Paracentesis4,5

Characteristic

Normal Value

Odor
Color
Turbidity
Total protein
Neutrophils
Specific gravity

None
Colorless to yellow
Clear to slightly turbid
≤3 g/dL
<10,000
<1.018

APPENDIX TABLE 2-9 Synovial Fluid Analysis6

Characteristic

Normal

Inflammation or
Low-Grade Infection

Sepsis

Degenerative
Joint Disease

Color
Clarity
Leukocytes: number/μL
Neutrophils: %
Viscosity

Clear
Transparent
<200
<25
Very viscous

Yellow to red
Translucent
2000-10,000
>75
Poor

Yellow to red
Cloudy
30,000-100,000
>75
Poor

Yellow
Transparent
200-2000
25
Variable
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APPENDIX TABLE 2-10 Naming Units for
Metric System Multiples and Submultiples9

APPENDIX TABLE 2-12 English and Metric
Unit Equivalents for Weight/Mass

Prefix

Value

Value

Converted Equivalent

millicentidecidecahectokilo-

1/1000
1/100
1/10
10
100
1000

1 oz
1 lb
1 kg
1 ton

28.5 g
16 oz
1000 g
2000 lb
1.07 kg
1000 kg
2205 lb
1.102 ton
1 ppm

1 metric ton

1 mg/kg

APPENDIX TABLE 2-11 Miscellaneous Unit
Conversions9

APPENDIX TABLE 2-13 English and Metric
Unit Equivalents for Capacity/Volume9

Conversion

Multiply by

Value

Equivalent

grain to milligrams
ounces to grams
pounds to grams
pounds to kilograms
tons to metric tons
grams to ounces
kilograms to pounds
metric tons to tons
mg/lb to g/ton
g/lb to g/ton
lb/ton to g/ton
mg/g to mg/lb
mg/kg to mg/lb
μg/kg to g/lb
ppm to mg/lb
mg/lb to ppm
ppm to g/ton
g/ton to g/lb
g/ton to lb/ton
g/ton to %
% to g/ton
g/ton to ppm
% to ppm
ppm to %

64.799
28.35
453.6
0.4536
0.9
0.035
2.205
1.102
2
2000
453.6
453.6
0.4536
0.4536
0.4536
2.2046
0.907
0.0005
0.0022
0.00011
9072.2
1.1
Divide by 10,000
10,000

1 cubic centimeter
1 US pint

1 milliliter
28.875 cubic inches
0.5 quart
0.47316 liter
57.75 cubic inches
2 US pints
0.9463 liter
231 cubic inches
8 US pints
4 US quarts
3.7853 liters
2.1134 US pints
1.057 US quarts
0.2642 US gallon
2150.42 cubic inches
1.244 cubic feet
9.309 US gallons
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Abomasum diseases
abomasitis and abomasal ulcers, 82
emptying defect, 83
hemorrhage, 83
impaction, 83
necropsy findings and potential causes,
560t
plant toxicity, 83–84
Abortion. See also Pregnancy
diseases without clinical manifestations
causing, 542t
fungal, 219
in goats, vaccines to control, 550
habitual, 246
infectious causes, 212–213
noninfectious causes, 207–210
ovine enzootic, 562t–566t
and perinatal death, 206–207
protozoal, 220–221
virus-induced, 221–226
zoonosis, 224–226
Abscess
internal lymph node, 67
liver, 97
pharyngeal, 65–66
pituitary abscess syndrome, 238
pleural, 144
renal, 346
retropharyngeal, 134
of soft tissues, 268
spinal, 397–398
Abscess-forming bacteria, infection with,
488–489
Acclimation, of patient to parenteral
nutrition, 57
Acepromazine maleate, 518, 520t,
580t–587t
Acetic acid (5% solution), 580t–587t
Acholeplasma oculi conjunctivitis, 430
Acid detergent fiber (ADF), 28
Acid–base disorders, testing for, 52

Acidophilic adenomas, of anterior pituitary,
236–237
Acquired cardiac diseases
cysticercosis, 512
heartwater disease, 507–508
ionophore toxicity, 511–512
nutritional myodegeneration, 508
plant cardiotoxicity, 509–511
vegetative endocarditis, 508–509
Actinobacillosis, 66, 267–268
Actinobacillus seminis sepsis, 482
Actinomyces pyogenes infection, 488
Acute kidney diseases
infectious diseases, 336–338
toxic diseases, 338–342
Acute renal failure, 334–335
Acute viral diseases, multisystem,
493–497
Adenocarcinoma
ovine pulmonary, 562t–566t
pituitary, 237f
Adenohypophysis, 233
Adenomas, pituitary, 236–237, 249
Adenovirus, 138–139
renal infection, 337
Adipose tissue dissection, 571
Adnexa
extraocular muscles, 406
eyelids and conjunctiva, 406–407
orbit, 406
Adrenal glands, 246–247
removal of, 573–574
Adrenal medulla, 247
α2-Adrenergic agonists
for pain management, 532
preanesthetic, 518–520
α2-Adrenergic antagonists, preanesthetic,
520–521
Adrenocorticotropic hormone (ACTH),
232t, 233–234, 246
African trypanosomiasis, 513–515
Agalactia, 446
Age and sex determination of fetus, 191
Akabane virus
abortion induced by, 221–222
cerebellar hypoplasia and abiotrophy
caused by, 401
necropsy lesions, 562t–566t
Albendazole, 114t, 122, 580t–587t
Aldosterone, 238t
Alkaloid cardiotoxicity, 510
Alopecia, 258
Amaranthaceae nephrotoxicity, 339t

Amblyomma hebraeum, 562t–566t
Amide-link local anesthetics, 524–525
Ammonia toxicity, 387
Ammonium chloride, 580t–587t
Amoxicillin, 580t–587t
Amputation
necessitated by fracture, 296–297
rectal, 96
vermiform appendage, 353
Amyloidosis, 344–345
Anagen defluxion, 286f
Anagen phase of hair growth, 256
Analgesics
dosages, 530t
intraarticular, 536
opioid, 529–531
Anaphylactic shock, 558t–559t
Anaplasma ovis infection, of blood and
tissue, 490–491
Anaplasma phagocytophila, abortion caused
by, 218
Anaplasmataceae infection, of white blood
cells, 491
Anemia
hematologic assessments, 467–468
treatment of, 468–469
Anesthesia
effects of pathophysiologic alterations
on, 526–527
epidural
caudal block, 533–534
for dystocia management, 193
lumbosacral block, 534–535
inhalation anesthetics, 524
injectable anesthetics, 522
local anesthetics, 524–525
monitoring during, 525–526
retrobulbar, for enucleation,
439–440
Anesthetic management
nerve blocks, 533–536
perioperative anesthetic complications,
527–529
perioperative management and recovery,
525–527
perioperative pain management, 529
preanesthetic preparation, 517–518
preanesthetics
α2-adrenergic agonists and antagonists,
518–521
benzodiazepines, 521–522
phenothiazine derivative, 518
systemic pain management, 529–533

Page references followed by f indicate figure, by b indicate box, and by t indicate table.
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Angora goats
feeding for fiber production, 43–44
habitual abortion, 246
white liver disease, 99–100
Animal contact information, 1
Anionic salts, as feed additives, 27
Annual ryegrass (Lolium rigidum), grass
staggers due to, 389
Antepartum care, 191–192
Anterior chamber, examination of, 414
Anterior pituitary gland, structure, function,
and hormones, 233–235
Anthelmintics
administration to goats, 554
causing abortion, 210
resistance, 113–115, 556
in suppressive deworming, 112
Anthrax, 482
necropsy lesions, 562t–566t
Antibiotic susceptibility testing, milk
cultures and, 456–457
Antibiotics
as feed additives, 26–27
for footrot, 322
nephrotoxicity, 341–342
subconjunctival injections, 419
Anticoccidiosis agents, 27
Antidiuretic hormone, 235–236
Antimicrobial therapy, for rumen acidosis,
78
Antiparasitic drugs, 114t
Aphthovirus, necropsy lesions, 562t–566t
Apple, cyanogenic glycoside-producing
plants, 146t
Aqueous humor, 409
Arcanobacterium pyogenes
infection, 460
sepsis, 482
Arginine vasopressin, 232t, 235–236
Arthritis. See also Caprine arthritis
encephalitis (CAE)
septic, 299–301
Arthrogryposis, 292
Artificial insemination
advantages of, 180
cervical, 182
laparoscopic, 183–184
timed insemination, 181–182
transcervical, 182–183
vaginal, 182
Aspiration
bone marrow, 467
retrobulbar needle, 417
Aspiration pneumonia, 140, 527
Aspirin, 531, 580t–587t
Asymmetric udder, 445–446
Ataxia
assessment for, 362
enzootic (swayback), 395–396
Atipamezole, 580t–587t
preanesthetic, 520–521
Atresia, intestinal, 94, 560t
Atresia ani, 560t
Atropine, 580t–587t
preanesthetic, 520t
Atypical interstitial pneumonia,
145–146
Aujeszky’s disease, 383
necropsy lesions, 562t–566t
Auriculopalpebral nerve block, 415

Auscultation
of heart, 4, 503
respiratory system, 126–128
of trachea, 5
Autoimmune diseases, pemphigus
foliaceus, 280
Azalea toxicity, 83–84, 403t–404t
Azithromycin, 580t–587t
Azotemia
in neonates, 475
renal, 326

B
Babesia spp. infection
of blood and tissue, 490–491
necropsy lesions, 562t–566t
Bacillus anthracis sepsis, 482
Bacteria
abscess-forming, infection with, 488–489
mastitis caused by, 443–444
renal abscesses caused by, 346
sepsis caused by, 482–483
Bacterial abortion
Anaplasma phagocytophila, 218
Brucella spp., 215
Campylobacter spp., 214
Chlamydophila abortus, 210–211
class Mollicutes, 218
Coxiella burnetii, 212–213
Escherichia coli, 219
Fusobacterium necrophorum, 219
Helicobacter bilis, 219
Leptospira spp., 217
Listeria spp., 215
miscellaneous bacterial agents, 219
Salmonella spp., 216–217
Yersinia spp., 219
Bacterial counts, bulk tank, 452–453
Bacterial culture, corneoconjunctival, 415
Bacterial diseases
endemic distribution and necropsy
lesions, 562t–566t
of neurologic system
Clostridium perfringens enterotoxemia,
375–376
meningitis and encephalitis, 374–375
ophthalmologic
blepharitis, 423–424
keratoconjunctivitis, 430
Bacterial diseases of integumentary system
abscesses, 268
actinobacillosis, 267–268
caseous lymphadenitis, 268–270
dermatophilosis, 265–266
diagnostic tests, 261t
fleece rot, 266–267
malignant edema, 267
staphylococcal dermatitis, 268
Bacterial subclinical mastitis
coagulase-negative staphylococci,
462–463
coagulase-positive staphylococci, 463
Streptococcus spp., 463
Ballottement, abdominal, 190
Banamine. See Flunixin
Barnyard biosecurity
culling and disposal practices, 544
external parasite control programs, 543
flock health monitoring, 543–544
foot care, 544–545

Barnyard biosecurity (Continued)
internal parasite control programs,
542–543
neonatal care, 544
practices and principles, 541
role of management in maintaining
health, 545
shearing management, 544
specific diseases introduced by carrier
sheep, 545
vaccination programs, 542
water availability, 545
Batten’s disease, 436
Behavior, understanding, for restraining
and handling, 9–11
Belladonna toxicosis, 510
Benzimidazole resistance, 113
Benzodiazepines, preanesthetic, 521–522
Bermuda grass (Cynodon dactylon), grass
staggers due to, 389
Beta retrovirus, 562t–566t
Bifid teats, 444
Bighead, 267, 479
Bilirubinuria, 329
Biopsy
bone marrow, 467
liver, 74–75, 75f
mammary gland, 457–458
renal, 333
skin, 261–262
testicular, 155
Biosecurity, 16
barnyard, 541–545
flock health programs, 541
for management of internal parasites,
116b
management principles for herd health,
552–553
Bitterweed, 403t–404t
Black disease, 479–480
Blackleg, 306, 480–481
Blepharitis
bacterial, 423–424
fungal, 424
parasitic, 424–425
viral, 424
Blind half, 447
Blindness
bracken fern-induced, 436
causes of, 438
Bloat
diagnosis and treatment, 76–77
frothy, 560t
pathogenesis, 76
prevention, 77
Blood and tissue parasitic diseases
Anaplasma ovis infection, 490–491
Anaplasmataceae infection of white
blood cells, 491
Babesia spp. infection, 490–491
Mycoplasma ovis infection, 490–491
Neospora caninum infection, 491–492
Sarcocystis spp. infection, 491–492
Toxoplasma gondii infection, 492
Blood cultures, 467
Blood draw, 13f
Blood flow obstruction, 558t–559t
Blood gas analysis, 504
for respiratory diseases, 128
Blood transfusion, whole blood, 54–55

Index
Blood tubes, for venous collection for
necropsy, 566b
Bluebag, 459
Bluetongue virus
abortion induced by, 223
cerebellar hypoplasia and abiotrophy
caused by, 401
diagnosis and treatment, 493–494
necropsy lesions, 562t–566t
prevention, 494
skin lesions suggestive of, 265
Body condition score (BCS), 2–3, 32, 33f
Body fluids, physiology of, 50–51
Body orifices, examination at necropsy, 571
Bone marrow
aspiration and biopsy, 467
tissue collection during necropsy,
567t–568t
Bont tick, necropsy lesions, 562t–566t
Border disease virus, 500–501
abortion induced by, 223
Borna disease, necropsy lesions, 562t–566t
Borrelia burgdorferi sepsis, 482–483
Bottle feeding, 38–42
Botulism, 393–394
Bovatec. See Lasalocid
Brachygnathia, 65
Bracken fern, blindness due to, 436
Brain
removal at necropsy, 575
tissue collection, for diagnosis of
diseases, 569
Brain stem
diseases, 370
listeriosis, 390–391
function, assessment of facial nerve for,
366
Branhamella ovis keratoconjunctivitis, 429
Braxy, 480
Breath odor, 3, 5
Breath sounds, 127
Breech presentation, 193–196
Breed predilections
for skin diseases, 258t
for skin tumors, 286t
Breeding
alternative programs
goats, 179–180
sheep, 179
artificial insemination, 180–184
feeding of females at time of, 36
natural systems, 180
selection and management of males for,
156–157
Breeding management
control of estrous cycle
progestins, 177–178
prostaglandins, 177
ram or buck effect, 176–177
seasonal manipulation, 178
does, 176
ewes, 175–176
increasing twinning rates, 178–179
Breeding soundness
prediction, 154
scrotum, 7
Breeding soundness examination
bucks
reproductive tract, 155–156
semen collection and evaluation, 156

