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Preface 

This text is  the result of the combined efforts of members of the Large Animal Medicine 
Service of the Department of Health Management at the Atlantic Veterinary College. We 
believe that students of veterinary medicine, those completing their veterinary training and 
preparing for licensing examinations, and those who wish to upgrade their knowledge base 
in large animal clinical veterinary medicine will find this book useful. 

To assist readers in exam preparation and to provide a means of assessing one's knowledge 
of the presented material, the authors have provided study questions at the end of each 
chapter. In addition, a comprehensive examination containing questions similar to those 
found on the national board examination is  included at the end of the book. Every question 
is followed by a complete, detailed explanation. We hope this method of review tests the 
general knowledge of the reader, helps serve as a stimulus to self-directed study, and serves 
as a useful tool for preparing for college tests, national board examinations, and clinical 
veterinary practice. 

We have aimed to provide an overview of the diseases of clinical and economic importance 
in the major species of domesticated animals in North America. To maintain the book at a 
reasonable size, we have elected to exclude coverage of exotic species and specialized disci- 
plines. We invite the reader to consult the many other high-quality texts that are available 
to find information pertaining to these more specialized topics. 
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Diseases of the Oral Cavity and Esophagus 
Timothy H. Ogilvie 

STOMATITIS is inflammation of the oral cavity. Conditions include glossitis (inflamma- 
c g u a l  mucosa), palatitis or lampas (inflammation of the palate), and gingivi- 

tis (inflammation of the mucosa and gums). 

A Patient profile and history. The patient profile is variable. Domestic animals of any 
breed, sex, or age may be affected by a painful mouth for a variety of reasons. The his- 
tory is also highly variable and is often nonspecific for any particular condition. 

1 Clinical findings. Inflammatory lesions of the mouth are clinically characterized by par- 
tial or complete loss of appetite, painful or slow mastication, and prehension difficulties. 
Sialism or ptyalism, fetid breath (if necrotic tissue i s  present), and local lymphadenopa- 
thy (if there has been bacterial invasion of tissue) may also be present. a Etiology and pthophysiology. Stomatitis may be caused by physical, chemical, or infec- 
tious agents. 

1. Physical agents. Foreign objects (e.g., corn cobs, sticks, rocks) may become lodged 
in the lingual groove of cattle or in the upper dental arcade of horses. Injury may 
also be inflicted by equipment used to administer oral medications (e.g., balling 
guns, dosing syringes) or by dental instruments (e.g., floats, files). 

2. Chemical agents. Irritant substances (e.g., mercuric preparations used as counterirri- 
tants) may be inadvertently licked or eaten by an animal. 

3. Infectious agents. Stomatitis may be caused by bacteria, fungi, or viruses 
(Table 1-1). 

4 Diagmstic plan. A complete physical examination and history is often necessary to de- 
termlne the location of the problem and define its cause. It must be determined whether 
the clinical signs are caused by local lesions, or whether they are manifestations of sys- 
temic disease. 

EJ Laboratory tests are usually not performed for conditions that seem to be localized to 
the mouth. 

t. Hematologic work-up. A hematologic work-up is valuable if systemic involvement 
is suspected. 

2. Bacterial culture may be helpful. For example, crushing and gram-staining the sul- 
fur granules from the exudate of an actinobacillosis lesion will reveal Actinobacillus 
ligniemii. 

Differential diagnoses include: 

1. Neurologic diseases (e.g., rabies, equine leukoencephalomalacia), which may cause 
excessive salivation 

2. Sialadenitis 

3. Toxicities (e.g., organophosphate toxicity) 

4. Adinomycosis (lumpy jaw), an osteomyelitis of the mandible or maxilla (see Chap 
ter 42) a Therapeutic plan 

1. Physical injury. In general, lesions of the mouth and tongue that haw been produced 
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2 I Chapter 1 l t 

TABLE 1-1. Infectious Causes of Stomatitis 

Candida albicans (F) 

Vesicular stomatitis virus M 
Bovine viral diarrhea virus M a, mucosal disease 
Bovine malignant catarrh virus (V) Bovine malignant catarrh 
Rinderpest virus 0 Rinderpest 
Bovine papular stomatitis virus 0 Bovine papular stomatitis 
Contagious ecthyma virus 0 Contagious ecthyma 
Vesicular exanthema virus (V) Vesicular exanthema of swine 
Bluetongue virus (V) Bluetongue 
Epizootic hemorrhagic disease virus 0 Epizootic hemorrhagic disease (deer) 

B - bacteria; F = fungus; V = vjrus. 

by physical agents heal rapidly without interventive therapy. Supportive care may be 
offered in the form of free-choice water and a soft, palatable diet for a few days. 

2. Chemical injury. The oral cavity should be flushed with water immediately, and the 
animal should be observed closely to determine if any ingestion has occurred. Free- 
choice water and a soft, palatable ration should be offered. If anorexia (as a result 
of the oral cavity lesions) occurs, intravenous fluid therapy and an indwelling naso- 
gastric tube may be necessary to meet fluid and nutritional demands until healing 
occurs. With young or small patients, total parenteral nutrition may be a viable and 
economic option. 

' 
3. Infedion. Specific therapies are outlined in I 1. 

a Prevention. Many cases of stomatitis can be prevented by providing the client with infor- 
mation regarding management, feeding care, and hygiene. 

3 ~pecit ic condition 

1. Necrotic stomatitis (oral necroba&llosis) 
a. Patient profile and history. Necrotic stomatitis occurs in young, milk-fed calves. 

The condition is often linked to unsanitary management and unhygienic feeding 
utensils. 

b. Clinical findings. Necrotic stomatitis i s  characterized by fever, depression, an- 
orexia, ptyalism, and painful swallowing. In classic oral necrobacillosis, the le- 
sions involve the buccal mucosa, giving the animal a puffy-cheeked appearance. 
A characteristic foul smell is associated with the exudate in the mouth. 

c. Therapeutic plan. Oral necrobacillosis usually responds well to penicillin G pro- 
caine (1 0-20,000 IU/kg intramuscularly, twice daily). Treatment may be re- 
quired for 7-1 0 days. 

2. Actinobacillosis (wooden tongue) i s  usually a sporadic condition. In cattle, the 
tongue, and less commonly, the pharyngeal lymph nodes, are involved, whereas in 
sheep, the soft tissues of the mouth, face, and neck are affected. 
a. Clinical findings. Onset is acute and characterized by ptyalism, excessive tongue 

movement, and an inability to eat 
(1) In cattle, the tongue is swollen, hard, and painful on manipulation. The 

tongue may be enlarged early in the course of the disease, but later it be- 
comes shrunken and firm. 

(2) Nodules and ulcers may be present. Suppuration occurs and pus is dis- 
charged from the affected areas. 
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(3) Starvation may eventually occur because of pain or the inability to prehend 
and masticate food. 

b. Etiology and pathophysiology. Actinobacillus lignieresii, a gram-negative rod, is 
a normal inhabitant of the mouth of many ruminants. The organism is thought to 
gain entrance to the soft tissues of the oral cavity through abrasions and penetrat- 
ing wounds of the mouth and tongue, leading to the development of a granulo- 
matous abscessation. 

c. Differential diagnoses for this condition include penetrating foreign bodies, bac- 
terial phlegmon, abscesses, and tuberculosis involving the lymph nodes of the 
head and neck. 

d. Therapeutic plan. It is important to treat the condition quickly, control dis- 
charges, and isolate affected animals. The standard treatment is iodides in combi- 
nation with antibiotics. 
(1) Potassium iodide is administered orally (6-10 @day for 1-10 days). Sodium 

chloride is administered intravenously (1 @I2 kg as a 10% solution). Treat- 
ment with sodium chloride may be repeated once. 

(2) Signs of iodism (e.g., lacrimation, anorexia, coughing, flaky skin) will often 
develop with a course of potassium iodide therapy, necessitating adjustment 
of the dose. 

3. Mycotic stomatitis is similar to the human disease, thrush. 
a. Patient profile and history. Stomatitis caused by fungi or yeasts is most com- 

monly seen in hand-reared young (lambs, piglets) or as a sequela to long-term 
oral antibiotic therapy. The condition is often associated with unhygienic feed- 
ing utensils. 

b. Clinical finding. The lesions appear as white spots or as a velvety white mem- 
brane covering the mucosa. The white plaques progress to shallow ulcers. 

c. Therapeutic plan. Animals may be treated with mild oral antiseptic solutions 
(e.g., 2% copper sulfate). If overuse of oral antibiotics is the cause of the stomati- 
tis, the antibiotic should be discontinued and the rationale for its initial use in- 
vestigated. 

4. Vesicular stomatitis 
a. Patient profile and history. Vesicular stomatitis occurs in cattle, horses, swine, 

and, occasionally, humans. The disease is most common in adult cattle. 
b. Clinical findings. Vesicular stomatitis is usually sporadic in occurrence, but up 

to 60% of a herd may develop clinical signs. The disease often develops in the 
summer or fall and may be cyclical in occurrence, with many years elapsing be- 
tween outbreaks. 
(1) Cattle exhibit fever, excessive salivation, and anorexia resulting in weight 

loss. By the time the disease is recognized, vesicles may have been replaced 
by erosions and ulcers on the lips, gums, dental pad, and tongue. Teat le- 
sions, which cause mastitis and a drop in milk production, are also found; 
coronary band lesions and lameness are less common. Recovery generally 
occurs within 2-21 days; the lesions resolve after 1-2 months. 

(2) Horses exhibit a transient pyrexia with vesicles on the lips and tongue. Hy- 
peremia and ulceration of the coronary band area is common. Lesions may 
also involve the nasal turbinates and nasopharynx, causing epistaxis. 

(3) Swine. Vesicles and ulcers are found on the snout, oral mucosa, and feet. 
(4) Humans. Fever and influenza-like symptoms have been described. 

c. Etiology and pathogenesis 
(1) Etiology. Vesicular stomatitis is caused by vesicular stomatitis virus (VSV), a 

rhabdovirus. The New Jersey and Indiana strains are the main serotypes. 
(2) Pathogenesis. The pathogenesis of vesicular stomatitis is not fully under- 

stood, but it is hypothesized that VSV is a plant virus that undergoes modifi- 
cation once it is ingested by insects that feed on the plants. 
(a) Transmission. Insects may spread the modified virus to other plants or di- 

rectly to animals. Animals may also become infected through consump- 
tion of infected plants, by direct transmission, through human transrnis- 
sion, or via fomites (e.g., milking machines). 
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TABLE 1-2. Viral Vesicular Disease Infection Profile 

Disease Cattle Sheep and Goats Pigs Horses Humans 

Vesicular stomatitis + + + + + + +  + + +  + 
Foot and mouth disease + + + + + +  + + + - + 
Vesicular exanthema - - + + +  + + 
Swine vesicular disease - - + + +  - + 

- P h s  not ncur  in the species in a controlled exposure; + = sometimes occurs in the species in a controlled exposure; 
+ + = often occurs in the species in a controlled exposure; + + + = frequently occurs in the specie in a controlled exposure. 

(i) The seasonal disappearance of the disease in temperate regions may 
correspond to a decrease in the insect population or elimination of 
fresh forages from the diet. 

(ii) The disease is enzootic in areas of warm temperature, high rainfall, 
and heavy insect populations (e.g., the tropics or subtropics). 

(b) Portal of entry. It is thought that mucous membrane abrasions are neces- 
sary for virus penetration. 

d. Diagnostic plan. Because the ulcers in this condition and the disease pattern 
closely resemble those of foot and mouth disease (see I 1 5; Table 1-2), federal 
authorities must be notified and a herd quarantine must be imposed until the di- 
agnosis is confirmed. Virus isolation, although difficult, is attempted from fresh 
vesicular fluids and from epithelial biopsies. Serum complement fixation and flu- 
orescent antibody tests are used to evaluate serum. 

e. Therapeutic plan. Vesicular stomatitis will usually die out within the herd, but af- 
fected animals should be isolated from herdmates. Free-choice water and good 
quality feed should be provided, and soothing, lanoliwbased teat dips should be 
used on cows with teat lesions. 

f. Prevention. Insect control should be employed to prevent the spread of the dis- 
ease. Affected animals should be handled, fed, and milked last. 

5. Foot and mouth disease 
a. Patient profile and history. Cattle and swine of any age and breed are most sus- 

ceptible. Foot and mouth disease primarily affects wild and domestic cloven- 
hooved animals in Africa, Europe, Asia, and South America. Outbreaks have oc- 
curred in previously diseasefree areas (e.g., North America) as a result of move- 
ment of animals or meat products, but the outbreaks have always been success- 
fully controlled. 

b. Clinical findings 
(1) Cattle. In cattle, h i s  is a multisystemic disease characterized by fever and 

depression followed by stornatitis, lameness, and mastitis. Secondary bacte- 
rial infection o f  the lesions occurs as the thin-walled vesicles rapidly 
progress to ulcers. 
(a) Oral lesions. Vesicles and bullae appear on the tongue, buccal mucosa, 

dental pad, and gingiva, causing excessive salivation and painful masti- 
cation. 

(b) Foot lesions. Vesicles appear on the feet, between the claws, and on the 
coronary band; producing lameness. 

(c) Teat lesions. Vesicular lesions develop on the teats, resulting in pain 
and an unwillingness of the animal t o  be milked. 

(2) Swine, sheep, and goats In these animals, the presentation is similar to that 
in cattle, but the clinical signs are usually milder. 

c. Etiology and pathogenesis. Foot and mouth disease is caused by a picornavirus 
o f  the genus Aphthovirus. The virus is resistant and may persist o n  fomites or in 
meat products; it i s  also readily transmitted b y  carrier animals (e.g., swine, 
sheep, goats). In the latter case, the mode of transmission is via inhalation or 
ingestion. 

d. Diagnastic plan. Federal authorities must be notified. Virus identificalion is 
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accomplished using antibody detection tests (e.g., complement fixation, virus 
neutralization) or antigen identification assays [e.g., enzyme-linked immunosor- 
bent assay (ELSA)]. In foot and mouth virus-free areas, a quarantine, test, and 
slaughter policy is usually evoked in response to identification of the disease. 

e. Prevention. Mutations occur constantly, making a consistent vaccination pro- 
gram impractical. Because economic losses (as a result of production inefficien- 
cies and trade restrictions) can be substantial, type-specific vaccines for the re- 
gion are often employed in endemic areas. 

6. Swine vesicular disease 
a. Patient profile and history. This disease only affects pigs and is foreign to North 

America. It is significant because of its clinical similarity to foot and mouth dis- 
ease. 

b. Clinical findings. The vesicles found with this disease are most prominent 
around the coronary band and between the claws of the feet and less prominent 
in the mouth. Unlike the vesicles of foot and mouth disease, the vesicles of 
swine vesicular disease are thick-walled; therefore, they are not easily ruptured 
and may persist for 1-2 days. A transient fever accompanied by anorexia is 
often seen. Animals may be mildly to moderately lame. 

c. Etiology and pathogenesis. Swine vesicular disease i s  caused by an enterovirus. 
Because the virus can survive and persist on fomites and in meat products, con- 
trol through disinfection and hygiene is difficult. lnfection occurs via oral abra- 
sions and the morbidity rate is 100%. 

d. Diagnostic plan. Federal authorities should be notified because of the similarity 
of swine vesicular disease to foot and mouth disease. 

e. Therapeutic plan. Treatment i s  not warranted for this mild disease and is rarely 
attempted. 

7. Vesicular exanthema 
a. Patient profile and history. Only feral and domestic swine are affected, although 

experimental transmission has been successful in horses. The disease is limited 
to the Southwestern United States. 

b. Clinical findings include a high fever, depression, anorexia, and vesicular le- 
sions in the mouth, on the snout, teats, udder coronary band, and heels, and be- 
tween the claws. The vesicles rupture to ulcers within 24-48 hours, resulting in 
lameness and secondary infection. Abortion may also occur. Infection may be 
subclinical. 

c. Etiology and pathogenesis. The disease is caused by a calicivirus harbored by 
sea lions. The virus is thought to be periodically transmitted to the feral pig pop 
ulation in coastal areas (e.g., California) and then on to domestic pigs. Sources 
of infection are live pigs and pork products. 

d. Diagnostic plan. Federal authorities should be notified to rule out other vesicu- 
' lar diseases. 

e. Therapeutic plan. Treatment is rarely attempted. 

8. Bluetongue 
a. Patient profile and history. Bluetongue is most common and virulent in Africa 

but causes disease in ruminants throughout the world. Bluetongue occurs in 
many locations in the United States and in parts of western Canada. It affects 
sheep and, occasionally, cattle. 

b. Clinical findings 
(1) Sheep 

(a) Epidemic (acute) disease. Fever and a bloody or mucopurulent nasal dis- 
charge are common. Swelling and edema of the mouth, lips, and tongue 
develop, resulting in dyspnea, dysphagia, and cyanosis of the oral mem- 
branes, followed by the development of necrotic oral ulcers. Coronitis 
and laminitis may lead to lameness and recumbency. Diarrhea, conjunc- 
tivitis, lacrimation, and pneumonia may also be seen. In utero infection 
may result in abortions or the birth of immune-tolerant lambs with or 
without signs of musculoskeletal or neurologic disorders (e.g., arthro- 
gryposis, hydranencephaly). 
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(b) Endemic disease. In endemic areas, sheep may have an increased inci- 
dence of abortions and a decreased level of performance. 

(2) Cattle usually have inapparent infections but may show some or all of the 
same signs as sheep. . 

c. Etiology and pathogenesis 
(1) Etiology. Bluetongue is caused by an orbivirus, bluetongue virus (BTV). 

There are many serotypes of B W  and strains within serotypes. One closely 
related virus, epizootic hemorrhagic disease virus (EHDV), causes a peracute 
and fatal hemorrhagic disease in white-tailed deer and pronghorn antelope 
that i s  very similar to bluetongue. 

(2) Transmission. BTV is transmitted by biting flies (Culicoides species). Cattle 
and wild African ruminants are reservoirs. The virus is also found in semen, 
leading to congenital infection. 

d. Diagnostic plan. Clinical diagnosis can be difficult because of the variety of clini- 
cal signs and presentations. Outbreaks should be reported to federal authorities. 
Virus identification can be accomplished through: 
(1) Serologic tests (e.g., complement fixation, indirect immunofluorescence, 

aaar ael immunodiffusion, serum neutralization) 
(2) E ~ I S ~  
(3) Animal inoculation (ex., shee~, chick embrvo, or rodent) . . 

(4) Polymerase chain reaction (PCR) assays 
(5) Enzyme-linked oligonucleotide-sorbent assay (ELOSA) 

e. Therapeutic plan. Treatment is nonspecific and often unrewarding for the 
acutely affected animal. Nursing care is recommended for the mild form of the 

' disease. Congenital infections are not treated. 
f. Prevention. Because the morbidity rate is 50%-75% and the mortality rate is 

20%-50%, production losses can be of major significance; therefore, prevention 
of the disease is important. A vaccine is available in the United States. 

9. Contagious edhyma (contagious pustular dermatitis, or0 
a. Patient profile. Contagious ecthyma is a common disease of sheep and goats. 
. Young animals are most commonly affected, but lesions can occur on or around 

the udders of older animals that lack immunity, presumably following inocula- 
tion by nursing lambs. 

b. Clinical findings 
(1) Crusty, proliferative lesions are most commonly found on the mouth, muz- 

zle, and nostrils. The lesions begin as papules that rapidly progress to vesi- 
cles, pustules, and, finally, scabs covering a granulated, inflamed base. The 
lesions are sore and may fissure, crumble, and bleed. 

(2) Animals recover from the condition in approximately 3 weeks, but not be- 
fore suffering ill-thrift due to decreased feed consumption and a reluctance 

. to nurse. The severity of the disease varies, depending on the location of the 
lesions (e.g., lesions may extend into the alimentary or respiratory tract). 
Generally, morbidity is high but moriality i s  low, unless secondary infec- 
tions occur or there is extensive spread of the lesions. 

c. Etiology and pathogenesis. Contagious ecthyma is a highly infectious disease 
caused by a parapoxvirus and spread by direct contact. It can be zoonotic; care- 
takers may develop scabs on their hands. 

d. Diagnostic plan. The diagnosis is based on the finding of typical clinical signs in 
the appropriate age-range population. 

e. Differential diagnoses include sheep pox, goat pox, bluetongue, and ulcerative 
dermatosis. 

f. Therapeutic plan. Contagious ecthyrna is usually a self-limiting disease, but nurs- 
ing care, supportive feeding, or antibiotics (to resolve secondary bacterial infec- 
tions) may be needed by some patients. 

g. Prevention 
(1) Affected animals should be isolatedfrom the herd or flock if possible. 
(2) Measures to limit transmission (e.g.. using separate feeding utensils) should 

be employed. 

(3) Vaccination programs are common in large sheep-rearing areas. Commer- 
cial vaccines are available or autogenous vaccines can be prepared. 

10. Bovine papular stomatitis (BPS) 
a. Patient profile. BPS i s  a common disease in calves or young cattle. It has a 

worldwide distribution. 
b. Clinical findings 

(1) The early sign of a transient fever usually goes unnoticed. 
(2) The initial lesions are papules that rapidly coalesce and progress to round le- 

sions with a necrotic, grey, depressed center and a raised, reddened periph- 
ery. Lesions are found on the muzzle, the hard palate, or inside the nostrils, 
but not on the tongue. 
(a) The lesions may be found incidentally while examining the mouths of 

young cattle, or they may be associated with a period of weight loss 
and diarrhea ("rat-tail" syndrome, which affects feeder cattle). 

(b) The lesions may persist for weeks. 
c. Etiology. BPS is caused by parapoxvirus. 
d. Diagnostic plan. The diagnosis is based on the characteristic lesions and the 

usual lack of any other clinical findings in young cattle. It is important that this 
benign disease not be confused with other, more serious, diseases that produce 
oral ulcers or erosions (e.2.. vesicular stomatitis). 

e. Therapeutic plan. ~herap&tic intervention is unnecessary. Good hygiene should 
be practiced to avoid secondary infections. 

A Observable changes in the teeth of ruminants. A variety of inherited, congenital, and de- 
velopmental conditions can affect the teeth of ruminants. Generally, therapy is only un- 
dertaken in valuable animals when the extraction of one or two affected teeth and sup 
plemental feeding might prolong the animal's productive life. 

1. Staining. Porphyrinuria stains the teeth of cattle reddish brown. 

2. Defective enamel formation. Osteogenesis imperfects causes defective enamel for- 
mation. 

3. Mottling. Fluoride toxicity (fluorosis) damages the teeth prior to tooth eruption. The 
teeth appear eroded, mottled, and wear excessively. 

4. Excessive wear. Mature animals of any species may be affected as a result of abnor- 
mally abrasive diets or rations deficient in calcium. The worn teeth prohibit proper 
prehension and mastication, resulting in weight loss (or diminished weight gain) 
and necessitating early cullage. 

5. Malpositioning and excessive rotation of the cheek teeth may occur in goats sec- 
ondary to osteodystrophia fibrosa. 

6. Broken teeth. Trauma most commonly involves the incisor teeth. a Dental conditions of sheep 

1. Dentigerous cysts, a developmental abnormality, occur most commonly in  sheep. 
The incisors are usually encysted within the alveolar bone of the central mandible. 

2. Periodontal disease (periodontitis, alveolar periostitis) 
a. Clinical findings include premature wear and breakage of teeth (broken mouth), 

painful mastication, and poor feed conversion or weight loss. Gingivitis is the pri- 
mary lesion. 

b. Etiology and pathogenesis. A chronic bacterial infection (perhaps caused by Bac- 
teroides gingivalis) leads to destruction of the periodontal membrane with result- 
ant alveolitis, osteomyelitis, and bony lysis. The cause of the periodontitis is not 
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well defined; it may be multifactorial and related to either the accumulation of 
debris in the gingival sulcus or a mineral deficiency. 

c. Therapeutic plan. Antibiotics may be used to treat periodontal disease. a Dental conditions of horses 

1. Clinical findings 
a. Feed refusal or selectivity in  eating. Grain i s  often preferred over hay, which 

has to be masticated more fully. 
b. Pain. Chewing is a slow process and the animal may toss his head in frustration. 

Food may be wadded in the mouth or expelled in masses (quidding), or grain 
may fall out of the mouth while the hone i s  eating. The animal may hold his 
head with the affected side of the jaw up. Performance animals may resist the 
bit or place unilateral tension on a line or rein. 

c. Weight loss may result from decreased feed intake or decreased digestibility of 
incompletely masticated feedstuffs. Whole-grain or long-stemmed fiber may be 
seen in the feces. 

d. Recurrent esophageal choke or intestinal colic may result from poor digestibility 
of the food or because water intake is decreased secondary to increased tooth 
sensitivity. 

2. Diagnostic plan 
a. The animal should be observed while eating, drinking, and working. In all cases, 

a thorough oral examination is necessary to identify the affected teeth and sec- 
ondary mouth lesions. The animal should be sedated, and anesthesia may be 
necessary. 

b. In some cases, radiographs may be necessary. 

3. Specific conditions 
a. Ectopic teeth are incisors or cheek teeth that grow in an abnormal direction. 

They are thought to arise from injuries to the tooth bud and should be removed 
if they are causing problems for the animal. 

b. Supernumerary teeth are usually extra incisors; rarely, extra cheek teeth are 
seen. Any number of extra teeth, including whole rows, may be present. Super- 
numerary teeth are usually left alone unless they are causing problems. 

c. Wolf teeth are small, singular, vestigial premolars in front of the upper cheek 
teeth that may cause buccal lacerations or interfere with the bit. Occasionally, 
they are seen on the lower arcade. Because of their short root structure, they are 
easily extracted in the standing animal. 

d. Retained deciduous teeth are common. 
(1) Occasionally, incisors are retained if the permanent teeth erupt behind 

them. The retained incisor must be extracted. 
(2) More commonly, deciduous premolars are retained as caps over the erupt- 

ing permanent tooth. The cap delays the eruption of the permanent tooth 
and acts as a hinge, trapping debris and causing buccal irritation. Caps can 
be removed by filing or with dental elevators or forceps. 

e. Sharp edges (points) develop on the buccal surface of the upper arcade of 
cheek teeth and the lingual border of the lower arcade. Points are most common 
in horses 2-5 years of age and occur when the enamel of the teeth wears un- 
evenly as a result of friction between the narrow mandible and the wider maxil- 
lary arcade. These sharp edges can cause mucosal lacerations and may be re- 
moved by routine filing or floating. 

f. Infection 
(1) Etiology and pathogenesis 

(a) lnfection can occur secondary to trauma or tooth fractures that extend 
into the pulp cavity. 

(b) Malocclusions, gingivitis, periodontitis, or cementum defects also pre- 
dispose to infection. 

(c) A patent infundibulum allows material to enter the root canal, in many 
cases creating an abscess. A n  apical abscess in the mandibular bone 
looks like a normal eruption cyst, but radiographically it has the 
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appearance of a proliferative osteomyelitis. An abscess of one of the last 
four cheek teeth in the upper arcade can cause sinusitis. 

(2) Therapeutic plan 
(a) Medical therapy i s  employed initially to attempt preservation of the 

tooth. Systemic penicillin (22,000 IUlkg twice daily by intramuscular in- 
jection) coupled with endoscopy and flushing of the maxillary sinus (if 
sinusitis i s  present) may be successful. Radiographic follow-up allows 
evaluation of the therapy. 

(b) Surgery is  often necessary to remove infected teeth and treat sinusitis or 
osteomyelitis. Hones do not shed infected teeth spontaneously. 

g. Malocclusions or abnormalities of the mouth [e.g., brachygnathism (parrot 
mouth), brachycephaly (sow mouth), sheer mouth, wave mouth, step mouth] 
produce abnormal wear of the occlusal surfaces of the teeth, interfering with 
both performance and production. These defects may be breed-related. Many re- 
quire routine dental attention to promote as much even wear as possible. 

h. Ameloblastoma is the most common neoplasm of dental origin. The tumor, 
which arises from odontogenic epithelium, is invasive and results in bony degen- 
eration. 

-4 

Pharyngitis, laryngitis, and pharyngeal swelling often occur together and concurrently 
with stomatitis. 

1. Patient profile and history. Any animal can develop pharyngitis, regardless of age, 
breed, or gender. There may be a history of traumatic incident or administration of 
materials via dose syringe, speculum, balling gun, or orogastric intubation. Other 
historical findings depend on the causative agent. 

2. Clinical findings. There is often an observable and palpable swelling in the pharyn- 
geal or intermandibular region. There is reluctance or difficulty in eating and swal- 
lowing. There may be a mucopurulent nasal discharge and pain often causes the an- 
imal to hold the head and neck in extension. The regional lymph nodes may be 
enlarged and a spontaneous or easily induced cough may be present. The local pha- 
ryngeal problem may be accompanied by systemic signs (e.g., fever, tachycardia, 
tachypnea). 

3. Etiology and pathophysiology. Pharyngitis may be an extension of stomatitis or, like 
stomatitis, it may be caused by physical, chemical, or infectious agents. 

4. Diagnostic plan. A thorough oral examination is necessary to diagnose pharyngitis 
and determine i t s  causes. Laboratory work, laryngoscopy, endoscopy, radiography, 
and ultrasonography may all be useful as diagnostic aids. 

5. Laboratoty tests 
a. Microbial culture and sensitivity testing may be attempted from a swab of any 

discharges; however, because the upper alimentary and respiratory tracts are 
home to a variety of organisms, it may be difficult to interpret the growth of a 
mixed or contaminated population. Aspiration of abscesses percutaneously 
through properly prepared sites will yield more reliable results. 

b. Fine needle aspiration and cytologic interpretation allows diagnosis of solid- 
core masses in the pharyngeal region. 

c. Hematologic work-up. Hematologic changes may reflect inflammatoty changes 
in the pharynx or a systemic disease. 

6. Diierential diagnoses 
a. Rabies (in a domestic animal exhibiting dysphagia, hypersalivation, and mental 

changes) 
b. Respiratory diseases [e.g., strangles, guttural pouch empyema, guttural pouch 

rnycosis, viral respiratory disease, lymphoid follicular hyperplasia (LFH) in 
horses; calf diphtheria in cattle] 
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c. Bacterial stomatitis (i.e., oral necrobacillosis, actinobacillosis) 

7. Specific conditions 
a. Mechanical injury 

(1) Etiology and pathogenesis. Trauma associated with the ingestion of foreign 
objects or administration of oral medications can lead to bacterial pharyngi- 
tis when organisms (e.g., F. necrophorum) secondarily infect the site. 

(2) Therapeutic plan. Measures include the following: 
(a) Penicillin (22,000 IUIkg twice daily intramuscularly) 
(b) Soft, palatable diets and free-choice water or supportive alimentation 

through a nasogastric tube (horses) 
(c) Nonsteroidal anti-inflammatory agents (NSAIDs) or corticosteroids to 

subdue inflammation and hasten return to normal function 
b. Pharyngeal phlegmon, a sporadic condition affecting adult cattle, produces an 

acute, deep-seated, diffuse, rapidly spreading cellulitis and inflammation of the 
oral mucosa and pharynx. The mortality rate is high in acutely affected animals. 
(1) Etiology and pathogenesis. It is not completely understood what causes pha- 

ryngeal phlegmon, but a mixed bacterial population is commonly found in 
the tissues of the head and neck. 

(2) Clinical findings include hypersalivation, lacrimation, fever, tachypnea, and 
tachycardia. There is marked swelling of the tissues of the head. The animal 
becomes completely anorexic and may die within 24 hours. In more 
chronic cases, pools of purulent debris build up in the subcutis, imparting a 
foul odor to the breath. 

(3) Therapeutic plan. Vigorous treatment, consisting of broad-spectrum antibiot- 
ics (e.g., trimethoprim-sulfamethoxazole) and anti-inflammatory agents, is re- 
quired. Supportive care is also beneficial. 

4 Pharyngeal obstruction 

1. Patient profile and history. There may be a history of foreign body ingestion or feed- 
ing on solid food objects (eg., potatoes, turnips, whole cob corn, apples). 

2. Clinical findings include complete or intermittent dysphagia and the inability to 
swallow food, water, or both. The animal may make inspiratory noises, and the 
sourceof the obstruction may be palpable. Chronic obstruction will result in weight 
loss, dehydration, or both. Pharyngeal obstruction accompanied by esophageal ob- 
struction will result in bloat in  ruminants. 

3. Etiology and pathophysiology 
a Congenital conditions may cause pharyngeal obstruction; however, this is rare. 
b. Foreign bodies may obstruct the pharyngeal lumen. Examples of foreign bodies 

include solid feedstuffs like potatoes, apples, or mangos, and nonedible objects, 
such as rocks, wood, or hard rubber. Pharyngeal obstruction as a result of for- 
eign body ingestion occurs most commonly in mature cattle as a result of their 
indiscriminate eating habits. 

c External masses (e.g., retropharyngeal lymph node adenopathies from infections 
or tumors) may impinge o n  the pharynx, displacing normal tissue and causing 
dysphagia. 
(1) In cattle, actinobacillosis or Iymphosarcoma can cause external pharyngeal 

obstruction. 
(2) In horses, strangles, guttural pouch disease, and lymphoid follicular hyper- 

plasia can cause dysphagia. 

4. Diagnostic plan. A complete oral examination is required. Endoscopy is valuable 
for visualizing the pharynx. Because small, highly portable instruments are avail- 
able, th is  procedure can be used in many species under many circumstances. 

5. Laboratory tests. A leukogram may help confirm the presence of an inflammatory 
or invasive mass around the pharynx. 

6. Differential diagnmes include causes of pharyngeal paralysis (e.g., rabies) and other 
encephalitide or encephalopathies. 

Diseares of the Oral Cavity and Esopha~us 1 11 

7. Therapeutic plan 
a. Foreign body obstruction 

(1) When the cause of the obstruction i s  a foreign body, the object can often be 
removed manually in a large enough patient. Sedation and the use of a wire 
loop may be required in some cases. 

(2) In more complicated cases, surgery followed by antibiotics and supportive 
care may be required; however, the prognosis i s  often poor because of the 
physical trauma sustained. 

b. External masses. The cause of the mass that i s  impinging on the pharynx must 
be identified and treated accordingly. 

8. Prevention. Providing information to clients about principles of feeding manage- 
ment (e.g., appropriate chopping of tubers, gradual introduction to new feeds) may 
help minimize the number of foreign body obstructions. a Pharyngeal paralysis 

1. Patient profile and history. Subjective and historical information may be of some 
value for determining the cause of pharyngeal paralysis and dysphagia. For exam- 
ple, the region may be endemic for rabies or the animal may have had access to 
moldy feed or toxic plants. 

2. Clinical findings. In terms of the upper alimentary tract, the clinical findings will 
not be specific. Findings include dysphagia, ptyalism, and, possibly, regurgitation or 
abnormal vocalization if nerves other than the pharyngeal nerves are paralyzed as 
well. 

3. Etiology and pathophysiology. Pharyngeal paralysis may result from a central or pe- 
ripheral neurologic disorder; common causes include rabies, botulism, and leu- 
koencephalomalacia. a Esophageal obstruction. In horses and sheep, esophageal obstruction is known as choke. 

In cattle with complete esophageal obstruction, the most significant clinical finding is 
the build-up of gas in the rumen; therefore, esophageal obstruction in cattle is discussed 
in Chapter 3 1 B 1. 

1. Patient profile and history. Esophageal obstruction may occur in any domestic ani- 
mal on solid food but is most common in horses, sheep, and cattle. 
a. Choke is most common in older animals and is often associated with pelleted or 

dry feeds (e.g., beet pulp, oats, bran). 
b. There may be evidence of insufficient or inaccessible water (e.g., frozen or dis- 

tant water supplies). 
c. There may be a history of administration of medicinal boluses. 
d. Greedy eaten, older animals with defective teeth, and young horses with erupt- 

ing teeth are susceptible. 
e. Preexisting esophageal disease, previous episodes of choke, or trauma to the 

neck are predisposing factors. 

2. Clinical findings 
a. Early findings. Animals will exhibit dysphagia, with extension of the head and 

neck. Coughing and retching may be accompanied by the discharge of food and 
frothy saliva from the nostrils. Anxiety, manifested by sweating and head-shak- 
ing, is common. If the esophageal mass is lodged in the cervical region, it may 
be palpable percutaneously. 

b. Late findings include depression and dehydration. The animal may repeatedly at- 
tempt to drink without success. Subcutaneous emphysema suggests esophageal 
rupture. Aspiration pneumonia, manifested clinically as tachypnea, harsh breath 
sounds, and fever, may occur with high cervical choke. 

3. Etiology and pathophysiology. The esophageal diameter may be normal, narrowed, 
or dilated. Natural areas of esophageal narrowing are the anterior cervical region 
(in cattle and sheep), the midcervical region (in horses), the thoracic inlet, and the 
junction of the esophagus and gastric cardia. 
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a. External esophageal compression may be brought about by enlargement of nor- 
mal structures (e.g., thymic lymphosarcoma), compressive masses (e.g., abscess), 
or displacement of structures (e.g., diaphragmatic hernia). 

b. Lumenal obstruction may be the result of ingestion of solid objects (e.g., apples) 
or dry feed that was inadequately moistened. The latter cause is most common 
in horses. 

c. Defects in the esophageal wall (e.g., strictures from healed lesions, ulcers, or 
congenital or acquired diverticula) can lead to the development of the condi- 
tion. 

d. Esophageal spasm has been implicated in some cases. 
e. Neuropathy. Certain neuropathies (e.g., equine protozoal myelitis, equine 

herpes virus I infection) may interrupt esophageal motility, leading to mega- 
esophagus and esophageal obstruction. 

4. Diagnostic plan. The diagnosis is often suspected on the basis of clinical inspection. 
A nasogastric tube (in horses) or an orogastric tube (in ruminants) can be used to as- 
certain the site of the obstruction. Endoscopic examination may clarify the diagnosis 
and offer a prognosis. Radiographic examination using contrast studies allows evalu- 
ation of the location and composition of the mass as well as esophageal integrity. 
(lodinated organic iodide should be used as a contrast medium if either esophageal 
perforation or inhalation pneumonia is suspected.) Ultrasonography, fluoroscopy, or 
both may be warranted in some instances. 

5. Laboratory tests. A hematologic work-up and blood chemistry are important ad- 
juncts to diagnosis and can give some indication of prognosis. 
a. Packed cell volume (PCV), total serum protein (TSP), and blood urea nitrogen 

(BUN) evaluations provide information on the animal's hydration status. 
b. A leukogram should be requested to give an indication of any inflammatory reac- 

tion. 
c. Electrolyte analysis will reveal hyponatremia and hypochloremia in horses, as a 

result of the loss of large quantities of both sodium and chloride ion in equine 
saliva. These ion losses and attempts by the kidney to compensate will result in 
a transient metabolic acidosis followed by a metabolic alkalosis. 

6. Differential diagnoses. The most common differentials for esophageal obstruction 
are listed in Table 1-3. 

7. Therapeutic plan. This discussion focuses on the treatment of particulate matter 
(grain) choke in horses. 

TABLE 1-3. Differential Diagnoses for Esophageal Obstruction 

Respiratory diseases in  horses [e.g., lymphoid follicular hyperplasia (LFH), strangles, guttural 
pouch disease, laryngeal scarification following surgery] 
Musculoskeletal diseases (e.g., fractured hyoid bone) 
Plant toxicoses causing salivation in cattle (e.g., solanurn, larkspur, bitterweed) 
M~cO~OK~COS~S causing salivation in cattle (e.g., red clover hay contamination with Rhizoctonia 
legorninicok~) 
Metabolic diseases in horses (e.g., eclampsia, hepatic encephalopathy, hypokalemia) 
Oral cavity or pharyngeal foreign bodies 

reactions causing pharyngeal swelling 
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a. Hydraulic flush. All access to grain, hay, edible bedding, and water should be 
restricted. Warm water i s  instilled by gravity into the nasogastric tube, causing 
water and ingesta to flow out of the tube. Often, after a series of hydraulic 
flushes, the choke will be relieved and the nasogastric tube can be passed into 
the stomach. Occasionally, the mass can be forced into the stomach by the 
tube, but this should only be attempted with great care. Xylazine (0.5-1 mgtkg 
intravenously) is often used in horses to relieve anxiety, provide muscle relaxa- 
tion, relieve esophageal spasm, and cause lowering of the head to guard against 
aspiration pneumonia. 
(1) If the hydraulic flush is not successful, another attempt can be made later. 

Often, a stubborn choke can be relieved by patience. A horse left without 
access to feed or water may also resolve the choke spontaneously. 

(2) If the choke persists for longer than 3 days, a hydraulic flush can be per- 
formed with the horse under anesthesia and in lateral recumbency. A cuffed 
endotracheal tube is placed in the trachea to prevent aspiration of material. 

b. Other measures 
(1) Dioctyl sodium sulfosuccinate (DSS) is a wetting agent that may soften the 

mass. 10-1 5 ml of DSS are mixed with water and infused into the nasogas- 
tric tube. This treatment is contraindicated if aspiration of material is likely. 

(2) Suction. A ruminant stomach pump should be used only for suction, not for 
applying forceful hydraulic pressure against the mass. 

(3) Atropine (10-30 mg subcutaneously) has been recommended because of its 
ability to relax smooth muscle, although its efficacy may be limited in 
horses because of the significant amount of striated muscle in the equine 
esophagus. Side effects include intestinal colic, ileus, and drying of the mu- 
cous membranes. 

(4) Surgery. Surgical removal of a solid foreign body may be considered but 
chronic fistulation often develops as a result of poor healing. 

c. Supportive therapy. With a readily resolved choke, supportive therapy i s  not 
necessary. 
(1) Feeding considerations. After the resolution of a long-standing choke, the . 

horse should be held off feed for 2-3 days. Free-choice water should be 
available, and the horse should be gradually reintroduced to soft feed 
(mashes) and then a regular diet. Supplementary feeding of grain or pellet 
gruels via an indwelling nasogastric tube may be necessary in cases of 
esophageal perforation. Feed placed in an elevated position may help pa- 
tients with compromised esophageal motility. 

(2) Broad-spectrum antibiotics should be considered if esophageal perforation 
i s  suspected or if the choke persists. 

(3) NSAlDs may be administered following resolution of the choke if esopha- 
geal irritation is suspected. 

(4) Intravenous fluids are necessary in cases of chronic choke. 

8. Complications. Sequelae to choke include esophageal perforation and cellulis, 
esophageal fistula formation, acute mediastinitis and pleuritis, esophageal stric- 
ture, esophageal dilation (megaesophagus), recurrent choke, and aspiration pneu- 
monia. All of these complications carry an unfavorable prognosis. The animal 
should be monitored for 8 weeks after an incident of acute esophageal choke to 
check for stricture formation. 

9. Prevention. Preventive measures include slowing down greedy eaters by feeding 
small amounts more often, wetting the feed, providing routine dental care, and en- 
suring that potable water is always available. 

1. Patient profile and history. Esophagitis is more common in  companion animals and 
humans than in the large animal species. If esophagitis is suspected, there may be 
a history of consumption of irritant chemicals, the chronic retention of an esopha- 
geal foreign body, or trauma (e.g., perforation of the esophagus during nasogastric 
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intubation). Other historical findings include upper gastrointestinal tract disease or 
chronic, low-grade abdominal pain. 

2. Clinical findings. The signs of esophagitis may be similar to those of choke. Progres- 
sion of esophagitis may result in an external fistula or extension through fascia1 
planes, producing a cellulitis or thoracic inflammation and a corresponding deterio- 
ration of clinical signs. 
a. Reluctance to eat, anorexia, and dysphagia. Water consumption may or may 

not be impaired; therefore, hydration status i s  variable but weight loss is usually 
evident. 

b. Pain or anxiety may be apparent on swallowing and there may be pain, swell- 
ing, or crepitus over the site of the esophageal lesion. 

c. Nasal regurgitation. Esophageal spasm may cause the animal to regurgitate food 
mixed with saliva or blood through the nostrils. 

d. Signs of aspiration pneumonia (e.g., fever, tachypnea, tachycardia, harsh breath 
sounds) may be present. 

3. Etiology and pathophysiology 
a. Traumatic ulcerative esophagitis may result when the prolonged presence of a 

foreign mass in the esophagus causes a pressure necrosis. 
b. Corrosive esophagitis may result from the ingestion or administration of corro- 

sive materials. Agents that produce stomatitis (e.g., musculoskeletal counterirri- 
tants in horses) will also produce esophagitis. 

c. Reflux esophagitis occurs in simple-stomached animals and involves the retro- 
grade movement of gastric or small intestinal fluids (e.g., acid, pepsin, bile salts) 
into the esophagus. Reflux esophagitis may occur with equine small intestinal 
obstruction, anterior enteritis, gastric ulcers, or gastric outflow problems. 

4. Diagnostic plan. The diagnostic plan for esophagitis is similar to that for choke. 
After a thorough oral examination, a nasogastric tube (or orogastric tube in the case 
of ruminants) should be passed carefully into the stomach. Upon withdrawal, the 
tube should be examined for the presence of blood, ingesta, and saliva. Endoscopy 
and double contrast radiography are valuable adjuncts for determining the site and 
extent of the lesion. 

5. Laboratory tests requested would depend on the etiology of the esophagitis. 

6. Differential diagnoses are similar to those for choke (see Table 1-3). 

7. Therapeutic plan. 
a. Specific condtt~ons 

(1) Traumatic ulcerative esophagitis. Intensive, conservative therapy may be 
necessary to remove a foreign mass. High dosages of broad-spectrum antibi- 
otics may be necessary. 

(2) Reflux esophagitis. Gastric distention is treated by decompression via naso- 
gastric intubation. A histamine; (Hz)-receptor antagonist such as cimetidine 
or ranitidine may be used to decrease gastric acid secretion. 

(3) Esophageal perforations, strictures, or fistulas may necessitate surgery. 
b. Supportive therapy. NSAlDs may be helpful. Solid food should be eliminated 

from the diet until healing has occurred, then solid foods should be introduced 
gradually. Supplemental feeding via nasogastric intubation may be necessary. 

8. Complications. The sequelae to esophagitis may be similar t o  those of choke. 

i - I 
t 

DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
, followed by answers or by completions of the statement. Select the ONE numbered answer 

or completion that i s  BEST in each case. 
I 

1. Which one of the following statements re- 
garding vesicular stomatitis is true? Vesicular 
stomatitis: 

(1) is confined to horses and occasionally 
swine. 

(2) is unique in its clinical presentation. 
(3) is a European disease that is chronic and 

circulates within herds. 
(4) produces lesions that are confined to the 

mucous membranes of the mouth and 
nasal cavity. 

(5) is hypothesized to be caused by a mu- 
tated plant virus spread by insects. 

2. A major difference between foot and 
mouth disease and swine vesicular disease is 
that: 

(1) foot and mouth disease is caused by a pi- 
cornavirus. 

(2) foot and mouth disease does not affect 
swine. 

(3) swine vesicular disease is not reportable. 
(4) swine vesicular disease virus can persist 

in processed meats. 
(5) infection with swine vesicular disease is 

via the oral route. 

3. Which statement regarding bluetongue is 
true? Bluetongue: 

(1 causes disease in  ruminants and horses 
worldwide. 

(2) causes oral disease as well as coronitis 
and laminitis. 

(3) is spread by ingestion or aerosol transmis- 
sion. . 

I 
(4) responds to broad-spectrum antibiotic 

I therapy. 
(5) causes disease only in animals less than 9 

months of age. 

4. A set of common dental conditions in do- 
mestic animals includes: 

\ 
\ 

(1 ) dentigerous cysts in sheep, periodontal dis- \ 
ease, caries. \ 

(2) caps, caries, supernumerary molars. 
(3) sharp edges (or points), supernumerary 

molars, caps. 
(4) periodontal disease, dentigerous cysts in 

sheep, sharp edges (or points). 
(5) supernumerary incisors, retained incisors, 

wolf teeth. 

5. Which one of the following statements re- 
garding pharyngitis of cattle is true? 

(1) There may be a concurrent mucopurulent 
nasal discharge. 

(2) Neurologic disease would not be a differ- 
ential diagnosis. 

(3) Bacterial culture will confirm the causa- 
tive organism. 

(4) Nonsteroidal anti-inflammatory agents are 
contraindicated. 

(5) There is usually little indication of pain. 

6. Which one of the following statements re- 
garding pharyngeal phlegmon is true? Pharyn- 
geal phlegmon is: 

(1 ) caused by Candida species. 
(2) a disease of low mortality but high mor- 

bidity. 
(3) a cellulitis of the oral mucosa and 

pharynx. 
(4) most common in milk-fed calves. 
(5) responsive to oral astringents. 
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DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
negatively phrased, as indicated by a capitalized word such as NOT, LEAST, or EXCEPT. 
Select the ONE numbered answer or completion that is BEST in each case. 

7. All of the following statements regarding 
contagious ecthyma (contagious pustular der- 
matitis, orf) of sheep are true EXCEPT: 

(1) It is common. 
(2)  It is usually diagnosed on the basis of clin- 

ical findings. 
(3) It has zoonotic potential. 
(4) It can be eliminated in a flock by the use 

of systemic antibiotics. 
(5) It produces good immunity in  individuals 

against subsequent infection. 

8. Which one of the following statements re- 
garding choke in horses is NOT correct? 

(1) Sedatives are often used in acute equine 
choke to relieve esophageal spasm. 

(2) Chronic or recurrent choke responds favor- 
ably to dietary management. 

(3) Signs resembling dyspnea may predomi- ! 

nate early in the course of the condition. 
(4) Central nervous system (CNS) diseases 

should be included among the differential 
diagnoses when confronted with a case of 
possible choke. 

(5) Many grain chokes respond favorably to 
gentle intraesophageal infusions of water. 

GRS A N D  E X P L A N A T I O N S  

1. The answer is 5 [I 141. Vesicular stomatitis 
virus affects many species including cattle. 
The disease appears similar to other vesicular 
diseases (e.g., foot and mouth disease) and i s  
reportable to federal authorities. This disease 
is cyclical and seasonal in occurrence but is 
not enzootic in countries outside of tropical 
or subtropical climates. Lesions are found on 
the mucous membranes of the oral and nasal 
cavity but also on the feet and coronary band. 

2. The answer is 1 [I 1 5, 61. Foot and mouth 
disease affects cloven-hooved animals includ- 
ing swine, and whereas it is caused by a pi- 
cornavirus, swine vesicular disease is caused 
by an enterovirus. Swine vesicular disease, 
like foot and mouth disease, is reportable and 
can be transmitted through processed meats 
or other fomites via the oral route. 

3. The answer is 2 [I 1 8 bl. Bluetongue may 
cause oral disease, coronitis, laminitis, diar- 
rhea, ocular changes, abortions and congeni- 
tal defects in offspring. It is a viral disease of 
ruminants spread by biting flies or semen. Be- 
cause it is  a viral disease, bluetongue does 
not respond to antibiotics. The disease affects 
animals of all ages. 

4. The answer is 4 111 B, C ] .  Common dental 
conditions of domestic animals include peri- 
odontal disease, sharp edges (or points), super- 
numerary incisors, dentigerous cysts, wolf 
teeth, and retained molars or caps. Less com- 
mon conditions are dental caries, supernumer- 
ary molars, and retained incisors. 

5. The answer i s  1 1111 A 21. A mucopurulent 
nasal discharge and a cough may accompany 
cases of pharyngitis because dysphagia may 
cause pulmonary aspiration of feed. Pharyngi- 
tis is often accompanied by palpable swelling 
in the throat region, and the animal may hold 
its neck in extension and be reluctant to eat 
or swallow because of pharyngeal pain. There- 

fore, neurological disease (e.g., rabies) should 
be on the list of differential diagnoses. Bacte- 
rial culture does not necessarily confirm the 
causative organism in the case of bacterial 
pharyngitis due to the normal, mixed bacterial 
resident population of the pharynx. Nonsteroi- 
dal anti-inflammatory agents may hasten the 
response as inflammation is subdued. 

6. The answer is 3 [Ill A 7 bl. Pharyngeal 
phlegmon is a deep-seated cellulitis of the 
oral cavity, head and pharynx. The cause is 
poorly understood, although bacteria are be- 
lieved to be associated with the condition. It 
affects adult cattle sporadically. Mortality is 
high because this disease is difficult to treat 
and poorly responsive to any conventional 
therapy. 

7. The answer is 5 [I 1 91. Contagious ec- 
thyma (contagious pustular dermatitis, orf) can- 
not be eliminated in a flock of sheep by using 
systemic antibiotics. Antibiotics have no effi- 
cacy against the causative agent, a parapox- 
virus that maintains persistence within a flock. 
Contagious ecthyma i s  a common disease that 
is usually diagnosed on the basis of clinical 
findings. It has zwnotic potential. Infection 
produces good immunity in animals that have 
been exposed to the virus. 

8. The answer is 2 [Ill Dl. Chronic or recur- 
rent esophageal obstruction (choke) is likely 
to be attributable to internal or external esoph- 
ageal stricture; therefore, dietary management 
(such as the feeding of slurries) is usually inef- 
fective in the long term. Sedatives are often 
used in equine patients to relieve esophageal 
spasm in patients with acute choke. Signs re- 
sembling dyspnea may predominate early in 
the condition. Central nervous system (CNS) 
disorders must be ruled out when making the 
diagnosis. Many grain chokes respond favora- 
bly to hydraulic flush. 
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Chapter 2 

Diseases of the Equine Gastrointestinal Tract 
Timothy H. Ogilvie 

-nonspecific term referring to abdominal pain. In this chapter, its usage shall 
be restricted to gastrointestinal pain. 

Determiningthe severity of the colic. Colic is usually sporadic in occurrence and may 
be mild or severe, acute or chronic. Repeated bouts in the same individual are not un- 
common. 

1. Patient profile and history 
a. Some intestinal problems that produce colic appear to be age related. For exam- 

ple, meconium impactions are restricted to neonatal foals, whereas feed impac- 
tions occur more frequently in older hones. 

b. An accurate history is essential in defining possible etiologies and pathophysiolo- 
gies of medical colics. Retrospective information should include parasitecontrol 
measures, pasture size, and stocking rates. The use and work schedule for the 
horse should be explored, as should any changes in environment or feeding. A 
past and present medical history is important for diagnostic purposes as well as in- 
terpretation of presenting clinical findings. 

2. Clinical findings (Table 2-1). A complete physical examination should be attempted 
in all cases of colic to determine the site and cause of gastrointestinal pain as 
well as ruling out conditions that mimic gastrointestinal pain. The examination 
should be performed without sedation in tractable patients. If sedation is necessary, it 
should be administered only after a complete general examination has been per- 
formed because sedation will affect clinically important findings. 
a. Attitude. Colics produce attitudinal changes in the horse. Mild colics (e.g., large 

and small colon impactions) cause slight to moderate depression. Colics produc- 
ing severe depression and toxemia often result from strangulation obstructions, 
which are not medically manageable. Medical colics may produce severe pain 
and anxiety, as in the case of gastric dilatation. The horse will often continue to 
eat with mild colics. 

b. Pain and anxiety is manifested as straining, pawing, stretching, and sweating. It is 
important to determine if the pain is continuous or intermittent, static or changing 
in intensity, responsive or unresponsive to medication. 

c. Temperature. Rectal temperature readings are usually normal to slightly elevated 
with medical colics. Subnormal temperatures should alert the examiner to the 
possibility of terminal shock and toxemia. High temperatures are associated with 
infectious or septic conditions. Temperatures may be normal if there has been use 
of antipyretic drugs (e.g., dipyrone, phenylbutazone, flunixin meglumine). 

d. Respiratory rate. Respiratory rates usually increase in proportion to the amount of 
pain. Abdominal pressure creates a rapid, shallow respiratory rate and pattern. A 
metabolic acidosis associated with tissue devitalization causes an increase in the 
respiratory rate. 

e. Evaluation of circulatory status 
(1) Pulse rates reflect the nature of the colic. In the adult horse, the interpretation 

of the pulse rate is shown in Table 2-2. 
(2) Pulse quality should also be evaluated. A strong, full pulse (rather than a 

weak, thready pulse) is reflective of a mild and medically responsive colic. 
(3) Capillary refill is normal with medically responsive colics and increases with 

surgical colics (as a result of vascular compromise). 
(4) Normal mucosal color is reflective of normal circulatory status and mild or 

early colics. Congested mucous membranes indicate vascular compromise, 
fluid loss, or shock. 
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f. Digestive system examination 
(1) Abdominal contour is usually normal with medical colics. Distention is not a 

feature of serious small intestinal obstruction and most commonly is observed 
with large intestinal problems that are usually surgical in nature. 

(2) Sharp molar teeth, reflective of poor dental occlusion or improper husban- 
dry, may predispose horses to impaction colics. 

(3) Abdominal auscultation should be carried out in a comprehensive, systematic 
way. Normal to increased borborygmi usually indicate a good prognosis for 
medical management. Hypermotility indicates early intestinal distention or 
enteritis. Hypermotility, which results from ischemia or longstanding intes- 
tinal obstruction, may also be an initial response to gut ischemia. 

(4) Method of examination 
(a) During an esophageal examination, use the largest tube possible and a 

gentle technique, being careful to avoid esophageal perforation. To re- 
trieve reflux, the tube may be primed with a bolus of warm water and 
gravity flow or suction used. The pH and composition of any fluid should 
be determined, Low pH fluid (4-5) indicates a gastric source, whereas a 
higher pH  (6-7) indicates that the fluid is from the small intestine. Previ- 
ously administered medications may be found i n  the reflux (e.g., mineral 

TABLE 2-1. Physical Findings Differentiating Mild (Medical) Colics From 
Severe (Surgical) Colics 

oil). 
(b) A rectal examination, performed on patients of adequate size, is carried 

out in a systematic way, identifying normal and abnormal palpable struc- 
tures. Feces may be present or absent in the rectum, a finding that is not 
indicative of the colic type. Firm and mucus-covered feces may point to  
an impaction colic. Sand in the feces is a special case of impaction colic. 

(5) Abdominocentesis often is performed as part of the initial database of colic 
evaluation. Either a midline or paramedian site is acceptable, and the tech- 
nique is considered a minor surgical procedure. 
(a) A point 10-30 cm caudal to the xiphoid is chosen, and after the skin has 

been aseptically prepared and desensitized with a local anesthetic, either 

/ 
/ 

TABLE 2-2. Interpretation of Pulse Rate* 

Mild Colic Severe Colic 

Yawning Rolling, thrashing, self traumatization 
Straining as if to urinate Depression, dullness 
Bruxism, groaning Labored breathing 
Pawing ground Distended abdomen 
Looking at flank Sweating 
Getting up and down Attempts at vomiting 
Muscle tremors 
Possible sweating 

- 

Pulse Rate (beats/minute) 

Normal 30-39 
Mild 40-59 
Moderate 60-79 
Serious 80-99 
Severe 
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TABLE 2-3. Laboratory Findings With Normal Equine Peritoneal Fluid 1 ~ 
Mean  ran^ 

Total white blood cells ( x  1O9A) 3 1-10 
Neutrophils (%) 43 24-62 
Lymphocytes (96) 20 4-36 
Macrophages (YO) 34 17-50 
Eosinophils (96) 2 1-6 

Red blood cells ( x  101'/L) 0 . . . 
Total protein (gk) 0.1 0.05-0.1 5 
Fibrinogen (g/L) < 10 . . . 
Specific gravity 1.005 1-1.015 
Color Yellow . . . 
Turbidity Slightly cloudy . . . 

1 

a disposable 18-gauge hypodermic needle or blunt cannula is used to 
penetrate the peritoneum. When using the blunt cannula, first a stab inci- 
sion should be made through the skin with a scalpel blade to a depth of  
approximately 4 mm. 

(b) The tip of a biich catheter or teat cannula is inserted through a gauze 
sponge, which absorbs surface blood. The catheter or cannula is then in- 
serted through the incision. 

(c) Using firm steady pressure, the instrument is advanced into the perito- 
neal cavity. Usually a final "pop" is felt when the peritoneum is pene- 
trated. 

(d) Fluid should be collected in two clear tubes, one sterile and one contain- 
ing an anticoagulant, such as ethylenediaminetetraacetic acid (EDTA). 

(e) Results of fluid analysis should be normal with medical colics (Tables 2-3 
and 2-4). 

~ e d i c a l l y  manageable colics 

1. Meconium impaction 
a Patient profile and history. Meconium passage may cause some degree of  dis- 

comfort in newborn foals but is usually completed in 24-48 hours. Retention of 
meconium is the most common cause of colic i n  newborn foals. 

TABLE 2-4. Gross Observation of Abnormal Peritoneal Fluid Samples 

L 
Fluid Samples Indications 

Flocculent fluid, no odor Bacterial and toxic peritonitis seen in early infarctive disease 
Serosanguineous, no odor Leakage of RBCs, toxins, and bacteria from necrotic bowel 

into peritoneal cavity 
Sanguinous, malodorous Associated with parietal pain 
with fecal material Confirms presence of ruptured viscus 

Rectal tear 
Rarely, blood-tinged fluid is present 

Frank blocd in abdomen Usually when blood vessel is entered or splenic parenchyma 
i s  penetrated 
Rarely neoplasms, such as hemangiosarcoma, may cause 
abdominal hemorrhage 

Foals will have relatively higher rates than adult horses. RBCr = red bl,,od cclls. 
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b. Clinical findings. There may be repeated attempts by the foal to defecate, which 
is indicated by straining with an arched back, tail swishing, and restlessness. 
Foals may develop a high meconium impaction, which is  less obvious; signs of 
obstruction colic'and abdominal distention take longer to develop. 

c. Diagnosis. Impactions usually occur in the colon and rectum and can be detected 
by digital examination. Radiographs are useful for demonstratinghigh impactions. 
Sonographic imaging also may be employed to evaluate bowel content, thick- 
ness, distention, and motility. 

d. Treatment. Enemas (mild soap and water or commercial types) usually are ade- 
quate. Refractory cases may require repeated enemas, intravenous fluids, and fi- 
nally surgical exploration. 

2. Large colon impadion 
- - -  

a. Patient profile and history. This is one of the most common colic~ encountered 
in practice. Large colon impaction may be age-, feed-, or management-related 
and occurs with some repeatability in certain horses. Horses may have a history 
of dental problems, recent deworming, or feed or management changes. 

b. Clinical findings. The clinical findings are consistent with a medical colic. There 
is  often slight depression and anorexia. There are no abnormalities of tempera- 
ture, pulse, and respiration (TPR), but there is evidence of periodic visceral pain 
when the horse stretches and looks at its flank. There is decreased fecal output, 
and feces are small, firm, and covered with mucus. Fecal composition may indi- 
cate the nature of the impaction (e.g., grain, sand). Rectal examination may re- 
veal the site and the degree of the impaction. For example, the pelvic flexure is a 
common site of large colon impactions. On gastric intubation, there is  no reflux 
of stomach contents. Abdominal auscultation reveals a generalized decrease in 
borborygmi. 

c Etiology and pathogenesis 
(1 ) Physical agents 

(a) Feed-related. Course roughage may predispose the horse to improper 
digestion of feedstuffs with a resultant impaction. 

(b) Water-related. Insufficient amounts of water create a dry ingesta prone to 
impaction. 

(c) Poor teeth. Similar to poorly digestible feeds, improper mastication 
causes some impactions. 

(2) Parasitic agents. Migrating larval forms of Strongylus vulgaris interfere with 
circulation and innervation of various parts of the large intestine, which af- 
fects gut motility and leads to impactions. 

(3) Extraluminal or intraluminal agents. Extraluminal events (e.g., abscesses, neo- 
plasms, adhesions) or intraluminal masses (e.g., enteroliths) produce impac- 
tion colics. The majority of these, however, result in chronic, unresponsive 
colics that must be surgically managed. 

d. Diagnostic plan. The clinical findings often are enough to diagnose the condition 
of a larne intestinal obstruction. The response to therapy also is a valuable diag- 
nostic aid. 

e. Laboratory tests. Hematology and clinical pathology findings are normal. Abdomi- 
nocentesis, although usually not warranted, yields fluid of normal characteristics. 

f. Differential diagnoses. Differential diagnoses to consider when presented with a 
large intestinal obstruction include early surgical colics (e.g., strangulating obstruc- 
tions. nonstrannulatinn small intestinal obstructions), gastric ulcers, chronic salmo- 
nell&is, chron; livepdisease (cholelithiasis), and urolithiasis: 

g. Therapeutic plan 
(1) Analgesics. Analgesics may be indicated if discomfort levels of the horse war- 

rant. All of the following agents may be given intravenously or intramuscu- 
larly: 
(a) Flunixin meglumine: 1.1 mukg every 12 hours 
(b) Xylazine: 0.1 -1.0 mglkg as necessary 
(c) Butorphanol: 0.02-0.05 mgtkg as necessary 
(d) Detornidine: 0.005-0.03 mglkg as necessary 
(e) Pentazocine: 0.3 mg/kg.as necessaw 
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(2) Laxatives 
(a) Laxatives and wetting agents aid in softening the mass. The following 

substances are all oral medications: 
(i) Mineral oil: 2-4 L every 12 hours 
(ii) Dioctyl sodium sulfosuccinate (DSS): 10-20 mg/kg 

(iii) Bran mashes 
(b) Intravenous or oral fluids also may be employed to soften intestinal 

masses. Doses are empirical. 
(3) Surgery may be necessary if the condition persists, worsens, or if clinical 

signs become repetitive. 
h. Prevention 

(1) Revisits to the patient or a client's attention to clinical signs are necessary to 
judge the response to therapy. If repeated doses of analgesics are necessary to 
control the pain or if the pain increases in intensity or duration, the diagnosis 
of a primary medically responsive large intestinal impaction must be reas- 
sessed. A decision for surgery must be made early for the maximum probabil- 
ity of success. 

(2) Clients need to consider management changes in order to address the risk fac- 
tors (e.g., feed types, feeding techniques, access to water, dental manage- 
ment, proper parasite control). 

3. Distention colic (spasmodic or gas colic) 
a. Patient profile and history. This is a commonly diagnosed colic with similar sub- 

jective findings to other medical colics. Horses that crib (windsuck) often seem 
predisposed to distention colic. 

b. Clinical findings. As with other medical colics, there might be slight increases in 
TPR. On abdominal auscultation, there may be increased peristaltic activity, par- 
ticularly between bouts of pain. Abdominal percussion may reveal tympanic 
sounds of intestinal gas. There will be minimal reflux on nasogastric intubation. 
Often during a rectal examination, bowel distended with gas is felt. 

c. Etiology and pathogenesis 
(1) Simple distention colics result from intestinal spasm or ileus. The intestine dis- 

tends with fluid and gas cranial to the site(s) of spasm, causing visceral pain. 
Peristalsis may increase in the distended segments due to local myoelectrical 
stimulation. 

(2) The initial cause of the intestinal spasm or ileus may be related to the same 
risk factors associated with the development of simple obstruction colics (i.e., 
parasite migration, feed changes, management deficiencies). 

(3) As a special case of distention colics, horses that crib and swallow air cause 
gastric distention and pain. 

d. Diagnostic plan. The clinical findings should be compared with the degree of 
pain and response to therapy. Simple distention colics may appear similar to 
early cases of obstruction colics, strangulating obstruction colics, and nonstrangu- 
lating infarctions, which are more serious and may require surgical intervention. 

e. Laboratory tests. Laboratory values are not outside of normal ranges for this con- 
dition. 

f. Differential diagnoses. The following categories of colics and specific conditions 
are surgical in nature but early in their course may appear similar to a simple in- 
testinal distention. 
(j)  Nonstrangulating obstructions 

(a) Foreign bodies 
(b) Ascarid impactions (young animals) 
(c) Meconium impaction (foals) 
(d) Muscular hypertrophy of the ileum 
(e) Pedunculated lipomas 
(f) Abscesses 
(g) Adhesions 
(h) Neoplasms 

(2) Strangulating obstructions 
(a) Small intestinal volvulus 
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(d) Inject 10-20 ml of antibiotic as the trocar i s  withdrawn, and place the 
hone on systemic antibiotics. 

g. Prevention. The prognosis for uncomplicated cases of flatulent colic is usually fa- 
vorable. 

The large intestine of the horse has tremendous water absorptive capabili- 
ties. Diarrhea (acute or chronic) results from large intestinal pathology or pathological 
changes to the small intestine that cause an overwhelming amount of fluid and ingesta 
to be presented to the large intestine. 

.A Acute diarrhea in  adult horses - 
1. Salmonellosis 

a. Patient ~ ro f i l e  and history. Salmonellosis is usually a sporadic disease in single 
animals'unless in a referral center setting or in a barn or stable with frequent ani- 
mal movement on and off premises. Salmonellosis infection may take various 
forms. The acute diarrheic form is most often seen in weanlings and young perfor- 
mance horses that are stressed following transport, shows, or surgery. 

b. Clinical findings. Clinical salmonellosis has a spectrum of clinical expression. The 
enteric form in the adult may be asymptomatic, mild, acute severe, or chronic. 
(1) Mild infections are associated with fever, anorexia, depression, and the pro- 

duction of poorly formed feces (cow-pie). 
(2) With acute severe infections, fever and depression is seen during the first 

24-48 hours. Simultaneous with this is mild to severe abdominal pain. At this 
time, the condition can be confused with a surgical colic. Diarrhea begins 
sometime after the initial signs but may take 2-4 days to develop. Diarrhea is 
projectile, foul smelling, and persistent. Expression of diarrhea often is accom- 
panied by improvement in the other clinical signs. Horses usually continue to 
eat, but in the case of anorexic animals, the prognosis for survival is poor. 

(3) The diarrhea may persist for 3-4 weeks, at which time horses will have expe- 
rienced significant weight loss. Ventral edema caused by hypoproteinemia 
also may be a finding. Laminitis is a frequent sequela to salmonellosis. 

(4) A peracute form of enteric salmonellosis may occur; affected horses die 
within 6-1 2 hours. 

c. Etiology and pathogenesis 
(1) Etiology. Saimoneiia typhimurium is the isolate most commonly associated 

with equine diarrhea (60% of cases). The organism adheres to and invades 
the mucosa of the intestine. The development of enteritis is then dependent 
on factors such as the age of host, immune status, other stressors, and viru- 
lence of the ornanism strain. 

(2) Pathogenesis 
(a) Diarrhea and enteritis result from the effects of the bacteria and host in- . . 

flammatory mediaton (prostaglandins). There is an increased secretion of 
chloride, sodium, and water into the intestinal lumen via an increase in  
mucosal cell cyclic adenosine nmnophosphate (CAMP) content 

(b) The characteristic fever and leukopenia are caused by the release of lipo- 
polysaccharide endotoxin from the bacterial cell wall. White blood cells 
pool at the site of the infection, and protein leakage occurs across perme 
able intestinal vessel walls. 

d. Diagnostic plan. The diagnosis i s  based on clinical findings supported by labora- 
tow confirmation. 

e. &oratory tests 
(1) Hematologic findings are a neutropenia with a left shift and varying degrees 

of cellular morphologic changes (toxicityl. The albumin fraction of the TSP is 
low, althounh the total protein may be elevated or normal due to dehydra- 
tion; The PCV is elevated due to dehydration, and the horse will have a meta- 
bolic acidosis with electrolyte losses through the feces. 
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(2) Fecal culture for Salmonella may be unrewarding because of the dilution ef- 
fect of diarrhea and the adherent nature of the bacteria to the intestinal mu- 
cosa. A rectal mucosal biopsy may enhance the likelihood of culturing the or- 
ganism. 

f. Differential diagnoses include equine monocytic ehrlichiosis, intestinal clostrid- 
iosis, antibiotic-induced diarrhea, proximal enteritis, and small intestinal obstruc- 
tion. 

a. Therapeutic olan 
- (1) 07 prima'ry consideration is fluid replacement therapy, with large volumes of 

alkalinizing fluids. 
(2) The use of antibiotics is controversial and perhaps best restricted to bacter- 

emic or septicemic manifestations of salmonellosis in foals. If antibiotics are 
used in the enteric form of the disease, those with gram-negative specificity 
are recommended (e.g., gentamicin, amikacin, trimethoprim-sulfa combina- 
tions). Flunixin rneglumine is recommended for its anti-inflammatory effect. 

(3) Bismuth subsalicylate is recommended as an intestinal protectant and anti- 
prostaglandin. It turns the feces black. 

(4) Plasma transfusions may be necessary in hypoproteinemic horses. Heparin 
may be used in cases of coagulopathies [e.g., disseminated intravascular coag- 
ulation (DIC)] associated with the disease. 

h. Prevention 
(1) Horses with diarrhea should be isolated in a separate barn if possible. Care- 

takers should wear dedicated and protective clothing. A foot bath should be 
used at the entrance to the facility. Manure from cases should be handled 
and disposed of in a secure and separate way. Salmonella species are zoo- 
notic. 

(2) In-contact animals should be cultured to identify fecal shedders. External 
sources of contamination (e.g., feed) should be examined particularly if multi- 
ple serotypes appear in several animals. Monitor stablemates for evidence of 
increases in body temperature or the appearance of lassitude. A total white 
blood cell count may be performed on suspect animals, and if a neutropenia 
i s  present (which often precedes clinical signs), isolation and therapy should 
be instituted. 

(3) Most common disinfectants are effective against Salmonella species; how- 
ever, sanitation is challenging because of the difficulty of removing all or- 
ganic material. Recovered horses may become shedders, some chronically. 
However, shedding for more than 6 weeks is uncommon with most sero- 
types. 

2. Equine monocytic ehrlichiosis (acute equine diarrhea syndrome, Potomac horse 
fever) 
a. Patient profile and history 

(1) First described in the United States Northeast, this disease is now evident 
throughout North America and has been recorded in Europe. It is seasonal in 
occurrence, with summer being the most common time of incidence. Any 
age group of animal may be affected, but the disease peaks in adult animals 
at age 12 years. It is most often found in Thoroughbred horses on pasture. Fe- 
males are more at risk than males, and it is usually sporadic with single 
horses on any given farm. 

(2) The owner may report a mild depression and anorexia followed by diarrhea. 
b. Clinical findings 

(1) Cardinal signs are anorexia, fever (39.5'0, injected mucous membranes, and 
depression. A profuse, watery diarrhea commences 24-48 hours after the 
onset of fever and lasts up to 10 days in the majority of animals. Mild abdom 
inal pain with decreased borborygmi is evident. 

(2) Laminitis may be a sequela in 25% of cases. Occasional horses may show in- 
jected mucous membranes, severe abdominal distention, and abdominal 
pain. Frequently, death ensues before diarrhea develops. Abortion may occur 
in pregnant mares. 
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c. Etiology and pathogenesis. Ehrlichia risticii is the etiologic agent. The organism 
has a predilection for mononuclear cells and is hypothesized to be spread by an 
arthropod vector. 

d. Diagnostic plan. Indirect fluirescent antibody (FA) may be performed on serum 
collected at 1- to 3-week intervals. Serum should be separated promptly and sub- 
mitted cool but not frozen because freezing lowers-the antibody titre. A latex ag- 
glutination test has also been developed for diagnosis. 

e. Therapeutic plan. Supportive care is essential, as with any acute enteritis. Tetracy- 
cline at 6.6 mg/kg administered intravenously once per day (if given 24 hours 
after the onset of fever) for 5 days results in a dramatic response. Diarrhea does 
not develop. Treatment with tetracyclines after the onset of diarrhea does not 
alter the course of the disease. 

f. Prevention. Treatment is costly and often futile when full clinical signs develop. 
A vaccine, is now available that Seems to protect approximately 75% of horses. 

3. Colitis X 
a. Patient profile and history. This is a sporadic disease associated with a history of 

recent stress in adult horses. 
b. Clinical findings. A short febrile period is followed by a normal to subnormal 

body temperature. There is marked tachypnea, hyperpnea, and depression. There 
is a rapidly developing, intense dehydration and occasional abdominal pain. The 
hone may die before diarrhea is evident. 

c. Etiology and pathogenesis. The causative agent is believed to be Clostridium per- 
fringens type A. Clinical signs result from an enterotoxemia. 

d. Diagnostic plan. The condition usually is diagnosed post mortem. 
e. Therapeutic plan. Intensive therapy with massive quantities of isotonic saline and 

added bicarbonate is required to combat the dehydration and metabolic acidosis. 
Supplemental potassium therapy also may be necessary. Plasma transfusions may 
be warranted if hypoproteinemia is present. Flunixin meglumine and heparin also 
may be employed. Antimicrobial therapy may include penicillin-aminoglycoside 
or trimethoprim-sulfa combinations. 

f.. Prevention. Little can be recommended to the client to prevent or treat this highly 
fatal, sporadic disease. 

4. Antibiotic-associated enteritis 
a. Patient profile and history. There are anecdotal reports of enteritis in horses fol- 

lowing antibiotic administration. Tetracycline is the antibiotic most often incrimi- 
nated, but lincomycin, tylosin, and high doses of penicillin and erythromycin also 
have been associated with the disease. There also have been reports of diarrhea 
after the use of trimethoprim-sulfa drugs. 

b. Clinical findings. The frequency of enteritis associated with most of these drugs is 
. low enough that they continue to be used when indicated. Typical signs of acute 

enteritis develop. Signs may subside rapidly when the antibiotics are dixon- 
tinued. ... - - - 

c. Etiology and pathogenesis Antibiotics may upset the normal gut flora, allowing 
overerowth bv non~athogenic or ~athogenic bacteria. Pathogenic bacteria (e.g., - " 
salmonella, ciostridia), wien established, may have rapidly fatal consequences. 
Occasionallv. chronic diarrhea has been seen in association with Salmonella i s e  
Gted from the feces. 

d. Therapeutic plan. Discontinue the antibiotic use, and treat as other a p e  diar- 
rheas. 

5. Intbtinal clostridiosis 
a. Patient profile and histoy. The disease affects horses that are most commonly 

over 1 year of age. The disease is sporadic and may be accompanied by the his- 
tory of recent, severe stress. Although reported as a distinct condition, intestinal 
clostridiosis may be similar or identical to colitis X. 

b. Clinical findings. The disease is of peracute onset with profound depression, 
tachycardia, dehydration, and diarrhea, which is profuse and malodorous. Shock 
is evidenced by a rapid heart rate and cardiovascular compromise. Affected ani- 
mals die within 24 hours of the onset of clinical signs. 
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c. Etiology and pathogenesis. C. perfringens type A is the etiologic agent. 
d. Laboratory tests. C. perfringens counts may be performed on the feces. Labora- 

tory findings are consistent with dehydration and circulatory collapse. 
e. Therapeutic plan. Massive fluid therapy is essential for any hope of success. Anti- 

biotics are of little value, but penicillins may be employed as a logical choice for 
antibacterial therapy. 

6. Gastrointestinal ulceration [nonsteroidal anti-inflammatory drug (NSAID) toxicity] 
a. Patient profile and history. Foals and young animals are extremely susceptible to 

NSAIDs. However, older horses occasionally are affected if the manufacturer's 
recommended dosages are grossly exceeded. 

b. Clinical findings. Diarrhea is an occasional clinical finding, but more commonly 
the condition i s  associated with recurrent abdominal pain, anorexia, and weight 
loss. Oral ulceration with excessive salivation may be evident. Dependent edema 
may be a finding. 

c. Etiology and pathogenesis. NSAlDs (e.g., phenylbutazone) produce toxic side ef- 
fects if used in excess or in dehydrated horses. Organ systems most commonly af- 
fected include the gastrointestinal tract, kidneys, and hematopoietic system. Toxic- 
ity of the gastrointestinal tract results from depletion of protective prostaglandins 
(such as PE2). These prostaglandins normally decrease gastric acid secretion and 
increase the protective layer of gastric mucosa. The agents also may produce 
vasoconstriction, resulting in devitalization and ulceration of mucosa along the en- 
tire intestinal tract. Oral ulceration is caused by the local irritative effect of the 
drug. 

d. Diagnostic plan. Diagnosis is based most often on clinical findings and a history 
of long-standing or overzealous use of phenylbutazone. The diagnosis may be 
supported by endoscopy of the stomach or double-contrast gastric radiography in 
foals and ponies. These techniques reveal ulceration of the glandular portion of 
the stomach. 

e. Laboratory tests. Laboratory tests may be helpful by revealing a hypoproteinemia 
and hypoalbuminemia from protein leakage across a reduced and devitalized nas- 
trointestinal mucosa. ~ccu l t~b lood  may b i  found in the feces, accompanied by a 
lowered hernatocrit. 

f. Therapeutic plan 
(1) Discontinue all NSAIDs, and administer 1-2 @I00 kg of sucralfate orally four 

times daily and 6 mg/kg cimetidine orally, intravenously, or intramuscularly 
2-3 times per day. Ranitidine may be substituted.for cimetidine at 1-3 mg/kg 
orally twice daily or at 0.5 mg/kg intravenously twice daily. Plasma transfu- 
sions may be warranted in cases of severe hypoproteinemia. 

(2) Intravenous feeding or nasogastric intubation and alimentation may be neces- 
sary: 

g. Prevent~on. Phenylbutazone should be used with caution in ponies, younger 
horses, and dehydrated animals. Foals that are heavily parasitized or malnour- 
ished are extremely prone to toxic side effects. 

7. Fungal enteritis 
a. Patient profile and history. Fungal enteritides are sporadic in occurrence. 
b. Clinical findings. The condition is indistinguishable from other acute diarrheas. 

Cases usually present with severe toxemia, profound dehydration, and severe, pro- 
fuse, watery diarrhea. 

c. Etiology and pathogenesis. Fungal overgrowth of the gastrointestinal tract and 
lungs may occur due to immunocompromise or secondary to extensive antibiotic 
use. 

d. Diagnostic plan. There is little help for diagnosis. Fecal fungal elements occasion- 
ally may be found. 

e. Therapeutic plan. There is no known treatment 

1 Diarrhea in  nursing foals 

1. Foal heat diarrhea 
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a. Patient profile and history. Foals often develop diarrhea between 6 and 14 days 
of age. This may correspond with the dam's first postpartum estrus. 

b. Clinical findings. The foal presents with soft to watery feces, but all other signs 
are usually within normal limits. There may be mild dehydration, but foals are 
generally alert with normal appetites. The condition is most often self-limiting in 
2-3 days but may precede other diarrheas in the same foal. 

c. Etiology and pathogenesis. The etiology of foal heat diarrhea is unknown but may 
be associated with a changeover of cell type as the intestinal mucosa of the neo- 
nate matures. Other postulated but less likely causes include hormonal or nutri- 
tional alterations in the mare's milk, coprophagia, Strongyloides westeri infesta- 
tion, and alterations in intestinal microbiological flora. 

d. Diagnostic plan. The diagnosis usually is based on clinical findings without the 
need for laboratory suppott. 

e. Therapeutic plan. Therapy is dictated by the severity of the diarrhea. Uncompli- 
cated cases may be treated with simple attention to nuning care, such as washing 
the perineum and applying petroleum jelly. If diarrhea persists beyond 3 days, 
treatment with 1-2 mllkg bismuth subsalicylate four times per day orally and oral 
fluid replacement with commercial calf formulations should be considered. 

2. Nutritional diarrheas' 
a. Clinical findings. Diarrhea may range from soft feces to very watery stool. Other 

clinica1,findings are usually normal, and the foal may have a normal attitude and 
appetite. 

, b. Etiology and pathogenesis. Diarrhea may develop secondarily to the following sit- 
/ , uations: 

(1) lngestion of excessive amwnts of milk. This may occur with foals that are 
greedy eaters or when the mare and foal are reunited after a period of separa- 
tion. Normally, a milk clot forms in the stomach within minutes of ingestion, 
and the whey advances to the small intestine in gradual amounts as the clot 
contracts. Overingestion can result in excessive amounts of whey entering the 
duodenum, overwhelming absorptive capabilities and creating an osmotic 
drive towards fluid accumulation in the gut. 

(2) Abnormal nursing. Foals that ingest milk too rapidly or are fed by nasogastric 
tube experience decreased salivary secretion, which adversely affects milk di- 
lution and clot digestion. 

(3) Sudden dietary changes 
(4) Ingestion of fibrous material. Grain, forage, mare's feces, or other fibrous ma- 

terial require digestion in the immature large intestine of the foal. This p~ 
motes indigestion and diarrhea. 

(5) Carbohydrate intolerance. Young foals may have primary or secondary carbo- 
hydrate intolerance. Primary milk intolerance is relatively rare. Secondary car- 
bohydrate intolerance results from an enteric infection, which causes an in- 
crease in mucosal cell turnover. More immature cells make up the absorptive 
cell component of the gut mucosa, decreasing the disaccharidase and absorp- 
tive activities in the mucosal brush border. 

c. Diagnostic plan. The diagnosis is most often based on clinical findings and his- 
tory. Diarrhea is usually self-limiting but may be unresponsive in the case of pri- 
mary carbohydrate intolerance. 

d. Laboratory tests. Laboratory findings are unrewarding. In the case of an unrespon- 
sive milk intolerance, a lactose tolerance test may be performed. Lactose is admin- 
istered per os, and corresponding blood glucose levels are determined. 

e. Therapeutic plan 
(1) Nursing care may be the only therapy necessary in the case of short-lived 

diarrheas. Lactose intolerance presents a special case, in that continued expo- 
sure to a milk diet exacerbates the problem. 

(2) Elimination of milk and dietary replacement with hand feeding of a commer- 
cial soy-based milk supplement may be necessary until the foal can be 
weaned back on whole milk. A commercial calf diarrhea oral replacement so- 
lution may aid in the recovery. 
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(3) A conimercially available lactase enzyme preparation may be added to milk 
before feeding to partially digest lactose into its constituent monosaccharides. 