Breeding soundness examination
(Continued)
females, 175
rams
ancillary tests, 154–155
reproductive tract, 152–153
semen collection and evaluation,
153–154
Bright blindness, 436
Bronchitis, parasites causing, 122–123
Broomweed, 202
Browse, 18
Brucella spp.
abortion caused by, 215
B. melitensis, zoonotic infection, 225,
483
B. ovis screening of rams, 155
Brucellosis, 215
necropsy lesions, 562t–566t
Buckeye, 403t–404t
Bucks
breeding soundness examination,
155–156
effect on estrous, 176–177
feeding, 35–36
herd health management and, 548–549
puberty and seasonality, 151
selection and management for breeding,
157
semen
cooled, 171
freezing, 169–170
teaser animals, 165–167
vaccination program, 549b
Buffers, feed-grade, 27
Bulbus oculi, 407
Bulk tank bacterial counts, elevated,
452–453
Bulk tank somatic cell counts, elevated,
453–454
Bunyaviridae
abortion induced by, 221
endemic distribution and necropsy
lesions, 562t–566t
Bupivacaine, 525, 534t
Buprenorphine, 531, 580t–587t
Burdizzo emasculatome, 163
Burkholderia anthracis infection, 562t–566t
Burns, skin, 284
Butorphanol, 531, 533, 580t–587t
C
Cache Valley virus
abortion induced by, 221–222
cerebellar hypoplasia and abiotrophy
caused by, 401
Calcitonin, 238t
Calcium and phosphorus
affecting hoof condition, 320–321
dietary, 21
supplementation requirements, 31
Calcium gluconate, 580t–587t
Calcium homeostasis and parathyroid
hormone, 243–246
abnormalities of Ca regulation, 244–246
Calculi
formation of, 46–47
urinary, 351f
Calendar for management of spring kidding
and lambing, 540t
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California mastitis test, 454–455
Callus, 283
Campylobacter spp.
abortion caused by, 214
C. jejuni zoonotic, 225–226
Campylobacteriosis, 542t
Canary grass (Phalaris spp.), grass staggers
due to, 389
Candidiasis, 273
Capacity/volume conversions, 600t
Caprine arthritis encephalitis (CAE), 7–8,
142, 303–304, 376–377, 497–498,
547, 562t–566t
Caprine herpesvirus 1, abortion induced
by, 224
Caprine intersex animals, 160–161
Capripoxvirus, necropsy lesions, 562t–566t
Carcass skinning, 571
Carcinomas
pituitary, 237–238
squamous cell, 287
Cardiogenic shock, 558t–559t
Cardiopulmonary resuscitation (CPR),
528
Cardiotoxicity, plant, 509–511
Cardiovascular collapse, during anesthesia,
528–529
Cardiovascular system
acquired cardiac diseases, 507–512
auscultation of heart, 503
blood gas analysis, 504
congenital cardiac disease, 506–507
cross-sectional imaging, 505–506
echocardiography, 505
electrocardiogram, 505
examination of, 4
mucous membrane assessment, 504
pericardial disease, 512–513
peripheral pulses, 503
thoracic radiographs, 505
vascular diseases, 513–515
venous filling, pulses, pressures,
503–504
Carpal contracture, 293
Carprofen, 532, 580t–587t
Carrier sheep, diseases introduced by, 545
Caseous lymphadenitis, 67, 142–143,
268–270, 542t, 550
effect on anesthesia, 526
Casting, 297–298
Castor bean, 403t–404t
Castration
associated with obstructive urolithiasis,
357
Burdizzo emasculatome, 163
cryptorchid, 164–165
elastrator band technique, 162–163
pain management, 535
teaser animals, 165–167
unilateral, 164
Casts, urinary, 329
Cataracts, 433
Catching techniques, 10–11
Catecholamines, 246
Catheterization
right jugular vein, 519f
urethral, 6–7
Catheters
jugular, 55
transtracheal, 131f
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Caudal epidural block, 533–534
Cecal volvulus and torsion
necropsy findings and potential causes,
560t
of root of mesentery, 94
Cecum, removal of, 573–574
Cefuroxime, 580t–587t
Celiacomesenteric ganglia, 573f
Celsius to Fahrenheit conversion, 596b
Central blindness, 438
Cephapirin benzathine, 580t–587t
Cerebellar diseases, 8, 370
grass staggers, 388–389
hypoplasia and abiotrophy, 400–401
Cerebral diseases, 369–370
bacterial meningitis and encephalitis,
374–375
CAEV and maedi-visna virus, 376–377
Clostridium perfringens enterotoxemia,
375–376
lead toxicosis, 380–381
louping-ill, 377–378
polioencephalomalacia, 378–382
pseudorabies, 383
rabies, 384
scrapie, 385–387
sodium toxicosis and water deprivation,
381–382
sulfur toxicosis, 380
thiamine deficiency, 378–380
urea toxicity, 387
West Nile virus encephalitis, 388
Cerebrospinal fluid (CSF) analysis
for neurologic diseases, 371–373
reference intervals, 599t
Cerebrospinal nematodiasis, 394–395
Ceroid lipofuscinosis, 436
Cervical insemination, 182
Cervical lymph node, tissue collection
during necropsy, 567t–568t
Cesarean section, 194–196
anesthesia for, 526–527
Cestode infestation, 119–120
Charcoal (activated), 580t–587t
Cheek teeth, 60, 64
Chelation therapy, for lead toxicosis, 381
Chemical castration, 164
Chemical restraint, for eye examination,
412
Chenopodiaceae nephrotoxicity, 339t
Chlamydial polyarthritis, 301
Chlamydiosis, 210–211
abortion caused by, 542t
Chlamydophila
C. abortus, 210–211
necropsy lesions, 562t–566t
zoonotic, 225
C. psittaci, zoonotic infection, 483
infection, 138
keratoconjunctivitis, 428–429
Chloral hydrate, 580t–587t
preanesthetic, 520t
Chlortetracycline, 26–27, 580t–587t
Chorioptic mange, 277
Choroid anatomy, 408
Chronic kidney diseases
amyloidosis, 344–345
glomerulonephritis, 345
mesangiocapillary glomerulonephritis,
345

Chronic kidney diseases (Continued)
pyelonephritis, 343–344
renal abscesses, 346
systemic disease, 343
Chronic renal failure, 335
Chronic viral diseases, multisystem,
497–501
Chrysomyia bezziana, 562t–566t
Cilia-associated respiratory bacillus, 135
Ciliary body anatomy, 408
Clear intraocular media, 409–410
Clinical mastitis, 450f, 458
Clinical signs
of border disease virus infection, 500
of CAE, 303–304
of foot-and-mouth disease, 496
of otitis externa, 392
of rabies, 384
of skin and hair or wool coat diseases,
9, 258
of uncomplicated neonatal diarrhea,
473
Cloisonné kidney, 347
Clopidogrel, 580t–587t
Cloprostenol, 580t–587t
Clorsulon, 122, 580t–587t
Closantel, 580t–587t
Clostridial myonecrosis, 306
Clostridium novyi infections
bighead, 479
black disease, 479–480
Clostridium perfringens
diarrhea caused by, 88–89
enterotoxemia, 375–376
type B and type C diseases, 477–478
type D
enteric infection, 478–479
renal infection, 336–338
Clostridium spp.
bighead caused by, 267
tissue-invading, disease caused by,
476–479
Club lamb fungus, 271–272, 542t
Cluster teats, 444
Coagulase-negative staphylococci, in
subclinical mastitis, 462–463
Coagulase-positive staphylococci, in
subclinical mastitis, 463
Coagulopathy, 558t–559t
Cobalt deficiency, 24
white liver disease associated with,
99–100
Coccidial infection
pathogenesis, 120–121
treatment and prevention, 120–121
Coccidioidomycosis, 143
Coccidiosis, 556
Cochliomyia hominivorax, 562t–566t
Colesiota conjunctivae conjunctivitis, 429
Coliform mastitis, 458–459
Collagen tissue dysplasia, 286
Colloids, 54
Color
of cornea, 413
of CSF, 372–373
of mucous membranes, 504
of synovial fluid, 599t
of urine, 328f
Colostrum, 39, 551
Common sheep scab, 276

Complete blood count
for neurologic diseases, 371
for urinary tract diseases, 325–327
Complications of perioperative anesthesia
cardiovascular collapse, 528–529
hypoventilation, 528
regurgitation and aspiration pneumonia,
527
ruminal tympany, 527
Composting, 577b
Computed tomography (CT),
ophthalmologic, 417
Concentrate mixes, for show lambs, 43t
Condensed tannin-containing forages, in
controlling nematode infection, 117
Confinement feeding, 35
Congenital anomalies
of kidneys and ureters, 347–348
of mammary gland, 444–446
of urethra, 359
of urinary bladder, 349–350
Congenital cardiac disease
diagnosis and treatment, 506–507
pathogenesis, 506
Congenital conditions of musculoskeletal
system
arthrogryposis, 292
carpal contracture, 293
hereditary chondrodysplasia, 292
myotonia congenita, 291–292
patella luxation, 293
polydactyly, 292–293
spastic paresis, 293
Congenital disorders of skin
collagen tissue dysplasia, 286
epidermolysis bullosa, 286
epitheliogenesis imperfecta, 286
hairy shaker disease of lambs, 286
hepatogenous photosensitization, 285
hypotrichosis congenita, 286
Congenital hyperbilirubinemia, 101–103
Congenital microphthalmia, 439
Congenital neurologic diseases
cerebellar hypoplasia and abiotrophy,
400–401
heritable diseases and plants associated
with neurologic disorders, 402
hydrocephalus and hydranencephaly, 400
Conjunctiva
anatomy, 406–407
cytologic evaluation, 416
examination of, 413
infectious keratoconjunctivitis, 427
manifestations of systemic disease, 431
trauma to, 426–427
Conjunctivitis
Acholeplasma oculi, 430
Colesiota conjunctivae, 429
Listeria monocytogenes, 430
Constant-rate infusions (CRIs)
in acute renal failure, 335
for pain management, 533
Contagious caprine pleuropneumonia,
562t–566t
Contagious ecthyma, 67–68, 262–264,
496, 542t, 550
Contagious pustular dermatitis, 550
Contrast radiography
ophthalmologic, 416–417
for urinary tract disease, 332–333

Index
Control programs
for mastitis, 450–452
for nematode infection, 109–112
alternative methods, 116–119
for respiratory disease, 139
for ulcerative posthitis, 358–359
Controlled intravaginal drug-releasing
devices (CIDRs), 177
Conversions
miscellaneous unit, 600t
temperature, 596b
Copper
dietary, 22–24
hoof health and, 320–321
nephrotoxicity, 340–341
toxicity, 23–24, 100
Copper deficiency, 23
abortion related to, 209
affecting integumentary system,
280–281
Copper oxide wire particles, in controlling
nematode infection, 117
Copperweed, 403t–404t
Cornea
anatomy, 407–408
dermoids, 431
examination of, 413
infectious keratoconjunctivitis, 427
trauma to, 427
Corneal branch of intratrochlear nerve,
536f
Corneal reflex, 365–366
Corneoconjunctival bacterial culture, 415
Corneoconjunctival cytology, 416
Coronary band, lesion distribution with
skin diseases, 259t–260t
Corpus cavernosum penis, 150, 353
Cortical diseases, 8
Corticotropin-releasing hormone (CRH),
232t
Cortisol, 238t, 246–247
Corynebacterium pseudotuberculosis, 67, 269
infection with, 488
renal abscesses caused by, 346
Cowdriosis, 507–508
Coxiella burnetii
abortion caused by, 212–213
necropsy lesions, 562t–566t
zoonotic infection, 225, 483
Cranial lung fields, 5
Cranial nerve assessment
facial nerve (CN VII), 366
glossopharyngeal nerve (CN IX) and
vagus nerve (CN X), 366–367
hypoglossal nerve (CN XII), 367
nerves involved in eye movement,
364–365
oculomotor nerve (CN III), 364
optic nerve (CN II), 363–364
trigeminal nerve (CN V), 365–366
vestibulocochlear nerve (CN VIII), 366
Cranial nerve diseases, 370
listeriosis, 390–391
otitis media and interna, 391–393
Creatine kinase, elevated, 312
Creep feeding, 39–40
Cross-sectional imaging, cardiovascular
system, 505–506
Crude protein, 20, 28–29
Crustiness, indicative of mange, 9

Cryptorchid castration, 164–165
Cryptorchidism, 160
Cryptosporidium spp., diarrhea caused by,
86–87
Crystalloid fluids, 53
Crystalluria, 329
Culling and disposal practices, 544
Cutaneous trunci reflex, 368
Cutaneous ulceration, 283–284
Cyanocobalamin, 580t–587t
Cyanogenic glycoside-producing plants,
146t
Cyanosis, 504
Cyclopia, 439
Cydectin. See Moxidectin
Cystic ovarian disease, 205
Cysticercosis, 120, 512
Cystitis, 348–349
Cystocentesis, 330–331
Cystourethrography, 333
Cysts
odontogenic, 66
teat wall, 445
Cytology, corneoconjunctival, 416
D
Daft lamb disease, 402t–403t
Daily caloric requirements, 57t
Daily ration determination, 30t
Dairy goat operations
CAEV control program, 547
mycoplasmal polyarthritis outbreaks,
301
production management, 551
Dallis grass (Paspalum spp.), grass staggers
due to, 389
Dandruff, 9
Danofloxacin, 580t–587t
Death camus, 403t–404t
Deccox. See Decoquinate
Decoquinate, 27, 114t, 580t–587t
Degeneration
inherited retinal degeneration, 436
nutritional myodegeneration, 508
testicular hypoplasia and, 159–160
Degenerative joint disease, 308–309
Dehorning procedure, 289–290
anesthesia for, 535–536
Dehydration
assessment of, 51–52
intravenous fluid therapy for, 52
necropsy findings and potential causes,
558t–559t
Demodectic mange, 277
Dental care, floating or clipping, 60
Dentigerous cysts, 66
Depression
in neonates, 474–476
plants causing, 403t–404t
Dermatitis
contagious pustular, 262–264, 550
staphylococcal, 268
Dermatophilosis, 265–266
Dermatophytoses, 271–272
Dermatosis, ulcerative, 264
Dermis, 257
Dermoids, corneal, 431
Descending colon, removal of, 573–574
Descenting, 290
Detomidine hydrochloride, 519, 580t–587t
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Deworming
opportunistic, 112
strategic, 109–110
suppressive, 112
tactical, 112
Dexamethasone, 580t–587t
Dextrose, intravenous crystalloid solutions
containing, 54
Diabetes insipidus, 236
Diabetes mellitus, 248
Diagnostic imaging, for neurological
diseases, 373–374
Diagnostic procedures
for gastrointestinal diseases, 71–75
for integumentary diseases, 260–262
for mastitis
biopsy, 457–458
California mastitis test, 454–455
milk culture and antibiotic
susceptibility testing, 456–457
somatic cell count testing, 455–456
ultrasound examination, 457
ophthalmologic
corneoconjunctival bacterial culture,
415
corneoconjunctival cytology, 416
imaging techniques, 416–417
nasolacrimal flushing, 416
retrobulbar needle aspiration, 417
for respiratory diseases, 126–132
for urinary tract diseases, 325–333
Diagnostic radiography
for oral-esophageal diseases, 61–62
for respiratory diseases, 128
Diagnostic samples from necropsy, 576–577
Diaphragm rupture, 561t
Diaphragmatic hernia, 144–145
Diarrhea in adult sheep and goats, Johne’s
disease, 92–93
Diarrhea in lambs and kids
Clostridium perfringens, 88–89
general control measures for infectious
diarrhea, 90
miscellaneous causes, 89
in neonates, uncomplicated, 473–474
in neonates: causes
Cryptosporidium species, 86
ETEC, 85–86
Giardia, 88
nutritional diarrhea, 88
rotavirus, 86
Salmonella species, 87–88
overview, 84–85
testing methods, 85t
treatment, 89–90
Diazepam, preanesthetic, 520t
Diclofenac, 532
Dietary crude protein, 20
Dietary iodine, 241–243
Dietary management of urolithiasis,
356–357
Dietary risk factors, for urolithiasis, 47
Digestive tract diseases, necropsy findings,
560t
Digital photography of necropsy specimens,
561–566
Dinoprost, 580t–587t
Disbudding box, 15f
Disbudding procedure, 288–289
Disposal of necropsy remains, 577
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Distance examination, 1
nervous system, 7–8
Distention
of abdomen, 6
of rumen, 560t
Diverticulum, esophageal, 70
Does
antepartum care, 191–192
bred, and dry does, 546
breeding management, 176
estrous cycle, 174
control of, 176–178
feeding, 36–38
gestation, 174–175
induction of parturition and pregnancy
termination, 193
kidding, and newborn kids, 546–547
physiology, 174
pregnant, vaccination program, 549b
puberty, 174
transcervical insemination, 183
Donors and recipients, for embryo transfer,
185
Dopamine, 232t, 580t–587t
Doramectin, 580t–587t
Dorsum, lesion distribution with skin
diseases, 259t–260t
Dosages
of analgesics and NSAIDs, 530t
of anesthetic drugs, 523t–524t
withdrawal intervals, 518t
of antagonists, 521t
evidence-based approach
evidence quality, 579
evidence type, 579–587
general principles, 579
of preanesthetics, 520t
Doxapram, 580t–587t
Drugs
antiparasitic, 114t
combinations, for pain management,
532–533
Dry lot feeding, 35
Dry-off period in milking, 451–452
Dysplasia
collagen tissue, 286
retinal, 435
Dystocia management, 193
E
Ear mites, Raillietia caprae, 276
Early to middle gestation, feeding during,
36–37
Ears
evaluation of, 3
examination at necropsy, 575
lesion distribution with skin diseases,
259t–260t
Echinococcosis, 562t–566t
Echocardiography, 505
Economic loss in goat herds, 546b
Ecthyma
contagious, 67–68, 262–264, 496
malignant contagious, 264
Ectropion, 423
Edema
corneal, 413
malignant, 267, 480
necropsy findings and potential causes,
558t–559t