3. Antibiotic-related diarrheas 
a. Patient profile and history. Oral antibiotics, such as aminoglycosides, may kill 

normal gut flora and predispose foals to diarrhea. Systemic antibiotics with an en- 
terohepatic circulation (oxytetracycline, lincomycin, erythromycin) also have 
been shown to induce diarrhea. 

b. Clinical findings. Diarrhea may range from soft feces to very watery stool. The 
foal's appearance may range from systemically normal to significantly dehydrated 
with circulatory collapse. 

c. Diagnostic plan. The diagnosis is based on clinical signs, history, and response to 
therapy. 

d. Therapeutic plan. Stop antibiotic therapy. Oral administration of a slurry of fresh 
feces from an older horse may be beneficial in restoration of gut flora but is not 
proven for efficacy. 

4. Mechanical irritation 
a. Patient profile and history. Young or older foals may be affected by consuming 

inordinate amounts of sand or dirt. Sand has an abrasive effect on the intestinal 
mucosa, resulting in enteritis and diarrhea. Also, physical impaction may result 
from the accumulation of sediment. 

b. Diagnostic plan. Demonstration of sand in the feces aids in the diagnosis. Sand 
can be seen by mixing feces with water in a rectal sleeve, then identifying and 
quantifying the gritty sediment. 

c. Therapeutic plan. Repeated therapy is necessary. Mineral oil may be used if an 
impaction is suspected. However, for elimination of sand over time, an agent pro- 
ducing fecal bulk i s  preferable. Bran, in the case of older foals, or psyllium hydro- 
phylia muciloid is recommended at 0.5 kg1454 kg four times per day orally for 
days or weeks. 

d. Prevention. Foals or horses that actively eat soil are difficult to manage. Feeding 
from elevated mangers and ensuring adequate pasture cover may be effective in 
preventing further cases. 

5. Diarrhea caused by Strongyloides wesfen' 
a. Patient profile and history 

(1) S. westeri infestations occur when the foal ingests infective larvae in the 
dam's milk. The greatest number of larvae are shed 2-3 weeks postpartum. 
The prepatent period is 8-14 days. 

(2) It is speculated that diarrhea is associated with larval burdens. The larvae 
may cause intestinal mucosal damage and suppression of disaccharidase or 
polypeptidase production. However, foals with high fecal egg counts may 
have no evidence of diarrhea. Conversely, diarrhea may occur in foals with 
very low fecal egg counts. Thus, causation is speculative. 

b. Diagnostic plan. The diagnosis may be strengthened by the presence of S. westeri 
larvae in the mare's milk or the characteristic embryonated eggs in the foal's 
feces. 

c. Therapeutic plan. Various anthelmintics are effective against the adult parasites, 
including ivermectin at 200 pg/kg, thiabendazole at 50 m&, cambendazole at 
20 mgtkg, and oxibendazole at 10 mgikg. The daily administration of cambenda- 
zole at 30 mglkg to postparturient mares eliminates infective larvae in the milk for 
the duration of therapy. 

6. Bacterial enteric disease 
a. Patient profile and history. The incidence of bacterial-induced diarrheas in foals 

i s  much lower than in other domestic species. Generally, if bacteria cause the 
diarrhea, there is a concomitant systemic disease. These systemic conditions (e.g., 
salmonellosis, Actinobacillus equuli bacteremia) are covered in Chapter 18. 

b. Etiology and pathogenesis 
(1) Enteric colibacillosis caused by Escherichia coli has been documented but is 
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of very low incidence. Normal foal management practices may limit the oc- 
currence of this condition. 

(2) Clostridium perfringens types A, 6, and C have been associated with enteritis 
and death in foals. C. difficile may be involved in the pathogenesis of acute 
enterocolitis or a mote mild diarrhea. 

c. Differential diagnoses. Rule out causes of septicemia. 
d. Therapeutic plan. Treatment of bacterial enteric disease is as for neonatal calves 

[see Chapter 3 11 B 3 a (6)]. 

7. Viral enteritis 
a. Patient profile and history 

(1) Rotavirus is a definitive cause of diarrhea in foals. Clinical signs occur in 
foals under 3 months of age. Diarrhea can occur in individual animals or in 
farm outbreaks. Rotavirus in foals produces a profuse watery diarrhea, and 
foals mav become dehydrated, depressed, and anorexic. The diarrhea may 
last for days or weeks. 

(2) Coronavirus has been associated with diarrhea, but an etiologic relationship . . 
has not been established. 

(3) Adenovirus produces diarrhea as part of a severe clinical disease of com- 
bined immunodeficiency (CID) in Arabian foals. 

(4) Chronically affected foals become unthrifty as mucosal cell damage results in 
nutrient malabsorption. 

b. Etiology and pathogenesis. Enteric viruses produce gut pathology. Rotavirus is a 
prime example of gut pathology. The virus invades enteric mucosal cells, causing 
absorptive cell loss and compensitory crypt-cell hyperplasia with a resultant mal- 
absorptive and hypersecretory diarrhea. 

c. Diagnostic plan. The virus is shed in greatest quantity early in the infection. Diag- 
nosis depends on the demonstration of virus in the feces through electronmicros- 
copy, enzyme-linked immunosorbent assay (ELISA), or latex agglutination. 

d. Therapeutic plan. Treatment consists of nursing care and oral or intravenous 
fluids. Bismuth subsalicylate and lactobacillus culture may be administered orally. 

. Total parenteral nutrition may be indicated if diarrhea is persistent. 
e. Prevention. Rotavirus persists in the environment and may be intermittently shed 

by carriers. The disease may occur under conditions of poor hygiene, overcrowd- 
ing, or stress. Vaccination has not proven successful. Bovine colostrum, contain- 
ing rotavirus antibodies, has provided some protection. 

8. Cryptosporidiosis 
a. Patient profile and history. The disease occurs in foals less often than in calves 

but has been documented as a cause of diarrhea in foals 5 days to 6 weeks of 
as? 

b. Cl~nical findings. The diarrhea is of varying severity and self-limiting. Cryptospo- 
ridium species often act in concert with other agents, which complicates the clini- 
cal picture. Dehydration, anorexia, and weight loss all may accompany the diar- 
rhea. 

c. Etiology and pathogenesis. The protozoan parasite, C. parvum, is ingested as a 
sporulated oocyst and matures through six major developmental stages. Some mat- 
uration events occur within the cells of the distal small intestine, cecum, and 
colon. Villous atrophy with malabsorption and diarrhea result. 

d. Diagnostic plan. The disease must be differentiated from other causes of neonatal 
diarrhea in foals. 

e. Laboratory tests. Fecal oocysts can be detected by the staining of fecal smears, 
fecal flotation, or immunofluorescence. 

f. Therapeutic plan. There is no known treatment for cryptosporidiosis, and animals 
are cared for symptomatically, with oral or intravenous fluids if necessary. 

g. Prevention. The transmission of infective oocysts is through a fecal-oral route. 
Therefore, hygiene and management changes may be warranted if a number of 
foals are affected. The disease i s  a zoonosis and is of particular concern in immu- 
nocompromised people. Proper personal hygiene is imperative when handling in- 
fective cases. 
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Diarrhea in  weanlings and yearlings 
1. Parasite burdens 

a. Patient profile and history. Intestinal parasites produce diarrhea and other clini- 
cal signs relative to the parasite. Intestinal parasites are ubiquitous and, under con- 
ditions of poor management techniques, produce serious problems. 

b. Clinical findings. The clinical findings with intestinal parasite infestation include 
diarrhea, poor weight gain, unthrifty appearance, colic, depression, inappetence, 
and occasional elevations in body temperature. 

c. Etiology and pathogenesis 
(1) Parascaris equorum has a prepatent period of 10-1 3 weeks and will cause 

diarrhea if present in large numbers. Foals ingest eggs from the enviionment, 
and migrating larvae induce inflammatory lesions in various viscera. The in- 
fection is very common in foals, but a natural immunity soon develops. Eggs 
are shed by infected animals and are highly resistant to the elements. 

(2) Strongylus vulgaris and S. edentatus induce diarrhea primarily by larval mi- 
gration. The prepatent periods are 6 months and 1 l months, respectively for 
the two parasites. Foals are infected by ingesting infective eggs while grazing 
contaminated pastures. S. vulgaris more commonly causes diarrhea. 

d. Diagnostic plan. Diagnosis depends on clinical findings, laboratory tests, and re- 
sponse to therapy. 

e. Laboratory tests. Fecal egg flotation aids in the diagnosis, although negative flota- 
tions in the face of significant worm burdens may be expected before the shed- 
ding of eggs by adult worms. Conversely, the presence of strongyle eggs in the 
feces of young foals may be caused by coprophagia. 

f. Therapeutic plan 
(1) For P. equorurn, piperazine at 88 mg of baselkg is effective for the removal of 

adult worms. Foals should be dewormed at 8-week intervals to remove the 
adult worms before patency. 

(2) Several of the benzimidazoles, as well as pyrantel pamoate and ivermectin, 
are effective against S. vulgaris larvae. 

g. Prevention. An effective parasite-control program cannot be overemphasized. 
This should include deworming often and at regular intervals, pasture decontami- 
nation, and sound hygiene practices. 

2. Salmonellosis 
a. Patient profile and history. Salmonella species, most commonly S. typhimurium, 

produce an acute diarrhea or septicemia in any age horse. 
b. Diagnosis and recommendations for therapy and control are the same as for the 

adult (see II A 1). 
3. Rhodococcus egui diarrhea 

a. Patient profile and history. Affected foals range between 4-8 months of age, and 
there is usually a history of respiratory infection or R. equi isolation on the farm. 

b. Clinical findings. Feces have a variable consistency but are usually watery. 
Weight loss is common. 

c. Etiology and pathogenesis 
(1) The organism may be ubiquitous in the environment with many foals ex- 

posed; however, comparatively few foals develop clinical disease. Route of 
infection by R. equi is aerogenous [see Chapter 7 1 A 2 b (211. Bacteria also 
may gain access via the oral route. 

(2) Parasitic larval migration may spread the bacteria through the lungs or colon, 
seeding down viscera with abscesses. Gastrointestinal disease may occur with- 
out priman/ lung involvement 

(3) Gastrointestinal signs are referable to abscesses within the gastrointestinal 
wall or mesenteric lymph nodes. 

d. Diagnostic plan. A history of R. equi pneumonia on the premise aids in diagno- 
sis, but a definitive diagnosis is difficult. 

e. Laboratory tests. Fecal staining and culture may reveal R. equi; however, the or- 
ganism may be shed in the feces of normal foals. There may be an elevation in 
y-globulins and fibrinogen, as well as a leukocytosis. 
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f. Therapeutic plan. Extended therapy with erythromycin in combination with rifam- 
pin is recommended for the respiratory disease [see Chapter 7 1 A 2 b (2)  (01. 

g. Prevention. The prognosis i s  poor to grave with intestinal disease caused by R. 
equi. 

7 Granulomatous enteritis (lymphocytic-plasmacytic enteritis) 
d 

1. Patient profile and history. This condition is relatively uncommon, sporadic in occur- 
rence, and found in adult horses. There is no demonstrable breed or sex predilection. 
The history usually includes weight loss despite adequate nutrition and feed con- 
sumption. 

2. Clinical findings. Diarrhea is infrequent, but thinness of the animal is evident. The 
horse may have ventral edema. Rectal examination may reveal a roughened, friable 
rectal mucosa, thick-walled intestines, and prominent mesenteric lymph nodes or ab- 
dominal masses. 

3. Etiology and pathogenesis 
a. This condition appears to be an immunologic phenomenon that is poorly under- 

stood. It may pre;ent as a spectrum of inflammatory bowel disease in the horse. 
The bowel disease results in a malabsorption syndrome. 

b. Agents postulated to be involved in this immune-mediated condition include di- 
etary constituents, cell wall components, infectious agents (e.g., mycobacteria), 
and internal parasites (e.g., Strongylus vulgaris larvae, cyathostomes). 

c. Granulomatous changes are most evident in the mucosa of the small intestine. 
Histological examination reveals infiltration of the lamina propria by mononu- 
clear cells. Absorptive capabilities are compromised and protein leakage occurs 
into the lumen. 

4. Diagnostic plan. The diagnosis is based on history, clinical findings, laboratory data, 
and the unresponsiveness of the condition. 

5. Laboratory tests. There is marked hypoproteinemia and hypoalbuminemia. Occasion- 
ally, acid-fast organisms may be found in the feces or on rectal biopsy. Specific car- 
bohydrate absorption tests (e.g., D-xylose absorption test) may show reduced absorp 
tion capabilities. Concurrent albumin loss may be measured by labeled albumin 
clearance into the feces (chromium 51). 

6:Therapeutic plan. Therapy is not affective but is often attempted before a definitive 
diagnosis. Treatments include nutritional support, antiparasitasides, and corticoste- 
roids. 

Chronic wsinophilic gastroenteritis. This disease is similar in most respects to granule 
matous enteritis and the resultant malabsorptive process. Differences include: 

1. Incidence in younger horses 

2. The excessive infiltration of eosinophils that is found throughout the gastrointestinal 
tract, associated organs, and skin 

' C( Lymphosarcoma 

1. Patient profile and history. There is  a wide age range of affected horses, but younger 
horses are more commonly affected. 

2. Clinical findings. The clinical findings depend on the organ system involved, but if 
the gastrointestinal system is infiltrated by lymphocytes, the condition resembles 
other infiltrative diseases. If the skin or superficial lymph nodes are involved, the 
most obvious clinical finding may be cutaneous nodules. 
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3. Etiology and pathogenesis. No causative agent has been associated with this tumor 
in horses. 

4. Diagnostic plan. The diagnosis is based on clinical findings, laboratory data, and the 
unresponsiveness of the condition. 

5. Laboratory tests. Neoplastic lymphocytes may be found in a peripheral blood smear, 
A bone marrow aspirate or abdominocentesis may show neoplastic lymphocytes. 
There will be hypoproteinemia and hypoalbuminemia. Liver enzymes may be ele- 
vated with hepatic involvement 

6. Therapeutic plan. There is no treatment for this condition. 

Gastric ulcerationlgastritis (see I1 A 6 )  

Parasitism 

1. Patient profile and history. Parasitism is one of the most common causes of weight 
loss and chronic diarrhea in horses. It should not be overlooked, particularly in 
younger animals. Parasitism is most clinically significant in the young, weak, or 
stressed animal. Management factors, such as overcrowding, inadequate nutrition, 
and neglecting pasture rotation, or parasite prophylaxis all greatly impact the internal 
parasite burdens. It is most commonly a disease of populations of horses. Poor thrift 
and recurrent abdominal pain (episodes of colic) may be historical findings in individ- 
ual animals. 

2. Clinical finding. The animal may present as thin with a poor haircoat. Diarrhea of 
varying degrees is a common finding. If a rectal examination can be performed, the 
anterior mesenteric artery may feel roughened or exhibit fremitus. Inappetence, ane- 
mia, and a low-grade fever also may be present to varying degrees. 

3. Etiology and pathogenesis 
a. Large strongyles cause intestinal ischemia through the migration of larval forms 

within the walls of blood vessels supplying portions of the large intestine. Intes- 
tinal damage may also be caused directly, as larvae mature within the walls of 
the large intestine and cecum and emerge into the lumen. Ulceration and erosion 
of the cecum and colon also result from feeding of adult strongyles. 

b. Cyathostornes (small strongyles) cause less damage, except under the specific 
conditions of simultaneous maturation of many hypobiotic larvae. In this case, sig- 
nificant intestinal damage occurs with resultant diarrhea and rapid weight loss. 

4. Diagnostic plan. The diagnosis is most often made on clinical signs and environmen- 
tal and management history. Other hones on the premises often show evidence of 
harboring a parasite burden. For individual animals where verminous arteritis is con- 
sidered, ultrasonography may be an aid to diagnosis. 

5. Laboratory tests 
a. Fecal egg counts are the best diagnostic but may be negative if clinical signs are 

caused primarily by larval forms of the parasite(s). Egg counts are also affected by 
host immunity, species of parasite, and history of treatment. 

b. Clinical pathology findings of some help in individually affected animals include 
eosinophilia, an increase in &globulins, and an abdominocentesis consistent with 
chronic abscessation (macrophages with ingested bacteria, eosinophilia, increased 
protein content, increased leukocytes). 

6. Therapeutic plan. There are many effective, broad spectrum anthelmintics that may 
be used for large strongyle or cyathostome infestation. 
a. The most common and efficacious treatments are: 

(1) lvermectin paste-0.2 mg/kg 
(2) Oxibendazole-10 mglkg 
(3) Benzimidazoles plus piperazine 

b. For migrating larval forms of the strongyles producing verminous arteritis, the fol- 
lowing treatments may be employed: 
(1 )  lvermectin at 0.2 mglkg and oxfendazole at 10 mg/kg in single doses 
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(2) Fenbendazole-7.5-10 mglkg daily for 5 days 
(3) Thiabendazole-440 mg/kg daily for 2 successive days 

7. Prevention. Preventioh of heavy parasite loads revolve around recommendations that 
address pasture rotation, manure removal, and routine, effective deworming pro- 
grams. 

FJ Abdominal abscess 

1. Patient profile and history. There are few subjective findings of diagnostic note. His- 
tory and management factors may indicate parasitism as a possibility with secondary 
abscessation of vascular lesions. 

2. Clinical findings. Clinical findings are ill-thrift, fever of undetermined origin, and 
digestive disturbances (e.g., chronic abdominal pain, diarrhea, impaction colic). 

3. Etiology and pathogenesis. Agents such as Streptococcus equi and S. zooepidemicus 
may be seeded down in verminous tracts, invade the abdomen through hematoge- 
nous spread, or extend into the abdomen from the gastrointestinal tract. Abscesses 
and abdominal adhesions may affect bowel motility and produce signs of ill-thrift, 
diarrhea, fever, and inappetence. 

4. Diagnostic plan. Clinical findings are nonspecific. 

5. laboratory tests. Laboratory findings may be helpful by revealing a leukoo/tosis, neu- 
trophilia, and hyperfibrinogenemia. Protein electrophoresis may show an increased 
globulin fraction. Abdominocentesis exhibits an increase in leukocytes, protein, and 
bacteria. Culture of abdominal fluid is warranted to determine a pathogen. 

6. Therapeutic plan. Long-term antibiotic therapy is indicated. Surgical exploration may 
be warranted in select cases. 

DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
followed by answers or by completions of the statement. Select the ONE numbered answer 
or completion that is BEST in each case. 

1. What is the most common cause of colic 
in newborn foals? 

(1) Meconium impaction 
(2) Atresia ani 
(31 Atresia coli 
(4) Ascarid impaction 
(5) Gastric ulceration 

2. Which one of the following statements re- 
garding distention colics (also known as spas. 
modic colics) is true? 

4. In horses, the diarrheic form of salmo- 
nellosis and equine monocytic ehrlichiosis dif- 
fer in what way? 

(1) Fever and depression is exhibited with 
equine monocytic ehrlichiosis but not 
with salmonellosis. 

(2) Fluid replacement therapy is not neces- 
sary with equine monocytic ehrlichiosis. 

(3) Laminitis is a frequent sequela to salmo- 
nellosis but not to equine monocytic ehr- 
lichiosis. 

(4) Salmonella organisms invade the intestinal 
(1) They are accompanied by very high pulse mucosa, whereas Ehrlichia risticii invade .. - rates. mononuclear cells. 
(2) They are not at all similar in presentation (5) Salmonella are readily isolated from the 

to obstruction colics. feces of horses with salmonellosis, 
(3) They produce large quantities of gastric re- whereas Ehr/ichia ristjcii cannot be re- n .. 

TIUX. 

(4) They cause reflex intestinal atony. 
covered. 

r5) n e ~  are with greater f rquknc~  in 
5. Which statement regarding viral horses that swallow air. 
in foals is true? Viral diarrheas in foals: 

3. Which statement rwarding aroximal enteri- (1) do not produce changes to enteric cell 
tis is true? Proximal enieriti9:- ' morphology. - -~ - ~ 

(2) can be by vaccination. 
(1) causes signs of severe colic in affected (3) have been associated with infection by ro- nones. tavirus, coronavirus, and adenovirus. 
(2) may be seen in horses with a recent his- (4) are acute but very shofl-lived. 

tory of grain engorgement. (5) are diagnosed by analysis of paired serum 
(3) is best treated by observation. samples. 
(4) causes sequestration of large amounts of 

fluid in the large intestine. 
(5) is seen primarily in juvenile horses (year- 

lings). 



6. Abdominocentesis i s  often performed in 7. Which one of the following sets of clinical 1 
horses with colic. Which one of the following signs would be compatible w ~ t h  a medically 
statements i s  correct? manageable equine impaction colic? ~XRS A N D  E X P L A N A T I O N S  
(1) Peritoneal fluid with normal cell counts 

and low protein levels will be retrieved in 
cases of early, pelvic flexure impactions. 

(2) The collection of peritoneal fluid contami- 
nated with ingesta confirms the presence 
of a ruptured viscus. 

(3) The retrieval of frank blood on abdomi- 
nocentesis indicates gastric ulceration. 

(4) Peritoneal fluid can be obtained from 
most normal horses but should have a 
low total white blood cell (WBC) count 
and high protein level. 

(5) Malodorous peritoneal fluid confirms the 
presence of acute diffuse nonseptic perito- 
nitis. 

(1) A pulse of 56 beatsimin, a capillan/ refill 
time of 5 seconds, and a rectal tempera- 
ture of 36.7" C 

(2) A capillary refill time of 2 seconds, a respi- 
ratory rate of 16 breathsimin, and a nega- 
tive retrieval of fluids on gastric intubation 

(3) Peritoneal surfaces that feel granular on 
rectal palpation, a respiratory rate of 36 
breathsimin, and a negative retrieval of 
fluid on gastric intubation 

(4) Increased borborygmi on abdominal aus- 
cultation, a capillary refill time of 5 sec- 
onds, and warm feet with an easily palpa- 
ble digital pulse 

(5) Anorexia, a rigid, splinted abdomen, and 
a pulse of 76 beatslmin 

DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
negatively phlased, as indicated by a capitalized word such as NOT, LEAST, or EXCEPT. 
Select the ONE numbered answer or completion that is BEST in each case. 

8. All of the following statements concerning 
proximal enteritis of horses are true EXCEPT: 

('I) colic signs may be mild to moderate but 
the patient is often depressed and dehy- 
drated. 

(2) repeated or continuous gastric decompres- 
sion is therapeutic. 

(3) it is a condition usually found in foals or 
weanlings. 

(4) this condition is very similar in presenta- 
tion to a strangulating small intestinal ob- 
struction. 

(5) laminitis may be a complication of proxi- 
mal enteritis. 

9. Which one of the following agents is NOT 
thought to cause acute diarrhea in adult 
horses? 

(1) Enterotoxigenic Escherichia coli 
(2) Ehrlichia risticii 
(3) Clostridium perfringens type A 
(4) Salmonella typhimurium 

, (5) Clostridium difficile 

10. All of the following statements comparing 
large intestinal impaction colics to flatulent 
colics in horses are true EXCEPT: 

(1) both colic types may be feed related. 
(2) both colic types may be relieved by treat- 

ment with mineral oil. 
(3) clinical pathology findings are usually nor- 

mal with both colic types. 
(4) both colic types are seen more commonly 

in mature horses. 
(5) both colic types are usually severely 

painful. 

1. The answer is 1 I1 B 1 a]. Meconium im- 
paction is  much more common than the con- 
genital atresias in foals. Ascarid impaction 
and gastric ulceration may occur relatively fre- 
quently but in older foals. 

2. The answer is 5 11 B 3 a]. Air swallowing 
results in pain due to gastric or small intes- 
tinal distention. This is  not the only or most 
common cause of distention colic, but it will 
produce colic signs more frequently in horses 
with this vice. Distention colics do not result 
in major changes to vital signs or cause fluid 
reflux to accumulate in the stomach. Disten- 
tion of intestinal segments usually result in a 
reflex hyperperistalsis in adjacent portions of 
the bowel. Distention colics may appear very 
similar to early obstruction colics or other 
more serious colics in early stages. 

3. The answer is 2 [I B 4 a]. Grain engorge- 
ment or heavy grain feeding in adult horses is 
associated with the development of proximal 
enteritis. Colic signs are minimal with this 
condition but depression is significant. Treat- 
ment must be aggressive and consist of gastric 
decompression, large volumes of intravenous 
fluids, analgesics, and antibiotics. 

4. The answer is 4 [I1 A 1, 21. These organ- 
isms have predilection for different tissues 
even though resultant clinical signs may be 
similar. Both diseases cause horses to exhibit 
fever, depression, and often a subsequent lam- 
initis. Both require aggressive fluid replace- 
ment therapy. Salmonella species often can- 
not be easily isolated from the feces of 
affected horses because of the dilution nature 
of the clinical diarrhea and the invasive na- 
ture of the organism. 

5. The answer is 3 [I1 B 71. Rotavirus causes 
diarrhea in foals, whereas coronavirus has 
been demonstrated in the feces of diarrheic 
foals and adenovirus involved with the diar- 
rhea seen in foals with combined immunodefi- 
ciency. Viral diarrheas may be short or pro- 
tracted in duration and have not proven to be 
preventable through vaccination. Diagnosis is 
usually via examination of the feces. 

6. The answer is 1 [I A 2 f (5) (e); Table 2-3; 
Table 2-41. Peritoneal fluid findings on abdom- 
inocentesis will be normal (i.e., normal cell 
counts, low protein levels) in patients with 
early pelvic flexure impactions (medical 
colic). lngesta on abdominocentesis may indi-' 
cate rupture of a viscus or penetration of the 
intestine by the needle or cannula. Gastric ul- 
cers may bleed, but blood would be confined 
to the lumen of the gastrointestinal tract. 
Frank blood often indicates penetration of the 
spleen during the procedure. Malodorous peri- 
toneal fluid on retrieval would suggest a sep 
tic process. 

7. The answer is 1 [I A 2, B 21. A pulse of 56 
beatslmin, a capillary refill time of 5 seconds, 
and a rectal temperature of 36.7"C would be 
the clinical findings most consistent with 
equine impaction colic, which is most com- 
monly treated medically. The condition pre- 
sents with normal vital signs and little reflux 
on nasogastric intubation. The impaction may 
be palpable per rectum. Generally, increased 
respiratory rates and capillary refill times are 
associated with surgical colics. 

8. The answer is 3 [I B 41. Proximal enteritis 
(anterior enteritis, duodenitis) is most corn 
mon in adult hones, not foals or weanlings. 
The condition may be confused with a stran- 
gulating small intestinal obstruction. Continu- 
ous or periodic gastric decompression relieves 
the colicky signs and depression becomes the 
major finding. Dehydration is a reflection of 
gastric pooling of fluid and decreased fluid in- 
take. Laminitis, a common complication of 
proximal enteritis, is believed to occur second- 
ary to an endotoxemic state. 

9. The answer is 1 [II A, B 6 b (I)]. Enterotox- 
igenic Escherichia coli causes neonatal diar- 
rhea in many species and has been isolated 
from the feces of foals with diarrhea; how- 
ever, its clinical significance is unproven in 
foals and it has not been shown to be cause 
of acute diarrhea in adult horses. Escherichia 
risticii, Clostridium perfringens type A, Salmo- 
nella typhimurium, and Clostridium dificile 
have been associated with diarrhea in adult 
horses. 
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on succulent green feeds. Mineral oil can be 
beneficial in the treatment of both types of 
colics (i.e., it may coat an impaction, allow- 
ing for easier passage and it may act as an 
antifermentative in the case of flatulent col- 
ics). Clinical pathology findings are usually 
normal for both conditions and both condi- 
tions are most common in adult horses. 
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Diseases of the Bovine Gastrointestinal Tract 10. The answer is  5 [I B 2, 51. Large intes- 
tinal impactions are only mildly to moderately 
painful, whereas flatulent colics are very pain- 
ful and may appear to be surgical ih nature. 
Both colic types may be feed-related-an im- 
paction of the large intestine may be related 
to improper digestion of feedstuffs, whereas a 
flatulent colic is often associated with grazing 

Timothy H. Ogilvie 

-EsToMAcH AND ABOMASUM 

Indigestion. The primary clinical signs for this condition are anorexia and ruminal 
changes characterized by hypomotility or occasionally hypermotility. 

1. Simple indigestion 
a. Patient profile and history 

(1) Simple indigestion is a common disease in dairy cattle and less common in 
feedlot cattle and other ruminants. The condition is sporadic, usually affecting 
individual cows, but groups can be affected. This type of indigestion occurs 
more frequently in older cows, greedy eaters, or cows in advanced pregnancy. 

(2) There may be reported changes in the feeding program (i.e., quality, quantity, 
frequency) or other management changes. The owner might report that the 
cow is  off feed and down in milk production. Feed refusal may have been pro- 
gressive in that grain may have been refused first, followed by silage and hay. 

b. Clinical findings. The cow may be partially to completely anorexic. Vital signs 
[temperature, pulse, and respiration (TPR)] are normal to slightly elevated. The ani- 
mal has a normal to mildly depressed attitude. Rumen motility may be normal but 
usually i s  slightly decreased in frequency and vigor. Feces may be normal in con- 
sistency or firm, and fecal output usually is reduced. Occasionally, the rumen is 
hypermotile, resulting in feces that are looser than normal. 

c. Etiology and pathogenesis 
(1) The condition is caused by a change in rumen fermentation resulting from a 

shift in feed quality, quantity, or presentation. Some predisposing factors in 
the development of the condition include: 
(a) Sudden changes of feed 
(b) Poor feed quality (e.g., moldy, spoiled) 
(c) Animal fatigue or stress (e.g., shipping) 
(d) Prolonged antibiotic therapy 
(e) Insufficient water 

(2) Any of the predisposing factors might change the ruminal environment neces- 
sary for fermentation and microbial degradation of feedstuffs. The rumen envi- 
ronment is composed of a mixture of proteins, carbohydrates, and fluid. Bacte- 
ria and protozoa act on these substances within an environment with a pH 
and temperature that is regulated by secretion and motility. 

d. Diagnostic plan. The history, lack of specific findings other than minor gastrointes- 
tinal changes, and a knowledge of the farm husbandry usually is sufficient to make 
the diagnosis. It is often a diagnosis by exclusion of other diseases, and the ani- 
mal's recovery within 24-36 hours confirms the diagnosis. 

e. Laboratory tests. Laboratory tests ordinarily are not requested because all values 
usually appear normal. Occasionally, the cow may exhibit a "stress" leukogram. 
The rumen pH may be slightly alkaline (6-7) and show somewhat decreased proto- 
zoal activity. A mild metabolic alkalosis also may be present 

f. Differential diagnoses. Other conditions to be considered would have clinical 
signs in addition to mild indigestion. These conditions include: 
(1) Traumatic reticuloperitonitis 
(2) Abomasal displacements 
(3) Vagal indigestion 
(4) Primary ketosis 
(5) Lactic acidosis 

g. Therapeutic plan 
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10. The answer i s  5 [I B 2, 51. Large intes- 
tinal impactions are only mildly to moderately 
painful, whereas flatulent colics are very pain- 
ful and may appear to be surgical ih nature. 
Both colic types may be feed-related-an im- 
paction of the large intestine may be related 
to improper digestion of feedstuffs, whereas a 
flatulent colic is often associated with grazing 

on succulent green feeds. Mineral oil can be 
beneficial in the treatment of both types of 
colics (i.e., it may coat an impaction, allow- 
ing for easier passage and it may act as an 
antifermentative in the case of flatulent col- 
ics). Clinical pathology findings are usually 
normal for both conditions and both condi- 
tions are most common in adult horses. 

Chapter 3 

Diseases of the Bovine Gastrointestinal Tract 
Timothy H. Ogilvie 

-E~O~MCH AND ABOMASUM 

Indigestion. The primary clinical signs for this condition are anorexia and ruminal 
changes characterized by hypomotility or occasionally hypermotility. 

1. Simple indigestion 
a. Patient profile and history 

(1) Simple indigestion is a common disease in dairy cattle and less common in 
feedlot cattle and other ruminants. The condition is  sporadic, usually affecting 
individual cows, but groups can be affected. This type of indigestion occurs 
more frequently in older cows, greedy eaters, or cows in advanced pregnancy. 

(2) There may be reported changes in the feeding program (i.e., quality, quantity, 
frequency) or other management changes. The owner might report that the 
cow is  off feed and down in milk production. Feed refusal may have been p re  
gressive in that grain may have been refused first, followed by silage and hay. 

b. Clinical findings. The cow may be partially to completely anorexic. Vital signs 
[temperature, pulse, and respiration (TPR)] are normal to slightly elevated. The ani- 
mal has a normal to mildly depressed attitude. Rumen motility may be normal but 
usually is slightly decreased in frequency and vigor. Feces may be normal in con- 
sistency or firm, and fecal output usually is reduced. Occasionally, the rumen is 
hypermotile, resulting in feces that are looser than normal. 

c. Etiology and pathogenesis 
(1) The condition is caused by a change in rumen fermentation resulting from a 

shift in feed quality, quantity, or presentation. Some predisposing factors in 
the development of the condition include: 
(a) Sudden changes of feed 
(b) Poor feed quality (e.g., moldy, spoiled) 
(c) Animal fatigue or stress (e.g., shipping) 
(d) Prolonged antibiotic therapy 
(e) Insufficient water 

(2) Any of the predisposing factors might change the ruminal environment neces- 
sary for fermentation and microbial degradation of feedstuffs. The rumen envi- 
ronment is composed of a mixture of proteins, carbohydrates, and fluid. Bacte- 
ria and protozoa act on these substances within an environment with a pH 
and temperature that is regulated by secretion and motility. 

d. Diagnostic plan. The history, lack of specific findings other than minor gastrointes- 
tinal changes, and a knowledge of the farm husbandry usually is sufficient to make 
the diagnosis. It is often a diagnosis by exclusion of other diseases, and the ani- 
mal's recovery within 24-36 hours confirms the diagnosis. 

e. Laboratory tests. Laboratory tests ordinarily are not requested because all values 
usually appear normal. Occasionally, the cow may exhibit a "stress" leukogram. 
The rumen pH may be slightly alkaline (6-7) and show somewhat decreased proto- 
zoal activity. A mild metabolic alkalosis also may be present 

f. Differential diagnoses. Other conditions to be considered would have clinical 
signs in addition to mild indigestion. These conditions include: 
(1) Traumatic reticuloperitonitis 
(2) Abomasal displacements 
(3) Vagal indigestion 
(4) Primary ketosis 
(5 )  Lactic acidosis 

g. Therapeutic plan 
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(1) Often, little if any therapy i s  necessary. Many owners diagnose the condition 
themselves, treating the animal with over-the-counter rumenatorics or provid- 
ing good quality feed and water. 

(2) Rumenatorics may'contain nux vomica, capsicum, ginger, and tartar emetic. 
There is little need for rumen stimulants such as neostigmine. Cathartics, such 
as magnesium hydroxide (MgOH) or magnesium oxide (MgOf, should be 
avoided because they exacerbate the mild metabolic alkalosis that may al- 
ready be present. MgOH or MgO would be indicated if the rumen pH i s  
below 5.5. If a primary cathartic is indicated, a better choice would be magne- 
sium sulfate (500-1000 g orally). 

(3) The best treatment is the provision of quality, long-stemmed hay and fresh 
water. The owner should monitor the animal's response and request a revisit 
24 hours later if there is no improvement. 

(4) If the animal does not respond within 24 hours, a clinical examination should 
be performed again. If the diagnosis is still .simple indigestion, consider a 
rumen transfaunation with 1-2 L of fresh rumen juice. Before performing the 
transfaunation, clinicians may wish to adjust the rumen pH to physiological 
levels by administering alkalinizing agents (in the case of an acid rumen) or 
acidifying agents (vinegar 1-2 L orally) if the rumen pH is more than 7. 

h. Prevention. For prevention of this condition, the client should be instructed to min- 
imize sudden dietary changes and avoid damaged, spoiled, or contaminated feed. 

2. Lactic acidosis (ruminal acidosis, acute grain overload, acute rumen impaction, 
rumen overload, ~-1actic acidosis, grain engorgement, toxic indigestion, acid indiges- 

' tion) 
a. Patient profile and history 

(1) Any ruminant is susceptible to lactic acidosis. Dairy and beef cattle seem to 
be most commonly affected possibly because of their representative numbers 
or husbandry and intensive production practices. 

(2) Patient history includes access to highly fermentable feed. The offending sub- 
stances are highly soluble carbohydrates such as finely ground grains (e.g., 
wheat, barley, corn), apples, pears, potatoes, bakery products, beets, whey, 
and brewers grain. 

(3) There may be a history of poor feeding management or inconsistent concen- 
trate feeding. 

b. Clinical findings are variable and depend on the amount of feed consumed, feed 
composition, feed particle size, and previous adaptation of the animal to the ra- 
tion. Clinical syndromes may vary from acute and severe to mild and similar to 
simple indigestion. A chronic form of lactic acidosis may also occur. 
(1 ) Acute severe cases 

(a) Clinical signs appear 12-36 hours after the feed is consumed. Symptoms 
include anorexia, lethargy, depression, muscle tremors, and ataxia. 

(b) The animal is dehydrated (8%-12%), resulting in loss of skin turgor and a 
dull, sunken eye. There is severe ruminal distention, rumen stasis, and 
fluid splashy rumen contents. The animal may exhibit bruxism and 
grunting. 

(c) Body temperature initially increases and then falls. There is tachycardia 
and a rapid, shallow respiratory pattern. Dairy cattle have a severe drop 
in milk production. The animal may appear blind, with a sluggish palpe- 
bra1 and eye preservation reflex. 

(d) It may take 24 hours for diarrhea to develop, but the feces then appear 
foamy and liquid with an acid smell and a yellow-brown or grey color. 
The feces may contain undigested feed material (e.g., grain). 

(e) The animal continues to deteriorate, becoming recumbent, comatose, and 
finally dying. 

(2) Subacute cases. The pattern of clinical findings is similar to the acute cases 
but less intense. 

(3) Chronic cases 
(a) Repeated episodes of subacute rumen acidosis may be associated with 
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herd problems of subclinical disease (e.g., laminitis, low-fat milk syn- 
drome, liver abscesses, chronic rumenitis, chronic indigestion). 

(b) Individual episodes of indigestion appear mild and similar to simple indi- 
gestion or subacute indigestion. Animals appear bright and alert but with 
transient anorexia and decreased effective rurnen motility. The rumen 
may be slightly distended. Feces are grey and porridge-like. Dairy cattle 
experience decreased milk production. 

c. Etiology and pathogenesis 
(1) Normally, there is a balance of cellulolytic and carbohydrate-using bacteria 

within the rumen. The ingestion of excess carbohydrates or sugars promotes 
growth of lactic-acid-producing and -using bacteria within the rumen. Al- 
though lactate is used rapidly, the amount that accumulates plus the rppid fer- 
mentation of carbohydrates and the accumulation of volatile fatty acids (VFAs) 
drop the rumen pH. This decrease in pH kills rumen protozoa and microbes, 
including the initial lactate users. These organisms are replaced first by Strepto- 
coccus bovis and then by lactobacilli and gram-positive rods. The pH contin- 
ues to fall with the further lactobacilli production of D- and L-lactic acid. 

(2) Finely ground feeds increase the surface area exposed to bacteria for fermenta- 
tion. These feeds also decrease the amount of saliva secreted by the animal, 
which lessens the amount of buffer flowing into the rumen. Although both D- 

and L-lactic acid are absorbed through the rumen wall, only L-lactic acid can 
be metabolized by the ruminant, leaving the D-lactic acid to be eliminated. 
Therefore, D-lactic acid builds up and creates the systemic acidosis. 

(3) Feed fermentation, decomposition of the feed into very fine particles, and the 
lactic acid all increase the rumen osmolality. The accumulation of VFAs pro- 
duce rumen stasis. Extracellular water flows into the rumen, producing rumen 
distention, diarrhea, and dehydration. These conditions lead to hypovolemia, 
circulatory collapse, metabolic acidosis, and death. 

(4) If the animal survives the initial bout of lactic acidosis, the high rumen acidity, 
hypertonicity, and corrosive nature of lactic acid produce a chemical ru- 
menitis. This condition allows rumen-associated bacteria and fungi to invade 
the rumen wall and hepatic portal system. 

(5) Sequelae include rumen wall necrosis, hepatic abscess, and peritonitis. The re- 
lease of toxins may produce laminitis, abomasal disorders, and cardiac, renal, 
and hepatic damage. 

d. Diagnostic plan. The diagnosis often is determined based on clinical findings sup  
ported by a history of overeating or sudden dietary change. A sample of rumen 
fluid should be retrieved and analyzed. 

e. Laboratory tests 
(1 )  Laboratory support is rarely necessary in acute cases where there is a reliable 

history. The most valuable laboratory aid is an evaluation of rumen content for 
subjective findings, pH, and protozoal activity. 

(2) The rumen fluid retrieved by orogastric intubation is milky grey and watery 
with an acid smell. The pH is variable, depending on time and diet, but it is di- 
agnostic if less than 5.0. A wet mount shows no live protozoa. A Cram stain 
shows Streptococci with a predominant population of gram-positive rods and 
other mixed, mainly gram-negative, morphologic forms. 

(3) Hematologic work-up. A leukogram reveals a degenerative left shift. Hemocon- 
centration is evident on a packed cell volume (PCV). A chemistry panel shows 
an increase in blood urea nitrogen (BUN) and creatinine, hypocalcemia, hypo- 
magnesemia, and hyperglycemia. 

(4) Urinalysis shows decreased volume, increased specific gravity, aciduria, and 
glucosuria (often a diagnostic indicator in sheep). If available, a blood gas anal- 
ysis confirms a metabolic acidosis. 

f. Differential diagnoses. Lactic acidosis may appear similar to many other septic or 
toxic conditions including: 
(1) Septic mastitis or metritis 
(2) Acute diffuse peritonitis 
(3) Parturient paresis 
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14) Poisoning bv lead, salt, arsenic, or nitrate 
(5) ~nterotoxemia 

g. Therapeutic plan. It is often difficult to determine therapeutic intensity with acute 
lactic acidosis, parti~ularl'~ early on when the full range of clinical signs has not 
been manifested. Some guidelines for treatment follow. 
(1 )  There has been access to carbohydrates but the animal(s) has not shown clini- 

cal signs. 
(a) Prevent further access to feed, and offer free choice, good quality hay. 
(b) Exercise the animal(s) hourly for 12-24 hours to encourage movement of 

ingesta through the digestive tract. 
(c) Administer 1 g/kg of magnesium oxide, magnesium hydroxide, or sodium 

bicarbonate orally. 
(2) The animals show anorexia and depression within 6-8 hours of feed con- 

sumption. 
(a) Surgery. Perform a rumenotomy if the value of the animal warrants the 

procedure and if the case is still a good surgical risk. Tachycardia (greater 
than 140 beatslminute), dehydration, a subnormal body temperature, and 
severe depression indicate a poor prognosis for recovery. Couple surgery 
with fluid therapy for metabolic acidosis (e.g., Ringer's Lactate with so- 
dium bicarbonate), and supply a rumen transfaunation. Other supportive 
theraoies include calcium, thiamine, and nonsteroidal anti-inflammatory 
drug;(~s~1~s). 

(b) Recommend that the animal be slaughtered if economics do not dictate 
surgery and the animal will pass an antemortern and post-slaughter inspec- 
tion. 

(c) Other treatments. Other less predictable or efficacious treatments include 
rumen lavage via rumen trocar, systemic or oral antibiotics to limit rumi- 
nal bacterial growth, and oral iodine-based disinfectants to kill rumen mi- 
crobes. Because of the potential for a large number of animals to develop 
lactic acidosis simultaneously, the use of a large-diameter stomach tube 
(Kingman tube) to lavage the rumen may be both economic and benefi- 
cial. 

(3) Animals with chronic lactic acidosis. Individual animal treatment is often un- 
successful and usually not warranted. This is most commonly reflective of a 
herd problem and should be addressed in a preventive manner. 

h. Prevention 
(1) Management strategies. Recommendations should revolve around ration and 

feeding management. Keep feed quality and practices consistent. Avoid abrupt 
changes and gradually adapt the rumen to concentrates. When introducing 
new concentrate or carbohydrate forms, prefeed animals with hay. Prevent ac- 
cidental access to feeds by maintaining good animal holding facilities. 

(2) Feed content. Maintain a minimum crude fibre content of 14% of total digesti- 
ble nutrients (TDN) for fattening cattle and 18%-22% for dairy cattle. 

3. Vagal indigestion (chronic or vagus indigestion, Hoflund's syndrome). Vagal indiges- 
tion refers to a group of conditions that cause forestomach outflow problems. One 
possible cause of these problems is vagal nerve dysfunction, although this dysfunction 
has not been proven to be necessary or sufficient to cause the condition. The classifi- 
cations of forestomach disturbances encompassed by vagal indigestion differ from au- 
thor to author. Therefore, this section discusses the syndrome as a whole and deline- 
ates subtypes as necessary for diagnosis, therapy, and prognosis. 
a. Patient profile and history. Although any ruminant may be affected, this type of in- 

digestion is most common in adult dairy cattle. History may include mild but re- 
peated bouts of transient indigestion with signs of anorexia, decreased milk produc- 
tion, mild bloat, weight loss, abdominal distention, and decreased amounts of 
manure. An episode of traumatic reticuloperitonitis (TRP) may be reported as an 
historical event. 

b. Clinical findings. A distended abdomen is often a cardinal sign. The distention 
may be bilateral with gas distending the upper left flank, while fluid distends the 
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ventral right quadrant. The rurnen is often hypermotile with frequent but weak con- 
tractions. The animal is often in poor condition. Vital signs are usually normal but 
occasionally, a bradycardia is evident (40-60 bpm). 

c. Etiology and pathogenesis 
( 1 )  Vagal indigestion is most often described as a sequela to traumatic reticuloper- 

itonitis, although the syndrome is also associated with tumors (e.g., lymphosar- 
coma of the abomasum) and abomasal torsion. 

(2) If adhesive lesions around the reticulum either interfere with vagal nerve func- 
tion or the mechanics of reticular movement, then reticulorurriinal cyclical ac- 
tivity and eructation waves are compromised, resulting in ruminal gas reten- 
tion or free gas bloat. In this case, there are no other abnormalities, and the 
animal will improve transiently if the gas is removed via orogastric tube and re- 
cover fully if a rumen fistula is installed. 

(3) If failure of ornasal transport occurs, ingesta from the ruminoreticulum is not 
properly conveyed to the abomasum, and long (2-4 cm) fiber may be found 
in the manure. Fluid builds up in the rumen, and although acid-base status re- 
mains normal, the animal becomes mildly dehydrated. The prognosis for a re- 
turn to function is guarded. The lesion causing the condition i s  either a func- 
tional or physical obstruction of omasal outflow. Examples of physical 
obstructions include ingested foreign bodies (baling twine, plastic bags, pla- 
centa) or spaceaccupying lesions (tumor). 

(4) Abomasal impaction may be another manifestation of the syndrome and re- 
sults from obstruction at the pylorus with conditions such as lymphosarcoma. 
This impaction also may occur secondary to abomasal torsions, where it is pos- 
tulated that abomasal stretching and visceral compromise impairs gastric motil- 
ity. The abomasum becomes distended with hard ingesta. A hypochloremic, 
metabolic alkalosis results due to reflux and pooling of gastric chloride ion in 
the rumen. This "chloride trap" makes it unavailable for reabsorption in the 
proximal small intestine. 

(5) Primary abomasal impaction may occur in beef cattle on a coarse roughage 
diet with limited access to water and in calves suffering from abomasal tricho- 
bezoars or phytobezoars. These conditions are not usually considered as part 
of the vagal indigestion syndrome. 

(6) The final manifestation of the syndrome is chronic indigestion associated with 
advanced pregnancy. The gravid uterus may occupy enough abdominal space 
that it interferes with forestomach outflow. It may also exacerbate reticular ad- 
hesions or abomasal outflow restrictions, resulting in ruminal distention. The 
prognosis with this condition is often fair to good following parturition. 

d. Diagnostic plan 
(1) The set of clinical signs, chronicity, and continued lack of response to any 

treatment for simple indigestion is usually sufficient to diagnose vagal indigec 
tion. The presence of a metabolic alkalosis often implicates the abomasum in 
the syndrome but this is not invariable. 

(2) Differentiation of the causes may depend on findings on exploratory laparot- 
omy; however, mixed conditions do occur and lesions are not invariably pres- 
ent. The poor response to interventive therapy with many of these cases often 
makes a morphologic diagnosis unnecessary. 

e. Differential diagnoses. It is often necessary to rule out simple indigestion and 
many other causes of decreased fecal output and abdominal distention (e.g., ab- 
omasal displacement, hydrops). Vagal indigestion is often a diagnosis of exclusion. 

f. Therapeutic plan 
(1) Surgical exploration is often used in valuable animals as an aid to diagnosis 

and therapy. In cases of free gas bloat, the creation of a rumen fistula often en- 
ables a return to ruminal function while the underlying lesion heals. Indwell- 
ing rumen trocars have been used to relieve the bloat but are less reliable than 
surgery. The prognosis for vagal indigestion involving omasal or abomasal dys- 
function is relatively poor, so slaughter should be considered as an option in 
these cases. 

(2) In cases where exploratory surgery has been performed, further surgical inter- 
vention depends on findings. Foreign bodies (in the abomasum or fore- 
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stomach) should be removed, abscesses adherent to the reticulum can be 
drained into the reticulum, and softening agents (e.g., mineral oil) can be in- 
stilled into the abomasum by an orogastric tube directed through the oma- 
sal-abomasal orifice intraruminally. 

(3) Supportive therapies include: 
(a) Rumen transfaunation (repeated treatments may be necessary) 
(b) Supportive feeding either by rumen fistula or an indwelling nasogastric 

tube that has been placed into the abomasum at surgery 
(c) Intravenous fluids 
(d) Calcium salts intravenously or subcutaneously 
(e) Potassium chloride at 30-60 g orally twice a day .-, 
(0 Exercise 

g. Prevention. There is little that can be done to prevent vagal indigestion. However, 
if chronic reticular adhesions indicate that traumatic reticuloperitonitis may be oc- 
curring in a herd, it would be good to administer magnets to breeding-age heifers 
as a preventive. Other measures to prevent foreign body or feed impactions from 
occurring should be implemented by decreasing access to indigestible substances 
(e.g., rope, twine, plastics). 

4. Abomasal impadion 
a. Patient profile. Primary abomasal impaction occurs most commonly in beef cattle 

and is  most often seen in pregnant cows. 
b. Clinical findings. Animals present with anorexia, scant feces, variable dehydration, 

and moderate abdominal distention. The distended, hard abomasum may be pal- 
pated in the lower right abdomen. 

c. Etiology and pathogenesis. The pathogenesis is most commonly one of excessive 
intake of poor quality roughage at times of increased energy needs (i.e., preg- 
nancy, winter months). Mechanical obstruction by a foreign body or pylor~c mass 
is another cause. Obstruction results in excessive accumulation of rumen chloride, 
causing a metabolic alkalosis. A progressive starvation ensues. 

d. Diagnostic plan. The diagnosis is based on clinical findings. The condition ap- 
pears similar to vagal indigestion but is often a herd problem. Laboratory informa- 
tion helps narrow the diagnostic possibilities. Exploratory surgery confirms the con- 
dition. 

e. Laboratory tests show metabolic alkalosis, hypochloremia, hypokalemia, and he- 
moconcentration. 

f. Therapeutic plan 
(1) By the time clinical signs develop, treatment usually is unrewarding. Slaughter 

of meat animals may provide some economic return. 
(2) Measures undertaken for selected individuals include induction of parturition, 

surgery, softening agents per os, and supplemental nutrition. However, rarely 
are these heroic measures effective. 

g. Prevention. Recommendations for prevention include provision of adequate 
amounts of nutrition for maintenance and pregnancy, particularly in the cold win- 
ter months. Nutritional counseling may be necessary for owners trying to maintain 
cattle on low-input regimens. The importance of good quality drinking water 
should not be overlooked. 

Bloat (ruminal tympany) 

1. Acute bloat Acute or sudden-onset bloat can be divided into two types: frothy bloat 
and free gas bloat. 
a. Patient profile and history. Bloat occurs more commonly in cattle than other rurni- 

nants, and certain individual cattle may be more susceptible than others. 
(1) Frothy bloat is often associated with dairy cows that recently have been 

turned out on new-growth, lush pastures (e.g., alfalfa, clover). Several animals 
may be affected. Feedlot cattle can also develop frothy bloat when more than 
50% of their ration is being consumed as concentrate. 

(2) Free gas bloat is associated with a history of feeding whole or only partially 
chopped solid feeds (e.g., potatoes, apples, turnips). 
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b. Clinical findings. Animals present with severe abdominal distention and increased 
TPR. The distention initially i s  restricted to the left dorsal abdominal quadrant, but 
in severe cases the right flank will also distend. The rumen may be hypermotile or 
hypomotile. Animals have excessive salivation and are anxious. Animals will 
mouth-breathe, become recumbent, and quickly die. 

c. Etiology and pathogenesis 
(1) Frothy bloat i s  associated with legume consumption. 

(a) It is thought that the fine, thin leaf structure of certain varieties of legumes 
coupled with tender growth (early or late season) allows for more rapid 
bacterial degradation and intraruminal particle suspension. Chloroplast re- 
leased from the legume leaf forms monomolecular foams that trapgas bub- 
bles. These foams have great surface tension and are highly stable. 

(b) The result is that small gas bubbles do not coalesce, the cardia or the fore- 
stomach cannot be cleared of this foam, and the animal is unable to eruc- 
tate. 

(c) A stable froth can also be formed in feedlot animals consuming a primar- 
ily finely ground grain diet. In this case however, a mucoprotein slime sta- 
bilizes the foam. This foam is stable at a low pH created by lactate and 
VFA production. Salivation is decreased because of the fine grind of the 
diet, which also lessens intraruminal buffering. 

(2) Free gas bloat may have a variety of causes. The most common cause is in- 
traesophageal obstruction with solid objects, such as apples or potatoes. Ex- 
traesophageal masses may also cause the build up of intraruminal gases. Ab- 
scesses caused by perivascular injections, Hypoderma lineaturn reactions, and 
cervical neoplasia can all constrict the esophagus. Certain postures or diseases 
also can produce a functional free gas bloat. Examples include milk fever and 
tetanus. Moderate free gas bloat also may be a finding in vagal indigestion 
(see I A 3). 

d. Diagnostic plan. An accurate history and the passage of an orogastric tube rapidly 
determines whether the condition is one of abdominal distention resulting from the 
accumulation of ruminal free gas or froth. If the tube cannot be passed, then the 
likely diagnosis i s  free gas bloat due to esophageal obstruction. If the tube can be 
passed but ruminal gas is not readily forthcoming, then frothy bloat is likely. Re- 
move the tube and look at its end for evidence of froth. A reading of the foam pH 
further defines the type of frothy bloat; a feedlot bloat should have a pH of less 
than 5.5. 

e. Differential diagnoses. If the diagnosis is not one of bloat, other causes for abdomi- 
nal distention to rule out include ascites, acute diffuse peritonitis, and hydrops. 

f. Therapeutic plan 
(1) Acute bloat is one of the true medical emergencies in bovine practice. Ani- 

mals can die rapidly and many may succumb before the owner is aware of the 
problem, particularly if cattle have been turned out to new pasture for an 
unobserved length of time. In the case of free gas bloat, lethal ruminal pres- 
sures also build up very rapidly. 

(2) With frothy bloat, pass an orogastric tube and administer an oil to reduce the 
surface tension of the foam and allow the gas bubbles to coalesce. Either min- 
eral oil at 1 UlOO kg orally or dioctyl sodium sulfosuccinate (DSS) in peanut 
oil at 17-66 mgfkg orally may be used (150-600 m11450 kg animal). The treat- 
ment should be satisfactory and sufficient if the animal is still standing and not 
showing evidence of respiratory or cardiac failure. If the animal is in a deterio- 
rating clinical condition, an emergency rumenotomy is warranted. 

(3) With acute free gas bloat due to an intraesophageal mass, the orogastric tube 
may force the obstruction into the reticulum. Should this not occur, trocariza- 
tion of the rumen and either an indwelling trocar or fistula is placed to allow 
continued escape of gas while the mass softens and hopefully moves along. 
Post-surgical penicillin (22,000 IUlkg twice daily intramuscularly) should be 
used. Many masses block the esophagus just posterior to the pharynx. These 
can often be retrieved manually or with the aid of a wire loop to snare the 
object. 
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(d) Right paramedian percutaneous toggle pin (bar suture) fixation 
h. Prevention 

(1) Management strategies. Many clients tend to live with the problem of LDA as 
a trade-off because the;/ are satisfied with herd production levels, happy with 
their feeding management [e.g., total mixed ration (TMR), corn silage], or con- 
tent with their herd genetics (i.e., large, high-producing cows). The best advice 
if a client wishes to decrease the incidence of the disease is to incorporate 
more long-stemmed fiber in the ration, provide exercise for stabled cows, feed 
animals more frequently with the ration divided, and limit postpartum diseases 
(e.g., milk fever, metritis). 

(2) For the individual cow with LDA, most farmers are able to diagnose the condi- 
tion themselves after seeing a few cases. However, these clients may need to 
be reminded that prompt correction of the condition returns the cow to a 
more economic production unit faster. 

2. Right displacement of the abomasum (RDA) 
a. Patient profile and history (see I C 1 a) 
b. Clinical findings are similar to LDAs, but the ping is on the right side. In the case 

of a large distention of the abomasum, the displaced viscus may be felt per the 
rectum. 

c. Etiology and pathogenesis (see I C 1 c) 
d. Diagnostic plan. The diagnosis is based on clinical findings. An aspirate of fluid 

from within the viscus (e.g., a Liptak test) may be beneficial for diagnosis. 
e. Differential diagnoses. Other conditions that produce a right-sided ping include: 

' (1) Colonic gas 
(2) Gas in the rectum 
(3) Cecal dilation 
(4) Cecal torsion 
(5) Abomasal torsion 
(6) Pneumoperitoneum 
(7) Physometra 

3. Therapeutic plan 
(1) Medical management may be attempted with smooth muscle stimulants, but 

surgery is the treatment of choice. Some sources think that surgety should not 
be delayed because the RDA might progress to an abomasal torsionlvolvulus. 
Rolling the cow i s  contraindicated in RDA cases because an abomasal 
torsionlvolvulus may result. 

(2) Surgery is either a right flank omentopexy or a right paramedian abomaso- 
PexY. 

3. Right abornasal volvulus (right torsion of the abomasum, abomasal torsion) 
g. Patient profile and history. Subjective findings are similar m LDA and RDA, al- 

though in many cases, an abomasal volvulus may occur in animals other than the 
early postpartum cow. Sudden agalactia and anorexia are indications. 

b. Clinical findings 
(1) Appearance. The animal is markedly depressed and may show bruxism or 

grunting. There may be wme evidence of pain or discomfott, such as treading, 
but this condition is not as painful as other intestinal accidents. 

(2) A high-pitched ping is evident over a large area on the right side from the 
eighth rib to the paralumbar fossa. Fluid may be succussed within the dilated 
viscus. The cow will be dehydrated as evidenced by a skin tent and sunken 
eye. Tachycardia is evident (usually 100 bprn], and the pulse is weak. 

(3) There is complete rumen stasis possibly with a mild bloat on the left from a 
gas cap. Feces are scant. There may be only mucus in the rectum, and occa- 
sionally, with a concurrent abomasal ulcer, there may be melena. 

(4) Rectal examination. The volvulus often can be palpated rectally in the right ab- 
domen. RDA can progress to a volvulus by either a clockwise or counterclock- 
wise twist (when viewing the animal from the side). A torsion can occur 
around the long axis of the abomasum. Various combinations can be found. If 
twisted long enough or to a large enough degree, the abomasum becomes con- 
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gested, hemorrhagic, and infarcted due to occlusion of gastric circulation. As 
the organ becomes devitalized, the cow goes into shock and dies. 

( 5 )  Acid-base changes accompany an abomasal volvulus. 
(a) In the early condition, abomasal outflow of HCI i s  compromised, and re- 

flux occurs into the rumen. The rumen effectively traps H+ and CI- ions. 
K+ ions are lost in the urine in deference to H+-ion retention, creating in 
total a hypochloremic, hypokalemic, metabolic alkalosis. 

(b) In the advanced condition, a metabolic acidosis may be found related to 
the state of shock of the animal. 

(6) Occasionally, the omasum is involved in the abomasal volvulus (omasal-abo- 
masal volvulus), which increases the gravity of the prognosis. 

c. Etiology and pathogenesis. Dilation is thought to precede torsion of the volwlus 
and is hypothesized to be caused similarly to LDA and RDA. Mechanical events 
may cause torsion in the volvulus of the distended abomasum. 

d. Diagnostic plan. Diagnosis of the condition is based on clinical findings and labo- 
ratory tests. A Liptak test is helpful in determining the affected organ. 

e. Laboratory tests 
(1) Laboratory findings that support the diagnosis include: 

(a) An aspirate of a low pH fluid from the viscus 
(b) A toxic leukogram to varying degrees 
(c) A metabolic alkalosis (in late stages, a metabolic acidosis) 
(d) Evidence of dehydration and prerenal uremia [PCV, total protein (TP), 

BUN] 
(el A paradoxical aciduria as K +  ions are excreted in the face of whole-body, 

H+-ion deficiency 
(2) As the plasma anion gap increases, the prognosis for recovery decreases. 

f. Differential diagnoses. It is necessary to rule out other causes of abdominal pings 
that result in an animal's sick appearance. Conditions to be ruled out include: 
(1) Cecal volvulus/torsion 
(2) Mesenteric root torsion 
(3) Small intestinal obstructions 
(4) Acute diffuse peritonitis 

g. Therapeutic plan 
(1) Immediate surgical intervention coupled with fluid therapy is indicated. 

(a) Surgical approaches are a right flank omentopexy or a right paramedian 
abomasopexy. 

(b) Intravenous fluids include isotonic sodium chloride and dextrose for vol- 
ume expansion (likely 20-80 L), followed by a slow drip of potassium 
chloride (1 mEqlkglhour), sodium chloride, and dextrose. Balanced electro- 
lyte solutions are indicated for shock and metabolic acidosis. 

(c) Other supportive treatments, depending on the case, include antibiotics, 
corticosteroids, and NSAIDs. 

(2) Salvage instead of surgery may be indicated if dictated by economics and if 
the animal will pass anternortern and post-slaughter inspection. The systemic 
involvement of the animal often dictates against this. 

h. Prognosis. The prognosis for an animal depends on the degree of abomasal com- 
promise determined at surgery. In some cases that recover, abomasal torsion is as- 
sociated with the subsequent development of vagal indigestion. 

4. Cecal dilation or cecal volvulus 
a. Patient profile and history 

(1) Cecal dilation and cecal volvulus are conditions that occur most commonly in 
mature dairy cattle in the first 2 months postpartum. These conditions are 
more common in the winter months and show no breed predisposition. 

(2) The farmer reports that the cow is partially to completely anorexic with a drop 
in milk production. The herd ration is often a high grain diet rich in carbohy- 
drates such as corn silage or high-moisture corn. It may be fed as a total 
mixed ration (TMR). The clinical signs usually are reported as moderately 
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progressive and not sudden in onset unless a dilation has converted into a tor- 
sion, in which case signs deteriorate rapidly. 

b. Clinical findings 
(1) Cecal dilation. With a cecal dilation, the vital signs are usually normal. The 

animal may tread, indicating mild pain. Feces may be somewhat loose and de- 
creased in amount. The right paralumbar fossa may be slightly distended, and 
a ping is auscultated in the right flank caudal to the site for RDA. Rumen motil- 
ity i s  decreased in rate and strength. Rectal examination confirms the diagno- 
sis, as the apex of the cecum will be felt at the pelvic inlet. 

(2) Cecal volvulus. A cecal volvulus offers more dramatic clinical signs than a 
cecal dilation. The pulse is elevated, and there i s  complete agalactia, rumen 
atony, and absence of manure. The cow exhibits abdominal pain by shifting 
hind-end weight, kicking at the abdomen, and frequent lying down and rising. 
The right paralumbar fossa may be distended. A ping can be elicited over a 
larger area than with a simple cecal dilation, and fluid, splashing sounds may 
be heard. Rectal examination reveals a distended cecal body (the apex has 
been twisted and directed cranially). 

c. Etiology and pathogenesis 
(1) The pathogenesis of cecal distention is thought to be similar to abomasal dis- 

placements. It i s  believed that cecal organisms metabolize carbohydrates that 
have escaped upper gastrointestinal microbial degradation. VFAs, methane 
gas, and C02 are all produced. The VFAs inhibit cecal motility, and the gases 
accumulate, producing distention. Cecal dilations are thought to precede tor- 
sions. 

(2) When distended, the cecum may then rotate clockwise or counterclockwise 
(when viewed from the right). The amount of rotation determines the degree of 
vascular embarrassment of the organ and the severity of resulting clinical 
signs. 

d. Diagnostic plan. The diagnosis usually is made on the basis of clinical signs and 
rectal findings. 

e. Laboratory tests 
(1) Laboratory results usually are normal for simple cecal dilation. Animals with 

cecal volvulus often have a hypochloremic, hypokalemic, metabolic alkalosis. 
Other laboratory values reflect varying degrees of vascular compromise and 
shock. 

(2) To differentiate cecal volvulus from abomasal volvulus, it may be helpful to 
perform a Liptak test. The pH is higher (more than 6) with cecal fluid than 
with abomasal fluid. 

f. Differential diagnoses 
(1) For cecal dilations, rule out conditions such as abomasal displacement, ketm 

sis, simple indigestion, and colonic gas. 
(2) Cecal volvulus may appear similar to abornasal volvulus, traumatic reticuloper- 

itonitis, mesenteric root torsion, and gastrointestinal accidents (e.g., intussus- 
ceptions). 

g. Therapeutic plan 
(1) Simple cecal dilations are treated conservatively. 

(a) Diet and exercise. The roughage component of the diet should be in- 
creased and forced exercise employed to increase gastrointestinal motility. 
Calcium salts are used occasionally to treat low-grade hypocalcemia and 
increase digestive tract motility. 

(b) Surgery. Cecal dilation can be a chronic or recurrent condition. Surgery 
may be used with some success in these cases. 

(2) Cecal volvulus requires surgical intervention. The cecum is approached 
through the right flank. The cecum is decompressed, and ingesta is removed 
from both it and the adjacent colon. Recovery is usually good with uncompli- 
cated cases. If part or all of the cecum is devitalized, a partial or complete 
typhlectomy is necessary. Fluid replacement i s  also recommended to correct 
the metabolic alkalosis (sodium chloride, potassium chloride, and dextrose). 

h. Prognosis. Depends upon amount of devitalization. 
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either red or black) or occult (unseen). Frank red blood is indicative of lower intestinal or- 
igin, whereas dark blood i s  from higher in the gastrointestinal tract and has been digested 
by proteolytic enzymes. Occult blood is from minor bleeding of insufficient amount to 
cause a change in character of the feces. 

1. Type I 
a. Patient profile and history. Individual animals suffering from a primary disease pro- 

cess may develop abomasal erosions and ulcers. Dairy cows and weaning age 
calves seem to be most susceptible. The owner usually notices only the primary 
disease process (a septic process such as acute mastitis, or an abomasal condition 
such as LDA or RDA). In calves, the history may be one of poor growth and appe- 
tite disturbances. 

b. Clinical findings 
(1) There may be no clinical signs of abomasal erosions or ulcers. The lesions 

may only be evident at slaughter of a normal animal or necropsy of an animal 
dying from a primary disease process. 

(2) Alternatively, the clinical signs of a primary disease may be accompanied by 
signs of abomasal erosion or ulceration. These signs include: 
(a) Dark, fluid feces with mild, chronic abdominal pain 
(b) Periodic bruxism 
(c) A capricious appetite 
(d) Intermittent fecal occult blood 

c. Etiology and pathogenesis. The ulcers in an individual are usually multiple and 
small. Possible factors contributing to the development of ulcers include: 
(1) Hyperacidity. Gastric acid secretion may be stimulated by histamines, high 

VFA levels, calcium, or stress. 
(2) Corticosteroids, which lower mucosal cell resistance 
(3) Direct trauma from fiber (straw, low-quality roughage) or foreign bodies (hair- 

balls in calves) 
(4) Abomasal distention, resulting in the tearing of mucosa and exacerbation of 

the lesion by exposure to HCI 
(5) Pasture grazing and associations with rainfall, fertilization, and forage growth 
(6) Unknown factors, such as endotoxins and mediator substances (e.g., interleu- 

kins) 
d. Diagnostic plan. Clinical findings and the demonstration of positive fecal occult 

blood provide the diagnosis. Fecal blood is best discovered by the use of tablets 
which test for occult blood. 

e. Therapeutic plan 
(1) In the case of adult ruminants, the primary disease and erosions are self-lim- 

iting. 
(2) In younger animals, treatment usually is not attempted; however, the owner 

should pay attention to providing a diet composed of more easily digestible 
roughage. 

(3) Laxatives, such as mineral oil, may be used in  the case of concomitant foreign 
bodies (e.g., hairballs). Alternatively, surgery may be necessary. 

f. Prevention. The erosions and ulcers are self-limiting when the primary disorder 
has been corrected. 

2. Type ll 
a. Patient profile. These ulcers occur in adult cattle usually within 2 months of partu- 

rition and are commonly associated with a concurrent abomasal disease (e.g., 
LDA). 

b. Clinical findings. The animal may die suddenly or present with dark, tany stools 
(melena). The cow will be anemic, as evidenced by pale mucous membranes, 
tachycardia, and weakness. 

c. Etiology and pathogenesis. The pathogenesis of bleeding ulcers is speculated to be 
similar to type I ulcers; however, the ulceration involves a major blood vessel, re- 
sulting in blood loss. Lymphosarcorna of the abomasal wall is also a primary 
cause for erosion and invasion of major abomasal blood vessels. 
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d. Diagnostic plan. Diagnose the condition based on clinical findings and laboraton/ 
support. A test on the feces confirms the presence of blood. 

e. Laboratory tests. With significant blood loss, the PCV and TSP i s  decreased. The 
anemia is characterized as a blood-loss anemia. If there is concurrent abomasal 
disease, there may be a hypochloremic, hypokalemic, metabolic alkalosis. The leu- 
kogram may support a diagnosis of lymphosarcoma in the case of abomasal in- 
volvement. 

f. Differential diagnoses. Blood in the feces may come from any of several sources. 
The distinction must be made between dark blood and bright red blood. 
(1) A duodenal ulcer presents with fecal blood. 
(2) Tumors other than lymphosarcoma may bleed (e.g., squamous cell carcinoma 

of the stomach). 
(3) With vena caval thrombosis in cattle, pulmonary abscesses may develop, 

which erode pulmonary blood vessels in the lung. Blood is coughed up and 
swallowed, resulting in fecal blood and a positive test finding. 

(4) Salmonellosis, coccidiosis, and rectal lacerations all present with red blood in 
the feces. 

g. Therapeutic plan 
(1) Therapy is attempted if lymphosarcoma has been ruled out as a cause of the 

ulcer. With lymphosarcoma, humane destruction is recommended. 
(2) Supportive therapy 

(a) For gastric ulcers, therapy includes oral astringents, antacids (magnesium 
oxide at 225 g four times a day for an adult animal), and protectants (e.g., 
stat, kaolin, pectin). 

(b) H2-receptor antagonists and sulfate disaccharides, although efficacious in 
monogastrics, rarely are employed in large ruminants because of ruminal 
dilution and cost. 

(c) Propantheline bromide (30 mg four times daily in an adult cow) may be 
recommended to decrease vagal tone. 

(d) A blood transfusion is necessary if the animal's PCV is less than 14% and 
if the heart rate i s  more than 100 bpm. 

(e) Hematinics may be used (iron, cobalt, B vitamins), and broad-spectrum 
antibiotics are often employed. 

(3) Bleeding ulcers are often singular. Surgical extirpation of the ulcer may be 
considered if bleeding continues and a tumor has been ruled out as the cause. 
Usually, ulcers are not visible from the serosal surface. Therefore, an abomaso- 
tomy is required to locate the ulcer. 

h. Prognosis. The prognosis for survival is variable for non-tumor-related a b o m a ~ l  
ulcers. Cows respond well to blood transfusions. Lymphosarcoma-associated ul- 
cers carry a grave prognosis. 

i. Prevention (see I D 1 fl 

Anterior abdominal p in .  Anterior abdominal pain in the mature ruminant usually mani- 
fests itself as a set of common clinical findings. There is an obvious painful response 
when manual pressure is applied to the cranial portion of the ventral abdominal wall, trig- 
gering an audible grunt, noticeable tensing of the neck muscles, or tensing of the ventral 
abdominal wall. A short groan or grunt may also occur spontaneously when an animal 
stands or walks downhill. 

1. Traumatic reticuloperitonitis (TRP, hardware disease, traumatic gastritis, traumatic 
reticulitis) 
a. Patient profile and history. In North America, the condition i s  most common in 

adult dairy cattle and i s  sporadic in nature. The owner describes a cow that experi- 
ences an abrupt drop in milk production and exhibits partial to complete anorexia. 

b. Clinical findings 
(1) Acute local peritonitis. Animals in the early stages of TRP are reluctant to 

move and appear "tucked-up.'' There may be extension of the neck and an 
arching of the back. The cow may stand with its elbows ahducted and hind 
feet in the gutter to alleviate the abdominal pain. The triceps muscles often 
tremble. 
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(a) Vital signs. Cows may have a shallow, catchy respiratory pattern and a de- 
creased abdominal component to the cycle. The temperature and pulse 
rate are usually elevated (39.5 "C-40.5 "C and 80-90 bpm, respectively). 
Usually, the cow is dull and depressed. 

(b) On gastrointestinal examination, the clinician finds a decrease in rumen 
motility or complete atony. The feces of affected animals are scant, firm, 
dry, and mucus covered. 

(c) Rectal examination reveals a small, firm-feeling rumen. The animal may 
grunt with pain as the viscera are pressed forward. 

(d) Manipulative tests may be of value in localizing the pain. Cows normally 
ventroflex when pinched over the withers. Cows affected by TRP will not 
ventroflex and may grunt with resentment of the procedure. Percussion 
over the xiphisternum with a closed fist, lifting under the thorax with a 
board held by a person on either side of the animal or pressure applied by 
a knee to the ventral thorax may all elicit the same grunt. 

(2) Chronic and local peritonitis. The acute clinical signs may abate and be re- 
placed by signs of a more chronic process 24-48 hours after the onset of TRP. 
Animals appear rough and in poor condition. The vital signs may be normal. 
Gastrointestinal function is depressed, but signs are usually nonspecific. De- 
monstrable pain is usually not a hallmark of the local peritonitis with chronic 
TRP. 

c. Etiology and pathogenesis 
(1) Foreign bodies. Cattle are relatively indiscriminate eaters. Pointed, metallic for- 

eign bodies (e.g., nails, wire) may be consumed on pasture or with the ration. 
The foreign body is deposited in the reticulum and penetrates the reticular 
wall, usually in an anterior direction. Ruminal fluid and bacteria follow the 
track of the foreign body and enter the peritoneal cavity, producing an acute, 
localized peritonitis. 

(2) Sequelae to reticular penetration by the foreign body include: 
(a) Resolution of the infection with or without medical intervention. The for- 

eign body may "fall back" into the reticulum and the animal "walls-OW' 
the infection site (acute local peritonitis). The bovine has a tremendous 
ability to isolate infections by fibrous tissue formation. 

(b) Acute diffuse peritonitis. The infection cannot be controlled by the previ- 
ous inflammatory processes, and a fatal infection ensues. 

(c) Traumatic hepatitis or splenitis. Movement of a foreign body may occur 
in a direction other than directly cranial, resulting in the involvement of as- 
sociated abdominal tissues, most commonly the spleen or liver. 

(d) Pericarditis, pleuritis, or pneumonia resulting from perforation of the dia- 
phragm 

(e) Chronic peritonitis. A result of fibrous tissue production may be the forma- 
tion of reticular adhesions and mechanical interruption of rumen motility 
(see I A 3). 

(0 Fatal hemorrhage due to great vessel perforation (rare) 
(g) Diaphragmatic hernia caused by the weakening of the diaphragm (rare) 

d. Diagnostic plan 
(1) The condition is most often diagnosed through the combination of a thorough 

physical examination and laboratory tests. Ancillary aids to diagnosis may in- 
clude the use of radiology, a metal detector, or a compass to determine if a 
magnet is present in the reticulum. 

(2) An abdominocentesis is warranted if the diagnosis i s  equivocal or requires con- 
firmation. It should be performed 3-4 cm to the right of the midline and 5-7 
cm cranial to the foramen of the subcutaneous abdominal vein. Other re- 
ported sites for abdominocentesis include a point 10 cm to the right of the urn- 
bilicus, on the midline just caudal to the umbilicus, or cranial to the udder 
under the right flank fold. 

(3) An exploratory rumenotomy andlor laparotomy may be both diagnostic and 
therapeutic. 

e. Laboratory tests 
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(1) Hematologic work-up. The complete blood cell count (CBC) usually reveals a 

I neutrophilia with or without a leukocytosis. A left shift will be present. The 
serum total protein (TP} i s  elevated because of an increase in the yglobulin 
fraction. Fibrinogen levels are elevated (7-9 g/L). A mild hypocalcemia may 
be found on clinical chemistry. Note that either very early or chronic cases 
may have normal clinical pathology findings. 

'I 

(2) The following findings on abdominal fluid analysis support a diagnosis of 
acute local peritonitis: 
(a) A cell population comprised of 40% neutrophils 
(b) Significant proportions of immature, toxic, or degenerative neutrophils 
(c) Bacteria contained within neutrophils 

I (3) The differential cell counts on a CBC and cellular morphology findings on ab- 
i dominocentesis are most significant in forming a diagnosis because normal 

ranges of both cell numbers and fibrinogen may overlap with values found in 
cases of TRP (or other causes of acute local peritonitis). 

I f. Differential diagnoses. Conditions that need to be ruled out include: 
(1) Simple indigestion 
(2) Rumen acidosis 
(3) Displaced abomasum 
(4) Abomasal ulceration 
(5) Liver abscess 
(6) Pyelonephritis 

g. Therapeutic plan 
(1) Management strategies. Keep the animal confined in a headgate for 10 days. 

The front end of the cow may be elevated slightly (20 cm) on a bedding pack. 
A magnet should be administered orally if there is no evidence or history of 
one being previously administered. 

(2) Antibiotics should be administered according to labeled dosages. Penicillin or 
broad-spectrum antibiotics may be used. Balanced, isotonic solutions contain- 
ing added calcium may be administered if the animal is dehydrated. 

(3) A mmenotomy should be considered to remove the penetrating objed(s) if 
conservative management fails and economics warrant surgical intervention. 

h. Prevention of the condition includes administration of magnets to heifers when 
confirmed pregnant, passing the dairy ration component of the diet over magnets 
before feeding, and critical attention to pasture or dry-lot management to eliminate 
sources of foreign bodies (e.g., nails, wire). 

2. Perforating abomasal ulcers with localized peritonitis. Abomasal ulcers may perforate 
the serosa, producing an acute local peritonitis. These may be referred to as type Ill 
ulcers (instead of bleeding ulcers). 
a. Patient profile and history. Abomasal ulcers in mature ruminants most commonly 

occur in association with concurrent diseases (e.g., LDA), recent parturition, heavy 
lactation, and grain or pasture grass feeding. 

b. Clinical findings. Clinical signs resemble those of TRP (see I E 1 b). However, the 
pain is localized to the right side of the xiphoid. Careful palpation and ballotte- 
ment is required to determine this distinction. Bleeding into the gastrointestinal 
tract rarely seems to accompany a perforated abomasal ulcer. 

c. Etiology and pathogenesis (see I D 2 c). 
d. Laboratory tests. Laboratory data are similar to the acute local peritonitis of TRP 

(see I E 1 e). There may be an associated hypochloremic metabolic alkalosis if ul- 
cers are concurrent with LDA. 

e. Differential diagnoses. Consider other causes of acute local peritonitis on a list of 
differential diagnoses (e.g., TRP). Also consider conditions that may appear to 
mimic anterior-abdominal pain, such as: 
(1) Liver abscess 
(2) Pericarditis 
(3) Pleuritis 
(4) Endocarditis 
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(5) Musculoskeletal conditions (e.g., degenerative joint disease, vertebral body dis- 
eases, laminitis, tetanus) 

f. Therapeutic plan 
(1) Management strategies. Provide stall rest, and feed only good quality hay for 

10-1 4 days. If ketosis becomes a problem, add coarse calf grain to the ration. 
(2) Antibiotic therapy should be provided as for TRP [see I E 1 g (2)J. Antacid ther- 

apy, H2-receptor blocking agents, and mucosal protectants may be recom- 
mended. 

(3) If medical therapy is unsuccessful, surgical intervention with removal of adhe- 
sions and resection of the ulcer(s) may be employed in valuable animals. 

g. Prognosis 
(1) The prognosis for abomasal ulceration is usually good; however, it worsens if 

the lesion is in the abomasal fundus because a pyloric stricture with digestive 
outflow obstruction may occur. Also, an acute local peritonitis is less likely to 
be controlled in late pregnancy because of the pressure of a large, gravid 
uterus. The inability of an animal to control and localize a peritonitis results in 
an acute diffuse peritonitis with almost invariably fatal consequences. 

(2) Occasionally, animals suffer from a chronic, relapsing peritonitis if adhesions 
break down and release bacteria or their products into the abdominal cavity. 

h. Prevention (see I D 1 0 

m-ESTINES 
4 Gastrointestinal pain (colic) 

1. Adult cattle 
a. Patient profile and history. Most colics are caused by either a malposition of a gas- 

trointestinal tract component or other causes of acute obstruction to outflow. Sur- 
gery is the treatment of choice. 

b. Clinical findings 
(1) Appearance and vital signs. The animal exhibits a painful abdomen by tread- 

ing, kicking at the abdomen, stretching, and frequently lying down and rising. 
The pulse and respiratory rates are elevated. Auscultation of the abdomen re- 
veals absence of both ruminal and intestinal motility. With abomasal or upper 
intestinal obstruction, the abdomen is slightly distended, and splashing sounds 
can be elicited by succussion in the lower right quadrant 

(2) On simultaneous auscultation and percussion, pings may be evident over dis- 
tended viscera having a fluidlgas interface. The pings may differ in intensity, lo- 
cation, pitch, and area of auscultation, depending on the source of the disten- 
tion. 

(3) On rectal examination, the rectum i s  usually empty except for a thick, tena- 
cious, dark red mucus. Insertion of the arm may cause pain or vigorous strain- 
ing. The examiner may be able to palpate distended or displaced bowel or 
tight mesenteric bands. 

(4) The animal may be dehydrated or in shock. The more proximal the lesion in 
the gastrointestinal tract, the more rapid the deterioration of the patient 

c. Etiology and pathogenesis 
(1) The pathogenesis of abomasal tonionlvolvulus and cecal torsion/volwlus 

seems to follow the same course of events as simple dilatations. However, 
Misting of the dilated viscus on either its horizontal or vertical axis results in  
digestive outflow obstruction and venous vascular occlusion. 

(2) The risk factors or causes of other intestinal accidents are less clearly under- 
stood and less easily studied because of their sporadic nature. 

(3) Intestinal accidents 
(a) Indications include persistent abdominal pain, elevated heart and respira- 

tory rates, abdominal distention, absence of feces in the rectum, and the 
presence of a gas-filled viscus or distended loops of intestine. 
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(b) Intestinal accidents that involve the abomasum or intestinal tract and pro- 
duce a common subset of clinical findings include: 

(i) Right abomasal volvulus 
(ii) Small intestinal intussusception 
(iii) Mesenteric torsion 
(iv) Intestinal incarceration 
(v) Cecal dilatation/volvulus 

(vi) Stricture of the colon 
(vii) Colonic obstruction (e.g., enterolith) 
(viii) Colonic constriction (e.g., fat necrosis) 

d. Dia-ostic plan. Perform a thorough physical examination. The presumptive diag- 
nosk is codirmed by surgery. 

e. Laboratory tests. Laboratory information is  seldom available in time to be of value 
in the diagnosis. 
(1) Hematologic work-up. Shock and dehydration is supported by an increased 

PCV, increased TP, and a high BUN (prerenal uremia). High duodenal obstruc- 
tion or abomasal volvulus produces a hypochloremic, hypokalemic, metabolic - - 

alkalosis. Leukopenia and/or neutropenia is found with devitalization of in- 
farcted intestine. 

(2) Abdominocentesis findings may be variable but often show increased red 
blood cells, increased leukocytes, and bacteria indicative of devitalized bowel. 

f. Therapeutic plan. If the animal is to be successfully treated, a decision to perform 
surgery should be made early and the patient vigorously supported by fluid 
therapy. 

2. Calves 
a. Patient profile and history. Most frequently, abdominal pain (colic) in calves is 

caused by conditions of gastrointestinal origin. 
b. Clinical findings are variable depending on the site of involvement, duration of the 

condition, and degree of vascular compromise of the viscus. Common signs of 
colic include frequent lying down and rising, kicking of the abdomen, bruxism, 
and stretching. 

c. Etiology and pathogenesis. Acute abdominal pain is of sporadic incidence and 
often associated with congenital problems of the gastrointestinal tract of young 
calves. Some conditions may be hereditary. 

d. Diagnostic plan. A thorough clinical examination is  necessary to determine the 
most likely source of the pain. Ancillary tests include radiography and contrast 
studies, gastric intubation, rectal probe (for anal or colonic atresia), and ultrasonog- 
ra~hy. 

e. Drfferential diagnoses 
(1) Causes to be ruled out include: 

(a) Intestinal atresia 
(b) Atresia coli 
(c) Atresia ani 
(d) Abomasal dilatation 
(e) Abomasal tonion 

(2) Other causes of abdominal distention must be ruled out including bladder rup - ture and intestinal fluid pooling with neonatal calf diarrhea. 
f. Therapeutic plan. Generally, therapies include surgery and fluid therapy for re- 

sponsive conditions. 