Edema (Continued)
pulmonary, 129f
udder, 446
window, 295
Ehlers-Danlos syndrome, 286
Ehrlichia ruminantium infection, 507
Elaeophorosis, 278
Elastrator band technique, 162–163
Electric fencing, 14
Electrocardiography, 505
Electroejaculators, 153f
Electrolyte reference intervals, 598t
Electrolyte replacement therapy, 52
Electrolyte solution, balanced, 525
Electrolytes, fractional excretion, 326
Emaciation, 558t–559t
Embryo transfer, 184–187
donor and recipient management, 185
embryo handling and transfer, 187
embryo recovery, 186
superovulation, 185–186
synchronization, 185
Emphysema, subcutaneous, 284
Emptying defect, abomasal, 83
Encephalitis
bacterial, 374–375
lentiviral, 376–377
West Nile virus, 388
Encephalomyelitis, tickborne viral,
377–378
Endocarditis, vegetative, 508–509
Endocrine system diseases
adrenal glands, 246–247
calcium homeostasis and parathyroid
hormone, 243–246
hypothalamus, 231–232
inappropriate lactation syndrome,
248–250
pancreas, 247–248
pituitary gland, 232–239
thyroid gland, 239–243
Endometritis, 199–200
Endoscopy, for oral-esophageal
diseases, 62
Endotoxemia, 558t–559t
Energy requirements, 19–20
calculation, for parenteral nutrition,
56–57
supplemental, 34–35
Enrofloxacin, 580t–587t
Enteric clostridial infections, 477
Enteropathogenic Escherichia coli (EPEC), 89
Enterotoxemia
Clostridium perfringens, 375–376
vaccination protocol, 549
Enterotoxigenic Escherichia coli (ETEC),
85–86
Entropion, 421–422
Enucleation
preoperative considerations, 440
retrobulbar anesthesia, 439–440
transpalpebral technique, 441
Environmental skin disease, 283–285
Environmental temperature
effects on neonates, 474–475
thyroid hormone and, 240
Enzootic abortion, 210–211
Enzootic ataxia, 395–396
Enzootic nasal tumor, 133
Enzootic swayback, 209

Epidermis, layers, 256–257
Epidermolysis bullosa, 286
Epididymectomy, 166–167
Epididymitis
in older males, 158–159
in young males, 159
Epidural anesthesia
caudal epidural block, 533–534
clinical use of, 535
for dystocia management, 193
lumbosacral epidural block, 534–535
xylazine, 519
Epinephrine, 580t–587t
for ventricular fibrillation, 528–529
Epiphysitis, 314–315
Epitheliogenesis imperfecta, 286
Eprinomectin, 580t–587t
Equipment
for eye examination, 412b
for necropsy, 557–561
Equivalents
capacity/volume, 600t
weight/mass, 600t
Ergot alkaloids, 202
Ergot toxicosis, 316
Erysipelothrix polyarthritis, 299
Erysipelothrix rhusiopathiae, zoonotic
infection, 483
Erythema, 258
Erythrocyte range intervals, 596t
Erythromycin, 580t–587t
Escherichia coli
abortion caused by, 219
in pyelonephritis, 343–344
Esophageal choke, 560t
Esophageal obstruction, 69
Esophagotomy, 69–70
Esophagus
megaesophagus, 70
perforation of, 294–295
removal of, 572–573
Ester-link local anesthetics, 524–525
Estradiol cypionate, 580t–587t
Estrogen-producing plants, 202
Estrone sulfate, 190
Estrous cycle
control
progestins, 177–178
prostaglandins, 177
ram or buck effect, 176–177
seasonal manipulation, 178
of does, 174
of ewes, 173–174
Ethylene glycol nephrotoxicity, 338–340
Ethylenediaminetetraacetic acid (EDTA),
580t–587t
Ewes
antepartum care, 191–192
breeding management, 175–176
estrous cycle, 173–174
control of, 176–178
feeding, 36–38
gestation, 174
induction of parturition and pregnancy
termination, 192
physiology, 172–173
pregnant, vaccination program, 539t
production targets, 541t
puberty, 173
transcervical insemination, 182–183

Index
Excretory urogram, 332–333
Exophthalmos, 438
Exploratory laparotomy, 74
Exposure keratitis, 431
External auditory meatus, bactericidal
solutions for flushing, 365f
External fixation
for arthrodesis of degenerative elbow,
309f
of fracture, 298
External genitalia
examination of, 7
tissue collection during necropsy,
567t–568t
External parasite control programs, 543
External pudendal artery, ligation of, 449
Extralabel use of drug, 12, 454
and residue contamination, 287
Extraocular muscles, 406
Extrapulmonary disease
diaphragmatic hernia, 144–145
pleuritis and pleural abscesses, 144
pneumothorax, 145
Eye anatomy
adnexa, 406–407
clear intraocular media, 409–410
fibrous tunic, 407–408
globe, 407
lacrimal and nasolacrimal systems, 407
neural tunic, 408–409
vascular tunic, 408
Eye diagnostic procedures
corneoconjunctival bacterial culture, 415
corneoconjunctival cytology, 416
imaging techniques, 416–417
nasolacrimal flushing, 416
retrobulbar needle aspiration, 417
Eye diseases
blindness, 438
of conjunctiva and cornea, 426–431
enucleation, 439–441
of eyelid, third eyelid, nasolacrimal duct,
421–426
of orbit, 438–439
of retina, 435–437
of uveal tract and lens, 433–434
Eye examination techniques
auriculopalpebral nerve block, 415
detailed ophthalmic evaluation, 413–415
history taking, 410–411
initial eye assessment, 411–412
neuroophthalmic reflex assessment,
412–413
preliminary considerations, 410
restraint for examination, 412
Eye scab, 268
Eye treatment techniques
cleaning eyes and periocular tissues, 417
housing and feeding recommendations,
420
subconjunctival injections, 419
subpalpebral ocular lavage system,
418–419
tarsorrhaphy and third eyelid flap,
419–420
topical medications, 417–418
Eyelids
anatomy, 406–407
entropion, 421–422
trauma to, 423

Eyes
cleaning of, 417
evaluation of, 3
examination at necropsy, 575
eyeball recession, estimation of hydration
status from, 51–52
FAMACHA evaluation, 112f
F
Facial nerve (CN VII)
facial expression evaluation, 366
menace response evaluation, 363–364
Facility management for goats, 552
Fagaceae nephrotoxicity, 339t
Fahrenheit to Celsius conversion, 596b
Failure of passive transfer, 470–471
Fainting goats, 291–292
False hellebore, 403t–404t, 439
FAMACHA, for nematode infection, 107,
111b
Fat, for energy supplementation, 20
Fatty liver disease, 97–99
Febantel, 580t–587t
Fecal examination
fecal egg count reduction test, 113–114
for nematode eggs, 111f, 119
Feces collection, for necropsy, 566–569
Feed analysis, 28–29
Feedbunks, weaning and, 40
Feeding. See also Nutrition
of adult female, 36–38
of adult male, 35–36
affecting hoof condition, 320
balancing a ration, 29–31
confinement feeding, 35
feed additives, 26–27
for fiber production, 43–44
included in history information, 1
of lamb or kid
bottle feeding, 38–39
creep feeding, 39–40
finishing, 41–42
weaning, 40–41
mineral feeding, 26
pastures, 32–34
pelleted feeds, 28
of pets and geriatric sheep and goats,
44–45
programs, 32
range, 34–35
recommendations for ocular disease
patients, 420
of show animals, 43
trough space, 16
water, 18–19
of yearlings
females, 42
males, 43
Feet
care of, 544–545
diseases of, 321–324
footrot, 542t, 550
lesion distribution with skin diseases,
259t–260t
observation for appropriate wear, 7
Female reproduction. See also Pregnancy
alternative breeding programs, 179–180
anatomy and physiology
does, 174
ewes, 172
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Female reproduction (Continued)
artificial insemination, 180–184
breeding management
control of estrous cycle, 176–178
general principles, 175
increasing twinning rates, 178–179
breeding soundness examination, 175
embryo transfer, 184–187
general female management, 191
natural breeding systems, 180
pregnant ewes, vaccination program, 539t
reproductive dysfunction affecting
offspring, 202–206
Femoral nerve injury, 370
Fenbendazole, 114t, 580t–587t
Fencing, 14–15
goats, 552
Fenprostalene, 580t–587t
Fentanyl, 529–530
Fentanyl transdermal patch, 580t–587t
Fescue hay, sample analysis, 29t
Fescue toxicosis, 280
Fetal anasarca, 209f
Fetal hydrops, 198
Fetal membranes, retention of, 199
Fetotomy, 196
Fetterbush, 403t–404t
Fetus
age and sex determination, 191
mummification, 207
necropsy, 576
Fiber
dietary, 27–28
hair, thyroid hormone and, 240
true wool, 256
Fibromas, interdigital, 324
Fibropapillomatosis, 286–287
Fibrous tunic anatomy, 407–408
Finishing
of lambs and kids, 41–42
meat goats, 548
Fistula
congenital, esophageal, 70
teat, repair of, 448
Fistulogram, 62
Fitweed, 403t–404t
Fixed ingredients method, for balancing a
ration, 30
Flaviviridae, abortion induced by, 223
Flavivirus necropsy lesions, 562t–566t
Fleece rot, 266–267
Flight zone, 9
Flock health
barnyard biosecurity
culling and disposal practices, 544
external parasite control programs, 543
foot care, 544–545
internal parasite control programs,
542–543
neonatal care, 544
practices and principles, 541
shearing management, 544
vaccination programs, 542
basic vaccination program, 539t
biosecurity aspects, 541
specific diseases introduced by carrier
sheep, 545
definition of, 539–541
management calendar for spring
lambing, 540t
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Flock health (Continued)
monitoring, 543–544
production targets, 541t
seasonal veterinary management, 541t
water availability, 545
Flocking instinct, 10
Floppy kid syndrome, 475–476
Florfenicol, 580t–587t
Fluid analysis, rumen, 71–72
Fluid loss, 558t–559t
Fluid therapy
fluid type, 53–55
indications for, 50
intravenous administration, 55
for obstructive urolithiasis, 352
oral administration, 55–56
quantity and rate of fluid administration,
52–58
replacement therapy, 52
for salt poisoning, 382
for uncomplicated neonatal diarrhea,
473
Flumazenil, 580t–587t
Flunixin, 531
Flunixin meglumine, 580t–587t
Fluorosis, 64–65, 316–317
Flushing
of does, 551
of females, 36, 179
of nasolacrimal duct, 416
Fly strike, 277–278
Follicle-stimulating hormone (FSH), 232t,
580t–587t
Foot-and-mouth disease, 67–68, 307–308,
495–496
necropsy lesions, 562t–566t
Footrot, 542t, 550
diagnosis, 322
pathogenesis, 321–322
prevention, 323
treatment, 322–323
Forage
condensed tannin-containing, in
controlling nematode infection,
117
for goats, management principles, 551
nitrate-accumulating, abortion caused
by, 210
pastures and, 32–34
Foreign body
intestinal obstruction, 94
lodged in skin, 284
Forestomach diseases
bloat, 76–77
parakeratosis, 79
reticulitis, 79
rumen acidosis, 77–79
rumenitis, 79
simple indigestion, 77
Forestomachs, removal of, 573–574
Four-point block technique, 440
Fractional excretion of electrolytes, 326
Fractures
amputation of digit, 296–297
casting, 297–298
external fixation, 298
mandible, 296
metacarpal and metatarsal bones, 295
splints, 298–299
tibia, 295