1. Acute diarrhea in adult cattle 
a. Bovine virus diarrhea (BVD) 

(1) Patient profile and history. The majority of animals affected are young cattle 
(8 months to 2 years of age) often housed in an intensive management environ- 
ment (e.g., beef feedlot, dairy freestall housing). There i s  a variable incidence 
of clinical disease (usually low). Several animals in the herd may show clinical 
signs. 

D~seases of the Bovine Gastrointestinal Tract 1 59 

(2) Clinical findings. The clinical findings may range from inapparent to acute, se- 
vere, enteric disease. 
(a) Clinically inapparent disease is widespread. Serologic evaluation may re- 

veal 60%-80% of animals exposed and seropositive. 
(b) Mild enteric disease may be seen in a large number of animals and pre- 

sents as mild transient diarrhea, inappetence, depression, and fever. Cattle 
recover in a few days. 

(c) Acute enteric disease presents as fever, profuse watery diarrhea, dysen- 
tery, and tenesmus. Discrete oral erosions are present (or may develop 
within 7 days of diarrhea), and the animal may salivate excessively. Per- 
acute cases may die without evidence of diarrhea. This has also been de- 
scribed as a hemorrhagic syndrome in cattle. 

(d) Clinical signs referable to other body systems include mucopurulent nasal 
discharge, lacrimation, corneal edema and central corneal opacity; comni- 
tis with interdigital erosions, and reproductive or congenital diseases. Abor- 
tions and stillbirths in immunologically negative heifers or cows have 
been associated with the viral infection, as has the birth of weak calves. 

(e) Chronic enteric disease (see II B 2) 
(3) Etiology and pathogenesis 

(a) BVD is caused by a pestivirus of the Togaviridae family. Calves acquire 
passive immunity through colostrum of previously infected dams. This pas- 
sive immunity wanes in 3-8 months. Following an outbreak of BVD, a 
herd tends to be free from clinical BVD for several years. With addition of 
seronegative replacement animals, herd immunity diminishes so that a 
herd is again susceptible to infection. 

(b) The pathogenesis of acute, fatal, enteric disease may involve one of two 
processes. 

(i) Infection by a particularly virulent biotype (BVD Type 2) 
(ii) If the fetus is infected by a noncytopathic virus in a BVD-negative 

dam before 125 days gestation, the calf is immunotolerant to the 
BVD virus with persistent viral infection and shedding. Subsequent 
exposure of this animal to a cytopathic virus (likely a mutant of the 
noncytopathic biotype) results in an acute and fatal infection (mu- 
cosal disease). 

(4) Diagnostic plan. Clinical findings that are helpful in the definitive diagnosis in- 
clude diarrhea, shallow oral erosions, central corneal opacity, and intedigital 
erosions. 

(5)  Laboratory tests. In individual animals, evidence of leukopenia, seroconver- 
sion, virus isolation, and polymerase chain reaction (PCR) are helpful for diag- 
nosis. Note that animals that are immunotolerant and suffering from mucosal 
disease may not seroconvert. Herd serology may aid in diagnosis, as will ne- 
cropsy of affected animals. 

(6) Differential diagnoses. Conditions m be ruled out include bovine malignant ca- 
tarrh, rinderpest, and salmonellosis. 

(7) Therapeutic plan 
(a) Mild cases. Therapy i s  not necessary in cases of mild disease and of little 

help with severe enteric disease. Treatment is of no value in mucosal dis- 
ease. 

(b) Severe cases. When therapy is attempted in severe cases, treatment con- 
sists of fluid therapy, oral astringents, and systemic antibiotics to control 
secondary infections. 

(8) Prevention 
(a) Isolation of clinically ill animals from naive animals may limit the spread 

in the case of a herd outbreak. 
(b) Vaccination may be practiced with either killed or modified live viruses. 

Modified live virus vaccines have been limited to nonpregnant animals 
in their use because of possible induced abortions. It is unsure if this 
i s  related to the vaccine virus, vaccine virus reversion, or vaccine 



contamination. Beef calves should be vaccinated between 6 and 8 months 
of age and dairy cattle vaccinated annually. 

b. Bovine malignant catarrh (BMC, malignant catarrhal fever) 
(1) Patient profile and history. The condition is usually sporadic and found in sin- 

gle animals, although occasionally herd outbreaks occur. In North America, 
the history invariably includes contact with sheep (usually at lambing time). In 
Africa, history includes contact with wildebeest. 

(2) Clinical findings 
(a) High fever with tachycardia accompanies profuse diarrhea and dysentery. 

Other signs include anorexia, agalactia, mucopurulent nasal discharge, 
dyspnea, and lymphadenopathy. 

(b) Ocular changes include a peripheral corneoscleral opacity that spreads 
centripetally, ocular discharges, eyelid edema, and blepharospasm. 

(c) Neurological signs may be seen including incoordination, nystagmus, mus- 
cle tremors, head pressing, paralysis, and convulsions. 

(d) Chronic disease produces eczematous lesions around the perineum, pre- 
puce, axillae, and horns. Sloughing of the skin from the teats and vulva is 
found in acute cases. 

(e) Labeling. This variety of clinical pictures has resulted in labeling the dis- 
ease by its presenting form (i.e., alimentary form, head and eye form, neu- 
rological form, skin form). 

(3) Etiology and pathogenesis 
(a) BMC is a generalized infection of the primitive mesenchyme. Necrosis 

and proliferation of vascular adventitia (vasculitis) yields epithelial ero- 
sions, keratoconjunctivitis, and encephalitis. Lymph node enlargement i s  
caused by atypical proliferation of T lymphocytes. 

(b) Clinical disease occurs only in cattle, deer, and buffalo. Sheep and goats 
in North America and wildebeest in Africa transmit the virus, although nei- 
ther of these hosts develop clinical signs. Alcelaphine BMC virus (BHV-3) 
is the wildebeest-associated agent. A yet unidentified herpesvirus (sheep 
associated herpesvirus) i s  the North American agent. The spo~adic nature 
of the condition makes studying the disease or determining etiologies diffi- 
cult. 

(4) Diagnostic plan. Diagnosis of the condition is aided by the history (association 
with hosts), sporadic nature of the condition, and uniqueness of the clinical 
findings. 

(5) Laboratory tests 
(a) Hematologic workup. Animals exhibit an early leukopenia followed by a 

leukocytosis. There are inflammatory changes of the joint fluid and cere- 
brospinal fluid. 

(b) Serological conversion occurs with the African disease but has not been 
demonstrated with the North American disease. Virus isolation remains dif- 
ficult 

(c) Postmortem examination remains the definitive diagnostic tool. 
(6) Therapeutic plan. Therapy is unrewarding and animals will die in spite of sup- 

oortive care. 
c. ~ i n d e r ~ e s t  

(1) Patient orofile and history. This disease is confined to the Middle East, Asia, . , 
and tro{ical Africa wheri i t  is enzootic. It affects all ruminants and emerges in 
outbreaks. 

(2) Clinical findings 
(a) Acute cases. A high fever precedes by a few days other clinical signs such 

as anorexia, agalactia, and lacrimation. Oral and nasal inflammation soon 
is followed by the development of coalescing necrotic ulcers. Other signs 
follow including hemorrhagic and purulent lacrimation, skin lesions, diar- 
rhea, dysentery, and dehydration. In an immunologically naive popula- 
tion, many cattle die acutely, most succumb within 7-10 days and few 
survive. 
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(b) Subacute and chronic forms of the disease occur in more resistant popula- 
tions and survival rates are higher. 

(3) Etiology and pathogenesis. Rinderpest virus is  a paramyxovirus spread by ani- 
ma[ excretions. Close animal contact is necessary because the virus does not 
survive for long periods outside of the host. The virus has a high affinity for 
lymphoid tissue and alimentary mucosa, where it replicates and produces the 
focal necrotic stomatitis and enteritis. A strong antibody response i s  generated. 

(4) Diagnostic plan. Diagnosis is based on clinical findings, history, and postmor- 
tem lesions. 

(5) Laboratory tests 
(a) Leukopenia and lymphopenia occur in affected animals. Postmortem find- 

ings are highly suggestive in populations at risk. 
(b) Viral antigen may be detected in several excretions and will confirm the 

diagnosis. Serology is of less value because of the acuteness of the condi- 
tion in many cases. 

(6) Differential diagnoses. Other diseases that cause oral lesions and diarrhea 
must be ruled out. It is equally important to differentiate this disease from oth- 
e n  that produce sim~lar oral lesions without diarrhea (e.g., foot and mouth dis- 
ease). 

(7) Therapeutic plan. There in no known treatment for this virus. 
(8) Prevention. Vaccination programs are successful, and many have lead to the 

eradication of the disease. Total eradication requires regulatory measures en- 
suring vaccination of herds and limitations on movements of nomadic popula- 
tions. 

d. Salmonellosis 
(1) Patient profile and history. This disease occurs worldwide and is seen in all 

ages, species, and breeds of animals. There is often a history of stress (e.g., re- 
cent shipment, parturition). 

(2) Clinical findings 
(a) Vital signs and diarrhea. There is  an initial fever followed by a subnormal 

temperature. The heart and respiratory rates are elevated. There is a se- 
vere, watery, hemorrhagic diarrhea with mucus, fibrin casts, and blood 
clots. There is frequently evidence of abdominal pain (groaning, kicking at 
the flank), and pregnant animals may abort. 

(b) The disease has been described as one of three syndromes: septicemia, 
acute enteritis, and chronic enteritis. The main presenting syndrome in cat- 
tle is the acute enteritis. 

(3) Etiology and pathogenesis 
(a) The most common species isolated worldwide is Salmonella typhimurium, 

although a variety of Salmonella species can cause disease. S. dublin has 
a more patchy distribution but is the most common isolate in Europe. 

(b) The most common source of infection is environmental and feed contami- 
nation. Any domestic or wild species of animal or bird can act as a source 
of infection. 

(c) S. fyphirnurium causes sporadic, occasionally fatal disease. Infected adults 
are carriers for short periods of time so that the disease incidence usually 
subsides when the source of infection is removed. 

(d) S. dublin is particularly well adapted to cattle, which may act as a reser- 
voir for outbreaks. Continued excretion of the organism may occur for 
years after exposure. 

(el Route of infection. After oral inoculation with the bacteria, salmonella in- 
vades the intestinal wall and progresses to localize in  the mesenteric 
lymph nodes. Development of disease then depends on the immune status 
and age of host, virulence of the organism, and stresses on the animal. In 
susceptible animals exposed to a virulent species, septicemia and bacter- 
emia occur. A carrier state may develop in survivors. Diarrhea occurs due 
to enteritis and the elaboration of an enterotoxin, which causes an in- 
creased secretion of sodium, chloride, and water into the gut lumen. 

(4) Diagnostic plan. Clinical findings together with laboratory test results usually 
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are sufficient for diagnosis; however, fecal culture results may be negative 
even with diarrhea. 

(5) Laboratory tests 
(a) Clinical pathologic findings reflect a profound toxic state and an inflamma- 

tory condition. Anemia from blood loss may be seen. 
(b) Fecal culture is the best diagnostic test but may need to be repeated sev- 

eral times for success. Organisms may not be present in the feces for up to 
2 weeks after commencement of diarrhea because of the dilution effect of 
the diarrhea. Culturing a rectal mucosal biopsy increases the likelihood of 
successfully isolating the organism in an affected animal. 

(6) Differential diagnoses. Other conditions that appear similar to enteric salmo- 
nellosis include winter dysentery, coccidiosis, general toxemia, and arsenic or 
superphosphate fertilizer toxicities. 

(7) Therapeutic plan 
(a) Early, aggressive treatment with broad-spectrum or selective antibiotics is 

necessary for successful therapy. Fxtralabel use of these antibiotics re- 
auires restrictions on meat and milk use from treated animals. Examples in- 
clude: 

(i) Trimethoprim-sulfa: 25 mg/kg intramuscularly twice per day 
(ii) Centamicin: 2 mg/kg intramuscularly three times per day 
(iii) Amikacin: 7 mg/kg intramuscularly three times per day 

(b) Oral or intravenous fluids are necessary in amounts calculated for replace- 
ment and ongoing losses. Oral astringents and protectants (e.g., bismuth 
subsalicylate) and parenteral nonsteroidal anti-inflammatory agents (e.g., 
flunixin meglumine) may be employed. 

(8) Prevention 
(a) Recovered animals (whether from treatment or naturally) may excrete the 

organism and expose herdmates for significant lengths of time. Treatment 
and isolation procedures must take this into account. 

(b) Management strategies. Seek to remove sources of contaminated food, lit- 
ter, and water. Salmonella organisms may infect humans, so hygienic pre- 
cautions should be taken. 

e. Winter dysentery 
(1) Patient profile and history. This disease commonly occurs in young adult, 

housed dairy cattle in the winter months. Diarrhea is most severe in lactating 
and pregnant animals and is rare in bulls and steers. Diarrhea is often related 
to a feed change, a change in housing, or sudden, significant temperature 
shifts. 

(2) Clinical findings 
(a) Herd. This disorder causes an outbreak of diarrhea involving the majority 

of animals in the herd. There is an accompanying drop in milk produc- 
tion. The condition may persist in  the herd for up m 2 weeks. 

(b) In individual animals, the TPR is usually normal. There is a nasolacrimal 
discharge and a cough, both of which precede the diarrhea. The diarrhea 
is projectile and hemorrhagic and lasts from a few hours to a week. The 
animal may demonstrate abdominal pain, have increased intestinal 
sounds, and become dehydrated and weak. 

(3) Etiology. The cause is considered to be a bovine coronavirus. 
(4) Diagnostic plan. The clinical picture and subjective findings along with re- 

sponse to therapy are enough to establish a diagnosis., 
(5) Laboratory tests. Individual animals have a mildly elevated hematocrit and 

total plasma protein value. Direct electron microscopy and an enzyme-linked 
immunosorbent assay (ELISA) may be applied to the feces to demonstrate the 
virus. Acute and convalescent serum samples reveal seroconversion to coro- 
navirus. 

(6) Therapeutic plan. If necessary, animals may be treated with oral or intrave- 
nous fluids and oral intestinal protectants (e.g., kaolin). 

(7) Prevention. Even with care regarding disinfection and attempts at isolation, the 
disease will run its course throughthe herd. 
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f. Arsenic toxicosis 
(1) Patient profile and history. Recent exposure to arsenicals (e.g., ectoparasite 

sprays, arsenic-based herbicides, arsenic-based wood preservatives) may be de- 
duced from the history. The owner may report sudden death of an individual 
or group of animals. 

(2) Clinical finding 
(a) Animals may experience acute, subacute, or chronic signs referable to ar- 

senic poisoning. With the acute toxicosis, cattle experience abdominal 
pain, diarrhea, dehydration, regurgitation, muscular tremors, convulsions, 
and death within 4-6 hours of showing clinical signs. 

(b) Other signs may involve the central nervous system (CNS; see Chapter 
11). 

(3) ~ t i o l o k  and pathogenesis. Ingested inorganic arsenic causes inactivation of 
sulfhydryl groups in tissue enzymes. Tissues that are most susceptible are the 
alimentary tract, liver, kidney, spleen, and lung. In the gastrointestinal tract, 
this condition causes extensive capillary damage, hemorrhage, necrosis, and 
sloughing of the intestinal mucosa. 

(4) Diagnostic plan. Clinical findings and history are important, but diagnosis re- 
lies on laboratory confirmation. 

(5) Laboratory tests. Urine and hair samples are suitable antemortem specimens 
for arsenic analysis. Postmortem confirmation is best supported by liver ar- 
senic levels. 

(6) Therapeutic plan 
(a) An attempt should be made to absorb the enteric arsenic with activated 

charcoal at 1-4 g/kg orally. Cattle are also treated with sodium thiosulfate 
at 15-30 g in 200 ml H20 intravenously followed by 30-60 g orally, four 
times daily. Treatment should be continued until recovery occurs. 

(b) British antilewisite (BAL), also called dimercaprol, may be used but is less 
effective against inorganic salts than the organic forms. Intravenous fluid 
therapy is warranted in dehydrated animals. 

(7) Prevention. Limit exposure to arsenicals. 
g. Toxemia. Toxemia, such as peracute coliform mastitis or toxic metritis in cattle, 

often are accompanied by diarrhea. The pathogenesis may be an effect of endotox- 
emia or caused by stress-related ulcers. 

2. Subacute to chronic diarrhea in  young and adult cattle 
a. Chronic parasitism. This condition is common, but diarrhea due to parasitism is 

relatively infrequent Chronic wasting is the obvious sign, and of the parasites af- 
fecting the bovine abomasum and small intestine (e.g., Ostertagia, Cooperia, 
Trichostrongylus, Nematodi~s), Ostertagia infestation produces the diarrhea. 
(1) Patient profile and history. Several young (6 months to 2 years) animals often 

are affected in a herd. There is a history of persistent diarrhea and weight loss. 
(2) Clinical findings. There is diarrhea without odor, mucus, or blood. Emaciation, 

dependant edema, and poor growth also may be signs of infection. 
(3) Etiology and pathogenesis 

(a) Type I. Infective (third-stage) larvae are ingested, molt to fourth-stage lar- 
vae, and penetrate the abomasal glands, causing hyperplasia of the 
mucus-secreting cells. This nodular hyperplasia may be discrete or con- 
fluent, presenting as a "moroccan-leather" appearance on necropsy. Mu- 
cosal layer destruction results in protein leakage. 

(b) Type If. Fourth-stage larvae enter the mucosal glands and remain there, 
causing little or no damage (a pretype condition). Type II disease occurs 
when larvae emerge, producing marked cellular hyperplasia. This emer- 
gence occurs at various times of the year in different countries. Abomasal 
pH rises due to a loss of parietal cells and failure of the conversion of pep 
sinogen to pepsin. Anorexia and plasma protein leakage cause hypopre 
teinemia. Diarrhea is constant and weight loss is rapid. 

(4) Diagnostic plan. Clinical findings, environmental findings, and investigation of 
management practices may indicate a parasite burden. 
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(5) Laboratory tests. Fecal egg counts are diagnostic, however, they may need to 
be repeated in the case of hypobiotic larvae. 

(6) Therapeutic plan. Deworm in the event of any parasite load. lvermectin and 
levamisole continue to be the drugs of choice (ivermectin for the hypobiotic 
state). 

(7) Prevention. Reduce pasture or drylot contamination through management of 
stocking densities, pasture rotation, and routine anthelmintic treatment. 

b. Chronic BVD 
(1) Patient profile and history. The age range of affected cattle is usually 6 

months to 2 years. There may be a history of a previous outbreak of BVD in 
the herd with the recovery of most animals. A few animals may have re- 
mained stunted with intermittent diarrhea, lameness, or both. There may be a 
history of recurrent bacterial infections (e.g., pneumonia). 

(2) Clinical findings. Animals appear stunted with a rough, dty haircoat. Oral ex- 
amination reveals the occasional erosion with blunted oral papillae. Crusty or 
erosive dermatitis i s  present at the commissures of the mouth, medial canthus 
of the eye, around the perineum, scrotum, coronary band, bulbs of the heels, 
and in the interdigital cleft. The animal may be lame. Diarrhea is intermittent 
or continuous. 

(3) Etiology and pathogenesis. Cattle previously exposed to a noncytopathic strain 
of BVD virus in utero (before 125 days gestation) are immunotolerant to the 
BVD virus and are incapable of mounting a humoral antibody response when 
subsequently challenged with the virus. They are chronically infected with the 
virus, continue to excrete antigen, but remain negative by serum neutralization 
tests. 

(4) Diagnostic plan. Diagnosis may be based on clinical findings, virus isolation 
or PCR for viral nucleic acid, and necropsy findings. 

(5) Therapeutic plan. Therapy i s  useless and salvage should be considered as a re- 
alistic option. 

(6)  Prevention. Recommendations for control are as presented in I1 B 1 a (8). 
c. Coccidiosis 

(1) Patient profile and history. Subjective findings with this disease are similar to 
conditions predisposing to parasitism (i.e., overcrowded housing conditions, 
management practices that encourage fecal-oral spread of organisms). Groups 
of young animals are affected in a seasonal pattern depending on region of the 
country. 

(2) Clinical findings. The cardinal signs are diarrhea (with mucus and blood) and 
tenesmus. Anemia also may be a finding, and some cattle may have nervous 
signs (see Chapter 11). Cattle often are unthrifty in appearance. Clinical syn- 
dromes may vary from peracute cases to inapparent infections. 

(3) Etiology and pathogenesis 
(a) Causative organisms are Eimeria merni i  and E. bovis in the large intestine 

and E. ellipsoidalis in the small intestine. 
(b) Infestation occurs through the ingestion of sporulated oocysts from the en- 

vironment. Oocysts are resistant to most environmental conditions. Multi- 
ple-species infections are quite common, and disease seems to be more 
prevalent in stressed or undernourished animals. 

(c) Route of infection. Sporozoites are released from the ingested oocytes and 
invade the endothelial cells of the small intestine. Asexual schizonts de- 
velop, mature, and release merozoites through rupture of theendothelial 
cells. This cycle repeats itself in the large intestine followed by the sexual 
life cycle of macrogametocyte and microgametocyte production. These 
stages of the life cycle also produce intestinal mucosa destruction. Fertiliza- 
tion of the gametocytes produce oocysts, which are shed coincident with 
the development of diarrhea and dysentery. The prepatent period (and de- 
velopment of diarrhea) may be 15-20 days. 

(4) Laboratory tests. Oocysts are seen in the feces 2-4 days after the onset of dys- 
entery. Therefore, clinical signs may be present without demonstrable oocysts. 
Coccidia may be found in the feces o f  normal calves, so laboratory data must 

Dtseases of the Bovine Gastroinlestinal Tract 1 65 

correlate to clinical findings. Direct fecal smears and fecal flotations are the 
most common laboratory tests used. 

(5) Therapeutic plan 
(a) Individual treatment. Coccidiosis is a self-limiting disease but causes 

death in severely affected animals. Clinical signs subside when the multi- 
plication stages have passed. Most coccidiostats suppress early first-stage 
schizonts; therefore, treatment of clinical disease with coccidiostats is of 
limited value. Other supportive care for the individual animal (e.g., fluid 
therapy) may be warranted under certain circumstances. 

(b) Herd treatment. Mass medication, decreasing stocking densities, and re- 
moving feed and water from ground level are all treatment strategies used 
in a herd outbreak. Medications include sulfaquinoxaline at 2.72 mgkg or- 
ally daily for 3-5 days and amprolium at 10 mg/kg orally for 5 days. 

(6) Prevention. Avoid undernutrition, overcrowding, and feeding from ground 
level. Coccidiostats may be efficacious and necessary under conditions that do 
not allow for management alterations. Control medications include sulfaqui- 
noxaline, amprolium, decoquinate, monensin, and lasalocid. 

d. Chronic salmonellosis. Salmonellosis in adult cattle usually presents as an acute, 
explosive, mucohemorrhagic diarrhea (see I I  B 1 d). However, when salmonellosis 
has become enzootic, chronic diarrhea and unthriftiness may be observed. 

e. Johne's disease (paratuberculosis) 
(1) Patient profile and history. This disease occurs in adult dairy cows and beef 

cattle older than 2-3 years of age. There is a breed disposition, with Short- 
horn, Angus, and Channel Island dairy breeds being over-represented. This 
may be an effect of historical numbers possibly related to breed popularity, 
similar to the way Holsteins are affected now. 

(2) Clinical findings. Early clinical disease presents as intermittent or continuous 
watery or "pea-soup" diarrhea associated with stress (e.g., parturition). Vital 
signs are normal, and appetite is good to excellent. Emaciation becomes pro- 
gressive, and milk production decreases. Terminal signs include profound ema- 
ciation, profuse watery diarrhea, and dependent edema. 

(3) Etiology and pathogenesis 
(a) The disease is caused by Mycobacterium paratuberculosis. The infection 

is contracted principally by the ingestion of feedstuffs or water contami- 
nated by animals that are fecal shedders. Nursing calves may ingest the or- 
ganism off the dam's udder. Calves born to clinically affected cattle may 
be infected in utero. 

(b) Age of infection. Animals are most susceptible to infection as calves (less 
than 30 days of age), and most animals with the disease are infected be- 
fore 4 months of age. However, clinical disease develops 2-5 years later. 

(c) Age of shedding. Animals may become fecal shedders 15-1 8 months be- 
fore the development of clinical signs. Some animals are shedders without 
ever becoming clinically affected. The organism may be persistent in suita- 
ble soils. 

(d) Route of infection. Following oral ingestion, M. paratuberculosis localizes 
in the small intestine and associated lymph nodes. The bacteria multiply, 
and the animal either becomes resistant, a shedder, or a clinical case. Ani- 
mals that are infected older than 6 months of age apparently are able to 
mount an effective immune response and develop resistance. 

(e) Disease progression. In those animals in which the organisms multiply un- 
checked, there develops a granulomatous enterocolitis initially around the 
ileocecal valve. The enterocolitis spreads, and a malabsorption syndrome 
results with a protein-losing enteropathy. There i s  a compensatory increase 
in protein synthesis by the liver, but eventually hypoproteinemia occurs 
with signs of edema. 

(4) Diagnostic plan. Clinical signs alone are not reliable for a diagnosis. Labora- 
tory tests confirm the diagnosis. Postmortem examination of a specifically sacri- 
ficed animal is the most reliable diagnostic tool. 

(5) Laboratory tests 
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(a) Fecal culture is the most reliable and frequently used diagnostic test for in- 
fection in individual cattle. DNA probes and fecal culture by radiometric 
technique are also available and considered valuable diagnostic tools. 

(b) Serological tests offer some value in determining herd status of infection 
but often must be carried out as a series of tests. Problems with sensitivity 
and specificity are common. These tests include complement fixation test 
(CFT), agar gel immunodiffusion test (ACID), and ELSA (the least costly 
and most accurate serological test). 

(c) Other tests. Tests for cell-mediated immunity vary in their reliability. The 
intradermal and intravenous johnin tests are available. Lymphocyte immu- 
nostimulation tests are also available, of which some are highly reliable. 

(6) Therapeutic plan. Therapy is as yet unwarranted because response to treat- 
ment with medications (e.g., streptomycin, isoniazid, clofazimine) is only tran- 
sient. 

(7) Prevention 
(a) Methods of herd management. The disease may be kept in check on a 

herd basis by test and slaughter methods. Removal of reactor or culture- 
positive animals and their offspring is necessary. This needs to be com- 
bined with improved hygienic practices, which decrease the fecal-oral 
spread of the organism. Calves must be removed from the dams at birth 
and reared separately. The herd should be maintained as a closed herd or 
replacement animals purchased from known Johne's-free herds. 

(b) Problems with herd management. The disease may be effectively elimi- 
nated from a herd, but the management changes required are intensive, 
rigorous, and expensive. Because of the inaccuracies in diagnostic tests, 
there is as yet no test and slaughter program that effectively eliminates all 
carriers. Therefore, the only effective method of elimination is one of re- 
population of a new environment with unexposed or known negative ani- 
mals. 

(c) Vaccination. If local legislation permits, vaccination of calves may provide 
protection against clinical disease and reduce the rate of spread of infec- 
tion. A major complication of a vaccination program is that vaccines are 
positive to the tuberculin test for bovine tuberculosis. 

f, Bovine leukosis (enzootic bovine leukosis). Bovine leukosis is of major signifi- 
cance, but the gastrointestinal effects are of limited importance to the overall clini- 
cal picture and health management of the disease. 
(1) Patient profile and history. The disease is seen most commonly in adult dairy 

cows. History related to gastrointestinal signs includes intermittent diarrhea. 
(2) Clinical findings. The clinical signs depend on the degree and specificity of 

organ involvement. Many of the following forms often occur concurrently, re- 
sulting in the term adult multicentric lyrnphosarcom~ 
(a) Digestive form-capricious appetite, persistent or intermittent diarrhea, 

melena 
(b) Lymph node form-superficial, palpably enlarged lymph nodes 
(c) Cardiac form-muffled heart sounds due to hydropericardium, dyspnea 

due to hydrothorax, jugular vein engorgement, brisket edema, and bottle 
jaw 

(d) Nervous fonn-posterior paralysis 
(e) Respiratory form-upper respiratory noise and dyspnea . 
(f) Ocular form--exophthalmos 

(3) Etiology and pathogenesis 
(a) The pathogenesis of the various forms is covered under the appropriate 

systems. Gastrointestinal signs are a result of tumor growth in the aboma- 
sal wall. Ulceration and gastrointestinal bleeding follows. 

(b) Etiology. Enzootic bovine leukosis is caused by the bovine leukemia virus 
(BLV), a type-C retrovirus. Infection with the virus is common, but the de- 
velopment of solid tissue tumors i s  less common, depending on host ge- 
netic and environmental factors. Persistent lymphocytosis and bovine 
lymphosarcoma are manifestations of the endemic form of bovine leuko- 
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sis. The usual incubation period between infection and development of 
clinical signs is  4-5 years. 

(c) Horizontal transmission via blood or contaminated instruments, which 
transmit infected lymphocytes, is thought to be the most common method 
of infection. Therefore, insect bites, surgical instruments, rectal sleeves, 
and contaminated needles have all been implicated in viral transmission. 

(d) Vertical transmission is possible through contaminated semen as is trans- 
placental exposure to the virus during gestation. There isa familial ten- 
dency in the development of disease, indicating the possibility of a ge- 
netic predisposition. 

(4) Diagnostic plan. The diagnosis of bovine lymphosarcoma as causative for gas- 
trointestinal disease relies on definitive tests, necropsy or exploratory laparot- 
omy with abomasotomy. Clinical findings of diarrhea with palpably enlarged 
lymph nodes or other multicentric expressions increase the level of suspicion. 

(5) Laboratory tests. Laboratory tests that support a diagnosis include abdomi- 
nocentesis demonstrating exfoliated, abnormal lymphocytes; serology (ACID, 
radioimmunoassay, ELISA, protein immunoblot test); persistent lyrnphocytosis; 
and solid tumor biopsy. 

(6) Therapeutic plan. There is no known treatment for this disease. 
(7) Prevention. Disease may be controlled or eradicated. 

(a) Control is based on a test and segregation practice. Animals are tested 
and divided into positive and negative groups, and they are distinctly sepa- 
rated in terms of housing and management. In one such scheme, ACID 
tests are used on a herd basis every 3 months and reactors removed to the 
positive group until reactors are no longer found. Testing is then used 
every 6 months until all animals have been negative for four successive 
tests. Replacement animals must be test negative on two separate occa- 
sions and quarantined for 60 days before the second test. 

(b) Eradication is effective but costly. Infected animals are identified by 
ACID. Seropositive animals are culled. This process is repeated every 
30-60 days until the herd tests clean. Testing is then carried out every 6 
months until four sequential negative herd tests allow the herd to be de- 
clared BLV free. 

(c) Several procedures help limit the spread of infection within herds in- 
cluding: 6) Feeding colostrum to newborn calves from BLV-free animals 

(ii) Housing calves in individual hutches 
(iii) Control of insect vectors 
(iv) Dedication of blood-bearing fomites to individual use (e.g., rectal 

sleeves, needles) 
(v) Disinfection of veterinary instruments 
(vi) Embryo transfer 

g. Abdominal fat necrosis 
( 1 )  Patient profile and history. Although uncommon, this condition is most preva- 

lent in obese Channel Island cattle Uersey, Guernsey). Often sporadic in occur- 
rence, the disease has been associated on a herd basis with cattle grazing 
heavily fertilized, fescue pastures. 

(2) Clinical findings 
(a) Clinical signs include diarrhea or findings reflective of intestinal obstruc- 

tion (i.e., anorexia, treading, stretching, bruxism, lowered fecal output, ab- 
dominal distention). 

(b) Rectal examination reveals large, irregularly-shaped masses associated 
with the kidneys, small intestine, and colon. Rectal stricture may be evi- 
dent. Dystocia may occur secondary to the abdominal masses. 

(3) Etiology and pathogenesis. Fat deposits in the body are modified by a coagula- 
tive necrosis. This process is associated with over-conditioning in individuals 
or linked to high nitrogen levels in fescue pastureson a herd basis. The fat de- 
posits harden and interfere with gastrointestinal function. 

(4) Diagnostic plan. Diagnosis is based on rectal examination and necropsy. 



68 1 Chepler 3 11 B 

(5) Therapeutic plan. There is  no approved treatment for this disorder, although 
the condition may resolve if the animals are taken off an offending pasture. lso- 
orothiolane has shown experimental efficacy. Salvage is recommended. 

h. ~r in iary  copper deficiency ' 

(1) Patient profile and history. The condition usually occurs in young adult cattle 
(1-3 vears) that eraze on sandy or peat soils. The condition presents as a herd ~, 
problem. There 'G no breed predisposition. 

(2) Clinical findings. In clinically evident cases, animals are consistently poor in 
appearance with persistent diarrhea. Occasional depigmentation is evident 
around the eyes. Lameness may be evident as is anemia, decreased milk pro- 
dartion. or occasionallv sudden death. CNS signs (e.g., incoordination, pa- - - -. . - . , - - 

resis) occur in lambs (& Chapter 11 ). 
Etiology and pathogenesis. Copper may be inadequate in the diet because of 
soil deficiency or unavailability. Lack of copper limits the cytochrome oxidase 
system through decreased production of ceruloplasmin. Failure of these en- 
zyme systems result in the many manifestations of copper deficiency. 
Diaenostic plan. The diagnosis may be supported by laboratory data (gener- 
atedvfrom h'erd-level sam$ing) and response to treatment. 
Laboratory tests. Plasma and tissue (liver, hair) copper levels are low, but inter- 
pretation may be difficult because of wide variations in values for individual 
animals. Anemia is evident on a CBC. The diet may be analyzed for copper 
levels. 

(6) Therapeutic plan 
. (a) Oral dosing of 4 g of copper sulfate for young animals and 8-10 g of cop- 

per sulfate for mature cattle weekly for 3-5 weeks is recommended. Con- 
trolled-release boluses are also available, but absorbed amounts may be 
less than desirable. Copper oxide fragments are available for oral dosing 
and mav be the most reliable and efficacious method of supplementation. . . 

(b) injectable copper treatments may provide advantages over oral forms In 
terms of ease in administration and rapidity of results. 

(7) Prevention. Treatment must be followed by oral maintenance. Oral dosing 
weekly with 5 gladult or dietary supplementation in the mineral mix is recom- 
mended. Salt licks containing 2% copper sulfate should be adequate. Dietary 
modification to ensure 10 parts per million (ppm) copper as measured in the 
dry matter of the final ration is also adequate. Top dressing of the pasture with 
coooer sulfate at a rate of 10 kg/ha may be employed. 

i. ~econdiry copper deficiency (molybdenum toxicity) 
(1) Patient profile and history. This deficiency affects young adult dairy COWS and 

beef cattle grazing pastures high in molybdenum or sulfates. 
(2) Clinical findings. The clinical picture is as in primary copper deficiency, but 
. anemia is not as common. Diarrhea (watery, yellow-green to black feces 

passed without straining) is more common than in primary copper deficiency. 
(3) Etiology and pathogenesis. Molybdenum reacts with sulfides in the, rumen to 

produce thiomolybdates. The subsequent formation of copper-thiomolybdate 
complexes renders the copper unavailable. Soil levels of less than 3 ppm mo- 
lvbdenum are considered safe, whereas offending soils are frequently in the 
1'0-1 00 ppm range. 

(4) Diagnostic and therapeutic plans. Diagnosis and treatment are as for primary 
coooer deficiencv (see II B 2 h). The removal of sulfates from drinking-water - ~ 

ma; have a posit&e effect. 
(5) Differential diagnoses. Rule out parasitism. 
(6) Prevention centers around removing copper-complexing agents (ex., sulfates) 

from the diet and water source. 

3. Diarrhea in neonates - - - - -. . . - - 
a. Enterotoxigenic Escherichia coli (ETEC) 

(1) Patient profile and history. Diarrhea is a common occurrence in young calves 
of all breeds. Diarrhea due to E. coli occurs often at less than 5 days of age 
but can be seen in older neonates (up t o 2  weeks). 
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(2) Clinical findings. Diarrhea i s  watery and profuse, leading to depression, weak- 
ness, dehydration, and anorexia. Terminally, there are signs of shock resulting 
from hypovolemia and electrolyte imbalances. Mild cases may recover sponta- 
neously in a few days, whereas severe cases may result in death in as little as 
8 hours (sometimes without external evidence of diarrhea). 

(3) Etiology and pathogenesis 
(a) Pathogenesis. ETEC adhere to the intestinal epithelium via pili, which usu- 

ally possess the K-99 antigen. When adherent, ETEC produces a heat sta- 
ble toxin (ST). This results in a secretory diarrhea (loss of fluid and electro- 
lytes), mediated by cyclic guanosine monophosphate (cGMP). The ST 
leaves the glucose (glycine)-Na+ transport system intact but interferes with. 
the Ca+ +-mediated Na+ CI- co-transport system. 

(b) In addition to the bacteria, contributing factors to the development of diar- 
rhea include: 
(i) Intensive management conditions (e.g., overcrowding, communal 

feeding) 
(ii) Synergism with other diarrhea-producing agents (e.g., rotavirus) 
(iii) Ingestion of insufficient quantities or substandard qualify of colos- 

twm 
(4) Diagnostic plan. Clinical findings must be supported by a laboratory diagnosis 

to allow appropriate recommendations to be made regarding herd prevention. 
(5) Laboratory tests 

(a) Fecal or intedinal culture reveal ETEC often based on polyclonal antibody 
testing. ELlSA test kits for demonstration of the Kg9 antigen are also avail- 
able. 

(b) For the individual calf, laboratory findings show varying degrees of acide- 
mia, hypoglycemia, and hypokalernia. Clinical pathology findings are re- 
flective of hemoconcentration (e.g., elevated BUN and hematocrit). Total 
protein levels may be normal if hypoproteinemia is coincident with dehy- 
dration. 

(6) Therapeutic plan 
(a) Antibiotics. Diarrhea caused by ETEC is often self-limiting without antibi- 

otic therapy if vigorous supportive care is instituted early. However, antibi- 
otics often are used with success in the field (e.g., sulbactam-ampicillin, 
trimethoprim-sulfas, gentamicin). Part of this rationale is because of the 
difficulty of accurately differentiating between septicernic colibacillosis 
and diarrhea due to ETEC. 

(b) Supportive care for the individual calf is an absolute necessity. Oral re- 
placement solutions are efficacious early in the course of the disease. 
Later, it becomes necessary to replace lost fluids and electrolytes intrave- 
nously. 

(i) Oral replacement solutions work on the principle of an intad glu- 
cose absorption mechanism in the gut. Sodium is absorbed via coup 
ling to glucose, and water is dragged along the osmotic gradient 

(ii) Replacement solutions contain sodium chloride, sodium bicarbon- 
ate, and an energy source (e.g., glucose). The oral agents should be 
nursed by the calf in small quantities frequently, based on replace- 
ment needs and ongoing losses. It is not necessary to take calves 
completely off milk, but decrease quantities and alternate with elec- 
trolyte feedings. Do not feed oral electrolytes and milk simultane- 
ously as this may interfere with milk clot formation in the a b  
omasum. 

(iii) In calves more than 8% dehydrated, intravenous replacement and al- 
kalinizing solutions are necessary. Isotonic NaHC03 (1.3%) is often 
administered in conjunction with balanced electrolyte solutions 
(0.85% sodium chloride) and isotonic dextrose (5%). 

(c) Other therapies include nursing care to keep the calf warm and dry 
and intestinal protectants (e.g., kaolin-pectin combinations, bismuth 
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subsalicylate). There is no evidence that anticholinergics or oral antibiotics 
influence the course or magnitude of the diarrhea. 

(7) Prevention. Total prevention of this condition is  usually an unrealistic goal. A 
control program is built on the principles of reduction of exposure of neonates 
through hygienic and management practices, provision of adequate colostrum, 
and vaccination of the dam or calf. Many of these practices are difficult to 
fully achieve and require creative modifications, depending on the numbers of 
animals and the population at risk (i.e., dairy, beef, or veal calves). 

b. Rotavirus diarrhea 
(1) Patient profile. Rotavirus causes diarrhea in all breeds of calves from 5 to 7 

davs up to 3 weeks of age. This virus often i s  found in mixed infections with 
ETEC and cryptosporidii. 

(2) Clinical findings. Clinical findings in pure rotavirus infections are diarrhea, de- 
hydration, and anorexia. The condition may last for a few days, and recovery 
is usually uneventful. Combined infections with other pathogens (e.g., E. colt? 
result in a clinical picture of undifferentiated neonatal diarrhea indistinguish- 
able from ETEC or combined enteric pathogens. 

(3) Etiology and pathogenesis 
(a) The condition is caused by one of several strains of RNA rotavirus. The 

virus attacks absorptive cells at the tips of the villi of the small intestine. 
Loss of these mature epithelial cells results in rnalabsorption (lactase wash- 
out), osmotic diarrhea, dehydration, electrolyte loss, and acidosis. 

(b) Intestinal regeneration and epithelial cell function return to normal within 
approximately 7 days, although normal growth rates for the calf may take 
10-21 days to return. 

(4) Diagnostic plan. Accurate diagnosis depends on laboratory confirmation. 
(5) Laboratory tests. The virus may be isolated from fresh feces or intestine. Tests 

that should be performed include electronmicroscopy, imrnunofluorescence, 
latex agglutination, and ELISA. 

(6) Therapeutic plan. The treatment is as for ETEC or undifferentiated neonatal 
diarrhea [see I I  B 3 a (611. 

(7) Prevention 
(a) Management strategies. The principles of control are the same as for undif- 

ferentiated neonatal diarrhea-limit exposure to the organism, ensure co- 
lostral intake, and increase specific antibody levels by vaccination of the 
calf or dam. 

(b) Vaccination of calves has given less than satisfactory results in field stud- 
ies. For vaccination of the dam to provide protection to the calf, it must 
occur at a time of colostrum production, and continued feeding of milk or 
colostrum with high antibody titers during the times calves are susceptible 
to infection is necessary. This may require management changes in veal or 
dairy operations. 

c. Coronavirus diarrhea 
(1) Patient profile. Coronavirus causes diarrhea in beef or dairy calves under a va- 

rietv of management practices. The age range of infected calves is generally 
5-20 days. - 

(2) Clinical findings. Clinical findings are similar to other cases of neonatal diar- 
rhea, with the exception that flecks of frank blood may be seen in the feces of 
coronavirus-infected calves. 

(3) Etiology and pathogenesis. Coronavirus replicates in and damages-the villus 
epithelium of both the small and large intestines. The crypt cells also are dam- 
aged, which results in a longer rejuvenation time for cell repair and replace- 
ment. Loss of epithelial cells results in malabsorption, maldigestion, and diar- 
rhea. 

(4) Diagnostic plan. Diagnosis is based on confirmatory laboratory tests as in ro- 
tavirus infection [see ll B 3 b (4), (5)]. 

(5) Therapeutic plan and prevention. Therapy and prevention is as for rotavirus in- 
fection, with the added caveat that calves with coronavirus diarrhea take 
longer to recover because of crypt cell destruction. Convalescence may be pro- 
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longed and weight loss significant. Attention to nutritional supplementation 
may be necessary. 

d. Cryptosporidiosis diarrhea 
(1 )  Patient profile and history. Neonatal dairy or beef calves are affected. 
(2) Clinical findings 

(a) The clinical signs are indistinguishable from other causes of neonatal diar- 
rhea. Calves are usually 1-3 weeks of age. Tenesmus may be a feature of 
the condition as is  weight loss and the persistence of the diarrhea. 

(b) Appearance. Severe dehydration, weakness, and recumbency are not char- 
acteristic of uncomplicated cases of cryptosporidiosis. 

(3) Etiology and pathogenesis 
(a) The causative agent is the protozoan parasite, Cryptosporidium pamm. 

Infective oocysts are ingested and develop through six stages within the 
lower small intestine, large intestine, and cecum. The parasite produces vil- 
lus atrophy, impairment of digestion, and absorption with a resultant mild 
diarrhea in uncomplicated cases. The organism is frequently seen in com- 
bination with other agents that cause neonatal diarrhea. This increases the 
severity of the diarrhea and the clinical effect on the calf. 

(b) The prepatent period is 2-7 days, and sporulated oocysts may be passed 
for 3-1 2 days in the feces. 

(4) Diagnostic plan. Diagnosis depends on laboratory confirmation. 
(5) Laboratory tests. Fecal oocysts may be detected by fecal floatation, direct 

staining of fecal smears, immunofluorescence, or ELISA. 
(6) Therapeutic plan 

(a) Medical therapy. Diarrhea with uncomplicated cases of cryptosporidiosis 
i s  self-limiting. However, there is no recommended or specific treatment 
for cryptosporidiosis. On an experimental basis, the anticoccidial agent ha- 
lofuginone has been used with some success at 60-125 pg/kg orally for 7 
davs. 

(b) 5upportive therapy. Other treatments are supportive and similar to treat- 
ments of all diarrheas (e.g., warmth, oral or intravenous fluids, milk feed- 
ing in small quantities several times daily, oral protectants). 

(7) Prevention 
(a) The only control at present is to limit exposure of calves to the organism. 

Procedures used include: 
(9 Segregation of infective calves 
(ii) Separation of feeding utensils 
(iii) Manure removal 
(iv) Disinfection of the environment with 5% ammonia or chlorine-diox- 

ide-based disinfectants 
(b) Clients should be warned that C. parvum is a zoonotic agent and causes 

diarrhea in humans. The condition has serious implications in immuno- 
compromised individuals. 

e. Ciardiasis 
(1) Patient history and etiology. Giardia (e.g., G. duodenalis) has been recovered 

in feces of diarrheic calves. Its etiological significance is yet to be proven be- 
cause infection occurs experimentally, but clinical signs do not develop. 

(2) Clinical findings and therapeutic plan. A syndrome is described of Giardibas- 
sociated, chronic, pasty diarrhea lasting for 2-6 weeks. Growth is depressed. 
Fenbendazole at 11 rnglkg has shown efficacy against this parasite. 

(3) Ciardia species cause disease in humans, so a zoonotic potential exists when 
calves are excreting the organism. 

f. Salmonellosis 
(1) Patient profile and history. Salmonella usually affects calves older than 10-14 

days of age. 
(2) Clinical findings. Three syndromes have been described in calves 10 davs to 3 

months of age. These syndromes are: 
(a) Peracute-sudden death, neurological convulsions), 

or gastrointestinal signs (abdominal 
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(b) Acute-fever, anorexia, depression, diarrhea, and dehydration. Diarrhea 
progresses from watery to mucus/epithelial casts to hemorrhagic feces. 

(c) Chronic-loose feces with poor growth rates and ill-thrift 
(3) Etiology and pathogenesis. Salmonella dublin and S. fyphimurium are the 

most common Salmonella isolates. The pathogenesis of the diarrhea is similar 
to that described for salmonellosis in the adult [see I1 B 1 d (3)l. A bacteremic 
form also may exist. 

(4) Diagnostic plan. Diagnosis is supported by laboratory findings and farm his- 
tory. 

(5) Laboratory tests. Necropsy and culture findings of feces or intestinal contents 
confirm the diagnosis. Repeated culture attempts may be necessary to isolate 
the organism from feces. 

(6) Therapeutic plan and prevention. Therapy and prevention are as for the adult 
[see II B 1 d (71, (€91. 

g. Clostridial diarrhea 
(1) Patient profile and history. This type of diarrhea may be reported as an out- 

break in rapidly growing, vigorous, nursing calves. It is more commonly re- 
ported as a disease of older calves or sheep. 

(2) Clinical findings. Sudden death may be the most common presentation. Less 
acute disease may present as abdominal pain, distention, and hemorrhagic en- 
teritis. 

(3) Etiology and pathogenesis 
(a) Clostridium perfringens normally is found in the intestinal tract and may 

proliferate at times of abrupt feed changes or overfeeding of carbohy- 
drates. Enterotoxins (alpha, beta, epsilon, and iota) produced by the var- 
ious organism types produce the clinical signs. 

(b) C. perfringens type A produces a hemorrhagic enteritis in Europe. 
(c) C. perfringens type B causes diarrhea in many types of neonates in Eu- 

rope, South Africa, and the Middle East. 
(d) C. perfringens type C causes hemorrhagic enteritis of calves in North 

America. 
(e) C. perfringens type E causes necrotic hemorrhagic enteritis but is rare. 

(4) Diagnostic plan. A tentative diagnosis may be made based on subjective and 
clinical findings but requires laboratory confirmation. 

(5) Laboratory tests. Necropsy andlor mouse inoculation with intestinal contents 
and neutralization studies with specific antitoxin confirm the diagnosis. 

(6) Therapeutic plan. Therapy with antibiotics (penicillin) and hydration support 
may be attempted but are rarely successful because of the peracute nature of 
the disease. Similarly, specific antitoxin therapy is rarely available. 

(7) Prevention. Active immunization of the dam may be employed using toxoids 
appropriate for the serotype. Vaccination of the dam before parturition (6-8 
weeks) imparts protection to the calf in the colostrum. 

h. Dietary causes of diarrhea 
(1) Patient profile 

(a) Amounts of liquid feed. Dairy calves should be fed fresh colostrum at the 
rate of 10% body weight (BW) per day for the first 3 days. This should be 
divided into two or three feedings. Following this, calves may be fed milk 
or milk replacer at 8%-10% BWlday not to exceed 2 Ufeeding. Over- 
feeding in total or at any given feeding may result in diarrhea. In a cold cli- 
mate, the total amount of milk fed may need to be increased to 12%-14% 
BWlday. 

(bl Tvoe of liauid feed. Satisfactorv oerformance can be achieved with the 
u;; of cold.strum, whole milk dr hilk-based milk replacers. 

(i) Colostrum mav be collected from mature cows and stored bv freez- 
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gredients results in poor growth rates and diarrhea. Milk replacers 
should also contain 10%-20% fat, which is an energy source and 
limits diarrhea. 

(c) Method of feeding. Feeding via nipple feeder or open bucket in neonates 
causes no significant differences in health or growth rates. An exception to 
this is veal calves described as "rumen drinkers" where older calves (5-6 
weeks) ingest milk from buckets directly into the rumen. This results in re- 
current ruminal tympanylfluid distention, inappetence, poor growth rates, 
and the production of clay-like feces. 

(2) Clinical findings and therapeutic plan. The clinical signs are caused by rumi- 
nal hyperkeratosis and intestinal villous atrophy. Treatment includes conver- 
sion to nipple pail nursing or weaning onto roughage diets. 

i. Infectious bovine rhinotracheitis may cause diarrhea in young calves as part of a 
systemic infection (see Chapter 6 11 B 6 a). 

j. Bovine viral diarrhea is discussed in II B 1 a. 
k. Prolonged antibiotic therapy. Prolonged oral antibiotic therapy may predispose 

calves to intestinal overgrowth of pseudomonas, proteus, or fungi. Intractable diar- 
rhea may result. 

ing, refrigeraticin, fermentation, or through the addition of ch'emical 
preservative. Colostrum is diluted 2:l or 3:l with water before 
feeding. 

(ii) Milk replacers should be milk-based as plant proteins and starches 
are not well digested by the neonatal calf. Maldigestion of these in- 



DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
followed by answers or by completions of the statement. Select the ONE numbered answer 
or completion that i s  BEST in each case. 

1. What conditions should be included on a 
list of differential diagnoses for diarrhea in a 
calf younger than 1 week of age? 

(1) Enterotoxigenic Escherichia coli (ETEC) 
diarrhea, coronavirus diarrhea, rotavirus 
diarrhea 

(2) Salmonellosis, clostridiosis, primary disac- 
charidase deficiency 

(3) Primary disaccharidase deficiency, rotavi- 
rus diarrhea, ETEC diarrhea 

(4) Coronavirus diarrhea, salmonellosis, cocci- 
diosis 

(5) Giardiasis, transmissible gastroenteritis 
(TGE), clostridiosis 

2. Which one of the following statements r e  
garding traumatic reticuloperitonitis (TRP) i s  
correct? 

(1) Therapy should include antibiotics and 
confinement 

(2) TRP is least common in mature dairy 
COWS. 

(3) Left paramedian abdominocentesis should 
be attempted to diagnose peritonitis. 

(4) Affected animals go off feed abruptly but 
continue to produce milk at 75% of the 
normal production level. 

(5) Affected animals often stand with their 
hind feet elevated to relieve the acute 
pain. 

3. A veterinarian is called to see a 5-year-old 
jersey cow. She has been fresh for 2 months 
and was treated for hardware disease by the 
owner shortly after calving. She is now milk- 
ing at a level that i s  50% lower than would 
be anticipated and i s  selectively inappetent, 
preferring roughage to her concentrate ration. 
The owner has been treating her with rumena- 
torics for 2 weeks, but has seen no response 
to therapy. Physical examination reveals a dis- 
tended abdomen with mild gaseous distention 
of the left paralumbar fossa and succussible 
fluid in the lower right abdominal quadrant. 
The cow i s  passing scant, pasty feces and ap- 
pears to be thin and mildly dehydrated. The 
cow exhibits four weak rumen rolls per min- 
ute but is not chewing her cud. Her heart rate 
is 30 bpm. The most probable diagnosis is: 

(1) chronic bovine virus diarrhea (BVD). 
(2) simple indigestion. 
(3) acute localized peritonitis. 
(4) vagal indigestion. 
(5) Johne's disease. 

Questions 4-5 

In January, a veterinarian is called to evaluate a 
herd of Holstein cows that are housed indoors. 
Eighty percent of the milking cows have devel- 
oped acute, profuse, diarrhea over the last 
12-24 hours. Occasionally, the feces are 
bloody and mucoid. The milk production in the 
herd has decreased by 50%. The cows are fed 
an 18% protein dairy ration and alfalfa-timothy 
hay. A new source of grain was introduced in 
the last 3 days. Other animals (virgin heifers 
and bulls) are normal, although they are fed a 
similar diet. Physical examination reveals that 
some of the animals are mildly dehydrated. The 
vital signs are normal and no other abnorrnali- 
ties are detected. Com~lete blood cell counts 
(CBCs) and biochemisiry profiles obtained from 
several clinically affected cows are essentially 
normal except for increases in the packed ceil 
volume (PCV) and total protein (TP). 
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4. What is  the most likely diagnosis? 5. What is the appropriate next step? 

(1) Bovine virus diarrhea (BVD) 
(2) Salmonellosis 
(3) Winter dysentery 
(4) Arsenic poisoning 
(5) Rotavirus diarrhea 

(1) Treat all affected animals with potentiated 
sulfonamides, flunixin meglumine, and 
oral or intravenous fluids. 

(2) Treat all affected animals with broad-spec- 
trum antibiotics and intestinal protectants. 

(3) Treat all affected animals with oral char- 
coal and systemic British antilewisite 
(BAL). 

(4) Run serologic tests to confirm the diag- 
nosis. 

(5) Wait for the disease to run its course. Sup- 
portive care (e.g., fluid therapy and astrin- 
gents) is indicated for dehydrated animals. 

DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
negatively phrased, as indicated by a capitalized word such as NOT, LEAST, or EXCEPT. 
Select the ONE numbered answer or completion that is BEST in each case. 

1 

6. All of the following are true statements re- 
garding grain overload in sheep EXCEPT: 

(1) administration of oral magnesium oxide to 
sheep not showing signs of shock and de- 
hydration is one correct form of therapy. 

(2) absorption of both D- and L-lactate oc- 
curs, but only the D-lactate causes aci- 
demia. 

(3) this condition occurs when gram-positive 
rods overgrow normal rumen flora. 

(4) emergency surgery will allow salvage of 
animals that are convulsing and in shock. 

(5) the severity of clinical signs depends on 
the amount and particle size of the in- 
gested grain. 

7. Which one of the following statements is 
NOT correct regarding calves born to cows 
3-9 months after an episode of bovine virus 
diarrhea (BVD) in a nonimmune population? 

(1) The calves may be born with mucosal dis- 
ease that is unresponsive to therapy. 

(2) The calves may be born with cerebellar 
disease. 

(3) The calves are immunotolerant to the 
BVD virus but they are incapable of 
mounting an antibody response to it. 

(4) The calves are chronic shedders of the 
BVD virus. 

(5) The calves may appear normal or suffer 
from ill thrift. 

8. All of the following statements concerning 
bovine malignant catarrh (BMC) are true EX- 
CEPT: 

(1) BMC occurs sporadically and is usually 
spread from cow to cow. 

(2) BMC causes a vasculitis and atypical pro- 
liferation of lymphocytes. 

(3) BMC causes lymph node enlargement. 
(4) BMC causes a panophthalmitis. Corneal 

opacity usually begins peripherally and 
spreads centrally. 

(5) BMC is frequently accompanied by ner- 
vous system signs. 

9. All of the following are suspected patho- 
physiologies of left displacement of the ab- 
omasum (LDA) EXCEPT: 

(1) reduction in abomasal motility due to hy- 
pocalcemia. 

(2) reduction in abomasal tone through sta- 
bling and lack of exercise. 

(3) reduction in abomasal motility from toxins 
released during concurrent disease. 

(4) reduction in abomasal motility due to a 
decrease in volatile fatty acid WFA) p m  
duction. 

(5) reduction in abomasal motility due to an 
increased dietary c0ncentrate:roughage 
ratio. 
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1. The answer i s  1 [II B 3 1  Included on a list 
of differential diagnoses for diarrhea in a calf 
younger than 1 week of age would be entero- 
toxigenic Escherichia coli (ETEC) diarrhea, CO- 
ronavirus diarrhea, and rotavirus diarrhea. Sal- 
monellosis, clostridiosis, and coccidiosis are 
usually a cause of diarrhea in older calves. Pri- 
mary disaccharidase deficiency has not been 
reported in calves. Ciardia larnblia, although 
recoverable from the feces of some calves 
with diarrhea, is unproven as a cause of neo- 
natal calf diarrhea. Transmissible gastroenteri- 
tis flGE) is a disease of swine. 

2. The answer is 1 [I E 11. Traumatic reticu- 
loperitonitis (TRP, hardware disease, traumatic 
gastritis, traumatic reticulitis) is most common 
in mature dairy cows. Clinical signs include 
an abrupt drop in milk production (to less 
than 50% of normal) and odd postures (e.g., 
the animal may stand with its hind feet in a 
gutter in an attempt to relieve diaphragmatic 
reticular pressure). A right, not a left, paramed- 
ian approach is recommended to collect peri- 
toneal. fluid for laboratory analysis. Conserva- 
tive therapy entails confinement and 
administration of antibiotics; rumenotomy 
may be necessary if conservative management 
fails and economics warrant surgical interven- 
tion. 

3. The answer is 4 [I A 31. The clinical find- 
ings suggest vagal indigestion. The history 
may include mild but repeated bouts of tran- 
sient indigestion with signs of anorexia, de- 
creased milk production, mild bloat, weight 
loss, abdominal distention, and decreased 
amounts of manure. The animal may have ex- 
perienced an episode of traumatic reticuloperi- 
tonitis (TRP) in the past. Chronic bovine virus 
diarrhea (BVD) is  seen in young animals with 
diarrhea, a stunted growth pattern, and lame- - ness. Simple indigestion resolves within a few 
days. Acute local peritonitis (while perhaps 
the initial cause of this chronic disease) 
would have resolved. Intractable diarrhea is 
the most evident complaint and finding in ani- 
mals with Johne's disease. 

4-5. The answers are: 4-3, 5-5 [I1 B 1 el. 
The most likely diagnosis is winter dysentery. 

The subjective findings (e.g., housed cattle, 
month) support a diagnosis of w~nter dysen- 
tery. The cows present as essentially normal, 
except for an explosive outbreak of diarrhea. 

I 

These findings eliminate salmonellosis and ar- 
senic poisoning from the list of differential di- 
agnoses. Rotavirus has not been demonstrated 
as an etiologic agent for diarrhea in adult ru- 
minants. A virulent v~rus serotype responsible 
for bovine virus diarrhea (BVD) would cause 
sim~lar, but more severe, clinical findings 
(e.g., severe dehydration). 

A bovine coronavirus is the etiologic agent 1 
of winter dysentery. Treatment consists of sup I 

portive care and waiting for the disease to run 
its course. Antibiotics are unnecessary and in- 
effective. British antilewisite (BAL) is a treat- 
ment for arsenic toxicity. Serologic studies 
would be of no value for diagnosis. 

6. The answer is  4 [I A 21. In a convuking an- 
imal in shock as a result of grain overload, sur- 
gery is  not economically warranted because 
these animals have a poor prognosis for recov- I 
ery. Lactic acidosis resulting from grain over- 
load occurs when gram-positive rods over- 
grow the normal rumen flora. Absorption of 
both D- and L-lactate occurs, but only o-lac- 
tate causes acidemia. The severity of the clini- 
cal signs depends on the amount and particle 
size of the grain ingested; finely ground feeds 
are associated with more severe clinical signs. 
Administration of oral magnesium oxide to 
sheep not showing signs of shock and dehy- 
dration is one appropriate therapy. 

7. The answer i s  1 [I1 B 2 bl. Calves that 
have been exposed to the bovine virus diar- 
rhea (BVD) virus in utero are not born with 
mucosal disease; rather, they may develop a 
fatal mucosal disease sometime later after 
being exposed to a cytopathic form of the 
virus. Affected calves are immunotolerant to 
the virus but are unable to mount a humoral 
antibody response against it. Affected calves 
may appear normal at birth, or they may suf- 
fer from ill thrift. Affected calves are chronic 
shedders of the BVD virus. 

8. The answer is 1 [I1 B 1 b]. Bovine malig- 
nant catarrh (BMC) occurs sporadically and is 1 - 

caused by a wildebeest-associated virus (in Af- 
rica) or a sheep-associated virus (in North 
America). The virus is not known to be spread 
cow-to-cow. Disease outbreaks are often asso- 
ciated with ewes lambing near cattle. BMC 
causes vasculitis, atypical proliferation of lym- 
phocytes, panophthalmitis, and lymph node 
enlargement and is frequently accompanied 
by nervous system signs. 
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9. The answer is 4 11 C I]. High dietary con- 
centrate: roughage ratios increase the produc- 
tion of volatile fatty acids (VFAs). VFAs are 
known to decrease intestinal motility; it is hy- 
pothesized that this leads to gas build-up 
within the abomasum and eventual displace- 
ment of the left abomasum. It is thought that 
abomasal tone is also negatively affected by 
low serum calcium levels, circulating toxins, 
and lack of exercise in deep-bodied cows. 
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m-ASTROINTESTINAL TRACT 

4 Stomach. Gastric ulcers may be found at any production stage in swine. 

1. Clinical findings include: 
a. Sudden death resulting from perforation of a major blood vessel or acute, diffuse 

peritonitis 
b. Melena 
c. Anemia 
d. Poor growth 

2. Etiology and pathogenesis. Risk factors for the development of gastric ulcers include 
finely ground feed, wheat feeds, and stressors (e.g., concurrent disease, competition 
for social status). Also, there has been an association made with vitamin E and selen- 
ium deficiency. 

3. Diagnostic plan. The diagnosis is often made on necropsy or through clinical signs. 

I.,laboratory tests confirm anemia and blood in the feces. 

5. Therapeutic plan. Treatment often is not carried out in individual animals. Affected an- 
imals may be culled. If warranted, treatment may follow similar courses as with other 
monogastrics (i.e., antacids, mucosal protectants, Hz-receptor blocking agents). Note 
that with Hz-receptor blocking agents, such as cimetidine, extra-label use is required. 

Intestines 

1. Diarrhea in neonatal swine 
a. Enterotoxigenic Escherichia coli (ETEC) 

(1) Patient profile and history. ETEC is a common cause of acute diarrhea in new- 
born piglets and can be a significant cause of diarrhea up to weaning age. 

(2) Clinical findings. The condition presents as acute diarrhea (nonhemorrhagic) 
with dehydration, anorexia, weakness, and, in advanced cases, signs of shock 
and death caused by hypovolemia and acidemia. 

(3) Etiology and pathogenesis 
(a) Many strains of ETEC are causative (more than 300 strains with varying 

combinations of 0, K, and H antigens). Risk factors include poor hygiene, 
poor quality or insufficient colostrum, weak piglets at birth, and low herd 
immunity. 

(b) Route of infection. Enterotoxigenic strains of E. coli adhere to the mucosa 
of the small intestine, proliferate, and elaborate an enterotoxin, which 
causes the secretory diarrhea. Adherence to the small intestinal mucosa is 
achieved through any of several bacterial surface pili (K88, K99, 987P). Se- 
cretion is mediated through bacterial enterotoxins (heat-stable toxins, heat 
labile toxins, or both), which act on intact intestinal mucosa. These toxins 
increase the secretion of fluids and electrolytes to the gut lumen through 
activation of cyclic guanosine monophosphate (cGMP) or cyclic adeno- 
sine monophosphate (CAMP) systems. Absorptive capabilities of the mu- 
cosal cells remain intact. 

(4) Diagnostic plan. Diagnosis is based on clinical signs, response to therapy, and 
laboratory confirmation. 

(5) Laboratory tests include: 
(a) Fecal culture and E. coli identification using a pooled antigen antiserum 















i Chapter 5 
/ Hepatobiliary Diseases 

-TION 

3 General principles 

1. Hepatic disease versus hepatic failure. Multisystemic diseases (e.g., endotoxemia, hy: 
poxemia) and toxic insults often cause hepatic disease without causing hepatic fail- 
ure. Affected animals generally do not exhibit clinical signs of liver dysfunction and 
do not require specific therapy to support the liver. Hepatic disease in these patients 
i s  recognized by abnormally high serum hepatic enzyme activities or microscopic ex- 
amination of the liver. 

2. Acute versus chronic disease. Distinguishing acute liver failure from chronic liver fail- 
ure on the basis of clinical signs alone may be difficult. The onset of signs in patients 
with acute liver failure is sudden and dramatic whereas patients with chronic liver 
failure usually have a history of chronic weight loss and anorexia prior to developing 
signs of acute disease. Because signs indicating chronicity can be missed, a liver bi- 
opsy is required to differentiate between acute and chronic liver failure. 

3. Hepatocellular versus cholestatic (obstructive) disease. Liver failure, accompanied 
by icterus, is produced by two major mechanisms: primary hepatocyte damage (hepa- 
tocellular disease) or primary cholestasis (cholestatic disease). Cholestasis may be 
caused by canalicular dysfunction (intrahepatic cholestasis) or blockage of the large 
bile ducts. 

Diagnosis of hepatobiliary disease. Physical examination and laboratory findings in 
large animals with liver failure are often similar regardless of the cause of disease. 

1. Clinical findings 
a. Dermatologic signs 

(1) lcterus (jaundice) results from bilirubin deposition in tissues of animals with 
hyperbilirubinemia. Hyperbilirubinemia in liver failure is caused by failure of 
uptake, conjugation, or excretion of bilirubin. 
(a) lcterus is common in horses with acute liver failure and variably present 

in horses with chronic liver failure. Anorexia or fasting can cause icterus 
in horses with normal liver function. 

(b) Biliary obstruction is the most likely cause of icterus in nrminants. 
(2) Photoderrnatitis. Phylloerythrin, produced by bacterial degradation of chlom- 

phyll, i s  normally excreted in the bile. In patients with cholestasis, phylloer- 
ythrin accumulates in the systemic circulation and binds to the skin, where it 
acts as a photodynamic agent, causing erythema and necrosis of nonpig- 
mented skin following exposure to sunlight. 

(3) Pruritus, attributed to the accumulation of bile salts in the skin, has been re- 
ported on occasion in horses with liver failure. 

b. Neurologic signs. Hepatic encephalopathy is a clinical syndrome that occurs sec- 
ondary to liver failure and i s  characterized by abnormal mental status. 
(1) The pathophysiology i s  incompletely understood, but contributing factors in- 

clude hypoglycemia, hyperammonemia, a decrease in the branched chain:ar- 
omatic amino acid ratio, and increased concentrations of mercaptans, sulfur- 
containing amino acids, and short-chain fatty acids in the plasma. 

(2) Clinical signs are often subtle and behavioral changes may only be obvious 
to the owner. Overt signs may include depression, incoordination, aimless 
wandering, head pressing, stupor, or coma. Frequent yawning and pharyngeal 
or laryngeal collapse with severe inspiratory dyspnea have been reported in 
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TABLE 5-1. Laboratory Findings in Hepatocellular and Cholestatic Liver Disease 

Parameter Hepatocellular Disease Cholestatic Disease 

Total bilirubin Increased l ncreased 

Direct (conjugated) bilirubin Mild to moderate increase Marked increase 
Indirect (unconjugated) Moderate increase Normal to mild increase 
bilirubin 
Urine bilirubin Normal to mild increase Marked increase I 1 Urine urobilinogen Normal to slight increase Absent (complete bile duct 

obstruction) 

Alkaline phosphatase (AP) Mild increase Marked increase 

yGlutamyl transferase Mild to moderate increase Moderate to marked 
increase 

Aspartate aminotransferase Mild to moderate increase Normal to mild increase " I (NTi 
Sorbitol dehydrogenase Mild to moderate increase Normal to mild increase 1 1 (SDH) I I 

horses with hepatic encephalopathy. Excessive vocalization and tenesmus 
may be a feature of this neurologic syndrome in cattle. 

c. Gastrointestinal signs 
(1) Weight loss is a common but nonspecific finding in large animals with 

chronic liver disease. Anorexia and failure of hepatic metabolic functions 
likely contribute to the weight loss. 

(2) Diarrhea, a common finding in cattle with chronic liver disease, has been at- 
tributed to increased hydrostatic pressure associated with portal hypertension. 
Because of the low fat content of the herbivore diet, steatorrhea is an unlikely 
cause of diarrhea in herbivores with liver failure. 

(3) Tenesmus, followed by rectal prolapse, is observed in some cattle with liver 
disease. Hepatic encephalopathy, diarrhea, and intestinal edema secondaly 
to portal hypertension are thought to be predisposing factors. 

(4) Ascites is a common finding in cattle with hepatic cirrhosis, but is rarely re- 
ported in horses. Portal hypertension, and possibly hypoalbuminemia, lead to 
ascites. 

(5) Fecal color change i s  unlikely in mature herbivores with biliary obstruction 
because chlorophyll contributes to fecal color. However, in suckling herbi- 
vores, fecal color is attributed to the presence of stercobilin (a bilirubin metab- 
olite) and biliary obstruction can result in light feces. 

(6) Recurrent subacute abdominal pain has been reported in horses with liver 
failure, particularly those with cholelithiasis. 

d. Hematologic signs 
(1) Bleeding diathesis. Coagulopathy leading to hemorrhage (e.g., epistaxis, pro- 

longed bleeding from venipuncture sites) may accompany severe terminal 
liver iailure and is caused by inadequate hepatic synthesis of clotting factors 
(I, [I, V, VII, IX, and X). If liver disease causes decreased bile flow to the intes- 
tines, absorption of fat-soluble vitamins, including vitamin K, will be im- 
paired. Vitamin K, is required by the liver for the production of factors II, VI1, 
IX, ard X. 

(2) Hemolytic crisis. A terminal hemolytic crisis, attributed to increased red 
blood cell (RBC] fragility, has been reported in horses with liver failure. 

2. Laboratory tests. Laboratory studies can help distinguish hepatocellular and chole- 
static liver disease (Table 5-1 ). 
a Liver enzyme studies 

(1) y-Glutamyl transferase (CGT) is predominantly associated with the cell mem- 
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brane, of hepatocytes and biliary epithelial cells. Other sources of GGT in 
horses are the pancreas and the renal tubular epithelium. However, because 
pancreatic disease is  rare in horses, and renal disease causes an increase in 
urine~but not serum GGT activity, increased serum GGT activity can be con- 
sidered fairly specific for hepatocellular and cholestatic liver disease. 
(a) Hepatocyte necrosis causes an increase in GGT activity due to leakage of 

this enzyme from the hepatocyte; therefore, GGT activity is almost al- 
ways increased in large animal patients with acute or chronic hepatocel- 
lular disease. 

(b) Cholestasis causes the greatest increase in GGT activity; the exact mecha- 
nism of this increase is not known, but it is usually attributed to increased 
production. 

(2) Alkaline phosphatase (AP) activity can be used to evaluate the status of the 
liver, but this enzyme is  not liver-specific. In addition to the hepatobiliaty 
membrane, other tissues that may contribute to increased serum AP activity 
include bone, intestinal tissue, and placental tissue. In horses, GCT has been 
shown to be a better indicator than AP of hepatobiliary and cholestatic liver 
disease. 
(a) AP activity is usually increased in horses with chronic liver failure. 
(b) In the presence of cholestasis, there is increased production and release 

of AP, possibly mediated through the action of bile salts. Concurrent in- 
creases in AP and GGT activity are the expected finding in large animal 
patients with biliary obstruction. 

(3) Dehydrogenases [e.g., sorbitol dehydrogenase (SDH), lactate dehydrogenase 
(LDH), glutamate dehydrogenase (GDH)] are found in hepatocytes. Activity 
of these enzymes is usually increased with acute hepatocellular damage, but 
is often normal to below-normal in patients with chronic liver failure. 

b. Serum bilirubin assessment. Hyperbilirubinemia in large animals can result from 
hemolysis, cholestasis, or hepatocellular disease. In horses, fasting commonly 
causes hyperbilirubinemia. 
(1) Animals with hepatocellular disease will have increases in both conjugated 

and unconjugated bilirubin, with unconjugated bilirubin showing the greatest 
Increase. 

(2) In animals with significant biliary obstruction, the magnitude of increase in 
conjugated bilirubin is usually greater than the magnitude of increase in un- 
conjugated bilirubin. Horses are the exception to this rule; in this species, a 
conjugated serum bilirubin level that i s  greater than or equal to 25% of the 
total bilirubin indicates bile d u d  obstruction. Bilirubinuria, in the absence of 
hemolysis, is also indicative of bile duct obstruction. 

c. Bile acid concentration. Bile acids are synthesized in the liver from cholesterol. 
They are present in high concentrations in the portal circulation, are extracted by 
the liver with high efficiency (greater than 90%), and are transported via the bili- 
ary tree. An elevated bile acid concentration has high specificity for diagnosis of 
liver disease, but cannot be used to differentiate between hepatocellular and ob- 
structive disease. 
(1) Hepatocellular disease. Bile acid concentrations are increased in patients 

with hepatocellular disease as a result of decreased extraction from the portal 
circulation. 

(2) Obstructive liver disease. Bile acid concentrations are increased in patients 
with obstructive liver disease as a result of decreased biliary excretion. 

d. Dye excretion tests. Sulfobromophthalein and indocyanine dyes can be used to 
assess hepatobiliary transport. Because these dyes are difficult to obtain, serum 
bile acid measurements have replaced dye excretion tests for evaluation of liver 
function in large animals. 

e. Miscellaneous laboratory assessments 
(1) Serum prothrombin time (PT). The serum PT may be increased as a result of 

decreased synthesis of cloning factors in patients with liver failure. 
(2) Plasma triglyceride concentration. The plasma triglyceride concentration 

may be increased in horses and cattle with hepatic lipidosis. 
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(3) Plasma ammonia concentration. The plasma ammonia concentration may be 
increased due to decreased conversion of ammonia to urea in the liver. The 
degree of elevation of the plasma ammonia level is poorly correlated with the 
severity of the hepatic encephalopathy. 

(4) Glucose level. Hypoglycemia due to anorexia, decreased hepatic glycogen 
stores, and decreased hepatic gluconeogenesis occurs in large animals with 
liver failure. 

(5) Plasma protein level. The liver produces most plasma proteins, including al- 
bumin and a and p globulins. Hypoalbuminemia is uncommon in patients 
with liver failure, but decreased a and fi globulin concentrations have been 
reported in horses with chronic liver failure. In contrast, y globulin concentra- 
tions are increased due to chronic antigenic stimulation. 

3. Other diagnostic modalities 
a. Hepatic ultrasound. Ultrasound examination of the liver is used to diagnose hepa- 

tomegaly, cholelithiasis (with or without biliary dilatation), and space-occupying 
lesions in the liver. 

b. Percutaneous liver biopsy is used to determine the presence and cause of liver - .  
disease. 
(1) Procedure. Samples may be obtained blindly or with ultrasound guidance 

and should be placed in formalin for histology and appropriate media for bac- 
terial culture. 

(2) Contraindications. The procedure is relatively safe, provided that the coagula- 
tion profile i s  normal. A liver biopsy should be avoided when liver abscesses 
are suspected. 

a Treatment of ixpatobiliary disease. Supportive care is most appropriate in patients with 
acute hepatic failure because the liver has a tremendous regenerative capacity. Treat- 
ment of patients with chronic liver failure i s  generally unrewarding because regeneration 
is restricted by fibrosis that bridges lobules. Supportive medical therapy may entail the 
following measures: 

1. Management of hepatic encephalopathy 
a. Sedation. Restless or convulsing animals should be sedated. Xylazine (0.5-1.0 

mglkg) and diazepam (0.05-0.4 mgtkg) are effective sedatives in most patients; 
drug dosages may have to be adjusted because most sedatives and anticonvul- 
sants are metabolized by the liver. 

b. Minimization of the production or absorption of toxic metabolites 
(1) Mineral oil i s  used to decrease absorption of toxic protein metabolites pro- 

duced by enteric bacteria. 
(2) Ladulose (0.3 ml/kg orally once every 6 hours) can be used to decrease am- 

monia absorption from the gut, and neomycin (10-100 m@kg orally once 
every 6 hours) may be given to decrease the production of ammonia by intes- 
tinal microflora. However, these two treatments are costly and may cause 
diarrhea. 

(3) Diet. Proper dietary management i s  crucial. A diet that provides 30-40 
kcallkg body weight (BW) in the form of low-protein, highenergy feeds rich 
in branched-chain amino acids (e.g., milo, sorghum, beet pulp) has been rec- 
ommended for all horses with liver failure, but particularly those with signs of 
hepatic encephalopathy. 
(a) A mixture of two parts beet pulp and one part cracked com in molasses 

fed at 2.5 kg1100 kg BWIday is usually divided into six or more feedings. 
(b) Oat or grass hay should be substituted for high-protein alfalfa or legume 

hay. 

2. Intravenous fluid therapy. 5% Dextrose (2 mllkglhour) should be used for the first 24 
hours i n  patients that are hypoglycemic or exhibiting signs of hepatoencephalopathy. 
If fluid therapy is to be continued for more than 24 hours, 2.5%-5% dextrose in lac- 
tated Ringer's solution should be substituted. In anorexic patients, potassium chloride 
can beadded to fluids at a rate of 20-40 mmolfkg. 
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TABLE 5-2. Recommended Oral Dosages 
of Corticosteroids for Patients with Chronic 
Active Hepatitis 

Dosage 

1.5 mgkg twice daily 
1.0 mgkg twice daily 
1.0 mgkg once daily 

12-1 6 0.5 mgkg once daily 

3. Vitamin supplementation 
a. Vitamin K, (40-50 mg450 kg BW subcutaneously once weekly) is indicated to 

prevent coagulopathies. 
b. Vitamin B, and folic acid may also be administered once weekly. 

4. Antimicrobial therapy. Ideally, antimicrobial therapy should be based on culture and 
sensitivity results. Empiric therapy for suppurative cholangitis usually includes the ad- 
ministration of a B lactam and an aminoglycoside, or trimethoprim-sulfamethoxa- 
zole. Metronidazole should be added if anaerobic infection i s  suspected. 

5. Therapy for chronic active hepatitis. A variety of diseases can cause chronic active 
inflammation of the liver. 
a. Corticosteroids. Administration of corticosteroids may benefit patients with 

chronic active hepatitis. A recommended dosage schedule is given in Table 5-2. 
b. Colchicine. Theoretically, colchicine will reverse hepatic fibrosis, but the efficacy 

of this drug in horses is not known. 

A Hepatobiliary diseases of adult horses 

1. Serum hepatitis (lheilefs disease) is a complication of equine-origin biologic admin- 
istration [e.g., tetanus antitoxin (TAT)]. 
a. Epidemiology. Sporadic cases, epidemics, and seasonal (early summer and fall) 

patterns have been described. Even in epidemics, the morbidity rate is low, rang- 
ing from 2%-18% for inoculated horses. The mortality rate is high, approximately 
6656. 

b. patient profile and history 
(I)  Patient profile. Lactating mares appear to be at highest risk due to the prac- 

tice of administering TAT at parturition. Foals rarely develop the disease, 
even when treated with the same batch of TAT used to treat the dams. 

(2) History. Affected horses usually present with a history of neurologic signs 
4-10 weeks after the administration of equine-origin biologics. 

c. Clinical findings. Signs of acute hepatic failure (e.g., photodermatitis, hepatic en- 
cephalopathy, ictems, inappetence, pica, yawning) are commonly observed. 
Fever may occur in 50% of patients. 
(1) Weight loss, ventral edema with jugular pulsations, and severe dyspnea were 

reported as atypical signs in one outbreak. 
(2) Subclinical disease characterized by increases in serum enzyme activ

i

ty has 
been documented in TAT-treated mares and foals. 

d. Etiology 
( 1 )  A viral agent, similar to the hepatitis B virus that affects human beings, is the 

proposed but unproven cause of serum sickness. Affected horses that had not 
been previously inoculated usually have had contact with treated horses, sug- 
gesting contact transmission. 
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(2) Theiler's disease has also been attributed to a type Ill (immune complex-me- 
diated) hypersensitivity reaction. 

e. Diagnostic plan 
(1) History and c~inical'findin~s. lcterus and neurologic dysfunction, coupled 

with a history of recent administration of TAT or another equine-origin bio- 
logic, suggests a diagnosis of serum hepatitis. 

(2) Liver biopsy. Histologic examination of liver samples obtained antemortem or 
postmortem usually reveals moderate to severe hepatocellular degeneration 
throughout the lobule, with the most severe changes occurring in the centri- 
lobular and zona intermedia regions. 

f. Therapeutic plan. Supportive medical therapy i s  the key to treating horses with 
serum hepatitis, but the mortality rate is high. Recovery in treated horses may 
take 4-21 days. Survivors of postvaccinal epidemics have no clinical evidence of 
lasting hepatic disease. 

g. Prevention. Vaccination of the mare with tetanus toxoid 30 days before parturi- 
tion is a safer approach to tetanus prophylaxis than the routine use of TAT in re- 
cently foaled mares and foals. 

2. Pyrrolizidine alkaloid (PA) toxicosis can occur when horses graze contaminated pas- 
tures or hay. PA-containing plants are unpalatable and will only be consumed by 
horses if growth is so heavy that the toxic plants cannot be separated from normal 
forage, or if pastures are overgrazed. The plants remain toxic in hay, including pel- 
leted and cubed products, and silage. 
a. Patient profile and history. Horses and cattle are equally susceptible to PA toxico- 

sis, whereas sheep and goats are quite resistant. Because signs are often delayed, 
liver failure may not be recognized until 1 year or more after the contaminated 
feed source has been removed. 

b. Clinical findings. Clinical signs of PA toxicosis are those described for liver failure 
and commonly include weight loss, icterus, and hepatic encephalopathy. Photo- 
dermatitis and diarrhea are occasionally seen. 

. c. Etiology and pathogenesis 
(1) Etiology. Plants containing PA include Senecio, Amsinckia, Crotalaria, and 

~el iotro~iurn. 
(2) Pathogenesis. Following gastrointestinal absorption, the PAS are carried via 

the portal circulation to  the liver and metabolized by hepatic microsomal en- 
zymes to more toxic pyrroles 
(a) The pyrroles may cause cross-linking of DNA and an antimitotic effect; 

hepatocytes that cannot divide become megalocytes as cytoplasm ex- 
oands without nuclear division. r -  -- - - 

(d) Pyrroles also cause centrilobular and periportal hepatocellular necrosis. 
Ultirnatelv. severe he~atocellular fibrosis and biliary hyperplasia ensue. , , 

. d. Diagnostic Ian 
(1) Serum Biochemical profile. I n  acute cases, dehydrogenase activity is in- 

creased. CGT and AP activity is consistently increased. Increased concentra- 
tions of bile acids and direct and indirect bilirubin are also seen. Hypoalbumi- 
nemia and clotting abnormalities occur terminally. 

(2) liver biopsy will reveal a triad of fibrosis, bile duct proliferation, and megalo- 
cytosis, which is almost pathognomonic for PA toxicosis, although similar 
changes have been reported in cases of aflatoxicosis. Modest hepatocellular 
changes and bile duct hyperplasia indicate a fair prognosis; extensive fibrosis 
bridging portal areas implies a guarded prognosis. 

e. Therapeutic plan. There is no specific treatment for PA toxicosis. Affected horses 
should be removed from contaminated pastures. 
(1) Horses with overt clinical signs of liver failure usually die within 5-10 days. 
(2) Supportive therapy is indicated for horses with mild signs and reversible liver 

lesions. 
f. Prevention 

(1) PA toxicosis is prwented by avoiding exposure of horses to contaminated hay 
or pasture. The growlh of Senecro can be controlled by cultivation or herbl- 
cide spraying. 
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(2) Sheep, which are more resistant to poisoning, are sometimes used to graze Se- 
necio-infested pastures. 

3.  holel lit hi as is 
a. Patient profile and history 

(1) Patient profile. The mean age of affected horses is 11 years (range, 5-23 
years). No breed or sex predilection has been reported. 

(2) History. Affected horses are presented with a history of repeated bouts of 
mild abdominal pain over periods of up to 1 year. 

b. Clinical findings. Recurrent abdominal pain and fever spikes, accompanied by 
weight loss and icterus, are characteristic clinical signs. Signs of hepatic encepha- 
lopathy have been reported in a few affected horses. 

c. Etiology. The etiology of cholelithiasis in horses is not known. Bacterial infection 
ascending from the duodenum to the common bile duct, leading to bile stasis, 
has been proposed as a cause. Salmonella has been cultured from the biliary tree 
of some affected horses. 

d. Diagnostic plan 
(1) Hematologic work-up. Hematologic findings in horses with biliary obstruc- 

tion usually include leukocytosis with neutrophilia, hyperproteinemia, and 
hyperfibrinogenemia. 