Francisella tularensis, zoonotic infection,
483
Free gas bloat, 560t
Freezing semen
bucks, 169–170
rams, 169
Frontal bone removal, in dehorning
procedure, 290
Frostbite, 285
Frothy bloat, 560t
Fundus
examination, 414
normal, 415f
Fungal abortion, 219
Fungal blepharitis, 424
Fungal diseases of integumentary system
candidiasis, 273
dermatophytoses, 271–272
diagnostic tests, 261t
mycetoma, 273
Fungal mastitis, 462
Fungi
ergot alkaloids produced by, 202
nematode-trapping, 118
Furosemide, 580t–587t
Fusobacterium necrophorum
abortion caused by, 219
dermatitis caused by, 208f
zoonotic infections, 485
G
Gait evaluation, 7
in neurologic examination, 362–363
Galactorrhea, 247–248
Gall bladder, 573f
Gamma-glutamyltransferase (GGT),
urinary, 329
Gangrenous mastitis, 459
Gastrointestinal parasitism, 48
cestode infestation, 119–120
coccidial infection, 120–121
cysticercosis, 120
liver fluke infection, 121–122
lungworm infection, 122–124
nematode infection, 106–119
Gastrointestinal system diseases
of abomasum, 82–84
diagnostic procedures, 71–75
diarrhea
in adult sheep and goats, 91–93
treatment of lambs and kids with,
89–90
of forestomachs, 76–79
infectious diarrhea, general control
measures, 90
intestinal obstruction, 93–97
of intestines, 84–89
of liver, 97–103
plants causing, 102t
of reticulorumen, 80–82
of umbilicus, pathologic conditions,
103–105
Gastrointestinal system examination, 5–6
Genetic selection, in controlling nematode
infection, 117–118
Genetics, of goiter, 241
Genitalia, external
examination of, 7
tissue collection during necropsy,
567t–568t

Geriatric animals, feeding, 44–45
Gestation
in does, 174–175
in ewes, 174
feeding during, 36–37
judging gestational age, 207
Giardia, diarrhea caused by, 88
Gilbert’s syndrome, in Southdown lambs,
103
Glaucoma, 434–435
Globe
anatomy, 407
retropulsing, 413
Glomerulonephritis, 345
Glossopharyngeal nerve (CN IX), laryngeal
and pharyngeal function evaluation,
366–367
Glucagon, 247
Glycopyrrolate, 580t–587t
preanesthetic, 520t
Goat dairies
CAEV control program, 547
mycoplasmal polyarthritis outbreaks,
301
Goat pox, 264–265, 496–497
necropsy lesions, 562t–566t
Goats. See also Herd health
alternative breeding programs,
179–180
behavior patterns, 10t
body condition scores, 33f
breed predilections
for skin diseases, 258t
for skin tumors, 286t
commonly used drugs in, 580t–587t
diarrhea, 91–93
feeding
female yearlings, 42
for fiber production, 43–44
male yearlings, 43
show animals, 43
finishing, 41
Mycoplasma infection, 137–138
normal rumen fluid characteristics, 73t
restrained in lateral recumbency, 12f
Goiter, 241
diagnosis, 242–243
treatment and prevention, 243
Gonadotropin-releasing hormone (GnRH),
232t
Gossypol, 509–510
Grades of rectal prolapse, 96t
Gram-negative sepsis, 486–487
Granulomas, sperm, 159
Grass staggers, 388–389
Grass tetany, 46
Grazing
continuous, 556b
and dental health, 63
Greasewood, 403t–404t
Griseofulvin, 580t–587t
for ringworm, 272
Gross observations at necropsy, 557
Ground cherry, 403t–404t
Growth hormone (GH), 233–234
Growth hormone-inhibiting hormone, 232t
Growth hormone-releasing hormone
(GHRH), 232t
Guaifenesin, 580t–587t
Gynecomastia, 248, 446–447

Index
H
Habitual abortion, in Angora goats, 246
Hair coat
condition of, 2
examination of, 8–9
Hair fiber
growing period of hair, 256
thyroid hormone and, 240
Hair follicles, 257
Hair loss, 9
Hairy heel wart, 324
Hairy shaker disease of lambs, 286, 401
Halothane, 524
Handling. See also Restraining
biosecurity, 16
of embryos, 187
of frozen semen, 171
safety and health considerations, 9
understanding sheep and goat behavior
and, 9–11
work facilities
fencing, 14–15
housing, 15–16
Handling points, in sheep, 10f
Hands-on examination, 2
Hard milker, 447
Hard udder, 463
Hay
bale shape, 35
fescue, sample analysis, 29t
Head
malposition in breech presentation,
194
removal at necropsy, 575
Head and neck
dentigerous cysts, 66
examination of, 3–4
head restraint, 11
lesion distribution with skin diseases,
259t–260t
predator attack to, 294–295
Head tilt, 366
in listerosis, 390f
Health considerations, in restraining and
handling, 9
Heart
auscultation of, 4, 503
removal of, 572–573
Heart sounds, 4
Heartwater disease, 507–508
necropsy lesions, 562t–566t
Heat stress, causing fetal wastage,
203–204
Heavy metals
intoxication-related abortion, 209
nephrotoxicity, 340
Helicobacter bilis, abortion caused by, 219
Hemangioma, 287
Hematology
assessments for anemia, 467–468
basic, 466–467
Hematoma, affecting skin, 283
Hematuria, 328b
Hemi-standing postural reaction, 367
Hemoglobin O2 saturation, arterial, 525
Hemoglobinuria, 328b
Hemogram, changes in, 468
Hemolysis
S. aureus, 460f
toxin- or parasite-induced, 478

Hemorrhage
abomasal, 83
necropsy findings and potential causes,
558t–559t
Heparin, 580t–587t
Hepatitis, toxic, 101
Hepatogenous photosensitization, 282t
Herd health
information included in history, 1
management programs, 545–551
bred does and dry does, 546
bucks, 548–549
footrot control, 550
herd nutritional management
principles, 551
kidding does and newborn kids,
546–547
kids and weanlings, 547–548
vaccination protocol, 549–550
vaccines to control abortion, 550
parasite control strategies
anthelmintic resistance, 556
anthelmintics, 554–555
coccidiosis, 556
integrated parasite management
control, 555–556
production management
basic biosecurity management
principles, 552–553
biosecurity, 552
dairy goat operations, 551
facilities, 552
reproductive management
controlled accelerated kidding
programs, 554
meat goats, 553–554
Herd milk quality investigation, 450
Hereditary chondrodysplasia, 292
Hereditary congenital goiter, 241
Heritable diseases
with neurologic manifestations, 402
retinal degeneration, 436
Hernia
diaphragmatic, 144–145
umbilical, 103–104
Herpesvirus infection, respiratory, 133, 139
Hindquarters, lesion distribution with skin
diseases, 259t–260t
History
clinical, in neurologic examination, 361
for diagnosis of integumentary system
diseases, 257–258
for necropsy, 561–570
ophthalmic, 410–411
relevant information, 1
urinary tract, 325
Holangiotic vascular pattern of retina, 409
Holoprosencephaly, 402t–403t
Hooves
examination at necropsy, 571
general care of, 319–321
restraint for trimming, 14
Hopping postural reaction, 367
Hormone assays, for pregnancy
determination, 190–191
Hormones
anterior pituitary, 232t
hypothalamic, 231
hypothalamic messenger, 232t
posterior pituitary, 232t
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Horse chestnut, 403t–404t
Horsebrush, 403t–404t
Horsenettle, 403t–404t
Hotz-Celcus procedure, for entropion,
422f
Housing
feed and water, 16
floor space, 15
included in history information, 1
recommendations for ocular disease
patients, 420
Hyaluronate sodium, 580t–587t
Hydranencephaly, 400
Hydration assessment, 504
Hydrocephalus, 400
Hydrogen cyanide toxicity, 146–147
Hygiene, in prevention of mastitis,
450–451
Hyperbilirubinemia, congenital, 101–103
Hypercalcemia, 245
Hyperparathyroidism
diagnosis, 245
nutritional secondary, 244–245
primary, 244
renal secondary, 245
Hyperthermia
necropsy findings and potential causes,
558t–559t
in neonates, 474–475
Hypertonic dehydration, 51
Hypertonic saline solutions, 54, 580t–587t
Hypocalcemia, 45, 201
Hypoglossal nerve (CN XII), tongue
function evaluation, 367
Hypoglycemia
in neonates, 475
and parenteral nutrition, 56t
Hypomagnesemia, 45–46
Hypoplasia
cerebellar, 400–401
testicular, 159–160
Hypospadias, 161, 359
Hypothalamic-pituitary-thyroid axis
disorders of, 242
nutrition and, 240–241
thyroid hormones and, 239
Hypothalamus diseases, 231–232
Hypothermia
necropsy findings and potential causes,
558t–559t
in neonates, 474–475
Hypothyroidism, 239–240
Hypotonic dehydration, 51
Hypotrichosis congenita, 286
Hypoventilation, during anesthesia, 528
Hypovolemic shock, 558t–559t
Hypoxemia, in neonates, 475
Hypoxia, 558t–559t
I
Ibuprofen, 580t–587t
Ileus, intestinal, 94, 560t
Imidazothiazoles, side-resistance, 113
Imidocarb, 580t–587t
Immune status, thyroid hormone and,
240
Impaction
abomasal, 83, 560t
rumen, 80, 560t
Impetigo, 268
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Impression smear, 261
Inappropriate lactation syndrome, 248–250
Incisors, loss of, 60–61, 63
Incontinence, urinary, 349
Indian hemp, 403t–404t
Indigestion, simple, 77
Indirect ophthalmoscopy, 414–415
Infections
with abscess-forming bacteria, 488–489
of ear, 391–392
enteric clostridial, 477
gastrointestinal
coccidial, 120–121
liver fluke, 121–122
lungworm, 122–124
nematode, 106–119
umbilical, 104–105
zoonotic multisystem, 483–485
Infectious causes of abortion
bacterial, 210–211
fungal, 219
protozoal, 220–221
virus-induced, 221–226
Infectious conditions of musculoskeletal
system
caprine arthritis-encephalitis,
303–304
chlamydial polyarthritis, 301
clostridial myonecrosis, 306
foot-and-mouth disease, 307–308
Lyme disease, 305
mycoplasmal polyarthritis, 301–302
osteomyelitis, 302–303
ovine progressive pneumonia,
304–305
sarcocystosis, 306–307
septic arthritis, 299–301
Infectious diarrhea
diagnostic samples and testing methods,
85t
general control measures, 90
Infectious diseases
bovine rhinotracheitis, 135
footrot
diagnosis, 322
pathogenesis, 321–322
prevention, 323
treatment, 322–323
keratoconjunctivitis, 427
of kidneys
adenovirus infection, 337
Clostridium perfringens type D, 336
lamb nephrosis, 337–338
leptospirosis, 336–337
of retina, 435–436
Infertile males, 165–167
Infestation
cestode, 119–120
Oestrus ovis, 132
Onchocerca spp., 278–279
Inhalation anesthetics, 524
Injectable drugs, 13–14
anesthetics, 522
Injured animals, biosecurity, 16
Insecticides, for lice, 275
Insulin, 238t, 580t–587t
Integrated control
of nematode infection, 118–119
parasite management for goat herd
health, 555–556

Integumentary system diseases
anatomy and physiology of
integumentary system, 256–257
approach to diagnosis, 257–262
diagnostic tests, 260–262
autoimmune, 280
bacterial, 265–270
congenital disorders of skin, 285–286
environmental skin disease, 283–285
fungal, 271–273
mycotoxins, 283
neoplastic and related lesions,
286–287
nutritional, 280–283
parasitic, 274–279
removal of wattles, horns, scent glands,
288–290
viral, 262–265
Interdigital fibromas, 324
Internal parasite control programs,
542–543
Intersex, 160–161
Intertrigo, 283
Intestinal diseases
Clostridium perfringens, 88–89
Cryptosporidium species, 86–87
diarrhea
Giardia-induced, 88
infectious, 90
in lambs and kids, 84–85, 89–90
miscellaneous causes, 89
in older lambs and kids, 88
pathogens causing, 85
ETEC diarrheal disease, 85–86
nutritional diarrhea, 88
rotavirus infection, 86
Salmonella species, 87–88
volvulus, 560t
Intestinal obstruction
cecal volvulus and torsion of root of
mesentery, 94
with foreign body, 94
intestinal atresia, 94
intestinal ileus, 94
intussusception, 93
peritonitis, 94–95
rectal prolapse, 95–97
Intestinal specimen preparation, 568f
Intoxication
azalea, laurel, and rhododendron, 83
heavy metal, abortion related to, 209
locoweed, 511
Intraarticular analgesia, 536
Intramuscular injections, 13
Intraocular pressure, 414, 434–435
Intraperitoneal fluid therapy, 474
Intravenous administration of fluids, 55,
474
Intravenous injections, 13–14
Introduction of new animals to herd, 16
Intubation
endotracheal, 519f
prior to anesthesia, 517–518
Intussusception, 93, 560t
Iodine deficiency, 24, 241–242
abortion related to, 208
affecting integumentary system, 281
Ionophores
as feed additives, 27
toxicity, 511–512

Iris
anatomy, 408
examination of, 414
Iron deficiency, 24
Isoflurane, 524
Ivermectin, 114t, 123–124, 580t–587t
Ivomec for sheep. See Ivermectin
Ixodes ricinus, 562t–566t
J
Jejunal lymph node, 574f
Jimson weed, 403t–404t
Johne’s disease, 92–93, 562t–566t
Joints
contamination associated with fracture,
295
degenerative joint disease, 308–309
joint capsule, tissue collection during
necropsy, 567t–568t
lavage, for septic arthritis, 300
Jugular catheters, 55
K
Keratitis
exposure, 431
mycotic, 430–431
parasitic, 431
Keratoconjunctivitis, 542t, 551
bacterial, management of, 430
Branhamella ovis, 429
Chlamydophila, 428–429
Mycoplasma, 427–428
viral, 430
Ketamine hydrochloride, 522, 532–533,
580t–587t
Ketone concentration, urine, 327
Ketoprofen, 532, 580t–587t
Kidney disease, 334
acute
infectious diseases, 336–338
toxic diseases, 338–342
chronic
amyloidosis, 344–345
glomerulonephritis, 345
mesangiocapillary glomerulonephritis,
345
pyelonephritis, 343–344
renal abscesses, 346
systemic disease, 343
cloisonné kidney, 347
congenital anomalies, 347–348
neoplasia, 348
parasites affecting kidneys, 347
Kids
bottle feeding, 38–39
creep feeding, 39–40
diarrhea, 84–85
miscellaneous causes of, 89
in older kids, 88
treatment of, 89–90
dysentery and hemorrhagic
enterotoxemia, 477–478
finishing, 41
floppy kid syndrome, 475–476
herd health management and, 547–548
neonatal care, 196–197
retained testicle, 165f
temperature, pulse, and respiratory rates,
4t
weaning, 40–41
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L
Lab-pasteurized count (LPC), 452–453,
457
Laboratory studies
for gastrointestinal diseases, 71
for infectious diarrhea in lambs and kids,
85t
Laceration of teat, repair of, 448
Lacrimal nerve, 536f
Lacrimal system, 407
Lactation
aberrant, 247–248
feeding during, 37–38
Lactoliths, 447
Lambs
bottle feeding, 38–39
club lamb fungus, 271–272
creep feeding, 39–40
diarrhea, 84–85
miscellaneous causes of, 89
in older lambs, 88
treatment of, 89–90
dysentery and hemorrhagic
enterotoxemia, 477–478
epididymitis, 159
finishing, 41–42
hairy shaker disease, 286
neonatal care, 196
nephrosis, 337–338
show animals, feeding, 43
temperature, pulse, and respiratory rates,
4t
testicle removal, 164f
vaccination program, 539t
weaning, 40–41
Laminitis
clinical signs, 323
treatment and prevention, 324
Lanolin glands, 256
Laparoscopy
of abdomen, 75f
for embryo recovery, 186
for embryo transfer, 187
for gastrointestinal diseases, 73
insemination by, 183–184
Larkspur, 403t–404t
Laryngeal chondritis, 134–135
Laryngeal function, evaluation of cranial
nerves for, 366–367
Laryngitis, 134–135
Lasalocid, 27, 114t, 580t–587t
Late gestation, feeding during, 37
Lateral deviation of head, in breech
presentation, 194
Laurel toxicity, 83–84
Lavage, subpalpebral ocular, 418–419
Layers of cornea, 407–408
Lead toxicosis, 380–381
Leech, nasal, 132
Left lateral recumbency position, for
necropsy, 570
Left subcutis, removal at necropsy, 575
Legs
front leg malposition, in breech
presentation, 194
lesion distribution with skin diseases,
259t–260t
Lens
anatomy, 409–410
diseases of, 433–434