(2) Serum biochemical profile. Common serum biochemical abnormalities re- 
ported in affected horses include marked increases in serum activity of chole- 
static liver enzymes (i.e., CGT, AP) and moderate increases in dehydrogenase 
activity. Conjugated hyperbilirubinemia and bilirubinuria are also seen. 

(3) Abdominocentesis. Because recurrent colic occurs in horses with cholelithia- 
sis, abdominocentesis is usually performed. Peritoneal fluid in affected horses 
may be ~range~tinged, increased in volume, and have cytologic findings that 
suggest chronic active inflammation. 

(4) Ultrasonography can assist with antemortem diagnosis of ct~olelithiasis. Typi- 
cal findings are hepatomegaly, marked dilatation of bile ducts, and hyper- 
echoic areas (choleliths), which cause acoustic shadowing. 

(5) Liver biopsy, with samples submitted for bacteriology and culture, is a useful 
ancillary diagnostic test in equine patients with cholelithiasis. 
(a) Although histologic findings are nonspecific, they can provide useful prog- 

nostic information; extensive periportal fibrosis, bile duct proliferation, bil- 
iary stasis, and hepatocyte necrosis usually indicate a poor prognosis. 

(b) Bacterial culture and sensitivity results can be used to guide antimicrobial 
therapy. 

e. Therapeutic plan 
(1) Supportive therapy should be employed in hones with signs of liver failure. 
(2) Antimicrobial therapy is indicated to treat secondary bacterial cholangitis. Be- 

cause enteric bacteria are most commonly involved, penicillin and an amino- 
glycoside or penicillin and trimethoprim-sulfamethoxazole are indicated. 

(3) Cholelith removal 
(a) Cholelithotripsy and choledochotomy have been attempted, but poor sur- 

gical outcomes are common because of extensive hepatic fibrosis, multi- 
ple unremovable stones throughout the hepatobiliary tree, secondary cho- 
leperitoneum, and postoperative Salmonella-induced colitis. 

(b) Bile acid therapy, used to dissolve choleliths, has not been employed in 
horses because dissolution of calculi takes many months and most calculi 
in horses are not composed of cholesterol, a requirement for the effective- 
ness of bile acid therapy. 

f. Prevention. There are no specific recommendations for the prevention of choleli- 
thiasis because the predisposing factors have not been identified. 

4. Hyperlipidemia is a disorder of lipid metabolism. 
a. Patient profile and history 

(1) Patient profile. Hyperlipidemia occurs primarily in ponies and donkeys. Al- 
though the disease is uncommon in horses, it has been recognized with some 
irequency in miniature horses. Mares in late gestation or early lactation are 
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(1) Laboratory studies. Clinical pathologic data are nonspecific and include 
marked increases in liver-derived serum enzyme activity, marked hypoglyce- 
mia, and neutropenia or neutrophilia. 

(2) Postmortem examination. Findings include severe icterus, generalized pe- 
techiation, and marked hepatomegaly. The cut surface of the liver usually 
contains multiple scattered foci of necrosis 1-2 mm in diameter. 6. piliformis 
is difficult to culture. A diagnosis is usually confirmed by demonstrating long, 
slender bacilli in silver-stained formalin-fixed liver sections. 

e. Therapeutic plan. Suspected early cases may respond to treatment, but the prog- 
nosis for recovery is generally poor. Intravenous antimicrobial therapy with peni- 
cillin and an aminoglycoside and supportive treatment for acute liver failure are 
recommended. 

f. Prevention. There are no specific control measures for this sporadic disease. Be- 
cause the dam may be the source of infection, subsequent foals should be closely 
monitored for signs of disease. 

2. Ferrous fumarate poisoning (toxic hepatic failure). Foals that received a microorgan- 
ism inoculum containing ferrous fumarate before nursing developed liver failure at 
2-5 days of age. Hepatic encephalopathy, marked hyperbilirubinemia, hyperammo- 
nemia, and prolongation of the PT were consistent findings in affected foals. Postmor- 
tem examination of affected foals revealed small, reddish-brown livers with evidence 
of massive hepatocellular necrosis. The nutritive supplement containing this iron 
preparation is no longer available. 

3. Other disorders. The following disorders are occasionally associated with hepatic 
failure in foals: 
a. Congenital equine herpesvirus 1 infection 
b. Septicemia (Actinobacillus equuli) infection 
c. Endotoxemia 
d. Perinatal asphyxia 
e. Portocaval shunts 
f. Biliary atresia 
g. Administration of parenteral nutrition (associated with cholestasis and hepatic dis- 

ease) 
h. Gastric ulcers and duodenitis in older foals (associated with duodenal strictures 

leading to bile stasis and secondary cholangitis) 
i. Hepatic abscesses (possibly as a sequela of septic omphalophlebitis) 

A Hepatobiliary diseases of adult ruminants 

1. Hepatic abscesses 
a. Patient profile and history 

(1) Patient profile. Ruminants of all ages, breeds, and sexes may be affected. 
Liver abscesses are common in dairy and beef cattle fed diets high in carbohy- 
drates and low in roughage. Approximately 40% of feedlot cattle may have 
liver abscesses; feedlot cattle 6-24 months of age are affected most often. 

(2) History. A history of rumenitis or reticuloperitonitis is common. 
b. Clinical findings 

(1) Subclinical disease. Most liver abscesses are incidental findings at postmor- 
tem. The only clinical sign may be the fact that the rate o f  gain is usually re- 
duced by more than 3.5% in animals with subclinical disease. 

(2) Clinical disease is characterized by weight loss, anorexia, depression, and de- 
creased milk production. Intermittent fever spikes can occur. Some cattle may 
be reluctant to move o r  lie down and experience pain when pressure i s  ap- 
plied behind the right posterior rib cage. 

(3) Clinical findings related to sequelae 

I 
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(a) Caudal vena cava thrombosis can occur fo1,owing erosion of the caudal 
vena cava by a liver abscess, resulting in one of three clinical syndromes 
(i) Sudden death (due to septic shock following rupture of the abscess) 

, (ii) Epistaxis, hemoptysis, and anemia caused by widespread pulmonary 
thromboembolism and rupture of an aneurism 

(iii) Severe dyspnea and diffusely abnormal lung sounds following nonfa- 
tal rupture of a pulmonary abscess 

I 

1 
(b) Bile dud  occlusion. Large abscesses may occlude the bile duct, leading 

to icterus and photodermatitis. 
(c) Diffuse peritonitis following rupture of the abscess into the abdominal 

cavity 
c. Etiology and pathogenesis 

(1) Etiology. The primary etiologic agent of hepatic abscesses in cattle is Fusbbac- 
terium necrophorum. Other bacterial etiologic agents include Actinomyces py- 
ogenes, Streptococcus, Staphylococcus, and Bactemides. 

(2) Pathogenesis. In cattle, erosion of the ruminal epithelium secondary to grain 

I overload is thought to be the most common mechanism for F. necrophorum 
i colonization of the liver. 

d. Diagnostic plan 
(1) Laboratory studies. Findings supporting a diagnosis of liver abscess in cattle 

include neutrophilia, hyperfibrinogenemia, hyperproteinemia, and hyper- 
globulinemia. Anemia [evidenced by a decreased packed cell volume (PW, 
RBC count, and decreased hemoglobin] may result from blood loss secondary 
to hemoptysis or from chronic inflammation. Serum liver enzyme activities 
are usually normal because abscesses are focal and encapsulated. 

(2) Liver biopsy is of little use for diagnosis because focal lesions are easily 
missed. Biopsies may cause rupture of an abscess and septic peritonitis. 

(3) Ultrasound examination can confirm the presence of hepatic abscesses. 
e. Therapeutic plan. Long-term penicillin or tetracycline therapy is indicated for 

treatment of affected animals; however, affected cattle, particularly those with cau- 
dal wna cava thrombosis, have a very poor prognosis and are usually not treated. 

f. Prevention 
(1) Gradually introducing concentrate feeding over a 3- to +week period and 

providing adequate amounts of coarse hay (1 kglheadlday), will reduce the in- 
cidence of hepatic abscesses in feedlot cattle. 

(2) Feeding a total mixed ration and long-stemmed hay (2.3 kglheadldayl with 
rumen buffers (e.g., sodium bicarbonate, magnesium oxide) may reduce inci- 
dence of liver abscesses in dairy cattle. 

(3) Antimicrobials can be added to beef cattle rations to decrease the incidence 
of liver abscesses (e.g., chlortetracycline at 70 mglkglheadlday or oxytetracy- 
cline at 75 mglkglheadlday). 

2. Fascioliasis (liver fluke infestation) 
a. Patient profile. Liver flukes cause disease in cattle, sheep, and goats. 
b. Etiology and pathogenesis 

(1) Etiology. Fascioliasis in domestic ruminants is caused by the trematodes Fasci- 
ola hepatica, Fasciola gigantica, and Fascioloides magna 
(a) F. hepatica occurs primarily in the Gulf Coast and western states. 
(b) F. gigantica is found in Hawaii. 
(c) F. magna occurs in the Gulf Coast states, Great Lakes region, and north- 

western states where grazing domestic ruminants share pastures with 
deer, elk, and moose (natural hosts of the parasite). 

(2) Pathogenesis. All have an aquatic snail (limnaeid snails) as an intermediate 
host. The life cycle of F. hepatica and F. gigantica are similar; F. magna corn 
pletes the full life cycle only in its natural hosts (deer, elk, moose). 
(a) Fluke eggs hatch in the water to miracidia, which develop through sporo- 

cyst, redia, and cercaria stages after the miracidia penetrate the snail inter- 
mediate host. Cercariae later emerge from snails, encyst as metacerca- 

i 
riae on herbage, and are eaten by the final host. 
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(i) F. hepatica infestation occurs in livestock grazing low-lying swampy 
pastures, flood irrigation areas, and pastures adjacent to slowly mov- 
ing streams. These habitats favor the propagation of the snails that act 
as the inte~mediate hosts for liver flukes. In the Gulf Coast states, 
warm, wet winters and springs favor massive proliferation of snails. 
hatching of fluke eggs, and development of cercariae. Most fluke 
transmission occurs between February and July; transmission ceases 
when summer heat and drought results in the death of snails and met- 
acercariae. Mature egg-laying flukes, susceptible to flukicides, are 
present in the fall. 

(ii) In the Pacific Northwest, fluke transmission may be delayed because 
freezing weather causes death of metacercariae and snails. 

(b) Metacercariae encyst in the small intestine. Young flukes migrate through 
the gut wall and peritoneal cavity and reach the liver in 4-6 days. They 
migrate in the liver for 4-6 weeks, enter the bile ducts, and mature to 
egg-laying adults 10-1 2 weeks postinfection. F. hepatica can survive for 
many years in sheep and shed thousands of eggs per day; cattle develop 
resistance and usually eliminate flukes within 1 year. 
(i) Acute F. hepatica disease is caused by invasion of the liver by mas- 

sive numbers of immature flukes. Severe hepatic parenchymal dam- 
age and massive hemorrhage into the peritoneal cavity cause liver 
failure and severe blood loss anemia. 

(ii) Chronic F. hepatica disease is attributed to activity of adult flukes in 
the bile ducts. Cholangitis, biliary obstruction, and biliary fibrosis are 
responsible for weight loss and icterus. Anemia and hypoproteinemia 
result from blood-sucking adult flukes. 

(iii) F. gigantica-induced disease. The pathogenesis is similar to that of 
disease caused by F. hepatica. 

(c) Anaerobic necrotic tracts produced by migrating liver flukes may trigger 
proliferation of latent Clostridium novyi or Clostridium hemolyticurn 
spores. Exotoxins produced by these bacteria are responsible for black dis- 
ease in sheep (see Ill A 3) and bacillary hemoglobinuria in cattle (see Ill 
A 41. 

c. Clinical findings 
(1) F. hepafica. Disease caused by F. hepatica infestation can be acute or 

chronic. 
(a) Acute diseilse due to F. hepatica is common in sheep and goats, but rare 

i n  cattle due to natural and acquired immunity. Outbreaks last 2-3 
weeks and signs include anorexia, depression, weakness, pale mucous 
membranes, dyspnea, ascites, abdominal pain, and dry feces. Acute fasci- 
oliasis causes high mortality in sheep. 

(b) Chronic disease, Chronic fluke infestation causes significant production 
losses in cattle and sheep. 
(i) Clinical manifestations in sheep include progressive weight loss, pale 

mucous membranes, intermandibular edema, ascites, and, occasion- 
ally, icterus. 

(ii) Chronic disease is the only manifestation of fascioliasis in canle. Re- 
ported signs include poor body condition, decreased milk yield, and 
anemia. 

(2) F, gigantica infestation causes signs similar to those of F. hepatica infection. 
(3) F. magna infestation causes acute, rapidly fatal disease in sheep and goats, 

and chronic disease in cattle as a result of unrestricted fluke migration. F. 
magna infestation is subclinical in  cattle because flukes are rapidly encapsu- 
lated by fibrous tissue. 

d. Diagnostic- Ian 
(1) Serum Liochemistty and hematology. Serum biochemical and hematologic 

findings include severe anemia, hypoalbuminemia, eosinophilia, and in- 
creased serum liver enzyme activity in acute disease. Chronic disease is char- 
acterized by anemia, hypergammaglobulinemia, and conjugated hyperbilirubi- 
nemi a. 
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(2) Fecal sedimentation is the standard method for diagnosing F. hepatica infec- 
tion in cattle. The technique i s  time-consuming and infections may be missed 
because low egg counts are common and immature flukes do not produce 
eggs. A new fecal test (FlukefindeP), based on the use of two sieves, i s  sim- 
ple to perform in the field and reduces sample processing time. 

(3) Enzyme-linked immunosorbent assay (ELISA) tests for serologic diagnosis of 
liver fluke infestation are being developed. These tests are limited by their 
low sensitivity and specificity and the difficulty of using these tests to differen- 
tiate between current infection and prior exposure. 

(4) Postmortem examination 
(a) Findings in acute cases include an enlarged hemorrhagic liver covered by 

fibrin strands, a large volume of serosanguinous peritoneal fluid, and ex- 
cessive numbers of immature flukes (more than 1000) in the liver paren- 
chyma. 

(b) In chronic cases, the liver is small and fibrotic with more than 200 adult 
flukes in the bile ducts. 

e. Therapeutic plan. Two drugs are available for treatment of fascioliasis in North 
America, and two experimental drugs (triclabendazole and netobimin) are being 
developed. 
(1) Clorsulon (7 mglkg orally) is a narrow-spectrum flukicide with no activity 

against gastrointestinal nematodes. Clorsulon is more than 99% effective 
against adults and 96% effective against late immature flukes. 

(2) Albendazole (10 mukg orally) is a broad-spectrum flukicide, effective against 
both liver flukes and gastrointestinal nematodes. Albendazole is 75%-90% ef- 
fective against adults and 33% effective against late-stage immature flukes. 

f. Prevention 
(1) Livestock should not be grazed in high-risk areas during periods of peak trans- 

mission. Snail habitats should be fenced or drained if possible. 
(2) Molluscicides (e.g., copper sulfate) may be of value when applied to small 

snail habitats, but toxic effects on nontarget species is a problem. 
(3) Flukicides should be used strategically. 

(a) A summer treatment in the Gulf Coast states with a broad-spectrum fluki- 
cide (or a narrow-spectrum flukicide combined with an anthelmintic) will 
remove a high proportion of drug-susceptible mature and late-stage imma- 
ture flukes and peak numbers of hypobiotic nematode larvae. 

(b) Annual far1 treatments are sufficient in the Pacific northwest because they 
will remove adult fluke burdens before the winter nutritional stress pe- 
riod. 

3. Black disease (infectious necrotic hepatitis) occurs worldwide in areas where liver 
flukes are endemic and sheep are raised. 
a. Patient profile and history 

(1)  Patient profile. Black disease affects sheep and, to a lesser degree, cattle. 
(2) History. The chief complaint is of sudden deaths in the herd or flock. 

b. Clinical findings. The usual clinical manifestation is sudden death. Affeded ani- 
mals show signs for only a few hours; the sudden onset of a fever (4OoC-4l0C) 
that rapidly progresses to hypothermia, signs of toxemia, and respiratory distress 
may be observed. 

c Etiology and pathogenesis 
( 1 )  Etiology. Black disease i s  usually caused by the interaction of Clostridium 

novyi type B bacteria and immature F. hepatica liver flukes. 
(2) Pathogenesis. Spores of C. novyi present in normal liver may germinate when 

hepatic tissue i s  damaged by migrating immature liver flukes. (Other forms of 
liver damage, including biopsy, can also trigger the condition.) Sporulating 
bacteria produce potent necrotizing a and P toxins that damage the liver pa- 
renchyma, causing toxemia and death. 

d. Diagnostic plan. Diagnosis is usually made at postmortem. There is evidence of 
recent liver fluke migration and toxemia (i.e., the presence of serosanguinous 
fluid in the thoracic cavity and pericardial sac and subendocardial and 
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subepicardial hemorrhages). Bacilli can be observed in necrotic tram in  the liver 
on histologic examination. 

e. Therapeutic plan. Therapy i s  not usually feasible, but affected animals can be 
treated with intravenous fluids and massive doses of sodium penicillin (44,000 
Utkg intravenously every 6 hours). Specific antisera are not commercially avail- 
able. 

f. Prevention. Control of fluke infection through pasture management and treatment 
of individual animals should be instituted together with vaccination against C. 
novyi type B. Vaccinations should be given in the late spring and early summer 
preceding the seasonal occurrence of black disease. In endemic fluke areas, cattle 
are vaccinated every 6 months. 

4. Bacillary hemoglobinuria is an acute, highly fatal, toxemic infectious disease affect- 
ing cattle and, occasionally, sheep. It i s  caused by Clostridium hemolyticum (Clostrid- 
ium novyitype D), a soil-borne anaerobe that, under hypoxic conditions, multiplies 
in hepatic tissue and produces a potent necrotizing and hemolytic exotoxin. Clinical 
signs include fever, hemoglobinuria, rapid death, and a large anemic infarct in the 
liver. 

5. Hepatic lipidosis is associated with fat cow syndrome of dairy cattle (see Chapter 9 1 
G), pregnancy toxemia (protein energy malnutrition) of beef cattle (see Chapter 9 1 
H), and pregnancy toxemia in ewes and does (see Chapter 9 1 F). 

6. Hepatotoxicosis 
a. Aflatoxicosis 

(1) Patient profile. Aflatoxicosis affects cattle and small ruminants, although 
these animals are less susceptible than monogastric animals and poultry. 
Young animals are more susceptible than adults to the toxic effects of afla- 
toxins. Aflatoxicosis occurs in areas with high rainfall, humidity, and tempera- 
tures. 

(2) Clinical findings 
(a) Acute aflatoxicosis causes signs of liver failure resulting from hepatic ne- 

crosis. 
(b) Chronic aflatoxicosis is associated with reduced weight gain, poor feed 

conversion, and decreased milk production (as a result of aflatoxin's ad- 
verse effect on the rumen microflora). Affected animals also have an in- 
creased susceptibility to infection. 

(3) Etiology and pathogenesis. Aflatoxins are produced primarily b y  Aspergifjus 
species in stored grains; these fungi can occasionally invade cereal crops 
prior to harvest if climactic conditions favor growth. 
(a) Aspergillus flavus is the primary producer of four major flatoxins (B1, 

B, G,, and C2) and several related compounds. Aflatoxin 8, is the most 
abundant aflatoxin and is converted in lactating animals to  aflatoxins M1 
and M2, which are concentrated and secreted in milk. Aflatoxin MI is as 
toxic and carcinogenic as aflatoxin B,, thereby posing a hazard to hu- 
mans consuming contaminated milk. 

(b) Acute, massive exposure to aflatoxin causes hepatocellular necrosis 
through a direct toxic effect. 

(4) Diagnostic plan 
(a) Acute aflatoxicoils 

(i) Histopathologic evaluation of a liver biopsy sample or liver tissue ob- 
tained postmortem will reveal hepatocellular necrosis, hemorrhage, 
vacuolation, fatty infiltration, and megalocytosis. 

(ii) Laboratory studies. Serum liver enzyme activities are increased. 
Urine, milk, and blood may contain detectable levels o f  aflatoxin dur- 
ing acute exposure, and the toxin i s  readily detected in feed. 

(b) Chronic aflatoxicosis. It may be difficult to link subtle effects of growth 
suppression, poor feed efficiency, and impaired immune function to previ- 
ous aflatoxin exposure, because contaminated feed that initiated chronic 
events may no longer be present and tissue residues may b e  too low to 
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\ be detected by routine methods. Therefore, chronic aflatoxicosis often , goes undiagnosed. 
i 

( 5 )  Therapeutic plan. Aflatoxicosis presents as a herd problem and intensive indi- 
vidual animal therapy is not practical. 

1 (a) Suspect feed should be removed and a high-quality protein diet supple- 
mented with vitamins A, D, E, K, and B complex should be provided to 
counteract the effect of aflatoxin on protein and vitamin utilization. 

(b) There are no specific antidotes, but in acute cases of experimentally in- 
! duced aflatoxicosis, goats treated with L-methionine (200 mg/kg orally 

every 8 hours) and sodium thiosulfate (50 mg/kg orally every 8 hours), 
I had improved survival. 
I (c) Because animals exposed to aflatoxin may have compromised immune 

systems, clinical signs of infectious disease should be aggressively treated 
with antimicrobial therapy. 

(6) Prevention 
(a) Proper feed storage is indicated to prevent mycotoxicosis; the maximum 

safe moisture content of cereal grains is 14%. High-moisture grains can 

i be stored by excluding air or adding preservatives (e.g., propionic acid). 
(b) Aflatoxin-contaminated corn can be detoxified by treatment with ammo- 

t nia, but this is a costly and impractical procedure. 
(c) Aflatoxin-contaminated feed can be diluted with normal feed, but this 

practice is risky because wen low levels of aflatoxin are potentially 
harmful. 

b. PA toxicosis (see also II A 2). Signs of PA toxicosis in cattle include diarrhea, 
I weight loss, a prolapsed rectum, ascites, and subtle neurologic signs. lcterus is un- 

i common. Calves are more susceptible to PA toxicosis than mature cattle. 
c. Copper toxicosis is an acute, highly fatal hemolytic crisis affecting primarily 

sheep. It i s  associated with the sudden massive release of hepatic copper stores 
I 

, 

/ 

that have accumulated over a prolonged period as the result of excessive copper 
intake. Liver necrosis, which occurs secondary to copper accumulation, precedes 
the onset of hemolysis. 

d. Halothane toxicosis. Halothane gas anesthesia is commonly used without compli- 
cations in goats, but there have been two reports of presumed halothane toxicity 
causing massive hepatocellular necrosis and signs of hepatoencephalopathy a few 
days after administration of anesthesia. 

1 Hepatobiliary diseases of calves, lambs, and kids 

1. Portosptemic anomalies are rarely diagnosed in calves. 
a. Clinical findings. Clinical signs include stunted growth and various episodic mani- 

. , 
festations of hepatoencephalopathy. 

b. Diagnostic plan 
(1) Laboratory studies. Hyperammonemia, delayed sulfobromopthalein clear- 

ance, and increased bile acid concentrations, without alterations in serum 
liver enzyme activity, suggest a diagnosis of portosystemic shunt 

(2) Liver biopsy. The only abnormality on liver biopsy i s  mild periportal fibrosis. 
(3) Imaging studies. Diagnosis is confirmed using ultrasound or intraoperative 

mesenteric portography. 
c. Therapeutic plan. Successful surgical correction has been reported. 

2. Hepatic abscesses in neonatal ruminants can be a complication of an umbilical vein 
abscess. 

, 
3. Congenital diseases 

a. Dubin-Johnson syndrome is an autosomal recessive condition of Corriedale sheep 
characterized by a defect in biliary excretion of conjugated bilimbin and phyllo- 

.' erythrin. 
(1) Patient profile and history. This syndrome affects 6-month-old Corriedale 

lambs on green feed. 
(2) Clinical findings include anorexia, icterus, and severe photodermatitis. 
(3) Diagnostic plan 
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(a) Laboratory studies. Biochemical abnormalities include conjugated hyper- 
bilrubinemia and delaved sulfobromo~thalein clearance. 

(b) Liver biopsy reveals brown to black banules in hepatocytes with normal 
hepatic archite'cture. 

(4) Therapeutic plan. Affected animals may survive if exposure to sunlight is 
avoided, but this approach may be impractical and affected lambs are usually 
culled. 

(5) Prevention. Selective breeding reduces the incidence of disease. 
b. Gilbert's syndrome is inherited as an autosomal recessive trait and is character- 

ized by a failure of hepatic uptake of bilirubin and phylloerythrin. Renal failure 
accompanies this condition. 
(1) Patient profile and history. This syndrome affects 6-month-old Southdown 

sheep on pasture. 
(2) Clinical findings. Photodermatitis, without icterus, resulting in ulcerative le- 

sions around the mouth and ears is the usual clinical presentation. 
(3) Diagnostic plan 

(a) Laboratory studies. Findings include unconjugated hyperbilirubinemia 
(exacerbated by fasting), delayed sulfobromopthalein clearance, and azo- 
temia. 

(b) Liver biopsy. Histologic evaluation of liver biopsy specimens usually re- 
veals no abnormalities. 

(4) Therapeutic plan. Affected sheep should be kept out of sunlight to prevent 
photodermatitis. 

(5) Prevention. Affected sheep and their dams and sires should not be retained 
for breeding purposes. 

hcariasis 

1. Patient profile and history 
a. Patient profile. Ascariasis affects young growing pigs up to 5 months of age. 
b. History. There is usually a complaint of poor growth. 

2. Clinical findings. An occasional cough may be noted in pigs infected with ascarids. 
In rare cases of massive infestation, pigs exhibit severe dyspnea or die of acute he- 
patic insufficiency. Adult worms may be vomited; occasionally, intestinal obstruction 
and rupture or obstructive jaundice are seen. 

3. Etiology and pathogenesis 
a. Etiology. Roundworms (Ascaris suum); the cause of ascariasis, are found in most 

swine-producing regions. 
b. Pathogenesis 

(1) A. suum begins its life cycle with eggs shed by adult worms. In warm condi- 
tions, infective second-stage larvae hatch from the eggs in 10-1 4 days. In- 
gested larvae penetrate the intestine and are carried via the portal circulation 
to the liver. Migration through the liver to the lungs is completewithin 1 
week. Within 2 weeks of ingestion, migration to the trachea i s  complete. Lar- 
vae are swallowed and develop to adults in the intestine. Egs  production by 
adults commences 6-9 weeks post infection. 

(2) Larval migration through the liver leaves characteristic white foci of fibrosis. 
Initially, the liver lesions are caused by the migration of the larvae; subse- 
quent exposure causes damage following an antigen-antibody reaction. Le- 
sions generally heal 35 days after migration. 

(3) Immunity to roundworm infection develops first in the lungs, resulting in de- 
creased lung larval counts. Liver and gut immunity take longer to develop. 
Under natural conditions, liver lesions occur until the pig weighs approxi- 
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mately 90 kg. In pigs older than 2 years, full gut immunity prevents larvae 
from reaching the liver. 

4. Diagnostic plan. Fecal flotation can detect the presence of ascarid eggs in feces. 

5. Therapeutic plan. Ivermectin, levamisole, and pyrantel tartrate are effective anthel- 
mintics. 

6. Prevention. Because exposure to ascarids during the growing phase may perma- 
nently affect growth rate and feed conversion and add 5%-13% to the cost of pro- 
ductlon to market, and liver lesions caused by ascarid migration create losses in the 
meat packing industry, prevention of disease is important. 
a. Monitoring of ascarid burdens. Annual examination of five to ten fecal samples - 

from all categories of pigs IS recommended. Liver inspection at slaughter can be 
used to monitor ascarid burdens on farms. 

b. Disinfection of living spaces. If pigs are confined to concrete pens, normal hy- 
glenlc precautions will decrease the risk of ascariasis. Farrowing pens should be 
cleaned with a pressure sprayer. 

c. Prophylactic anthelmintic therapy may be indicated for piglets until they are 
weaned. 
(1) If sows are dewormed prior to being placed in a farrowing pen cleaned with 

a pressure sprayer, prophylactic anthelmintic treatment for piglets may not be 
required. 

(2) Periodic or continuous low level treatments with anthelmintics may be re- 
quired if hygiene i s  poor. 

d. Prevention of exposure. Early weaning of piglets (at 3-4 weeks of age) will re- 
move them from a potentially infective environment (Ascaris ova require 30-35 
days to reach infectivity in a farrowing house environment). 

Hepatosis dietetio occurs in rapidly growing pigs 2-16 weeks of age. It is caused by vi- 
tamin E and selenium deficiency. Lesions include subcutaneous edema, transudate in ser- 
ous cavities, and hepatocellular necrosis with hemorrhage. a Aflatoxicmis (see also 111 A 6 a )  Swine are more susceptible than cattle to the effects of 
aflatoxins. As with cattle, young swine are more susceptible than adults. The main target 
organ i s  the liver; affected pigs may die of acute liver failure or exhibit signs of ill thrift. 
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DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
followed by answers or by completions of the statement. Select the ONE numbered answer 
or completion that is BEST in  each case. 

1. Which one of the following statements con- 4. A veterinarian is called to a farm to exam- 
cerninn liver failure in large animals is true? ine a 5-year-old pony mare. The mare was - 
(1) Pale feces suggest significant bile duct ob- 

struction in suckling herbivores. 
(2) Ascites is a common finding in horses 

with acute liver failure. 
(3) A hemolytic crisis is a frequent complica- 

tion of liver failure in ruminants. 

bred 31 0 days ago and has been anorexic 
and depressed for 2 days. Recently, the owner 
restricted her feed intake because she was di- 
agnosed as having laminitis. A jugular venous 
sample is obtained; the plasma has a milky a p  
pearance. What is the most likely diagnosis? 

(4) Hyperammonemia is the only metabolic (1) Hyperlipidemia 
alteration responsible for hepatic encepha- (2) Pregnancy hypercalcemia 
lopathy. (3) Abdominal fat necrosis 

(5) Hypoalbuminemia is  a consistent finding (4) Pregnancy toxemia 
in horses and ruminants with liver failure. (5) Tyzzer's disease 

2. Which one of the following is appropriate 
dietary management for an equine patient ex- 
hibiting signs of hepatic encephalopathy? 

(1) Feeding high-quality alfalfa or legume hay 
(2) Force feeding an alfalfa meal and cottage 

cheese slurry 
(3) Withholding feed and administering 50% 

dextrose intravenously 
(4) Feeding a mixture of beet pulp and 

cracked corn 
(5) Feeding a bran mash with added mineral 

oil 

3. Which one of the following statements per- 
taining to serum hepatitis (lheilef s disease) o f  
horses is true? 

(1 ) Serum hepatitis is  caused by the hepatitis 
B virus. 

(2) Serum hepatitis is most commonly diag- 
nosed in lactating mares. 

(3) Serum hepatitis i s  attributed t o  tetanustox- 
oid administration. 

(4) Serum hepatitis is usually diagnosed i n  
the winter months. 

(5) Serum hepatitis is  a disease with high mor- 
bidity and low mortality rates. 

5. Which one of the following statements re- 
garding pyrrolizidine alkaloid (PA) toxicosis in 
large domestic animals is true? 

(1) Cattle are more resistant to PA toxicosis 
than are sheep and horses. 

(2) Cattle, sheep, and horses are equally sus- 
ceptible to PA toxicosis. 

(3) Sheep are more resistant to PA toxicosis 
than are cattle and horses. 

(4) Horses are more resistant to PA toxicosis 
than are sheep and cattle. 

(5) Cattle, sheep, and horses are equally resis- 
tant to PA toxicosis. 

6. Which one of the following statements re- 
garding hepatic abscesses in feedlot cattle is 
true? 

(1) They are a common cause of diffuse peri- 
ton itis. 

(2) Common clinical manifestations include 
epistaxis and hemoptysis. 

(3) The presentation is subclinical in most 
cases. 

(4) They are a common cause of septic 
shock. 

(5) They usually cause obstructive icterus 
(as a result of bile dud occlusion). 

! 7. Inherited icterus and photosensitization 
I have been reported in 6-month-old: 

(1) Corriedale and Southdown lambs. 
(2) Dorset and Corriedale lambs. 
(3) Finn and Dorset lambs. 
(4) Hampshire and Southdown lambs. 

I (5) Merino and Suffolk lambs. 

1 8. Which one of the following treatments is 

I contraindicated in a donkey suffering from hy- 
perlipidemia? 

9. Which one of the following anthelmintics 
will treat both Ostertagia circumcincta and 
Fasciola hepatica infestation in beef cattle? 

(1 1 Albendazole 
(2) Fenbendazole 
(3) Clorsulon 
(4) lvermectin 
(5) Morantel 

(1) 5% Dextrose intravenously 
(2) Anabolic steroids 
(3) Insulin 
(4) Glucocorticoids 
(5) Heparin 

DIRECTIONS: The numbered item in this section i s  negatively phrased, as indicated by a 
capitalized word such as NOT, LEAST, or EXCEPT. Select the ONE numbered answer or 
completion that is BEST. I 
10. Which one of the following is NOT hepa- 
totoxic to large domestic animals? 

(1) Quercus 
(2) Senecio 
(3) Amsinckia 
(4) Crotolaria 
(5) Aspergillus flaws 
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1. The answer is 1 [I B 1 c (5)l. Pale feces 

i are a likely finding in suckling ruminants with 
biliary obstruction because stercobilin, a bili- 
rubin metabolite excreted in the bile, is re- 
sponsible for fecal color and would not be 
present in the feces of animals with significant 
biliary obstruction. Ascites is a common find- 
ing in cattle with hepatic cirrhosis, but is 
rarely reported in horses. A terminal hemo- 
lytic crisis, associated with increased red 
blood cell (RBC) fragility, has been reported 
in horses, but not in cattle, with terminal liver 
failure. A multitude of metabolic derange- 
ments contribute to the development of he- 
patic encephalopathy, not just hyperammo- 
nemia. Hypoalbuminemia is an uncommon 
finding in large animal patients with hepatic 
encephalopathy. 

2. The answer is 4 11 C 1 b (3) (a)]. A high-en- 
ergy, low-protein diet rich in branched-chain 
amino acids is recommended for horses with 
liver failure and signs of hepatic encephalopa- 
thy. A mixture of two parts beet pulp and one 
part cracked corn in molasses is often used. 
Feeding of a high-quality alfalfa or legume 
hay or force feeding an alfalfa meal and cot- 
tage cheese slurry would be inappropriate be- 
cause both of these diets are high in protein. 
The goal is to limit protein consumption, be- 
cause protein serves as a substrate for amme 
nia production by intestinal bacteria. Feed 
should not be withheld, and 5% (not 50%) 
dextrose should be administered. Higher con- 
centrations of dextrose will cause glucosuria 
and dehydration. A bran mash diet is too low 
in energy to be offered as the primary feed 
source. 

3. The answer is 2 111 A 11. Lactating mares 
appear to be at higher risk for serum hepatitis 
Uheilefs disease) due to the cmmon prac- 
tice of administering tetanus antitoxin (TAT) 
postpartum. There i s  speculation that a virus, 
similar to the hepatitis B virus that affects hu- 
mans, causes serum hepatitis in horses, but 
this theory remains t o  be proven. Serum hepa- 
titis usually occurs 4-1 0 weeks after the ad- 
ministration of TAT, not tetanus toxoid. Serum 
hepatitis occurs most often in the summer and 
fall, and i s  characterized by low morbidity 
rater (2%-18%), but high mortality rates 
(greater than 60°/0). 

4. The answer is 1 [II A 41. Ponies in ad- 
vanced gestation are prone to developing hy- - 
perlip~dem~a when fasted. The milky (lipemic) 
plasma supports this diagnosis. Pregnancy hy- 
percalcemia, abdominal fat necrosis, and preg- 
nancy toxemia do not occur in horses. Tyz- 
zef s disease occurs only in foals. I 
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10. The answer is 1 1111 A 61. Quercus (oak1 

alkaloids (PAS), which are hepatotoxic. Asper- is nephrotoxic, not hepatotoxic. Senecio, Am- 
gillus flavus produces aflatoxin, which is also 1 shckia, and Crotolaria contain pyrrolizidine hepatotoxic. 

4 

5. The answer i s  3 111 A 2 a]. Sheep are more 
resistant than cattle and horses to pyrroliz- 
idine alkaloid (PA) toxicosis. For this reason, 
sheep are often used to graze pastures with 
PA-containing plants, which would be unsafe 
for cattle and horses. 

6. The answer is 3 [Ill A I ] .  Hepatic ab- 
scesses may occur in up to 40% of feedlot cat- 
tle and are usually an incidental finding at 
slaughter. Diffuse peritonitis, epistaxis and h* 
moptysis, septic shock, and bile duct occlu- 
sion leading to obstructive icterus are uncom- 
mon sequelae of hepatic abcessation in 
feedlot cattle. 

7. The answer is 1 1111 B 31. Dubin-lohnson 
syndrome of corriedale sheep and Gi~bees 
syndrome of Southdown sheep are hereditary 
diseases characterized by icterus and photo- 
dermatitis. Six-month-old lambs on pasture 
are affected. 

8. The answer is 4 111 A 4 el. Glucocorticoids 
are contraindicated in the treatment of a don- 
key with hyperlipidernia because they induce 
activity of hormone-sensitive lipase, which 
will further stimulate lipolysis. The administra- 
tion of 5% dextrose, anabolic steroids, insu- 
lin, and heparin is appropriate, although the 
efficacy of insulin and heparin have been 
questioned. 

9. The answer is 3 [Ill A 2 e (2)]. Albenda- 
zole is a broad-spectrum flukicide that is effec- 
tive against liver flukes, such as Fasciola hepa- 
tica and nematodes, such as Ostertagia 
circumcincfa. Fenbendazole, ivermectin, and 
morantel are not efficacious against liver 
flukes. Clorsulon is a narrow-spectrum fluki- 
cide that will eliminate liver flukes, but not 
gastrointestinal nematodes. 
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F ~ A H  NNAUL OBSTRUCTION .,I.. 3 
I 

A. Rhinitis in  horses 

1. Patient profile and history 
a. Acute rhinitis in the horse is most commonly found in young horses and is associ- 

i ated with infectious (viral, bacterial) respiratory diseases. In such cases, the infec- 
i tion i s  accompanied by signs of equine rhinotracheitis (see II A 3 0. 
I b. Fungal infections (cryptococcosis, rhinosporidiosis) also can cause rhinitis in the 
i form of granulomatous, pedunculated masses. Cases are most common in the 
I southern United States and are rare and sporadic. Tumors causing signs of rhinitis 
1 are uncommon in horses. 

1 2. Clinical findings. Mucoid, mucopurulent, or blood-tinged nasal discharge is evident, 
i 

9 

as is inspiratory stridor if the nasal passages are markedly inflamed. In some cases, 
there may be decreased or unequal airflow from the nostrils, accompanied by mal- 
odotous air if necrotic processes are present. 

3. Diagnostic and therapeutic plans (see II A 3) 

4 Rhinitis and nasal obstruction in cattle 

1. Etiology and pathogenesis 
a. Causes include viruses, bacteria, fungi, allergens, and masses (tumors). Rhinospo- 

ridium-like organisms produce polyps in the anterior nares. 
(1) Allergic rhinitis occurs mainly in Channel Island breeds, but it has been re- 

ported as a familial tendency in other breeds, occurring in spring and fall pol- 
len seasons. 

(2) Ethmoid carcinomas are sporadic causes of nasal obstruction. Although there 
may be a familial tendency for otcurrence, there is also a viral origin impli- 
cated in the genesis of these tumors. The tumon are suggested to be of mod- 
erate malignancy and can metastasize to the lymph nodes and lungs. 

b. Pathogenesis. Nasal obstruction may cause severe dyspnea, cyanosis, and stertc- 
rous breathing. 

2. Clinical findings 
a. Allergic rhinitis. Signs include acute dyspnea and sneezing, accompanied by yel- 

low-orange nasal discharge. Chronic cases present with multiple nodules in the 
anterior nares. Affected animals may rub their nasal cavities by pushing sticks or 
twigs up the nostrils, resulting in lacerations or foreign bodies in the nasal cavity. 

b. Ethmoid carcinomas. Signs include bulging facial bones, epistaxis, and dyspnea. 
The tumors are usually unilateral but can be bilateral, blocking both nasal pas- 
sages. In these cases, open-mouthed breathing is often necessary. These tumors 
occur most often in older cattle, age 6-9 years. a Rhinitis and nasal obstruction in sheep and goats 

1. Patient profile and etiology. Rhinitis and nasal obstruction in sheep and goats have 
primarily parasitic causes (e.g., Oestrus ovis) but can be sporadically caused by nasal 
tumon (e.g., adenopapillomas, adenocarcinomas) and viral infections or allergies, as 
in the other species. Oestrus ovis i s  the most common cause of nasal obstruction in 
sheep, but occasionally goats may also be affected. 

2. Clinical findings include catarrhal to mucopurulent nasal discharge, sneezing, and 
difficult, snoring respiration. 
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3. Specific conditions 
a. Oestrus ovis 

(1) Etiology and pathogenesis 
(a) The fertilized females deposit larvae at the external nares during the sum- 

mer and fall months. After hatching, young larvae crawl up the nasal cav- 
ity to the dorsal turbinates and frontal sinuses where thev r~main for sev- 
eral weeks to months before migrating to the nostrils and being sneezed 
out to pupate on the ground. 

(b) Irritation and secondary bacterial infection result in a purulent or mucoid 
nasal discharge, sneezing, low head carriage, and inspiratory dyspnea. 
Larvae can cause death in rare cases through secondary infections or en- 
cephalitis. 

(c) The presence of the adult fly attempting to larviposit on the nostrils can 
severely disrupt grazing; thus, the main effect of this parasite is produc- 
tion loss. 

(2) Diagnostic plan. A definitive diagnosis can be made if the larvae are seen in 
the nasal cavity; however, a careful search for foreign bodies in the nasal cav- 
ity should be made. 

(3) Therapeutic plan and prevention. Effective antibiotics include ivermectin 
(200 &kg) orally or rafoxanide 7.5 mg/kg (where available). Treatment 
should be administered in late summer to prevent buildup of heavy infesta- 
tions. Winter treatment removes overwintering larvae. 

b. Miscellaneous causes 
11) Allergic rhinitis 
(2') ~ lue ibn~ue  
(3) Contagious ecthyrna (see also Chapter 1 I 1 9) usually is confined to the 

mouth and external nares but may spread to the muzzle and nostrils and, in 
rare cases, to the upper and lower respiratory tract, resulting in bronchopneu- 
monia. 

(4) Nasal adenopapillomas are not uncommon in mature animals. 
(a) Enzootic nasal adenocarcinornas occur in sheep in the United States and 

Canada where the incidence in individual flocks suggests an infectious 
cause. A similar-appearing tumor is  enzootic in goats in Europe, where 
extracellular retroviral-like particles have been observed. A similar tumor 
is only rarely reported i n  goats in North America. 

(b) Clinical findings include nasal stridor and dyspnea, with progressive an- 
orexia. The tumor is only locally invasive and not metastatic. However, 
because of the location, death from asphyxiation or inanition usually oc- 
curs within 90 days from the onset of clinical signs. a Rhinitis in swine 

1. Atrophic hinitis 
a. Patient profile and history. This disease affects mostly young pigs but the residual 

anatomical defects persist for the life of the pig. The condition starts as an epi- 
sode of acute rhinitis, followed by chronic atrophy of the turbinate bones. 

b. Clinical findings. This disease is characterized by shortening or distention of the 
snout. sneezing. nasal discharge, and epistaxis in growing pigs. Severe cases may 
exhib:lt impair& growth rates,- 

c. Etiology and pathogenesis. There is substantial evidence to implicate Bordetella 
bronchiseptica as the inciting agent of the acute inflammation, followed by inva- 
sion of toxigenic strains of Pasteurella multocida. Up to 50% of finished pigs may 
have evidence of atroohic rhinitis. The true economic significance of atrophic rhi- 
nitis remains undetektined, as field studies have failed to show strong evidence 
of adverse effect on daily weight gains in growing pigs. 

d. Prevention has been attempted with early administration of antibiotics (e.g., Vlo- 
sin, oxytetracycline, trimethoprim-sulfadoxine) in the early creep feed. Control 
has been aimed either at total eradication by depopulation or reduction of infec- 
tion through mass medication or vaccinatioh of pregnant gilts with 6. bronchisep- 
tica followed by P. multocida bacterins. 

I 
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2. Inclusion body rhinitis. This common disorder is caused by a @herpes virus but is 
fortunately a minor disease in young pigs. Occurrence is probably worldwide, clini- 
cally affecting piglets up to 10 weeks in age. Sneezing is the most prominent sign, 
often occurring in paroxysms following play fighting. There may be a mild serous I 
nasal discharge, occasionally blood tinged, with all the piglets in the group affected. i 
The clinical course is usually 2-4 weeks with no mortality. This virus is not impli- 
cated in the genesis of atrophic rhinitis. I 

3. Swine influenza 
! a. Patient profile and history. This highly contagious disease is characterized by 

fever and watery ocular and nasal discharge in a high proportion of the herd. 
b. Clinical findings and etiology. The disease is caused by the type A influenza 

virus, possibly from an adaptation of the human influenza virus. Pigs also develop 
anorexia, prostration, and labored jerky breathing (thumps), accompanied by 
sneezing and a deep painful cough, often in paroxysms. Often, after 4-6 days, 
the signs rapidly abate. 

c. Therapeutic plan and prevention. There is no specific treatment, and although 1 
vaccines have been produced, the antigenic diversity of the virus may limit effec- 
tive immunity. I 

4. Necrotic rhinitis. Otherwise known as bullnose, this disease is characterized by fa- I 
cia1 deformities and is often confused with atrophic rhinitis. 
a. Patient profile and history. This condition i s  most commonly seen in growing 

pigs that are raised in poor environments with heavy organic debris contamina- 
tion. 

b. Clinical finding. Initially, there is cellulitis of the soft tissues of the nose and face 
I I 

with localized swelling that may interfere with respiration and mastication. . . 
c. Etiology and pathogenesis. Fusobacterium necrophorum is commonly isolated 

from the affected sites. If untreated, the inflammation spreads to the nasal bones 
and can cause facial deformity, toxemia, reduced appetite, and death. 

1 :  

d. Differential diagnosis. The main differentiating feature of bullnose in comparison 
to atrophic rhinitis is the presence of soft tissue cellulitis, which is usually com- ' ,  1 1 ' I  ! pletely lacking in atrophic rhinitis. 

e. Therapeutic plan and prevention. Antibacterials, such as sulfonamides, are effec- ! 
:'i , ,!I ; 

tive when treating young infected pigs and early stages of the disease. However, 
.,: , ' ,  

the aim should be the reduction of incidence, which i s  best managed by im- ' I , I.: proved sanitation and disinfection of pens and elimination of any material that . , 

may cause mouth or head injuries (sharp edges on feeding troughs or waterers). 
I 

5. Pseudorabies. Some outbreaks of pseudorabies (Aujeszky's disease) may show signs 
of rhinitis. 

Pharyngitis, laryngitis, and tracheitis i n  horses I ! : '  

1. Etiology 
a. Infectious agents are the most common clinical causes of important diseases with 

predominately upper respiratory signs. 1 1  I I 

b. Noninfectious causes are more sporadic and include irritation, pharyngeal ab- I I 
scess, foreign body, or retropharyngeal lymph node rupture. I 

2. Clinical significance 
a. Decreased exercise tolerance. It is often necessary to halt racing and showing ac- 

tivity in horses with upper respiratory tract infection. 
b. Secondary infection. These disorders predispose the horse to secondary bacterial 

infections of the lower respiratory tract. Only rarely do these viruses cause lower 
respiratory disease, with the exception of immunocompromised animals (see I I  A 
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3 e). Although viral respiratory disease commonly causes only transient mild py- 
rexia in most animals, it can be fatal in young animals. 

3. Specific conditions . 
a. Equine influenza virus infection is one of the most common causes of viral respi- 

ratory disease in horses older than 2 years. 

I 
(1) Patient profile and history 

(a) Affected horses are primarily the young stock (age 2-3 years), but all 
i 
1 

ages are susceptible. Older horses usually have a milder infection or may 
show few signs other than a transient fever. 

(b) The disorder usually occurs as an explosive outbreak of respiratory dis- 
ease in stables, but where immunity is strong, either from past exposure 
or vaccination, signs may be limited to several horses in a stable showing 
only fever or mild hindlimb edema. Less commonly there can be associ- 
ated complications of myositis and myocarditis. 

(2) Epidemiology 
(a) A hallmark of this infection is its extremely rapid spread though a popula- I 

. tion of susceptible hones. In contrast to the shorter surviving human and 
swine types of virus, the equine type virus survives for up to 36 hours on 
fomites. This, combined with a short incubation period and a 3- to 8-day 
period of infectivity of affected horses, produces a rapid new infection 
rate. 

(b) Outbreaks often occur in spring and fall. Risk facton include: 
(i) A mixing of young horses, such as in the show or racing season 

(ii) An increased number of unvaccinated animals 
(iii) Stress caused by moving and crowding 

(c) The reservoir for this virus is unknown, but there may be inapparent car- 
riers or vaccinated, asymptomatic carriers. Equine influenza is common 
in most countries, with the exception of Australia and New Zealand, 
where it has yet to be recorded. 

(3) Etiology and pathogenesis 
(a) The causative virus is a myxovirus, which is an RNA virus with two sero- 

logically distinct antigenic types (influenza Alequi 1 and Alequi 2). There 
seems to be no cross-species infection, and, as in most influenza viruses, 
the viruses are subject to antigenic drift. Thus, the commercially available 
vaccines, although affording protection, are seldom 100% effective. 

(b) Infection is initiated by inhalation or contact with nasal secretions from : 
an infected animal. The virus can persist in an infected horse's secretions ,, . . 
for up to 8 days, and the most common source of infection is coughed se- .. 

cretions. . , 

(c) After an incubation period of 1-5 days, the infection results in clinical . . . . 

signs, which reflect the epithelial inflammation of the respiratory tract. - .. 

When the virus invades the respiratory epithelium, changes include hyper- 
emia, edema, and cellular desquamation. Superficial erosions to the 
upper and lower respiratory tracts can occur with a loss of normal muco- 
ciliary clearance mechanisms, which provide at least transient potential 
for secondary bacterial invasion. 

(d) Postinfection complications 
(i) When the virus has cleared, the respiratory epithelium can take up 

to 3 weeks to fully recover to its normal state. This may be one rea- 
" ' . . 

son that some horses continue to exhibit coughing for several weeks 
afterapparent resolution of the infection. 

(ii) Associated but less common complications include myocarditis with . . 
arrhythmias (atrial fibrillation), secondary bacterial pneumonia, 
pleuritis, persistent cough, and exacerbation of underlying chronic 
obstmctive pulmonary disease. 

(4) Clinical findings 
(a) The disease causes a fever (38.5"C-41°C) and a dry hacking cough, 

. . -  
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which later turns moist and persists longer than the fever. Nasal dis- 
charge is watery when present but is seldom prominent. 

(b) Adenopathy. Although the submaxillary lymph nodes are not appreciably 
swollen, they are often painful to palpation in the early stages, which indi- 
cates the pharyngeal inflammation that occurs and may cause signs of 
dysphagia. 

(c) Other signs include dyspnea with or without exercise, systemic signs as- 
sociated with infection (e.g., fever, inappetence, lassitude), or muscular 
stiffness and limb edema. In uncomplicated cases, the signs usually re- 
solve completely within 3 weeks. 

(5) Diagnostic plan and laboratory tests 
(a) On the routine complete blood cell count (CBC), there can be a leukope- 

nia with distinct lymphopenia, but this is transient. For a definitive diagno- 
sis, virus isolation is  necessary. 

(b) Nasopharyngeal swabs must be collected in the first 48-72 hours of ill- 
ness, beyond which viral culture is unlikely to be successful. 

(c) Serologic confirmation of infection relies on a rise in antibody titer in 
paired sera collected 3 weeks apart, with a positive finding based on a 
fourfold rise in hemagglutination inhibitor or serum neutralization titer. 

(d) For rapid diagnosis, a test based on direct immunofluorescence applied 
to nasopharyngeal smears also has been successful in investigating out- 
breaks. 

(6) Differential diagnoses 
(a) Viral infections. This includes mainly the other upper respiratory viral in- 

fections (herpesvirus, rhinovirus, or adenovirus). Although equine viral ar- 
teritis (EVA) also can cause respiratory signs, these signs are often of sec- 
ondary importance. Other signs, such as conjunctivitis, petechiation of 
mucous membranes, and limb and palpebral edema, are more promi- 
nent. 

(b) Bacterial infection by Streptococcus equi also can cause similar initial 
clinical signs, but generally the submandibular lymph nodes are ob- 
viously enlarged and painful. 

(7) Therapeutic plan 
(a) As with most viral infections, there are few specific treatments available 

to hasten recovery. The main goal i s  to provide a clean, stress-free envi- 
ronment to allow the horse to recover from the infection. 

(b) For increasing the comfort of the horse, nonsteroidal anti-inflammatory 
drugs (NSAIDs), such as phenylbutazone, can be used to decrease fever 
and maintain the horse's appetite during the acute phase of the infection. 
However, disadvantages of this approach include: 

(i) The antipyretic action of NSAIDs might mask any fever due to sec- 
ondary bacterial infection. 

(ii) Owners might return the horse to competition or work before the ef- 
fects of the disease have fully abated. 

(c) Antibiotic treatment is appropriate if secondary bacterial infection is sus- 
pected or in high-risk animals, such as young foals. Ideally, the choice of 
drug should be based on culture results from transtracheal wash. In the 
absence of this, broad-spectrum antibacterials such as trimethoprim-sul- 
fas can be administered, with a course when initiated of 5-7 days. 

(8) Prevention 
(a) Vaccines. There are several manufacturers of killed-strain influenza vac- 

cines, containing both Nequi 1 and Nequi 2. Manufacturers recommend 
two intramuscular injections several weeks apart initially, then revaccina- 
tion annually. 

(b) Reaction to vaccination. Vaccinated horses should be rested for several 
days after vaccination because they are often reported to be "off" the 
day following injection. Horses develop a transient reaction to vaccina- 
tion that may include mild fever, malaise, and pain at the injection site. 

(c) Frequency of vaccination. Vaccination results in at least partial immunity 
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prevalence of exposure (70%-90%) in Standardbreds, but Thoroughbreds 
have only a 2%-3% seropositive rate. 

(2) Etiology. EVA.is caused by an arterivirus similar to the agent that is irnpli- 
cated in porcine reproductive and respiratory syndrome. Virulence between 
strains varies. but there i s  little antinenic variation. 

(3) clinical findings 
- 

(a) This disease ~rimarilv causes abortion, with acute systemic illness includ- .-, 
ing fever, li&b edema, and respiratory signs. Abortion usually occurs 
within a few days of clinical onset of disease. This is in contrast to abor- 
tions caused by equine viral rhinopneumonitis, which occur much later 
after clinical disease. 

(b) The respiratory signs are usually of secondary importance to the disease 
and include nasal and ocular discharge that is initially serous but can be- 
come purulent. There is a cough, nasal mucosal congestion, and in some 
horses, petechiation. In horses with pulmonary edema, dyspnea also may 
occur. 

(4 )  Pathogenesis. Although outbreaks of the classic disease can occur, infections 
are commonly subclinical with sporadic abortions. Stallions can act as car- 
riers, and there is an effective vaccine available for prevention where indi- 
cated. 

(5) Therapeutic plan and prevention 
(a) Specific therapy for this viral infection is  not available, so treatment is 

only directed against secondary bacterial infection if respiratory signs are 
present. 

(b) Quarantine. Because the virus i s  contagious, the quarantine of any in- 
fected horse returning from a racetrack, sale, or show may be necessary 
for up to 4 weeks. 

(c) A currently available modified-live virus vaccine may be useful to control 
this disease on breeding farms. 

d. Equine rhinovirus (ERV) infection 
(1) Etiology. Infection with rhinovirus, equine rhinovirus-1 (ERV-I), is wide- 

spread, and most of the population of horses develop antibodies early in life. 
lnfection with several types of rhinovirus (ERV-1, ERV-2, and ERV-3) is com- 
mon, but only ERV-1 is clinically significant. 

(2) Clinical finding. Although infection i s  often subclinical, horses with clinical 
signs exhibit low-grade fever, pharyngitis, pharyngeal lymphadenitis, and CO- 
pious serous nasal discharge that becomes purulent in later stages. A cough 
may penid for 2-3 weeks. 

(3) Diagnostic plan. Serum neutralization titers from acute and convalescent sera 
can establish a diagnosis. Alternatively, virus isolation may be attempted to 
allay concerns regarding more significant problems associated with influenza 
or rhinopneumonitis. 

(4) Therawutic olan and prevention. Because clinical disease is usually mild . , 
and $lf-limihg, there'is little that needs to be done for treatment other than 
appropriate rest to allow recovery. Currently, there is no commercially avail- 
able vaccine; however, planned exposure of young horses to infection has 
been recommended. 

e. Ademvirus infection 
(1) Patient profile and history. Adenovirus infection in the horse population ap- 

pears to be widespread but is clinically of major importance in the Arabian 
breed. 

(2) Clinical findings. lnfection with adenovirus in adult horses generally does not 
cause any clinical disease. However, mild respiratory signs and transient soft- 
ness of the feces may result in some cases. The exception to this usually mild 
infection is infection of immunocornpromised foals, such as in failure of pas- 
sive transfer or Arabian foals with inherited combined immunodeficiency 
(CID). Experimentally, this virus can cause a severe but nonfatal pneumonia, 
with the tull scope of signs including conjunctivitis, coughing, nasal dis- 
charge, fever, dyspnea, and diarrhea. In Arab foals with CID, the pneumonia 

is invariably fatal. There is hyperpnea, dyspnea, and adventitious sounds on 
auscultation of the lungs, suggestive of bronchopneumonia. Affected foals 
often have a poor hair coat, are depressed, and may have diarrhea. 

(3) Etiology and pathogenesis. Adenovirus infection is widespread in all ages of 
horses. Arabian CID foals develop fatal pneumonia and die, regardless of ther- 
apy. The virus attacks the upper and lower respiratory epithelium and leads 
to loss of epithelium with subsequent hyperplasia and interstitial pneumonia. 
Secondary bacterial bronchopneumonia also ensues, but these foals lack the 
ability to mount any defenses to recover from infection. 

(4) Diagnostic plan. For most horses, the infection is mild, and diagnosis can be 
made from a number of serologic tests or from identification of the character- 
istic intranuclear inclusion bodies in cells taken from conjunctiva or nasal mu- 
cosa. 

(5) Laboratory tests and differential diagnoses 
(a) In the case of an affected Arabian foal, it is important to exclude CID. 

Tests include the presence of lymphocytes above 1000 pl, and the pres- 
ence of precolostral serum immunoglobulin M after 36 days of age. 

(b) Other viruses, including equine parainfluenza-3 (PI-3) virus and a reovi- 
rus, have also been recorded as viruses to be suspected in causing mild 
upper respiratory tract inflammation in horses but are of doubtful signifi- 
cance. 

(6) Therapeutic plan and prevention 
(a) For adult hones, there is no specific treatment other than as indicated for 

other mild upper respiratory infections. 
(b) Foals with failure of passive transfer are at increased risk of adenovirus in- 

fection because it is so prevalent in the horse population. These foals 
should receive plasma and, in high-risk situations, antibiotics. 

(c) Although an inactivated vaccine of apparent high immunogenicity has 
been produced against adenovirus in the horse, it has not had extensive 
field exposure. 

f. Noninfectious equine rhinotracheitis can be the result of pharyngeal abscess, for- 
eign body, irritation from orally administered medication, or nasogastric intuba- 
tion. These causes are far less common than infectious causes. 

g. Chronic pharyngitis. The most commonly managed chronic problem of the phar- 
ynx is lymphoid hyperplasia (follicular pharyngitis), as observed by endoscopy in  
performance horses. This abnormality does not appear to affect health but is sug- 
gested by some to affect athletic ability. This and other pharyngeal abnormalities, 
including structural or functional abnormalities of the soft palate or larynx, are in 
the realm of equine surgery. 

3 Acute pharyngitis, laryngitis, and tracheitis i n  cattle 
- 

1. Clinical finding. The common upper respiratory tract infections in cattle frequently 
have nonspecific signs, and an etiologic diagnosis based solely on clinical signs is 
not possible. The exception to this is infectious bovine rhinotracheitis (IBR), in which 
there can be characteristic nasal reddening, plaques, and conjunctivitis. 

2. Pathogenesis. Most of the incriminated bovine respiratory viruses are ubiquitous, and 
exposure and immunity are widespread. An important factor of these infections is the 
potential to compromise nonnal pulmonary defense mechanisms and allow coloniza- 
tion by bacteria that would normally be cleared. Therefore, although viral respirato~ 
infections may not extend to the lower respiratory tract, secondary bacterial infection 
is the primary consideration in the management of both treatment and prevention. 

3. Diagnostic plan and laboratory tests. Specific etiologic diagnosis requires virus dern- 
onstration or isolation and identification and is seldom successful in later stages of 
the disease. To maximize the potential of an etiologic diagnosis, a routine set of sam 
ples should be obtained in  outbreaks. 
a. From live, acutely infected febrile untreated cattle, nasal swabs or conjunctival 

scrapings are suitable for most viral isolation. Acute and convalescent serum sam- 
ples also can be collected and screened for the suspected viruses, with a fourfold 
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titer increase over 2-3 weeks proving active recent infection. For some viruses 
(e.g., bovine respiratory syncytial virus), immunofluorescence on lung lavage cells 
also has proven highly valuable. 

b. Necropsy of animals can be useful but i s  seldom rewarding in chronically ill, 
treated, or cull animals or those dead long enough to have undergone significant 
organ autolysis. In a field necropsy, tissues selected for virus isolation include con- 
junctiva, tonsil, pharynx, lung, lymph node, spleen, liver, kidney, small intestine, 
cecum, spiral colon, and rectum. These tissues require placement in appropriate 
viral transport medium, freezing, and transport by overnight courier to the labora- 
tory. 

4. Therapeutic plan 
a. Supportive care including ready access to feed and water and minimizing compe- 

tition for feed and space is often all that is required. 
b. Antibiotic therapy for possible secondary bacterial infection can be instituted. Al- 

though glucocorticoids impair defense mechanisms and are contraindicated in 
IBR infections, NSAlDs (e.g., aspirin) may be beneficial in reducing fever and im- 
proving appetite. Therapy of individual animals is generally not as important as 
control of herd outbreaks. 

5. Prevention. Vaccines are available for the more clinically important viruses and are 
often combined in a single product. 
a. Modified live virus of bovine cell origin for IBR vaccines should not be used in 

pregnant cows because these vaccines may cause vaccine virus shedding, infertil- 
ity, and abortions. Potential stud bulls should be vaccinated with products con- 
taining the IBR antigen only at the owner's request. 

b. Products that are designed for intranasal administration of live vaccine stimulate 
strong local (immunoglobulin A) immunity and a rapid response, including local 
interferon. 

c. When considering the young stock in the herd, any early vaccination, such as is  
sometimes performed by administration of intranasal vaccines soon after birth, 
should be repeated after b months of age because the colostral immunity has 
waned by that time for most of these viruses. 

d. In dairy herds, annual or semiannual vaccination is recommended, as well as vac- 
cinating any replacement animals 3-4 weeks before introduction. 

e. In feedlot manaeement. because of high stress of transport and shipping, killed or 
at least inactivatved vaccines may be appropriate, unless modified live viruses can 
be administered at least several weeks in advance of anticipated stress periods. 

6. Specific conditions 
a. Infectious bovine rhinotracheitis (IBR), also known as bovine herpes virus-1 

(BHV-I), is a highly infectious condition of worldwide distribution in cattle and 
some wild ruminants. Recent studies have revealed at least five major biotypes, 
which might explain the distinct clinical manifestations of this viral infection. The 
respiratory form is a common manifestation of infection in cattle and i s  usually re- 
stricted to upper respiratory signs, as uncomplicated IBR does not usually spread 
into the lungs. 
(1) Patient profile and history. BHV-1 can affect all ages of cattle, but those 

older than 6 months are most commonly affected, with animals in beef feed- 
lots experiencing higher morbidity than dairy herds. 

(2) Epidemiology. The morbidity rate varies from 8% to 20%-30% in feedlots, 
but in herds of low immunity, morbidity can approach 100%. However,the 
case fatality rate is usually low at 1% or less. Where fatality rises to lo%, 
deaths are usually related to secondary bacterial bronchopneumonia (see 
Chapter 7). 

(3) Etiology and pathogenesis 
(a) Trammission. The a-herpes virus BHV-1 is transmitted via respiratory 

aerosol, semen, fetal fluids and tissues, and fomites. 
(b) After infection in the field, it appears there is an incubation period of 

10-20 days, although experimentally this only lasts 3-7 days. The BHV- 
1 virus multiplies in nasal mucosa, causing rhinitis and tracheitis. Viral ex- 
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tension via the lacrimal duct causes conjunctivitis and, in some cases, 
corneal edema. 

(c) Route of infection. From nasal mucosal infection, the virus travels up the 
trigeminal nerve, where it can establish latency or infect the central ner- 
vous system. The virus also can be transported by peripheral leukocytes 
to the placenta and transferred to the fetus, resulting in abortion. 

(d) Carriers 
(i) The virus can persist and be discharged from the animal as a result 

of natural infection or live virus vaccination for at least 2 years. 
(ii) Carrier states are thought to occur in some cattle, and there also 

may be wildlife reservoirs of infection in wild ruminants. 
(iii) Latent infections occur with the virus presumably sequesterdin the 

trigeminal ganglion, which can recrudesce during stress or corticoste- 
roid administration. 

, (e) Immunity to BHV-1 is complex and requires both cell-mediated and hu- 
moral parts of the animal's defenses. Therefore, it follows that systemic 
antibody levels, as determined by the many serologic tests available, cor- 
relate poorly with protection against disease. 

(4) Clinical signs 
(a) The various clinical manifestations of IBR include: 

(i) Upper respiratory inflammation with or without prominent conjuncti- 
vitis 

(ii) Venereal infections, such as infectious pustular vulvovaginitis (IPV) 
in cows and balanoposthitis in bulls 

(iii) Encephalitis 
(iv) Infertility 
(v) Abortion 

(b) With the respiratory form of IBR, there is a sudden onset of severe signs, 
including high fever (up to 42"C), anorexia, and severe hyperemia of the 
nasal mucosa. 

(i) Necrotic plaques appear as greyish foci of necrosis on the nasal mu- 
cosa just inside the nares, accompanied by a serous to mucopurulent 
nasal discharge. 

(ii) Conjunctivitis with a serous ocular discharge is also a common sign. 
Although this may sometimes be mistaken for infectious keratocon- 
junctivitis caused by Moraxella bovis, the lesions are confined to 
conjunctiva, which are reddened and swollen with no invasion and 
ulceration of the cornea. 

(iii) A short, explosive cough can accompany these signs but is not al- 
ways present in outbreaks. If lactating dairy cattle are affected, there 
i s  also an accompanying dramatic fall in milk production. 

(c) Duration of infection. When restricted to respiratory signs, infection gen- 
erally resolves in 10-14 days. Abortions can occur some weeks following 
clinical illness. The genital tract infections ( IW or balanoposthitis) can re- 
sult in reproductive failure. 

(5) Diagnostic plan and diierential diagnoses. The classic signs of fever, nasal le- 
sions, and bilateral conjunctivitis should suggest the respiratory form of IBR. 
Other possibilities include: 
(a) Bovine respiratory disease complex (BRDC; shipping fever). With BRDC, 

there is toxemia, abnormal lung sounds, and affected animals respond 
well to antibiotics, 

(b) Bovine virus diarrhea/mucosal disease (BVDIMD). With BVDJMD, there 
should be oral erosions and usually diarrhea in addition to nasal ulcera- 
tion. 

(c) Bovine malignant catarrh (BMC). BMC exhibits similar signs to BVDIMD. 
(d) Calf diphtheria. This condition may resemble IBR with inspiratory dys- 

pnea b u ~  usually has severe toxemia and necrotic oral and laryngeal le- 
sions. 

(e) Allergic rhinitis. Although it resembles IBR, allergic rhinitis does not 



126 ( Chapter 6 ll B 

result in fever and usually i s  accompanied by sneezing and a characteris- 
tic thick greenish orange nasal discharge. 

(6) Therapeutic plan 
(a) Antibiotics. Althbugh of no direct effect against the viral infection, antibi- 

otics such as oxytetracycline or sulfa drugs can be given to control 
against secondary bacterial tracheitis and bronchopneumonia. As most 
cattle recover uneventfully without antibiotics, this must be weighed 
against the cost of treatment and possible need for appropriate with- 
drawal periods of milk or meat. 

(b) Management strategies. As in other viral infections, it i s  important to aid 
recovery by reducing stress (e.g., crowding) and providing high-quality 
feed and access to water. In feedlot situations, this i s  best managed in a 
separate "sick pen" where competition for feed and space is  reduced, 
and particular attention can be given to monitor for signs of onset of sec- 
ondary bronchopneumonia. 

(c) G ~ U C O C O ~ ~ ~ C O ~ ~ S  are specifically contraindicated in this disease. 
(7) Prevention 

(a) There are several effective vaccines commercially available. Because the 
disease can occur unpredictably at any time and even in what seem to 
be closed herds, vaccination by either an intranasal aerosol of modified 
live vaccine or intramuscular modified live or inactivated vaccines is indi- 
cated. 

(i) The intranasal vaccines stimulate local as well as humoral immu- 
nity, and in addition to being safe for use in pregnant cows, can be 
used in the face of an outbreak because of stimulation of local inter- 
feron within 72 hours of administration. However, these vaccines 
are more labor intensive to administer and generally more expen- 
sive. 

(ii) Intramuscular vaccines, if not inactivated, can cause abortion and in- 
fertility. Thus, if used, they should be given to heifers and cows at 
least 2 weeks before breeding. 

(iii) Vaccination with modified live products, although stimulating a 
stronger immune response than that obtained from inactivated prod- 
ucts, may result in shedding of the virus. 

(b) For those herds in which export of cattle or production of bulls for artifi- 
cial insemination units is an economically important consideration, vacci- 
nation against BHV-1 is not advised because this may result in the rejec- 
tion of animals for export or sale to bull studs. 

b. Bovine adenovirus. This virus often causes an inapparent infection, and although 
a potential cause of upper respiratory inflammation, it is relatively unimportant 
other than for its possible association with pneumonia, enteritis, or both in calves. 
Adenovirus may play a role in enzootic calf pneumonia (see Chapter 7). Adult cat- 
tle are the source for infection in calves. Latent infection with stress may result in 
recrudescence and viral shedding. 

c. Bovine viral diarrhea (pestivirus, BVD). Similar to adenovirus, BVD can result in 
mild, nonspecific clinical signs of respiratory infection. Although BVD virus is not 
a primary pathogen of the respiratory system, some affected animals do have oral 
lesions extending into the nasal cavity and signs suggestive of primary rhinitis. 
However, oral erosions and gastrointestinal signs such as diarrhea are usually 
striking and avoid confusion with uncomplicated rhinitis and upper respiratory 
tract infections. A main factor in the relationship of BVD virus to respiratory dis- 
ease is the immunosuppressive effects of infection (see Chapter 7). 

d. Parainfluenza-3 (PI-3) 
(1) Patient profile and history. PI-3, a paramyxovirus, is a ubiquitous virus that 

can be recovered from normal and acutely ill cattle. The major importance of 
this infection is its potential link to pneumonia in calves (see Chapter 7) and 
bacterial bronchopneumonia in older cattle. 

(2) Clinical findings. Animals with uncomplicated infections have mild upper re- 
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spiratory disease with cough, serous nasal discharge, and fever. The clinical 
abnormalities are nonspecific for this infection. 

(3) Pathogenesis 
(a) The virus invades the respiratory tract and can infect pulmonary macro- 

phages, which may permit viral replication and impair phagocytic func- 
tion. 

(b) PI-3 infection has been associated with concurrent viral infections (e.g., 
bovine respiratory syncytial virus) or Pasteurella haemolytica infection 
and serious pneumonia. 

(4) Diagnostic plan. Acute and convalescent serology can establish the occur- 
rence of recent infection, and the virus can be isolated from affected animals. 

(5) Therapeutic plan and prevention 
(a) As in the other mild upper respiratolv infections. this is usuallv self-liniit- 

ing and needs no treatment unless signs of occur with second- 
arv bacterial infection. 

(b)   here are a number of commercially available vaccines that contain this 
antigen. For calves, a modified live intranasal vaccine stimulates both 
nasal and humoral antibodies and appears effective against challenge ex- 
posure. 

(c)  he antigen is also commonly included in multwalent vaccines for pre- 
vention of undifferentiated bovine respiratory disease. 

e. Bovine resoiratow svncvtial virus IBRSV , ' I  

(1) ~at ien i  profil; and history 
(a) Infection by BRSV can occur in any age of cattle, particularly in immuno- 

logically naive herds. Beef breeds may be more susceptible than dairy ani- 
mals. There is generally rapid onset resulting from a short incubation pe- 
riod and rapid spread of the disease through the herd. Fall and winter are 
the most common times for disease. 

(b) Although it causes upper respiratory signs (e.g., serous nasal discharge, 
cough), thisviral infection is more imoortant in its abilitv to invade the 
lung and cause viral pneumonia (see chapter 7). A high'percentage of 
North American cattle have serum antibodies to BRSV, indicative of wide- 
spread (greater than 80%) infection. Conversely, clinical disease is not 
nearly so common. The virus has a close antigenic relationship to sheep 
and goat RSV as well as human RSV. 

(2) Clinical finding vary depending on the stage of the disease, primary or sec- 
ondary. 
(a) Primary stage. There is sudden onset of fever (40°C-42"C), nasalllacrimal 

discharge, cough, hypersalivation, and decreased appetite. Tachypnea 
(more than 30 breathslmin) and abnormal lung sounds (i.e., increased 
bronchial tones, wheezes, fine crackles) also may be present, indicating 
viral invasion of the lungs. If infection occurs in lactating cows, there is a 
moderate but transient fall in milk production. A transient diarrhea also 
may occur. In this stage, clinical signs are usually mild and quickly re- 
solve. 

(b) Secondary stage. The term secondary stage arises from the clinical course 
of such animals often appearing after remission from an initial mild infec- 
tion of BRSV and the suggestion that this manifestation may be a hyper- 
sensitivity reaction to the initial antigen, with involvement of immuno- 
globulin E (see Chapter 7). 

(i) In the secondary stage, the disease produced is far more severe, with 
profound dyspnea, anorexia, and open-mouth breathing with froth 
at the muzzle. These animals are often unable to eat because of se- 
vere dyspnea. Some animals have subcutaneous emphysema over 
the bunk and submandibular edema. 

(ii) Auscultation of the chest often reveals prominent crackles. These ani- 
mals are clearly in respiratory failure. 

(3) Pathogenesis. Despite considerable research efforts, the pathogenesis of BRSV 
infection remains poorly understood. Experimental infection has been difficult 
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to achieve and, in most cases, results in only mild clinical disease with lim- 
ited lesions. 
(a) The virus infects respiratory tissues from the nasal cavity to the 

bronchilbronchiol6s. Epithelial destruction follows and peaks at 5-7 days 
post infection but is usually mild and incomplete. 

(b) The rapid serologic response (3 days) makes routine serologic testing 
sometimes nondiagnostic (titers already elevated at "acute" sample). 
There is usually a mild interstitial pneumonia with alveolitis, but this 
quickly resolves. 

(c) The secondary stage of disease is sporadic in occurrence and may be 
caused by repeated infection, hypersensitivity, or possibly some alteration 
of host cell surface antigen in the lung. In these cases, there is a profound 
intentitial pneumonia with bronchiolitis and bullous emphysema likely 
caused by the intense respiratory effort. 

Diagnostic plan and laboratory tests. The clinical signs of this infection are 
seldom sufficiently specific to establish a diagnosis. Demonstration of the 
virus by culture of lung tissue is seldom possible in field cases. However, if 
the "acute" sample is taken very early in the course of the disease, blood 
samples may demonstrate seroconversion, and direct immunofluorescence on 
nasonharvneeal swabs or fresh lung tissue from a recently infected animal , - 
may provide a definitive diagnosis. 

(5) ~hera~eut ic  plan 
(a) The primary stage of infection usually warrants no treatment because it i s  

mild, and animals quickly recover unassisted. Because of the potential for 
sccnndarv bacterial invasion of the lung, prophylactic antibiotics may be .-.. 

indicated' (see Chapter 7). 
(b) Those cattle with the secondary stage may benefit from administration of 

antihistamines, corticosteroids, or both. It is extremely important in such 
cases to minimize respiratory stress and limit any need for exertion. De- 
spite this, the case fatality rate in the secondary cases is high. 

(6) Prevention. There are several BRSV vaccines available commercially, alone 
or in combinations with other respiratory viruses (modified live). These a p  
pear to be effective against experimental challenge and also in reducing the 
incidence of respiratory disease of nonspecific etiology in the field. 

f. Bovine malignant catarrh (BMC) is an acute, highly fatal systemic disease of cat- 
tle characterized by nasal, ocular (keratoconjunctivitis), and gastrointestinal le- 
sions. This disorder is included in consideration of the upper respiratory tract be- 
cause it also causes a rhinitis that must be differentiated from other respiratory 
tract diseases. 
(1) Patient profile. Any age, sex, or breed of cattle can be affected. Although in- 

dividual animals usually are infected, BMC can also occur in outbreaks. The 
disease shows the greatest incidence in late winter, spring, and summer. 

(2) Clinical finding 
(a) There are several clinical manifestation of BMC, including the peracute, 

alimentary tract, and common "head and eye" forms. These forms ap- 
pear to be gradations of the same disease. 

(b) In the head and eye form, there is a sudden onset of fever (41°C-41 Sac), 
severe dyspnea with obstruction of the nasal cavities caused by exudate 
from the superficial erosions on the mucosa and mucopurulent nasal dis- 
charge. Also evident are ocular discharge, eyelid swelling, blepharo- 
spasm, and scleral congestion. These animals exhibit extreme dejebion. 
Characteristic and distinguishing signs also include peripheral lymphade- 
nopathy and severe oral erosions. 

(3) Etiology. The clinical signs can be caused by two different infectious agents: 
the alcelaphine BMC virus (wildebeest-associated virus, AHV-1) or a sheep-as- 
sociated BMC virus, probably similar to AHV-1. 

(4) Therapeutic plan. The disease i s  almost invariably fatal and must be distin- 
euished from the treatable and mild causes of upper respiratory infections of " 
cattle, such as IBR, PI-3, and BRSV. 

Diseases of the Upper Rmpiratory TraR 1 129 a Pharyngitis, laryngitis, and trachcitb in sheep, goats, and swine. Although these condi- 
tions undoubtedly occur in sheep, goats, and swine, far less attention is given to these 
conditions in North American veterinary literature. 

1. Viral causes of pharyngitis and tracheitis are similar to those in cattle (e.g., respira- 
tory syncytial virus has been reported). A more common cause in the small goat 
herd or sheep flock is traumatic pharyngitis, caused by drenching or balling gun inju- 
ries as a result of owner-administered medications. 

2. Pharyngitis in swine is reported in some outbreaks of pseudorabies (Aujeszky's dis- 
ease) and is part of the manifestation of anthrax in this species. 

m-~ OBSTRUCTION 

Equine strangles. Strangles, also called horse distemper, occurs worldwide and histori- 
cally caused major epidemics in cavalry horses. This remains an important disease of 
horses in developed countries because of the resulting disruption in management in 
brood mare or racing farms, time and expense of treatment, and unpleasant aesthetics of 
draining abscesses and purulent nasal discharges. 

1. Patient profile. The disease affects horses less than age 5 or 6 years, although all 
ages can be susceptible. Foals less than 3 months are most often unaffected, proba- 
bly because of colostral protection. 

2. Clinical signs 
a. After an incubation period of 1-3 weeks, affected horses suddenly develop 

depression, complete anorexia, fever (39.5"C-40.S0C), and serous nasal dis- 
charge. 

b. The nasal discharge rapidly becomes copious and purulent, and horses show 
signs of severe pharyngitis and laryngitis, with reluctance to swallow and a soft, 
moist cough that appean painful. Possibly as a result of this pain, affected hones 
often stand with their head and neck extended and may appear dyspneic. 

c. For 3 or 4 days, the lymph nodes of the throat region enlarge and are hot, pain- 
ful, and initially firm in consistency. The lymph node enlargement may be suffi- 
ciently severe to cause obstruction to swallowing, dyspnea, and, in severe cases, 
death by asphyxia. Within 10 days, the swollen lymph nodes begin to weep 
serum and develop a soft spot from which they rupture (usually externally) and 
drain thick yellow material. Occasionally, these nodes rupture and drain inter- 
nally into the pharynx. Often, the horse shows an improved attitude when the 
lymph nodes rupture and drain. 

d. Complications 
(1) Most animals recover within 3-6 weeks, but there can be a number of sec- 

ondary complications. These include pneumonia secondan/ to aspiration with 
internal rupture or extension into the guttural pouches, causing guttural 
pouch empyema. 

(2) Very young foals can develop bacteremia or septicemia with joint infections 
and generalized lymphadenopathy. 

(3) The most common complication is  metastatic strangles, or "bastard d m -  
gles," in which abscesses can spread to internal organ systems (i.e., lung, 
mesentery, spleen, brain) and cause subsequent localizing signs. Localized a b  
xesses on the limbs can induce limb edema with the lower limb swelling 
three or four times its size. Finally, a delayed reaction due to immunologic 
sensitivity to the streptococcal protein can result in vasculitis, causing pur- 
pura hemorrhagica. 

3. Epidemiology 
a. Outbreaks in susceptible animals often occur in cold wet weather, although 

movement and exposure to infected horses are also facton. 
b. The causative organism is highly resistant in the environment, lasting up to a 
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month outside the host. Thus, contaminated water or feed buckets, or even ob- 
jects such as blankets, brushes, and tack can be the source of infection. 

c. The organism is known to, persist in the pharynx of clinically normal, recovered 
horses for up to 8 months, and field experience suggests that such hones can be 
a source for new infections during this time. 

4. Etiology and pathogenesis 
a. Strangles is caused by a Phemolytic streptococcus, Streptococcus egui, which is 

present in the nasal discharges and draining abscesses of affected horses. This or- 
ganism is not considered part of the normal nasal flora of the horse. 

b. The bacteria usually is transmitted by inhalation but can also be ingested. After 
incubating for 1-3 weeks, the organism causes acute pharyngitis and rhinitis. S. 
eaui has M protein in its capsule, which is antiphagocytic and provides a means 
of'avoiding normal defenses. 

c. From the mucosal surfaces, the organism moves by lymphdrainage to local 
lymph nodes (submandibular and retropharyngeal) with subsequent abscessation 
at these sites. 

d. Strong immunity occurs immediately after infection and lasts 6 months to several 
years. 

5. Diagnostic plan and laboratory tests 
a. In addition to clinical signs, cultures of nasal swabs or lymph node draining is 

k e ~  tn diaenosis. Althouah other streptococcal species, such as S. zooeprdernicus, 
I '- ---u 

also are readily found in-nasal swab; and can give mild upper respiratory stgns 
along with occasional lymph node abscessation, identification of 5. equi is impor- 
tant because it requires rigorous control and quarantine measures. 

b. Routine hematology reveals neutrophilic leucocytosis, hyperfibrinogenemia, and 
anemia of chronic infection, but this is not specific to strangles. 

6. Therapeutic plan 
a. Horses with early clinical signs (e.g., fever, anorexia, depression, pharyngitis, pu- 

. rulent nasal discharge) 
(1) Procaine penicillin G is the drug of choice administered at 22,000 lUlkg 

twice daily intramuscularly for 5 days or until all clinical signs are absent. 
(2) Tetracvclines are also effective but should be avoided because of the risk of , . 

induci;lg colitis. 
(3) Trimethoprim-sulfadiazine is an alternative to penicillin treatment, with its ad- 

vantage being oral administration. 
b. Horses with lymph node abscessation require local treatment to enhance matura- 

tion and drainage of the abscesses. 
(1) Hot packs and poultices can be applied to the area of swellings several times 

daily. When the abscesses are mature, with the softening of a point of overly- 
ing skin, they can be lanced and flushed with 3%-5% povidone iodine. 

(2) Parenteral antibiotics given after abscess formation tend to prolong rather 
than arrest disease. However, some veterinarians suggest treating all affected .~ - - 

horses to reduce the risk of &re animals becoming ill. 
c. Horses recently exposed to strangles with yet no clinical signs may benefit from 

antimicrobial therapy (e,g., benzathine penicillin) at the time of exposure and 
every 2 days thereafter until the end of the outbreak. This may prevent seeding of 
lymph nodes with the organism. 

d. 1 reatrnent for secondary complications 
(1) For bastard strangles, long-term penicillin treatment (3-6 months) is required. 

Oral phenoxymethyl penicillin (1 10,000 IUlkg every 8 houn) is possible but 
very expensive. Thus, trimethoprim-sulfadiazine is usually the d ~ g  of cho~ce. 

(2) Purpura hemorrhagica, being an immunologic disease, requires glucocorti- 
coids (dexamethasone) and supportive treatment such as leg wraps for the 
limb edema (see Chapter 9). 

(3) Guttural pauch ernpyema is treated locally by flushing the affected pouches 
with saline through the pharyngeal opening, often with the use of indwelling 
catheters for repeated treatment. 
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7. Prevention 
a. Management strategies 

(1) From the onset of clinical signs, it is critical to isolate affected animals be- 
cause this highly contagious infection can spread through many of the young 
stock. Isolation for at least 6 weeks after start of signs is suggested, but based 
on field experiences, some veterinarians strongly suggest 8 months is a safer 
time frame. Clearly this latter recommendation must have the full cooperation 
and understanding by the client. 