Lentiviral disease
caprine arthritis-encephalitis, 142
caseous lymphadenitis, 142–143
coccidioidomycosis, 143
encephalitis, 376–377
ovine progressive pneumonia, 141–142
ovine pulmonary carcinoma, 143–144
Pneumocystic jiroveci pneumonia, 143
tuberculosis, 143
Leptospira interrogans, zoonotic infection,
483–484
Leptospira spp., abortion caused by, 217
Leptospirosis, 217, 336–337
necropsy lesions, 562t–566t
Leukocyte reference intervals, 597t
Leukogram, changes in, 469
Levamisole, 114t, 580t–587t
Levisole. See Levamisole
Lice
clinical signs, 274–275
diagnosis and treatment, 275
Lidocaine, 525, 533, 534t, 580t–587t
Life cycle of parasitic nematodes, 106–107
Ligation of external pudendal artery, 449
Lightning strike of goat, 558f
Lincomycin, 580t–587t
Lipids, in parenteral nutrition, 57
Listeria spp.
abortion caused by, 215
L. monocytogenes
conjunctivitis, 430
zoonotic infection, 484
Listeriosis, 215, 390–391
Liver
biopsy, 74–75, 75f
removal of, 573–574
vitamin and mineral concentrations
in sheep, 598t
Liver diseases
abscess, 97
black liver disease, 101–103
copper toxicosis, 100–101
pregnancy toxemia and fatty liver
syndrome, 97–99
toxic hepatitis, 101
white liver disease, 99–100
Liver failure, 558t–559t
Liver fluke infection
diagnosis and treatment, 122
pathogenesis, 121–122
Livestock species mixing, in controlling
nematode infection, 117
Local anesthetics, 524–525
for epidural blockade, 534t
Locoweeds, 202, 403t–404t, 436, 511
Louping-ill, 377–378, 495
collection of brain tissue for diagnosis,
569
necropsy lesions, 562t–566t
Lower motor neurons, 367, 370
Lower respiratory disease
adenovirus, 138–139
Chlamydophila infection, 138
general approach to, 135
herpesvirus, 139
Mycoplasma infection in goats, 137–138
Mycoplasma pneumonia of sheep,
136–137
parainfluenza type 3, 138
pathogens of mixed disease, 135–136
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Lower respiratory disease (Continued)
respiratory syncytial virus, 139
viral pneumonias, 138
Lumbosacral epidural block, 534–535
Lumpy wool disease
bacterial, 265–266
fungal, 271–272
Lung sounds, 5
Lungs, removal of, 572–573
Lungworm infection
diagnosis and treatment, 123–124
pathogenesis, 122–123
Lupines, 403t–404t
Luteinizing hormone (LH), 232t, 233
Lyme disease, 305
Lymph nodes
cervical, 567t–568t
dissection, 571
jejunal, 574f
Lymphatic system
assessment of, 469–470
diseases of, 470–476
examination of, 8
Lymphosarcoma, 470
Lysosomal beta-D-galactosidase deficiency,
402t–403t
Lyssavirus necropsy lesions, 562t–566t
M
Macrocyclic lactones, 554
resistance, 113
Mad itch, 383
Maedi-visna virus, 376–377, 498
Magnesium, 580t–587t
dietary intake, 22
Magnetic resonance imaging (MRI),
ophthalmologic, 417
Maintenance
and feeding of females, 36
fluids, calculation of, 52–53
Malassezia dermatitis, 273
Maldistributive shock, 558t–559t
Male pseudohermaphrodites, 160
Male reproduction
alternative breeding programs, 179–180
anatomy and physiology of male,
150–151
breeding soundness examination
in buck, 155–156
in ram, 152–155
natural breeding systems, 180
penile abnormalities, 161
puberty and seasonality, 151
selection and management of
bucks, 157
rams, 156–157
semen collection and storage, 168–172
surgical procedures
castration, 162–167
penile translocation, 167
testicular abnormalities, 158–161
Malignant contagious ecthyma, 264
Malignant edema, 267, 480
Malocclusion, 65
Mammary gland
antibiotic therapies, 454
bacterial pathogens, 443–444
congenital abnormalities, 444–446
diagnostic and therapeutic procedures,
454–458
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Mammary gland (Continued)
examination of, 8
mastitis, 450–454
mastitis pathogens, 458–464
normal anatomy, 442
obstructions to flow, 447
physiologic abnormalities, 446–447
teat and udder surgeries, 448–449
tissue collection during necropsy,
567t–568t
Mandible
caseous lymphadenitis-associated
abscesses, 269f
fractures, 296
osseous swellings, 64
rostral, odontogenic cysts, 66
Manganese deficiency, abortion related to,
209
Mange
chorioptic, 277
crustiness indicative of, 9
mites, 275–276
Mannheimia haemolytica, pneumonia caused
by, 135
Mannheimia mastitis, 460
Mannitol, 580t–587t
β-Mannosidosis, 402t–403t
Marsupialization, urinary bladder, 356
Mastectomy, 448–449
in pet goats, 249–250
Mastitis
diagnostic and therapeutic procedures,
454–458
diagnostic approach and techniques,
450–454
pathogens, 458–464
McMaster egg counting, nematode eggs,
108b–109b, 110f
Meat production
finishing of meat goats, 548
natural breeding systems and, 180
Mebendazole, 580t–587t
Medetomidine hydrochloride, 519–520,
534t, 580t–587t
Medications
restraint for administering, 11–14
topical
for entropion, 421
ophthalmologic, 417–418
Megaesophagus, 70
Melanoma, 287
Melanosis, of meninges, 561f
Melatonin, 234
Melengestrol acetate, 177–178, 580t–587t
Melophagus ovinus, 275
Menace response, assessment of, 363–364
Meningeal worm, 394–395
Meninges, melanosis of, 561f
Meningitis, bacterial, 374–375
Mentation assessment, in neurologic
examination, 362
Meperidine hydrochloride, 529
Mepivacaine, 525
Mesangiocapillary glomerulonephritis,
345
Mesentery, removal of, 573–574
Metabolic acidosis, 53–54
Metacarpal bone fractures, 295
Methocarbamol, 580t–587t
Methohexitone, 580t–587t

Methylene blue, 580t–587t
for copper nephrotoxicity, 341
Metoclopramide, 580t–587t
Metric system multiples and submultiples,
600t
Metritis, 199–200
Microbial culture, for skin diseases, 261
Micronutrient deficiencies, 2
Microphthalmia, congenital, 439
Midazolam, 580t–587t
preanesthetic, 520t
Milk cultures, and antibiotic susceptibility
testing, 456–457
Milk production
agalactia, 446
drop in, 37–38
herd milk quality investigation, 450
milk quality crisis intervention, 454
obstructions to flow, 447
off-flavor milk, 38
production and component benchmarks,
442–443
raw milk, zoonotic pathogens of,
463–464
somatic cell counts, 443
Milk replacers, 39
Milking processes, 451
Milkweed, 403t–404t
Mineral concentration reference intervals,
598t
Mineral nutrition, 21–25
mineral feeding, 26
supplementation, 58t
Mineral oil, 580t–587t
Mites
ear, Raillietia caprae, 276
mange, 275–276
sheep itch, 277
Mollicutes bacteria, abortion caused by, 218
Monensin, 27, 114t
poisoning, 511
Monensin sodium, 580t–587t
Monepantel, 113
Monitoring
during anesthesia, 525–526
of flock health, 543–544
Morantel, 27, 114t
Morantel tartrate, 580t–587t
Morbillivirus necropsy lesions, 562t–566t
Morphine, 529
Mountain laurel, 403t–404t
Moxidectin, 114t, 580t–587t
Mucoceles, salivary, 66–67
Mucocutaneous areas, lesion distribution
with skin diseases, 259t–260t
Mucous membrane assessment, 504
Muscular dystrophy, nutritional, 310–313
Musculoskeletal system
congenital conditions, 291–293
degenerative joint disease, 308–309
examination of, 7, 291
at necropsy, 571
foot diseases, 321–324
general hoof care, 319–321
infectious conditions, 299–308
metabolic and nutritional conditions,
310–315
neoplasia, 318
related anatomy, 291
tail docking, 318–319

Musculoskeletal system (Continued)
toxic conditions, 315–317
traumatic conditions, 294–299
Mycetoma, 273
Mycobacterial disease, 489
Mycoplasma infection
abortion caused by, 218
in goats, 137–138
M. ovipneumoniae pneumonia of sheep,
136–137
M. ovis infection of blood and tissue,
490–491
necropsy lesions, 562t–566t
Mycoplasma keratoconjunctivitis, 427–428
Mycoplasma mastitis
clinical signs, 461
M. agalactiae, 460–461
M. mycoides subsp. mycoides, 461
M. putrifaciens, 461
treatment and control, 461–462
Mycoplasmal diseases, nonhemotropic,
484–485
Mycoplasmal polyarthritis, 301–302
Mycotic keratitis, 430–431
Mycotoxins, affecting integumentary
system, 283
Myodegeneration, nutritional, 508
Myoglobinuria, 328b
Myotonia congenita, 291–292
N
Nairobi sheep disease virus
abortion induced by, 221–222
necropsy lesions, 562t–566t
Nandrolone, 580t–587t
Nasal cavity, examination at necropsy, 575
Nasal exudate, 5
Nasal swab, 130
Nasal tumors, enzootic, 133
Nasolacrimal duct
disease of, 426
flushing of, 416
Nasolacrimal system, 407
Natural breeding systems, 180
Neck, examination at necropsy, 572
Necrobacillosis, 208f, 219
Necropsy
blood tubes for venous collection, 566b
findings and potential causes
digestive tract diseases, 560t
systemic pathologic processes,
558t–559t
gross observations, 557
history and clinical information,
561–570
preparation and equipment, 557–561
pseudolesions observed at, 561t
reportable diseases, endemic distribution,
561–566
tissue collection, 567t–568t
Necropsy procedure
cleanup and disposal of remains, 577
external examination
musculoskeletal system, 571
skin, hooves, body orifices, 571
fetus and neonate, 576
opening of abdominal and thoracic
cavities, 571–572
packaging and shipment of diagnostic
samples, 576–577
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Necropsy procedure (Continued)
positioning: left lateral recumbency, 570
removal of
abdominal organs, 573–574
head and brain, 575
left subcutis and spinal cord, 575
pluck, 572–573
skinning carcass, 571
thoracic cavity examination, 572
throat and neck examination, 572
urogenital tract, 574
Necrotic laryngitis, 134
Necrotic stomatitis, 65
Necrotizing placentitis, 212f, 216f
Necrotizing retinopathy, 435
Neisseria ovis keratoconjunctivitis. See
Branhamella ovis keratoconjunctivitis
Nematode infection
anthelmintic resistance, 113–115
cerebrospinal nematodiasis, 373f
clinical signs, 107
control strategies for goat herd health, 554
diagnosis, 107
diagnostics, 119
etiology and pathogenesis, 106–119
FAMACHA guidelines, 111b
generic biosecurity program for parasite
management, 116b
McMaster egg counting, 108b–109b
treatment and control programs,
109–112
Nematode infection: alternative control
methods
condensed tannin-containing forages,
117
copper oxide wire particles, 117
genetic selection, 117–118
integrated control, 118–119
mixing livestock species, 117
nematode-trapping fungi, 118
nutrition, 116–117
pasture rotation, 117
vaccines, 118
Neomycin soluble powder, 580t–587t
Neonates
abdominal palpation, 7
bicarbonate replacement needs, 54
care of
kids, 196–197, 546–547
lambs, 196, 544
causes of diarrhea
Cryptosporidium species, 86–87
ETEC, 85–86
Giardia, 88
nutritional diarrhea, 88
rotavirus, 86
Salmonella species, 87–88
causes of weakness, 474–476
congenital goiter in kid, 242f
diarrhea, uncomplicated, 473–474
injection routes, 14
necropsy, 576
restraint of, 14
sepsis
pathogenesis, 471–472
treatment and prevention, 472
tube feeding, 39
Neoplasia
affecting integumentary system, 286–287
affecting musculoskeletal system, 318

Neoplasia (Continued)
of eyelids, 425
of kidneys, 348
of respiratory system, 145
of urinary bladder, 350
Neospora caninum
abortion caused by, 221
infection of blood and tissue, 491–492
Neostigmine methylsulfate, 580t–587t
Nephrosis, lamb, 337–338
Nerve blocks
caudal epidural block, 533–534
clinical use of epidural analgesia, 535
horn anesthesia, 535–536
intraarticular analgesia, 536
lumbosacral epidural block, 534–535
Nervous system examination, 7–8
Netobimin, 580t–587t
Neural tube defect, 209f
Neural tunic anatomy, 408–409
Neuraxonal dystrophy, 402t–403t
Neurologic shock, 558t–559t
Neurologic system diseases
ancillary tests, 371–374
of brain stem and cranial nerves,
390–391
cerebellar diseases, 388–389
cerebral diseases, 374–375
complete neurologic examination,
361–369
congenital and perinatal diseases,
400–402
localization of neurologic lesions,
369–371
of spinal cord and peripheral nerves,
393–394
Neuromuscular blocking drug antagonist,
521t
Neuronal ceroid-lipofuscinosis, 402t–403t
Neuroophthalmic reflexes, assessment,
412–413
Neutral detergent fiber (NDF), 28
Neutralizing agents, as feed additives, 27
Neutrophil-lymphocyte ratio, 326
Niclosamide, 580t–587t
Nictitating membrane, 407
examination of, 413
Nightshade, 403t–404t
Nitrate–nitrite toxicosis, 147
abortion caused by, 210
Nitroxynil, 580t–587t
Nodules, skin, 9
Nonenteric clostridial infections, 479–481
Nonhemotropic mycoplasmal diseases,
484–485
Noninfectious causes of abortion,
207–210
nutrition-related, 208–209
toxicologic, 209–210
Nononcogenic retrovirus, 562t–566t
Nonprotein nitrogen (NPN), 20–21
Nonsteroidal antiinflammatory drugs
(NSAIDs), 531–532
Nonsurgical procedures
embryo recovery, 186
temporary sutures for entropion, 422f
for urinary obstruction, 356
Norgestomet implants, 177–178,
580t–587t
Normal saline, 53
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Nutrition
abortion related to nutrient deficiencies,
208–209
in controlling nematode infection,
116–117
energy requirements, 19–20
fiber, 27–28
herd nutritional management principles,
551
and hypothalamic-pituitary-thyroid axis,
240–241
minerals, 21–25
parenteral, 50
protein, 20–21
vitamins, 25
Nutritional diarrhea, 88
Nutritional disorders
affecting integumentary system, 280–283
affecting musculoskeletal system, 310–315
gastrointestinal parasites, 48
hypocalcemia, 45
hypomagnesemia, 45–46
nutrient deficiencies resulting in
reproductive failure, 202–203
urolithiasis, 46–48
Nutritional muscular dystrophy, 310–313
Nutritional myodegeneration, 508
Nutritional secondary hyperparathyroidism,
244–245
Nyctalopia, 437
O
Obesity in pet animals, 44
Obex, 569f
Obstructions
to blood flow, 558t–559t
to milk flow
blind half, 447
hard milker, 447
teat spider and lactoliths, 447
Obstructive urolithiasis, 350–357
effect on anesthesia, 526
Obturator nerve paralysis, 370
Oculomotor nerve (CN III), pupillary light
reflex evaluation, 364
Oestrus ovis infestation, 132
Onchocerca spp. infestation, 278–279
Ophthalmic evaluation, detailed, 413–415
Opiate antagonist, doses of, 521t
Opioid analgesics, 529–531
Opportunistic deworming, 112
Optic nerve (CN II)
anatomy, 409
menace response evaluation, 363–364
Oral cavity
assessment for disease, 60, 62–66
evaluation of, 3
examination at necropsy, 575
Oral drugs, 13
Oral-esophageal diseases
conditions of head and neck, 66–67
dental care, 60
diagnostic procedures, 61–62
diseases of esophagus, 69–70
oral cavity, 62–66
fluorosis, 64–65
initial assessment of, 60
malocclusion, 65
pharyngeal lesions, 65–66
viral diseases, 67–68
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Oral fluid therapy, 55–56, 473–474
Oral mucosa, tissue collection during
necropsy, 567t–568t
Orbit
anatomy, 406
pathologic conditions of, 438–439
Orchitis, 159
Orf, 67–68, 262–264, 550
Organophosphate polyneuropathy, 396
Orogastric tube, 72f
Orphans
bottle feeding, 38–39
placed on self-feeder, 39
Osteochondrosis, 315
Osteodystrophia fibrosa, 314
Osteomalacia, 313–314
Osteomyelitis, 302–303
Otitis interna, 391–393
Otitis media, 391–393
Outbreak management, of respiratory
disease, 140b
Ovarian tumors, 205
Ovariectomy, 205–206
Overgrowth, hoof, 319f
Overmilking, 451
Ovine encephalomyelitis, 377–378
necropsy lesions, 562t–566t
Ovine enzootic abortion, 562t–566t
Ovine progressive pneumonia, 141–142,
304–305, 498–499
necropsy lesions, 562t–566t
Ovine pulmonary adenocarcinoma,
562t–566t
Ovine pulmonary carcinoma, 143–144
Oxalate calculus formation, 46–47
Oxalidaceae nephrotoxicity, 339t
Oxfendazole, 580t–587t
Oxyclozanide, 580t–587t
Oxytetracycline, 26–27, 580t–587t
Oxytocin, 232t, 236, 580t–587t
P
Packaging of diagnostic samples from
necropsy, 576–577
Packed cell volume, 119
Pain assessment, in neurologic
examination, 368–369
Pain management
perioperative, 529
systemic
α-adrenergic agonists, 532
constant-rate infusion, 533
drug combinations, 532–533
ketamine, 532
NSAIDs, 531–532
opioid analgesics, 529–531
Palpebral reflex, 365–366
Panacur. See Fenbendazole
Pancreas, 247–248
removal of, 573–574
Panniculus reflex, 368
Papillomas, 286–287
Paracentesis reference intervals, 599t
Parainfluenza type 3, 138
Parakeratosis, 79
Paraphimosis, 161
Parasite control
dry lot feeding and, 35
external parasite control programs,
543

Parasite control (Continued)
integrated parasite management control,
555–556
internal parasite control programs,
542–543
strategies for goat herd health, 554
Parasites, affecting kidneys, 347
Parasitic diseases
of blood and tissue, 490–492
endemic distribution and necropsy
lesions, 562t–566t
ophthalmologic
blepharitis, 424–425
keratitis, 431
Parasitic diseases of integumentary system
chorioptic mange, 277
demodectic mange, 277
diagnostic tests, 261t
elaeophorosis, 278
fly strike, 277–278
lice, 274–275
mange mites, 275–276
Melophagus ovinus, 275
Onchocerca spp. infestation, 278–279
Psorergates ovis, 277
psoroptic mange, 276
Raillietia caprae ear mites, 276
sarcoptic mange, 276–277
Parasitism, gastrointestinal, 48
Parathyroid hormone (PTH), 238t
and calcium homeostasis, 243–246
abnormalities of Ca regulation,
244–246
Parathyroid hormone-related protein
(PTHrP), 238t, 243–244
Paratuberculosis, 92–93, 489
Parenchymal tumors, 145
Parenteral dry therapy, 452
Parenteral nutrition, 56–58
indications for, 50
Partial mastectomy, 449
Parturition
induction of, and pregnancy termination,
192–193
stages of, 192
Passive transfer
failure of, 470–471
in neonatal lamb or kid, 197t
Pasteurella infections
P. haemolytica, 486
P. multocida, 133, 485
P. trehalosi, 486
resulting in pneumonia, 135–136
Pasteurization, 464
Pasture rotation
in controlling nematode infection, 110,
117
seasonal, 556b
Pastures, 32–34
Patella luxation, 293
Patellar reflex, 367–368
Patent ductus arteriosus, 506
Patent urachus, repair of, 104
Pearson square, for balancing a ration,
30–31
Pediculosis, 274–275
Pelleted feeds, 28
at finishing, 41
Pellets, semen cryopreservation in, 170
Pemphigus foliaceus, 280

Penicillamine, 580t–587t
Penicillin G sodium, 580t–587t
Penis
abnormalities of, 161
corpus cavernosum, 150
examination of, 7, 152
transection and transposition, 353–354
translocation, 167
Pentobarbital, 580t–587t
Percutaneous rumenocentesis, 71–72
Perennial ryegrass (Lolium perenne), grass
staggers due to, 389
Pericarditis, 512–513
Perilla mint toxicity, 145
Perinatal death, abortion and, 206–207
Perinatal neurologic diseases
cerebellar hypoplasia and abiotrophy,
400–401
heritable diseases and plants associated
with neurologic disorders, 402
hydrocephalus and hydranencephaly,
400
Perineal reflex, 368
Periocular tissues, cleaning of, 417
Perioperative anesthetic complications
cardiovascular collapse, 528–529
hypoventilation, 528
regurgitation and aspiration pneumonia,
527
ruminal tympany, 527
Perioperative management and recovery
effects of pathophysiologic alterations on
anesthesia, 526–527
monitoring during anesthesia, 525–526
Perioperative pain management, 529
Periparturient disease, 197–201
fetal hydrops, 198
hypocalcemia, 201
metritis and endometritis, 199–200
pregnancy toxemia, 200–201
pyometra, 200
retained fetal membranes, 199
rupture of prepubic tendon, 198
uterine prolapse, 199
vaginal prolapse, 198–199
Peripheral nerve diseases, 370–371
botulism, 393–394
cerebrospinal nematodiasis, 394–395
enzootic ataxia, 395–396
organophosphate polyneuropathy, 396
spinal trauma, abscesses, tumors,
397–398
tetanus, 398–399
tick paralysis, 399–400
Peripheral parenteral nutrition, 56, 58
Peripheral pelvic limb disorders, 7–8
Peripheral perfusion estimates, 4
Peripheral pulses, 503
Peritoneal fluid, cytologic evaluation, 332f
Peritonitis
diagnosis and treatment, 95
pathogenesis, 94
Peroneal nerve injury, 371
Persistent pupillary membranes, 434
Peste des petits ruminants, 494–495,
562t–566t
Pestivirus infections, 401
Pet animals, feeding, 44–45
Peterson eye block technique, 440
pH, urine, 327, 357

Index
Pharmaceuticals
affecting offspring, 203
causing abortion, 210
Pharyngeal function, evaluation of cranial
nerves for, 366–367
Pharyngeal lesions, 65–66
Pharyngitis, 134
Phenothiazine derivative preanesthetic,
518
Phenylbutazone, 531–532, 580t–587t
Phimosis, 161
Photoreceptors, 409
Photosensitization, 281–283
Phylloquinone, 580t–587t
Physical examination
body condition score, 2–3
cardiovascular system, 4
distance examination, 1
for dystocia management, 193
findings, estimation of percent
dehydration from, 51t
gastrointestinal system, 5–6
hands-on, 2
head and neck, 3–4
lymphatic system, 8
mammary gland, 8
musculoskeletal system, 7
nervous system, 7–8
respiratory system, 4–5, 126–128
restraint for, 11
signalment and history, 1
skin and wool or hair coat, 8–9
urinary tract, 325
urogenital tract, 6–7
Physiologic abnormalities, of mammary
gland, 446–447
Phytoestrogens, 202
Pigmentation, changes in, 258
Pinhole castration technique, 164
Pinkeye, 427, 542t
Pinning, for umbilical hernias, 103–104
Pithomycotoxicosis, 283
Pituitary abscess syndrome, 238
Pituitary gland, examination at necropsy,
575
Pituitary gland diseases, 232–239
adenoma, 236–237
anterior pituitary gland, 233
carcinomas, 237–238
diagnostics, 238–239
pituitary abscess syndrome, 238
posterior pituitary gland, 235–236
Placenta, necropsy, 576
Placentitis
from Coxiella burnetii infection, 213f
necrotizing, 212f, 216f
Placing, assessment of, 367
Plant toxicity
to abomasum, 83–84
abortion related to, 210
affecting integumentary system, 280
affecting musculoskeletal system, 317
affecting retina, 436
atypical interstitial pneumonia, 145–146
cardiotoxicity, 509–511
during gestation, affecting offspring, 202,
439
hydrogen cyanide toxicity, 146–147
to kidneys, 338
nitrate–nitrite toxicosis, 147

Plants
affecting reproduction, 203t
associated with neurologic diseases,
403t–404t
causing gastrointestinal or hepatic
disease, 102t
estrogen-producing, 202
nitrate-accumulating and cyanogenic
glycoside-producing, 146t
Pleural abscess, 144
Pleuritis, 144
Pleuropneumonia, contagious caprine,
562t–566t
Pluck, removal of, 572–573
Pneumocystis jiroveci pneumonia, 143
Pneumonia
aspiration, 140, 527
atypical interstitial, 145–146
fetal, 217f
Mycoplasma pneumonia of sheep,
136–137
ovine progressive, 141–142, 304–305,
498–499, 562t–566t
verminous, 140
viral, 138
Pneumothorax, 145
Point of balance, 9
Poison hemlock, 403t–404t
Poisoning
fluorine, 316–317
lead, 381
salt, 381–382
yew, 510
Polioencephalomalacia, 378–382
Poloxalene, 580t–587t
for prevention of bloat, 77
Polydactyly, 292–293
Polygonaceae nephrotoxicity, 339t
Polyneuropathy, organophosphate, 396
Porcine herpesvirus-1, 562t–566t
Positioning of carcass for necropsy, 570
Posterior pituitary gland, structure,
function, and hormones, 235–236
Postoperative care, for tube cystotomy,
355–356
Postpartum care, of ewe and doe, 197
Postural reactions, examination of, 367
Posture evaluation
head tilt, 366
in neurologic examination, 362–363
Potassium, dietary intake, 22
Poxviridae, 264–265
Praziquantel, 580t–587t
Preanesthetic preparation
intubation, 517–518
preanesthetics
α2-adrenergic agonists, 518–520
α2-adrenergic antagonists, 520–521
benzodiazepines, 521–522
phenothiazine derivative, 518
Precocious udder, 247–248, 446
Predator attack, 294–295
Prednisolone, 580t–587t
Pregnancy. See also Abortion
antepartum care, 191–192
assessment of passive transfer in neonate,
197t
breech presentation, 193–196
cesarean section, 194–196
determination of, 188–191
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Pregnancy (Continued)
dystocia management, 193
effect on anesthetic response, 526
fetotomy, 196
neonatal care, 196–197
parturition, induction of, 192–193
periparturient disease, 197–201
postpartum care of ewe and doe, 197
vaccination program for pregnant does,
549b
vaccination program for pregnant ewes,
539t
Pregnancy-specific protein B, 190
Pregnancy toxemia, 37, 97–99, 195f,
200–201
Pregnant mare serum gonadotropin
(PMSG), 580t–587t
Preliminary incubation count (PIC),
452–453, 457
Preoperative considerations, for
enucleation, 440
Prepubic tendon, rupture of, 198
Pressure, venous, 503–504
Pressure sores, 283–284
Prevention
of Bunyaviridae-induced abortion,
222
of CAE, 304
of Chlamydophila abortus infection, 212
of fatty liver disease and pregnancy
toxemia, 99
of hypocalcemia, 45
of infectious footrot, 323b
of mastitis
dry-off, 451–452
hygiene, 450–451
milking processes, 451
of nutritional muscular dystrophy,
312–313
of scrapie, 386–387
Primary abnormalities, of spermatozoa,
154
Primary hyperparathyroidism, 244
Primary photosensitization, 282t
Prion disease, 562t–566t
Production management: goat herd health,
551–553
basic biosecurity management principles,
552–553
biosecurity, 552
facilities, 552
Production targets, for ewes, 541t
Progesterone, 190–191
Progestins, for estrous control, 177–178
Prohibit. See Levamisole
Prolactin, 234–235, 249
Prolactin-inhibiting hormone, 232t
Prolactin-releasing hormone, 232t
Prolactin-releasing peptide (PrRP),
234–235
Prolapse
rectal
necropsy findings and potential causes,
560t
prevention, 97
treatment, 95–97
uterine, 199
vaginal, 198–199
Propofol, 522, 580t–587t
Propylene glycol, 580t–587t
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Prostaglandins
for estrous control, 177
PGF2α, 580t–587t
Protein
in parenteral nutrition, 57
sources of, 20–21
supplementation, during lactation, 38
Protein-losing enteropathy, 116–117
Protozoal abortion
Neospora caninum, 221
Sarcocystis spp., 221
Toxoplasma gondii, 220
Trypanosoma congolense, 221
Pruritus, 9
Pseudolesions, observed at necropsy, 561t
Pseudomonas mastitis, 460
Pseudopregnancy, 204–205, 249
Pseudorabies, 383
Pseudorinderpest, 494–495
Psorergates ovis, 277
Psoroptes ovis, 562t–566t
Psoroptic mange, 276
Puberty
of does, 174
of ewes, 173
of males, 151
Pulmonary edema, 129f
Pulses, venous, 503–504
Pupillary light reflex, assessment of, 364
Pupillary membrane, persistent, 434
Pyelonephritis, 343–344
Pyometra, 200
Pyrantel, 580t–587t
Pyrus malus, cyanogenic glycoside-producing
plants, 146t
Q
Q fever, 212–213, 225
abortion caused by, 542t, 562t–566t
Quarantine, 16
principles of, 553b
R
Rabies, 384
collection of brain tissue for diagnosis,
569
necropsy lesions, 562t–566t
Radial nerve paralysis, 7–8, 370
Radical mastectomy, 448–449
Radiography
abdominal, for detecting pregnancy, 191
for gastrointestinal diseases, 72
for neurological diseases, 373–374
ophthalmologic, 416–417
for oral-esophageal diseases, 61–62
thoracic, 505
for urinary tract disease, 332–333
Radius fractures, 295
Raillietia caprae ear mites, 276
Rain rot, 265–266
Rain scald, 265–266
Rams
breeding soundness examination,
152–155
effect on estrous, 176–177
feeding, 35–36
puberty and seasonality, 151
selection and management for breeding,
156–157
semen