(2) Because of the highly resistant nature of the organism, it is also imperative to 
thoroughly clean and disinfect stalls and grooming and feeding equipment, 
and burn the bedding from infected animals. 

b. Vaccination against this organism provides only partial protection, with reduced 
severity and incidence of disease if and when it occurs. 
(1) Several commercial products are available and require a minimum of three 

doses at 2- to 4-week intervals, followed by annual boosters. Some products 
also induce muscle soreness and possible abscess formation, and for this rea- 
son vaccination should be administered in the pectoral muscles. 

(2) A vaccine containing a concentrated, purified M-protein extract of S. equi has 
been shown to reduce the rate of clinical disease by 50%. 

Laryngeal obstruction in  cattle 

1. Patient profile and history 
a. Adult cattle 

(1) Adult cattle develop acute laryngeal obstruction most commonly as a result 
of laryngeal necrosis secondary to balling gun and drenching injuries. Laryn- 
geal edema secondary to smoke inhalation also can result in signs of laryn- 
geal obstruction. 

(2) Chronic laryngeal obstruction in adults is most often caused by retropharyn- 
geal swelling, either from lyrnphadenitis or abscess, or a tumor in the throat 
latch region. 

b. Calves, particularly those between 3 and 18 months, m m  commonly develop la- 
ryngeal obstruction as a result of the calf diphtheria (oral laryngeal necrobacil- 
losis). 

2, Clinical signs 
a. Laryngeal obstruction causes characteristic inspitatory dyspnea and stertor. There 

is also apparent excessive salivation caused by the reduced willingness for the an- 
imal to swallow as a result of the dysphagia induced by laryngeal inflammation. 

b. There is anorexia, depression, and fever in calves with diphtheria and adult cattle 
with balling gun injuries that develop extensive cellulitis. In calves with diphthe- 
ria, there is invariably a characteristic foul necrotic odor to the breath. 

3. Etiology and pathogenesis 
a. Inflammation of the larynx and pharynx depends on the inciting cause. For exam- 

ple, smoke inhalation may be a combination of chemical and thermal burn and, 
thus, be diffuse yet affect only the superficial mucosa. 

b. Balling gun injuries often extend into the interstitial tissues around the pharynx 
and have extensive cellulitis from contaminating oropharyngeal inhabitants, 

c. In calf diphtheria, the initial mucosaf trauma from coarse feeds or shedding teeth 
allows invasion beyond mucosal tissues of Fusobaderium necrophomm, which is 
responsible for both the extremely foul odor to the calf's breath and severe tox- 
emia. 

4. Diagnostic plan. The clinical signs and history often are sufficient to provide a work- 
ing diagnosis. 
a. 0rd examination with a speculum or an endoscope via the nares provides ready 

assessment of most of the structures of the pharynx and larynx. 
b. For balling gun injuries, radiology of the pharyngeal region also can be valuable 

with the demonstration of gasor foreign matter in areas swollen with cellulitis. 



132 I Chapter 6 111 B 

5. Therapeutic plan 
a. Most conditions benefit from parenteral antibiotics, such as sodium sulfadimidine 

150 mp,/kg for 2-3 daysor procaine penicillin 20,000 IUlkg intramuscularly 
twice daily for 5 days. 

b. In severely dyspneic animals, a tracheostomy should be performed as asphyxia- 
tion may occur before laryngeal swelling subsides. 

c. Those animals that are unable to swallow require parenteral fluid therapy. 
d. In cases of balling gun iniury that are recognized at the time of occurrence and 

presumed to have caused extensive trauma, emergency slaughter should be con- 
sidered as an economic alternative to treatment 

3 Laryngeal obstruction in  sheep, goats, and swine 

1. Patient profile and history. Similar sporadic causes of laryngeal obstruction as found 
in cattle also can occur in small ruminants. In sheep, there also have been outbreaks 
of laryngeal obstruction reported resulting from necrotic laryngitis, with Fusobage 
rium necrophorum isolated from lesions. 

2. Clinical signs include laryngeal stenosis, causing the characteristic inspiratow dys- 
pnea. Also, regional lymphadenopathy and lung abscessation are seen. 

3. Therapeutic plan. Treatment i s  similar to that described for cattle. Laryngeal obstruc- 
tion in swine is most commonly seen as a result of encroachment of regional subcuta- 
neous abscesses or abscessed lymph nodes. 

DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
followed by answers or by completions of the statement. Select the ONE numbered answer 
or completion that is BEST in each case. 

: 1 
3. Equine herpesvirus-4 (EHV-4) is recovered 
from a group of horses on a brood mare farm 
following an outbreak of upper respiratory dis- 
ease. Which one of the following statements 
is correct? 

(1) Vaccination against equine herpesvirus-1 
(EHV-1) provides temporary but strong 
cross protection against EHV-4 infection. 

(2) Most respiratory outbreaks in horses 
caused by herpesviruses are caused by 
EHV-4. 

(3) Complications of EHV-4 infection include 
abortion and hind-end paresis. 

(4) Differentiating EHV-4 infection from EHV- 
1 infection can be done using currently 
available serologic tests for specific anti- 
bodies. 

! 

, 

. 
, 

4. A 3-week-old Arabian foal that has been 
receiving treatment for pneumonia dies and 
adenovirus i s  recovered from the lungs as the 
only pathogen. Which one of the following 
statements is true? 

1. Which one of the following statements re- 
garding viral respiratory disease in hones is 
true? 

(1) Although equine viral arteritis (EVA) i s  as- 
sociated with conjunctivitis, limb edema, 
and respiratory signs, subclinical infec- 
tions are most common, with aborting 
mares acting as the main carriers of the 
virus. 

(2) Equine rhinopneumonitis virus infection 
caused by equine herpesvirus-4 (EHV-4) 
results in fever, conjunctivitis, and cough, 
whereas equine herpesvirus-1 (EHV-1) is 
associated with late-gestation abortion 
and neurologic disease in addition to 
fever, conjunctivitis, and cough. 

(3) In addition to fever and the acute out- 
break of cough, equine influenza virus 
can cause limb edema, myositis, and con- 
junctivitis in affected horses. 

(4) Painful submandibular lymph nodes are a 
characteristic of rhinopneumonia. 

, (5) In horses, clinical signs of viral infection 
. are seldom pathognomonic, and finding 

. evidence of seroconversion is the only 
method of identifying many viruses. 

2. A growing pig shows acute nasal discharge 
and rhinitis, followed by shortening of the 
snout and turbinate atrophy. Which one of 
the following statements is true? 

(1) Inclusion body rhinitis is a major factor in 
the turbinate atrophy noted. 

' 

, (2)  The changes to the snout are typical of ne- 
crotic rhinitis (bullnose). 

(3) Bonletella bronchiseptica infection fol- 
lowed by Pasteurella multocida infection 
is the most likely cause of these clinical 

( 1 )  Serum obtained from this foal immedi- 
ately prior to death can be used to con- 
firm an immunodeficiency in this foal. 

(2) The presence of presuckle immunoglobu- 
lin M (IgM) against adenovirus confirms 
that this infection was present at birth. 

(3) Adenovirus is unlikely to cause significant 
disease in nowArabian foals. . (4) The other foals on the farm of similar ages 
should be vaccinated against adenovirus. 

(5) Because secondary bacterial involvement 
was not found, a fungal pathogen should 
be suspected instead of a primary viral 
agent. 

signs. 
(4) Infection by type A swine influenza virus 

. damaged the nares and was followed by 
Fusobacterium necrophorum infection of 
the turbinates. 
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I 5. lnspiratory dyspnea and stertor are ob- 
I served in an 8-month-old Hereford calf. The 
I rectal temperature is 39.goC, and the calf is 
1 depressed. Furthermore, a foul, necrotic 
1 breath odor is detected, and the calf appears 
I reluctant to eat. What is the most likely diag- 
1 nosis? 

1 (1) Calf diphtheria caused by Fusobacterium 
necrophorum ' (2) Balling gun injury sustained 24 hours ago 

I (3) Enzootic pneumonia complicated by lung 
abscessation 

1 (4) A tooth root abscess with invasion by an- 
/ aerobic bacteria 
1 (5) Papular stomatitis or bovine virus diarrhea 

(BVD) 
I 
1 6. Absence of passage of air in one nostril is 
1 a specific finding that may suggest which one 
1 of the following? 

(1 )  Ethmoid hematoma, in a horse with con- 

I comitant blood-tinged and malodorous 
nasal discharge 

I (2) Oestrus ovis infection, in a sheep with 
concomitant bloody nasal discharge from 

1 the affected nares 
1 (3) Inclusion body rhinitis, in a pig with con- 

comitant serous bilateral nasal discharge 
I and sneezing 

1 (4) Ethmoid carcinoma, in a cow with con- 
I comitant bilateral bloody discharge and 
1 bulging of the facial bones 
1 (5) Granulomatous pedunculated masses 

caused by Rhinosporidia , in a horse with 
minimal to no concomitant nasal dis- 
charge 

7. An owner reports the sudden onset of a 
harsh cough and bilateral ocular discharge in 
an 18-month-old steer. Other similarly aged 
animals in the herd are also similarly affected. 
Clinical examination reveals a rectal tempera- 
ture of 40°C, a serous nasal discharge, swol- 
len conjunctiva, and small necrotic plaques in 
the nares. What advice should be offered to 
the owner? 

(1) The affected animals need to be isolated 
from the breeding herd because they may 
be a source of an infection that can cause 
cerebellar hypoplasia or immunotolerance 
in calves. 

(2) To halt the spread of infection, an intra- 
nasal vaccine can be administered. - ... 

(3) Signs are typical for Pasteurella pneumo- 
nia; affected calves need to be placed on 
antibiotics. 

(4) This is likely an upper respiratory virus 
but additional tests will be needed to iden- 
tify it. 

(5) Treatment should include broad-spectrum 
antibiotics because lung infection i s  likely 
to occur. 

8. A yearling Standardbred filly is receiving 
treatment in a clinic for clinical signs of stran- 
gles. Streptococcus equi is cultured from the 
nasal cavity. The owner wants to know if she 
will be able to successfully bring the filly 
back to the riding establishment she operates. 
Of the following comments, which one is cor- 
rect? 

(1) A vaccine containing the antiphagocytic 
S. equi capsular antigen can be adrninis- 
tered to the other horses to prevent them 
from developing the disease. Immunity is 
highly effective but short lived. 

(2) This filly can spread the organism to the 
other horses for at least 6 weeks after her 
clinical signs resolve. 

(3) Although isolation of this filly is important 
during the clinical stage, other horses at 
the riding school are likely to carry the or- 
ganism as part of their normal flora, 
which can undergo rapid proliferation at 
times of high stress. 

(4) This filly will have strong immunity as a 
result of clinical disease and thus is un- 
likely to develop the disease hereafter. 

~ R S  A N D  E X P L A N A T I O N S  

1. The answer is 2 Ill A 3 b (3) (e)]. Equine 
viral rhinopneumonitis caused by equine her- 
pesvirus-4 (EHV-4) and equine herpesvirus-1 
(EHV-1) is associated with fever, conjunctivi- 
tis, and cough. In addition, EHV-1 infection 
may cause late-gestation abortion and neuro- 
logic disease. Stallions, rather than aborting 
mares, are the presumed carriers of the virus 
that causes equine viral aneritis (EVA). Al- 
though equine influenza may be associated 
with limb edema and myositis, conjunctivitis 
is not a recognized sign. Equine rhinopneumo- 
nia, a viral process, should not induce en- 
larged and painful lymph nodes; this sign is 
more consistent with Streptococcus equi infec- 
tion. Some viruses can be cultured in the 
early stages; therefore, serology is not the 
only means of identifying some viruses. 

2. The answer is 3 I1 D 1 bl. Atrophic rhinitis 
often occurs after infection of Bordetella bron- 
chiseptica, which causes acute inflammation. 
B. bronchiseptica infection i s  then followed 
by Pasteurella multocida infection. Inclusion 
body rhinitis can cause acute nasal discharge 
but is not thought to be a component of atro- 
phic rhinitis. Necrotic rhinitis i s  a cellulitis in 
the soft tissues around the snout and is 
thought to be caused by Fusobacterium necro- 
phorum infection. 

3. The answer is 2 [I1 A 3 b (2) (b)]. More 
than 80% of respiratory outbreaks involving 
equine herpesvirus are associated with equine 
herpesvirus-4 (EHV-4). EHV-4 cannot be differ- 
entiated from EHV-1 using commonly avail- 
able serologic methods. Equine herpesvirus-1 
(EHV-1) has only 20% homology with EHV-4; 
therefore, vaccination against EHV-1 does not 
provide much protection against EHV-4. Abor- 
tion and hind-end paresis are complications 
associated with EHV-1 infection. 

4. The answer is 3 111 A 3 el. Adenovirus 
only causes severe disease in foals with corn- 
b i n d  immunodeficiency, such as that ob- 
served in some Arabian foals that lack the 
ability to produce their own immunoglobulins 
and are severely lymphopenic. The foal has 
no ability to produce its own immunoglobulin 
M (IgM); therefore, sera from the foal at this 
age will likely contain immunoglobulins pres- 
ent from the dam's colostrum. The other foals 

on the farm are unlikely to be at risk for such 
a severe, overwhelming infection because 
they probably are not immunodeficient. Ade- 
novirus in this case can be the sole pathogen 
for pneumonia. 

5. The answer is 1 Ill B 6 a (5) (d)]. The inspi- 
ratory dyspnea, fever, and necrotic breath 
odor are characteristic signs of calf diphtheria. 
A balling gun injury sustained 24 hours previ- 
ously would not be likely to produce an ex- 
tremely necrotic breath odor so quickly. The 
breath odor of lung abscesses is consistent 
with that described here, but calves with enzo- 
otic pneumonia will not have dyspnea on in- 
spiration. Dental problems would not be char- 
acterized by dyspnea. Papules and ulcers, not 
necrosis, are more likely to be associated with 
papular stomatitis or bovine viral diarrhea 
(BVD). 

6. The answer is 4 [I B 2 b]. Clinical findings 
of ethmoid carcinomas in cattle include bulg- 
ing facial bones and the discharge of blood 
from the nostrils. The bloody discharge 
should not have a notable odor. The dis- 
charge is not usually blood-tinged; it i s  blood. 
Clinical signs are usually minimal. 

7. The answer is 2 [ll B 6 a (7) (a) (i)]. The 
signs are typical of infectious bovine rhinotra- 
cheitis (IBR). An intranasal vaccine is avail- 
able that can be used in the face of an out- 
break because it stimulates the production of 
local interferon within 72 houn. The presence 
of the conjunctivitis and nasal plaques should 
allow the clinician to rule out bovine virus 
diarrhea and mucosal disease. An animal with 
Pasteurella pneumonia would not have the 
conjunctivitis and would be significantly de- 
pressed. In uncomplicated viral infections 
such as this one, antibiotics are not indicated. 

8. The answer i s  2 1111 A]. Shedding of the or- 
ganism that causes equine strangles (horse dis- 
temper), Streptococcus equi, can persist for 6 
weeks or longer after the clinical signs of in- 
fection resolve; therefore, the filly is at risk of 
spreading the disease to other horses at the 
horse establishment. A vaccine is available, 
but the immunity is not strong and offers only 
partial protection. S. equi i s  not part of the 
normal flora in horses. Immunity does occur 
with infection but is not permanent. 
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1 Diseases of the Lower Respiratory Tract and Thorax 
John Pringle 

~ - O P  THE LOWER RESPIRATORY TRACT 

Pneumonia in young animals 

1. Pneumonia in neonates. Clinical signs of pneumonia in all species generally include 
fever, tachypnea or dyspnea, anorexia, and, particularly with bacterial involvement, 
depression. Accompanying these signs are a productive cough and a bilateral mucoid 
to mucopurulent nasal discharge. On chest auscultation, loud bronchial tones over 
the trachea and lungs are audiF,  with adventitious sounds (wheezes, crackles) over 
the lung fields. 

2. Pneumonia in foals. Respiratory disease of foals can have a variety of causes, both in- 
fectious and nonlnfectlous. Of these causes, the more important infectious diseases 
are discussed in this chapter. 
a. Overview 

(1) Viral pneumonia 
(a) Patient profile aml etiology. The viral agents that result in signs of pneu- 

rnonla in foals Include the equine herpesviruses (EHV-1, EHV-41, influenza 
virus, and adenovirus. Pure viral pneumonia ~n foals is associated with im- 
munocompromised, debilitated foals (e.g., failure of passive transfer, com- 
bined immunodeficiency, steroid therapy, poorly nourished foals). The 
maln problem w ~ t h  these Infections 1s the potential to predispose to more 
clinically serious secondary bacterial pneumonia. 

(b) Clinical findings are similar to those described for neonatal pneumonia be- 
cause they are seldom specific for any one viral agent. In foals, the sever- 
ity of pneumonia is  often poorly correlated to chest auscultation findings. 
For the pathogenesis, diagnostic plans, and therapeutic plans for these 
agents, refer to Chapter 6. 

(2) Bacterial pneumonia 
(a) Patient profile and etiology. A variety of bacteria can be associated with 

pneumonia In foals. 
(i) Streptococcus zooepidemicus is the most common [see I A 2 b (I)]. 
(ii) Actinobacillus eguuli can cause pneumonia in older foals, whereas 

this organism causes septicemia and nephritis in very young foals. 
(iii) Klebsiella pneumoniae causes a severe pneumonia in septicemic 

foals, as do the Salmonella species in foals 2-3 weeks of age, in 
which other signs include diarrhea and arthritis. 

(iv) Escherichia coli can be a cause of embolic pneumonia secondary to 
septicemia. 

(v) Bordetella bronchiseptica has been a cause of bacterial pneumonia 
in foals, though it is usually not a primary pathogen. 

(vi) Rhodococcus equi i s  a specific pathogen for foals, with lung abscessa- 
t~on  as the primary lesion [see I A 2 b (2)l. 

(b) Risk factors 
(i) In the early stages of life, foals with septicemia usually have an associ- 

ated bacterial pneumonia. Clearly, the elements that predispose to 
septicemia (e.g., problems with sufficient passive transfer) are key fac- 
ton. 

(ii) Older foals are at risk to secondary bacterial pneumonia when they 
experience respiratory viral infection. In these cases, there is usually 
stress of transport and overcrowding, as may occur accompanying 
transport of the mare to be bred. 
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(iii) Inadequate ventilation (excessive dust levels, poorlv cleaned stalls), 
, i  

poor nutrition, and parasite migration are thought to contribute to I 

foals being predisposed to developing pneumonia, although these are 
not sufficient causes on their own. 

b. Specific conditions 
(1) Streptococcus zooepidemicus pneumonia 

(a) Patient profile and history is  variable because the organism is  an oppor- 
tunistic pathogen in horses of all ages and ubiquitous in their environ- 

i 
i 

- 
(e) Therapeutic plan 

(i) Penicillin i s  the drug of choice for S. zooepidemicus infections. If the 
clinical sians are marked (indicating fulminant infection), foals should 

ment. 
(b) Clinical finding. Signs include tachypnea, anorexia, depression, fever, ab- 

normal lung sounds, and possibly a cough. None of these signs are spe- 
cific for S. zooepidemicus infection. However, this organism can cause 
lymph node abscessation, in contrast to the other opportunistic bacteria, 
and could resemble 5. equi infection in the early stages before signs of pul- 
monary involvement. 

(c) Etiology and pathogenesis 
(i) Etiology. S. zooepidemicus is a normal inhabitant of the equine upper 

respiratory tract and does not normally invade intact mucous mem- 
branes. Any of several stressors (e.g., poor air quality, inadequate ven- 
tilation, damage to respiratory epithelium by viral infections) to the 
normal respiratory defenses may predispose this organism to spread 
to the lungs. 

(ii) Pathogenesis. Acute infections result in  severe fibrinopurulent bron- 
chopneumonia with hemorrhage, whereas less fulminant infections 
cause abscesses in the lungs, lymph nodes, and occasionally in the 
pleura (pyogranulomatous pneumonia). 

(d) Diagnostic plan and ltboratory tests 
(i) A transtracheal aspirate aids diagnosis and rapidly directs specific 

treatment. Typically, there are gram-positive cocci noted in the fluid 
recovered, which is evidence of Streptococcus involvement. Thus, 
while awaiting culture of the organism, treatment can then be se- 
lected against this family of organism. 

(ii) Thoracic radiographs (used for foals only because these are not usu- 
ally available for adult horses) can confirm the presence of pneumo- 
nia and may detect lung abscesses, which require far more prolonged 
treatment. .. 

(iii) Hematology usually reveals leukocytosis and increased fibrinogen, 
but these changes are not specific for this infection. 

be startedn intravenous medications, such as sodium or potassium 
penicillin (20,000 IU/kg intravenously every 6 hours). For less severe 
clinical signs, affected foals (and adult horses) respond well to p w  
caine penicillin (20,000 IU/kg intramuscularly every 12 hours). 

(ii) An alternative treatment is trimethoprim-sulphadiazine (30 m& or- 
ally every 12 hours). Treatment should continue well beyond resolu- 
tion of clinical signs. Treatment effectiveness should be monitored 

. 

using blood work and serial chest radiographs. 
(0 Prevention. Because there are 13 se rwes  of S. zooepidemicus, there is 

no vaccine available. Therefore, preventive measures include attention to 
hygiene and reduction of stress, particularly in the neonatal period. For 
older foals and even adult horses, adequate rest and a stress-free environ- 
ment following respiratory viral infection should be ensured for at least 
several weeks. 

(2) Rhodococcus equi pneumonia 
(a) Patient profile and history. This is an infectious respiratory disease of foals 

usually 4 months or younger that is usually sporadic in occurrence on any 
one farm. R. equi i s  an opportunistic bacterium that appears to infect the 

Disease of the Lower Respiratorv Tract and Thorax 1 139 

foal when maternal antibody levels are waning and viral infections impair 
defense mechanisms. Affected foals can have a prolonged course of 
chronic respiratory signs or exhibit a sudden onset of severe respiratory dis- 
tress that can be rapidly fatal. 

(b) Epidemiology 
(i) Foals between the ages of 1 and 3 months are most commonly af- 

fected, but the onset of signs can range from age 2 weeks to 6 
months. The disease is rare in adult horses and occurs only in immu- 
nocompromised animals. 

(ii) There appears to be an increased incidence during the hot, dry 
months of summer, which may be attributable to the increased spread 
of soil- and fecal-born organisms in dusty conditions. During these 
dry conditions, the risk of infection can be reduced if the foals are put 
onto grass pasture. Morbidity is low, but the case fatality rate is high 
if left untreated. 

(c) Clinical findings. The signs of disease appear to vary with the age at 
which foals become affected. 

(i) Young foals affeded after 1 month of age often have acute signs of ill- 
ness with fever, respiratory distress, anorexia, and, in some cases, 
swollen joints. \ 

(ii) Older foals can devehp serious lesions in the absence of marked clin- 
ical abnormalities, which then begin to manifest as a persistent cough 
and a progressive increase in respiratory effort at rest, with crackles 
and wheezes audible over the chest. These foals often suckle nor- 
mally and have no fever during such disease progression, but they be- 
come emaciated. In some foals, diarrhea may follow or accompany 
the respiratory signs, but nasal discharge and lymph node enlarge- 
ment in the throat region are absent. 

(iii) Other clinical signs can include arthritis in one or several joints and 
uveitis, both presumed to be immune mediated. In foals with these 
signs, the slow development of apparent pneumonia masks the sever- 
ity of underlying pulmonary disease; therefore, it is prudent to suspect 
R. equi infection in a foal with nonresponsive pneumonia. 

(d) Diagnostic plan and laboratory tests. Although clinical signs are usually 
suggestive of pneumonia, it is important to establish an etiologic diagnosis 
in the case of R. equi infection for appropriate treatment and advice on 
prognosis. Transtracheal aspirate cytology and culture, along with tho- 
racic radiography, are the most valuable diagnostic tests. 

(i) On transtracheal wash, there are usually large numbers of neutro- 
phils, and the bacteria (often intracellular) can have a characteristic 
"Chinese letter" appearance. Culture of the sample should be posi- 
tive for R. equi, but in those foals that have been treated with antibiot- 
ics, there may be no bacterial growth. 

(ii) Radiography. Classically, "cotton-puff abscesses" of the lung are pres- 
ent on chest radiographs, although the radiographic image can also 
consist of diffuse pulmonary infiltration and air bronchograms with 
hilar lymphadenopathy. 

(iii) Blood work. A complete blood cell count (CBC) and fibrinogen level, 
although not definitive for R. qui, are useful for monitoring the 
course of the inflammatory process. Affected foals usually show a neu- 
trophilic leukocytosis with hyperfibrinogenemia, accompanied by ane- 
mia of chronic disease. The fibrinogen response can also be used as a 
guideline for response to treatment. 

(iv) Serologic tests have been of limited value because although foals 
with pulmonary infection caused by R. equi show seroconversion to 
this organism, normal foals in the first few months of life can also 
show seroconversion as a result of intestinal colonization by the or- 
ganism. 

(e) Etiology and pathogenesis 
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(i) Etiology. R. equi is a gram-positive pleomorphic rod isolated from the 
soil and feces of normal horses. Although it causes disease in horses, 
it also can cause cervical abscesses in swine and abscesses in the in- 
testinal and pulmonary lymph nodes of cattle. Because of the ubiqui- 
tous nature of the organism, most foals are exposed to infection, but 
only a few develop disease. The organisms can survive in moist soil 
for periods longer than 1 year. In some farms where R. equi pneumo- 
nia appears endemic with multiple cases each year, there is likely a 
bacterial load in the environment. 

(ii) The route of infection is not definitively known, but most evidence 
supports aerosolization or inhalation of soil-derived bacteria. An alter- 
nate route suggested is  ingestion and intestinal colonization with sub- 
sequent hematogenous spread. 

(iii) Pathogenesis. When the bacteria reach the lung, they induce a suppu- 
rative pyogranulomatous bronchopneumonia with characteristic ab- 
scessation. Abscessation occurs because R. equi are able to survive 
within macrophages. This ability to live and multiply within phago- 
cytes results from failure of phagosome-lysosome fusion and also 
from the lack of a superoxide anion response in the equine pulmo- 
nary macrophage following ingestion of R. equi. 

(iv) Parasite migration through lungs may contribute to development of 
disease. Other disease manifestations include nonseptic arthritis, ul- 
cerative colitis, hepatic and splenic abscesses, vertebral abscesses, 
and uveitis, 

(f) Therapeutic plan. Because the underlying process is a pyogranulomatous 
reaction, attributes of the selected antibacterial treatment should include 
good distribution and activity in lungs, adequate penetration into thick ca- 
seous abscesses, and penetration into cells to act on bacteria within macro- 
phages and neutrophils. 

(i) Rifampin (5-1 0 mg/kg orally every 12 hours) with erythromycin esto- 
late (25 mg/kg orally every 6 hours) is the combination of choice. The 
erythromycin may cause a transient diarrhea but is usually self-limit- 
ing and abates on temporary withdrawal of the drug. 

(ii) Treatment should be continued for at least 30 days. The fibrinogen 
concentration can be used as a guide for efficacy, a reduction signal- 
ing treatment effectiveness. Follow-up chest radiographs can be help 
ful in determining the response to treatment. 

(iii) If foals have periodic serum biochemical tests during treatment, en- 
zyme elevations suggestive of cholestasis may occur but can be ex- 
pected with use of these drugs. 

(g) Prevention. Because the organism is ubiquitous in the foals' environment, 
it is difficult to control. 

(i) Minimizing exposure. With the increased risk associated with dusty 
environments, exposure can be minimized by maintaining the mare 
and foal on grassy paddock or pasture. The pasture management 
technique of routine disposal of feces may also decrease exposure. 

(ii) Administration of hyperimmune serum. As yet, there i s  no effective 
vaccine for use against this disease. However, recent studies indicate 
that administering hyperimmune serum, obtained from mares that 
were given an autogenous vaccine, to foals at risk did limit the sever- 
ity of disease produced by experimental challenge. Additionally, field 
studies have shown that administration of hyperimmune serum to 
foals in their first month of life has resulted in a significant reduction 
in the disease incidence. Unfortunately, vaccination of the dam to 
boost the specific colostrally transferred passive immunity has not 
been met with similar positive results. 

(3) Pneumocystis carinii pneumonia. P. carinii is an ubiquitous sporozoan that 
causes interstitial pneumonia in immunocompromised humans. This opportun- 
istic pathogen is associated invariably with other organisms and has occurred 
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in foals with R. equi, in immunocompromised foals (e.g., combined immuno- 
deficiency), or in foals taking corticosteroids on a long-term basis. Although 
clinical signs reflect a bacterial bronchopneumonia, this disease is usually diag- 
nosed postmortem. 

3. Enzootic pneumonia in  calves 
a. Patient profile and history. This disease occurs almost exclusively in calves raised 

indoors. Therefore, enzootic pneumonia is found mainly in dairy herds. Although 
this disorder can occur as early as the first week of life, this disease is most com- 
mon in calves between 2 and 5 months and up to 1 year of age. Fall and winter 
are the times it is most often observed. Poor air quality is a contributing factor to 
infection. 

b. Clinical finding 
(1) Affected calves in the acute stage have a moderate fever (40°C-40.S0C) and a 

harsh, hacking cough that is easily induced by pinching the trachea. 
(2) Tachypnea and dyspnea are often present, with increased bronchial tones audi- 

ble over the cranial lung fields suggestive of lung consolidation. Crackles and 
wheezes at the periphery of areas of consolidation may also be audible, sug- 
gesting bronchiolitis. 

(3) Calves are usually alert unless there i s  a significant bacterial component to the 
pneumonia, in which case the fever may be higher. 

c. Etiology and pathogenesis. At approximately 2 months of age, calves' immunity to 
respiratory infection (a combination of waning colostral immunity and the slow de- 
velopment of an independent response) i s  at its lowest point. This may be a key 
reason that most of the calf pneumonia problems caused by infections begin to a p  
pear at this age. 1 
(1 )  Infection may begin as a viral respiratory infection, which may resolve or be- 

come complicated by a variety of bacteria, mycoplasmal organisms, or both 
(multifactorial). 
(a) Viral agents include parainfluenza-3 (PI-3), bovine respiratory syncytial 

virus (BRSV), and bovine viral diarrhea (BVD), of which PI-3 and BRSV ap- 
pear the most significant. BRSV is increasingly implicated as a major fac- 
tor in the genesis of enzootic pneumonia. Unless there is secondary corn- 
plication by bacteria, the disease is generally an interstitial pneumonia 
affecting the cranial lung lobes. Other viruses of cattle (e.g., rhinoviruses, 
adenovimses, reoviruses) are not considered important 

(b) Mycoplasmal organisms, including Mycoplasma bovis, M. dispar, M. bovi- 
rhinis, and Ureaplasma, also are found in many cases of enzootic pneu- 
monia. 

(i) These organisms inhabit bronchiolar epithelium; thus, they cause cili- 
ary destruction and changes in mucus composition as goblet cells pro- 
liferate and mucus hypersecretion occurs. 

(ii) The classic pathology attributed to mycoplasmal infection in these 
calves is  peribronchial lymphocytic cuffing of the bronchioles. It a p  
pears that the adult cattle act as mycoplasma carriers and transfer the 
organisms by aerosol up to several meters' distance to calves. 

(c) Bacterial agents involved in this pneumonia include many of the organ- 
isms that can be found in the pharyngeal region of normal calves, includ- 
ing Pasteurella haemolytica, P. rnultocida, and Actinomyces pyogenes. 
Chlamydia species also have been involved in some mixed infections. In- 
volvement of these secondary agents results in  purulent secretions accumu- 
lating in the airways and eventually the formation of microabscesses, bron- 
chiectasis, or both. The pathology that occurs is a consolidation of cranial, 
middle, and accessory lobes with bronchiolitis and alveolitis, with varying 
degrees of consolidation and suppuration depending on the numbers and 
type of bacterial involvement. 

(2) Environmental factors 
(a) The infectious agents are seldom able to induce pneumonia in calves with- 
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out the added stress of poor or absent ventilation in the housing areas for 
the calves. 

(b) Colder weather often precipitates problems when the producers try to pre- 
vent the calf housing temperature from dropping by reducing fresh air cir- 
culation. Consequently, there is increased humidity in the ambient air of 
the calves, which allows pathogen multiplication. This i s  compounded by 
a high pathogen density developing with the lack of fresh air to dilute the 
ambient air. 

(c) Another factor of adverse air quality is the increased exposure to noxious 
gases (e.g., ammonia) that can adversely affect mucociliary clearance. 

(3) Management factors include the crowding and mixing of various age groups 
that frequently occurs with indoor housing, particularly in older barns. 

d. Diagnostic plan and laboratory tests 
(1) Clinical signs of pneumonia are the main mode of diagnosis. Attempts can be 

made at virus isolation or viral serology, but these efforts are often unreward- 
ing and unlikely to change the methods of management of the problem. 

(2) Laboratory studies. For the individual calf, a transtracheal aspirate can be per- 
formed. Cytology findings of increased numbers of degenerate neutrophils 
with numerous intracellular bacteria implicate secondary bacterial involve- 
ment. In these cases, bacterial culture and sensitivity may aid in guiding antibi- 
otic treatment of the calf. A CBC indicates changes of leucocytosis and hyperfi- 
brinogenemia where bacteria are involved. 

(3) Radiography. For calves that have a prolonged course of pneumonia and re- 
spond poorly to antibiotics, thoracic radiographs may identify processes such 
as abscessation or bronchiectasis, indicating a poor prognosis. 

e. Therapeutic plan. Acutely affected calves often respond well to antibiotics, unless 
the infection is  purely viral, as can occur in some BRSV infections. 
(1) Although many of the commonly available antibiotics for cattle can be used, 

drugs that are effective against the mycoplasmas, such as tylosin tartrate (10 
mgikg intramuscularly daily for 3-4 days) or oxytetracycline (10 mglkg intra- 
muscularly daily for 3-4 days), provide appropriate coverage against the spec- 
trum of possible organisms involved. 

(2) More recently, flunixin meglumine (2.2 mglkg intravenously every 24 hours 
for 2-3 days) also has been advocated as an adjunct treatment because it may 
reduce lung inflammation in these calves. 

f. Prognosis. In chronically debilitated calves that may have extensive lung damage, 
including abscessation, the prognosis for full recovery is poor, and therapy may 
not be cost-effective. 

g. Prevention 
(1) Vaccines. The commonly available vaccines against the viral pathogens are of 

questionable value, as colostral immunity usually interferes with adequate re- 
swnse at the time of administration. 

(2) ~ a n a ~ e m e n t  strategies 
(a) For producers with major problems, individual outdoor calf hutches are 

highly recommended because they provide optimal ventilation and a level 
of~isolation from older cattle. 

(b) Producers with less severe problems can reduce the incidence of enzootic 
pneumonia with attention to adequate ventilation in the calf barn, which 
removes pathogens, noxious gases, and excess moisture. 

(c) Adequate colostral feeding also may prevent enzootic pneumonia be- 
cause survival of calves with respiratory disease has been directly corre- 
lated with serum immunoglobulin G levels. 

4. Pneumonia i n  lambs and kids is similar to that in adult sheep and goats (see I B 3). 

5. Pneumonia in  piglets 
a. Etiology. Pneumonia in  piglets can be caused by viruses, including pseudorabies, 

swine influenza (see Chapter 6), and the recently described porcine reproductive 
and respiratory syndrome (PRRS). 
(1) PRRS, also known as porcine endemic abortion and respiratory syndrome, 
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blue-eared pig disease, swine infertility and respiratory syndrome, and origi- 
nally "mystery d~sease of swine," was first recorded in the United States in 
1987 and is thought to be caused by the Lelystad virus in Europe and a simi- 

1 
I 

lar, if not identical virus, in North America. Since being reported in the United 
States, this virus has been recorded in Canada and several countries in Europe. 

(2) Transmission appears to be airborne because even well-managed and isolated 
herds can become infected. 

b. Clinical findings 
(1) Adults. Slgns include anorexia and fever lasting several days, after which there 

may be m~d-  to late-term abortions with large mummified fetuses or partially 
autolysed fetuses, increased percentages of stillbirths, and weak piglets. This 
period of reproductive problems is followed or accompanied by severe respira- 
tory disease in nursing or weaned piglets. 

(2) Piglets. Signs include dyspnea, polypnea, and decreased growth. The abdo- 
men, ears, or vulva may appear bluish (hence the name blue-eared pigs). In a 
litter, up to 50% have anorexia, 30% show respiratory distress, 10% have 
fever, and only 5% show cyanosis. Morbidity in weanling pigs can be as high 
as 30%, with mortality of 5%-10%. 

c. Diagnostic plan and laboratory tests. There are several serologic tests available to 
detect seroconversion to the virus, but because of the possible widespread infec- 
tion, the serodiagnosis should be based on a herd rather than on a sample from an 
individual animal. There are no characteristic lesions in the aborted or stillborn pig- 
lets or in the sows. Piglets will have a proliferative and necrotizing pneumonia 
and, in some cases, a purulent bronchopneumonia. 

d. Differential diagnoses. This disease needs to be differentiated from other condi- 
tions that cause abortion, stillbirths, and weak piglets, such as pseudorabies, par- 
vovirus, leptospiros~s, and the encephalomyocarditis or hog cholera viruses. 

e. Therapeutic plan and prevention. Because there is no specific treatment available, 
control is the main focus. There is not sufficient data available for understanding 
the methods of transmission, but restricting the movement of pigs from affected to 
unaffected areas has slowed the sprea2. 

a Pneumonia in  growing and mature animals 

1. Equine bacterial pneumonia 
a. Patient profile and etiology. Pneumonia in the adult horse is not common and is 

usually secondary to upper respiratory virus infection [see I A 2 b (I)] or occurs 
after stressful events (e.g., shipping), in which case it often develops into pleuritis 
(see I E). 

b. Diagnostic and therapeutic plans. The guidelines given for foals are used, with the 
exception that chest radiographs are not obtained because they are not readily 
available for monitoring progress in the adult horse. 

2. Bovine respiratory disease complex (shipping fever, pneumonic pasteurellosis) 
a. Patient profile and history. This disease can affect cattle of any age, breed, or sex. 

However, because of current management practices, this condition occurs primar- 
ily in young cattle between the ages of 6 and 18 months. Characteristically, the dis- 
order follows a stressful event (e.g., shipping, mixing in sales), occurring 2-14 
days later, and i s  one of the major causes of morbidity and mortality in feedlot cat- 
tle in North America. 

b. Clinical findings 
(1) Affected cattle are depressed, usuallyanorexic, and have rapid shallow respira- 

tions with a weak, productive cough. Early signs of the depression may be sim- 
ply a failure to stretch freely when encouraged to rise. Fever i s  often as high 
as 41°C, and examination of the penrnates may reveal fever in animals that 
otherwise appear clinically normal. 

(2) In the early stages of the disease, lung sounds only consist of increased breath 
sounds. In the advanced stages, crackles and wheezes become readily audi- 
ble, and there may be pleural friction rubs in some animals. A mucopurulent 



144 I Chapter 7 1 B 

nasal discharge, crusty nose, and ocular discharge may appear, along with a 
gaunt appearance to the abdomen after several days of not eating. 

c. Etiology and pathogenesis 
(1) ~ 6 o l o g ~  

(a) This disease is  a fibrinous pneumonia caused by Pasteurella haemolytica 
(biotype A, serotype I) and, less commonly, Pasteurella multocida or Hem- 
ophilus somnus. Experimentally, these organisms alone do not produce dis- 
ease without massive doses or manipulation of the host with viral patho- 
gens or severe stressors. 

(b) In naturally occurring disease, the associated stressful events are numer- 
ous and include weaning, transportation, sudden changes in climatic con- 
ditions (e.g., temperature, humidity), inadequate or irregular feeding, water 
deprivation, crowding, dehorning, castration, and vaccination. Respiratory 
viral infection can be a factor, but in many outbreaks of naturally occur- 
ring disease, there is no preceding viral infection. 

(2) Pathogenesis. P. haemolytica and P. multocida are normal inhabitants of the 
bovine upper respiratory tract. With the stressors, these organisms are able to 
colonize and proliferate in the lower respiratory tract. P. haemolytica stressors 
are associated with increased numbers and virulence of the strain found in the 
pharynx of cattle. Because this organism appears as the predominating agent 
in this disease syndrome, most investigation into pathogenesis has focused on 
P. haemolytica. 
(a) P. haemolytica has four virulence factors that interact to produce disease: 

fimbriae, polysaccharide capsule, endotoxin, and leukotoxin. 
(i) The bacterial fimbriae enhance the colonization and proliferation of 

bacteria in the upper respiratory tract. 
(ii) The polysaccharide capsule inhibits complement-mediated serum kill- 

ing as well as phagocytosis and intracellular killing of the organism. 
(iii) Endotoxin is directly toxic to the bovine endothelium and greatly 

modifies cardiopulmonary hemodynamics. Also, it can alter bovine 
leukocyte functions. 

(iv) Leukotoxin is a species-specific cytotoxin against ruminant leukocytes 
and platelets, acting as a pore-forming cytolysin. 

(b) Transmission. Cattle either have the bacterial organisms in their nasophar- 
ynx or become infected by aerosol from other cattle. However, the disease 
does not appear to be contagious in the way it affects the individual. 

(c) Route of infection 
(i) With increased proliferation of the bacteria in the nasopharyngeal re- 

gion and increases in virulence type, P. haemolytica is allowed to col- 
onize the airways of the lung. The presence of P. haemolytica (lipo- 
polysaccharide) attracts neutrophils to the lung as a normal defense 
mechanism. 

(ii) Although local immunity such as immunoglobulin can be protective, 
some forms of systemic immunity can actually enhance intrapulmon- 
ary pathology of Pasteurella infections, possibly because of opsoniza- 
tion (immunoglobulin G) effect. 

(iii) P. haernolytica produces an exatoxin during log phase growth that is 
cytotoxic for ruminant neutrophils and macrophages. Therefore, the 
increased bacterial phagocytosis induced by opsonization may merely 
cause increased cell death of the very cells (neutrophils and macro- 
phages) that are intended for defense. Also, release or "spilling" of 
the cytotoxic contents of these cells can contribute to lung damage. 

(iv) The-pathology that results is a severe fibrinous pneumonia with in- 
creased capillary permeability, thrombosis, and coagulation necrosis. 
Bacterial cell death, which releases endotoxin (Iipopolysaccharide), 
probably contributes to these changes. In contrast to earlier theory, 
viral involvement is not an essential component of this disease. 

d. Diagnostic plan and laboratory tests 
(1) Clinical findings of rapid onset of high fever, depression, and rapid, shallow, 

Diseases d the Lower Respiratory Tract and Thorax ) 145 

often guarded breathing, combined with a stressful event is usually sufficient 
for a tentative diagnosis. 

(2) Laboratory analysis is seldom warranted with individual cases and is not diag- 
nostic for shipping fever. 
(a) Blood work. Predictably, there is a leukocytosis on the CBC, but there 

also can be leukopenia if endotoxemia is a major component. Hyperfibri- 
nogenemia i s  usually present (greater than 7 g/L). 

(b) A transtracheal aspirate yields septic, degenerate tracheal exudate contain- 
ing gram-negative rods and often Pasteurella species on culture. 

(c) If nasopharyngeal swabs are taken, P. haemolytica can be cultured, but 
there appears to be poor correlation of antimicrobial sensitivities between 
isolates from the nasopharynx versus the lung. Therefore, these samples 
should not be used to guide the choice of antibiotic for the treatment of 
acute cases. 

e. Therapeutic plan 
(1) Antimicrobial treatment. Early treatment of acutely affected cattle with almost 

any of the commonly available antimicrobials (e.g., oxytetracycline, trimetho- 
prim-sulfadoxine, penicillin, sulfonamides) is highly effective. 
(a) Surprisingly, a single-dose treatment in early stages is often sufficient, but 

severely affected cattle should be treated daily for 3-5 days. 
(b) Delayed or irregular treatment, inappropriate dose, or premature termina- 

tion of therapy in some cattle can result in increased mortality. Cattle 
with more than 50%-60% pulmonary consolidation generally respond 
poorly and frequently relapse. These animals may be individuals that were 
not detected in the acute stage or were not adequately treated early in the 
course of the disease. 

(2) In addition to antimicrobial treatment, sick cattle should receive adequate shel- 
ter and good nutrition, particularly when the management system in place en- 
courages crowding and competition for feed and water space. 

(3) Response to treatment 
(a) Antimicrobial-resistant strains of P. haemplytica have been appearing 

and, with resistance being plasmid medrated, may significantly increase 
the incidence of poor response to treatment. 

(b) To assess adequate response to treatment, the rectal temperature should 
be used as a guide. A positive response is the abatement of fever within 
48 hours of treatment 

f. Prevention. Because this disease is so clearly linked to stressful events, a great 
deal of the prevention can be managed b y  avoiding or lessening the impact of 
known and preventable stresson. 
(1) Preconditioning. The best example of stressful events i s  the practice of wean- 

ing calves simultaneous with castration, dehorning, and vaccination. By per- 
forming some of these procedures at a separate time, such massive stress can 
be lessened. This management method, called preconditioning or back- 
grounding, vaccinates and processes (castrates, dehorns, implants) calves be- 
fore weaning, all of which should occur 3 weeks to 1 month before shipping. 
There are many variations of the timing and order of these preventive mea- 
sures. However, the financial benefit to the producer is less clear, and unless a 
premium is paid for these calves at  sale, the extra cost and effort may not be 
worthwhile. 

(2) Vaccination against shipping fever has been a main focus of prevention but 
has not been particularly effective until recently. 
(a) Where respiratory viral agents (e.g., IBR, PI-3, BRSV) are involved, the 

use of such antigens in vaccines may be beneficial when they are adminis- 
tered at least several weeks before weaning and shipping. Also, there has 
been evidence that vaccination with live products at the time of stress 
may increase morbidity or mortality. 

(b) Progress has been made in creating vaccines against the pathogenic effects 
of P. haemolytica. Recently, a vaccine was produced to stimulate immu- 
nity against the exotoxin or leukotoxin that is produced as a major part of 
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the pathogenicity of P. haemolytica. This vaccine appears to protect 
against pulmonary disease in experimental models of disease but i s  less ef- 
fective in field use. Current evidence from field trials suggests that this vac- 
cine at best only marginally reduces the morbidity and mortality. 

(3) Chemoprophylaxis. Another tact taken to reduce the morbidity and mortality 
of shipping fever i s  the administration of antibiotics at the time of stresses or 
upon arrival at a feedlot. 
(a) Drugs used include long-acting oxytetracycline (LA200, 20 mglkg) or tilmi- 

cosin (micotil, 10 mgkg subcutaneously). Such treatment is presumed to 
be effective bv ~ o s t ~ o n i n g  the bacterial invasion of the lung, so that the in- 
fection is usualiy leks severe and less likely to result in relapses. 

(b) Medication in feed or water has been used also, but both these ap- 
proaches can give a false sense of security, reducing scrutiny of the cat- 
tle's health and leading to more advanced cases occurring before diagno- 
sis. Also, with the current consumer concern regarding drug use in 
animals that are intended for human consumption, such practices can cre- 
ate problems for the image of the industry. 

3. Ovine and caarine bacterial pneumonia 
a. ~asteure~~Dsis 

(1) Patient profile am1 history. Outbreaks are often associated with sudden 
changes in environment or climate (e.g., when a flock of sheep i s  exposed to 
inclement weather shortly after shearing). 

(2) Etiology and pathogenesis 
(a) Etiology. As in cattle, ~asteurella haemolytica i s  the most common cause 

of bacterial infections of the respiratory tract in sheep and goats. However, 
the resulting diseases are not the same as those in cattle. 

(i) There are two major biotypes: biotype A, which causes primarily 
pneumonia, and biotype 1, which causes primarily acute septicemia 
in younger animals. Each biotype contains several serotypes. 

(ii) P. haemolyrica is commonly found in the nasal passages and tonsils 
of apparently healthy sheep. Several serotypes may be present at one 
time, but during outbreaks of respiratory pasteurellosis, one serotype 
usually predominates i both the upper and lower portions of the re- 
spiratory tract. The nazl  carriage rate of P. haemolytica varies 
throughout the year and appears to increase as ewes approach parturi- 
tion. Although P. haemolytica may occasionally cause mastitis in  
ewes, it is not often found in colostrum. 

(b) Predisposing factors. Although P. haemolytica can be a primary pathogen 
in young lambs, older animals require predisposing factors for the occur- 
rence o f  disease. 
(i) In lambs, prior viral infection by such viruses as PI-3, followed in  4-7 

davs with P. haemolytica infection can produce pneumonia that is 
similar to naturally occurring cases. 

(ii) Adenovirus has also been incriminated as predisposing to naturally 
occurring and experimentally occurring pneumonia. 

(iii) Other factors, such as exposure to inclement weather, transportation, 
and poor nutrition, are alx, predisposing factors. 

(c) Pathogenesis. These factors combine to allow proliferation of the resident 
bacteria in the upper respiratory tract and invasion of the lung, where viru- 
lence factors, such as polysaccharide and leukotoxin (the specific cyto- 
toxin against the ruminant leukocytes), cause extensive pulmonary 
damage. 

(3) Clinical findings. Clinical disease is usually most severe in young lambs and 
kids, particularly with biotype A, which can cause a rapidly fatal septicemia. 
(a) If detected early, affected lambs or kids appear dull and become prostrate 

before death in a matter of hours. Sick animals are often unobserved until 
the final stages of the disease. 

(b) In the older animals, signs of respiratory disease are observed, with dys- 
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pnea, slight frothing at the mouth, cough, and nasal discharge. Thew signs 
are accentuated when the herd or flock is  moved and affected animals fall 
behind the rest. Fever (greater than 40.5'C), depression, and anorexia also 
accompany these signs. 

(4) Diagnostic plan and laboratory tests. Clinical signs of pneumonia are usually 
sufficient for a provisional diagnosis. There is little reported on the use of clini- 
cal pathology for assisting with a diagnosis. In outbreaks, there will likely be 
some mortalities on which necropsy can be performed. 
(a) Changes generally include marked consolidation of the cranial and middle 

lobes with a distinct demarcation between affected and unaffected lungs. 
Extensive fibrinous pleuritis, pericarditis, and in more chronic cases, ab- 
scess formation in the lung, also may be present. 

(b) For biotype A septicemia, there is often subcutaneous hemorrhage over 
the neck and thorax, with edematous lungs and subpleural ecchymosis, 
but pneumonia is not a feature. There is ulceration and necrosis of the 
pharynx and esophagus, as well as the occurrence of small necrotic areas 
on the tips of the abomasal mucosal folds. 

(c) The organism can usually be isolated in large numbers from tonsils, lung, 
liver, and the ulcerated areas of the intestinal tract. 

(5) Therapeutic plan. The choice of antibiotic therapy in lambs is based on etio- 
logic probability. P. haemolytica is the most likely pathogen, and the choice of 
drugs available includes penicillin, ampicillin, tetracyclines, trimethoprim-sul- 
fonamides, and triple sulfas. 
(a) Although not all strains of biotype A are sensitive to penicillin, almost all 

strains are sensitive to oxytetracycline, which makes it a suitable first-line 
drug of choice. An additional advantage is that these drugs are effective 
against Chlamydia and most Mycoplasma species. 

(b) Long-acting tetracyclines can be effective, particularly because they can 
reduce the stresses of handling (only one or two injections are needed); 
however, tetracyclines are irritating when adrninlstered intramuscularly. 

(6) Prevention / 

(a) Vaccination with autogenous and commercial bacterins has not been effec- 
tive in controlling disease. Specific serotypes or "protective" antigens may 
be absent from these products. 

(b) Prophylactic antibiotics 
(i) Feed medication with chlortetracycline or chlortetracycline with sulfa- 

methazine has been evaluated as a preventive for pneumonia in 
range lambs but has met with equivocal results. 

(ii) Sulfonamides have been recommended as a preventive for baby lamb 
, .  pneumonia by intermittent medication of the drinking water of ewes 

before lambing. 
(c) Management strategies 

(i) Avoid overcrowding by providing a minimum of 14 square feet per 
pregnant ewe and a minimum of 4-5 square feet for each lamb. 

(ii) The producer should consider prelambing shearing, which has an ad- 
vantage in that housed animals with access to the outdoors are not 

. carrying a high moisture content in their fleeces; thus, the humidity of 
., the barn is  lower. Shorn ewes will also seek shelter at lambing, reduc- 

. . ing the risk of hypothermia due to exposure in newborn lambs. How- 
. .. . . ever, adequate shelter from wind and rain does need to be provided 

- .  for the shorn ewes. 
(iii) During shearing, young sheep should be shorn first, and any cuts 

: should be disinfected and clippers blades sterilized to reduce the risk 
of spreading Corynebacterium pseudotuberculosis. Additionally, 
avoid dipping or spraying for external parasites if there is any sign of 
cold wet weather approaching. 

b. Other bacterial causes of pneumonia in  sheep and goats 
(1 ) P. multocida, Streptococcus species, Escherichia coli, and Haemophilus spe- 

cies may be present in ovine and caprine pneumonia. These bacteria arc 
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usually secondary invaders. 5. typhimurium and S. dublin cause diarrhea and 
I 
I 

abortion in sheep and goats. Respiratory signs may be seen initially. 
(2) Francisella tularensis infection can resu It in acute illness manifested by high 

fever, prostration, 'diarrhea, and respiratory signs, including nasal discharge 
and coughing. Diagnosis i s  confirmed by the isolation of the causative agent, 
the presence of Dermacentor andersonii, and a die-off of rodents in the area. 

4. Porcine pneumonia. Although individual pigs can be affected with pneumonia on a 
sporadic basis, there are two forms of infectious respiratory problems that plague the 
swine industry: enzootic pneumonia and pleuropneumonia. 
a. Enzootic pneumonia 

(1) Economic implications. Enzootic pneumonia consistently ranks as the most 
economically important disease in finishing pigs in North America. Enzootic 
pneumonia occurs worldwide and has a particularly high incidence in inten- 
sive rearing operations. In infected herds, the morbidity rate is highest during 
the growing period, but the case fatality rate is low. The main adverse effects 
of this disease include an increase in the need to treat clinical illness caused 
by secondary bacterial pneumonia and the reduction in feed efficiency and av- 

-: ' . 

erage daily gain for getting the pigs to market. 
(2) Clinical findings. The most common form of the disease, as observed in en- 

demically infected herds, begins at 3-10 weeks of age and is insidious in 
onset. 
(a) Initially, the only clinical abnormality i s  cough in a small proportion of 

the piglets. This increases such that most animals in the pen show persis- 
tent cough, which is particularly obvious at times of activity, such as feed- 
ing, and can continue through the entire growing period. The cough is dry 
and hacking, but signs of respiratory embarrassment are rare, and there is 
no fever or diminished appetite. 

(b) Those pigs that develop signs of pneumonia usually have secondary inva- 
sion of the lungs by Pasteurella species or other bacteria. Clinical signs of 
disease become less obvious with increasing age. 

(3) Etiology and pathogenesis 
(a) Etiology. The disease is  caused by the primary initiator Mycoplasma hyo- 

pneumoniae (or suipneumonia) with Pasteurella multocida as a common 
secondary invader of the lung. M. hyopneurnonia appears to be host spe- 
cific, inhabiting the respiratory tract of pigs and surviving in the environ- 
ment for only a short time. Other pathogens can cause similar pathologic 

' . 

lesions, but this organism appears to be the primary cause of enzootic 
pneumonia in pigs. .. . 

(b) Pathogenesis , . 
(i) Piglets are infected by the mycoplasmal organism early in life, likely 

from the sow, but also possibly from airborne particles from other 
: , 8 

pigs. 
(ii) M. hyopneumonia causes peribronchiolar lymphoid hyperplasia and 

mononuclear accumulation in the lamina propria, resulting in oblitera- 
tion of the bronchial lumen. Also, the bronchial mucous glands 
undergo hypertrophy, and there is hypertrophy of the type II alveolar 
epithelial cells and progressive loss of cilia on the bronchial mucosa, 
decreasing the defenses against secondary bacterial infection. 

(iii) These damages heal on their own, but if secondary bacterial invasion 
occurs, more severe pathology occurs, including bronchopneumonia 
and pleuritis. These complications also cause decrease in feed effi- 
ciency and average daily gain. 

(4) Diagnostic plan and laboratory tests. The gross and microscopic findings on 
the lungs of pigs affected with enzootic pneumonia are not pathognomonic; 
thus, a positive diagnosis requires culture of M. hypopneumoniae from tissues. 
However, a negative result can often occur because the organism is difficult to 
culture and is readily overgrown by other nonsignificant organisms, such as 
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M. hyorhinis. A fluorescent antibody test or an enzyme-linked immunoperoxi- 
dase technique may help demonstrate the organism in tissues. 

(5 )  Therapeutic plan. Treatment i s  usually restricted to individual pigs showing 
acute respiratory distress, which, being of a secondary bacterial nature, should 
respond to most broad-spectrum antibiotics. 
(a) There is no effective treatment that eliminates infection by M. hyopneu- 

monia. However, antibiotics such as tylosin tartrate (50 rnglkg) and tia- 
mulin (10 mg/kg) orally for 10 days can reduce pulmonary lesions. 

(b) Other antibiotics show activity against this mycoplasma, including tetracy- 
clines and the newer fluoroquinolones, such as ciprofloxacin. 

(6) Prevention. Because M. hyopneurnonia infects only pigs and transmission re- 
quires close pig-to-pig contact, its spread can be limited or even eradicated 
from a herd. 
(a) Eradication is the most satisfactory method of control but requires depopu- 

lation of the herd, followed by repopulation with pigs from specific patho- 
gen-free (SPF) herds. Such pigs are commercially available, having been 
raised in special units populated with the progeny of Caesarianderived 
piglets. 

(b) Separation. Less successful methods involve isolating the farrowing area 
for sows believed free of infection from the rest of the herd, and raising 
the piglets separately. Alternatively, newborn piglets can be treated with 
antibiotics effective against Mycopiasma species and removed to isolated 
premises, with subsequent serologic testing of the breeding herd and cull- 
ing of seropositive animals. These techniques are far less successful than 
complete repopulation with disease-free pigs. 

b. Contagious pleuropneumonia 
(1) Economic implication. This disease is of major economic importance, is world- 

wide in occurrence, and appears to be increasing in prevalence with th more 
intensive swine operations. 

a 
(2) Patient profile and history. The disease is predominately found in growing 

pigs, from ages 2 to 6 months. 
(3) Clinical f inding 

(a) The disease is characterized by rapid onset and a short course of swere 
dyspnea, the passage of blood-stained foam from the mouth, and a high 
case-fatality rate. 

(b) Clinical course. The disease can be peracute, acute, or chronic, depend- 
4 

ing on the immune status, and each form is reasonably well defined. The 
clinical course of the disease in a herd can last several weeks, with new 
acute cases occurring as chronically affected animals develop a generally 
unthrifty appearance. 
(i) In peracute cases, the only sign is sudden death in pigs that may be 

close to market weight. 
(ii) In acute cases, severe respiratory distress is observed along with an 

exaggerated abdominal component (thumps), a reluctance to move, 
anorexia, and a fever up to 41°C. 

(iii) In more chronic cases, there is fever and anorexia, but the respiratory 
distress is less severe and a persistent cough develops. 

(4) Etiology and pathogenesis 
(a) Etiology. The condition is caused by Actinobacillus pleuropneumonia (for- 

merly known as Hemophilus pleuropneumonia), a highly contagious or- 
ganism that is not isolated from normal porcine respiratory tissues but per- 
sists in chronic lesions in the lungs of recovered and apparently healthy 
pigs, which provide the source for continued infection. 

(b) Pathogenesis 
(i) It i s  thought that natural transmission occurs by the aerogenous route, 

with the source of infection being a subclinically infected or re- 
covered pig. Outbreaks appear to occur in pigs that lack immunity 
and are overcrowded or subjected to recent stressors, such as large 
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fluctuations in temperature, recent transportation, or problems with 
ventilation in the barn. 

(ii) When the organism begins to multiply in the lung (within hours of in- 
fection), there is rapid development of pulmonary edema and diffuse 
neutrophilic bronchiolitis and alveolitis. There are also marked vascu- 
lar effects, which result in infarcts in the lung, thrombosis, and hemor- 
rhage. A hemorrhage, in turn, may result in the pleural inflammation. 
pigs appear to die of septic shock. 

(5) Diagnostic plan and laboratory tests. The clinical signs in growing pigs of 
rapid onset and sudden death associated with respiratory signs provides a pre- 
sumptive diagnosis. Culture at necropsy confirms the infection, and there i s  a 
reliable serological test to assess recent infection in the live animals. 

(6) Therapeutic plan. Antimicrobial treatment, with drugs such as tetracyclines, 
spectinomycin, or penicillin, can reduce mortality and improve daily gain in 
affected pigs. However, the animals treated often continue to remain infected 
with the organism. Therefore, combined with the peracute losses not possible 
to prevent, the overall clinical response to treatment can be disappointing. 

(7) prevention 
(a) Depopulation followed by repopulation with uninfected pigs is the only ef- 

fective control method for this infection. The all-in, all-out system of feed- 
ing and marketing pigs can help by reducing the introduction of new stock 
tothe herd. 

(b) Management practices that can reduce the impact of this disease should 
emohasize the raising of weaned pigs in pens that are separate from the 
old'er stock in the he;d. 

(c) Vaccination i s  effective in reducing mortality, but vaccinated animals can 
still be carriers. A major problem plaguing the production of an effective 
vaccine is the large number of serotypes of Actinobacillus pleuropneurno- 
nia, against which effective serotype-specific vaccines incorporating all the 
important antigens have yet to be produced. 

Parasitic pneumonia 

1. Equine parasitic pneumonia 
a: Lung w o r m  

(1) Patient profile and history. The donkey is the natural host of the equine lung- 
worm Dictyocaulus amfieldi. Horses become infected when they graze pas- 
tures with infected donkeys or previously contaminated pastures. The common 
complaints include a persistent cough, increased respiratory rate, and forced 
expiration in horses. Donkeys usually show no signs even with heavy infesta- 
tion. 

(2) Clinical findings. The predominate clinical sign is a chronic cough. Horses are 
afebrile, and their appetites are unaffected. 

(3) Etiology and pathogenesis. The larvae migrate through the gut wall and are 
carried hematogenously to the lungs. 
(a) In the donkey, the larvae mature in the bronchi and lay eggs. The eggs are 

coughed up and swallowed. 
(b) In the horse, the maturation of the larvae in the airways is retarded, and 

the worms remain immature; thus, the infection does not become patent. 
Lung pathology is limited to the caudal lobes. There is epithelial hyperpla- 
sia with an increase in size and number of goblet cells. Grossly, there are 
areas of overinflation, mucous exudate, and coiled worms. 

(4) Diagnostic plan and laboratory tests. Clinical signs of lungworm infestation 
must be differentiated from chronic obstructive pulmonary disease (COPD). 
(a) Clinical suspicion. Exposure to donkeys on pasture is  suggestive of lung- 

worm infestation, and although this infestation is not patent in horses and 
is fecal Baerman-negative, it may be useful to perform fecal sedimentation 
on any closely housed donkeys. 

taneously. 
(a) There i s  a sudden onset of rapid shallow breathing with a marked abdomi- 

nal component Accompanying this is a frequent deep cough and a fever 
that mav reach 41°C. 
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(b) A transtracheal aspirate shows neutrophils and eosinophils, and bron- 
1 choalveolar lavage may recover intact lungworms. 

I (5) Therapeutic plan. Anthelmintics, such as fenbendazole (30 mg/kg) or ivermec- 

(b) On auscultation, all portions of the lung are affected with increased bron- 
chial tones and fine crackles. The animals can remain reasonably bright 
and active and attempt to eat, although severe respiratory distress may pre- 
vent eating. 

2) Subacute form. The more common form of the disease is a subacute vermi- 
nous pneumonia, which has a prolonged clinical course of 3-4 weeks. 
(a) In these cases, the onset is also sudden, with an increased respiratory rate 

1 

. 

tin (200 pglkg orally), are effective treatment. Animals may initially worsen 
with treatment because of the death of larvae causing an intense inflammatory 
response. Therefore, affected horses may benefit from concurrent treatment 
with anti-inflammatory agents, such as nonsteroidal anti-inflammatory drugs 
(NSAIDs), or a glucocorticoid. 

(6) Prevention. Donkeys should be treated with appropriate anthelmintics, and 
pastures should be rotated. In temperate regions, the parasites are unableto 
survive during winter on pasture. Most routine broad-spectrum anthelmintic 
regimens for intestinal parasites also control lungworms in hones. 

b. Parascarid migration in  foals 
(1) Patient profile and history. This disease occurs in foals and weanlings, with 

cough as the main complaint. 
(2) Clinical findings. Signs consist of a transient episode of coughing accompa- 

nied by a mucopurulent nasal discharge. Throughout the episode, the rectal 
temperature remains normal, and there is seldom sufficient damage in the 
lungs to cause a noticeable increase in the respiratory rate or depth. 

(3) Etiology and pathogenesis. The disease is caused by the ascarid Parascaris 
equomm in the course of its development as an intestinal parasite of foals. 
When foals are infected with P. equorum eggs through ingestion, the larvae 
penetrate the gut wall and undergo a hepatic-tracheal migration. The larvae 
arrive by a hematogenous route and then migrate up the airways and return to 
the intestine to mature. Their presence in the airways stimulates mucus produc- 
tion. Signs are usually transient. 

(4) Diagnostic plan and laboratory tests. As in lungworm infections, a transtra- 
cheal aspirate or bronchoalveolar lavage may show eosinophils present in the 
cytology. However, as the clinical signs are usually mild and the clinical 
course transient, such diagnostic procedures are seldom performed. 

(5)  Differential diagnoses. This infection must be differentiated from other causes 
of coughing in foals, particularly the far more prevalent viral respiratory infec- 
tions. 

(6) Therapeutic plan. Most of the commonly used anthelmintin for horses are ef- 
fective against adult P. equorum, with ivermedin also being effective against 
the larval stages. 

2. Bovine parasitic pneumonia 
a. Patient profile and history. This disease occurs most commonly in dairy calves 

that are younger than 1 year of age in the summer and fall of the first season at 
pasture. Clinical disease may also occur in adult cattle that have minimal prior ex- 
posure to the parasite and have recently moved onto heavily contaminated pas- 
ture. 

b. Clinical findings 
(1) Acute form. In acute cases, severe verminous pneumonia occurs. Acute cases 

. progress quickly, and death from progressive respiratory failure can occur in 
3-14 days. This form of the disease occurs in calves 1-2 weeks after being 
moved to heavily contaminated pasture, and many calves are affected simul- 
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(2) Necropsy. In areas of outbreaks, deaths are also frequent enough to allow post- 
mortem diagnosis, with the adult worms readily observed in the airways by 
the naked eye. 

(3) Laboratory studies 
(a) A transtracheal aspirate or bronchoalveolar lavage shows greatly in- 

creased numbers of eosinophils and possibly ova or larvae in the sample. 
(b) Fecal sedimentation of affected animals should be examined by the Baer- 

man technique for the presence of lungworm larvae. 
e. Therapeutic plan 

(1) Most modern, broad-spectrum anthelmintics [e.g., albendazole at 7.5 mg/kg 
orally, levamisole (13.6%) at 8 mglkg subcutaneously, fenbendazole at 5 
mglkg orally] are active against all stages of D. viviparus. lverrnedin (0.2 
mglkg subcutaneously) is particularly effective against the immature and ma- 
ture stages, even at one-fourth of the recommended dose. With the full recom- 
mended dose, residual protection is provided for up to 28 days. 

(2) The topical formulations of both levamisole and ivermectin are also effective. 
However, killing the parasite does not resolve the damage already present in 
the lungs. 

f. Prevention 
(1) Management strategies. Much of the prevention rests on pasture management, 

such as preventing overcrowding and avoiding continuous use of the same pas- 
ture for young stock. Wet, swampy pastures allow maximal larval develop- 
ment and, therefore, should be used for grazing only the adult (immune) ani- 
mals. 

(2) Deworming. After winter housing, yearlings should be dewormed before re- 
lease onto pasture so that they do not begin a new cycle of pasture contamina- 
tion. 

(3) Vaccination. In Europe, a vaccine is available that consists o i  irradiated larvae 
that cannot mature. This vaccine is administered orally to calves before they 
are turned out to pasture. This primes the immune response in advance of any 
exposure to natural infection. 

3. Ovine and caprine parasitic pneumonia 
a. Etiology. Lungworms that affect sheep and goats include Dictyocaulus filaria, Pro- 

tosfrongylus rufescens, and Miiellerius capillaris. Each organism is capable of 
causing varying degrees of verminous pneumonia, but the former two appear to be 
of greater clinical significance. 
(1) D. filaria is usually found in the posterodorsal region of the diaphragmatic 

lobes and may lead to secondary pneumonia and pleuritis. Although it is pri- 
marily a parasite of sheep, it is highly pathogenic to young goats. 

(2) P. rufescens invades small bronchioles and may lead to secondary pneumonia 
and pleuritis. 

(3) M. capillaris infections in adult sheep usually result in nodular or diffuse le- 
sions in the subpleural parenchyma and have been considered to be of mini- 
mal significance. However, recent reports suggest that this parasite may cause 
widespread interstitial pneumonia in goats, with affected animals gradually los- 
ing condition. 

b. Clinical f ind ing 
(1) D. tilaria infection produces a cough that results from bronchial irritation, 

along with moderate dyspnea and loss of condition. Extreme dyspnea occurs if 
most airways become plugged with debris. 

(2) P. rufescens infestations cause clinical signs similar to those of D. filaria, with 
only the kids and lambs showing serious clinical involvement. In contrast to 
the direct life cycle of D. filaria, P. rufescens is indirect, requiring a land snail 
for the second stage of larval development. Because of this, massive infesta- 
tions are unlikely to occur. 

(3) Infection with M. capillaris is relatively innocuous clinically but may consti- 
tute a limiting factor in the production of choice lambs. 
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c. Diagnostic plan and laboratory tests. The main method of diagnosis is Baerman 
examination of the feces for the larvae of each lungworm parasite. 

d. Therapeutic plan 
(1) Most of the broad-spectrum anthelmintics such as albendazole (3.8 mglkg), 

fenbendazole (5 mg/kg), ivermectin (0.2 mg/kg), or levamisole (8 mg/kg), are 
effective against D. filaria. Few of these drugs have been tested against P. rufes- 
cens, but they are likely effective. 

(2) M. capiflaris is more difficult to treat, with anthelmintics usually only effective 
against the adult forms. Efficacy against all forms of the parasite requires treat- 
ment with products such as fenbendazole or albendazole in the feed for 2 
weeks. 

e. Prevention. Preventing parasitic pneumonia by pasture rotation is difficult. Larvae 
of D, filaria can withstand long periods of freezing. Snails, which are the intermedi- 
ate hosts of P. rufescens and M. capillaris, are particularly prevalent in poorly 
drained pastures. Fencing of wet areas of pastures may be beneficial. 

4. Parasitic pneumonia in  swine 
a. Patient profile and etiology. Parasitic pneumonia occurs in pigs that are raised in 

management systems that allow access to earthworms and is most prevalent in 
pigs ages 4-6 months. Lungworms that infest pigs include Metastrongylus apri 
(most common), M. salmi, or M. pudendotectus, with mixed infections possible. 

b. Clinical findings. Clinical cases show a barking cough that is easily induced by ex- 
ercise, resulting from the parasitic bronchitis. In severe cases, pneumonia, poor 
growth, and debilitation can occur, but minimal clinical signs are apparent after 
experimental disease. 

C. Pathogenesis. The parasite lays eggs in the lungs of the pig. The eggs are then 
coughed up, swallowed, and passed in the manure. The embvonated eggs or lar- 
vae are eaten by earthworms and develop successively to second- and third-stage 
larvae. Reinfection occurs when the earthworm is eaten by other pigs. 

d. Diagnostic plan. Necropsy is usually the method of diagnosis. 
e. Therapeutic plan. Many of the broad-spectrum anthelmintics are effective, includ- 

ing levamisole (8 mglkg) in the feed, mebendazole for 2 days successively in the 
feed (15 rnglkg), or a single injection of ivermectin. 

f. Prevention 
(1) Pigs that run in dirt yards or at pasture should be moved at short intervals to 

prevent the ingestion of infected earthworms. 
(2) Rooting by pigs can be prevented by providing adequate feed and by applying 

nose rings. 
(3) Pastures that are known to be contaminated should not be restocked for at 

least 6 months. 

a Aspiration pneumonia 

1. Patient profile and history. Aspiration pneumonia can occur in any species, and the 
outcome is largely dependent on the nature of the material aspirated. In horses and 
COWS, this disease can occur as a result of misdirection of a stomach tube and subse- 
quent introduction of fluid destined for the intestinal tract. Horses are also at risk for 
aspiration pneumonia in cases of choke (esophageal obstruction) or secondary to pha- 
ryngeal paralysis associated with guttural pouch mycosis. A severe form of aspiration 
pneumonia can occur in cows with third-stage milk fever, where regurgitation and as- 
piration of rumen contents can occur. 

2. Clinical finding 
a. The most severe form of aspiration, as occurs in cattle with rumen content aspira- 

tion, is a necrotizing pneumonia that progresses to pleuritis. There is also toxemia 
with cardiovascular collapse and rapid death. In these cases, breath odors are usu- 
ally extremely foul, indicative of the necrotic lung tissue. 

b. When much smaller quantities of material are aspirated (e.g., following choke or 
pharyngeal paralysis in a horse), the signs of pneumonia are less severe, with vary- 
ing degrees of respiratory distress, fever, depression, and cough. 
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3. Diagnostic plan and laboratory tests 
a. A diagnosis is  often apparent from the history, such as signs of pneumonia closely 

following recent unsuccessful attempts at oral or gastric medication. Additionally, 
food material at the external nostrils can indicate pharyngeal dysfunction. 

b. If the animal i s  not in severe resp~ratory distress, endoscopic examination of the 
trachea can confirm the diagnosis by observing food material in the lower trachea. 

c. Other diagnostic aids include chest radiographs, which vary greatly in appear- 
ance depending on the many circumstances associated with the aspiration. Trans- 
tracheal aspirate cytology may show plant material, and the culture results are 
often a mlxture of gram-positive, gram-negative, and anaerobic bacteria. 

4. Therapeutic plan 
a. When aspiration has occurred, treatment is used to control infection and inflamma- 

tion as the lung defenses deal with neutralizing and expelling the foreign material. 
(1) Broad-spectrum antibiotics that are effective against anaerobic bacteria are 

recommended (e.g., combinations of penicillin with an aminoglycoside, or po- 
tentiated sulfonamide). 

(2) NSAIDs, such as flunixin meglumine, can help reduce lung inflammation, and 
cardiovascular support with intravenous fluids is indicated where there are 
signs of toxemia. Pleuritis i s  often present in severe cases and may require 
drainage of the pleural fluid (see I E). 

b. Other treatment measures are dependent on the associated cause, such as choke, 
milk fever, or pharyngeal dysfunction, which should be corrected concurrently if 
possible. 

5. Prognosis. The prognosis for recovery from severe aspiration pneumonia is grave. Al- 
though less fulminant cases of aspiration pneumonia are often readily responsive to 
treatment, a successful outcome is  more dependent on resolving the underlying disor- 
der (e.g., choke, pharyngeal paralysis or dysfunction). 

4 Pleuritis and pleural effusion 

1. Introduction 
a. Pleural surfaces. The pleural surfaces of the thorax are composed of the visceral 

and parietal pleura. 
(1) The visceral pleura, which covers the lung surface, lacks specific pain recep 

ton. 
(2) The parietal pleura, which lines the chest wall, diaphragm, and mediastinum, 

contains pain receptors; thus, when the pleural lining is inflamed, it can be a 
source of significant pain for the animal. 

b. Mediastinurn 
(1) In cattle, sheep, goats, and pigs, the mediastinum, which separates the right 

from left pleural spaces, is intact. In species with a complete mediastinum, dis- 
ease processes (e.g., pneumothorax, pleuritis) may be restricted to one pleural 
space, with the opposite lung and pleural space unaffected. 

(2) The hone has a thin mediastinum that is frequently perforated. The same dis- 
ease processes in horses can move from affected to unaffected sides of the 
thorax. 

c. Pleural fluid. The visceral and parietal pleura are in close contact with each other. 
This proximity creates a potential space that i s  lubricated by a small amount of 
pleural fluid in which equal amounts are produced and then resorbed. Effusion in 
large quantities arises mainly when there is increased vascular permeability and re- 
duction of lymphatic drainage, as occurs in inflammation of the pleura. 

2. Patient profile and history. The history i s  variable. 
a. In horses, this disease often is associated with stressful events, such as recent trans- 

port over long distances or a stressful competition following viral respiratory dis- 
ease. 

b. In other species such as cattle, pleuritis can be part of the pneumonia complex of 
Pasteurella infection (see I R 2). 
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3. Clinical findings 
a. Pain 

(1) Animals with acute pleuritis show chest pain and are sensitive to touch over 
the thorak. 

(2) Other signs of pain include abduction of the elbows, reluctance to lie down, 
and a splinted abdomen. In horses, these signs are sometimes misinterpreted 
as a sign of colic. 

b. Accompanying signs can include the presence of guarded, shallow respiration 
with a shallow cough and a nasal discharge, which may have a fetid odor. An- 
orexia, depression, and fever are usually present. Ventral edema in the brisket 
area, when present, i s  a hallmark of the effects of the pleural inflammatory pro- 
cess. 

c. In chronic cases, the signs may be less obvious, with weight loss, anorexia, depres. 
sion, or ventral edema being the only significant clinical findings. 
(1) On auscultation of the lungs, there i s  usually an absence of lung sounds ven- 

trally, which i s  accompanied by widely radiating heart sounds. 
(2) Pleural friction rubs may be detected but are surprisingly not a consistent find- 

ing in pleuritis. 
(3) There is ventral dullness on percussion of the chest. 

d. In acute cases in the horse, ventral dullness is often associated with a horizontal 
fluid line. Because the disease in cattle i s  most often a component of diffuse fibrin- 
ous pleuropneumonia, no discrete horizontal line is to be expected on chest per- 
cussion. 

4. Etiology 
a. Eauine oleuritis results from the stress of transport, trauma of perforating thoracic . . 

wounds, esophageal perforation, or, less commonly, lymphosarcoma or accompa- 
nying equine infectious anemia. Solely infectious causes also are sporadically re- 
ported and include infections by Mycoplasma felis or Nocardia species. 

b. Bovine pleuritis i s  usually secondary to Pasteurella pneumonia or traumatic reticu- 
loperitonitis. An infectious cause of bovine pleuritis, contagious bovine pleuro- 
pneumonia (M ycoplasma mycoides var mycoides), caused large losses in the 
North American cattle population when the continent was being settled, but this 
has been eradicated from the continent. 

c. Porcine plwritis. Pigs have pleuritis and pleural effusion as part of actinobacillosis 
and in polyserositis of Glasser's disease caused by Hemophilus suis or parasuis in- 
fection, which also results in acute arthritis, peritonitis, and pericarditis (see Chap 
ters 8 and 13). 

5. Diagnostic plan and laboratory tests 
a. The clinical signs of systemic illness, accompanied by chest pain and shallow 

breathing, are highly suggestive of pleuritis. Thoracic percussion in the acute 
phase is  suggestive of fluid within the chest. 

b. Of the laboratory tests available, both hematology and routine biochemistry are 
nonspecific. A neutrophilia with or without left shift and possibly an anemia of 
chronic infection may be noted on hematology, and low albumin accompanied by 
elevations in fibrinogen and globulins are observed on biochemistry. 

c. More definitive tests for diagnosis include radiology, ultrasonography, and thoram- 
centesis. 
(1) On chest radiographs, there is a pleural effusion line and often signs of an ac- 

companying pneumonia, pulmonary abscess, or both. With adult horses and 
cows, this finding is often restricted in value because the large chest size re- 
duces the diagnostic quality of the radiographs. 

(2) Chest ultrasound is highly sensitive for the detection of pleural fluid and can 
provide information regarding pleural thickening, loculation of pleural fluid, , . 
and the presence of fibrin. Also, hyperechoic echoes in the pleural fluid Can 
suggest the presence of gas bubbles caused by anaerobic bacteria. These find- 
ings dictate highly specific therapy and an unfavorable prognosis. 

(3) Thoracocentesis is often key in assisting in diagnosis, therapy, and prognosis. 

I - 
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(a) Fluid recovered varies from a clear yellow transudate in milder cases to 
cloudy and even purulent fluid In more severe cases. 

1 (i) Normal pleural fluid i s  difficult to obtain by thoracocentesis and has 
! a cell count of less than 10,000lpl white blood cell count (10 x 

1 091L). Although cell counts can increase greatly in pleuritis, there is 

I a large range in cell counts, and there has been no correlation of 
pleural fluid cell numbers with survival. 

7 (ii) Fluid with a foul odor suggests an anaerobic infection, such as necro- 
I tizing pneumonia. 
1 (b) The pleural fluid should be cultured for bacteria and should have a Gram 
1 

1 
stain performed to give an initial guide to treatment. Frequently, there is 
no growth from this fluid, and a culture and sensitivity from a transtra- 

1 cheal aspirate is then indicated, as many cases of pleuritis have an under- 
1 lying pulmonary problem or possibly began as pneumonia. 

'1 
I 6. Therapeutic plan. Chest drainage, appropriate antibiotics, and supportive nursing care 

I 
are requ~red for horses with pleurit~s. The other large animal species seldom receive 
similar Intensive care; thus, this discussion focuses on the horse. Should treatment be 
required, similar methods can be used for specific treatment of pleuritis in other spe- 
cies. 
a. Drainage of pleural fluid is important if the process in the chest is highly purulent. 

(1) Continuous drainage can be managed by using indwelling chest drains with a 
one-way Heimlich valve, but this i s  a labor-intensrve venture and may not be 
practical, particularly in many stable environments. This method i s  associated 
with complications, such as cellulitis and possible pneumothorax. 

(2) Alternatively, repeated thoracocentesis can be performed every several days 
until the pleural inflammation subsides with treatment. In chronic pleuritis, fi- 
brous adhesions often impair complete drainage. 

b. Antibiotics. Selection of the appropriate antibiotic for treatment is initially based 
on Gram-stain results. 
(1) In horses, sodium penicillin (20,000 lUlkg intravenously every 6 hours) and 

gentamicin (2.2 mglkg intravenously every 8 hours) are commonly chosen be- 
cause this combination is effective against most gram-positive, gram-negative, 
and non-Bacillus fragilis anaerobic bacteria. 

(2) In circumstances in which B. fragilis is involved, (penicillinase producers) met- 
ronidazole should be added to the regimen (25 mglkg orally every 12 hours). 

(3) Alternatively in horses, chloramphenicol (25 mg/kg orally every 6 hours) can 
be used as a sole treatment. Chloramphenicol should not be used in food-pro- 

I ducing animals. 
c. Supportive care. Stress should be minimized. Rest and fluids should be provided 

as required. Pain relief using NSAlDs (e.g., phenylbutazone, flunixin meglumine) 
may help the animal regain its appetite and increase its comfort. 

d. Additional treatment 

I 
(1) Heparin (40 lUlkg subcutaneously every 12 hours) may decrease adhesion for- 

mation. 
(2) For chronic, one-sided pleuropneumonia, rib resection and thoracotomy to 

I drain purulent material has been a successful salvage procedure. 
I 
I 

7. Prognosis. On initial assessment, the prognosis is often poor, particularly for return to 
I performance. Also, pleuritis is very expensive to treat. However, there is a wide range 

in recovery, from respiratory cripples to apparently complete resolution. The prog- 
nosis is guarded in anaerobic and gram-negative infections with accompanying pneu- 
monia, pulmonary abscess, or both. Conversely, some horses with mild pleural eff'u- 
sion appear to have full recovery. Unfortunately, no one laboratory parameter 
accurately determines the prognosis. 

I I 3 Noninfectious respiratory diseases 
I 
I 

1- Metastatic pneumonia (also called vena cava syndrome) 
a. Patient ~ ro f i l e  and history. This disease occurs in cattle older than 1 year and can 

1 - 
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occur in any breed, sex, or class of cattle. The main complaints may include 
weight loss, respiratory disturbance, or occasionally thoracic pain. 

b. ~ l in j ca l  findings 
(1) Affected cattle with a classic presentation of this syndrome have tachycardia, 

tachypnea, and expiratory dyspnea with groaning and wheezes over much of 
the chest. Accompanying these signs are epistaxis, hemoptysis, pale mucous 
membranes, and hemic murmurs. The combination of anemia, widespread 
wheezes, and hemoptysis i s  generally regarded as pathognomonic for this dis- 
ease. The affected animal often has a history of weight loss and cough for 
weeks to months, but in some cases, the signs may be acute. 

(2) Other clinical signs include fever, thoracic pain on deep palpation of the ster- 
num, hepatomegaly, subcutaneous emphysema, froth at the muzzle, and me- 
lena caused by swallowing the blood that is being coughed up. 

c. Etiology and pathogenesis 
(1) This disease is thought to develop from an initial rumenitis secondary to lac- 

tic acidosis (see Chapter 3 1 A 2). As a result of the chemical damage to the 
rumen epithelium, bacteria (e.g., Fusobarterium necrophorum, Actinobacillus 
pyogenes) are able to penetrate the rumen epithelium to be transported to the 
liver oortal drainage system, where they are filtered and cause liver abscesses. . . 

If an gbscess is located adjacent to the caudal vena cava, it may result in the 
development of septic emboli within the caval vein. This condition then show- 
ers the lungs and causes pulmonary arterial thrombosis and pulmonary ab- 
scessation, along with pulmonary hypertension and aneurysm formation. 