Rams (Continued)
cooled, 171
freezing, 169
teaser animals, 165–167
unilateral castration, 165f
vaccination program, 539t
Range, supplementation and, 34
Ration balancing
fixed ingredients method, 30
for nondairy animals, 36t
Pearson square, 30–31
phosphorus and calcium
supplementation requirements, 31
substitution method, 29–30
Raw milk, zoonotic pathogens of, 463–464
Rayless goldenrod, 403t–404t
Record keeping, of extralabel use of drugs,
12
Recovery of embryo, 186
Rectal prolapse
necropsy findings and potential causes,
560t
prevention, 97
treatment, 95–97
Rectal temperature, 4t, 6
Red water disease, 481
Reference intervals
CSF analysis, 599t
erythrocyte parameters, 596t
leukocyte parameters, 597t
paracentesis, 599t
serum and liver concentration of
vitamins and minerals in sheep,
598t
serum chemistry, 597t
serum electrolyte and mineral
concentrations, 598t
synovial fluid analysis, 599t
urinalysis, 599t
Reference range, for hematologic data,
467t
Reflexes
corneal and palpebral, 365–366
neuroophthalmic, 412–413
spinal, 367–368
Regional limb perfusion, with antibiotics,
300
Regurgitation, and aspiration pneumonia,
527
Relative feed value (RFV), 29
Renal abscesses, 346
Renal biopsy, 333
Renal dysfunction, 558t–559t
Renal failure, 334–335
Renal secondary hyperparathyroidism, 245
Reoviridae, abortion induced by, 223
Replacement therapy, thiamine, 379–380
Reportable diseases, necropsy findings,
562t–566t
Reproduction
female. See Female reproduction
male. See Male reproduction
management, in goat enterprise,
553–556
thyroid hormone and, 240
Reproductive dysfunction affecting
offspring
cystic ovarian disease, 205
heat stress, 203–204
nutritional abnormalities, 203

Reproductive dysfunction affecting
offspring (Continued)
ovarian tumors, 205
ovariectomy, 205–206
pharmaceuticals, 203
plant toxicity, 202
pseudopregnancy, 204–205
vaginitis, 205
Reproductive tract
anatomy, female, 172–175
examination
bucks, 155–156
rams, 152–153
Resistance, to anthelmintics, 113–115
Respiratory syncytial virus, 139
Respiratory system
anatomy and physiology, 126
examination of, 4–5
Respiratory system diagnostic procedures
blood gas analysis, 128
nasal swab, 130
radiography, 128
sinus-centesis, 130
thoracocentesis, 131–132
tracheal wash, 130–131
ultrasound imaging, 129–130
Respiratory system diseases
acute disease, 140
control of, 139
extrapulmonary disease, 144–145
lentiviral disease, 141–144
lower respiratory disease, 135–139
neoplasia, 145
physical examination and auscultation,
126–132
plant toxicity, 145–147
upper airway disease, 132–135
Restraining. See also Handling
for administering medications, 11–14
for eye examination, 412
of head, 11
for hoof trimming, 14
of neonate, 14
for physical examination, 11
safety and health considerations, 9
understanding sheep and goat behavior
and, 9–11
Reticulitis, 79
Reticulopericarditis, traumatic, 512–513
Reticuloperitonitis, traumatic, 80, 560t
Reticulorumen diseases
rumen impaction, 80
rumenotomy, 80–82
traumatic reticuloperitonitis, 80
Retina
anatomy, 408
infectious conditions, 435–436
inherited retinal degeneration, 436
plant toxicity, 436
vitamin A deficiency, 436–437
Retinal pigmented epithelium, 408–409
Retrobulbar anesthesia, for enucleation,
439
Retrobulbar needle aspiration, 417
Retropharyngeal abscess, 134
Retroviral mastitis, 463
Retrovirus, nononcogenic, 562t–566t
Rhinitis, 132
Rhododendron, 403t–404t
toxicity, 83–84

Index
Rickets, 245, 313–314
Rift Valley virus
abortion induced by, 221–222
necropsy lesions, 562t–566t
zoonotic, 226
Rinderpest, necropsy lesions, 562t–566t
Ring block, for dehorning, 535
Ringwomb, 194
Ringworm, 542t
clinical signs and diagnosis, 271
prevention, 272
treatment, 271–272
Risk factors
dietary, for urolithiasis, 47
for ulcerative posthitis infection, 358
Rodenticide, abortion related to, 209
Rods and cones, 409
Rotation, pasture, 34
for controlling nematode infection, 110,
117
Rotavirus, diarrhea caused by, 86
Rubberweed, 403t–404t
Rumatel. See Morantel
Rumen acidosis
diagnosis and treatment, 78
necropsy findings and potential causes,
560t
pathogenesis, 77–78
Rumen fluid, for transfaunation, 79b
Rumen fluid analysis, 71–72
Rumen impaction, 80
Rumenitis, 79
Rumenotomy, 80–82
Rumensin. See Monensin
Ruminal tympany, 6, 527
Ryegrass, grass staggers due to, 389
S
Safeguard. See Fenbendazole
Safety, in restraining and handling, 9
Salinomycin, 580t–587t
Salivary cysts, 66–67
Salmonella spp.
abortion caused by, 216–217, 562t–566t
diarrhea caused by, 87–88
zoonotic, 225–226
Salmonellosis, 216–217
Salt-limited rations, 34–35
Salt poisoning, 381–382
Salvage deworming, 112
Sarcocystis spp.
abortion caused by, 221
infection of blood and tissue, 491–492
Sarcocystosis, 306–307
Sarcoptic mange, 276–277
Scabies, 276–277
Scent glands, descenting, 290
Schroeder-Thomas splint, 299f
Sciatic nerve deficits, 7–8
Sciatic (ischiadic) nerve paralysis, 370–371
Sclera anatomy, 408
Scrapie, 265
affecting retina, 435–436
clinical signs, 385–386, 499
collection of brain tissue for diagnosis,
569
diagnosis, 386, 500
etiology and pathophysiology, 385–387
necropsy lesions, 562t–566t
prevention, 386–387

Scratching, 258
Screwworm myiasis, 562t–566t
Scrotum
circumference
bucks, 156
rams, 152–153, 154t
examination of, 7
Seasonal manipulation of female cycle,
178
Seasonal pasturing, 556b
Seasonal veterinary management, for ewes,
541t
Seasonality
of ewes, 173
of males, 151
Sebaceous glands, 257
Secondary abnormalities, of spermatozoa,
154
Sedatives, preanesthetic, 527
Sedimentation test, for suspected fluke
infection, 122
Seizures, plants associated with,
403t–404t
Selenium
deficiency, 508
dietary, 25
and nutritional muscular dystrophy,
310–311, 313
toxicity, 315–316
Semen
collection and evaluation
bucks, 156
rams, 153–154
collection and storage, 168–172
cooled, 171
freezing, 169–170
frozen, handling, 171
thawed, evaluating, 171–172
thawing, 170–171
Sepsis
bacterial causes of, 482–483
gram-negative, 486–487
juvenile and adult, 482
Leptospira interrogans causing, 483
Listeria monocytogenes causing, 484
neonatal
pathogenesis, 471–472
treatment and prevention, 472
treatment for, 487–488
Septic arthritis, 299–301
Septic shock, 558t–559t
Serologic screening, for Brucella ovis, 155
Serovars, Leptospira interrogans, 337
Serum chemistry
changes in, 56t
for neurologic diseases, 371
reference intervals, 597t
for urinary tract diseases, 325–327
Serving capacity tests, 157
Sevoflurane, 524
Shearing management, 544
Sheath rot, 161
Sheep. See also Flock health
alternative breeding programs, 179
behavior patterns, 10t
body condition scores, 33f
breed predilections
for skin diseases, 258t
for skin tumors, 286t
commonly used drugs in, 580t–587t
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Sheep (Continued)
copper toxicity, 23–24, 100
diarrhea, 91–93
feeding
female yearlings, 42
for fiber production, 43
male yearlings, 43
mature show animals, 43
Mycoplasma pneumonia, 136–137
normal rumen fluid characteristics, 73t
serum and liver concentration of
vitamins and minerals, 598t
technique for sitting it on its rump, 11f
tipping technique, 15b
Sheep itch mite, 277
Sheep ked, 275
Sheep pox, 264–265, 496–497
necropsy lesions, 562t–566t
Shipment of diagnostic samples from
necropsy, 576–577
Shock, 515
cardiogenic, 558t–559t
Show animals, feeding, 43
Sick animals, biosecurity, 16
Signalment, 1
Silage, hay and corn, 35
Sinus-centesis, 130
Sinusitis, 133–134
Skeletal muscle, tissue collection during
necropsy, 567t–568t
Skin
dermis, 257
epidermal layers, 256–257
examination of, 8–9
at necropsy, 571
inspection of, 2
tissue collection during necropsy,
567t–568t
Skin diseases
breed predilections for skin tumors, 286t
congenital, 285–286
diagnostic tests, 261t
environmental, 283–285
lesion distribution, 259t–260t
Skin scraping, 261, 276f
Skunk cabbage, 439
Small intestine, removal of, 573–574
Small ruminant lentiviruses, 376
Sneezeweed, 403t–404t
Soda apple, 403t–404t
Sodium and chlorine, dietary, 21–22
Sodium bicarbonate, 580t–587t
isotonic or hypertonic, 53–54
Sodium iodide, 580t–587t
Sodium thiosulfate, 580t–587t
for copper nephrotoxicity, 341
Sodium toxicosis, and water deprivation,
381–382
Solanaceae nephrotoxicity, 339t
Somatic cell counts, 443
elevated, 453–454
testing, for mastitis, 455–456
Somatostatin, 232t
Sore mouth, 262–264, 550
Sorehead, 278
South African bont tick, 562t–566t
Soybean hulls, for energy supplementation,
19–20
Spastic paresis, 293
Spasticity, assessment for, 362–363
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Sperm
granulomas, 159
motility and morphology, 153–154
Spider lamb syndrome, 292
Spina bifida, 402t–403t
Spinal cord, removal at necropsy, 575
Spinal cord diseases, 8, 370–371
botulism, 393–394
cerebrospinal nematodiasis, 394–395
enzootic ataxia, 395–396
organophosphate polyneuropathy, 396
spinal trauma, abscesses, tumors,
397–398
tetanus, 398–399
tick paralysis, 399–400
Spinal reflexes, evaluation of, 367–368
Spiral colon, removal of, 573–574
Spleen, removal of, 573–574
Splints, 298–299
Spongiform leukoencephalopathy,
402t–403t
Spontaneous lactation, 249
Spring kidding and lambing, management
calendar for, 540t
Squamous cell carcinomas, 287
Stachybotryotoxicosis, 283
Standard plate count (SPC), 452–453
Stanozolol, 580t–587t
Staphylococcal dermatitis, 268
Staphylococcus aureus mastitis, 459–460
Stomatitis, vesicular, 265, 495–496
necropsy lesions, 562t–566t
Storage of semen, 168–172
Strategic deworming, 109–110
Straws, semen cryorpeservation in, 170
Streptothricosis, 265–266
Subclinical mastitis, 462
Subconjunctival injections, 419
Subcutaneous emphysema, 284
Subcutaneous fluid therapy, 474
Subcutaneous injections, 13
Subpalpebral ocular lavage system,
418–419
Substitution method, for balancing a
ration, 29–30
Sulfadiazine, 580t–587t
Sulfadimethoxine, 580t–587t
Sulfamethazine, 580t–587t
Sulfaquinoxaline, 580t–587t
Sulfur
dietary, 22
toxicosis, 380
Sunburn, 9, 284–285
Supernumerary teats, 444–445
Superovulation, of embryo donor, 185–186
Supplementation
calcium and phosphorus, 31
energy, 19–20
mineral, 26, 34, 58t
protein, 20
during lactation, 38
targeted, effect on parasitism, 48
Suppressive deworming, 112
Surgical procedures
amputation, 296–297
castration, 162–167
for embryo recovery, 186
for extensive umbilical infection, 105
for obstructive urolithiasis, 352–353
penile translocation, 167

Surgical procedures (Continued)
removal of wattles, horns, scent glands,
288–290
resection, for umbilical hernia, 104
rumenotomy, 80–82
of teat and udder, 448–449
Survey radiography, for urinary tract
disease, 332
Suspensory ligament, poor support, 445
Swayback, 395–396
enzootic, 209
Sweat glands, 257
Swelled head, 267
Synchronization of embryo transfer, 185
Syndrome of inappropriate antidiuretic
hormone secretion (SIADH), 236
Synovial fluid analysis, reference intervals,
599t
Systemic disease
abscess-forming bacteria causing,
488–489
affecting kidneys, 343
anemia, 468–469
basic hematology, 466–467
blood and tissue parasitic diseases,
490–492
changes in hemogram, 468
changes in leukogram, 469
conjunctival manifestations of, 431
hematologic assessments, 467–468
lymphatic system
assessment of, 469–470
diseases of, 470–476
mycobacterial, 489
necropsy findings and potential causes,
558t–559t
nonenteric clostridial infections,
479–481
Pasteurella and Pasteurella-like infections,
485–487
sepsis
bacterial causes, 482–483
juvenile and adult, 482
treatment for, 487–488
tissue-invading clostridia causing,
476–479
viral diseases
acute, 493–497
chronic, 497–501
zoonotic infections, 483–485
Systemic pain management
α2-adrenergic agonists, 532
constant-rate infusion, 533
drug combinations, 532–533
ketamine, 532
NSAIDs, 531–532
opioid analgesics, 529–531
T
Tachycardia, 4
Tactical deworming, 112
Taenia ovis, 512
Tail
docking, 15f, 318–319
lesion distribution with skin diseases,
259t–260t
Tapetal fundus, 409
Tapeworm infestation, 119–120
Targeted selective treatment (TST), for
nematode infection, 109–112