(2) The eventual hemoptysis that is so clinically distinctive is the result of erosion 
of a pulmonary abscess into an arterial wall, rupture of a pulmonary aneu- 
rysm, or both. Other signs, such as anemia, hemic murmur, melena, and wide- 
spread wheezes are directly related to the massive lung bleeding. 

d. Diapostic plan and laboratory tests. In patients with the pathognomonic signs, 
usu~lly no further diagnostic tests are required. 
(1) The CBC shows anemia and a neutrophilic leukocytosis. Serum chemistry 

may have hyperglobulinemia and liver enzyme changes (elevated aspartate 
arninotransferase, yglutamyl transferase) merely reflective of passive conges- 
tion. 

(2) Chest radiography usually shows only an irregular increase in lung density, 
but in some cases, there may be more definitive changes, including small dis- 
crete densities indicative of embolic infarction and collapse or large spherical 
densities with cavitating nodules and gas or fluid interfaces. 

e. Therapeutic plan 
(1) The case fatality rate is usually 100%. Thus, when the diagnosis i s  estab- 

lished, treatment is rarely indicated. 
(2) In valuableanimals, supportive treatment can be undertaken, such as blood 

transfusion in the acute stage, along with furosemide (0.4-1 .I makg intrave- 
nously or intramuscularly twice daily) and flunixin mdumine (0.5-1.1 makg 
intravenously or intramuscularly given one to three times daily) as needed for 
the dyspnea. For the organisms usually involved, penicillin is the drug of 
choice, with a dose of 22,000 Ulkg intramuscularly twice daily for extended 
periods (weeks to months). 

f. Prevention. Because the initiating basis of this disease is rumenitis with subse- 
quent liver abscess formation, measures to reduce the possibility of developing 
vena cava syndrome include: 
(1) Slowing the introduction of high-energy rations to the cattle 
(2) Feeding antibiotics during the periods of increase in concentrate feed 

2. Chronic obstructive pulmonary disease (COPD) 
a. Patient profile and history 

(1) This is a worldwide disease of horses that are usually more than 5 years of 
age and is seen more frequently in stabled animals. 

(2) Clinical signs associated with COPD (also known as chronic airway disease, 
heaves, broken wind, emphysema, chronic bronchiolitis, or recurrent airway 
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obstruction) are usually exacerbated by poor environmental conditions, such 
as poor ventilation, overcrowding, dusty stables, or breathing molds from 
stored feeds. 

b. Clinical findings 
(1) The main complaint is a chronic cough and sometimes an associated exercise 

intolerance. The cough is usually worse when the hone is  stabled. Other com- 
mon signs include bilateral mucopurulent nasal discharge, dyspnea character- 
ized by nostril flaring, an abdominal lift to the expiration, abdominal muscle 
hypertrophy (heave line), and pumping of the anus on respiration. 

(2) On examination of the lung fields, there are often crackles, wheezes, or both 
on auscultation, and expanded caudal lung borders with hyperresonance on 
chest percussion. 

(3) Affected horses are afebrile and usually maintain an excellent appetite and de- 
meanor, unless the increased effort of breathing is severe enough to interfere 
with eating. In such circumstances, weight loss may also occur. 

c. Etiology and pathogenesis 
(1) Etiology. Proposed instigating factors for horses developing COPD include pre- 

vious respiratory viral infection, allergies to dust and fungal spores, dietary fac- 
tors such as ingestion of 3-methylindole, and, in some horses, genetic predis- 
position. 

(2) Pathogenesis 
(a) Irrespective of the initiating cause, the affected horse develops excessive 

pulmonary reactivity to illdefined airborne allergens, which, when pres- 
ent in sufficient concentration in the ambient air, induce clinical signs. 
Conversely, affected horses can be relatively free of any clinical signs 
when not exposed to these allergens and in dust-free settings. 

(b) The structural changes seen in the lungs of affected horses with these clini- 
cal signs vary from chronic bronchiolitis with diffuse epithelial hyperplasia 
and mucus plugs to acinar overinflation and peribronchiolar fibrosis and 
cellular infiltration. 

d. Diagnostic plan and laboratory tests 
(1) Clinical signs of chronic recurrent cough in an older horse associated with sta- 

bling and no systemic sign of illness is usually sufficient for establishing a diag- 
nosis. 

(2) Laboratory studies. The CBC is almost invariably normal. Transtracheal aspi- 
rate or bronchoalveolar lavage cytology reveals large numbers of nondegener- 
ative neutrophils, which are present in the lower airways because of immune 
stimulation rather than bacterial infection. 

(3) Atropine challenge. Hones can be tested pharmacologically for the presence 
of airway spasm by administering atropine (0.022 mglkg intravenously). Resolu- 
tion of clinical signs of dyspnea and improvement of lung sounds constitutes a 
positive response. These results also determine the proportion of the clinical 
signs caused by reversible bronchospasm, which can be treated with broncho- 
dilator treatment 

(4) Arterial blood gas determination and pulmonary function testing. A resting ar- 
terial oxygen tension (PaO,) of less than 83 mm Hg and a maximum change 
in intrapleural pressure with a tidal breath of greater than 6 mm Hg are sugges- 
tive. 

(5) Chest radiographs may demonstrate prominent bronchial and interstitial mark- 
ings but seldom contribute substantially to diagnosis or disease management 

e. Differential diagnoses. The differential diagnoses can include bacterial pneumo- 
nia, pulmonary neoplasia, and diffuse restrictive diseases. Radiography and lung bi- 
opsy are the primary tools for these differentiations. 

f. Therapeutic plan 
(1) Management strategies 

(a) Improvement of air quality in the horse's environment is the most impor- 
tant factor in managing the clinical signs and decreasing the progression 
of the disease. The horse should spend as much time as possible outside 
on pasture. 
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(b) During any necessary period of stabling, the stall should have ample fresh 
air (e.g., next to a door or window), and the bedding should be as dust 
free as possibje (e.g., peat moss, shredded newspaper). Hay should be thor- 
oughly soaked in water or the feed changed to a complete pelleted ration. 
Special moist silage for horses is also commercially available and quite ef- 
fective in minimizing dust from the feed source. Environmental changes 
must be complete and permanent, otherwise clinical signs will rapidly 
recur following lapses in dust control. 

(2) Medications include bronchodilators for the bronchospasm, expectorants to 
aid in decreasing the mucus buildup in the airways, and corticosteroids to de- 
crease airway inflammation. 
(a) Commonly available bronchodilators include clenbuterol (available in 

Canada only), aminophylline-theophylline, ephedrine, and antihistamines. 
(i) Aerosol therapy is now possible with products such as terbutaline (a 

agonist) or ipatromium bromide (parasympatholytic or atropine 
like in action), in conjunction with recent production of medicating 
face masks for horses. 

(ii) Though not a bronchodilator, the mast-cell stabilizer cromolyn so- 
dium also can be administered by the aerosol route and i s  effective if 
given to horses that have a component of immediate (type I) hypersen- 
sitivity to their airway reactivity. 

(b) Expectorants, which include iodides, glyceryl guaiacolate, or simple nebu- 
lization with saline, are often used as adjunctive treatment but are of 
lesser benefit alone in resolving clinical signs. 

(c) Corticosteroids are reserved usually for horses that are not responsive to 
the previous treatment. Although their full effects on the lungs remain 
poorly understood, corticosteroids do reduce airway inflammation and pro- 
mote airway smooth-muscle relaxation. Prednisone can be given for a se- 
vere episode at 1 mgikg orally twice daily with tapering doses by half 
every sixth or seventh day and discontinued entirely when the environmen- 
tal challenge is solved. Some horse may benefit from prolonged administra- 
tion of low levels of corticosteroids (prednisone 0.5 mgkg orally every 48 
hours). 

(d) Antibacterials also may be indicated in selected horses that also have 
signs of airway sepsis on transtracheal aspiration or systemic signs of bacte- 
rial pneumonia. In most North American horses with COPD, antibiotics 
are seldom indicated or necessary. 

3. Hypersensitivity pneumonitis (extrinsic alveolitis, bovine farmers' lung) 
a. Patient profile and history. This disease occurs almost exclusively in housed adult 

cattle (particularly dairy cattle) that are fed stored roughage feed. Although the dis- 
ease occurs sporadically, it appears mainly in the fall, winter, and early spring, 
when cattle are confined. 

b. Clinical findings 
(1) The main complaint is usually the increasingly progressive respiratory distress 

and coughing, along with anorexia and decreased milk production in an indi- 
vidual cow. 

(2) On clinical examination, the affected animal shows tachypnea, expiratory dys- 
pnea and a dry, nonproductive cough. There may be a thick nasal discharge, 
and on chest auscultation, there are increased bronchial sounds and cranioven- 
tral crackles. Fever may also be present but it is usually transient. 

c. Etiology and pathogenesis. The respiratory distress is attributable to a hypersensitiv- 
ity reaction to thermophylic molds (Micropolyspora faeni and Thermoactinomyces 
vulgaris) that contaminate roughage feeds. Antigen exposure in sensitized individu- 
als activates cellular and humoral immune responses. The pulmonary inflamma- 
tion results from complement activation, histamine release, and polymorphonu- 
clear neutrophil and macrophage recruitment. The resulting pathology is interstitial 

infiltration by lymphocytes, plasma cells, macrophages, and granuloma formation. 
Healing results in restrictive fibrosis. 

d. Diagnostic plan and laboratory tests 
(1) On transtracheal aspirate, there are neutrophils and macrophages in the cytol- 

ogy but no bacteria unless there is a secondary bacterial pneumonia. It is the 
absence of these signs of infection that suggests consideration of this immune 
mediated disease. 

1 
(2) Suspect cattle can have serum samples analyzed for the presence of precipi- 

tins to the antigens of M. faeni and T. vulgaris. Also, the M. faeni antigen can 
be administered intradermally, and a positive reaction may be noted as a local 
Arthus reaction after 4-6 hours. 

e. Therapeutic plan. Antihistamines and corticosteroids may provide some relief for 
individual animals, but when the respiratory signs are noticed, the pulmonary dam- 

I age is usually irreversible. 

I f. Prevention. When the producer recognizes the problem, the only change possible 

I 
in management (if the cattle must be housed for extended periods) is to minimize 
antigen exposure by feeding hay outside or by feeding silage. 

1 
4. Acute respiratory distress syndrome [ARDS, acute bovine pulmonary emphysema 

and edema (ABPE), fog fever] 
a. Patient profile andhistory. This severe type of respiratory distress occurs in late 

summer and fall mainly in adult beef cattle (ages 3-8 years) that have a history of 
having been moved from poor to lush pasture in the previous 1-2 weeks. Geo- 
graphically, this disease appears to be most prevalent in the western part of North 
America. 

b. Clinical findings 
(1) The main complaint is usually an acute onset of severe dyspnea or open- 

mouth hreathing, expiratory grunt, and tachypnea in mature cattle, often with 
several to many in a herd affected simultaneously. Although the heart rates are 
usually elevated, fever (suggestive of an infectious cause) is not usually a prom- 
inent feature. 

(2) The mucous membranes can become cyanotic as respiratory embarrassment 
advances, and subcufaneous emphysema over the shoulders and thoracic inlet 
may appear as a consequence of the severe respiratory effort. There may even 
be some cattle found dead with few premonitory signs. 

(3) In acute cases, there are usually increased bronchial tones over the ventral as- 
pects of the lungs, but the dorsal portions of the lungs are surprisingly silent, 
with a relative absence of breath sounds despite the obvious respiratory dis- 
tress. Nursing calves running with the cows are usually completely unaffected. 

c. Etiology and pathogenesis 
(1) This disease is an interstitial pneumonia with lung changes of pulmonary 

edema and interstitial emphysema, which is the result of ruminal transforma- 
tion of dietary L-tryptophan to more toxic 3-methylindole (3-MI). 
(a) A sudden feed change to lush pasture or brassica plants (e.g., rape, kale, 

tops of turnips) results in the overgrowth of ruminal lactobacillus, which 
produces toxic levels of 3-MI from dietary L-tryptophan. The ruminally pro- 
duced 3-MI is then absorbed into the circulation and is metabolized by mi- 
crosomal enzymes in the Clara cells of the lung to pneumotoxic metabo- 
lites that injure the alveolar and capillary epithelium. 

(b) Consequently, there i s  plasma transudation in the exudative stage. If the 
animal survives, there is a proliferation of type II pneumocytes, alveolar e p  
ithelialization, and irreversible fibrosis. At necropsy, there is subpleural 
and interstitial emphysema, alveolar edema, epithelial hyperplasia, and 
hyaline membrane formation. 

(2) There are several other causes of ARDS, with the clinical and pathologic pic- 
tures being indistinguishable from the mechanism described in I F 4 c (1). 
These other causes include: 
(a) Pulmonary damage by mixed function oxidase metabolism of other 
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xenobiotics (e.g., 4-ipomeanol, a toxin from sweet potatoes infested with 
the mold Fusarium solanrl 

(b) Perilla ketona, a pneumotoxic principle found in leaves and seeds of pur- I 
ple mint (Perilla frutescensj; there may be a mint-like odor to the edema 
fluid as noted at necropsy 

(c) Inhalation of toxic gases, such as the manure gases ( H A  ammonia, meth- i 
ane) or nitrogen dioxide from silos 

d. Diagnostic plan. Diagnosis usually rests on the clinical history and risk factors for 
the oossible causes, coupled with the signs of an acute onset of severe respiratory 
dist;ess without fever ortoxemia. 

e. Differential diagnoses. Additional causes of acute respiratory distress in cattle that 
appear to be similar in clinical appearance to ARDS include acute immune reac- 
tions such as systemic anaphylaxis, milk allergy, or massive pulmonary migration 
of parasites. 

f. Therapeutic plan. There is nothing specific that can be done to reverse the lung 
damage of affected cattle. Therefore, the main treatment goal i s  to reduce the ad- 
verse effects of the cell damage and inflammation as well as pulmonary edema. 
(1) Flunixin meglumine at 2.2 mgtkg intravenously every 12 hours (extralabel use) 

is useful for its anti-inflammatory effects and furosemide at 0.4-1 mglkg intra- 
venously or intramuscularly every 12 hours reduces pulmonary edema. 

(2) Equally important in management of these animals is the avoidance of stress 
or exercise. in hvmxic animals and removal of affected animals from any of- - .  ~ ~- , . 
fending site, such as new pasture or feed source. 

g. Prognosis. The prognosis is grave in severely affected animals, for which slaughter 
and salvage is often the most preferred option. For ARDS associated with 3-MI, 
clients should be cautioned that removal from pasture may not stop further clinical 
cases from developing in the short term. 

h. Prevention. In ARDS associated with 3-MI, the herd should have limited access to 
pastures with pathogenic potential, such as alfalfa, kale, rape, turnips, or rapidly 
growing lush pasture. Where the problem is common and not readily avoidable by 
appropriate pasture management, monensin or lasalocid (200 mglheadlday) before 
and during pasture change can prevent the disease because these products inhibit 
overgrowth of ruminal lactobacilli that convert the dietary L-tryptophan to 3-MI. 

5. Exercise-induced pulmonary hemorrhage (EIPH) 
a. Patient profile and history. This disorder occurs in horses that undertake strenuous 

exercise such as racing. There is no relation of its occurrence to gender or finish- 
ing position, but its incidence may increase with age. The main complaint is either 
epistaxis at exercise or, more commonly, poor athletic performance without an o b  
vious cause. 

b. Clinical findings. In addition to epistaxis, clinical findings are likely to include 
problems related to athletic performance. Owners may report suspected ElPH 
horses as losing speed near the end of the race, after which they may take longer 
to "cool out." Affected horses may be observed to swallow more frequently during 
this cooling-off period. 

c. Etiology and pathogenesis. The bleeding occurs in mainly the dorsal portions of 
the lung and appears to be related to events during strenuous exercise. Various the- 
ories have been offered to explain EIPH. Rupture of blood vessels is likely neces- 
sary for hemorrhage to occur. 
(1 ) An older theory proposes that pulmonary hypertension and edema are the 

mechanisms of action. This was the rationale for treating the problems with fu- 
rosemide. Furosemide therapy remains a popular treatment for "bleeders" on 
the race track, but there is no clinical evidence showing improvement of the 
lung bleeding. More recently, furosemide has been shown to have bronchodi- 
lating effects: 

(2) A more recent theory is that ElPH occurs in horses that have subclinical lung 
disease, causing some degree of bronchiolar obstruction. 
(a) This obstruction may be sufficient to prevent the filling of the alveoli dis- 

tal to them when the respiratory rate is increased. 
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(b) Consequently, there is asynchrony between the air movement of the o b  
structed segment and the adjacent lung tissue. Because of the interdepend- 
ence between different structures in the lung, this asynchrony may result 
in tearing of the lung parenchyma and resultant hemorrhage. This may be 
particularly true if there is lung scarring and pleural adhesions, which may 
result from past infections. 

(3) This problem in race horses is the subject of study by many veterinary scien- 
tists because it appears to occur in a high proportion of race horses, and cur- 
rent understanding of the pathogenesis remains limited, which hampers effec- 
tive treatment. 

d. Diagnostic plan and laboratory tests 
(1) Endoscopic examination of the trachea and collection of lower airway secre-. 

tions for cytologic examination are the main methods of diagnosis. Confirma- 
tion of ElPH requires direct observation of blood in the trachea after a period 
of intense exercise. The former use of epistaxis as a diagnostic clinical sign is 
far too insensitive because whereas 75% of race horses have endoscopic evi- 
dence of hemorrhage in the trachea after the race, only 3% of these horses 
have blood present at the nostrils. 

(2) Cytology of the lower airway secretions, either from transtracheal aspirates or 
bronchoalveolar lavage, shows alveolar macrophages packed with hemosid- 
erin and, often, ingested red blood cells (hemosiderophages). An additional 
benefit of assessing lower ainvay cytology may be determining other underly- 
ing ainvay diseases that may be a predisposing factor in the genesis of EIPH. 
There appears to be no other test available for confirming the occurrence of 
EIPH. 

e. Differential diagnoses. When ElPH is only suspected as a cause of performance 
problems in race horses, all other possible problems affecting performance, particu- 
larly lameness, should be ruled out. The differential diagnoses for epistaxis should 
include upper airway bleeding, such as guttural pouch mycosis, ethmoid hemato- 
mas, and trauma. In any horse with poor athletic performance, musculoskeletal, 
cardiac, and other respiratory problems must be ruled out before the ElPH is in- 
criminated as the sole cause of the problem. 

f. Therapeutic plan. There are no proven effective treatments for EIPH, partly be- 
cause of the limited understanding of its pathogenesis. If a subclinical obstructive 
disease is present, then rest and environmental management are indicated. 
(7) The most commonly used drug for treatment is furosemide at 0.3-0.8 mgkg 

intravenously or intramuscularly 3 hours before racing, which is allowed in 
some racing jurisdictions for use in hones with ElPH confirmed by post-race 
endoscwv. 

(2) Many oiher medications (although not approved for racing) are also in current 
use for treatment of this problem, but most lack any sound scientific basis for 
their use. 

EDISMSIS THE THORAX 

' a Diaphragmatic hernia 

1. Patient profile and history. The type of animal affected with a diaphragmatic hernia 
varies. Often the history includes a previous trauma, such as dystocia, breeding, or 
foaling trauma, or severe physical exertion. Specific to cattle, traumatic reticuloperito- 

. * nitis (TRP) is a main cause of this uncommon problem. 
1 

2. Clinical findings. Depending on the extent of the damage to the diaphragm and the 
amount of abdominal content herniated, the signs can range from mild colic and dys- 
pnea to acute severe colic with tachypnea and obvious dyspnea. 
a. Gastrointestinal sounds may be heard over the thorax, and lung sounds can be re- 

duced or even absent over one side of the chest. 



b. If the small intestine becomes strangulated in the hernia, there may be gastric re- 
flux. In cattle with herniation associated with TRP, forestomach stasis can occur. 

3. Diagnostic plan * 

a. Radiography. When diaphragmatic hernia i s  suspected, chest radiography is usu- 
ally diagnostic. Findings include loss of the diaphragmatic shadow and multiple 
fluid lines in the thorax that are associated with intestines in the thoracic cavity. 

b. Thoracocentesis generally yields a serosanguinous fluid, but this is in no way defin- 
itive for this specific diagnosis. 

c. Eledrocardiography. Animals with diaphragmatic hernias usually have decreased 
amplitude of QRS complexes on an electrocardiogram (ECG). 

4. Therapeutic plan and prognosis. Surgical closure of the diaphragmatic defect is the 
treatment of choice. Given the size of the large animal patients, the prognosis for suc- 
cess is only fair to guarded even if surgery i s  performed. 

d Pneumothorax 
A & - -  - - 

1. Patient profile and history. As in diaphragmatic hernia, all types of animals can be af- 
fected with pneumothorax. Usually there is some history of chest trauma. Undergoing 
an invasive technique, such as thoracocentesis or lung biopsy, may also be part of the 
recent history. 

2. Clinical findings 
a. The main clinical sign with pneumothorax is a variable degree of dyspnea, the de- 

gree depending largely on the amount of air in the chest and subsequent lung col- 
lapse. If pneumothorax is associated with an open chest wound, this is usually ob- 
vious. 

b. On chest auscultation, there is an absence of lung sounds over the affected side 
because of collapse of lung parenchyma away from the chest wall. In some cases, 
the air also i s  found under the skin over the chest in the form of subcutaneous em- 
physema. 

3. Etiology. Trauma to chest from external means, such as a penetrating wound, can re- 
sult in pneumothorax. Alternatively, air leakage through the visceral pleura of the lung 
from lung damage, such as in rib fracture or ruptured emphysematous bulla, can also 
result in pneumothorax. 

4. Diagnostic plan. Chest percussion often demonstrates a drum-like resonance with the 
presence of pneumothorax. Aspiration of air freely from the chest cavity by thorace 
centesis confirms the diagnosis. With mild cases, chest radiographs may be the only 
diagnostic method, with retraction of the lung margins from the dorsal-most part of 
the thorax. 

5. Therapeutic plan. The main goals in treatment of pneumothorax are to remove a suffi- 
cient amount of air from the chest cavity to resolve signs of dyspnea and to treat, if 
possible, the underlying cause. 
a. Any penetrating chest wound needs closure, at which time routine wound prophy- 

laxis of antibiotics and administration of tetanus antitoxin (for horses) can be per- 
formed. 

b. To evacuate the chest of air, a teat canula can be placed into the pleural space 
and continuous suction applied. Medical suction devices are available for such 
purposes, but it is also possible to perform this in an ambulatory setting on dairy 
farms by using the suction from the milk line. 

1 
DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
followed by answers or by completions of the statement. Select the ONE numbered answer 
or completion that is BEST in each case. 

1 .  Which one of the following statements re- 
garding Rhodococcus pneumonia is true? 

(1) The treatment of choice is oral rifampin 
combined with a macrolide, such as linco- 
mycin. 

(2) Foals up to 4 months of age can be 
acutely infected from this soilborne organ- 
ism; thus, a foal with clinical R. equi 
should be isolated from other foals to pre- 
vent the spread of infection. 

(3) In addition to pulmonary abscessation, 
other sequelae to infection can include 
uveitis, nonseptic arthritis, ulcerative coli- 
tis, and vertebral body abscesses. 

(4) This organism is able to live and grow 
within macrophages because it can pre- 
vent the fusion of phagosomes to lyso- 
somes and has an antiphagocytic capsule 
(M protein) that prevents phagocytosis by 
granulocytes. 

(5) Seroconversion to R. equi, in conjunction 
with signs of pneumonia and a leukocyto- 
sis, is the preferred method of diagnosis. 

I 2. Which statement regarding enzmtic pneu- 
monia in calves is true? 

(1) This disease is associated with bacterial 
pneumonia [secondary to bovine respira- 
tory syncytial virus (BRSV) or parainflu- 
enza-3 (PI-3) infection] or mycoplasmas, 
such as Mycoplasma mycoides. 

(2) Enzootic pneumonia can occur in beef 
calves between ages 2 months and 5 
months that are housed indoors in the fall 
and winter. 

(3) Vaccination against viral agents such as 
BRSV or PI-3 in the first several weeks of 
life can help prevent this disease. 

(4) Cold weather can precipitate this disease 
when producers leave housing ventilation 
open, exposing calves to cold outside air. 

(51 The pathology is usually a consolidation 
of cranial, middle, and accessory lung 
lobes, with mycoplasmal involvement clas- 
sically resulting in alveolitis and bronchi- 
ectasis. 

3. Regarding pasteurellosis in ruminants, 
which one of the following statements is true? 

(1) In sheep and goats, pasteurellosis due to 
Pasteurella haemolytica can occur in two 
forms: rapidly fatal septicemia with b i e  
type T and pneumonia with biotype A. 

(2) In cattle, shipping fever pneumonia due to 
pasteurellosis usually peaks several days 
after the stressful event. 

(3) Vaccination against pasteurellosis in cattle 
should include the leukotoxin of P. 
haemolytica because it increases specific 
immunoglobulin A production in the 
lungs. 

(4) Vaccination against pasteurellosis in cattle 
should include the respiratory viruses [in- 
fectious bovine rhinotracheitis (IBR), para- 
influenza-3 (PI-3), bovine respiratory syn- 
cytial virus (BRSV)] because prior viral 
infection that accompanies the stress of 
handling is usually required for develop 
ment of this disease. 

(5) Pathogenic P. haemolytica strains can be 
part of normal pharyngeal flora in cattle, 
whereas the strains in sheep and goats 
spread from subclinical carrier animals. 



166 1 Chapter 7 

4. Which one of the following statements re- 
garding lungworms in large animals is true? 

(1) The lungworm Dictyocaulus arnfieldi 
causes a patent infection in donkeys and 
results in a persistent cough in these in- 
fected animals. 

(2 )  Metastrongylus species can cause lung- 
worm in pigs raised outdoors, and though 
minimal clinical disease is found in experi- 
mental infection, the infection can result 
in exercise-induced cough and poor 
growth in field situations. 

(3) Reinfection syndrome of D. viviparus in 
mature cattle causes disease because effec- 
tive immunity i s  short-lived and has 
waned. 

(4) D. filaria and Protostrongylus rufescens in 
sheep cause similar clinical signs, but be- 
cause P. rufescens has a direct life cycle, 
it can cause more severe disease in 
adults. 

(5) Although it causes a low-grade productive 
cough in growing kids and lambs, Muel- 

' 

lerius capillaris can be effectively treated 
with a single dose of fenbendazole. 

5. Which one of the following statements re- 
garding pleural disease of large animals i s  
true? 

(1)  Clinical signs of shallow breathing and 
chest pain are caused by the inflammation 
of pain receptors on the visceral pleural 
surfaces. 

(2) Pleural fluid accumulation is usually read- 
ily apparent in both horses and cattle with 
pleuritis. 

(3) Unilateral thoracic disease is possible in 
ruminants because of the intact mediasti- 
num, but disease can spread bilaterally in 
horses and pigs because of the finer, often 
perforated mediastinum. 

(4) Normal pleural fluid has a cell count of 
less than 10,00O/pI white blood cells, but 
it is usually difficult to obtain in the clini- 
cally normal large animal. 

(5) A foul odor of the pleural fluid in cases of 
pleuritis is suggestive of Escherichia coli 
growth, warranting inclusion of aminogly- 
coside treatment 

6. A herd of cattle i s  moved from sparse, mea- 
ger pasture to a lush grazing of turnip tops. 
The adult cows develop severe dyspnea, 
open-mouthed breathing, and in some, subcu. 
taneous emphysema. Which one of the follow. 
ing statements best applies to this problem? 

(1) The new pasture was likely higher in 3- 
methylindole (3-MI), which caused the di- 
rect lung damage by acting on the Clara 
cells. 

(2) The lung damage from preformed toxin re- 
sults in eventual hyaline membrane forma. 
tion and irreversible fibrosis. 

(3) Pretreatment of this herd with monensin 
or lasalocid before pasture change can 
prevent such outbreaks. 

(4) Nursing calves are less severely affected, 
with signs of mild expiratory dyspnea and 
cough. 

(5) Associated with the severe respiratory dis- 
tress, lung sounds are typically harsh with 
crackles and wheezes over the entire lung 
field. 

7. A horse shows blood at the nostrils follow- 
ing intense exercise. Which one of the follow- 
ing statements is true? 

(1) The blood likely originated from the cau- 
dal lung lobes as a result of left heart fail- 
ure and fluid overload of the lungs. 

(2) 1 he medication furosemide is allowable 
for this condition in certain racing jurisdic- 
tions. 

(3) The blood most likely originated from the 
ethmoid region or guttural pouch because 
this is an uncommon clinical finding in 
race horses. 

(4) The bleeding clearly indicates a perfor- 
mance-limiting problem. 

(5) Treatment with procoagulants, such as 
aminocaproic acid or vitamin K3, i s  indi- 
cated. 

I 
i 

8. Which one of the following statements re- 
garding thoracic disease in large animals is 
true? 

(1) Diaphragmatic hernia in horses is  most 
often caused by trauma, such as dystocia, 
whereas in cattle it has been linked to 
traumatic reticuloperitonitis. 

(2) Signs of diaphragmatic hernia in hones 
can be mild to moderate colic and dys- 
pnea, whereas cattle have occult hernia- 
tion because the rumen is too large to her- 
niate into the thorax. 

(3) Gastrointestinal sounds (borborygmi) 
heard over the ventral chest of the hone 
are highly suggestive of diaphragmatic 
hernia. 

(4) In cattle with pneumothorax, there is a 
drum-like resonance to percussion over 
the chest and very harsh lung sound ven- 
trally because of the collapse of the lung. 

(5) Sometimes uncovered incidentally, find- 
ing decreased amplitude of QRS and high 
spikes on the T wave of an electrocardi- 
ogram (ECG) of a horse are suggestive of 
diapragmatic hernia. 

-5 
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1. The answer is 3 [I A 2 b (2 ) ] .  The pres- 
ently accepted and specific treatment for Rho- 
dococcus equi pneumonia of foals is a combi- 
nation of rifampin and erythromycin estolate. 
In horses, the use of oral lincomycin can in- 
duce fatal colitis. There is little benefit in iso- 
lating foals with R. equi pneumonia. Foals are 
resistant at 5 weeks of age; therefore, clini- 
cally affected foals pose little danger to most 
foals on the premises. The organism can pre- 
vent fusion of phagosome to lysosome but 
does not have an M protein capsule. Sero- 
conversion is not a measure of disease be- 
cause many foals seroconvert because of ex- 
posure to R. equi without ever developing R. 
equi pneumonia. 

2. The answer is 2 [I A 3 a]. The disease can 
occur in any group of calves (not only dairy) 
that are between 2 months and 5 months of 
age and housed indoors, particularly when ex- 
posed to older cattle. Bacterial pneumonia, 
which is the end result of the enzootic pneu- 
monia complex, may be secondary to infec- 
tion by Mycoplasma species, but M. my- 
coides has not been described as a precursor 
agent. Prevention of enzootic pneumonia in- 
volves changing management practices. Vacci- 
nation has not proven beneficial because lev- 
els of colostral immunity interfere with the 
timing of vaccination. Cold outside air does 
not precipitate the disease. The buildup of 
noxious gases in poorly ventilated spaces has 
the negative impact on mucociliary clearance. 
She pathologic description in  the last choice 
is accurate; however, this is the result of bac- 
terial not rnycoplasmal involvement. 

3. T h e  answer is 1 [I B 3 a]. Pasteurellosis in 
sheep and goats may appear as an acute septi- 
cemia as well as a primary pneumonia. The 
clinical signs of shipping fever in cattle may 
not occur until 2 weeks after the stressful 
event (most commonly co-mingling cattle). Vi- 
ruses are not essential precursors for the dis- 
ease. Vaccination is not known to produce 
protective levels of immunoglobulin A anti- 
bodies. Pathogenic Pasteurella haernolytica 
strains can b e  part of the normal pharyngeal 
flora in cattle, sheep, and goats. 

4. The answer is 2 I1 C 4 a]. Dictyocaulus 
arnfieldidoes not cause clinical signs in its 

natural host, the donkey. Re-infection syn- 
drome of 0. viviparus is experienced in cattle 
with immunity (i.e., this is an immune-me- 
diated reaction to re-infestation with massive 
numbers of infection larvae). Protostrongylus 
rufescens has an indirect life cycle, with the 
land snail as the intermediate host. Mijellarius 
capillaris is difficult to treat, requiring treat- 
ment with fenbendazole over a 2-week pe- 
riod. 

5. The answer is 4 11 E 5 c (3)l. The visceral 
pleura lacks pain receptors and is not the site 
of pain with pleuritis. In swine, the mediasti- 
num is intact similar to ruminants. Pleuritis 
may not be obvious on clinical examination, 
particularly in cattle where the pleuritis is 
often more diffuse and a component of fibri- 
nous pleuropneumonia. A necrotic foul odor 
to the breath or pleural fluid indicates the pos- 
sibility of an anaerobic infection, suggesting 
treatment with metronidazole. 

6. The answer is 3 [I F 4 a, b, h]. The clinical 
description best fits a diagnosis of acute respi- 
ratory distress syndrome in the bovine. In this 
condition, 3-methylindole (3-MI) is not in- 
gested preformed but as dietary L-tryptophan. 
Clara cells metabolize the ruminally manufac- 
tured 3-MI to pneumotoxic metabolites, 
which injure the alveolar and capillary epithe- 
lium. Nursing calves (preruminants) are not af- 
fected because the source of L-tryptophan is 
the pasture. A very important clinical feature 
of this condition is the absence of breath 
sounds over the dorsal portions of the lung 
fields despite the obvious respiratory distress. 

7. The answer is 2 [I F 5 b, f ] .  Blood at the 
nostrils following intense exercise of a horse 
is most likely exertion-induced pulmonary 
hemorrhage (EIPHI. The present accepted the- 
ory of pathogenesis is that ElPH results from 
subclinical lung disease. Asynchrony in  move 
ment of various groups of alveoli in the dorsal 
(distal) airways results in the tearing of lung 
parenchyma and small vessel hemorrhage. 
This is a common condition in  racehorses but 
has not been identified as performance limit- 
ing. Treatment with furosemide has shown the 
best clinical response. 

! 
; 8. The answer is 1 [II A 1 I .  Signs of diaphrag- 

matic herniation in horses can be mild to se- 
I vere colic. However, borborygmi over the ven- 

tral chest is not diagnostic of diaphragmatic 
herniation because the diaphragm is ex- 
tremely concave (when viewed from the rear) 
in the horse, and normal abdominal sounds 
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can be transmitted through the chest cavity. 
Although decreased QRS amplitude may be 
found in horses with diaphragmatic hernia, 
the high spike T wave is not a feature. In cat- 
tle with pneumothorax, there is a drum-like 
resonance but a complete absence of lung 
sounds over the affected chest. 
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the sernil;nar (SL) valves. 
(2) The second heart sound 62) is  associated with closure of the SL valves, rapid 

INTRODUCTION. An evaluation of the cardiovascular system is an essential part of 
-examination in large animals. Cardiovascular disorders can affect health, 

performance, production, and quality of life of the animal. Much of our current under- 
standing of cardiac hemodynamics and heart sounds in domestic animals comes from 
large animal species. 

a History and signalment. The following information should be determined when p re  
sented with a patient: 

1. Age 

reversal of blood flow (blood stops moving out of the heart), and opening of 
the AV valves. 

(3) The third heart sound (S3) i s  associated with the end of the rapid filling of 
the ventricles with blood. 

(4) The fourth heart sound (S4) i s  associated with atrial contraction. It is closely 
followed by S1. 

.* 

. 

2. Sex 

3. Environment 

. , 4. Management . 

5. Use of the animal 

6. Problems with other animals in contact with the affected animal 

.. 7. Information on the animal's appetite, attitude, and symptoms 

8. The time of onset of the current problem, attempted treatments, disease progression 

9. Vaccination and deworming history, previous illnesses 

1 Physical examination. A complete physical examination of all body systems is a neces- 
sary part of any thorough cardiovascular examination. One should note the animal's atti- 
tude, body weight, and body condition. 

1. In order to determine the functional status of the cardiovascular system, one should 
examine the mucous membranes for color, moisture, and capillary refill time, and de- 
termine the amount of distention of the peripheral veins. The level of filling of the 
jugular vein and the patency of the vein should be determined. Peripheral arteries 
should be palpated for pulse quality and rhythm. 

2. Evidence of edema along the ventral abdomen, sternum (brisket), submandibular 
area, and over the pectoral muscles should be sought. Edema of the limbs in horses 
and udder edema in cattle are less reliable signs of heart disease. 

3. Auscultation is  the most important part of the cardiovascular examination. 

4. Cardiovascular sounds originate when the mechanical activity of the heart results in 
the sudden acceleration or deceleration of blood, causing the heart, major vessels, 

, . and blood to vibrate. 
a. Types of heart sounds 

(1) The first heart sound (Sl) is caused by the initial ejection of blood from the 
ventricles, the closure of the atrioventricular (AW valves, and the o~eninr! of 
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TABLE 8-1. Typical Heart Rates in Adult Animals 

Horses 20-40 
Cattle 60-80 
Sheep and goats 70-90 
Pigs 70-90 

b. In the various large animal species, there are differences in the number of heart 
sounds, the heart rate, and the rhythm. 
(1) In sheep, goats, and pigs, only S1 and S2 are heard normally. 
(2) In horses and cattle, all four heart sounds can be heard. 

5. Heart rate. The heart rate in large animals varies depending on the animal's age and 
species (Table 8-1). Young animals tend to have a faster heart rate than adults. Sinus 
arrhythmias are common in normal sheep, goats, and young animals, but uncommon 
in adult cattle. 

6. Cardiac murmurs are prolonged audible vibrations that occur during a normally si- 
lent period of the cardiac cycle. The exact mechanism resulting in the production of 
a heart murmur is unknown. Murmurs are classified according to timing, intensity, ra- 
diation, and quality. In some large animal species such as horses, cardiac murmurs 
and arrhythmias are extremely common.. Thus, the interpretation of such findings 
should be made in the context of history, physical examination findings, and results 
of ancillary testing. 
a. Pitch or frequency is the number of sound vibrations that occur within a unit of 

time. Heart sounds consist of a wide range of frequency components and are 
often not pure tones. However, murmurs may contain a fundamental pitch and 
overtones that produce a musical quality. Murmurs are described as low-, 
medium-, or high-pitched. 

b. Quality i s  a subjective term that is determined by the murmur's frequency, ampli- 
tude, and duration. A murmur may be described as harsh, blowing, or squeaking. 
It can also be described as plateau (band-shaped), crescendo-decrescendo (dia- 
mond-shaped), decrescendo, crescendo, or continuous. 

c Intensity (amplitude) is the loudness of the cardiac murmur. Murmurs are quanti- 
fied by a grading system (Table 8-2). A thrill is a fine vibration felt when the hand 
is placed over the patient's chest near the point of maximal intensity (PMI) of the 
heart murmur. It is associated with turbulent blood and the vibration is transmit- 
ted in the direction of blood flow. Loud heart murmurs (grades Ill-V or VI) often 
have a palpable thrill. 

TABLE 8-2. Grading Scheme for Cardiac Murmurs in Large Animals 
1 

Crade of Murmur Description of Murmur 

Grade I Barely audible, requires careful auscultation in a localized area of the 
chest to discem 

Grade II Faint, but clearly audible after listening to the chest for a few seconds 

Grade Ill Immediately audible over a wide area. A palpable thrill may accompany 
the murmur. 

Grade IV Very loud murmur. Heard with stethoscope lightly placed on chestwall. 
A palpable thrill may be present. 

Grade V Loudest audible murmur. Remains audible when the stethoscope is re- 
moved from direct contact with the chest wall. A pronounced thrill is 
always present. 

- 

d. Timing ancl duration refers to whether the murmur occurs during systole, diastole, 
or is continuous. (Continuous murmurs encompass both systole and diastole.) 
(1) Pansystolic murmurs encompass both S1 and S2. 
(2) Holosystolic murmurs occur between S1 and 52. 
(3) Holodiastolic murmurs are heard between S2 and S3. 
(4) Presystolic murmurs are heard between 54 and Sl . 

e. Radiation describes the location of the PMI of the murmur. This information helps 
determine the location of the underlying cardiac lesion. A murmur's radiation is 
often the direction of turbulent blood flow. Intense murmurs may radiate widely 
over the thorax. 

C. Ancillary tests for evaluating the cardiovascular system include electrocardiography, 
echocardiography, cardiac catheterization, and radiography. Successful diagnosis and 
management of cardiovascular diseases in large animals involves a proficiency with 
these diagnostic modalities and a familiarity with cardiac disease presentations, patho- 
physiology, and prevalence in specific large animal species. 

1. Electrocardiography records the electrical impulses that systematically flow through 
the heart and are responsible for cardiac contraction. The electrocardiogram (ECG) 
provides information about cardiac structure and function, Information such as the 
heart rate, rhythm, and conduction times can also be derived from ECG evaluation. 
a. Technique. The base-apex lead is most commonly used. The positive lead is at- 

tached to the left fifth intercostal space at the PMI of the apex beat and the nega- 
tive lead is attached to the right jugular furrow at the level of the base of the 
heart. The ground lead is attached away from the heart, usually on the donum. 
Leads should be attached to minimize interference due to movement of the ani- 
mal or skin twitching. 

b. Description of ECG. The form and direction of the electrocardiographic waves de- 
pend on the position of the heart, the course taken by the spread of electrical ex- 
citation throughout the myocardium, the position of the ECG recording leads, and 
the relative magnitude of the electrical forces during the cardiac cycle. 
(1) Although large animals typically have very large hearts, measurement of the 

electrical impulses is difficult due to the size and shape of the thorax and the 
multidiredionality of depolarization. Therefore, the ECG can be used to diag- 
nose arrhythmias in large animals, but is not useful in diagnosing disorders of 
chamber size. 

(2) The multidirectionality of ventricular contraction in large animals is attribut- 
able to an extensive Purkinje fiber network that spreads throughout the ven- 
tricular myocardium, enabling explosive depolarization of all parts of the ven- 
tricle essentially at the same time. In contrast, small animals and people lack 
this extensive network and therefore, ventricular excitation occurs in three 
"fronts" or waves. 

c. Indications. Many cardiac disorders can alter the morphology of the ECG record- 
ing in a diagnostically useful fashion. ECGs are particularly useful to characterize 
cardiac arrhythmias. 

2. Echocardiography i s  a safe, noninvasive way to assess chamber sizes, wall valve mo- 
tion, wall thicknesses, and blood flow and intracardiac hemodynamics. 
a. Types. There are three basic types of echocardiographic studies: 

(1) M-mode echocardiography is usefu I for evaluating heart wall thickness, cham- 
ber diameters, and valve motion. 

(2) Two-dimensional (2D) echocardiogmphy is useful to depict anatomic rela- 
tionships between cardiac structures and to define their movement relative to 
one another. 2D echocardiography is used to detect and display wall motio~, 
abnormal communications, and inbacardiac masses. 

(3) Doppler echocardiography evaluates blood flow direction, turbulence, and 
velocity and allows estimation of pressure gradients within the heart and 
great vessels. Color-flow Doppler echocardiography converts the Doppler sig- 
nals to an arbitrarily chosen color scale that represents the direction, velocity, 
and turbulence of blood semiquantitatively. 
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b. Indications. Echocardiography helps identify and quantify the severity of valvular 1 .  
lesions, septal defects, intracardiac masses, cardiomyopathy, chamber hypertro- 
phy, pericardial disease, aortic disease, and congenital heart disease. 

3. Cardiac catheterization.'~n intravascular catheter i s  introduced through a peripheral 

1 
vessel and passed into the heart. 
a. Uses. Cardiac catheterization allows measurement of pressures in the blood ves- 

sels and heart chambers, as well as measurement of the oxygen tension, satura- 
tion, and content in the cardiac chambers. It also is used to assess cardiac output 

i 
and vascular resistance. In contrast angiography, radiopaque material is injected 
and visualized using radiography in order to examine cardiovascular structures 
and blood flow. 

b. Indications. Cardiac catheterization, an invasive technique, may k warranted if 1 
elevated artery pressures [such as occur with brisket disease, certain valvular a b  
normalities, shunts, and congestive heart failure (CHF)] are suspected. 

4. Thoracic radiography 
a. Use. Lateral radiographs are useful for detecting large changes in heart size and 

shape. Pulmonary pathology secondary to heart disease can be imaged. 
b. Indications. Radiographic studies may be indicated if chamber or great vessel en- 

largement (especially dilatation) is suspected as a result of heart failure, valvular 
lesions, abnormal intracardiac and extracardiac communications (shunts), or 
some types of pulmonary disorders. 

a Pathogenesis Heart failure occurs when heart disease from any cause becomes severe 
enough to overwhelm the compensatory mechanisms of the cardiovascular system. Me- 
chanical inadequacy of the heart results in elevated venous and capillary pressures, lead- 
ing to congestion and edema formation in the tissues, inadequate cardiac output, or 
both. 

1. Left-sided heart failure most commonly manifests as pulmonary edema and signs of 
respiratow compromise (coughing and exertional dyspnea). 1 

.2. Rightsided heart failure manifests as ascites, tissue edema involving the brisket, sub 
mandibular, or ventral areas, liver congestion, prominent jugular distention, jugular 
pulsation, and weak arterial pulses. Over time, both right- and left-sided heart dis- 
ease lead to generalized heart failure. 

3. CHF. Signs of chronic heart failure referable to edema formation (i.e., pulmonary 
edema in left-sided heart failure, peripheral edema in right-sided heart failure) are 
called CHF. Because congestion and edema formation are the most common manifes- 
tations of chronic heart failure, the term CHF i s  often used synonymously with heart 
failure. 

4 Congenital cardiac diseases are abnormalities of cardiac structure or function that are 
present at birth. Proposed causes include maternal viral infections, use of pharmacologic 
agents, exposure to toxins, nutritional deficiencies in early pregnancy, and heredity. A 
variety of cardiovascular anomalies have been described in domestic animals. 

1. Ventricular septa1 defed (VSD) is the most common congenital heart defect in 
horses and cattle. . 
a. Patient profile and history. VSD is reported in horses, cattle, small ruminants, 

and swine. 
b. Clinical f inding 

(1) Animals with small defects may be clinically asymptomatic, except for the 
presence of a murmur. 
(a) The usual murmur associated with VSD is grade Ill-IV, band-shaped, and 
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pansystolic with the PMI in the right third intercostal space at the heart 
base. 

(b) A similar murmur (usually one grade softer), caused by relative pulmonic 
stenosis, is auscultable at the base of the heart on the left side with the 
PMI over the pulmonic valve area. 

(c) Aortic insufficiency (i.e., the prolapse of the aortic valve leaflet into the 
septal defect during diastole due to lack of aortic root support) may cause 
a holodiastolic decrescendo murmur in the left third intercostal space. 

(2) Animals with large defects exhibit stunted growth, lethargy, dyspnea, exer- 
cise intolerance, and signs of CHF. 

c. Etiology and pathogenesis 
(1) Etiology. Although the exact cause is unknown, possible causes include those 

listed in II A. 
(2) Pathogenesis. Failure of the interventricular septum (often the membranous 

portion of the septum) to completely form in utero leads to the shunting of 
blood from the left ventricle to the right ventricle and right ventricular out- 
flow tract after birth. This shunting increases the blood flow to the pulmonary 
circulation and increases the venous return to the left atrium and ventricle. 
Left atrial and ventricular dilatation occurs secondary to this volume over- 
load, and left-sided CHF may occur. 

d. Diagnostic plan and laboratory tests. Diagnosis may be determined by several 
laboratory tests. 
(1) Thoracic radiographs may reveal enlargement of the cardiac silhouette, Drom- 

inence of the main pulmonary arteries (PA), and increased pulmonary "kcu- 
lar markinas. I 

(2) ~chocard i&ra~h~.  VSDs greater than 2 cm in diameter are visible on echo- 
cardiography. Left ventricular volume overload is also evidenced by a dilated 
left ventricle. 

(3) Cardiac catheterization usually confirms increased oxygen saturation from 
the right atrium to PAS and increased pressures. 

e. Differential diagnoses 
(1) Tetralogy of Fallot and other complex cardiac anomalies that include a VSD I' , .: 

have similar auscultation findings. Cyanosis i s  often present at rest or follow- 
,' ; 1 

ing exertion with tetralogy. , ' 

(2) Eisenmenger's complex, which occurs when right ventricular pressure is high, I 

.. . causing the shunt accompanying a VSD to  be from right-to-left, and is usually I 
accompanied by cyanosis 

(3) Patent ductus arteriosus (PDA) may cause bilateral systolic murmurs, but a i 1 . .  , . 
continuous murmur is more common. > 8 

1 f. Therapeutic plan. There is no treatment for VSD. A palliative measure for correct- 
ing the intracardiac blood shunting associated with large VSDs is PA banding. I '  
This procedure has been used successfully in  a small number of calves. 

g. Prognosis 
(1) Small to moderate defects. Horses with defects that are smaller than 2.5 crn 

may have satisfactory athletic performance, whereas horses with moderately 
large defects may be used for pleasure only. 

(2) Large defects. Horses with very large defects usually become stunted, exer- 1 i 
, ,  , 

, , 

cise intolerant, and have a shortened life span. I 

' / 
2. Atrial septa1 defect (ASD) 1 

a. Patient profile and history ( 

(1) ASD has been reported in horses, cattle, small ruminants, and swine. I ,  

(2) The defect may occur in conjunction with other cardiac defects. 
b. Clinical finding. Complaints may include fatigue, dyspnea on exertion, frequent 

respiratory tract infections, and symptoms asrociated with right ventricular failure. 
(1) Small defects in the atrial septum may be clinically inapparent except for the 

presence of a cardiac murmur. 
(a) Under low pressure, blood flows f rom the left atrium to the right atrium 

through the ASD, and the murmur results from increased volume being i 
j 
, 8 



ejected across the pulmonic valve. The murmur is usually a holosystolic, 1 
crescendo-decrescendo ejection murmur that i s  heard best over the left 
heart base. 

(b) An increased blood flow also may produce a diastolic murmur over the . . 
tricuspid valve. 

(2) Large defects. If the ASD is large, right ventricular and left atrial dilation may 
occur. Pulmonary hypertension may result from irreparable changes in pulmo- I 
narv vasculature due to the increased blood volume. 1 

c. Etiology and pathogenesis 
(1) Etiology. The cause of ASD is unknown. Proposed etiologies include those 

suggested in II A. 
(2) Pathogenesis 

(a) ASD results from the persistence of direct communication between the 
left and right atria after birth. 

(i) Ostium secundum defect is the most common type of ASD defect. 
This defect occurs in the midportion of the intra-atrial septum follow- 
ing failure of the septum secundum to form properly. A patent fora- 
men ovale is seen most frequently. 

(ii) Sinus venosus type defect is associated with anomalous drainage of 
one or more pulmonary veins into the right atrium. 

(b) The hemodynamic significance depends on the size of the defect and 
whether it is accompanied by other cardiac abnormalities. Typically 
blood moves from the left atrium into the right atrium because resistance 
is lower in the right heart chambers relative to the left atrium and ventri- 
cle. Volume overload of the right side of the heart results, causing right 
atrial, right ventricular, and PA dilatation. 

d. Diagnostic plan and laboratory tests 
(1) Thoracic radiographs reveal increased pulmonary blood flow, producing in- 

creased pulmonary vascular markings. Right ventricular enlargement is partic- 
ularly apparent as reduced retrosternal lung fields in the lateral view. The PA 
may be enlarged. 

. (2) 2D echocardiography may show an enlarged right atrium, right ventricle, and 
left atrium. The ASD may be visualized if it is larger than 2 cm. Color-flow 
Doppler can demonstrate the shunt across the atrial septum. 

(3) Cardiac catheterization. Diagnosis can be confirmed by the passage of a cath- 
eter across the ASD. Oxygen saturation is higher in the right atrium relative to 
normal. 

e. Differential diagnoses 
(1) Functional murmurs disappear with exertion, whereas the holosystolic mur- 

mur of ASD does not. 
(2) Pulmonic stenosk Cyanosis and polycythemia may occur in conjunction 

with holosystolic murmur. 
(3) VSD often exhibits a bilateral systolic murmur. 
(4) PDA may cause a systolic murmur on both sides of the thorax, but this condi- 

tion more frequently causes a continuous murmur (see II A 31. 
f. Therapeutic plan and prognosis. There is no treatment for ASD. The prognosis is 

good if the animal i s  asymptomatic. In patients with pulmonary hypertension re- 
sulting in right ventricular failure, the prognosis is poor. 

and cyanosis. 
(2) Clinical signs depend on the length and diameter of the defect, the direction 

of the shunted blood, and the presence of other cardiac defects. 
(a) The murmur is usually continuous and high pitched. It is heard over both 

sides of the thorax but is loudest on the left side of the thorax over the 

3. PDA 
a. Patient profile. This disorder rarely occurs as a single defect in large animals, but 

it can occur in all large animal species. . 

b. Clinical findings - 

(1) Complaints may include stunted growth, exercise intolerance, signs of CHF, 
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aortic and pulmonic valve areas. Often there is  a palpable continuous 
thrill over the third or fourth intercostal space on the left side. The mur- 
mur i s  referred to as a machinery murmur because it alternates intensity. 

(b) Large defects. If the defect i s  very large, no murmur may be audible. 
c. Etiology and pathogenesis 

(1) Etiology. The reason for this defect is unknown. There is no evidence to sug- 
gest that PDA is  hereditary in cattle or horses. 

(2) Pathogenesis 
(a) Normally, the ductus arteriosus closes in response to decreased pulmo- 

nary vascular resistance and increased systemic vascular resistance, 
which occurs at birth when breathing begins. 
(i) Normal foals may have a PDA for a few days after birth, but closure 

should occur by 96 hours. 
(ii) Normal ruminants rarely have a PDA after birth. 

(b) PDA results from persistent patency of the fetal vessel that connects the 
pulmonary arterial system to the aorta (bypassing the lungs). 

(i) With normal pulmonary vascular resistance, blood from the aorta is 
continuously shunted into the main PA (left-to-right shunt), resulting 
in excessive pulmonary blood flow and volume overload of the left 
atrium and left ventricle. 

(ii) If  pulmonary vascular resistance increases due to pulmonary vascu- 
lar disease or pulmonary hypertension, blood may be shunted from 
the PA into the aorta (right-to-left shunt). This reversed PDA results 
in poorly oxygenated blood entering the systemic circulation, and dif- 
ferential cyanosis may result. With differential cyanosis, the cranial 
parts of the animal are well oxygenated, whereas the caudal parts 
are not. 

d. Diagnostic plan and laboratory tests 
(1) Thoracic radiographs may reveal an enlarged cardiac silhouette and promi- 

nent pulmonary markings. With left-sided heart failure, pulmonary venous 
congestion, interstitial pulmonary edema, and alveolar edema may be seen. 

(2) Cardiac catheterization. A catheter usually can be passed from the PA into 
the descending aorta, confirming the presence of a PDA. The right ventricular 
and PA pressures and the PA oxygen saturation are elevated. 

e. Differential diagnoses 
(1) Complex cardiac defect with PDA as a component 
(2) VSD. If the defect is very large, aortic insufficiency will result, causing a dia- 

stolic murmur in addition to the holosystolic murmur heard with a VSD. 
(3) Vegetative endocarditis involving the AV or SL valves should not produce a 

continuous murmur. 
f. Therapeutic plan 

(1) Surgical repair is possible, but it is rarely economically feasible in large ani- 
mal species. 

(2) Pharmacologic closure of PDA with inhibitors of prostaglandin synthesis has 
been reported to be effective in people, but there is a risk of complications 
and recurrence. There are no reports of the efficacy of these drugs in large an- 
imals. 

g. Prognosis. Animals with large defects have a poor prognosis because of the risk 
of CHF. It is not known whether small defects impair survival because they are 
often clinically undetectable and undiagnosed. 

4. Tetralogy of Fallot 
a. Patient profile and history. This disorder is  reported in all large animal species 

but may be more common in calves than infaals. 
b. Clinical findings 

(1) Clinical signs often develop very early i n  life. 
(a) Severe hypoxemia and cyanosis of the oral and nasal mucosae, tongue 

rnucosa, and vaginal rnucosa are present when hemoglobin i s  reduced by 
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(6) Aortic anomalies. A diastolic murmur is heard best over the fourth intercostal 

space on the left side. 
f. Therapeutic plan and prognosis. There is  no treatment for this condition, and the 

prognosis for long-term survival is poor. 

more than 5 gldl. Tetralogy of Fallot i s  one of the more common congeni- 

a Acquired valvular diseases 

1. Introduction. Disorders of any of the four cardiac valves commonly result in valve in- 
sufficiency. 
a. Etiology and pathogenesis. Acquired valvular disorders result from degenerative 

changes, infection (bacterial or viral), inflammation, trauma, or unknown causes. 
With infectious or inflammatory conditions, vegetative lesions form on the car- 
diac valves, resulting in vegetative valvular endocarditis. 

b. Clinical findings. Acquired valvular diseases are usually manifested by a cardiac 
murmur associated with valve incompetence. The murmur is heard over the af- 
fected valve and radiates in the direction of the regurgitant blood flow. 

tal cardiac defects in large animals that causes cyanosis. 
(b) Exercise intolerance is characterized by dyspnea, worsening cyanosis, 

and collapse. 
I 

(c) Syncope, CHF, and sudden death also may occur. 
(2) Murmurs 

(a) A loud systolic murmur (grade IV-V) may be transmitted widely over 
both thoracic walls. 

(b) A systolic ejection murmur may be audible at the heart base over the aor- 
tic and pulmonic valve areas, whereas a harsh, more band-shaped holo- 
systolic murmur may be heard toward the apex of the heart. There may 
be a systolic thrill. 

(c) With right ventricular hypertrophy and rising right ventricular pressure, 
the function of the tricuspid valve may be impaired and regurgitation 
may result. A systolic heart murmur that is loudest on the right side over 
the tricuspid valve may be heard. 

c. Etiology and pathogenesis 
(1) Etiology. The cause of this complex heart defect is  unknown. There is no evi- 

dence that this disorder is inherited. Proposed etiologies are listed in II A. 
(2) Pathogenesis 

(a) The abnormal development of the conal septum in the embryonic heart 
leads to the narrowing of the right ventricular infundibulum (i.e., pulmo- 
nary stenosis), an inability of the conal septum to participate in the clo- 
sure of the interventricular foramen (VSD), and an overriding aorta. Right 
ventricular hypertrophy develops as a result of the pulmonary outflow 
obstruction. ASD may be present as well (pentalogy of Fallot). 

(b) The degree of blood shunting is controlled by resistance across the ste- 
notic right ventricular outflow tract as compared with resistance across 
the aortic valve. Blood moves from the right ventricle, through the VSD, 
into the aorta. 

. d. Diagnostic plan and laboratory tests. Diagnosis is determined by the imaging and 
catheterization studies. 
(1) Thoracic radiographs may reveal right ventricular enlargement and decreased 

pulmonary vasculature. The ascending aorta may be prominent, causing a . ' 

loss of the cranial waist of the heart 
(2) Echocardiography may allow the visualization of the four components of the 

tetralogy. Color-flow Doppler can be used to characterize the abnormalities 
in blood flow and the severity of right ventricular outflow obstruction. 

(3) Cardiac catheterization reveals equal pressure in the right and left ventricles. 
There is a pressure gradient between the right ventricle and the PA. Oxygen , 

saturation is decreased in the left ventricle and aorta. 
(4) Hematology. Packed cell volume and red blood cell (RBC) counts may be ele- 

vated over time due to chronic hypoxemia and blood sludging. In general, 
polycythemia is uncommon in foals with cyanotic cardiac disease and is USU- 

ally present in less than 45% of calves. 
e. Differential diagnoses 

(1) Respiratory distress syndrome of neonates. Tachypnea, dyspnea, cyanosis, 
and abnormal lung sounds are present, but there is no heart murmur. 

(2) Central nervous system (CNS) dysfunction, such as neonatal maladjustment 
syndrome (NMS) and meningitis. Other neurologic signs are present, and 
there is no heart murmur. 

(3) Heart failure with or without pulmonary edema or respiratory disease. With 
this disorder, there is improvement in cyanosis after supplementation with in- 
tranasal oxygen. 

(4) Reversed PDA (right-to-left shunt) or VSD. These defects may cause differen- 
" 

tial cyanosis. 
(5) Tricuspid or right ventricular atresia. The murmur of tricuspid insufficiency is  

holosystolic and is heard best along the right cardiac apex. 

2. Left AV valve insufficiency (mitral regurgitation) 
a. Patient profile. This condition is reported in all large animal species and occurs 

more commonly in horses than cows. 
b. Clinical findings 

(1 )  Complaints include intermittent fever, dyspnea, tachycardia, poor return to 
resting respiratory rate after exercise, coughing, and signs of CHF. 

(2) Clinical signs associated with CHF may be present, including dyspnea due to 
pulmonary congestion and tissue edema. 

(3) The murmur is usually grade Ill or higher. The murmur is holosystolic and is 
heard best over the mitral valve area (i.e., left side, fifth intercostal space in 
horses, fourth intercostal space in ruminants). The sound radiates dorsad and 
somewhat caudad, dorsal to the mitral valve area. 

c. Etiology and pathogenesis 
(1) Etiology. Insufficiency of the mitral valve is caused by a deformation of the 

mitral valve cusps, dilation of the ventricles or valve ring, rupture of the 
chordae tendineae, or papillary muscle dysfunction. Possible causes for these 
defects are listed in II B 1 a. . 

(2) Pathogenesis 
(a) When the mitral valve is unable to close completely, blood flows back 

into the left atrium during systole, causing volume overload and hypertro- 
phy of the left atrium, endocardial damage to the atrial wall (jet lesions), 
and occasionally a full thickness tear in the left atrium. 

(b) The mitral valve leak also initially leads to a decreased amount of blood 
pushed forward into the aorta. 

(c) Eventually, left-sided heart failure ensues. 
d. Diagnostic plan and laboratory tests 

(1) Thoracic radiographs may show cardiac enlargement, pulmonary venous dis- 
tention, pulmonary edema, or pulmonary vascular congestion. 

(2) Echocardiography may reveal a vegetative lesion on the mitral valve or pro- 
lapse of the mitral valve into the left atrium during systole. A normal to in- 
creased shortening fraction may be noted in conjunction with the murmur. 
Left-sided heart enlargement may be apparent. Color-flow Doppler may re- 
veal the regurgitant blood during systole. 

(3) Cardiac catheterization. A pulmonary capillary wedge tracing usually shows 
a large v pressure curve. If radiopaque dye is placed in the left ventricle, it 
will move into the left atrium during systole. 

(4) Tests to screen for bacterial endocarditis <BE) [see II B 6 dl should also be 
performed. 

e. Differential diagnoses 
(1) Primary respiratory disease. N o  healt murmur is present with this condition. 
(2) Neurologic disorders, such as meningitis, encephalitis, and encephalopathy. 

Other neurologic signs may be present in the absence of a heart murmur. 
(3) Dilated cardiornyopathy. Echocardiography can be used to distinguish 

., 

. 
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dilated cardiomyopathy from left AV valve insufficiency. With dilated cardio- 
myopathy, echocardiography reveals right and left ventricular chamber en- 
largement with ? decreased ventricular shortening fraction. Thoracic radio- 
graphs may also reveal generalized cardiomegaly. 

f. Therapeutic plan. For patients with vegetative lesions, treatment consists of the 
long-term administration of antimicrobials (see II B 6 0. The use of diuretics and 
anticoagulants may provide some symptomatic relief. 

g. Prognosis depends on the severity of the mitral valve defect and the age of the pa- 
tient. If the patient develops CHF, the prognosis i s  poor. 

3. Right AV valve insufficiency (tricuspid regurgitation) 
a. Patient profile. This condition occurs in all large animal species, but it is more 

common in cattle than horses. 
(1) In one report, tricuspid regurgitation murmurs occurred in 16.4% of National 

Hunt racing Thoroughbreds and 3.7% of nonracing Thoroughbreds. 
(2) In cattle, the tricuspid valve is the most common site for vegetative valvular 

endocarditis lesions. 
b. Clinical findings 

(1) Complaints may include exercise intolerance, weight loss, intermittent fever, 
and weakness. 

(2) Physical examination findings can include a positive jugular venous pulse 
wave durine. ventricular systole, syncope, ascites, venous distention, and pul- 1 
monary hypertension in addition to the characteristic heart murmur. 
(a) Right-sided holosystolic murmurs compatible with tricuspid regurgitation 

are the most common murmur reported in athletic horses, although post- 
mortem lesions involving the tricuspid valve are not always present in 
those horses. 

(b) The holosystolic murmur associated with tricuspid regurgitation is heard 
best over the tricus~id valve area (right cardiac apex). A precordial thrill 
may be palpable. 

c. Etiology and pathogenesis 
(1) Etiology [see II B 2 c (I)]. Tricuspid regurgitation in horses occurs frequently 

in combination with mitral regurgitation and is caused by left-sided heart fail- 
ure and pulmonary hypertension. 

(2) Pathogenesis. With the inability of the tricuspid valve to close during systole, 
blood flows back into the right atrium. Chamber dilation and jet lesions (i.e., 
damage to the endocardium by a stream of regurgitant blood moving with a 
high velocity through an incompetent valve) on the atrial wall may result, 
and right-sided heart failure occurs over time. 

d. Diagnostic plan and laboratory tests 
(1) Thoracic radiographs reveal right-sided heart enlargement. 
(2) Echocardiography may reveal a vegetative lesion on the tricuspid valve, valve 

thickening or shortening, or prolapse of the valve leaflets into the right atrium 
during systole. A normal to increased shortening fraction may be noted in 
conjunction with the murmur. Right ventricular volume overload and right 
atrial enlargement may be apparent. ColorAow Doppler may show the regur- 
gitant blood during systole. 

(3) Cardiac catheterization. Radiopaque dye placed in the right ventricle will be 
seen in the right atrium before it appears in the pulmonary vasculature. 

(4) Diaanostic tests to screen for BE (I1 B 6 d) should also be performed. 
e. ~ f i e r e k a l  diagnoses 

(1) VSD. VSD can be distinguished from tricuspid regurgitation using echocardi- 
ography. 

(2) Mitral stenosis and tricuspid regurgitation may occur concurrently. 
(3) Dilated cardiornyopathy can be distinguished from tricuspid regurgitation 

using echocardiography. 
(4) Primary respiratory disease may cause similar clinical findings, including ex- 

ercise intolerance and coughing, but no heart murmur is present. 
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f. Therapeutic plan and prognosis are the same as for left AV valve insufficiency 
(see I I  B 2 f-g). 

4. Aortic valve insufficiency 
a. Patient profile and history. This disorder can occur in all large animal species, 

but it is particularly common in older horses. 
b. Clinical findings 

(1) Complaints. Usually aortic regurgitation i s  well tolerated and is not associ- 
ated with exercise intolerance. However, performance may be impaired. 

(2) Physical examination findings 
(a) Murmur 

(i) Location. The murmur associated with aortic regurgitation is holodi- 
astolic with the PMI over the aortic valve (fourth intercostal space on 
the left side in horses, third intercostal space in ruminants) and radiat- 
ing toward the left cardiac apex 

(ii) Characteristics. The murmur usually begins at the time of S2 and is 
generally decrescendo in shape. Sometimes the murmur waxes and 
wanes in intensity, exhibiting one or more peaks during diastole. It 
may have a honking quality. Occasionally, atrial contraction may in- 
terrupt the aortic diastolic murmur or increase the intensity of the 
murmur. 

(b) In severe cases, bounding arterial pulses may be present, indicating dia- 
stolic runoff and left ventricular volume overload. 

(c) Signs of CHF may develop rapidly (e.g., jugular venous distention, subcu- 
taneous edema, ascites, respiratov distress). 

(dl Atrial dysrhythmias, most frequently atrial fibrillation (AF), often develop 
secondary to atrial enlargement. 

c. Etiology and pathogenesis 
(1) Etiology. Possible causes are enumerated in I I  B 1 a. 
(2) Pathogenesis. With aortic insufficiency, blood flows from the aorta to the left 

ventricle through the incompetent valve during diastole. The murmur is asso- 
ciated with leakage of blood back into the left ventricle. 
(a) Initially, the left ventricle cannot accommodate the large blood volume, 

resulting in elevated pressure in the left atrium and pulmonary circula- 
tion. 

(b) Over time, the left ventricle undergoes compensatory changes to accom- 
modate the increased blood flow by dilatation and hypertrophy. With 
chronicity, there is progressive fibrosis of the left ventricle, which conse- 
quently leads to myocardial dysfunction. 

(c) The severity of aortic regurgitation depends on the size of the regurgitant 
aortic orifice, the pressure gradient across the aortic valve during diastole, 
and the duration of diastole. Common changes associated with the aortic 
valve include fibrotic bands, especially along the free edge of the aortic 
valve cusps at the site o f  valve closure, and vegetative lesions on the 
valve itself. 

d. Diagnostic plan and laboratory tests 
(1 )  Thoracic radiographs reveal left-sided heart enlargement. 
(2) Echocardiography may reveal a vegetative lesion on the aortic valve, nodules 

or fibrotic plaques on the valve resulting in valve thickening or shortening, or 
the prolapse of the valve leaflets into the left atrium during diastole. Left ven- 
tricular volume overload and left atrial enlargement may be apparent. Color- 
flow Doppler may show the regurgitant blood during diastole. Impaired left 
ventricular function i s  noted. 

(3) Diagnostic tests to screen for BE should also be performed (see II B 6 d). 
e. Differential diagnoses 

(1) Pulmonic regurgitation can be distinguished from aortic valve insufficiency 
using echocardiography. 

(2) Mitral or tricuspid valve stenosis. In these disorders, the murmur is heard 
best during mid- to late diastole and i s  often loudest at the end of diastole. 
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The murmur associated with aortic regurgitation is heard in early diastole and 
is decrescendo in shape. 

(3) Hyperdynamic states (e.g., those induced by fever, anemia, and exercise) can 
cause a diastolic'murmur as increased blood flow moves across the normal i 
AV valves. 

f. Therapeutic plan. No treatment i s  necessary if affected animals are asymptomatic. 
If there are svmptoms, therapy is the same as for AV valve insufficiency (see II B , . . 
2 f). 

g. Prognosis is good if the animal is asymptomatic. If the disorder is caused by BE 
or if signs of CHF develop, the prognosis IS poor. i 

5. Pulmonary valve insufficiency is the least common valvular disease in young athletic 
racehorses and horses that are presented for slaughter. 
a. Patient profile. Although uncommon, this disorder can occur in all large animals. 
b. Clinical finding. This condition may develop in horses with pulmonary hyperten- 

sion and CHF but is rarely detected clinically. 
(1) Complaints may include severe exercise intolerance, intermittent fever, 

weight loss, anorexia, or signs of CHF. 
(2) The characteristic murmur associated with pulmonic regurgitation is a holo- 

systolic murmur that is heard best over the left heart base in the third intercos- 
tal space in horses and the second intercostal space in cattle (i.e., the pul- 
monic valve region). The murmur may radiate along the pulmonic outflow , 

tract. 1 
c. Etiology and pathogenesis 

(1) Etiology. In large animals, BE and trauma may cause the primary lesions of 
the pulmonic valve that result in regurgitation. In cattle, high altitudes may 
ajsd cause pulmonary valve insufficiency. 

(2) Pathogenesis. The insufficiency of the pulmonic valve allows the regurgita- 
tion of blood into the right ventricle during diastole. Severe pulmonary hyper- 
tension may lead to pulmonic regurgitation. 

d. Diagnostic plan and laboratory tests 
(1) Thoracic radiographs may reveal right-sided heart enlargement, particularly 

right ventricular. If pulmonary hypertension is present, increased pulmonary 
vascular markings or pulmonary edema may be evident. 

(2) Echocardiography may show a vegetative lesion on the pulmonic valve or val- 
vular dysfunction. Color-flow Doppler may reveal the regurgitant jet of blood 
during right ventricular systole. Enlargement of the right ventricle may be a p  
parent because of volume overload. 

(3) Diagnostic tests to screen for BE should also be performed (see II B 6 d). 
e. Differential diagnoses include aortic regurgitation and the differentials for aortic 

regurgitation. 
f. Therapeutic plan and prognosis 

(1) Treatment depends on the etiology, onset, duration, and severity of the le- 
sion. Treatment for BE (see II B 6 f) may be appropriate. 

(2) Prognosis. Generally, the prognosis is guarded to poor when there is clinical 
evidence of valvular incompetence (e.g., tachycardia, exercise intolerance, 
signs of CHF, evidence of cardiac chamber enlargement). 

6. Bacterial endocarditis (BE) 
a. Patient profile. Horses, swine, and cattle can be afflicted with BE. 

(1) Horses. In horses, BE is uncommon and males may be overrepresented. 
(2) Swine. BE occurs more commonly in swine than in other large animal spe- 

cies. Swine younger than 1 year are most often affected. 
(3) Cattle. BE is often undiagnosed or misdiagnosed in cattle; adult cattle are 

most often affected. Many affected cattle have a history of being treated for 
pneumonia, reticuloperitonitis, or other infectious diseases. 

b. Clinical findings 
(1) Equine and porcine BE. Although swine may have clinical signs similar to 

those seen in horses, BE i s  more often a postmortem finding rather than a clin- 
ical condition in swine. 

Cardrovarcular D~seases 1 183 

(a) Complaints are extremely variable but may include cyclic or intermittent 
fevers, weight loss, lameness, weakness, or anorexia. 

(b) Physical examination findings 
(i) A heart murmur, associated with a vegetative lesion on one or more 

heart valves, is often present. In horses, the aortic valve is most com- 
monly involved, followed by the mitral valve. Likewise, in swine, the 
left AV and SL heart valves are most frequently affected. 

(ii) Signs associated with CHF often develop. With left-sided heart fail- 
ure (a sequela of aortic valve dysfunction), signs include persistent 
cough, pulmonary edema, syncope, and exercise intolerance. 

(iii) Signs of other common sequelae (e.g., thromboembolism, nonseptic 
arthritis, embolic showen) may also be seen. Embolic showers can 
lead to infarction or metastatic infection at distant organ sites (e.g., 
the myocardium, lungs, kidney, brain, retina, vertebral vasculature, 
or synovial membranes). 

(2) Bovine BE 
(a) Complaints may include shifting limb lameness, anorexia, weight loss, 

cough, diarrhea, and decreased milk production. 
(b) Physical examination findings 

(i) A heart munnur is often detectable. Vegetative lesions most often in- 
volve the tricuspid valve. 

(ii) Signs of right-sided heart failure (e.g., tachycardia, jugular and marn- 
mary vein distention, jugular pulsation, ventral and submandibular 
edema) are also associated with tricuspid valve insufficiency. 

(iii) Other signs include fever (constant or intermittent), tachypnea, dys- 
pnea, pale mucous membranes, and scleral injection. 

c. Etiology and pathogenesis 
(1) Etiology. Theoretically, any bacteria that gains access to the blood can colo- 

nize the heart valves and endocardium, resulting in RE. 
(a) In horses, Streptococcus equi subspecies zooepidemicus and Actinohcil- 

lus equi are the most common causes. 
(b) In swine, Streptococnrs species and Frysipplothrix rhusiopathiae are the 

most common causes. 
(c) In cattle, common causative agents include Actinomyces pyogenes and 

Streptococcus species. 
(2) Pathogenesis 

(a) Acute BE. The only predisposing factor necessary for the development of 
acute BE is infection with an organism that has the ability to bind to the 
heart valve endothelium d i re ly .  The most common organism capable of 
causing acute BE in all domestic animals is Staphylococcus aureus. 

(b) Chronic (subacute) BE. The presence of four factors is necessary for the 
development of chronic BE: endocardial damage, the formation of a plate- 
let-fibrin thrombus on the darnaged endothelium, bacteremia, and a high 
agglutinating antibody titer toward the infecting organism. 

d. Diagnostic plan and laboratory tests 
(1) Blood culture. Bacteriologic culturing of blood samples should be obtained 

during febrile episodes before antibiotic administration. Some veterinarians 
recommend that three blood samples be collected from different sites during 
a 2-hour period at least 24 hours after the last dose of antibiotics (if adminis- 
tered empirically) or before antibiotic therapy has been initiated. 

(2) Echocardiography (M-mode and 2D) may show evidence of a vegetative le- 
sion on the heart valves. The lesbn must be at least 2-3 mm in diameter in  
order to be seen. This test may be less sensitive but more specific than a 
blood culture. 

e. Differential diagnoses 
(1) In animals with signs of left-sided heart failure, differential diagnoses include 

respiratory disease and other diseases causing pulmonary edema (e.g., dis- 
eases associated with hypoproteinemia). 
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(2) In cattle with signs of right-sided heart failure, the following conditions must 
be ruled out: 
(a) Septic pericarditis, often a sequela of traumatic reticuloperitonitis 
(b) Cot pulmonale, an effect of lung dysfunction on the heart 
(c) Cardiac lymphosarcoma, an uncommon sequela of bovine leukemia 

virus (BLV) infection 
f. Therapeutic plan. Treatment decisions must take into account the economic 

value of the animal, the cost of treatment, the owner's emotional attachment to 
the animal, and the prognosis. 
(1) Antibiotic therapy must be aggressive and lasts for weeks to months. Bacteri- 

cidal antibiotics are chosen on the basis of sensitivity patterns and the ability 
of the drug to penetrate tissue. After completion of therapy, follow-up blood 
cultures should be performed at least once during the next 60 days. If the cul- 
tures are positive, antibiotics must be administered again. 

(2) Treatment of specific organ dysfunction may be required. The use of antico- 
agulants to prevent emboli has not been thoroughly investigated in horses. 

g. Prognosis 
(1) Horses. Survival rates in horses with BE have not been reported, but the prog- 

nosis appears to be grave. 
(2) Swine. Mortality surveys of sows indicated BE to be the cause of death in 

6.4%-8.6% of cases. 
(3) Cattle. Prognosis i s  poor to grave. 

juplar thrombophlebitis (jT). Thrombosis is the formation of a clot that obstructs blood 
flow. 

1. Patient profile. JT can occur in any large animal species. Most affected animals have 
a history of recent jugular venipuncture or catheter placement. IT occurs most com- 
monly in horses treated for acute toxic enteritis or colitis. 

2. Clinical findings include a noticeable enlargement or mass associated with the jugu- 
lar vein. The mass may be warm, red, or painful. Sometimes the jugular has a rope 
or cord-like appearance. Edema and venous congestion of the area drained by the af. 
fected vein may also occur, leading to swelling of the head. Pyrexia, inappetence, 
and depression may be present. 

3. Etiology and pathogenesis 
a. Etiology. The specific causes of JT are unknown. Possible causes of JT include 

trauma (intimal damage), venous stasis, and catheterization. 
(1) Iatrogenic factors may predispose an animal to JT by causing intimal damage 

subsequent to placement of a jugular catheter. These factors include the 
length of time the indwelling catheter has been in place; the site and tech- 
nique of venipuncture; the composition, contamination, and pH of infusates; 
the thrombogenicity of catheter material, and the diameter and length of the 
catheter. 

(2) Hypercoagulable states may lead to JT without intimal damage. These states 
include dehydration, endotoxemia, anemia, hypotension, stress, or venous 
stasis. 

b. Pathogenesis. Irritation of the intimal lining of the jugular vein, stasis of blood, 
andlor the existence of a hypercoagulable state trigger the clotting cascade and 
lead to the development of thrombosis. Blood flow is  occluded because of the r e  
stricted lumen size. Secondary thrombosis can result from perivascular inflamma- 
tion caused by cellulitis, lymphangitis, or other sources of bacterial invasion 
aroundthe blood vessels. In severe cases, septicemia leading to endocarditis or 
pneumonia may occur. 

4. Diagnostic plan and laboratory tests 
a. Ultrasound may reveal cavitating lesions involving the jugular vein. An echo- 

dense thrombus with an anechoic area in the center and restricted blood flow 
may be seen. 

b. Cultures. A needle aspirate of blood and fibrin can be obtained for culture. An ul- 
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trasound can be used to identify fluid pockets and guide the placement of the 
needle into them to obtain an aspirate. The aspirate should be submitted for bac- 
teriologic cultures. The tip of the catheter also can be used for obtaining bacterio- 
logic cultures. 

5. Therapeutic plan 
a. Definitive treatment consists of removal of the catheter if present. Subsequently, 

the affected vein should not be used for any purpose. Surgical removal or drain- 
age of the affected vein should be considered in animals that are unresoonsive to - .. 
medical treatment or those with complications (e.g., bacteremia, toxemia). 

b. Supportive care 
(1) Local treatment consists of a hot pack, hydrotherapy, and, in horses, the topi- 

cal application of dimethylsulfoxide (DMSO) or other antiphlogistic salves to 
reduce local inflammation and increase the blood supply. 

(2) Broad-spectrum systemic antibiotics are indicated, particularly if cultures are 
positive. Antibiotic selection should be made on the basis of the bacteriologic 
culture and a susceptibility study. 

6. Prognosis depends on the severity and duration of the problem. Recannulation of the 
vein can occur over time. 

7. Prevention includes: 
a. Using catheters made out of material with low thrombogenicity (e.g., polpinyl 

chloride) 
b. Placing the jugular catheter high enough in the neck so that the tip is not near the 

entrance of the anterior vena cava 
c. Minimizing trauma to the vein during catheter placement 
d. Maintaining strict asepsis during placement 
e. Using sterile, particulate-free solutions 

~ ~. 

f. ~ecuiing the'catheter by suturing it to the skin and covering the site with a sterile 
antiseptic dressing 

g. ~ e r n o h g  or changing the catheter every 48-72 hours - A Aortoiliac thrombosis 

1. Patient profile and history 
a. Patient profile. Although t h i s  condition can occur in any large animal species, it 

is uncommon in all large animal species. In horses, there may be a predisposition 
for males and certain family lines. 

b. History 
(1) In horses, a history of  systemic infections (e.g., Streptococcus equi, influenza 

virus), parasites (e.g., Strongylus vulgaris), larval migration, back trauma, or 
racing-associated blood flow turbulence may predispose the animal to aortoi- 
liac thrombosis. 

(2) In cattle, a history of severe necrotizing colitis and valvular endocarditis may 
predispose the animal to this disorder. 

2. Clinical findings 
a. Neuromuscular signs include rear limb weakness, paralysis, and exercise-induced 

weakness or lameness. Trembling and muscle fasciculations and the reluctance to 
bear weight on the affected limb may be seen. The affected limb is often cooler 
and drier than the other limbs. Over time, muscle atrophy over the hind quarters 
occurs. 

b. Vascular signs. Rectal palpation o f  the abdominal aorta and its branches (the cra- 
nial mesenteric, internal, external, and circumflex iliac arteries) may reveal varia- 
tions in the amplitude of the pulse and asymmetry. The amplitude of the pulse in 
the great metatarsal and digital arteries is  reduced, and saphenous vein refill time 
is prolonged, particularly after exercise. 

c. Pain or anxiety (manifested as elevated heart and respiratow rates and orofuse 
sweating) may be associated with an acute ischemic event. ~ccasional i~ ,  hot& 
show signs of colic. 



3. Etiology and pathogenesis 
a. Etiology. Trauma and infection may be possible causes. Mechanical factors and 

blood turbulence can lead to intimal tearing. 
b. Pathogenesis. The mbst commonly proposed pathogenesis is the detachment of 

an intracardiac thrombus, which then lodges at the aortic-iliac bifurcation. The 
condition may be induced by moderate to strenuous exercise. 

4. Diagnostic plan and laboratory tests. The thrombus may be visible using 2D ultraso- 
nography if the probe is placed over the terminal aorta per the rectum. 

5. Therapeutic plan 
a. Treatment consists of alternateday aspirin therapy orally and controlled and con- 

tinued exercise (if nonpainful) to maintain or promote the development of collat- 
eral circulation. The development of collaterals requires a significant amount of 
time. 

b. Surgery to remove the thrombus is impractical and dangerous. 
c. Chemotherapeutic agents, such as streptokinase and tissue plasminogen activator, 

have not been used in large animals. 

6. Prognosis. The prognosis i s  guarded in horses for the return to athletic use. Death 
may occur in rare cases. 

4 Introduction 

1. Definition. Cardiac arrhythmias or dysrhythmias are abnormalities in the rate, regular- 
ity, or site of origin of the cardiac impulse or a disturbance in the conduction of the 
impulse. 

. 2. Pacemaker and conductive system. The specialized pacemaker and conductive sys- 
tem of the heart consists of five components. Any disruption in impulse formation, 
impulse conduction, or both results in arrhythmias. The components include: 
a. The sinoatrial node, where the cardiac impulse is  initiated 
b. The AV node, where the impulse from the atrium is delayed before passing into 

the ventricle 
c. The bundle of His, which conducts the impulse from the AV node into the bun- 

dle branches 
d. The right and left bundle branches, which conduct the impulse into the ventri- 

cles 
e. The Purkinje network, which distributes the impulse to all parts of the ventricle 

3. Classification of arrhythmias 
a. Arrhythmias can be classified in several different ways. Most arrhythmias fit into 

one of three categories: 
(1) Autonomic source 
(2) Cardiac source 
(3) Extracardiac source 

b. Regardless of the specific pathologic cause, arrhythmias result from critical altera- 
tions in the electrical activity of the myocardial cell. 
(1) Physiologic arrhythmias. In horses, most arrhythmias are physiologic and are 

abolished with exercise and excitement. Examples of physiologic arrhythmias 
include first- and seconddegree AV blocks and sinus bradycardia. 

(2) Pathologic arrhythmias cause poor performance and exercise intolerance. Ex- 
amples of these arrhythmias include supraventricular arrhythmias (such as su- 
praventricular premature complexes and tachycardia, AF, and advanced sec- 
ond- and third-degree AV blocks). 

(3) Ventricular arrhythmias are frequently pathologic and include ventricular 
tachycardia and ventricular premature depolarizations. 