Tarsorrhaphy, 419
Teaser animals, 165–167
Teat spider, 447
Teat wall cyst, 445
Teats
fistula repair, 448
intramammary infusions, 14
laceration repair, 448
supernumerary, 444–445
weeping, 445
Teeth
assessment for disease, 60, 63
evaluation of, 3–5
examination at necropsy, 575
fluorosis, 64–65
malocclusion, 65
permanent tooth eruption, 63t
Telazol, 522
Telogen phase of hair growth, 256
Temperature
environmental, thyroid hormone and,
240
rectal, 4t, 6
Testicles
anatomy and physiology, 150–151
biopsy, 155
ultrasonographic evaluation, 154–155
Testicular abnormalities
caprine intersex animals, 160–161
cryptorchidism, 160
epididymitis
in older males, 158–159
in young males, 159
hypoplasia and degeneration, 159–160
orchitis, 159
sperm granulomas, 159
varicoceles, 158
Testosterone propionate, 580t–587t
Tetanus
diagnosis, 398–399
etiology and pathophysiology, 398–399
treatment and prevention, 399
vaccination protocol, 549
Tetanus antitoxin, 295
Tetracycline, 26–27
Tetrahydropyrimidines, side-resistance, 113
Tetralogy of Fallot, 506
Tetrapterys multiglandulosa toxicity, 209f
Thalamic cerebellar neuropathy, 402t–403t
Thawing semen, 170–171
Theriogenology. See Female reproduction;
Male reproduction
Thiabendazole, 580t–587t
Thiamine
deficiency, 378–380
intravenous, 580t–587t
Thiopental sodium, 522, 580t–587t
Third eyelid
diseases, 425
flap, 419–420
Thoracic cavity
examination at necropsy, 572
tumors, 145
Thoracic radiographs, 505
Thoracocentesis, 131–132
Thorax, normal aerated pleural surface,
130f
Throat, examination at necropsy, 572
Thymic hyperplasia, 66
Thymomas, 66

Index
Thyroid gland
diseases
dietary iodine and, 241–243
goiter, 241
hypothyroidism, 239–240
nutrition and hypothalamic-pituitarythyroid axis, 240–241
structure and function, 239
Thyroid hormones
and environmental temperature, 240
and hair fiber, 240
and hypothalamic-pituitary-thyroid axis,
239
and immune status, 240
and reproduction, 240
Thyroid-stimulating hormone (TSH), 232t,
233, 239, 242–243
Thyrotropin-releasing hormone (TRH),
232t, 242–243
Thyroxine (T4), 238t
Tibia fractures, 295
Tick-borne fever, abortion caused by, 218
Tick paralysis, 399–400
Tiletamine plus zolazepam, 522, 580t–587t
Timed insemination, 181–182
Tipping, sheep, 15b
Tissue collection
fixed tissues, 570
during necropsy, 567t–568t
Tissue-invading clostridia, disease caused
by, 476–479
Tolazoline, 580t–587t
preanesthetic, 520–521
Toltrazuril, 580t–587t
Tongue
function, evaluation of hypoglossal nerve
for, 367
removal of, 572–573
tissue collection during necropsy,
567t–568t
Topical medications
for entropion, 421
ophthalmologic, 417–418
Torsion
abomasal, 560t
cecal volvulus and, of root of mesentery,
94
Total body water, 50
Total digestible nutrients (TDN), 19
Total intravenous anesthesia (TIVA), 522
Toxemia
necropsy findings and potential causes,
558t–559t
pregnancy, 37, 97–99, 195f, 200–201
Toxic conditions of musculoskeletal system
ergot toxicosis, 316
fluorosis, 316–317
plant toxicity, 317
selenium toxicity, 315–316
Toxic diseases of kidneys
antibiotic toxicity, 341–342
copper toxicity, 340–341
ethylene glycol, 338–340
heavy metals, 340
plant toxicity, 338
Toxic hepatitis, 101
Toxicity
copper, 23–24
hydrogen cyanide, 146–147
ionophore, 511–512

Toxicity (Continued)
plant. See Plant toxicity
sulfur, 22
urea, 387
Toxicology studies, for necropsy, 566–569
Toxicosis
belladonna, 510
ergot, 316
lead, 380–381
nitrate–nitrite, 147
sodium, and water deprivation,
381–382
sulfur, 380
Toxoplasma gondii
abortion caused by, 220, 550
affecting kidneys, 347
infection of
blood and tissue, 492
fetus, 208f
zoonotic infection, 226
Toxoplasmosis, abortion caused by, 542t
Trachea removal, 572–573
Tracheal auscultation, 5
Tracheal wash, 130–131
Tracheitis, 134–135
Tracheostomy, 526
Traction splint, 299
Tramadol, 530–531
Tramisol. See Levamisole
Transabdominal ultrasonography, 189, 330
Transcervical insemination, 182–183
Transfixation pins, 297–298
Transfusions, whole blood, 54–55
Transmission
of Brucella spp. infection, 215
of Campylobacter spp. infection, 214
of Chlamydophila abortus infection, 211
of Coxiella burnetii infection, 213
of disease, 552b
of Listeria spp. infection, 215–216
of rabies, 384
of Salmonella spp. infection, 217
of Toxoplasma gondii infection, 220
Transpalpebral enucleation technique, 441
Transtracheal wash, 131f–132f
Trauma
to conjunctiva, 426–427
to cornea, 427
eyelid, 423
to musculoskeletal system, 294–299
spinal, 397–398
Traumatic reticuloperitonitis, 80, 560t
Treatment protocols
for caseous lymphadenitis, 269–270
for lambs and kids with diarrhea,
89–90
ophthalmologic, 417–420
for otitis externa, 392
for pregnancy toxemia, 98–99
for sepsis, 487–488
for shock, 515
for umbilical infections, 104–105
for uncomplicated neonatal diarrhea,
473–474
Triclabendazole, 580t–587t
Trigeminal nerve (CN V), corneal and
palpebral reflexes evaluation,
365–366
Triiodothyronine (T3), 238t
Trimethoprim-sulfonamide, 580t–587t
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Trimming, hoof, 319–320
Trochlear nerve (CN IV), eye movement
evaluation, 364–365
Tropical bont tick, 562t–566t
Trunk, lesion distribution with skin
diseases, 259t–260t
Trypanosoma congolense, abortion caused
by, 221
Trypanosoma spp., 513–514
Trypanosomiasis, 513–515
necropsy lesions, 562t–566t
Tube cystotomy
anesthesia, 354
cystotomy, 354–355
paramedian approach, 354
postoperative care, 355–356
surgical procedure, 355
Tube feeding of newborns, 39
Tuberculosis, 143, 489
necropsy lesions, 562t–566t
Tularemia, necropsy lesions, 562t–566t
Tulathromycin, 580t–587t
Tumors
nasal, enzootic, 133
ovarian, 205
parenchymal, 145
skin, breed predilections for, 286t
spinal, 397–398
thoracic cavity, 145
Tunica vasculosa oculi, 408
Twinning, increasing rates of, 178–179
Tylosin, 580t–587t
U
Udder
edema, 446
examination of, 7
normal anatomy, 442
poor support, 445
precocious, 247–248, 446
uneven or asymmetric, 445–446
Ulcerative dermatosis, 264
Ulcerative posthitis, 161, 357–359
Ulcers
abomasal, 82
cutaneous, 283–284
foot-and-mouth disease, 67
Ultrasonography
evaluation
of testicles, 154–155
of urinary tract, 329–330
for gastrointestinal diseases, 73
of mammary gland, 457, 458f
ophthalmologic, 417
for oral-esophageal diseases, 61
for pregnancy determination, 188–190
for respiratory diseases, 129–130
of right abdomen, 74f
Umbilical infections
clinical signs and diagnosis, 104
treatment, 104–105
Umbilicus, hernias, 103–104
Uncomplicated neonatal diarrhea
clinical signs, 473
treatment, 473–474
Undermilking, 451
Unilateral castration, 164
Upper airway disease
enzootic nasal tumor, 133
herpesvirus infection, 133
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Upper airway disease (Continued)
laryngitis and tracheitis, 134–135
Oestrus ovis infestation, 132
parasitic leech, 132
pharyngitis, 134
retropharyngeal abscesses, 134
rhinitis, 132
sinusitis, 133–134
Upper motor neurons, 367–370
Urachus, patent, repair of, 104
Urea
as protein source, 20
toxicity, 387
Ureaplasma spp., abortion caused by, 218
Ureters, congenital anomalies of,
347–348
Urethra
congenital anomalies, 359
males, survey radiographs, 332
obstructive urolithiasis, 350–357
ulcerative posthitis and vulvovaginitis,
357–359
Urethrotomy, 353–354
Urinalysis, 327–329
reference intervals, 599t
Urinary acidifying agents, 27
Urinary bladder
inflamed, 355f
marsupialization, 356
survey radiographs, 332
ultrasound imaging, 330
Urinary bladder diseases
congenital anomalies, 349–350
cystitis, 348–349
neoplasia, 350
urinary incontinence, 349
Urinary incontinence, 349
Urinary system diseases
acute renal diseases
infectious diseases, 336–338
toxic diseases, 338–342
ancillary diagnostic testing, 325–333
chronic renal diseases
amyloidosis, 344–345
glomerulonephritis, 345
mesangiocapillary glomerulonephritis,
345
pyelonephritis, 343–344
renal abscesses, 346
systemic disease, 343
initial evaluation of urinary tract, 325
of kidneys, 334, 347–348
renal failure, 334–335
of urethra
congenital anomalies, 359
obstructive urolithiasis, 350–357
ulcerative posthitis and vulvovaginitis,
357–359
of urinary bladder, 348–350
Urine collection, for necropsy, 566–569
Urine dipstick testing, 327, 328f
Urine sediment examination, 329
Urine specific gravity, 327
Urogenital tract, examination of, 6–7
at necropsy, 574
Urolithiasis, 46–48
obstructive, 350–357
effect on anesthesia, 526
Uroliths, 355f
Uterine prolapse, 199

Uveitis
clinical signs, 433
diagnosis and treatment, 433
V
Vaccination
with cattle vaccines, 136
goats, enterotoxemia and tetanus, 549
sheep
barnyard biosecurity programs for, 542
basic program for, 539t
Vaccines
for border disease virus infection, 501
for caseous lymphadenitis, 270
in controlling nematode infection, 118
for infectious footrot, 323
in preventing contagious ecthyma,
263–264
for staphylococcal and coliform mastitis,
452
Vaginal insemination, 182
Vaginal prolapse, 198–199
Vaginitis, 205
Vagus nerve (CN X), laryngeal and
pharyngeal function evaluation,
366–367
Valbazen. See Albendazole
Varicoceles, 158
Vascular diseases, African trypanosomiasis,
513–515
Vascular tunic anatomy, 408
Vasectomy, 165–166
Vegetative endocarditis, 508–509
Venous filling, 503–504
Ventral urethral dilatation, 359
Ventricular fibrillation, during anesthesia,
528–529
Ventricular septal defect, 506
Ventrum, lesion distribution with skin
diseases, 259t–260t
Veratrum californicum toxicity, 202, 439
Vermiform appendage, 152f
amputation, 352f, 353
Verminous pneumonia, 140
Vesicles, 258
Vesicular stomatitis, 265, 495–496
necropsy lesions, 562t–566t
Vesiculovirus, 562t–566t
Vestibulocochlear nerve (CN VIII), head tilt
evaluation, 366
Vibriosis, 214
Viral diseases
blepharitis, 424
keratoconjunctivitis, 430
necropsy lesions and endemic
distribution, 562t–566t
ulcerative dermatosis, 264
Viral diseases: acute
bluetongue, 68, 265, 493–494
contagious ecthyma, 67–68, 262–264, 496
foot-and-mouth disease, 67, 495–496
louping-ill, 377–378, 495
malignant contagious ecthyma, 264
peste des petits ruminants, 494–495
sheep pox and goat pox, 264–265,
496–497
vesicular stomatitis, 265, 495–496
Viral diseases: chronic
border disease virus infection, 500–501
CAEV, 497–501

Viral diseases: chronic (Continued)
ovine progressive pneumonia virus
infection, 498–499
scrapie, 265, 499–500
Viremia, 495
Virus-induced abortion
Bunyaviridae, 221
caprine herpesvirus 1, 224
Flaviviridae, 223
Reoviridae, 223
Vision assessment, 411–412
Vision pathways, 363f
Vital signs, for anesthetized animals, 525t
Vitamin A, 25
Vitamin A deficiency
affecting integumentary system, 281
affecting retina, 436–437
Vitamin B12, 580t–587t
Vitamin D, 26
Vitamin E, 26
deficiency, 508
and nutritional muscular dystrophy, 311,
313
Vitamin K, 26
Vitamin K1, 580t–587t
Vitamins
affecting hoof condition, 320
requirements for parenteral
nutrition, 58t
Vitreous anatomy, 410
Volvulus, intestinal, 560t
Vulva, examination of, 7
Vulvovaginitis, 357–359
W
Walpole’s solution, 356
Warts, 286–287
hairy heel wart, 324
Water consumption, 16. See also Fluid
therapy
coliform contamination, 19
daily intake, 18
flock health and, 545
increasing, for prevention of urolithiasis,
357
Water deprivation, and sodium toxicosis,
381–382
Water hemlock, 403t–404t
Water rot, 266–267
Wattle cysts, 66
Wattles, 257
removal of, 288
Weakness
in neonates, 474–476
plants causing, 403t–404t
Weaning, 40–41
Weanlings, herd health and, 547–548
Weather stain, 266–267
Weeds, nitrate-accumulating, 146t
Weeping teats, 445
Weight/mass conversions, 600t
Wesselsbron virus
abortion induced by, 221
necropsy lesions, 562t–566t
West Nile virus encephalitis, 388
Wheelbarrowing postural reaction, 367
White blood cells, Anaplasmataceae
infection, 491
White liver disease, 99–100
White muscle disease, 508

Index
White snakeroot, 403t–404t
Whole blood transfusions, 54–55
Window edema, 295
Withdrawal intervals, for anesthetic drugs,
518t
Withdrawal period, for extralabel drug, 454
Withdrawal reflexes, 368
Wool
condition of, 2
examination of, 8–9
feeding for fiber production, 43–44
fibers, 256
Wool break, 285
Wool slip, 285
Working facilities
fencing, 14–15
housing, 15–16
Worm burden, 119

X
Xylazine hydrochloride, 518–519, 533,
534t, 580t–587t
Y
Yearlings
feeding
females, 42
males, 43
vaccination program, 539t, 549b
Yeast cultures, as feed additives, 27
Yersinia spp.
abortion caused by, 219
zoonotic, 225–226
Yersiniosis, 486
Yew poisoning, 510
Yohimbine, 580t–587t
preanesthetic, 520–521
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Z
Zinc
deficiency, 25
affecting integumentary system, 281
and hoof health, 320–321
Zipp ointment formula, 298b
Zoonotic agents
abortifacient, 224–226
pathogens of raw milk, 463–464
Zoonotic infections
Fusobacterium, 485
Leptospira interrogans, 483–484
Listeria monocytogenes, 484
nonhemotropic mycoplasmal diseases,
484–485