I 
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FIGURE 8-1. Enlarged sketch of a normal base-apex electrocard~ogram (ECG) from a horse. The P wave, 
QRS complex, T wave, P-R Interval, and R-R Interval are lnd~cated Notice the notched ("M"-shaped) P 
wave and the absence of a Q wave. Paper speed = 25 rnmlsec. Box wldth = 1 rnrn. 

4. Incidence. It has been estimated that cardiac arrhythmias without any other signs of 
heart disease may occur in greater than 25% of horses. When accompanied by other 
cardiac problems, an arrhythmia may occur in as many as 40% of horses. 

5. Diagnosis. Evaluation of the ECC involves identifying electrical events that cause 
characteristic ECC patterns, identifying abnormal patterns, and measuring the rate of 
occurrence of each pattern. The normal morphology of the patterns varies, depend- 
ing on the animal and the placement of the ECG leads. 
a. Waves and complexes. The most basic patterns seen on the ECC tracings are the 

P wave, the QRS complex, and the T wave (Figure 8-1). Normally, a single P 
wave is followed within 200-550 rnill~seconds by a single QKS complex, which 
is followed within 300-600 milliseconds by a single T wave. These complexes 
occur closer together in animals with tachycardia and in neonates with high heart 
rates. 
(1) The P wave is associated with atrial contraction and is usually a single, short 

deflection of the ECC. The deflection is usually positive (above the baseline) 
when using the base-apex lead. Because of the size of the atria in large ani- 
mals, especially in horses, the P wave may have an "M" shape because the 
two atria may contract at slightly different times. 

(2) The QRS complex represents the various waves of depolarization across the 
ventricles. 
(a) The Q refers to a negative defledion of the ECC before the first positive 

deflection and is often absent in large animals. 
(b) The R refers to the first positive deflection (subsequent positive deflec- 

tions are referred to as R', R", and so on). 
(c) The S (or S, S", and so on] r e f e r s  to negative deflections after a positive 

deflection. Hence, a QRS complex rnay have one Q defledion and multi- 
ple R and S deflections. 

(3) The T wave represents ventricular repolarization. It may be positive or nega- 
tive and may vary in appearance between successive heart beats. 

b. Intervals commonly measured are the interval between the beginning of a P 
wave and the subsequent QRS complex (P-R interval) and the interval between R 
deflections of successive QRS complexes (R-R interval). 

c. Interpretation. On a normal ECG, the P wave and QRS complex recur at regular 
intervals, and have the same appearanceeach time. Unless two different wave or 
complex shapes are present on the sane lead tracing, it is often difficult to deter- 
mine that a P wave or QRS complex isabnormal, even if it has an unusual a p  
pearance. 
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and a slower junctional or ventricular escape rhythm is present. The junc- 
tional escape rhythm appears as a normal QRS-T complex with a slower rate 
(20-30 beatshin). A ventricular escape rhythm appears as a QRS-T complex 
of abnormal morphologic character with a rate of only 10-20 beatsimin, 
which may be uniform or multiform. The P-P interval i s  regular (Figure 8-3). 

e. Therapeutic plan 
(1) Cardiac pacemaker. The definitive treatment of third-degree AV block i s  the 

implantation of a cardiac pacemaker, which has been done successfully in a 
horse. 

(2) Stall rest and treatment with corticosteroids may be beneficial if active in- 
flammation is thought to be present. The administration of dexamethasone to 
horses with third-degree AV block may result in temporary improvement in 
third-degree heart block. 

3. Sinus arrhythmia, sinoatrial block, and sinus arrest 
a. Patient profile. Sinus arrhythmia is not commonly seen in adult cattle, but it i s  a 

frequent occurrence in horses, sheep, and goats. This condition also commonly 
occurs in young large animals. Sinoatrial block is much less common in horses 
than incomplete AV block. 

b. Clinical findings 
(1) Sinus arrhythmia is characterized by a slow to normal heart rate. There is a 

cyclic variation in the heart rate that may or may not be associated with the 
respiratory rate. The heart rate is usually faster during inspiration and slower 
during expiration. The arrhythmia usually disappears with exercise. 

(2) Sinoatrial block and sinus arrest sound similar to sinus arrhythmia on auscul- 
tation. 

(3) Fainting may occur in patients with persistent sinus arrest unless an ectopic 
pacemaker in the AV junction or in a lower focus takes control of cardiac 
rhythm. This arrhythmia has not been well documented in horses but has 
been suspected in some fainting horses with severe atrial myocardial disease. 

c. Etiology and pathogenesis 
(1) Sinus arrhythmia i s  thought to be caused by increased vagal tone. In cattle, 

this condition may be attributable to acid-base and electrolyte abnormalities 
as well. 

(2) Sinoatrial block occurs when an impulse is initiated in the sinoatrial node but 
is not conducted to the rest of the heart. This block occurs as an apparently 
normal phenomenon caused by elevated vagal tone at rest. 

(3) Intermittent sinus arrest is thought to be caused by a reflex increase in vagal 
tone on inspiration, which leads to an exaggerated sinus arrhythmia. Ocular 
or carotid sinus pressure may also produce sinus arrest. Other pathologic con- 
ditions of the atria, such as dilation and fibrosis, and drug toxicity (e.g., quini- 
dine, digoxin, or propranolol) can cause sinus arrest. 

FIGURE 8-3. ECG recorded from a horse with third-degree AV block. Paper speed, 25 mmisec; 10 mm = 
1 mV. 
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d. Diagnostic plan and laboratory tests 
(1) Sinus arrhythmia. The P-P intervals differ by more than 10%. 
(2) Sinoatrial block is  usually diagnosed when a sinus arrhythmia is present in 

which the P-P interval i s  at least twice the sinus interval of preceding or sub- 
sequent beats. Often, the condition is diagnosed by inference. A type of s i m  
atrial block has been described in which the P-P intervals become progres- 
sively shorter until there is a long pause, and the P-P interval following the 
dropped beat is prolonged. 

(3) Sinoatrial block cannot be distinguished from sinus arrest when no impulse 
is initiated from the sinoatrial node, and both atria and ventricles fail to con- 
tract. 

e. Therapeutic plan 
(1) Sinus arrhythmia requires no treatment. 
(2) Asymptomatic sinoatrial block does not require therapy and usually disap- 

pears after exercise or excitement. 
(3) Symptomatic sinoatrial block or sinus arrest may be treated by the adminis- 

tration of atropine or isoproterenol to elevate the sinus rate. If drug toxicity is 
suspected, the drug should be discontinued. 

3 Tachyarrhythmias 

1. Supraventricular tachyarrhythmias 
a. Atrial premature depolarizations (supraventricular premature complexes) and 

atrial tachycardia 
(1) Patient profile. Both of these conditions can occur in all large animal species 

but are uncommon even in association with cardiac disease. Supraventricular 
premature complexes occur more frequently than ventricular premature corn- 
plexes. 

(2) Clinical findings 
(a) Affected animals may exhibit no clinical abnormalities or impaired per- 

formance and exercise intolerance. The frequency of the premature depo- 
larizations may increase during or after exercise. Other horses may have 
normal sinus rhythm at rest and develop premature complexes after exer- 
cise. 

(b) The heart rate i s  often rapid, irregularly irregular, and closely resembles 
AF. With atrial tachycardia, the heart rate is often very rapid (120-220 
beatslmin). 

(3) Etiology and pathogenesis. Causes of both conditions include increased vagal 
tone, systemic disease, electrolyte and metabolic disturbances, and myocar- 
dial disease. Causes of myocardial disease include viruses, bacteria, ischemia, 
and toxins. Evidence of an underlying cause of the arrhythmia may not be 
readily apparent 
(a) Supraventricular tachycardia results from an ectopic focus within the 

atrium or at the AV junction and may be paroxysmal or sustained. Not all 
of the atrial impulses are conducted through the AV node and ventricular 
pathways; thus, second-degree AV block frequently occurs. 

(b) Atrial tachycardia occurs in horses with ventricular pre-excitation (e.g., 
Wolff-Parkinson-White symdrmtne). This condition also has been noted 
during quinidine sulfate therapy for AF and may result from digitalis toxic- 
ity or hypokalemia. It may be paroxysmal or continuous. 

(4) Diagnostic plan and laboratory tests. An ECC obtained during exercise may 
be necessary to determine the cl in ical relevance of the arrhythmia or to elicit 
the arrhythmia. 
(a) Supraventricular (or atrial) premature depolarizations. The ECG reveals 

a premature P wave, ofien of abnormal morphologic character, which is 
followed by a normal QRSTcomplex. The premature P wave may be 
buried in the QRS-7 complex and, thus, may be difficult to detect Occa- 
sionally, the premature P wavei s not followed by a QRS-T complex, 
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TABLE 8-3. Digoxin Treatment Protocol for Horses and Cattle with Congestive Heart Failure (CHF) 
1 I 

Digoxin Dose Horse . Cow 

Priming dose 12-14 pgkg intravenously 22 pg/kg ~ntravenously I i 
34 (elixir)-70 (tabs) pgkg orally 

Maintenance dose 6-7 &g/24 hr intravenously Infusion of 0.86 ppncg/hr 
intravenously 

17 (elixir)-35 (tabs) /~gk9/24 hr 11 ~ g / k g  intravenously even/ 8 
orally hours 

- 
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able intensity heart sounds. and the absence of S4 are characteristic 
findings on cardiac auscultation. 

(ii) The resting heart rate is usually normal, but heart rates may range 
from less than 20 to more than 60 beatslmin. Heart rates that are 
more than 60 beatshin generally indicate underlying heart disease 
and CHF, whereas extremely slow rates suggest an underlying con- 
duction disorder. 

(iii) Pulse pressures in affected horses may vary from beat to beat. 
(iv) Systolic heart murmurs, consistent with mitral or tricuspid insuffi- 

ciency, are common. 
(3) Etiology and pathogenesis. AF is thought to be initiated by an atrial prema- 

ture depolarization and sustained by a reentry mechanism. Variation in the 
ability of adjacent areas of atrial myocardium to be depolarized by an aber- 
rant impulse (inhomogeneous refractoriness) i s  required for reentry to occur. 
(a) AF in the absence of underlying cardiac pathology. The large atrial mass 

and high vagal tone of normal horses are predisposing factors for the de- 
velopment of AF. 

(i) A large atrial myocardial mass promotes reentry because it increases 
the likelihood that an aberrant impulse will encounter a nonrefrac- 
tory myocardium. 

(ii) High vagal tone shortens the effective refractory period and in- 
creases inhomogeneous refractoriness, thereby further promoting 
reentry. 

(b) AF in  the presence of underlying cardiac disease 
(i) Focal myocanlial diseases (e.g., myocarditis) can cause physical het- 

erogeneity of atrial myocardial fibers and may allow AF to persist. 
(ii) Acquired or congenital cardiac diseases that result in atrial enlarge- 

ment promote the reentry of aberrant impulses and maintain AF. 
Moderate to severe left AV valvular insufficiency causes atrial en- 
largement and has been documented in 10%-84% of horses with 
AF 

1 

particularly if the impulse occurred early in diastole and arrives at the AV 
node before the tissue has completely depolarized. 

(b) Atrial tachycardia. The conformation of P waves is different from those 
seen during normal sinus rhythm. Because not all atrial impulses are con- 
ducted through the AV node and ventricular pathways, second-degree 
AV block may be present, making the diagnosis of the arrhythmia from 
the ECG difficult. Paroxysmal bursts of tachycardia are four or more pre- 
mature beats, starting and ending abruptly and lasting less than 30 sec- 
onds. The R-R interval is usually regular. 

(5) Therapeutic plan 
(a) Identification and removal of the primary cause is important in the treat- 

ment of both arrhythmias. 
(b) Stall rest for 1-2 months with frequent monitoring of heart rate and 

rhythm is recommended in horses. 
(c) Digoxin (Table 8-3). If supraventricular tachycardia is sustained and re- 

sults in CHF, treatment with digoxin may help slow the ventricular re- 
sponse to the atrial impulse. Application of pressure to the eye or carotid 
sinus before and after digitalization may help decrease the heart rate. 

(d) Quinidine sulfate may be effective because it suppresses the ectopic foci . 
and prolongs the refractory period of the atrial musculature. 

(e) Treatment with corticosteroids has been suggested but i s  controversial 
and of questionable efficacy. 

(6) Prognosis depends on the underlying problem and the ability to correct the ar- 
rhythmia. 

b. AF in horses . 

(1) Patient profile. AF occurs in most horse breeds, but the condition appears to 
'. 

be particularly common in young male Standardbreds and draft horses. This 
., 

apparent breed and sex predilection is probably a reflection of the equine 
population in areas where studies were conducted. Reports of AF in ponies, 

- 

yearlings, and foals are rare. AF is the most common arrhythmia affecting 
equine athletes. 

(2) Clinical findings 
(a) Clinical signs are variable. 

(i) Broodmares and horses doing light work are generally asymptom- 
atic, and AF is an incidental finding. 

(ii) Performance horses with AF usually are exercise intolerant and may 
exhibit exercise-induced pulmonary hemorrhage (EIPH), dyspnea, 
myositis, ataxia, or collapse after exercise. 

(iii) Horses with moderate to severe left or right AV valvular regurgita- 
tion may have signs of CHF, in addition to AF. 

(iv) Horses presenting with colic occasionally have concurrent AF, but 
. 

generally AF is not associated with gastrointestinal disease in horses 
(b) Cardiovascular examination is abnormal in affected horses. 

(i) Characteristic findings, An irregularly irregular cardiac rhythm, vari- 
d 

. .  

. 

. .. . 
(c) AF and potassium depletion. Decreased atrial myocardial cell potassium 

content may contribute to the development of AF. Potassium loss in 
sweat and the use of potassiumdepleting drugs (e.g., furosemide) cause 
potassium depletion in horses. 

(d) Paroxysmal AF, an arrhythmia that occurs during maximal exercise and 
resolves within 24 hours, has been associated with transient poor perfor- 
mance in horses. 

(i) Rapid pacing of the atria during exercise can cause paroxysmal AF. 
(ii) Paroxysmal AF occurs occasionally in horses with gastrointestinal 

disorders and in horses under general anesthesia. 
(iii) Potassium depletion may also be cause of paroxysmal AF. 

(4) Diagnostic plan and laboratory tests 
(a) ECC findings 

( i )  An irregular R-R interval with the absence of P waves and coarse 
baseline f waves is diagnostic of AF (Figure 8-4). 

(ii) Some variation i n  QRS a n d r  morphology may be noted. 
(iii) Occasionally, horses will have ectopic ventricular depolarizations, 

which appear as bizarreshaped or widened QRS complexes. 
(b) Echocardiographic findings- Echocardiography should be performed to 

detect underlying cardiac disease, such as atrial enlargement or severe 
valvular regurgitation in harses with auscultable murmurs. 

(c) Clinical pathology 
(i) Urinalysis. Urinary fractional excretion of potassium can be mea- 

sured to assess the whole-body potassium status. 
(ii) Cardiac isoenqnre adhities can be determined if an underlying 

myocarditis i s  suspected. 
(5) Therapeutic plan 

(a) Quinidine, a negative iondrope and positive chronotrope, is the drug of 

, , . 

. 

, . 
. 

A . 

. 

. 
. 
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FIGURE 8-4. Base-apex lead-ll ECG from a horse with atrial fibrillation. Paper speed 25 mm/sec; 10 mm 
= 1 mV. Notice the absence of P waves and the presence of flutter waves with irregular rhythm; heart 
rate = 30 beatslmin; 10 mm = 1 mV. 

choice for treatment of AF in horses. It prolongs the effective refractory 
neriod of the atrial myocardium, thereby suppressing reentry. 

~ ~ 

(i) Side effects 
Quinidine has anticholinergic properties that promote AV nodal 
conductivity and cause tachycardia. This drug should not be used 
alone in horses with tachycardia (i.e., horses with a heart rate 
sreatrr than 60 beatslmin) or CHF. Concurrent digoxin therapy is - - - 

required to support the failing heart of such patients. 

Quinidine has a-adrenoreceptor blocking properties, which can 
cause vasodilation and hypotension in treated patients. 

(ii) Administration. There are several protocols for quinidine administra- 
tion in horses, including intravenous and oral regimens with or with- 
out digitalization uable 8-4). Oral dosing requires nasogastric intu- 
bation because direct oral administration causes oral ulceration. 

(iii) ~hakacok inet ics  
Quinidine concentration peaks +- 2 hours after oral administra- 
tion. 

a Quinidine is 80% protein-bound in plasma and undergoes hepatic 
metabolism and urinary excretion. In horses, the drug's half-life is 
? 6 hours. 

n Therapeutic index. Quinidine has a narrow therapeutic index. 
Therawutic plasma concentrations range from 2 to 4 &mi. 
Signs bf toxicosis occur at plasma concentrations of more than 5 
N m l .  Ideally, quinidine concentrations i n  plasma should be mon- 
itored during therapy, and treatment intervals should be adjusted 
to maintain concentrations in the therapeutic range. 

(iv) Drug monitoring for quinidine toxicosis. Because drug monitoring is 
impractical i n  many instances, horses undergoing treatment are 
closely monitored for ECG changes or clinical signs-that may indi- 
cate quinidine toxicosis. For horses undergoing intravenous quini- 
dine treatment, continuous ECC monitoring is preferred and is essen- 
tial. Hones that are administered quinidine orally should have an 
ECC performed every 2 hours (i.e., immediately before the next treat- 
ment and at the peak plasma concentration). Signs indicating quini- 
dine toxicitv and the appropriate actions are described in Table 8-5. . .  - 

(b) ~reatrnent of  CHF 
(i) Diuretics. The main treatment includes diuretics (e.g., furosemide), 

vasodilators, and positive inotropic agents (e.g., digoxin; see Table 

TABLE 8-4. Quinidine Treatment Protocols for Horses with Atrial 

Description Protocol 

Quinidine With continuous ECC monitoring, 
gluconate IV administer 1 .O-1.5 mgkg quinidine 

gluconate IV over 1 minute and repeat 
every 5-10 minutes until sinus rhythm 
is restored. Stop treatment when (1) a 
total dose of 11 m a g  has been 
administered; (2) the QRS complex 
duration increases to >25Y0 over 
baseline; or (3) tachycardia (>90 
beatdmin) and/or other clinical sians 

Fibrillation (AF) 
- -  - 

Indications 

Horses with AF of <1 week's 
duration and no evidence of 
underlying cardiac disease are 
candidates for this regimen. 

I I " 
of toxicity are observed. 

Quinidine Administer 22 mgkg quinidine sulfate Horses with AF of 5 4  months' 
sulfate PO via nasogastric tube every 2 hours duration and no evidence of 
(standard until sinus rhythm is restored. Stop underlying cardiac disease are 
protocol) treatment when (1) 6 treatments of 22 candidates for this regimen. 

mgkg each (a total dose of 132 m&g) 
have been given; (2) the QRS complex 
increases to >25% of baseline; or (3) 
tachycardia (>90 beatshin) and/or 
other signs of quinidine toxicity are 
observed. This procedure can be 
repeated for 3 consecutive days. 

Quinidine 
sulfate PO 
(modified 
protocol) 

Quinidine 
sulfate PO 
followed by 
digoxin PO 

This protocol is similar to the standard 
protocol. If sinus rhythm is not 
restored after 4-6 treatments of 22 rng/ 
kg each, treatment intervals are 
increased to once every 6 hours to 
maintain steady-state plasma 
concentrations. These treatments every 
6 hours are usually continued for 2 
days. 
If conversion with the modified 
protocol has not occurred by day 2, 
oral digoxin at 0.01 rnglkg every 1 2  
hours should be added to the 
treatment regimen. 

Horses with AF of long 
duration, or with significant 
underlying cardiac disease but 
no evidence of CHF, are 
candidates for this regimen. 

Horses with AF of long 
duration, or with significant 
underlying cardiac disease 
with or without CHF, are 
candidates for this protocol. 

I 
L 9 

CHF = congestive heart failure; ECC = electroclrdiognm; I V  = intravenwsly; PO = orally. 

(ii) Exercise restriction a d  dietary sodium redudion are important. 
(iii) Intravenous fluid support is necessary for the correction of dehydra- 

tion and electrolyte and acid-base imbalances. 
(6) Prognosis 

(a) In the absence of  underlying cardiac disease, AF is treated successfully in 
90% of cases. Clinica I findingr; that indicate a good prognosis include: 

( i )  Duration of exercise i ntalerance less than 4 months 
(ii) lntensity of cardiac murmur less than grade Ill 

(iii) Resting heart rateless than 60 beaWmin 
(iv) No evidence of CHF 

(b) Several factors have been associated with the lack of  conversion, recur- 
rence of the arrhythmia, orsigns of quinidine toxicity. These include: 

(i) A prolonged (i.e., greater than 4-month) history of poor performance 
(ii) Intensity of cardiac murmur greater than grade Ill 

(iii) Resting heart rate greate r than 60 beawrnin 
(iv) Signs of  CHF 

I 

i ' l  
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c. AF in cattle 

(1) Patient profile. AF i s  diagnosed most often in mature, hospitalized dairy cat- 
tle. The fact that AF is  diagnosed more frequently in dairy cattle than beef cat- 
tle reflects the orevalence of dairy cattle in hospital populations where studies . . 

were co"ducteb, not necessarily a breed predisposition. 
12) Clinical findines . . 

(a) ~xtracardiic signs 
(i) Cattle with AF generally have evidence of gastrointestinal disease 

1e.e.. abomasal disolacements, indigestion, diarrhea). AF has also I .~ - ,  ~ 

been associated with foot rot and pneumonia in cattle. 
(ii) Anorexia and decreased milk production are common in cows with 

AF and are likely secondary to underlying gastrointestinal problems. 
(b) Cardiovascular signs 

(i) Heart rate. Affected cows have an irregular heart rhythm with no 
underlying regularity. Heart sounds vary in intensity, and S4 is ab- 
sent. Heart rates may be slow, normal, or fast; tachycardia in cattle 
usually is associated with serious underlying gastrointestinal disease. 

(ii) Arterial pulses vary in intensity, but actual pulse deficits are rare. 
(iii) Heart murmurs and sigm of CHF are extremely rare in cattle with 

AF. 
(3) Etiology and pathogenesis. The pathogenesis of AF in cattle is the same as in 

the horse. Predisposing factors include: 
(a) Gastrointestinal diseases, such as displaced abomasum, vagal indiges- 

tion, or diarrhea 
(b) Myocardial or cardiac diseases, such as myocarditis, BE, cardiomyopa- 

thy, or traumatic reticulopericarditis 
(c) Vagal newe irritation (such as may occur with severe respiratory disease) 
(d) Organic brain disease (e.g., thiamine-responsive encephalopathy), which 

can cause sympathetic or parasympathetic stimulation 
(e) Electrolyte disturbances, such as hyper- or hypocalcemia or acid-base 

imbalances, such as metabolic alkalosis 

TABLE 8-5. Quinidine Toxicity in Horses 

Finding 

Cardiac signs 
Prolongation of the QRS complex to 
>25% of the pretreatment value 
Sustained increase in ventricula~ 
rate of >I00 beatdmin 
Severe atrial tachycardia (rare) 

Action 

Stop treatment. 

Add digoxin (0.002 mgkg IV; 0.01 mgikg PO) to 
slow the ventricular rate. 
Stop treatment. 
Administer isotonic sodium bicarbonate (1 mmoll 
kg) to increase protein binding of quinidine. 
Administer digoxin (0.002 mg& to slow the ven- 
tricular rate. 
Rapidly infuse isotonic fluid to expand plasma 
volume. 
Administer a pressor agent [e.g., phenylephrine (1 0 
mg in 500 rnl of 0.9% saline as a fan drip)] 

Extracardiac signs 
Depression, paraphimosis, colic, Stop treatment and address individual problems. If 
diarrhea, laminitis, upper airway colic is mild, quinidine therapy can be continued. 
edema. ataxia. convulsions, and Flunixin meglumine may be used tocontrol abdomi- 
urticaria nal discomfort. 

IV = intravenously; PO = orally. 
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(0 Other inflammatory or infectious conditions, such as foot rot causing 
pain-mediated vagal disturbance 

(4) Diagnostic plan and laboratory tests 
(a) An ECC tracing is  required for definitive diagnosis of AF. ECG changes in 

cattle are similar to those described for horses [see I l l  C 1 b (4) (a)]. 
(b) Echocardiography should be performed if underlying cardiac disease is 

suspected. However, in most cases, this test is not necessary. 
(c) Serum analysis 

(i) A serum biochemical profile and blood gas analysis should be per- 
formed to detect electrolyte and blood gas abnormalities. Electrolyte 
and blood gas disturbances, which are common in cattle with AF, 
are attributable to underlying gastrointestinal disease. Multiple elec- 
trolyte derangements in the same individual and high vagal tone as- 
sociated with gastrointestinal disease may be important in establish- 
ing AF in cattle. 

(ii) Metabolic alkalosis is the most consistent finding. Hypokalemia, hy- 
pochloremia, and hypocalcemia also may be present. 

(5) Therapeutic plan 
(a) Treatment of the primary gastrointestinal problem and the correction of 

electrolyte balance in cattle with AF often result in spontaneous conver- 
sion to normal sinus rhythm, usually within 5 days. 

(b) Quinidine therapy 
(i) Indications. Quinidine therapy is indicated for cattle that do not con- 

vert spontaneously within 5 days, cattle with chronic gastrointestinal 
problems (e.g., vagal indigestion), and cattle with low cardiac output 
secondary to AF (e.g., those with poor peripheral perfusion, weak ar- 
terial pulses, pulse deficits). 

(ii) Administration. Quinidine sulfate (48 mg/kg suspended in 4 L of iso- 
tonic saline or lactated Ringefs solution) is administered at a rate of 
1 Uhr while intravenous fluids are administered simultaneously in 
the opposite jugular vein. The ECG should be monitored frequently 
during the infusion and the infusion discontinued as soon as conver- 
sion occurs. Therapy should be discontinued after the 4-L infusion, 
even if the cow still has AF. 

(iii) Monitoring and side effects. Cattle should be closely monitored dur- 
ing the infusion. Diarrhea and depression are common side effects, 
and the infusion can be continued despite their occurrence. The infu- 
sion rate should be slowed if the ventricular rate is more than 100 
beawmin or if the QRS complex is visibly prolonged. 

(c) Digoxin is  used before quinidine therapy in cattle with heart rates greater 
than 100 beatslmin (see Table 8-3). 

(6) Prognosis 
(a) The prognosis for cattle with AF is good if spontaneous conversion occurs 

after the correction of the primary problem. Unless underlying heart dis- 
ease is present, few cattle revert to AF. 

(b) In rare cases, cattle do not respond to quinidine therapy. These unrespon- 
sive animals generally have progressive cardiac disease and are poor pro- 
ducers. 

2. Ventricular tachyarrhythmias. General1 y, ventricular arrhythmias are less common 
than atrial arrhythmias in large animals and are more indicative of cardiac disease. 
a. Ventricular premature depolarizationsand tachycardia 

(1) Patient profile. Intermittent or perristent ventricular tachycardia i s  very un- 
common in large animals 

(2) Clinical findings. Common cl inicalsigns include fever, exercise intolerance, 
weight loss, anorexia, and lethargy. 
(a) Ventricular premature contradiiom may be detected by auscultation and 

palpation of the pulse. 
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(i) Heart rate. The beats occur earlier than expected and are usually fol- 
lowed by a pause. 

(ii) Heart sounds. A loud diastolic summation sound with a S2 of vari- 
able intensity may be heard. The peripheral pulse and S2 may even 
be absent during the premature beats. After a normal beat, only S1 
and S2 are heard immediately. This sound differs from a normal S3, 
which can be heard in some horses, because it is usually louder and 
more prolonged. 

(b) Ventricular tachycardia generally i s  defined as four or more sustained 
ventricular depolarizations occurring at a rapid rate. With this disorder, 
the heart rate is raoid and regular. Periods of tachycardia may vary by ~ - 

startinn and stoppi& suddedy, lasting for four or more beats, or persist- 
ing for-hours or weeks. 

(3) Etiology 
(a) Causes in horses include septicemia or toxemia, severe digestive distur- 

bances, and primary cardiovascular disease characterized by myocardial 
damage. 

(b) Predisposing factors. Various drugs (e.g., inhalant anesthetics), toxins, 
and electrolyte disturbances increase myocardial irritability and may exac- 
erbate premature ventricular beats, which are thought to be caused by in- 
terference with the conduction of impulses originating from the same 
focus. Hypoxia, anemia, uremia, acidosis, sepsis, hypokalemia, and ex- 
hausting exercise are predisposing factors. 

(4) Diagnostic plan and laboratory tests 
(a) -ECG . 

(i) Ventricular premature contractions are characterized by the pres- 
ence of wide, bizarre-shaped QRS complexes that appear earlier 
than expected and are not preceded by a true premature P wave. 
The T wave i s  usually oriented in the opposite direction to the QRS 
complex. A normal P wave occurs at its expected time but may not 
be evident i f  it is buried within the QRS-T complex of the premature 
systole. The interval between the end of the previous T wave and the 
beginning of the premature QRST complex is usually constant. Two 
or more different shapes of QRS complexes and different R-R inter- 
vals suggest that several different ectopic foci are inducing the con- 
tractions. Ventricular fusion beats may be apparent. These beats 
occur if the ventricular ectopic pacemaker initiates an impulse after 
the impulse from the normal pacemaker has already entered ventricu- 
lar tissue. As a result, the ventricle is excited from wo sources, and 
a QRST complex is created with an appearance intermediate be- 
tween that of the premature systole and the dominant beat. 

(ii) Ventricular tachycardia produces a series of QRST complexes that 
are bizarre in contour. Sometimes P waves occur independently at a 
slower rate than the ventricular complexes. Ventricular fusion beats 
may be present. Bidirectional ventricular tachycardia is character- 
ized by alternate QRS complexes that occur in opposite directions. 

(b) Echocardiography may be useful to look for myocardial, endocardial, or 
valvular damage to the heart. It may be normal. 

(5) Therapeutic plan. Therapy for both arrhythmias should be initiated immedi- 
ately and should be directed toward the underlying condition, which may be 
CHF, neoplasia, pericarditis, myocarditis, or secondary problems (e.g., hy- 
poxia, uremia). 
(a) The correction of acid-base and electrolyte disturbances should be at- 

tempted. Rest, nomteroidal anti-inflammatory drugs (NSAIDs), and Sys- 
temic antimicrobials are often indicated. 

(b) Digitalis. The use of digitalis for ventricular premature systole and ventric- 
ular tachycardia may eliminate the ventricular ectopic contraction. This 
agent can be used if the patient has CHF. 

(c) Lidocaine hydrochloride (0.5-1.0 mglkg intravenously) may be helpful 

E L  D I S U S E  

Introduction. Pericardial diseases are rare in  veterinary species. 

1. Etiology. There are several reported causes far pericardial disease in large animals, 
which can be grouped as congenital and acquired. Acquired pericarditis is more 
common. Causes include bacterial and vrral Infections, neoplasia, and trauma. Idio- 
pathic pericarditis is  also widely reported. 

2. Pathogenesis 
a. Pencardial disease causes d ~astol~c cardiac dysfunction with minimal alterations 

in systolic function. Elevated intraper~card~al pressure inhibits diastolic cardiac fill- 
ing, resulting in a reduction In preload for a glven venous filling pressure. As a re- 
sult of the reduction in preload, there i s  decreased cardiac output if there are no 
compensatory changes in heart rate, cadlac contractility, and vascular resistance. 

b. Pericardial effusion and constrictive pen'cardiiis are the hvo major pathologic 
consequences of pericardltis As the perlcardlum accumulates fluid or the wall of 
the pericardial sac becomes th~ckened, the stretching limit of the pericardial sac 
is exceeded, and pressure i n  the pericard la1 cavity begins to rise. Cardiac tampon- 
ade occurs when pericardial pressureexceds the cardiac filling pressures, caus- 
ing diastolic filling to be impaired- 
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for arresting ventricular premature beats in situations other than cardiac 
failure. However, lidocaine may cause twitching and convulsions in un- 
anesthetized horses. 

(d) Quinidine sulfate can be used to treat both of these arrhythmias. 
(i) Doses are 20 mglkg orally every 6 hours until conversion or 6 mg/kg 

intravenously at a rate of 0.5 mg/kg/hr. 
(ii) Side effects. This drug can result in hypotension and reduced myo- 

cardial contractility. 
(e) Magnesium sulfate supplementation has been used successfully in the 

treatment of ventricular tachycardia in horses. 
(6) Prognosis is guarded. Ventricular tachycardia is particularly dangerous be- 

cause it may convert to ventricular fibrillation and cause death. 
b. Ventricular fibrillation i s  frequently the immediate cause of death in moribund 

animals. Transient ventricular fibrillation is not known to occur in large animals. 
(1) Clinical findings. Ventricular fibrillation is so rapidly fatal that it is rarely d e  

tected clinically except in animals under anesthesia. Few if any clinical signs 
occur before death. Cardiac auscultation may reveal a complete, sudden ces- 
sation of heart sounds. A pulse is absent, and there is a precipitous drop in 
blood pressure. 

(2) Etiology and pathogenesis 
(a) Etiology. Causes are the same as those for ventricular premature beats 

and ventricular tachycardia [see 111 C 2 a (3) (a)]. Ischemic damage to the 
heart is usually the underlying cause of this arrhythmia. 

(b) Pathogenesis. Coordinated contraction of the ventricles ceases with this 
arrhythmia, and continuous chaotic activity replaces regular systole and 
diastole. 

(3) Diagnostic plan and laboratory tests. ECG reveals bizarre, irregular oscilla- 
tions without normal QRS-T complexes. 

(4) Therapeutic plan. No treatment i s  currently available. 
(a) Electrical defibrillation of adult large animals, such as horses and cattle, 

has not been successful with available equipment. 
(b) Some work in humans and primates has shown dietary enrichment with 

fish oilderived omega-3 polyunsaturated fatty acids (to suppress ventricu- 
lar fibrillation) to be beneficial. 
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3 Pericarditis in cattle 

1. Patient profile. Pericarditis i s  uncommon in cattle, but when it occurs, it usually af- 
fects adult cattle and typically lasts 1 week or more. Traumatic pericarditis occurs in 
less than 10% of cattle with traumatic reticuloperitonitis. This pericarditis often oc- 
curs in adult cattle during late gestation or early postpartum. 

2. Clinical findings 
a. Com~laints may include weakness, anorexia, weight loss, and depression. 
b. phys/cal examination findings 

(1) Hyperpnea, prominent scleral vessels, fever, and signs of right-sided CHF 
(e.g., distended jugular and mammary veins; jugular pulsations; mandibular, 
brisket, and ventral edema; weak peripheral pulses) are usually present. 

(2) Auscultation of the thorax often reveals tachycardia and muffled heart 
sounds, with fluid auscultable in the region of the heart. Lung sounds may be 
absent in the ventral thorax. 

(3) Rumen motility is generally decreased. Signs of cranial abdominal pain are 
usually present, as well as a reluctance to move. 

3. Etiology 
a. Trauma is a common cause of pericarditis in cattle. Trauma may be induced by 

external wounds, the penetration of ingested foreign objects, the hematogenous 
spread of infection (e.g., septicemia), or the extension of infection from other 
sites, such as the lung, heart, or pleura. 

b. Other causes. Pericarditis may also result from vegetative endocarditis that affects 
one or more cardiac valves, CHF, congenital heart defects, toxins, or neoplasia 
(particularly lymphosarcoma). 

4. Diagnostic plan and laboratory tests 
a. Thoracic radiographs of the thorax and cranial abdomen in the standing cow 

may reveal a gas-fluid interface within the pericardial sac. The heart may assume 
a large, globoid silhouette. Sometimes a linear metallic foreign body can be visu- 
alized in the cranial reticulum, the caudal thorax, or both. 

b. Echocardiography is the most sensitive, specific, and noninvasive diagnostic test. 
As little as 15-20 ml of pericardial effusion can be seen using M-mode echocardi- 
ography. An "echo-free space" i s  evident between the myocardium and pericar- 
dium. The pericardial sac may appear thickened, and poor cardiac contractility i s  
noted frequently. 
(1) Other cardiac anomalies, such as vegetative valvular lesions or tumors, may 

be seen on 2D echocardiograms. 
(2) Evidence of cardiac tamponade, such as right ventricular collapse during dias- 

tole and right atrial collapse, are common findings with large effusions. 
c. Pericardiocentesis can be therapeutic as well as diagnostic. Cytologic, bacterio- 

logic, and viral culturing of pericardial effusion may be done. 
(1) Technique. Echocardiography i s  used to guide needle or catheter placement. 

Usually the procedure is done from the left fifth intercostal space 2.5-10 cm 
dorsal to the olecranon. 

(2) Risks. The risks associated with this procedure include laceration of the heart, 
coronary arteries, or lungs, and the development of ventricular arrhythmias. 
Care must be taken to avoid contaminating the thorax with septic effusion 
from the pericardiurn. 

d. Electrocardiography. An ECG may reveal decreased amplitude of QRS com- 
plexes, electrical alternans (i.e., altered configuration of the P, QRS, or T com- 
plexes), and ST segment elevation or slurring. Some arrhythmias may be present, 
particularly sinus tachycardia. 

e. Cardiac catheterization demonstrates an elevation in central venous or right atrial 
pressure, and the atrial and ventricular pressure curve may appear abnormal. 
Right atrial, right ventricular, and PA end-diastolic pressures may equilibae. 

5- Therapeutic plan and prognosis 
a. Surgery. Reducing the intrapericardial pressure is the primary goal of treatment. 
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This can be accomplished by pericardiotomy (surgically opening the pericardial 
sac) or subtotal pericardiectomy (partially removing the pericardial sac) to facili- 
tate fluid drainage. Other methods of fluid drainage include surgical rnarsupializa- 
tion (attaching the pericardial sac to the skin wound) or placement of an indwell- 
ing surgical drain. At the time of surgery, any foreign body in the thorax can be 
removed and abscesses can be drained or removed. 

b. Administration of systemic antimicrobials and analgesics may be helpful, as well 
as lavage of the pericardium. Fluid support, diuretics, and inotropic agents, such 
as dopamine or digoxin, may be necessary. 

' 3 Pericarditis in horses 

1. Patient profile. Pericardial disease, in general, is uncommon in horses. It is seen 
most often in adult horses, although any age can be affected. 

2. Clinical findings 
a. Clinical signs may include fever, jugular distention, poor peripheral pulses, tachy- 

cardia, tachypnea or dyspnea, ventral abdominal distention, depression, mild a b  
dominal pain, syncope, and weakness. Other signs of right-sided heart failure 
may be present. 

b. Auscultation of the thoracic cavity often reveals muffled heart sounds, pericardial 
friction rubs, and suspected pleural effusion. Lung sounds may be dull or absent 
ventrally, whereas heart sounds may radiate over a wider area. 

3. Etiology. There are two major forms of acquired pericardial disease seen in horses: 
effusive and nonseptic, and exudative, fibrinous, and often septic. 
a. Idiopathic pericarditis, characterized by an aseptic inflammatory exudate, occurs 

in horses. 
b. Bacteria. In several small case series in horses, fibrinous pericarditis was attrib 

uted to Acfinobacillus equuli. This organism is a common inhabitant of the ton- 
sils and fecal contents of normal adult horses and may gain access to the heart he- 
matogenously. Streptococcal infections and Actinomyces pyogenes have been 
associated with individual cases of equine pericarditis. 

c. Neoplasia. A pericardial mesotheliorna also has been associated with individual 
cases of equine pericarditis. 

d. Viruses, such as equine viral arteritis (EVA), equine herpes virus, equine infec- 
tious anemia (EIA), and equine influenza, have been suspected but unproven as 
causes. 

e. Trauma from external wounds 

4. Diagnostic plan and laboratory tests 
a. The same methods are used in  horses as in  cattle, although radiography is less 

sensitive in horses (see IV B 4). 
b. Laboratory abnormalities include anemia, leukocytosis, high fibrinogen and creat- 

inine concentrations, hyponatremia, and hyperkalemia. 
c Ancillary diagnostic tests. The central venous pressure values exceed 45 crn of 

water. 

5. Differential diagnoses 
a. Pleuritis and pneumonia 
b. Circumscribed space-occupying lesions in the thorax, such as mediastinal or pul- 

monary abscess, lymphosarcoma, or invading gamic squamous cell carcinoma 
c. Spontaneous tears in the atria or rupture of the ascending aorta 
d. Gunshot wounds 

6. Therapeutic plan. Treatment is similar to that in cattle and should be directed at the 
primary cause (see IV B 5). Pawmteral corticosteroids and NSAIDs may help control 
idiopathic or nonseptic pericarditis. 

7. Prognosis. Relapse and the deterioratiamof the condition can follow short-term im 
provements. Resolution i s  unl ikcly i f  the adhesive and exudative changes in the 
thorax are advanced. 
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a. Because of poor response to treatment, the prognosis for septic pericarditis is usu- 
ally guarded to poor. 

b. The prognosis may be fair for idiopathic or nonseptic pericarditis. a Pericarditis in  swine is similar to that in horses and cattle (see IV B, C). 

1. Patient profile. Young pigs may be affected. 

2. Etiology. Causes include Streptococcus species, Hemophilus parasuis (Glasser's dis- 
ease), and Mycoplasma species. 

3. Diagnostic plan. The diagnosis of pericarditis is often based on postmortem findings 
rather than radiographs, echocardiography, or ECG monitoring. 

4. Prognosis is guarded to poor. Death is usually attributable to septicemia. 

P m A L  DISEASES 

a Introduction 

1. Definitions 
a. Myocarditis is inflammation of the myocardial wall caused by bacterial, viral, or 

parasitic organisms or thromboembolic disease caused by these organisms. Myo- 
carditis also can occur following bacteremia, septicemia, pericarditis, or endocar- 
ditis, regardless of the cause. 

b. Cardiomyopathy is  a subacute or chronic disease of the ventricular myocardium 
that occurs in the absence of valvular disease, congenital malformations of the 
heart or vessels, or pulmonary disease. In large animals, only dilated cardiomyop- 
athy is important clinically. Dilated cardiomyopathy is associated with ventricular 
dilation, increased ventricular mass, and decreased systolic function. 

2. Patient profile and epidemiology 
a. Patient profile. These diseases have been reported sporadically in all large animal 

species. 
b. Epidemiology 

(1) Myocarditis. The prevalence of acute myocarditis is difficult to estimate be- 
cause the disease often goes undiagnosed, is mild, or i s  masked by disease in- 
volving another organ system. Also, it is difficult to assess the clinical signifi- 
cance of postmortem evidence of myocardial inflammation and fibrosis. 
Morbidity due to myocarditis is probably underestimated because it i s  rarely 
the cause of death and is associated with infectious conditions that manifest 
themselves in other ways without specific cardiovascular signs. 

(2) Inherited cardiomyopathy in cattle has an incidence in inbred populations of 
3%-5%. These cattle may be linked genetically by the presence of the red 
gene in Holstein-Friesian cattle. There does not appear to be a sex predilec- 
tion for this inherited cardiomyopathy. 

3. Clinical findings. Some clinical signs are referable to other organ system involve- 
ment, including the respiratory system, reproductive tract, gastrointestinal tract, ner- 
vous system, or musculoskeletal system. Frequently, animals (particularly pigs) die 
suddenly with few or no premonitory signs. 
a. Complaints include depression, weakness, anorexia, intermittent or chronic fever, 

weight loss, or reproductive failure. 
b. Physical examination findings include tachycardia with a gallop rhythm, dyspnea, 

and other respiratory signs. 
L Subcutaneous edema of the brisket, ventral thorax, submandibular area, and occa- 

sionally the limbs may be noted. Thoracic auscultation may reveal cardiac ar- 
rhythmias, murmurs (often either tricuspid insufficiency or a pulmonic valve ejec- 
tion murmur), or weak or muffled heart sounds. 

4. Etiolow and pathogenesis 

a. Etiology 
(1) Myocarditis. The causes of myocarditis vary depending on the species. 

(a) Cattle 
(i) Bacterial causes include Hemophilus somnus, clostridial diseases 

(e.g., Clostridium chauvoei), Staphylococcus aureus, and Mycobacte- 
rium species. Borrelia burgdorferi, a spirochete, also may be a 
cause of rnyocarditis in ruminants. 

(ii) Viral causes include the picornavirus that causes foot-and-mouth dis- 
ease. 

(iii) Parasitic causes in ruminants include toxoplasmosis, Neospora cani- 
num, sarcocystis, and cysticercosis infection. 

(b) Swine. Staphylococcus aureus, Streptococcus suis, and viruses (e.g., the 
picornavirus that causes foot-and-mouth disease and the encephalomyo- 
carditis virus) can cause myocarditis in pigs. 

(c) Horses 
(i) Bacterial causes include Clostridium chauvoei, Streptococcus equi 

or zooepidemicus, Mycobacterium species, and Staphylococcus au- 
reus. Borrelia burgdohri, a spirochete, also may be a cause of myo- 
carditis in hones. 

(ii) Viral causes include EIA, EVA, equine influenza, and the reovims 
that causes African hone sickness. 

(iii) Parasitic causes include strongylosis and onchocerciasis. 
(2) Cardiomyopathy. There are several conditions that have been associated with , 

cardiomyopathy, ranging from myocarditis to inherited conditions. 
(a) Cardiomyopathy has been associated with the ingestion of several differ- 

ent chemicals and plants, including ionophores such as monensin and la- 
salocid, salinomycin, gossypol, Cassia occidentalis, and Phalasis species. 

(b) Mineral or vitamin deticiencies or excesses have been implicated, includ- 
ing vitamin E and selenium deficiency and primary and secondary c o p  
per deficiencies. 

(c) Neoplastic infiltration of the heart by lymphosarcoma or fibrosarcoma 
may also cause cardiomyopathy. 

b. Pathogenesis. The pathophysiologic changes associated with myocardial disease 
depend on the specific nature and extent of the disease. Most infectious etiologies 
cause septicemia and hematogenous spread to the myocardium. Myocardial dam- 
age results from either vascular occlusion or direct bacterial, viral, or parasitic ac- 
tion on the myocardium. The end result of rnyocarditis and cardiomyopathy is re- 
duced myocardial performance (reduced cardiac output). 

5. Diagnostic plan and laboratory tests 
a. Clinical pathology. Myocardial tissue can be evaluated by histology and bacterio- 

logic culture. 
(1) Myocardial enzymes. In animals with acute myocarditis, myocardial enzyme 

levels, including aspartate amirmtransfease (AST), creatine phosphokinase 
(CK), and lactate dehydmgenase (LDH), are elevated. The sensitivity and 
specificity of these tests have not been determined for large animals. 

(2) Analysis of ~ericardial ar pleural fluids reveals a transudate with low  rotei in 
concentration and predokinantly mononuclear cells. 

(3) Tests for swcific diseases mav include serolow or viral isolation from white 
blood cell; for bovine leukosi; infection, tests-ibr nutritional deficiencies and 
toxicities, and serum or liver copper concentrations. In horses, serologic test- 
ing for influenza, EVA, EM, and herpesvirus may be helpful. 

b. Echocardiography may show increased ventricular chamber size, decreased thick- 
ness of the interventricular septum and l e f t  ventricular free wall, and decreased 
myocardial function. In animals with dilated cardiomyopathy, usually there are in- 
creased end-systolic and end-diastalic dimensions of the left and right ventricles, 
increased left atrial size, and an increased dimension ratio from the left atrium to 
the aortic root. Mitral valve insufficiency and decreased myocardial function may 
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be visualized by poor wall motion, which suggests poor contractility. A mass on 
the right atrium may be seen with BLV-induced lymphoma. 

c. Cardiac catheterization may reveal elevated intracardiac pressures (right atrium, 
right ventricle, PA, pulmonary capillary wedge, and left ventricular end diastolic) 
in animals with dilated cardiomyopathy. 

6. Differential diagnoses include: 
a. Other cardiac diseases, such as BE or pericarditis, cardiac neoplasia 
b. Septicemia or toxemia 
c. Chronic pneumonia (all large animals) or high-altitude disease (cattle) 

7. Therapeutic plan 
a. Management of myocarditis in all species includes the treatment of the underly- 

ine cause (if known) and control of cardiac complications, including dysrhyth- 
myas, CHF; or shock. 
(1) Corticosteroids may be of value in cases of severe toxemia, complicated dys- 

rhythmias, or intractable heart failure. 
(2) Rest. Performance animals should be rested until signs of systemic illness 

have resolved and ECG changes have returned to normal. 
b. Therapeutic management of cardiomyopathy consists of the use of positive ino- 

tropes (e.g., digoxin), diuretics, vasodilators, rest, and the drainage of pleural, peri- 
cardial, or abdominal fluid. 

c. Supportive care, including intravenous fluids for the correction of fluid, electro- 
Ivte, and acid-base imbalances, NSAIDs, and control of cardiac dysrhythmias are 
important for successful resolution of myocarditis and cardiomyopathy. 

8. Prognosis 
a. The prognosis for myocarditis is good if there are no signs of heart failure and if 

cardiac dysrhythmias are managed successfully. The prognosis is guarded to poor 
if signs of CHF are present. 

b. The prognosis i s  poor for animals with dilated cardiomyopathy and BLV-induced 
Ivmohoma. Cattle with inherited cardiomyopathy may die by 6 months of age, , . 
whereas other animals may be asymptomatic until 2-4 years of age. 

9. Prevention and control consist of maintaining good vaccination and parasite control 
programs. Animals with deficiencies or toxicities should receive adequate concentra- 
tions of vitamin E, copper, and selenium in their diets. 

3 Gmsypol-induced cardiotoxicmir A significant number of cases of gossypol toxicosis 
have been reported in ruminants in the last few years. This may be due to changes in 
the methods for extracting oil from cottonseed, increases in the amount of concentrates 
fed to animals, and the amount of creep feed offered to young ruminants. 

1. Patient profile and history 
a. Patient profile. Young ruminants (e.g., kids, calves, lambs) and monogastrics 

(e.g., swine) are more susceptible to toxicosis than adult ruminants. The highest 
death losses have been reported in bottle-fed calves who are fed starter rations 
that use cottonseed meal as their protein source. 

b. History. A history of cottonseed in the diet for several weeks to months is neces- 
sary for presumptive diagnosis. Often, more than one animal is affected. 

2. Clinical findings 
a. Clinical siem may include sudden death, labored breathing, anorexia, stiffness, 

depression, and dccasiona~~~ hemoglobinuria. Reproductive problems may be 
seen in adult ruminants, including sterility in bulls and decreased conception 
rates in cows. Chronically affected cattle may have decreased heat tolerance, he- 
moglobinuria, abomasitis, and anorexia. 

b. Postmortem findings may reveal pulmonary congestion, excessive abdominal, per- 
icardial, and pleural fluid, generalized cardiomyopathy, and chronic passive 
congestion of the liver (i.e., nutmeg liver). 

3. Etiology and pathogenesis 
a. Etiology. Free gossypol, a yellow pigment that is most concentrated in the seed of 
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the cotton plant, is the source of toxicity. Gossypol gives the plant its resistance 
to insects. 
(1) Rations containing either cottonseed meal or whole cottonseed have been as- 

sociated with gossypol toxicosis. 
(2)  Toxicity i s  influenced by the method of cottonseed processing, dietary con- 

centrations of iron, calcium, and protein, and the presence of other toxic ter- 
penoids and chemicals found in cottonseed. Rations must be fed for a mini- 
mum of 1-3 months to cause toxicity. 

b. Pathogenesis 
(1) The actual mechanism of toxicosis is not known. However, gossypol forms 

Schiff's base-type derivatives with some amino acids, making them unavail- 
able for protein synthesis, and forms protein-gossypol complexes. Gossypol 
affects some enzymatic reactions, such as the ability of cells to respond to oxi- 
dative stress. 

(2) Gossypol is primarily a cardiotoxin, causing gradual destruction of the car- 
diac musculature. It may interfere with cardiac conduction. Adult ruminants 
are able to detoxify gossypol by binding it to soluble proteins in the rumen 
and forming stable complexes. 

4. Diagnostic plan and laboratory tests 
a. History and suggestive postmortem and clinical findings are important for diag- 

nosis. 
b. Feed and tissue analysis for free gossypol concentrations help in diagnosis. Levels 

of 400 ppm or less free gossypol have been known to cause death in young 
calves and lambs, whereas older calves and lambs may require levels of 
800-1 200 ppm. 

c. Other tests include those listed in V A 5. 

5. Therapeutic plan and prognosis. There is no treatment currently available. 
a. Supportive care may be helpful (see V A 7 a-c). 
b. Diet. Gossypol should be removed from the diet. Deaths attributable to toxicity 

may persist up to 2 weeks after the feed is removed. The ability of animals to re- 
cover depends on the severity of the heart damage. Most gossypol-induced steril- 
i ty is reversible when the feed i s  removed. 

6. Prevention consists of testing feed for free gossypol concentration or avoiding feed- 
ing cottonseed meal to animals under 4 months of age. It is possible to dilute the cot- 
tonseed by mixing it with other protein sources. 

lonophore-induced cardiornyopathy 

1. Patient profile. This disorder affects horses, cattle, and pigs, with horses being the 
most susceptible. 

2. Clinical findings 
a. Clinical signs include anorexia, stiffness, depression, weakness (especially involv- 

ing the hind quarters), sweating, ataxia, colic, and recumbency. Congested mu- 
cous membranes, polyuria progressing to anuria, hernaturia, hernoglobinuria, and 
progressive respiratory distress may be seen. Sublethal doses of ionophores may 
result in myocardial fibrosis. S i p  occur within 12 hours of ingestion, and death 
may occur 24-36 hours after ingestion. 
(1) Horses often show poor performance, ill-thrift, and subsequent signs of CHF. 

Chronic exposure in horses may result in profound exercise intolerance. 
(2) Cattle and sheep may show diarrhea. 
(3) Pigs may exhibit hypermetria, knuckling, and a reluctance to move. 

b. Postmortem findings include focal or extensive areas of cardiac muscle pallor 
and epicardial and endocardial hemorrhages, pulmonary congestion and serous 
effusions compatible with CHF, fibrosis of skeletal muscles, and passive conges- 
tion of the liver. Heart lesions in pigs are often confined to the atria. 

3. Etiology and pathogenesis 
a. Etiology 
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(1) Toxicoses may result from ingestion by sensitive species of ionophore-con- 

taining feeds prepared for other species. Mixing errors may result in toxi- 1 
cosis. 

(2) The toxicity of some ionophores is increased by various antibiotics (e.g., tia- 
mulin, oleandomycin, chloramphenicol, erythromycin, sulfonamides) adminis- 
tered concurrently. 

b. Pathogenesis 
(1) lonophores form lipid-soluble complexes with cations to facilitate transport 

of the cations across lipid membranes. 
(a) The monovalent ionophores are monensin, salinomycin, and narasin. 

They bind sodium and potassium ions, respectively. 
(b) Lasalocid is a divalent ionophore that binds divalent cations such as cal- 

cium and magnesium ions. 
(2) Affected muscles 

(a) Horses. The cardiac muscle i s  most commonly affected in horses. 
(b) Ruminants. Cardiac and skeletal muscles are more equally affected in ru- 

minants. 

4. Diagnostic plan and laboratory tests 
a. Serum biochemical findings may include elevated enzyme concentrations such as 

CK, AST, and alkaline phosphatase, and slight elevations in the concentration of 
unconjugated bilirubin. 

b. Hematology. Erythrocyte fragility is increased. 
c. Feed sample analysis (ideally performed on several pounds of feed) may reveal 

ionophore content. Serum, contents of the gastrointestinal tract, and tissues can 
also be analyzed, but this analysis is not reliable. 

d. History, clinical and laboratory findings, and postmortem results may suggest 
the diagnosis. 

e. Other tests include those listed in V A 5. 

5. Therapeutic plan 
a. Antidotes for ionophores are not available. Mineral oil or activated charcoal may 

decrease further absorption. 
b. Supportive care includes the administration of intravenous fluids to correct elec- 

trolyte imbalances, dehydration and shock, diuretics, and stall rest. 

6. Prognosis for return to athletic performance is guarded in horses with chronic expo- 
sure due to myocardial fibrosis. 

7. Prevention of ingestion i s  the best approach to management. a Nutritional cardiac myodegeneration (white muscle d i w a ,  mulberry heart disease) 

1. Patient profile. This disease most commonly affects neonates in the first week of life, 
although it can occur in older animals. In pigs, this disease frequently occurs during 
the postweaning period (3 weeks to 4 months) and involves rapidly growing pigs. 

2. Clinical findings may include dyspnea, cardiac murmurs and arrhythmias, and hemo- 
globinuria. Affected animals may be weak and exercise intolerant. Death may be im- 
mediate as a result of fatal arrhythmias or may occur within a few hours due to ex- 
haustion and circulatory collapse. Other noncardiac signs may include poor 
reproductive performance (e.g., retained fetal membranes, decreased fertility), ill- 
thrift, and skeletal muscle weakness or stiffness. 

3. Etiology and pathogenesis . - 
a.  tid do^^ 

(1) Selenium deficiency. Certain regions of North America are inherently low in 
selenium. Acid soils, soils originating from volcanic rock, high-sulfur soils, or 
soils treated with sulfur-containing fertilizers are often deficient in selenium. 
Forages grown dur~ng seasons with heavy rainfall also may be low in se- 
lenium. 

(2) Vitamin E deficiency occurs when animals are fed poor quality hay, straw, or 
root crops. Stored grain loses its vitamin E content over time. 
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b. Pathogenesis. Dietary selenium, sulfur-containing amino acids, and vitamin E a d  
synergistically to protect tissues from oxidative damage. 

4. Diagnostic plan 
a. Clinical pathology 

(1) Plasma CK and serum AS1 levels often are elevated. The magnitude of in- 
crease in these enzymes is directly proportional to the extent of muscle dam- 
age. Specific myocardial enzymes [see V A 5 a ( I ) ]  may also be elevated. 

(2) Selenium and vitamin deficiencies. Whole blood, liver, or serum selenium 
and plasma, liver, or muscle concentrations of vitamin E or wtocopherol (a 
vitamin E-containing compound) should be determined. 

(3) Biopsy. Tissue samples taken by antemortem or postmortem biopsy can be an- 
alyzed for concentrations of glutathione peroxidase (a selenium-containing 
enzyme). This enzyme can also be detected in RBCs or platelets. 

(4) Complete blood cell count (CBC). Anemia may be seen on a CBC, particu- 
larly in swine. Electrolyte and acid-base imbalances may be present, includ- 
ing hyponatremia, hyperkalemia, and metabolic acidosis. 

b. Echocardiography. Cardiac lesions can be evaluated by echocardiography (see V 
A 5 b). 

c. Soil, forage, and grain concentrations of selenium should be determined. 
d. Muscle biopsy. Light microscopic changes suggestive of muscle degeneration and 

acute necrosis include hyaline degeneration, fragmentation, and lysis of muscle 
cells. There may be evidence of calcification of necrotic muscle (mineralization). 

5. Therapeutic plan and prognosis 
a. Therapy consists of parenteral administration of vitamin E or selenium (see also V 

A 71. 
b. Prognosis. Animals showing signs of cardiac dysfunction have a poor prognosis. 

Most animals die within 24 hours. 

6. Prevention is aimed at proper supplementation of the dam with vitamin E and selen- 
ium either by a salt mix or by total ration supplementation. During late gestation, 
dams may be given parenteral vitamin E and selenium. In addition, neonates may be 
given a dose at birth. 
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5. A 26-year-old Standardbred mare is exam- 7. Several rapidly growing pigs, which were 
ined by a veterinarian before a routine vacci- approximately 2 months old, die suddenly. 
nation. The veterinarian hears a grade Ill, ho- Postmortem examination reveals pericardial ef- 
lodiastolic musical murmur on the left side of fusion, pulmonary and hepatic congestion, 
the chest that radiates toward the apex of the and pale discoloration of the grossly enlarged 
heart. What is the most likely diagnosis and heart. The pigs were fed a diet of soybeans, 
treatment? high-moisture corn, and cereal grain. What is DIRECTIONS: Each of the numbered items or incomplete statements in this section is 

followed by answers or by completions of the statement. Select the ONE numbered answer 
or completion that is BEST in each case. 

(1) Mitral valve stenosis, no treatment 
(2) Bacterial endocarditis (BE) with a vegeta- 

tive lesion on the mitral valve, long-term 
antibiotics 

(3) Pulmonic insufficiency, no treatment 
(4) Aortic insufficiency, no treatment 
(5) Ventricular septal defect (VSD), no treat- 

ment 

the most likely diagnosis? 

(1) Cardiomyopathy caused by vitamin E or 
selenium deficiency (mulberry heart dis- 
ease) 

(2) Bacterial endocarditis (BE) caused bj. Ery- 
sipelothrix rhusiopathiae 

(3) Myocarditis caused by the Sarcocystis spe- 
cies 

(4) Congenital heart defect such as tetralogy 
of Fallot 

(5) Atherosclerosis due to a high-fat diet 

3. An adult dairy cow develops an irregularly 
irregular heart rhythm with a rate of 90 
beats/min. On physical examination, the veter- 
inarian identifies a left displaced abomasum 
(LDA). What is the most likely type of arrhyth- 
mia and the best treatment? 

1. Which grouping correctly describes the 
heart lesions associated with a tetralogy of 
Fallot? 

(1) Ventricular septal defect (VSD), right ven- 
tricular hypertrophy, overriding aorta, pul- 
monic stenosis 

(2) Atrial septal defect (ASD), VSD, left ven- 
tricular hypertrophy, overriding aorta 

(3) Patent ductus arteriosus (PDA), VSD, right 
ventricular hypertrophy, pulmonic stenosis 

(4) Tricuspid valve atresia, ASD, VSD, overrid- 

6. What is the most common type of incom- 
plete second-degree AV block in fit race- 
horses and how it is characterized electrocar- 
diographically? 

(1) Second-degree atrioventricular (AV) block, 
no treatment is necessary 

(2) Ventricular tachycardia, treated with intra- 
venous lidocaine or digoxin 

(3) Sinus arrhythmia, treated by running the 
cow around the pen to see if the arrhyth- 
mia resolves; if it does, no other treatment 
is required 

(4) Atrial fibrillation (AF), treated by correct- 
ing the LDA and seeing if the arrhythmia 
resolves in a couple of days 

(5) No arrhythmia is present; cows normally 
have an irregularly irregular heart rhythm 

8. Heart sounds are generated by the: 

(1) Mobitz type II is  characterized by a P-Q 
interval that i s  unchanged, and the 
dropped beat (no QRS-T) is unheralded. 

(2) Mobitz type I (Wenckebach) is character- 
ized by a P-R interval that gradually pro- 
longs until the beat (QRS-T) is  dropped. 

(3) Mobitz type I is characterized by a P-Q in- 
terval that is unchanged, and the dropped 
beat (no QRS-T) is unheralded. 

(4) Mobitz type II is characterized by a P-R in- 
terval that gradually prolongs until the 
beat (QRS-T) is dropped. 

(5) Mobitz type I l l  (AV dissociation) is charac- 
terized by P waves that are completely in- 
dependent of QRS-T complexes. 

(1 ) impact of valve leaflets coming together. 
(2) snapping open of valve cusps. 
(3) mechanical activity of the heart resulting 

in sudden acceleration and deceleration 
of blood. 

(4) turbulent blood moving through incompe- 
tent valves. 

(5) contraction and relaxation of the cardiac 
muscle. 

' ing aorta 
15) Pulmonatv vascular truncation, VSD, right 

ventricula; hypertrophy, overriding aorta 

2. When is quinidine sulfate most effective 
for converting atrial fibrillation (AF) to normal 
sinus rhythm in horses? 

(1) When the resting heart rate is less than 60 
beatsimin, the duration of AF is 6-1 0 
months, and there are no heart murmurs 

(2) When the duration of AF is 1 year, the 
horse shows signs of congestive heart fail- 
ure (CHF), the resting heart rate i s  80 
beatslmin, and there are no heart mur- 

4. A feedlot in western Canada had several 
steers that died suddenly with no premonitory 
signs, often following an episode of pneumo- 
nia or meningoencephalitis in the individual 
or penmates. Postmortem revealed multifocal 
myocardial infarcts and necrosis and fibrosis 
with no obvious pulmonary pathology. What 
is the most likely etiology? 

rnurs 
(3) When there are no signs of CHF, the rest- 

ing heart rate is 80 beawmin, the heart 
murmur is less than grade Ill, and the du- 
ration of AF is more than 6 months 

(4) When the duration of AF is less than 4 
months, the heart murmur is grade IV, the 
resting heart rate is 60 beatslmin, and 
there are signs of mild CHF 

(5) When the duration of AF is less than 4 
months, the murmur is  less than grade Ill, 
the resting heart rate is less than or equal 
to 6 0  beatsimin, and there are no signs of 
C H F  

DIRECTIONS: Each of the numbered items or incomplete statements in this section i s  
negatively phrased, as indicated by a capitalized word such as NOT, LEAST, or EXCEPT. 
Select the ONE numbered answer or completion that is BEST in each case. I (1) Bovine leukemia virus (BLVl-associated 

lymphoma involving the right atrium 
(2) Haemophilus somnus myocarditis 
(3) Monensin toxicosis 
(4) An aberrant form of infectious bovine rhi- 

notracheitis (IBR) viral infection 
(5) Shipping fever disease complex involving 

the Pasteurella species 

9. Which one of the following clinical signs 
i s  LEAST likely to be seen in cattle with bade- 
rial endocarditis (BE)? 

10. Which one of the following is NOT corn- 
monly important in the pathophysiology of 
pericardial disease? 

(1) Lameness 
(21 Tachycardia 
(3) Heart murmur 
(4) Fever 
(5) Abdominal pain 

(1) Diastolic cardiac dysfunction 
(2) Elevated intrapericardial pressure, causing 

a reduction in preload 
(31 Systolic cardiac dysfunction 
(41 Decreased cardiac output, assuming heart 

rate, cardiac contractility, and vascular re- 
sistance are unchanged 

(5) Increased sympathetic tone 
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11. Which congenital heart defect does NOT 
cause cyanosis and hypoxemia? 

(1) Reverse patent ductus arteriosus (FDA; 
right-to-left shunt) 

(2) Pentalogy of Fallot 
(3) Ventricular septal defect (VSD) with pul- 

monary hypertension (right-to-left shunt) 
(4) Tetralogy of Fallot 
(5) Foramen ovale 

12. Which one of the following diagnostic 
test results could NOT be used to support a di- 
agnosis of white muscle disease? 

(1) Elevated aspartate aminotransferase (AST), 
creatine phosphokinase (CK), and lactate 
dehydrogenase (LDH) in serum 

(2) Elevated red blood cell (RBC) glutathione 
peroxidase activity 

(3) Urinalysis revealing myoglobinuria 
(4) Low selenium concentration in blood 
(5) Skeletal or intercostal muscle biopsy re- 

vealing hyaline degeneration and lysis 

DIRECTIONS: Each set of matching questions in this section consists of a list of four to 
twenty-six numbered options (some of which may be in figures) followed by several 
numbered items. For each numbered item, select the ONE numbered option that is most 
closely assiated with it. To avoid spending too much time on matching sets with large 
numbers of options, it is generally advisable to begin each set by reading the list of options. 
Then, for each item in the set, try to generate the correct answer and locate it in the option 
list, rather than evaluating each option individually. Each numbered option may be selected 
once, .more than once, or not at all. 

Questions 13-1 5 13. Holosystolic murmur with point of maxi- 
mal intensity (PMI) over the left fifth intercos- 

Match each valvular defect with the appropri- 
tal Tace 

ate cardiac auscultation finding. 
14. Holosystolic murmur with PMI over the 

(1) Mitral regurgitation left heart base 
(2) Tricuspid regurgitation 
(3) Pulmonic regurgitation 
(4) Aortic regurgitation 15. Holodiastolic decrescendo murmur with 

PMI over the left fourth intercostal space 

~ R S  A N D  E X P L  

1. The answer is 1 [II A 41. Tetralogy of Fal- 
lot is a cyanotic heart defect that impairs ven- 
tricular emptying. This disorder results from 
an abnormal dextrad (to the right) develop- 
ment of the great vessels. The four compo- 
nents are a ventricular septal defect (VSD), ov- 
erriding of the interventricular septum by the 
aorta (overriding aorta), pulmonic stenosis, 
and right ventricular hypertrophy. If an atrial 
septal defect is also present, a pentalogy of 
Fallot exists. 

2. The answer is 5 [Ill C 1 b (5)]. Quinidine 
sulfate is the drug of choice for conversion of 
horses with atrial fibrillation (An to sinus 
rhythm and is most successful when the dura- 
tion of AF is short (less than 4 months), mur- 
murs auscultated are less than grade Ill-V, the 
resting heart rate is less than or eaual to 60 
beatstmin, and there are no signs of conges- 
tive heart failure (CHF). 

3. The answer is 4 1111 C 1 c (2), (5)l. Atrial fi- 
brillation (AF) is the most commonly observed 
arrhythmia in cattle and can be functional or 
organic in nature. Functional AF develops 
without apparent cardiac disease and usually 
is secondary to other clinical problems, such 
as gastrointestinal disturbances with associ- 
ated electrolyte disturbances (LDA in this 
case). AF will frequently convert to normal 
sinus rhythm without specific treatment. Cor- 
rection of the LDA will probably result in re- 
turn to normal sinus rhythm in a few days. 
Sinus arrhythmia associated with respiration 
does not normally develop in cattle. The heart 
rate is usually slow to normal. There may b e  
cyclic variation in heart rate. Ventricular 
tachycardia suggests underlying cardiac dis- 
ease. Auscultation usually reveals a rapid but 
regular heart rate. 

4. The answer is 2 [V A 4 a]. Haernophilus 
sornnus produces a syndrome consisting af 
sudden death with few or no premonitory 
signs, often following an episode of pneume 
nia or meningoencephalitis. Necropsy of af- 
fected animals often reveals multifocal m p  
cardial infarcts, necrosis, and fibrosis iypical 
of embolic disease. H. sornnus, which is often 
isolated from these lesions, is an opportunistic 
pathogen that has a predilection for the bo- 

vine female reproductive tract. The septicemic 
form, which includes myocardial disease, has 
been increasing in frequency in western Can- 
ada since 1987. Lymphoma involving the 
right atrium occurs infrequently and usually in 
older animals. Postmortem findings include a 
mass on the right auricle or within the right' 
atrium, pericardial effusion, and cardiac dila- 
tion. Infectious bovine rhinotracheitis (IBR) is 
not known to cause myocarditis or cardiomy- 
opathy. Pasteurellosis can cause bacteremia 
and septicemia with resultant cardiac disease, 
but it usually manifests as a vegetative lesion 
on one or more cardiac valves, rather than as 
myocarditis. Pneumonia is also usually pres- 
ent clinically and at postmortem. 

5. The answer is 4 [I1 B 41. Degenerative 
changes involving the aortic valve are com- 
mon in older horses. The murmur associated 
with aortic regurgitation is holodiastolic, with 
the point of maximal intensity (PMI) over the 
aortic valve and radiating toward the left car- 
diac apex. Aortic regurgitation is usually well 
tolerated and is not associated with exercise 
intolerance. Usually, no treatment is neces- 
sary. Atrioventricular valve stenosis is rare in 
horses. Vegetative lesions on the mitral or tri- 
cuspid valve may be large enough to cause 
narrowing of the valve orifice. The associated 
murmur is  a decrescendo diastolic murmur 
after S2 and is heard best on the left side of 
the chest over the mitral valve. Bacterial endo- 
carditis (BE) involving the mitral valve usually 
results in fever, weakness, anorexia, weight 
loss, or lameness in addition to the character- 
istic systolic heart murmur. Pulmonic insuffi- 
ciency is uncommon in horses. The murmur 
associated with it is holosystolic with PMI 
over the pulmonic valve. Usually, horses 
show other signs of heart disease, such as jug- 
u lar venous distention and severe exercise in- 
tolerance. A congenital heart defect, such as a 
ventricular septal defect (VSD), produces a ho- 
losystolic murmur heard on both sides of the 
chest, 

6 .  The answer is 2 [Ill B 21. Type I M o b i i  
(Wenckebach) is the most common incom- 
plete atrioventricular (AW block in horses. It 
is characterized by progressive lengthening of 
the P-R interval for several beats until one P 
wave, representing atrial excitation, occurs 



212 ( Chapter 8 

without a subsequent ventricular excitation 
(QRS-T). The post-block P-R interval i s  
shorter. 

7. The answer is 1 [V Dl. Mulberry heart dis- 
ease occurs in rapidly growing pigs, particu- 
larly during the postweaning period (3 weeks 
to 4 months). The pigs are usually fed diets de- 
ficient in both selenium and vitamin E. Diets 
may contain a high concentration of unsatu- 
rated fatty acids. Diets commonly associated 
with the condition include mixtures of soy- 
bean, high-moisture corn, and cereal grains 
grown on soils with low levels of selenium. 
Without selenium, vitamin E, or both, there is 
widespread tissue lipoperoxidation leading to 
hyaline degeneration and calcification of mus- 
cle fibers such as myocardial fibers. Myocar- 
dial muscle i s  replaced by fibrosis, leading to 
pale discoloration and firmness. Bacterial en- 
docarditis (BE) usually involves the left AV 
valve in pigs. Left heart enlargement and vege- 
tative lesions on the AV valves are seen at 
postmortem. Sarcocystis species cause focal 
myocarditis, not generalized cardiac discolora- 
tion and enlargement. A severe congenital 
heart defect usually causes clinical signs from 
birth that progressively worsen with age. Evi- 
dence of the cardiac defect would be appar- 
ent at postmortem. 

8. The answer is 3 [I B 41. Cardiac sounds 
originate when the mechanical activity of the 
heart results in sudden acceleration and dece- 
leration of columns of blood, causing the 
heart, major vessels, and blood to vibrate as a 
whole. 

9. The answer is 5 111 B 6 b (Z)]. The most fre- 
. quently occurring clinical signs associated 

with bacterial endocarditis (BE) in cattle in- 
clude tachycardia, weight loss, lameness, 
heart murmur, and fever. Colic or abdominal 
pain is uncommon. 

10. The answer is 3 [IV A]. Pericardial dis- 
ease causes diastolic cardiac dysfunction with 
minimal if any alterations in systolic function. 
Elevated intrapericardial pressure inhibits dia- 
stolic cardiac filling, causing a reduction in 
preload for any given venous filling pressure. 
Reduction in preload results in decreased car- 
diac output, assuming the heart rate, cardiac 

contractility, and vascular resistance are un- 
changed. The body responds to the decreased 
cardiac output by increasing sympathetic tone 
and stimulating the renin-angiotensin-aldoste- 
rone system. The elevated sympathetic tone 
causes elevations in the heart rate and aug- 
mentation of cardiac contractility. 

11. The answer is 5 (11 A 2 c]. Three congeni- 
tal heart defects result in hypoxemia and cya- 
nosis. They include tetralogy and pentalogy of 
Fallot, right-to-left shunting patent ductus arte- 
riosus (PDA), and right-to-left shunting ventric- 
ular septal defect (VSD). These defects result 
in the shunting of blood away from the lungs 
where oxygenation occurs. Chronic hypoxia 
may lead to progressive secondary polycythe- 
mia and sludging of the blood. A patent fora- 
men ovale (atrial septal defect) usually results 
in the shunting of blood from the left atrium 
into the right atrium. This, in tum, results in in- 
creased blood volume through the pulmonary 
circulation. Therefore, hypoxemia is not a 
common clinical feature. 

12. The answer is 2 [V D 41. Nutritional mus- 
cular dystrophy (white muscle disease) may re- 
sult in elevated muscle enzyme levels [cre- 
atine phosphokinase (CK), lactate 
dehydrogenase (LDH), aspartate aminotransfer- 
ase (AST)], low selenium in serum, low gluta- 
thione peroxidase activity in blood, and evi- 
dence of muscle degeneration on a biopsy. 
All of these tests are used in conjunction with 
clinical signs and evidence of low or marginal 
vitamin E or selenium concentrations in the 
diet 

13-15. The answers are: 13-1 111 B 2 bl, 14- 
3 [I1 B 5 b], 15-4 111 B 4 b]. Mitral regurgita- 
tion produces a holosystolic murmur that is 
heard best on the left side with the point of 
maximal intensity (PMI) in the fifth intercostal 
space. 

Pulmonic regurgitation produces a holosys- 
tolic murmur that is heard best over the left 
heart base. 

Aortic regurgitation produces a decres- 
cendo diastolic murmur that is heard best on 
the left side of the chest in the fourth intercos- 
tal space. The murmur often radiates over a 
wide area. 

Chapter 9 

Metabolic Disorders 
Timothy H. Ogilvie 

B ~ C  DISORDERS OF RUMINANTS 
1 A Parturient paresis (hypocalcemia, milk fever) 

1. Patient profile and history 
a. Parturient paresis is most commonly seen in dairy cattle and may affect 536-1 0% 

of all adult dairy cows. This disease is less common in beef cattle, sheep, and 
goats. There is a breed susceptibility, with Jerseys and Guernseys having a higher 
incidence of disease than other dairy breeds. 

b. Usually, there is a distribution of cases around parturition, with 75% of clinical 
cases occurring within 24 hours of calving, 12% occurring 24-48 hours after cal- 
ving, and 6% occurring at calving. Hypocalcemia at calving often is associated 
with dystocia. A subset (7%) also occurs before or unassociated with calving. 
These forms of the disease are associated with calcium loss but are not caused by 
an onset of lactation. 

c. There is  an age susceptibility to the disease in that it parallels milk production, 
and it i s  rare in heifers. There i s  an individual susceptibility and the tendency for 
the condition to reoccur in susceptible cows. 

2. Clinical findings 
a. Cattle. This condition is divided into three stages: 

(1) Stage I. The signs consist of mild excitement and tetany without recumbency. 
Anorexia is also a consistent finding. These signs may go unobserved because 
stage I rapidly progresses to stage II (1-hour progression). 

(2) Stage II 
(a) There is depression, paralysis, and recumbency. The head is characteristi- 

cally turned into the flank or rested on the ground in an extended posi- 
tion. Fine muscle tremors may be evident, and the cow may make threat- 
ening motions with the head (e.g., head shaking, open-mouth bellowing). 

(b) Examination reveals tachycardia with decreased heart sounds, cool ex- 
tremities, and a low rectal temperature (35.5"C-37.8"C). Gastrointestinal 
atony (e.g., mild bloat, constipation), loss of anal reflex, and a slow pupil- 
lary light reflex are evident. The clinical signs at this stage may be associ- 
ated with uterine prolapse. Stage II may last from 1 to 12 hours. 

(3) Stage Ill. Cattle with stage I l l  milk fever exhibit further weakness and progres- 
sive loss of consciousness. Bloat may be life threatening because of lateral re- 
cumbency and gastrointestinal tract (GIT) atony. There is a danger of aspira- 
tion pneumonia, the heart sounds become inaudible, and a pulse may be 
undetectable. This stage may progress to death in 3-4 hours. 

b. Sheep are more likely to develop milk fever in late gestation. Ewes usually exhibit 
flaccid paralysis; however, tetany or muscle tremors may be evident. Recum 
bency is less common than w i ~ h  catde. 

c. Coats. Milk fever may K c u r  prepartum, as in sheep, or postpartum, as in high- 
producing dairy animals. The clinical signs are similar to those in sheep. 

3. Etiology and pathogenesis 
a. Hypocalcemia. When calcium oufflow is sudden and severe (i.e., lactation in 

cows, multiple fetuses i n  sheep), calcium homeostasis mechanisms may fail. Ma- 
ture cows have increased lactation demands for calcium and older cows have de- 
creased ability to mbilize cal cium from the GIT. GIT stasis at parturition (or at 
other times) also intederes with calcium uptake. Paralysis occurs because of inad- 
equate calcium availability at the neu romuscular junction. Calcium is necessary 
for the release of acelylcholine. Also, low calcium levels impair muscular 
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without a subsequent ventricular excitation 
(QRS-T). The post-block P-R interval is 
shorter. 

7. The answer is 1 [V Dl. Mulberry heart dis- 
ease occurs in rapidly growing pigs, particu- 
larly during the postweaning period (3 weeks 
to 4 months). The pigs are usually fed diets de- 
ficient in both selenium and vitamin E. Diets 
may contain a high concentration of unsatu- 
rated fatty acids. Diets commonly associated 
with the condition include mixtures of soy- 
bean, high-moisture corn, and cereal grains 
grown on soils with low levels of selenium. 
Without selenium, vitamin E, or both, there is 
widespread tissue lipoperoxidation leading to 
hyaline degeneration and calcification of mus- 
cle fibers such as myocardial fibers. Myocar- 
dial muscle is replaced by fibrosis, leading to 
pale discoloration and firmness. Bacterial en- 
docarditis (BE) usually involves the left AV 
valve in pigs. Left heart enlargement and vege- 
tative lesions on the AV valves are seen at 
postmortem. Sarcocystis species cause focal 
myocarditis, not generalized cardiac discolora- 
tion and enlargement. A severe congenital 
heart defect usually causes clinical signs from 
birth that progressively worsen with age. Evi- 
dence of the cardiac defect would be appar- 
ent at postmortem. 

8. The answer is 3 [I B 41. Cardiac sounds 
originate when the mechanical activity of the 
heart results in sudden acceleration and dece- 
leration of columns of blood, causing the 
heart, major vessels, and blood to vibrate as a 
whole. 

9. The answer is 5 [I1 B 6 b (31. The most fre- 
.quently occurring clinical signs associated 
with bacterial endocarditis (BE) in cattle in- 
clude tachycardia, weight loss, lameness, 
heart murmur, and fever. Colic or abdominal 
pain is uncommon. 

10. The answer is 3 [IV A]. Pericardial dis- 
ease causes diastolic cardiac dysfunction with 
minimal if any alterations in systolic function. 
Elevated intrapericardial pressure inhibits dia- 
stolic cardiac filling, causing a reduction in 
preload for any given venous filling pressure. 
Reduction in preload results in decreased car- 
diac output, assuming the heart rate, cardiac 

contractility, and vascular resistance are un- 
changed. The body responds to the decreased 
cardiac output by increasing sympathetic tone 
and stimulating the renin-angiotensin-aldoste- 
rone system. The elevated sympathetic tone 
causes elevations in the heart rate and aug- 
mentation of cardiac contractility. 

11. The answer is 5 111 A 2 c]. Three congeni- 
tal heart defects result in hypoxemia and cya- 
nosis. They include tetralogy and pentalogy of 
Fallot, right-to-left shunting patent ductus arte- 
riosus (PDA), and right-to-left shunting ventric- 
ular septal defect (VSD). These defects result 
in the shunting of blood away from the lungs 
where oxygenation occurs. Chronic hypoxia 
may lead to progressive secondary polycythe- 
mia and sludging of the blood. A patent fora- 
men ovale (atrial septal defect) usually results 
in the shunting of blood from the left atrium 
into the right atrium. This, in turn, results in in- 
creased blood volume through the pulmonary 
circulation. Therefore, hypoxemia is not a 
common clinical feature. 

12. The answer is 2 [V D 41. Nutritional mus- 
cular dystrophy (white muscle disease) may re- 
sult in elevated muscle enzyme levels [cre- 
atine phosphokinase (CK), lactate 
dehydrogenase (LDH), aspartate aminotransfer- 
ase (AST)], low selenium in serum, low gluta- 
thione peroxidase activity in blood, and evi- 
dence of muscle degeneration on a biopsy. 
All of these tests are used in conjunction with 
clinical signs and evidence of low or marginal 
vitamin E or selenium concentrations in the 
diet. 

13-15. The answers are: 13-1 111 B 2 bl, 14- 
3 111 B 5 b], 15-4 (11 B 4 b]. Mitral regurgita- 
tion produces a holosystolic murmur that is 
heard best on the left side with the point of 
maximal intensity (PMI) in the fifth intercostal 
space. 

Pulmonic regurgitation produces a holosys- 
tolic murmur that is heard best over the left 
heart base. 

Aortic regurgitation produces a decm- 
cendo diastolic murmur that is heard best on 
the left side of the chest in the fourth intercos- 
tal space. The murmur often radiates over a 
wide area. 

Chapter 9 

Metabolic Disorders 
Timothy H. Ogilvie 

m- DISORDERS OF RUMINANTS - A Parturient paresis (hypocalcemia, milk fever) 

1. Patient profile and history 
a. Parturient paresis is most commonly seen in dairy cattle and may affect &-lo% 

of all adult dairy cows. This disease is less common in beef cattle, sheep, and 
goats. There i s  a breed susceptibility, with Jerseys and Guernseys having a higher 
incidence of disease than other dairy breeds. 

b. Usually, there is a distribution of cases around parturition, with 75% of clinical 
cases occurring within 24 hours of calving, 12% occurring 24-48 hours after cal- 
ving, and 6% occurring at calving. Hypocalcemia at calving often is associated 
with dystocia. A subset (7%) also occurs before or unassociated with calving. 
These forms of the disease are associated with calcium loss but are not caused by 
an onset of lactation. 

c. There i s  an age susceptibility to the disease in that it parallels milk production, 
and it i s  rare in heifers. There is an individual susceptibility and the tendency for 
the condition to reoccur in susceptible cows. 

2. Clinical findings 
a. Cattle. This condition is divided into three stages: 

(1) Stage I. The signs consist of mild excitement and tetany without recumbency. 
Anorexia is also a consistent finding. These signs may go unobserved because 
stage I rapidly progresses to stage II (1-hour progression). 

(2) Stage II 
(a) There is depression, paralysis, and recumbency. The head is characteristi- 

cally turned into the flank or rested on the ground in an extended posi- 
tion. Fine muscle tremors may be evident, and the cow may make threat- 
ening motions with the head (e.g., head shaking, open-mouth bellowing). 

(b) Examination reveals tachycardia with decreased heart sounds, cool ex- 
tremities, and a low rectal temperature (35.5"C-37.8"C). Gastrointestinal 
atony (e.g., mild bloat, constipation), loss of anal reflex, and a slow pupil- 
lary light reflex are evident. The clinical signs at this stage may be associ- 
ated with uterine prolapse. Stage II may last from 1 to 12 hours. 

(3) Stage Ill. Cattle with stage Ill milk fever exhibit further weakness and progres- 
sive loss of consciousness. Bloat may be life threatening because of lateral re- 
cumbency and gastrointestinal tract (GIT) atony. There is a danger of aspira- 
tion pneumonia, the heart sounds become inaudible, and a pulse may be 
undetectable. This stage may progress to death in 3-4 hours. 

b. Sheep are more likely to develop milk fever in late gestation. Ewes usually exhibit 
flaccid paralysis; however, tetany or muscle tremors may be evident. Recum- 
bency is less common than with cattle. 

c. Coats. Milk fever may occur prepartum, as in sheep, or postpartum, as in high- 
producing dairy animals. The clinical signs are similar to those in sheep. 

3. Etiology and pathogenesis 
a. Hypocalcemia. When calcium outflow is sudden and severe (i.e., lactation in 

cows, multiple fetuses in sheep), calcium homeostasis mechanisms may fail. Ma- 
ture cows have increased lactation demands for calcium and older cows have de- 
creased ability to mobilize calcium from the GIT. GIT stasis at parturition (or at 
other times) also interferes with calcium uptake. Paralysis occurs because of inad- 
equate calcium availability at the neuromuscular junction. Calcium is necessary 
for the release of acetylcholine. Also, low calcium levels impair muscular 
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contractility by hindering calcium-dependent actin and myosin interactions. Neu- 
romuscular dysfunction may be variable (tetany or flaccid paralysis) with mildly 
decreased cqlcium concentrations or in nonbovine species (i.e., sheep, goats, 
horses). Retained placentae are common sequelae to milk fevers. 

b. Hypophosphatemia. Simultaneous with calcium loss, phosphorus may be lost in 
milk or not absorbed (decreased intake or decreased mobilization from bone), 
causing the hypophosphatemia that i s  seen. Hypophosphatemia may result in en- 
hanced flaccid paralysis and continued recumbency even after low serum cal- 
cium levels have been corrected. 

c. Hypermagnesemia is seen occasionally and also enhances flaccidity. Increased 
levels of magnesium impair acetylcholine release. The cause for hypermagnese- 
mia is unknown. 

4. Diagnostic plan. The field diagnosis i s  based on clinical signs, history, and response 
to therapy. At the time of treatment, serum should be drawn and held for calcium 
analysis. 

5. Laboratory tests 
a. Total serum calcium determination is the standard test for all ruminants. Al- 

though ionized calcium is the active form, it is difficult to measure in most labora- 
tories and usually closely parallels total calcium concentrations. Total calcium 
less than 1.9 mmol/L may result in clinical signs, with stage I disease usually char- 
acterized by a serum calcium level of 1.4-2.0 mmollL. Most animals become r e  
cumbent before a level of 1.25 mmol/L is reached (the typical range of stage I1 
milk fever is 0.9-1.6 mmollL). With stage III disease, levels may reach 0.5 
mmollL before the animal dies. 

b. Serum magnesium and phosphorus determination 
(1) In dairy cattle with parturient paresis, hypermagnesemia (1.5-2 mmollL) and 

hypophosphatemia (0.5-1 mmollL) may be seen. 
(2) In the less common presentation of nonparturient paresis (i.e., calcium loss 

not associated with calving), hyperphosphatemia and hypomagnesemia may 
occur. 

6. Differential diagnoses include other causes of recumbency: trauma, peripheral nerve 
paralysis, calving injuries, or septicemias and toxemias (e.g., acute coliform mastitis). 

7. Therapeutic plan. Owners may be taught how to diagnose and treat parturient pa- 
resis on their own. 
a. Cattle. The disease should be treated as an emergency, particularly if the animal 

is in stage Ill. Prolonged recumbency results in  complications (e.g., bloat, uterine 
prolapse, muscle necrosis, aspiration pneumonia). Animals do not recover sponta- 
neously. Individuals respond best in early stages and with early treatmenq Be- 
tween 5% and 15% of cows do not respond to initial treatment and remain re- 
cumbent for various lengths of time. Persistent hypophosphatemia may be an 
underlying cause for failure to respond. 
(1) Relieve bloat Roll the cow into sternal recumbency before treatment to re- 

lieve any bloat. 
(2) Administer calcium. lntravenous and subcutaneous calcium solutions each 

contain between 8 g and 10 of calcium and are advocated in tandem to 
lessen the chance of relapse.bne S M m l  bottle is sufficient for treatment, 
but calcium continues to be lost in the milk and is not being absorbed be- 
cause of GIT atony and increased calcitonin release. 
(a) Administer 500 ml of 23% calcium gluconate intravenously (calcium bor- 

ogluconate and glucose, phosphorus, magnesium, and potassium are 
often found in commercial preparations). Intravenous injections must be 
given slowly (over 20 minutes) and the heart monitored for signs of irregu- 
larity. The heart rate should slow dramatically and become stronger over 
the period of calcium administration/Other responses to therapy include 
eructation, urination, defecation, muscle twitching, and an improvement 
in demeanor. Within 30 minutes of treatment, 60% of animals with un- 
complicated milk fever will stand. 
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I (b) Subcutaneous calcium. A subcutaneous calcium preparation without glu- 

i cose (one 500-mi bottle) is administered as well. For stage I conditions, 

f subcutaneous administration alone may be sufficient. Also, subcutaneous 

! administration without intravenous calcium treatment should be consid- 
ered in cases complicated by toxemia and shock due to cardiovascular 
compromise. 

(3) Follow-up 
(a) Full restoration of calcium homeostasis does not occur for 2-3 days. The 

owner should request a revisit if there has been no response to therapy 
within 12 hours of treatment. Retreatment may be warranted up to two 
more treatments. 

(b) If the animal is unresponsive to therapy shortly after administration, prop 
her up in sternal recumbency, and provide secure footing in case the 
cow attempts to rise. Provide shelter and easy access to feed and water if 
recumbency is prolonged. 

(c) Good nursing care (i.e., deep bedding, rolling from side to side 4-5 
times per day) may be necessary to prevent muscle damage. Mechanical 
hip-lifting devices may encourage the cow to stand but should be used 
with great care and discretion to avoid muscle damage. More efficacious 
lifters include harnesses and inflatable mattresses. 

(d) Consider only partial milking for 1-2 milkings post treatment, unless 
there is concurrent mastitis. Relapses of clinical hypocalcemia may 
occur, and decreasing the milk drain of calcium is thought to lessen the 
likelihood of relapse. 

b. Sheep and goats. Calcium gluconate should be administered at 50-100 ml of a 
23% solution intravenously. Consider cesarian sections for sheep if near term. 
Sheep developing hypocalcemia in late gestation often relapse. 

8. Prevention 
a. Dry cow diets, which are low in calcium content (i.e., nonlegume roughage), are 

preventive. Diets high in anions (chloride ions and sulfur compounds) compared 
to cations (sodium and potassium ions) tend to prevent hypocalcemia. 

b. Vitamin D3 preparations administered preparturn may prevent or ameliorate the 
clinical signs, but the timing of administration is critical. 

c. Other preventives include culling cattle prone to the condition, keeping cattle on 
feed at the time of parturition (i.e., reduce episodes of indigestion), and adminic 
tering oral calcium in the form of calcium gel at calving. 

I Downer cow syndrome 

1. Patient profile and history. COWS that remain recumbent 24 hours after initially 
going down are classified as downer cows. The condition may or may not be related 
to milk fever, but the vast majority of cases are periparturient and related to parturi- 
ent paresis. 

2. Clinical findings. The animal does not appear to be systemically ill but either is una- 
ble to rise or refuses to rise. The cow may have been treated with calcium for parturi- 
ent paresis. She may pull herself around her enclosure, which accounts for the term 
"creeper cow." 

3. Etiology and pathogenesis. Causes of recumbency include parturient paresis, calving 
paralysis (obturator or sciatic paralysis), pelvic fracture, coxofemoral luxation, lymph- 
osarcoma, and malnutrition Any large animal that is recumbent is vulnerable to mus- 
cle damage. Compressive e ects are evident within 6-1 2 hours on a hard surface. 6 
This damage is almost exclusively confined to muscles of the pelvic limbs. 

4. Diagnostic plan. Eliminate any obvious causes of recumbency via a general physical 
examination, and perform a rectal and manual examination of the pelvis. The clini- 
cal examination may be aided by the use of a hip lifter or slings. However, the 
downer animal is often labeled as such by the elimination or exclusion of obvious 
causes of the condition. 
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5. Laboratory tests. Muscle leakage enzyme (creatine kinase) values rise to moderately 
high levels but fall to more normal levels after 6 days of recumbency. This may help 
to differentiate recumbency from other causes from a primary muscular disorder. 
Serum levels of calcium and phosphorus may be low if the primary disorder is 
caused by hypocaicemia. 

6. Therapeutic plan 
a. Underlying conditions should be treated, if possible. 
b. Supplementation with phosphorus may be efficacious. 
c. Lifting devices, such as hip lifters, are useful but only for short periods (e.g., ex- 

amination, milking). The cow must not be allowed to hang unattended for long 
periods of time. Abdominal slings are useful but must be well designed. Air bags 
seem most humane but cause respiratory embarrassment and cows may roll off. 
Water stalls or pools hold the best theoretical promise but are impractical in field 
situations. 

d. Nursing care is necessary for all down animals and includes rolling, providing 
deep bedding, cleaning wet skin, feeding, milking, watering, and other supportive 
measures. 

e. Analgesia (e.g., aspirin, phenylbutazone, flunixin meglumine) may be indicated 
to relieve muscle pain. 

7. Prognosis. The prognosis for each case depends on the primary disorder and any sec- 
ondary complications. Any prognosis is extremely difficult to offer if the animal i s  a 
true downer without evidence of another or primary disorder. 

8. Prevention 
a. To prevent calving injuries leading to recumbency, provide calving pens for ani- 

mals rather than calving in stanchions, make sure heifers are large enough at the 
time of parturition, and provide breeding advice on sire size. 

b. Prevent parturient paresis as described in I A 8. Treat recumbent animals vigor- 
ously. 

c. Provide resilient matting or deep bedding in stanchion or comfort stalls. a Postparturient hemoglobinuria 

1. Patient profile and history. Postparturient hemoglobinuria is a disease of mature, 
high-producing dairy cattle. It is of relatively low incidence, sporadic, and seen in 
cows 2-4 weeks post calving. It is most commonly seen on particular farms in associ- 
ation with certain diets. 

2. Clinical findings 
a. There i s  a precipitous drop in  milk yield with sudden weakness (e.g., staggering) 

and anorexia. The urine is reddish-brown to black (hemoglobinuria), and there 
are signs of anemia (e.g., pale mucous membranes, tachycardia, an increased car- 
diac impulse). Jaundice develops terminally (3-5 days) with weakness, recum- 
bency, and death. 

b. Signs of phosphorus deficiency may be evident in the herd, for example pica, in- 
fertility, and poor growth of calves with musculoskeletal disorders (osteodys- 
trophy). 

3. Etiology and pathogenesis 
a. This condition is  associated with hypophosphatemia because of low dietary phos- 

phorus intake. It is seen in nonsupplemented cattle grazing on phosphorusdefi- 
cient soils. Lactation drain exacerbates phosphorus loss. There may be an associa- 
tion with low total body copper and selenium in individual animals. 

b. It is felt that ingested hemolytic agents, such as cruciferous plants (kale and other 
brassicas), cause erythrolysis, particularly in cases of increased red blood cell frag- 
ility. Red blood cells are more fragile with mineral deficiencies (e.g., phosphorus, 
copper, selenium). The best documented mineral deficiency is chronic phospho- 
rus deficiency. 

4. Diagnostic plan. The field diagnosis is based on clinical findings. The clinician must 
differentiate other causes of red urine. 
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! 5. Laboratory tests 
I a. Serum phosphorus. Low serum phosphorus levels are found in lactating, unaf- 

. 

. 

. 

. 

I 

I fected animals (0.65-1.0 mmol/L). Clinically affected cattle have very low serum 
I phosphorus values (less than 0.5 mmol/L). 

b. Complete blood cell count (CBC) and hematocrit. Cattle are anemic as evi- 
denced by the low total red blood cell count and hemoglobin. 

c. Urinalysis. There is hemoglobinuria. 
d. Serum copper levels may be low. 

6. Therapeutic plan 
. a. A blood transfusion (5-1 0 Ucow) must be administered to save the affected an- 

imal. 
b. Isotonic fluid therapy is necessary to provide diuresis and renal support. 
c. Phosphorus should be given intravenously at a dose of 60 g of sodium acid phos- 

phate in 300 ml of distilled water with a similar amount subcutaneously. The sub- 
. cutaneous treatment should be repeated once per day for the next 3 days coupled 

with the same daily dose orally. 
d. Dietary supplementation with bone meal at 120 g twice daily or some other 

source of phosphorus is recommended for 5 days post treatment. 

7. Prognosis. The prognosis for any anemic recumbent animal is poor. Kidney failure 
may occur within 3-5 days, and if an animal survives, a long convalescence may be 
necessary. 

8. Prevention. Phosphorus, copper, and/or selenium supplementation for the herd is 
.+.... . warranted. a Clinical bovine ketosis (acetonemia) 

1. Patient profile and history 
a. Primary ketosis is a metabolic disorder that occurs in lactating dairy cows 1-6 

weeks after calving (usually 3-4 weeks into lactation). It may be seen in high-pro- 
ducing, heavily fed dairy cows indoors, and is rarely seen in cattle on pasture. 

b. Secondary ketosis may occur as a complication of another disease that usually oc- 
curs early in the postpartum period (e.g., metritis, left displacement of the ab- 

. omasum). 

2. Clinical findings 
a. Primary ketosis. Cows exhibit a gradual decrease in appetite and milk yield for 

3-4 days. There is moderate weight loss and depression. Cows are selectively an- 
. orexic, preferring hay to grain or silage. Feces are characteristically firm and dry 

("bull-like"). When appetite is lost, weight loss may be rapid. A ketone smell 
may be detectable on the cow's breath. Spontaneous recovery may occur when 
milk production and caloric intake are stabilized. 

b. N~NOUS ketosis is a type of primary ketosis where nervous signs predominate. 
The cow may appear delirious, walking in circles and head pressing with compul- 
sive licking and chewing movements, hyperesthesia, bellowing, apparent blind- 
ness, and a depraved appetite. 

c Secondary ketosis. Clinical signs are similar to those of primary ketosis but not as 
dramatic. The condition is accompanied by another clinical problem (e.g., metri- 
tis, left abomasal displacement). Signs may occur earlier in lactation than with pri- 
mary ketosis (i.e., usually within 1-2 weeks of calving). 

, . 
3. Etiology and pathogenesis 

a. Primary ketosis. Subclinical bovine ketosis may be normal in high-producing 
dairy cattle where there is often a negative energy balance early in lactation. 
High milk production causes energy (glucose) drain, and the need for energy may 
exceed capacity for intake. Likewise, the need for energy may exceed that pro- 
vided for in the ration. A defect in digestion or metabolism may result in inade- 
quate amounts of glucose available at the cellular level. 
(1) Hypoglycemia results in an increased requirement for gluconeogenesis in  the 

liver (glucose from amino acids and glycerol). This pathway for glucose pro- 



7. Therapeutic plan 
a. Routine therapy is the administration of 500 ml of 50% dextrose solution intrave 

nously. Relapses are common and follow-up includes the oral administration of 
propylene glycol (225 g twice daily for 2 days followed by 110 g once daily for 2 

. . 
I 
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duction normally supplies a high percentage of glucose via the tricarboxylic 
acid (TCA) cycle. Interference with this pathway (e.g., lack of oxaloacetate) 
converts ketogenic volatile fatty acids to ketone bodies (acetoacetic and phy. 
droxybutyric acid). Depletion of hepatic glycogen occurs and hepatic stores 
of triglycerides and ketone bodies increase. 

more days). 
b. Corticosteroids (1 0 mg dexamethasone intramuscularly giwn once) may be con- 

sidered for their effect on repartitioning glucose and depressing milk production. 
Anabolic steroids (60-1 20 mg of trenbolone acetate) are also efficacious in treat- 
ment. Be aware that this is an off label use in most countries. 

c. Vitamin B12 and cobalt may be administered, as may nicotinic acid, in the feed. 

(2) Ketogenic diets are thought to be low in precursors of propionic acid, which 
is converted directly to oxaloacetate and glucose. Ketogenic diets (e.g., si- 
lages) have high levels of butyric and acetic acid. High-protein diets also may 
be ketogenic in nature. 

b. Secondary ketosis is thought to follow the same pathophysiologic sequence as pri- . q  

mary ketosis; however, a causative or developmental factor is involved (e.g., a 
clinical disease). The clinical disease results in a decreased appetite, which, in 

. ., 
the presence of the loss of lactose due to lactation, causes the ketotic syndrome 
to develop. 

4. Diagnostic plan. The field diagnosis is based on history, clinical findings, cowside 
tests, and response to therapy. Laboratory tests confirm the diagnosis. 

5. Laboratory tests 
a. With primary ketosis, blood glucose is depressed and blood, urinary, and milk ke- a 

tones are elevated. A CBC reveals lymphocytosis, neutropenia, and eosinophilia. 
Cowside tests (i.e,, dipstick evaluation) will detect urine and milk ketones. 

b. Secondary ketosis. Laboratory changes are similar to those of priman/ ketosis, but 
they are less dramatic. 

6. Differential diagnoses include indigestion, traumatic reticuloperitonitis, abornasal dis- 
placements, and metritis. Central nervous system (CNS) diseases also should be con- 
sidered when presented with a case of suspected nervous ketosis. 

8. Prevention 
a. For herd problems, regularly check for ketonuria during the second to sixth 

weeks of lactation. Reduce the silage component of ration if practical. Sodium 
propionate or propylene glycol may be fed preventively, although this may be ex- 

. r  

pensive. 
b. Cows should be in good condition at calving (not thin or overly fat). Dry off 

cows in good condition. Gradually increase the grain ration near the end of the 
dry period, and continue to increase feed after calving relative to milk produc- 
tion. 

c. The most important recommendations center on nutrition and dry cow manage 
ment. Dividing the herd into separate feeding groups according to metabolic 
needs and production indices is necessary. Milking cows should receive good 
quality feed (1 6%-18% protein). Cows should receive adequate exercise during 
any stabling periods. 

A Subclinical bovine ketosis 

1. Patient profile and history. Many high-producing dairy cattle in early lactation are 
subclinically ketotic. Affected animals are usually housed cattle. Subclinical ketosis 
can occur at a prevalence rate of 1096-30% in certain herds. 

2. Clinical findings. Cows suffer from lower than expected milk production and gradual 
weight loss. There may be an infertility problem (e.g., metritis, ovarian dysfunction). 
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3. Etiology and pathogenesis. Causes are similar to those of clinical ketosis. Cows in 
negative energy balance with high glucose loss in milk (high milk production) and in- 
sufficient capacity for consumption or improper nutrition will be subclinically ke- 
totic. Hepatic stores of glycogen decrease, and triglycerides and ketone bodies in- 
crease. 

4. Diagnostic plan. Consider subclinical ketosis when there i s  a mild ketonuria, slight 
fall in milk production, and weight loss in an individual or across the herd. Clinical 
diseases causing secondary ketosis should be ruled out. 

5. Laboratory tests confirm ketonuria and hypoglycemia. 

6. Therapeutic plan. Recommendations are the same as for clinical ketosis (see I D 7). 

3 Pregnancy toxemia of sheep 

1. Patient profile and history. Risk factors for ewes developing the condition include 
late pregnancy, obesity, and carrying multiple (or single large) fetuses. This condition 
affects intensively raised sheep (i.e., not range sheep) and may be associated with 
sudden feed changes or inclement weather conditions. This may occur as a flock 
problem with several animals affected over several weeks. 

2. Clinical findings 
a. Neurologic signs are similar to the signs of nervous ketosis in cattle. There is 

blindness and changes in demeanor. Animals may head press and circle or stand 
with a "star-gazing" appearance. Tremors and convulsions may occur inter- 
spersed by periods of depression, incoordination, and ataxia. 

b. Other signs. Ewes may be constipated and exhibit bruxism and a ketone smell to 
the breath. Terminally, ewes become recumbent and comatose, resulting in death 
in 4-7 days. Dystocia may be evident if ewes are in the process of lambing. 
Death of the ewe may be caused by toxemia resulting from death and decomposi- 
tion of the fetuses. 

3. Etiology and pathogenesis 
a. A period of anorexia or starvation (possibly resulting from feed change) for 1-2 

days is the precipitating cause and may have been preceded by a gradual fall in  
the plane of nutrition during pregnancy. This disorder i s  not one of undernour- 
ished animals, but more often those in good flesh (over fit) with a recent decrease 
in consumption. 

b. The anorexia and starvation results in a hypoglycemia and hyperketonemia simi- 
lar to bovine ketosisnhe decrease in consumption i s  paralleled by a high-glu- 
cose drain from a single large fetus or multiple fetuses/The clinical picture is be- 
lieved to be produced by a hypoglycemic encephalopathy. A terminal uremia 
may develop and exacerbate the condition. 

4. Diagnostic plan. The diagnosis is made on the basis of clinical findings and history. 
Laboratory examination confirms the diagnosis. Collect urine by holding off the nares 
for a brief period, collecting a free-flow urine sample, and examining for ketone 
bodies. 

5. Laboratory tests reveal hypoglycemia, ketonuria, eosinophilia, lymphocytosis, and 
neutropenia. Plasma cortisol levels are increased. 

6. Differential diagnoses include hypocalcemia and CNS diseases (e.g., lead poisoning, 
polio, rabies). 

7. Therapeutic plan 
a. A cesarian section is necessary immediately. Response to therapy without a cesar- 

ian is poor, and even with surgery, response is variable to poor. 
b. Clinically affected animals should be treated with intravenous glucose solufions 

and oral propylene glycol. Corticosteroids may be administered for their gluce 
neogenic effects. 

c. Follow-up. For recovering animals, force feed a highly palatable, readily digesti- 
ble ration. 
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8. Prevention 
a. The rest of the flock should be examined daily for early clinical signs. Animals 

suspected of developing pregnancy toxemia should be treated orally with propyl 
ene ~ lycol .  Carbohydrate intake should be increased by providing supplemental 
feeding. 

b. A rising plane of nutrition should be ensured during the last 2 months of gesta- 
tion. This may mean restricting feed intake in early gestation to avoid overly fat 
ewes at parturition. Avoid sudden feed changes during gestation and provide shel- 
ter and extra feed during cold and wet periods. Exercise is recommended for con- 
fined flocks. 

3 Fat cow syndrome 

1. Patient profile and history. This is a disease of overconditioned beef and dairy cattle. 
It may be an individual cow disease or a herd problem. There is  a history of heavy 
feeding or a sudden decrease in nutrition in overly fat animals. The disease is spo- 
radic but carries a high mortality rate. 
a. Dairy cows. Fat cow syndrome occurs in the immediate postpartum period, often 

concurrent with common postpartum diseases (e.g., metritis, retained placenta, 
displaced abomasum). There may be a history of a prolonged lactation or a dry 
period. 

b. Beef cows. The condition is most common in late gestation. 

2. Clinical findings 
a. Individual - 

(1) If an individual cow i s  affected, it is usually in an intensively managed situa- 
tion, as with dairy cows. The animal is noticeably fat. The reason for examina- 
tion may be for a usually responsive postpartum condition that is refractory to 
therawv. Anorexia and depression are pronounced. Ketosis i s  commonly se- 
vere,'and response to the;apy is poor and protracted. 

(2) If the cow continues to deteriorate despite therapy, CNS signs of cortical stirn- 
ulation develop. Eventually, the animal becomes moribund. 

b. Herd 
(1) In dairy cows, there may be a high prevalence of unresponsive postpartum 

diseases (e.g., milk fever, ketosis, retained placenta, metritis). Failure of cows 
to become pregnant is a common complaint 

(2) With beef cattle in late gestation, the signs may be similar to.pregnancy toxe- 
mia of sheep. Cattle appear nervous, excitable, and uncoordinated. Feces are 
firm and scant. Signs progress to recumbency, coma, and death. 

3. Etiology and pathogenesis 
a .  Overfeeding results in deposition of fat in body stores. Conditions occurring in 

late gestation [e.g., negative energy balance, hypoglycemia, high concentrations 
of lipolytic hormones, other poorly understood factors) stimulate mobilization of 
body fat. This results in increased uptake of fatty acids (FAs) by the liver. 

b. Fatty acids are a normal finding in all postpartum dairy cows as milk production 
outstrips digestive capacity. Usually, these FAs are esterified to triglycerides in the 
liver. Under normal circumstances, triglycerides are packaged into lipoproteins 
and transmrted to tissues for a source of energy or to the mammary gland for - 
milk fat synthesis. Ruminant fat cow syndrome seems to occur when serum FAs 
are increased and triglycerides accumulate in the liver, while hepatic lipoprotein 
production does not increase or is reduced. It i s  suggested that fat begins to accu- 
mulate in the liver in late gestation, is dynamic, and precedes the development of 
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interpretation i s  difficult. Clinical pathology results are unreliable. Basing the diag- 
nosis on clinical findings, history, and unresponsiveness to therapy often results in 
a diagnosis by default. This method is prone to error but is the diagnostic plan fol- 

! lowed by clinicians. 
b. Herd. On a herd basis, overly fat cows with gestational ketosis and an increase in 

postpartum diseases leads to a presumptive diagnosis. 

5. Laboratory tests 
a. Urinalysis. Urine ketone bodies may range from low to high. 
b. Serum liver enzyme studies. There may be a mild increase in aspartate amino- 

transferase (AST); however, this is nondiagnostic. Other liver enzymes may be ele- . vated, but the relationship to disease is not invariable. 
c. CBC. There may be leukopenia, neutropenia, and lymphopenia. 
d. A liver biopsy is the most reliable and best correlated ancillary test. Fat content 

may be est~mated by the specific gravity (SC) of the sample. Specimens for pathol- 
ogy often are available when there is a herd problem. 

6. Therapeutic plan 
a. Standard therapy. Treat concurrent or clinical disease. Promote feed intake with 

palatable feeds, good quality hay, rumen transfaunation, and the provision of sub 
strate for rumen microbes. Administer intravenous dextrose and oral propylene 
RIYCOI. 

- 
postpartum disease. 

c. Accumulation of fat in the liver disturbs hepatic architecture and function, result- 
ing in hypoglycemia and ketosis. There is also concurrent leukopenia, which may 
be related to the increased incidence of postpartum diseases seen with the condi- 
tion. 

4. Diagnostic plan 
a. Individual. Liver biopsy is the most reliable indicator of the condition; however, I 

b. other therapies that may be attempted in the individual include choline chloride 
at 25 g every 4 hours subcutaneously or orally, protamine-zinc insulin (200 IU in- 
tramuscularly every other day), oral niacin, and glucocorticoids (as in ketosis). Ste- 
roids should be used with caution in cases of animals with inflammatory disease. 

7. Prognosis and prevention. The prognosis is poor for clinically affected animals. Pre- 
vention should center on avoiding obesity in cows. Monitoring body condition 
scores is helpful in this regard as is separation of cows into feeding groups based on 
performance and stage of gestation. Exercise is beneficial. Supplement the ration 
with oral niacin or nicotinic acid (6-12 g/animal/day) for 1-2 weeks preparturn and 
for 90-100 days postpartum. 

Primary protein and energy malnutrition (starvation, emaciation). This condition may 
be caused by a primary lack of feed or secondary to parasitism or a disease process 
that causes anorexia, an increase in metabolic rate, or both. This chapter considers pri- 
mary protein and energy malnutrition relating to insufficient feed or improper nutrients. 

1. Patient profile and history. Feed insufficiency most often occurs in pregnant or grow- 
ing animals, and may be the result of poor husbandry or mismanagement. Poor-qual- 
ity feed in either the roughage or grain component may cause malnutrition. It is often 
a herd or flock problem. 

2. Clinical findings 
a. Individual 

(1) Affected animals may appear normal to the owner one day and recumbent 
the next. This is a common finding despite the chronic nature of the disease. 
Loss of body condition may be appreciated by palpation over the ribs and the 
spinous processes of the vertebrae. Loss of fat and muscle mass will be felt. 

(2) Animals present with an alert mental status despite recumbency. There is hy- 
potherrnia with a normal to avid appetite. The GIT is usually hypomotile, and 
in ruminants, the rumen is firm. Diarrhea may be present terminally. Preg- 
nancy usually continues, to the detriment of the dam. 

b. Herd 
(1) In cattle, there is delayed sexual maturity and infertility on a herd basis and 

signs of poor performance and emaciation. Beef cows that carry fetuses to 
term have low calf birth weights, decreased milk production, increased calf 
mortality, and decreased calf weaning weights. Dystocias may increase be- 
cause of the small size of dams. 

(2) In sheep, clinical signs are similar to those in cattle with the added finding of 
decreased numbers of multiple births. 
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(3) In goats, the social order may result in malnutrition in submissive animals. 
(4) Malnutrition adversely affects the immune system, therefore, the prevalence 

of diseases may increase. Ternlinally, there is hypoglycemia and bradycardia. 

3. Etiology and pathogenesis. Insufficient feed may be associated with environmental 
factors (e.g., heavy snow cover, poor growing season, inclement weather). 
a. With general underfeeding, energy is usually the limiting factor but does not often 

occur independent of protein deficiency. Because of the composition of livestock 
rations, pure protein deficiency is less common in animals than in people. It can 
occur with home-mixed feeds where attention is not paid to protein and energy 
compositions. 

b. With limited nutrients, animal maintenance requirements (including growth of 
the fetus) receive priority. Requirements for growth, production, and fertility will 
not be met. Body stores of protein and energy are mobilized in the following 
order: 
(1) Glycogen-from limited stores 
(2) Lipid-as nonesterified FAs from body fat. (Incomplete oxidation of the FAs 

occurs, but glucose demand is moderate so that ketosis does not occur.) 
(3) Protein-as the major source for glucose to satisfy energy needs. (Catabolism 

i s  initigted by decreased insulin and increased corticosteroid secretion.) 
c. In advanced cases of starvation, rumen microbes become depleted (because of 

lack of substrate), as do digestive enzymes. This, coupled with hypoproteinemia 
and bowel edema, helps explain the rapid deterioration observed in these cases, 
the prolonged response to therapy, and the diarrhea that may occur. When ade- 
quate diets are offered to the animal with malnutrition, diarrhea is often an early 
response. 

4. Diagnostic plan. The diagnosis is based on history and clinical and subjective find- 
ings. It is necessary to rule out other conditions and primary diseases that may be in- 
terfering with intake or utilization of feedstuffs. Necropsy findings are diagnostic (ser- 
ous atrophy of fat). 

5. Laboratory tests are often not reliable and are of little value in the individual animal. 
Hypoglycemia is a common finding but is not diagnostic. 

6. Therapeutic plan. Treatment of the recumbent animal is often unrewarding. 
a. For animals not recumbent and with a good appetite, offer highquality forages 

with gradual introduction to concentrate feeding. Force feeding may be helpful 
combined with transfaunation of microbes. Induction of parturition or cesarian 
section to relieve fetal demands for energy may be necessary. 

b. Supportive care for recumbent animals should be introduced (e.g., rolling, deep 
bedding, easy access to food and water). Therapy may be very expensive if total 
parenteral nutrition is employed. 

7. Prevention. Discuss with the owner the provision of supplemental feeding for the 
herd or flock. High-quality roughage and natural protein supplements (e.g., soybean 
meal) should be provided. Good management practices, such as the provision of shel- 
ters, attention to animals (body condition scoring), adequate feeder space, group feed- 
ing, feed testing, and understanding cold weather needs, are essential. 

Hypomagnesemic tetany 

1. Patient profile and history. The manifestations and epidemiology of hypomagnese- 
mia are variable. All types are usually seen sporadically i n  individual animals. This 
condition is seen in: 
a. Mature dairy cattle in early lactation and often on pasture (also called lactation 

tetany, grass staggers, grass tetany) 
b. Calves (age 2-4 months) fed exclusively whole milk or other diets low in  magne- 

sium 
c. Cattle or sheep grazing on young green cereal crops (also called wheat pasture 

poisoning) 
d. Beef cattle on poor pasture, during changeable, inclement weather (cold, rain, 

and wind) 
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2. Clinical findings 
a. Lactation tetany 

(1) Acute form. Animals may be found dead or with signs of a sudden onset of 
excitement, hyperesthesia, and frenzy. Cows fall into lateral recumbency in a 
rigid tetanic spasm, undergoing clonic~tonic convulsions with muscle fascicu- 
lations, opisthotonos, nystagmus, chewing movements, and snapping of the 
eyelids. These short, intense episodes are interspersed with quiet periods but 
may be precipitated again by noise or physical stimulation. There are very 
loud heart sounds. Vital signs are elevated, and the mortality rate is high be- 
cause death often ensues before treatment can be administered. 

(2) Subacute form 
(a) There is a more gradual onset of signs for 2-3 days with anorexia, hyper- 

esthesia, and some signs of cortical stimulation. Muscle fasciculations, an 
unsteady gait, trismus, spasmodic, pulsatile urination, and defecation are 
observed. Milk yield is decreased. 

(b) Spontaneous recovery may occur, or there may be progression to ad- 
vanced clinical signs i f  the animal's condition is exacerbated by a precipi- 
tating event (e.g., physical stimulation). This condition is milder than the 
acute form, and treatment is often successful. 

b. Hypomagnesemic tetany o f  calves 
(1 )  Early signs are exaggerated movements, hyperesthesia, and a hyper alert atti- 

tude. There is opisthotonos, ataxia, and jerky limb movements. A backward 
carriage of the ears is a characteristic finding. 

(2) Signs progress to muscle fasciculations, spasticity, and convulsions. Tetany is 
not a finding of this condition, despite the name; however, the jaws are 
clenched tightly during clonidtonic convulsions. Respirations cease during 
convulsions, and involuntary urination and defecation occurs. The heart rate 
is rapid, and heart sounds are very loud. Older calves often die, whereas 
younger calves may recover for short periods of time. Diarrhea may be a 
finding. 

c. Hypomagnesemic tetanies of beef calves, sheep, or cattle grazing cereal pas- 
tures. This condition has clinical signs similar to those of lactation tetany in dairy 
cattle. 

. Etiology and pathogenesis 
a. Etiology. Hypomagnesemia occurs with low dietary intake (because there are no 

readily mobilized magnesium reserves in the body), excessive magnesium 10s 
(lactation, urinary loss), or both. Young calves absorb dietary magnesium very 
well, but this ability declines rapidly with age. 
(1) Low dietary intake may occur with poor pasture, cereal pasture, milk diet, or 

lush-growing forage (grasses). Lush pasture growth may occur i n  the spring, 
particularly with heavy potassium or nitrogen fertilization. High potassium 
content of plants may compete with magnesium absorption. 

(2) Excessive magnesium loss. Lactation is the main source of  excessive magne- 
sium loss, but magnesium is also lost through urine. 

b. Pathogenesis. Hypomagnesemia causes the clinical signs and may be precipitated 
by a sudden period of starvation (e.g., as with inclement weather). Hypocalcemia 
may be contributory and precede the development of clinical signs in chronically 
hypomagnesemic animals. Tetanic convulsions may result from CNS stimulation 
because of low magnesium levels i n  the cerebrospinal fluid (CSF). 

Diagnostic plan. Diagnosis is based on clinical signs, response to therapy, sewm 
magnesium levels (individual and herdmates), and serum calcium results. 

Laboratory tests 
a. Serum magnesium levels are depressed (less than 0.2-0.4 rnrnollL; normal is 

0.8-1.3 mmol/L). However, serum levels may be variable or higher during epi- 
sodes of  muscular contractions (tetany) because of the release of intracellular mag- 
nesium. Magnesium levels in herdmates should be measured and may be low 
(0.4-0.8 mmollL). 

b. Serum calcium levels are often reduced (1.25-2 mmoln). 
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c. Urinary magnesium levels are below normal (less than 0.4 mmollL). 
d. Pathology findings include low magnesium levels in the vitreous humor of the 

eye if specimer\s are collected within 48 hours and the animal has been kept 
cool. CSF magnesium levels (less than 0.5 mmollL) are diagnostic if collected 
within 12 hours. 

6. Differential diagnoses include CNS diseases (e.g., lead poisoning, rabies, nervous ke- 
tosis, polio in calves, tetanus, hypovitaminosis A). 

7. Therapeutic plan 
a. Handle animals quietly before treatment. Tranquilization may be necessary. 
b. Treat animals with calcium and magnesium salts. A recommended treatment is 

500 ml of a commercial calcium and magnesium preparation (50 ml for sheep 
and calves) administered slowly intravenously. This should be followed by 200 
ml of 50% solution of magnesium sulfate (20 mi in preruminants or small rumi- 
nants) subcutaneously to maintain serum levels. 

c. Follow initial treatment with oral magnesium supplementation at the rate of 60 g 
magnesium oxidelday for 7 days for cows or 1-3 g/day for 6 weeks for calves 
and small ruminants. 

8. Prevention 
a. Counsel owners regarding ways to provide increased levels of dietary magnesium 

(e.g., feeding of magnesium supplements to affected individuals and herdmates, 
spraying pastures with magnesium sulfate or other magnesium preparations, fertil- 
izing pastures with magnesium products, spraying magnesium on hay). Conver- 
sion of pastures from grasses to legumes also increases forage levels of magne- 
sium. 

b. To limit environmental and managemental risk factors for this condition, consider 
the provision of shelter, adequate nutrition, and supplementing calf diets with leg- 
ume hay and grain. 

O-C DISORDERS OF HORSES 

~ b c a l c e m i c  tetany of mares (lactation tetany, eclampsia, transit tetany) 
- 

1. Patient profile and history. There are two classic presentations of this condition: 
a. Lactation tetany, which is seen in heavy milking draft horses at approximately 10 

days post foaling or 1-2 days post weaning '\ 
b. Transit tetany, which is described in lactating or nonlactating animals'transported 

long distances 

2. Clinical findings. In both presentations, severely affected animals exhib< tetany and 
incoordination. Horses are apprehensive and sweating with dilated nostrils, tachyp 
nea, and synchronous diaphragmatic flutter (SDF). Muscular fibrillations and a rapid, 
irregular pulse are observed. Affected horses are unable to eat, drink, or swallow, 
and it may not be possible to pass a nasogastric tube. Clinical signs advance to re- 
cumbency with tetanic convulsions. 

3. Etiology and pathogenesis 
a. Hypocalcemia is thought to be responsible for the clinical signs, although either 

hypomagnesemia or hypermagnesemia may be seen in some cases. Hypocal- 
cemia may be produced by heavy lactation, transport, hard physical work, or no 
apparent cause. 

b. SDFs are thought to be the result of diaphragmatic contractions synchronous with 
the heart beat and caused by changes in the excitation potential of the phrenic 
nerve because of electrolyte imbalances. 

4. Diagnostic plan and laboratory tests. The diagnosis is made on the basis of clinical 
and subjective findings and confirmed by serum calcium levels. There i s  hypocal- 

\ 

- .  

, 
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cemia (1-1.5 mrnollL). Serum magnesium values are variable, but hypomagnesemia 
may be seen with transit tetany (0.4 mmollL). 

5. Differential diagnoses include tetanus, laminitis, enteritis, and colic. 

6. Therapeutic plan. Calcium solutions are administered intravenously (commercial 
preparations contain 8 g of calcium per 500 ml). Responses to therapy are gradual, 
lessening the signs of tetany and the voiding of large volumes of urine. The response 
is usually good in individual animals. 

7. Prevention. Oral calcium supplementation or increasing dietary availability of cal- 
. cium may be considered in heavily lactating mares. 

3 Hyperkalemic periodic paralysis (HYPP) 

1. Patient profile and history. HYPP is a genetic disease of Quarter horses, Appaloosas, 
American point horses, and Quarter horse crosses. Gene frequency is highest in one 
pedigree of these breeds (i.e., affected horses are all descendants of a single Quarter- 
horse sire). Animals most frequently observed with the condition are well-muscled 
males age 2-3 years. The history and observed findings may indicate periods of pro- 
longed recumbency or cutaneous abrasions. 

2. Clinical findings 
a. Clinical attacks may be triggered by chilling, transportation, exhibitions at shows, 

and other stressors. In heterozygotes, the most common and earliest clinical sign 
is muscle fasciculations, followed by muscle spasms of the face, jaws, and legs. 
Weakness and recumbency follow. Death may ensue due to respiratory or car- 
diac failure, but this is rare. Recovery may take several minutes to several hours. 
Animals are normal between episodes. 

b. Many horses have increased respiratory rates during attacks and may show stri- 
dor if laryngeal or pharyngeal muscles are affected. Marked and persistent dys- 
pnea may occur in homozygous foals. There are reports of HYPP attacks follow- 
ing anesthesia. 

3. Etiology and pathogenesis. HYPP is similar to the human condition and has been 
transmitted as an autosomal dominant trait that is most likely from a single sire. The 
disorder is produced by failure of ion transport across the skeletal muscle cell mem- 
brane due to an abnormality in the sodium channel. In horses, this has been local- 
ized to a point mutation that changes an amino acid (e.g., phenylalanine, leucine) in 
the wsubunit of the sodium channel protein. 
a. Defective sodium channels remain open after membrane depolarization, allowing 

excessive inward sodium movement and heightened membrane depolarization. Si- 
multaneously, normal sodium channels may be inactivated, preventing normal ac- 

. tion potentials from developing. This creates muscular weakness. 
b. Hyperkalemia may be secondary to increased release of potassium as potassium 

channels open to depolarize the muscle membranes. Hyperkalemia also may 
occur if potassium is less able to enter the myocytes, resulting in serum accumula- 
tion. 

4. Diagnostic plan and laboratory tests 
a. The condition may be diagnosed subjectively by clinical findings and objectively 

by elevated serum potassium levels. Serum potassium is usually elevated to be- 
tween 6 mmollL and 8 mmollL during attacks. These elevations only persist for 
1-2 hours. Serum should be separated from clotted samples as soon as possible 
to prevent red blood cell leakage of potassium into the serum. 

b. Definitive diagnosis is based on a gene probe for HYPP-type sodium channel 
DNA. The test is based on analysis of whole blood and is available commer- 
cially. 

c. A potassium chloride challenge test also has been used to diagnose d 'condi -  
tion; however, this test is difficult to interpret and may be fatal in some horses. Po- 
tassium is administered orally at 0.1 g KC1 per kg, and both clinical signs and 
blood potassium levels are monitored. If the horse shows signs of muscle fascicu- 
lations and hyperkalemia, the test is discontinued. If results are negative, the test 
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may be repeated up to four more times, increasing the administered potassium by 
0.025 g KC1 per kg every challenge up to a total potassium dose of 0.2 glkg in 
adults or 0.1.5 g/kg in foals or weanlings. 

d. Electromyography of suspect horses is  practiced for immediate diagnostics and is 
quite reliable (90% reliability). 

5. Differential diagnoses for presenting clinical signs include colic, trauma, and exer- 
tional rhabdomyolysis. 

6. Therapeutic plan 
a. Emergency treatment consists of the intravenous administration of 5% dextrose 

(2 ml to 6 mllkg) together with sodium bicarbonate (1 mmollkg to 2 mmollkg) or 
23% calcium gluconate (0.2 mllkg). Dextrose and bicarbonate will move potas- 
sium back into cells. Calcium counteracts the effects of hyperkalemia. 

b. Long-term therapy involves removing high-potassium feeds from the diet (e.g., 
protein supplements, bran, sweet feeds) and feeding a diet low in potassium (e.g., 
whole grains, grass hay). Medical therapy may be used, including acetazolamide 
(a potassium-wasting diuretic) at 2 to 3 mg/kg orally, 2 or 3 times a day. The dose 
may be decreased over time until the lowest effective dose is  established. 

7. Prevention. There i s  no cure for HYPP, which is a genetic disease and is inherited as 
an autosomal dominant trait. HYPP has been diagnosed more frequently during the 
last few years most likely because the carriers of the condition have been used heav- 
ily as sires. Because of the characteristics these carriers have (e.g., well-proportioned, 
heavily muscled appearance), the disease probably has been unknowingly propa- 
gated. Owners should be counseled about parentage identification and DNA gene 
probe testing. HYPP-positive horses should be removed from breeding use. 

3 Hyperlipidemia (hyperlipemia) is discussed in Chapter 5 11 A 4. 

P-C DISORDERS OF NEONATES. Neonatal hypoglycemia may o a u r  in 
all neonates but is most common in newborn and weak lambs or piglets. This condition 
is  seen in calves with diarrhea and may be a common cause for crushing deaths, which 
occur when sows crush piglets against the sides of farrowing crates. Crushing deaths are 
often accidental, but the incidence increases in piglets with hypoglycemia who are too 
weak to move out of the sow's wqy. 

Clinical findings. Animals are shivering, dull, and anorexic. Affected animals have r u b  
normal rectal temperatures, bradycardia, and soft heart sounds. Terminally, convulsions 
are followed by coma and death. 

Etiology and pathogenesis - 
1. In neonatal pigs, liver glycogen is rapidly depleted (within 12-24 hours) to maintain 

blood glucose. Therefore, because the neonate has little carcass fat and poor insulat- 
ing capacity, the piglet is totally dependant on ingested milk as an energy source. 
Milk availability may be limited if there is disease in the sow (e.g., mastitis-metritis- 
agalactia), large litters and competition, sow hysteria, or diseases in the piglet (e.g., 
transmissible gastroenteritis). In piglets, the critical period lasts until 1 week of age, 
after which lack of intake only produces weight loss, not hypoglycemia. 

2. In lambs, twinning, mismothering, and hypothermia all produce clinical hypogly- 
cemia. 

3. In calves, the predisposing factors are hypothermia, diarrhea, and improper or insuffi- 
cient nutrition. The condition may occur in older calves receiving milk or milk repla- 
cer with little or no supplemental feed. - 

a Diagnostic plan and laboratory tests. The diagnosis is based on clinical signs, subjective 
assessment, and response to therapy. A laboratory finding of hypoglycemia is confirma- 
tory. Blood glucose findings below 2.2 mmol/L are diagnostic. 

Metabolic Disorders 1 227 

3 Differential diagnoses include diseases of the CNS. Gastrointestinal disease may be a 
concurrent and causative condition. 

3 Therapeutic plan 

1. Piglets. Treat with 15 ml of 20% dextrose every 6 hours. It may be necessary to pro- 
vide a foster dam or an artificial diet. Correct the environmental temperature. 

2. Lambs. Administer 10 mllkg of 20% dextrose intraperitoneally. Rewarm via warm 
water baths. 

3. Calves. Treat with 200 ml of 5% dextrose150 kg administered rapidly intravenously. 
Follow with 240 m1150 kg/hr, and recheck glucose in 1 hour. 

3 Prevention 

1. Provide a warm environment for all neonates. Cross-foster offspring from multiple 
births or with poor milking or mothering dams. Treat concurrent disease in dams or 
offspring. Provide early colostrum to preruminants (force feed if necessary). Good o b  
servation is important 

2. Do not withhold milk too long from diarrheic calves (maximum 48 hours), and feed 
small portions frequently. Increase nutrition for calves during cold weather 
(1 2%-14% body weight). 



DIRECTIONS: Each of the numbered items or incomplete statements in this section is  
followed by answers or by completions of the statement. Select the ONE numbered answer 
or completion that is BEST in each case. 

1. Which statement regarding parturient pa- 
resis (milk fever) of cattle is correct? 

(1) It i s  caused by calving injuries. 
(2) It i s  relatively rare in heifers. 
(3) It produces a fever in stage Ill presenta- 

tions. 
(4) It causes the heart to sound loud and 

pounding. 
(5) It i s  associated with diarrhea. 

2. Which one of the following findings is  
consistent with parturient paresis in cattle? 

(1) Hypomagnesemia is often a laboratory 
finding. 

(2) Mortality is high despite treatment. 
(3) Paralysis occurs because of high calcium 

concentration at neuromuscular junctions. 
(4) Serum phosphorus may be below normal 

limits. 
(5) There is a positive response to anti-inflam- 

matory drugs. 

3. The term "downer cow" refers to: 

(1) animals remaining recumbent for 24 
hours after initially being unable to rise. 

(2) milk fever. 
(3) cows that have hypophosphatemia. 
(4) cows that are recumbent and ill due to 

systemic disease. 
(5) low milk production at the peak period of 

lactation. 

4. Which one of the following statements re- 
garding postparturient hemoglobinuria is cor- 
rect? 

(1) It is a primary renal disorder. 
(2) It results from increased red blood cell 

fragility. 
(3) It is secondary to liver disease. 
(4) It is usually widespread within a herd. 
(5) There is  a favorable prognosis in clinically 

affected animals. 

5. Which statement regarding primary bovine 
ketosis is correct? 

(1) It results from insufficient dietary protein. 
(2)  It is signaled by a rapid decline in milk 

yield. 
(3) It may be seen in beef cattle with diets 

low in acetic acid. 
(4) It is mainly a disease of pregnant heifers. 
(5) It may be seen in high producing dairy 

cattle with insufficient energy intake. 

6. Pregnancy toxemia of sheep is best de- 
scribed as: 

(1) a condition of range sheep grazing lush 
spring pastures. 

(2) a metabolic disease resulting from kidney 
failure. 

(3) a condition of heavily pregnant ewes car- 
rying multiple fetuses. 

(4) responsive to vitamin D and glucose 
therapy. 

(5) resulting from hypocalcemia and hypo- 
phosphatemia. 

7. Fat cow syndrome in beef cattle and preg- 
nancy toxemia in sheep are similar in that: 

(1) animals may present with nervous signs. 
(2)  the conditions are contagious. 
(3) the diseases occur in early gestation. 
(4) treatment carries a favorable prognosis. 
(5) prevention centers around vaccination pro- 

grams. 

8. Lactation tetany of mares is caused by: 

(1) clostridial rnastitis. 
(2) trauma from foaling. 
(3) metritis. 
(4) hypophosphatemia. 
(5) hypocalcemia. 

?"- 
I 

9. Which one of the following statements re- 
garding hyperkalemic periodic paralysis 
(HYPP) is correct? HYPP is: 

(1) diagnosed by a gene probe for HYPP-type 
sodium channel DNA. 

(2) an autosornal recessive condition of stan- 
dard breeds in standard-bred crosses. 

(3) treated with oral sodium chloride until the 
animal outgrows the condition. 

(4) seen only in animals younger than 2 years 
' of age. 
(5) a disease of poor, unthrifty animals on 

high phosphorus (bran) diets. 
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10. Hyperlipidemia in mares is best de- 
scribed as: 

(1) a result of a high-fat diet. 
(2) a disease of fat mares that often develops 

in late pregnancy. 
(3) a common, nonpathologic occurrence. 
(4) a disease that occurs spontaneously at the 

time of heaviest lactation. 
(5) secondary to vascular disease. 
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1. The answer i s  2 [I A 31. Parturient paresis 6. The answer is 3 [I F 1 I. Pregnancy toxemia 
in cattle i s  caused primarily by hypocalcemia of ewes usually occurs in intensively man- 
due to calcium losses in milk. Therefore, it is aged sheep carrying multiple fetuses. These 
relatively rare in heifers whose lactation de- are usually over-conditioned animals that may 
mands are not as high as those of older, high- have suddenly faced a declining level of en- 
producing cows. ergy in the ration. Terminally, there is renal 

failure due to shock and dehvdration caused 

2. The answer is 4 [I A 2 a, 5 b]. Although 
the primary cause of parturient paresis is hypo- 
calcemia, serum phosphorus levels are often 
concurrently below normal. Hypermagnese- 
mia also may occur but not hypomagnesemia. 
Paralysis is caused by low calcium availability 
at the neuromuscular junction necessary for 
the release of the neurotransmitter acetylcho- 
line. Treatment i s  often successful with intrave- 
nous and subcutaneous administration of com- 

. mercially available calcium. 

3. The answer is 1 [I B I ] .  "Downer cows" 
may have had milk fever and have not re- 
sponded fully to calcium therapy by rising, 
but they are usually no longer hypocalcemic 
or hypophosphatemic. These animals also 
may suffer from musculoskeletal problems but 
are not systemically ill. 

4. The answer is 2 11 C 31. Postparturient he- 
moglobinuria results from low serum phospho- 
rus levels, which cause increased erythrocyte 
fragility. This hypophosphatemia may be the 
result of low intake coupled with lactation 
losses. lntravascular erythrolysis causes hemo- 
globinuria and may result in secondary renal 

' damage. Although the hypophosphatemia 
may be seen on a herd level, it is a condition 
of individual animals at the peak of lactation. 
The prognosis is poor to guarded in clinically 
affected cows. 

5. The answer is 5 [I D 31. Primary bovine ke- 
tosis i s  a hypoglycemia and ketonemia result- 
ing from high glucose losses through lactation 
combined with insufficient intake or availabil- 
ity. It presents clinically as a gradual decrease 
in appetite and milk production. Diets known 
to be precursors for this condition are those 
high in butyric or acetic acids. 

- .  

by the primary disease. The iondition is 
poorly responsive to any treatment, but the 
treatment of choice is immediate cesarian sec- 
tion with concurrent glucose therapy. 

7. The answer is 1 [I F 2 a, G 2 b (2)l. Fat 
cow syndrome affects overly fat cows. As in 
sheep with pregnancy toxemia, beef cattle in 
late gestation may be affected by fat cow syn- 
drome. This is a noncontagious disease of 
overly fat animals with an unfavorable prog- 
nosis. Prevention of both conditions centers 
around avoidance of overly fat animals in late 
gestation and eliminating the possibility of pe- 
riods of anorexia or starvation. 

8. The answer is 5 111 A 3 a]. Lactation tetany 
of mares is caused by hypocalcemia. This dis- 
order is different than hypocalcemia in dairy 
cows because cows present with recumbency 
and flaccid paralysis. The other choices do 
not cause lactation tetany. 

9. The answer is 1 [II B 41. There is a molecu- 
lar genetic test to identify the gene mutation. 
The condition is seen mainly in Quarter 
horses and is treated in clinical situations with 
bicarbonate and glucose administered intrave- 
nously to drive potassium intracellularly. It is 
a condition of well-muscled animals, and 
there is no age predilection. Animals have 
this condition for life but can often be main- 
tained on low-potassium diets. 

10. The answer is 2 (11 C]. Fat mares in late 
pregnancy are most prone to hyperlipidemia. 
It often occurs in over-conditioned animals at 
times of decreased feed intake. It is uncom- 
mon in occurrence and secondary to stress or 
disease. It produces a vascular thrombosis 
and hepatic and renal failure. 

/ Chapter 10 

1 Endocrine Disorders 
Timothy H. Ogilvie 

4 Pati? poffile and history. Endocrine diseases are recognized infrequently in large do- 
mestlc an~mals (when compared with the incidence in their smaller, companion animal 
counterparts). A good history and physical examination is important in the diagnosis of 
endocrine problems. Endocrine disease should be considered whenever there are com- 
plaints of abnormal hair growth, water intake, or sweating. 

3 Clinical f inding Endocrine dysfunction should be considered when the major problem 
is poor performance and after other conditions involving the musculoskeletal, respira- 
tory, and cardiac systems have been ruled out. 

a Diagnostic plan and laboratory tests. A routine complete blood cell count (CBC) and 
biochemical profile may be important to eliminate the involvement of other systems. 
Conversely, abnormal findings may lead the clinician to suspect pituitary or adrenal ab- 
normalities. Specific hormone levels are helpful in some diseases. Cortisol findings are 
not valuable because of the large normal ranges in some domestic animals (e.g., 
horses). Endocrine function tests have been used in horses but rarely in ruminants. 

1 
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Patient profile and histov. This disease is r a n  in large domestic animals. When the dis- 
ease does occur, the main complaints include polyuria, polydipsia, polyphagia, weight 
loss, and a strange sweet odor to the urine. 

4 Clinical findings. The affected animal may be thin with polyuria and polydipia. Vital 
signs are normal. 

Etiology and pathogenesis 

1. Etiology 
a. Diabetes mellitus in the horse has been reported to be the result of a pituitary 

tumor and secondary to equine Gushing's disease. Therefore, this condition is 
not a true diabetes mellitus. Diabetes mellitus correctly refers to only those cases 
of hyperglycemia resulting from pancreatlc islet @cell deficiency, leading to a 
decrease or absence of insulin secretion. 

. b. Pancreatic inflammation and destruction have been reported in both horses and 

/ cows as a cause of diabetes. Strongyle migration or localization of Corynebacte- 
rium species and Sfreptococcus q u i  have been implicated as causative organ- 
isms in horses. 

2. Pathogenesis 
a. The specific stimulus for the release of insulin from pce lb  is glucose. lnwlin 

stimulates anabolic reactions, such as the synthesis of protein from amino acids, 
nucleic acid from mononucleotides, polysaccharides from monosaccharides, and 
lipids from fatty acids. Thus, a decrease in insulin results in disordered carbohy- 

U .+ drate, protein, and lipid metabolism characterized by hyperglycemia and glucos- 
uria. 
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1. The answer i s  2 [I A 31. Parturient paresis 
in cattle is caused primarily by hypocalcemia 
due to calcium losses in milk. Therefore, it is 
relatively rare in heifers whose lactation de- 
mands are not as high as those of older, high- 
producing cows. 

2. The answer is 4 [I A 2 a, 5 b]. Although 
the primary cause of parturient paresis i s  hypo- 
calcernia, serum phosphorus levels are often 
concurrently below normal. Hypermagnese- 
mia also may occur but not hypomagnesemia. 
Paralysis is caused by low calcium availability 
at the neuromuscular junction necessary for 
the release of the neurotransmitter acetylcho- 
line. Treatment is often successful with intrave- 
nous and subcutaneous administration of com- 

. mercially available calcium. 

3. The answer is 1 [I B 11. "Downer cows" 
may have had milk fever and have not r e  
sponded fully to calcium therapy by rising, 
but they are usually no longer hypocalcemic 
or hypophosphatemic. These animals also 
may suffer from musculoskeletal problems but 
are not systemically ill. 

4. The answer is 2 [I C 31. Postparturient he- 
moglobinuria results from low serum phospho- 
rus levels, which cause increased erythrocyte 
fragility. This hypophosphatemia may be the 
result of low intake coupled with lactation 
losses. lntravascular erythrolysis causes hemo- 
globinuria and may result in secondary renal 
damage. Although the hypophosphatemia 
may be seen on a herd level, it is a condition 
of individual animals at the peak of lactation. 
The prognosis is poor to guarded in clinically 
affected cows. 

5. The answer is 5 [I D 31. Primary bovine ke- 
tosis i s  a hypoglycemia and ketonemia result- 
ing from high glucose losses through lactation 
combined with insufficient intake or availabil- 
ity. It presents clinically as a gradual decrease 
in appetite and milk production. Diets known 
to be precursors for this condition are those 
high in butyric or acetic acids. 

6. The answer is 3 [I F 11. Pregnancy toxemia 
of ewes usually occurs in intensively man- 
aged sheep carrying multiple fetuses. These 
are usually over-conditioned animals that may 
have suddenly faced a declining level of en- 
ergy in the ration. Terminally, there is renal 
failure due to shock and dehydration caused 
by the primary disease. The condition is 
poorly responsive to any treatment, but the 
treatment of choice is immediate cesarian sec- 
tion with concurrent glucose therapy. 

7. The answer is 1 [I F 2 a, G 2 b (2)l. Fat 
cow syndrome affects overly fat cows. As in 
sheep with pregnancy toxemia, beef cattle in 
late gestation may be affected by fat cow syn- 
drome. This is a noncontagious disease of 
overly fat animals with an unfavorable prog- 
nosis. Prevention of both conditions centers 
around avoidance of overly fat animals in late 
gestation and eliminating the possibility of pe- 
riods of anorexia or starvation. 

8. The answer is 5 111 A 3 a]. Lactation tetany 
of mares is caused by hypocalcemia. This dis- 
order is different than hypocalcemia in  dairy 
cows because cows present with recumbency 
and flaccid paralysis. The other choices do 
not cause lactation tetany. 

9. The answer is 1 111 B 41. There is a molecu- 
lar genetic test to identify the gene mutation. 
The condition is seen mainly in Quarter 
horses and is treated in clinical situations with 
bicarbonate and glucose administered intrave- 
nously to drive potassium intracellularly. It i s  
a condition of well-muscled animals, and 
there is no age predilection. Animals have 
this condition for life but can often be main- 
tained on low-potassium diets. 

10. The answer is 2 [I1 Cl. Fat mares in late 
pregnancy are most prone to hyperlipidemia. 
It often occurs in over-conditioned animals at 
times of decreased feed intake. It is uncom- 
mon in occurrence and secondary to stress or 
disease. It produces a vascular thrombosis 
and hepatic and renal failure. 

Chapter 10 

Endocrine Disorders 
Timothy H. Ogilvie 

Patient protile and history. Endocrine diseases are recognized infrequently in large do- 
mestic animals (when compared with the incidence in their smaller, companion animal 
counterparts). A good history and physical examination i s  important in the diagnosis of 
endocrine problems. Endocrine disease should be considered whenever there are com- 
plaints of abnormal hair growth, water intake, or sweating. 

a Clinical findings. Endocrine dysfunction should be considered when the major problem 
is poor performance and after other conditions involving the musculoskeletal, respira- 
tory, and cardiac systems have been ruled out. 

Diagnostic plan and laboratory tests. A routine complete blood cell count (CBC) and 
biochemical profile may be important to eliminate the involvement of other systems. 
Conversely, abnormal findings may lead the clinician to suspect pituitary or adrenal ab- 
normalities. Specific hormone levels are helpful in some diseases. Cortisol findings are 
not valuable because of the large normal ranges in some domestic animals (e.g., 
horses). Endocrine function tests have been used in horses but rarely in ruminants. 

A Patient profile and history. This disease is rare in large domestic animals. When the dis- 
ease does occur, the main complaints include polyuria, polydipsia, polyphagia, weight 
loss, and a strange sweet odor to the urine. 

Clinical f inding The affected animal may be thin with polyuria and polydipsia. Vital 
signs are normal. 

C Etiology and pathogenesis 1 
1. Etiology 

a. Diabetes mellitus in the horse has been reported to be the result of a pituitary 
tumor and secondary to equine Cushings disease. Therefore, this condition is 
not a true diabetes mellitus. Diabetes mellitus correctly refers to only those cases 
of hyperglycemia resulting from pancreatic islet pcel l  deficiency, leading to a 
decrease or absence of insulin secretion. 

-. b. Pancreatic inflammation and destruction have been reported in both horses and 
cows as a cause of diabetes. Strongyle migration or localization of Corynebacte- 
rium species and Streptococcus equi have been implicated as causative organ- 
isms in horses. 

2. Pathogenesis 
a. The specific stimulus for the release of insulin from &ells is glucose. Insulin 

stimulates anabolic reactions, such as the synthesis of protein from amino acids, 
nucleic acid from mononucleotides, polysaccharides from monosaccharides, and 
lipids from fatty acids. Thus, a decrease in insulin results in disordered carbohy- 
drate, protein, and lipid metabolism characterized by hyperglycernia and glucos- 
uria. 
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b. Counter insulin substances (growth hormone, epinephrine, glucagon and corti- 
sol) may contribute to the hyperglycemia by interfering with the action of insulin 
at the cellular level. 

D. Diagnostic plan and laboratory tests. The clinical index of suspicion is raised by abnor- 
mal clinical chemistry findings on blood and urine. The diagnosis is confirmed by re- 
sponses to insulin and glucose tolerance testing. An animal may have normal results on 
an insulin tolerance test and abnormal results on a glucose tolerance test. 

1 .  Laboratory studies. In the few reported cases, there has been hyperglycemia (1 0-20 
mmollL), glucosuria, and ketonuria. 

2. Necropsy results. In cows, pancreatic adenocarcinoma and infection related to the 
destruction of the pancreas may be evident at necropsy. 

3 Differential diagnoses 

1. Polyuria and polydipsia. Chronic renal failure may be ruled out by normal blood 
urea nitrogen (BUN) and creatinine. Urine-specific gravity is  usually normal. Cush- 
ins's disease must be considered. - 

2. Hyperglycemia and glucosuria. Hyperglycemia of diabetes mellitus is usually 
greater than that associated with Cushing's disease. Additionally, hyperglycemia sec- 
ondary to a pituitary tumor i s  generally insulin resistant, whereas hyperglycemia as- 
sociated with diabetes mellitus i s  usually insulin responsive. 

Therapeutic plan and proporis. Treatment is rarely attempted. To maintain relatively 
normal blood sugar levels in the horse, 0.5-1 unit of protamine zinc insulinlkg twice 
daily, intramuscularly or subcutaneously has been used. The prognosis is grave because 
even with treatment, the long-term client compliance and patient response is poor. 

m-OF THE PITUITARY GLAND 

4 Equine Cushing's disease 

1. Patient profile. This condition i s  most common in aged horses (older than 12 years). 

2. Clinical findings 
a. Vital signs are normal. 
b. Clinical signs. Owners complain of a shaggy hair coat even in summer, gradual 

weight loss, polydipsia, and polyuria. 
(1) Hirmtism may obscure signs of weight loss. 
(2) Polydipsia. The horse may appear "sway backed" or "potbellied" and may 

consume as much as 80 liters of water per day (normal consumption is 
20-30 Uday). 

(3) Chronic infections and abscess development are common occurrences with 
this condition in horses. A common site is  around the eyes and masseter 
muscles. Laminitis also is a common secondary finding and may be the p w  
senting problem. 

(4) Neurologic signs may result from compression ofthe brain stem by a pitui- 
tary tumor. 

3. Etiology and pathogenesis 
a. Etiology. The etiology of Cushing's disease in the horse is generally a tumor of 

the pituitary gland in the pars intermedia region. It has been stated that 75% of 
horses more than age 12 years have a pituitary adenoma at necropsy, but the ma- 
jority of these do not exhibit clinical signs. 

b. Pathogenesis. Melanoc~te-stimulating hormone (MSH), adrenocorticotropic hor- 
mone (ACTH), /%endorphins, and corticotropin-like intermediate lobe peptide 
are produced by the pars intermedia. These substances often are increased in 

5. Differential diagnoses 
a. Chronic debilitation. Chronic weight loss and debilitation in an older horse may 

be caused by poor management and nutrition. A thorough examination of the 
mouth should be performed to eliminate dental or oral cavity problems. A fecal 
flotation should be performed to rule out parasitism. Any chronic systemic dis- 
ease can result in debilitation (e.g., pulmonary or abdominal abscess, neoplasia, 
chronic renallhepatic disease). 

b. Polyuria and polydipsia. Chronic renal failure can be ruled out with BUN, creati- 
nine, and urinalysis findings. 

c. Hyperglycemia and glucosuria Diabetes mellitus caused by pancreatic islet p- 
cell deficiency is extremely rare in the horse. There are only a few published re- 
ports of diabetes mellitus that are truly diabetes mellitus; the other cases of diabe- 
tes mellitus have always been associated with a pituitary tumor and are resistant 
to insulin treatment. 

6. Therapeutic plan 
a. Cyproheptadine has been used with some success in horses with Cushing's dis- 

ease. This drug has anticholinergic, antihistaminic, and antiserotonin activity and 
i s  thought to compete with serotonin for receptor sites. This may prevent seroto- 
nin-regulated ACTH release. The initial dose of 0.6 mglkg orally once a day in 
the morning is increased to 1.2 mg/kg over several weeks. Improvement, if seen 
at all, usually occurs between 6 and 8 weeks. This drug may cause tranquiliza- 
tion, which, if severe, will force discontinuation of the medication. 
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horses with Cushing's disease. Increases in these substances probably result from 
an increase in a precursor molecule. The hypersecretion is insensitive to gluco- 
corticoid negative feedback, which results in adrenal hyperplasia and increased 
cortisol levels. The elevated cortisol levels or possibly a lack of normal daily se- 
cretory rhythm results in hyperglycemia, polyuria, polydipsia, poor wound heal- 
ing, and loss of muscle tone. 
(1 )  Polyuria may be caused by an increase in the glomerular filtration rate 

(GFR) brought about by cortisol secretion. Cortisol may block either antidi- 
uretic hormone (ADH) release or its action on the kidney. Secondly, an os- 
motic diuresis may occur because of glucosuria. Finally, compression of the 
posterior pituitary, hypothalamus, or both may cause lack of ADH release 
and result in polyuria. 

(2) Polydypsia is secondary to polyuria and necessary to maintain hydration. 
(3) Sweating (hyperhidrosis) occurs because of hypothalamic dysfunction or 

may be in response to the long hair coat. 
(4) Muscle wasting and weight loss results from deranged carbohydrate metabo- 

lism caused by increased cortisol secretion and peripheral insulin resistance. 
The result i s  protein catabolism and gluconeogenesis. 

( 5 )  Infections, laminitis, and poor wound healing result from elevated cortisol 
levels. 

(6) Hirsutism may be the result of androgens of adrenal origin. 

4. Diagnostic plan and laboratory tests 
a. Diagnosis relies heavily on laboratory tests. The total white blood cell count will 

be normal. There is usually an absolute or relative neutrophilia, lymphopenia, 
and eosinopenia [stress leukogram). Hyperglycemia is evident with blood glu- 
cose more than 6 mrnollL. Urinalysis reveals a glucosuria and ketonuria. 

b. Plasma cortisol i s  high or normal. Interpretation of the findings must take into ac- 
count the normal daily rhythm for cortisol secretion. In general, evening levels 
are usually two-thirds of morning values. 

c. ACTH response test i s  exaggerated because of adrenal cortical hypertrophy. 
Basal levels of ACTH may be elevated in these cases and used as a diagnostic in- 
dication of disease. 

d. Dexamethasone suppression test (DST). Endogenous cortisol is not suppressed 
by exogenous corticosteroid administration in affected horses because of autone 

. mous secretion of ACTH by the pars intermedia tumor. This is the most reliable 
test. 
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b. Counter insulin substances (growth hormone, epinephrine, glucagon and corti- 
sol) may contribute to the hyperglycemia by interfering with the action of insulin 
at the cellular level. 

D. Diagnostic plan and laboratory tests. The clinical index of suspicion is raised by abnor- 
mal clinical chemistry findings on blood and urine. The diagnosis is confirmed by re- 
sponses to insulin and glucose tolerance testing. An animal may have normal results on 
an insulin tolerance test and abnormal results on a glucose tolerance test. 

1 .  Laboratory studies. In the few reported cases, there has been hyperglycemia (1 0-20 
mmollL), glucosuria, and ketonuria. 

2. Necropsy results. In cows, pancreatic adenocarcinoma and infection related to the 
destruction of the pancreas may be evident at necropsy. 

3 Differential diagnoses 

1. Polyuria and polydipsia. Chronic renal failure may be ruled out by normal blood 
urea nitrogen (BUN) and creatinine. Urine-specific gravity is  usually normal. Cush- 
ins's disease must be considered. - 

2. Hyperglycemia and glucosuria. Hyperglycemia of diabetes mellitus is usually 
greater than that associated with Cushing's disease. Additionally, hyperglycemia sec- 
ondary to a pituitary tumor i s  generally insulin resistant, whereas hyperglycemia as- 
sociated with diabetes mellitus i s  usually insulin responsive. 

Therapeutic plan and proporis. Treatment is rarely attempted. To maintain relatively 
normal blood sugar levels in the horse, 0.5-1 unit of protamine zinc insulinlkg twice 
daily, intramuscularly or subcutaneously has been used. The prognosis is grave because 
even with treatment, the long-term client compliance and patient response is poor. 

m-OF THE PITUITARY GLAND 

4 Equine Cushing's disease 

1. Patient profile. This condition i s  most common in aged horses (older than 12 years). 

2. Clinical findings 
a. Vital signs are normal. 
b. Clinical signs. Owners complain of a shaggy hair coat even in summer, gradual 

weight loss, polydipsia, and polyuria. 
(1) Hirmtism may obscure signs of weight loss. 
(2) Polydipsia. The horse may appear "sway backed" or "potbellied" and may 

consume as much as 80 liters of water per day (normal consumption is 
20-30 Uday). 

(3) Chronic infections and abscess development are common occurrences with 
this condition in horses. A common site is  around the eyes and masseter 
muscles. Laminitis also is a common secondary finding and may be the p w  
senting problem. 

(4) Neurologic signs may result from compression ofthe brain stem by a pitui- 
tary tumor. 

3. Etiology and pathogenesis 
a. Etiology. The etiology of Cushing's disease in the horse is generally a tumor of 

the pituitary gland in the pars intermedia region. It has been stated that 75% of 
horses more than age 12 years have a pituitary adenoma at necropsy, but the ma- 
jority of these do not exhibit clinical signs. 

b. Pathogenesis. Melanoc~te-stimulating hormone (MSH), adrenocorticotropic hor- 
mone (ACTH), /%endorphins, and corticotropin-like intermediate lobe peptide 
are produced by the pars intermedia. These substances often are increased in 

5. Differential diagnoses 
a. Chronic debilitation. Chronic weight loss and debilitation in an older horse may 

be caused by poor management and nutrition. A thorough examination of the 
mouth should be performed to eliminate dental or oral cavity problems. A fecal 
flotation should be performed to rule out parasitism. Any chronic systemic dis- 
ease can result in debilitation (e.g., pulmonary or abdominal abscess, neoplasia, 
chronic renallhepatic disease). 

b. Polyuria and polydipsia. Chronic renal failure can be ruled out with BUN, creati- 
nine, and urinalysis findings. 

c. Hyperglycemia and glucosuria Diabetes mellitus caused by pancreatic islet p- 
cell deficiency is extremely rare in the horse. There are only a few published re- 
ports of diabetes mellitus that are truly diabetes mellitus; the other cases of diabe- 
tes mellitus have always been associated with a pituitary tumor and are resistant 
to insulin treatment. 

6. Therapeutic plan 
a. Cyproheptadine has been used with some success in horses with Cushing's dis- 

ease. This drug has anticholinergic, antihistaminic, and antiserotonin activity and 
i s  thought to compete with serotonin for receptor sites. This may prevent seroto- 
nin-regulated ACTH release. The initial dose of 0.6 mglkg orally once a day in 
the morning is increased to 1.2 mg/kg over several weeks. Improvement, if seen 
at all, usually occurs between 6 and 8 weeks. This drug may cause tranquiliza- 
tion, which, if severe, will force discontinuation of the medication. 
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horses with Cushing's disease. Increases in these substances probably result from 
an increase in a precursor molecule. The hypersecretion is insensitive to gluco- 
corticoid negative feedback, which results in adrenal hyperplasia and increased 
cortisol levels. The elevated cortisol levels or possibly a lack of normal daily se- 
cretory rhythm results in hyperglycemia, polyuria, polydipsia, poor wound heal- 
ing, and loss of muscle tone. 
(1 )  Polyuria may be caused by an increase in the glomerular filtration rate 

(GFR) brought about by cortisol secretion. Cortisol may block either antidi- 
uretic hormone (ADH) release or its action on the kidney. Secondly, an os- 
motic diuresis may occur because of glucosuria. Finally, compression of the 
posterior pituitary, hypothalamus, or both may cause lack of ADH release 
and result in polyuria. 

(2) Polydypsia is secondary to polyuria and necessary to maintain hydration. 
(3) Sweating (hyperhidrosis) occurs because of hypothalamic dysfunction or 

may be in response to the long hair coat. 
(4) Muscle wasting and weight loss results from deranged carbohydrate metabo- 

lism caused by increased cortisol secretion and peripheral insulin resistance. 
The result i s  protein catabolism and gluconeogenesis. 

( 5 )  Infections, laminitis, and poor wound healing result from elevated cortisol 
levels. 

(6) Hirsutism may be the result of androgens of adrenal origin. 

4. Diagnostic plan and laboratory tests 
a. Diagnosis relies heavily on laboratory tests. The total white blood cell count will 

be normal. There is usually an absolute or relative neutrophilia, lymphopenia, 
and eosinopenia [stress leukogram). Hyperglycemia is evident with blood glu- 
cose more than 6 mrnollL. Urinalysis reveals a glucosuria and ketonuria. 

b. Plasma cortisol i s  high or normal. Interpretation of the findings must take into ac- 
count the normal daily rhythm for cortisol secretion. In general, evening levels 
are usually two-thirds of morning values. 

c. ACTH response test i s  exaggerated because of adrenal cortical hypertrophy. 
Basal levels of ACTH may be elevated in these cases and used as a diagnostic in- 
dication of disease. 

d. Dexamethasone suppression test (DST). Endogenous cortisol is not suppressed 
by exogenous corticosteroid administration in affected horses because of autone 

. mous secretion of ACTH by the pars intermedia tumor. This is the most reliable 
test. 
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b. A few reports of the use of 0,V-DDD (Permax) in pituitary adenomas have been 
published. These treatments were not successful, and the drug is expensive. 

c. Pergolide, an ergot alkaloid, is being investigated in the treatment of pituitary ad- 
enomas. It is a dopaminergic agonist that causes intense vasoconstriction and 
vascular endothelial damage. This drug may be used at low dose levels (0.75 
mglday) until clinical signs improve and the DST returns to 25% of pretreatment 
values. Then the horse may be maintained at 0.25 mglday. Alternatively, a 
higher dose (2.5-3.5 mglhorselday) with a gradual decrease over time is advo- 
cated by some veterinarians. 

d. Bromocriptine, also a dopaminergic agonist, has been used experimentally but 
is extremely expensive. 

7. Prevention. Even without treatment, the animal may live for several years. Special 
care must be taken to minimize infections and laminitis and to provide a high plane 
of nutrition. 

1 Diabetes insipidus 

1. Patient profile and history. A few cases of diabetes insipidus have been reported in 
horses and food-pmducing animals. In these cases, the chief complaint has been the 
occurrence of polyuria and polydipsia in the animal. 

2. Clinical finding. Because of a lack of cases, no set clinical signs are known. Poly- 
uria and polydipsia are always present. 

3. Etiology and pathogenesis 
a. Diabetes insipidus is characterized by polyuria and polydipsia in the absence of 

renal disease or glucosuria. The inability to concentrate urine may be because of 
a lack of synthesis or release of ADH or a blockage of ADH action on the renal 
tubules. ADH increases the levels of cyclic adenosine monophosphate (CAMP) in 
the renal tubule cells, leading to increased tubule cell permeability. 

b. This diabetes can be conpnital or acquired, complete or partial. In humans, dia- 
betes insipidus can result from pituitary adenomas, metastatic neoplasia, postpar- 
tum pituitary necrosis, and disseminated intravascular coagulation. In horses, a 
familial syndrome of diabetes insipidus has been described in sibling colts. 

c. If the animal responds to vasopressin, then a lack of ADH production from the 
hypothalamus or a lack of release from the neurohypophysis is the cause. Brain 
lesions that may result in this condition could be abscessation neoplasia or vas- 
cular disturbankes. 

4. Diagnostic plan and laboratory tests. The diagnosis is made based on the clinical 
findings and the following laboratory tests: 
a. CBCS and chemistry profiles are usually normal in these cases. 
b. Urinalysis is normal except for a low specific gravity [i.e., 1.002 and low osmol- 

ality (less than 300 mOsmlL)]. Serum osmolality is often increased (more than 
300 mOsmlL). 

c. Vasopressin response test. Following the administration of vasopressin USP (100 
units is given intramuscularly), the animal should begin to concentrate urine 
within 1 hour and should achieve peak concentration 4 hours post injection. 

d. Water deprivation test. Animals with diabetes insipidus are not able to concen- 
trate urine in the face of dehydration. 

5. D-fierential diagnoses 
a. Renal disease is ruled out by a normal BUN and creatinine. 
b. Psychogenic polydipsia and polyuria are eliminated on the basis of the water 

deprivation test. Animals with psychogenic drinking are able to concentrate 
urine if they become dehydrated unless medullary washout has occurred. 

c. Nephrogenic diabetes insipidus is not present if the animal responds to vaso- 
pressin. 

d. A tumor of the pars intermedia presents with polyuria and polydipsia in  associa- 
tion with hyperglycemia and glucosuria. 

e. Partial or complete diabetes insipidus is differentiated by ADH assays and r e  
sponse to chlorpropamide. 
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6. Therapeutic plan. Therapy is seldom attempted in large animals. One case in a cow 
resolved spontaneously in a few months. The owner should be instructed to ensure 
an adequate supply of water for the animal at all times. 
a. In cases of partial diabetes insipidus, chlorpropamide, a hypoglycemic agent, 

can be used. This drug acts to increase intracellular CAMP, thereby accentuating 
the effects of ADH on renal tubule cells. This agent is ineffective in cases of com- 
plete diabetes insipidus. 

b. Pitressin tannate in oil is the ADH analogue most commonly used in veterinary 
medicine. This preparation is given intramuscularly and is often painful. Hyper- 
sensitivity and resistance can develop. The antidiuretic effect i s  often variable. 

c. Desmopressin, a newer ADH analogue, is used in humans, dogs, and cats. It has 
not been tried in large animals to date. This agent acts by binding to ADH %ecep- 
tors in the renal tubules, increasing CAMP and, thus, water permeability. The dos- 
age is  titrated to effect, and this drug is available for intranasal and parenteral 
use. 

R-oF THE ADRENAL GLAND 

A Equine pheochromocytoma. Pheochromocytomas are tumors resulting from the chro- 
maffin cells of the adrenal medulla. These tumors may be functional or nonfunctional, 
malignant or benign. Most of these tumors are unilateral, although bilateral tumors can 
be found. 

1. Patient profile and history. Pheochromocytoma has been reported mainly in horses. 
In most of the cases, the condition occurred in older animals (older than 12 years). 
There is no specific breed or sex prevalence. 

2. Clinical findings. Vital signs may be increased, heart sounds may be loud on auscul- 
tation, and a bounding jugular pulse may be noted. The animal may appear anxious 
or overexcited. Hyperhidrosis and muscle tremors are prevalent signs. Pupils are di- 
lated but responsive. Polyuria and polydipsia may be present. 

3. Etiology and pathogenesis 
a. The neoplasm i s  usually benign and grows slowly, with local destruction of tis- 

sue being the only effect of the tumor. On rare occasions, the tumor may metas- 
tasize to related lymph nodes, liver, lung, and bone. Vascular penetration and in- 
vasion of the vena cava and aorta may sometimes occur. 

b. Functional tumors may cause an increase in norepinephrine and epinephrine se- 
cretion. The high epinephrine concentrations cause hyperglycemia and sweating. 
Gluconeogenic effects of the catecholamines, catecholamine-induced suppres- 
sion of insulin secretion, and catecholamine-induced increase in plasma gluca- 
gon cause hyperglycemia. Excessive sweating can result in polydipsia. In hu- 
mans, increased levels of norepinephrine cause hypertension. It is unknown if 
this occurs in animals. 

c. Compromised renal function may result occasionally and is believed to occur 
because of norepinephrine-mediated vasoconstriction, reducing renal blood 
flow. In humans, death usually results from cardiovascular collapse, presumed to 
be caused by muscular hypoxia secondary to vasoconstriction. 

4. Diagnostic plan and laboratory tests 
a. A detailed physical examination should be performed, and a CBC and chemistry 

profile should be obtained. Hyperglycemia and.glucosuria are the most likely 
laboratory findings. 

b. Catecholamine assays of blood and urine are used in humans. Catecholamines 
are extremely unstable andsamples must be processed within minutes or the re- 
sults are of no value. 
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b. A few reports of the use of 0,V-DDD (Permax) in pituitary adenomas have been 
published. These treatments were not successful, and the drug is expensive. 

c. Pergolide, an ergot alkaloid, is being investigated in the treatment of pituitary ad- 
enomas. It is a dopaminergic agonist that causes intense vasoconstriction and 
vascular endothelial damage. This drug may be used at low dose levels (0.75 
mglday) until clinical signs improve and the DST returns to 25% of pretreatment 
values. Then the horse may be maintained at 0.25 mglday. Alternatively, a 
higher dose (2.5-3.5 mglhorselday) with a gradual decrease over time is advo- 
cated by some veterinarians. 

d. Bromocriptine, also a dopaminergic agonist, has been used experimentally but 
is extremely expensive. 

7. Prevention. Even without treatment, the animal may live for several years. Special 
care must be taken to minimize infections and laminitis and to provide a high plane 
of nutrition. 

1 Diabetes insipidus 

1. Patient profile and history. A few cases of diabetes insipidus have been reported in 
horses and food-pmducing animals. In these cases, the chief complaint has been the 
occurrence of polyuria and polydipsia in the animal. 

2. Clinical finding. Because of a lack of cases, no set clinical signs are known. Poly- 
uria and polydipsia are always present. 

3. Etiology and pathogenesis 
a. Diabetes insipidus is characterized by polyuria and polydipsia in the absence of 

renal disease or glucosuria. The inability to concentrate urine may be because of 
a lack of synthesis or release of ADH or a blockage of ADH action on the renal 
tubules. ADH increases the levels of cyclic adenosine monophosphate (CAMP) in 
the renal tubule cells, leading to increased tubule cell permeability. 

b. This diabetes can be conpnital or acquired, complete or partial. In humans, dia- 
betes insipidus can result from pituitary adenomas, metastatic neoplasia, postpar- 
tum pituitary necrosis, and disseminated intravascular coagulation. In horses, a 
familial syndrome of diabetes insipidus has been described in sibling colts. 

c. If the animal responds to vasopressin, then a lack of ADH production from the 
hypothalamus or a lack of release from the neurohypophysis is the cause. Brain 
lesions that may result in this condition could be abscessation neoplasia or vas- 
cular disturbankes. 

4. Diagnostic plan and laboratory tests. The diagnosis is made based on the clinical 
findings and the following laboratory tests: 
a. CBCS and chemistry profiles are usually normal in these cases. 
b. Urinalysis is normal except for a low specific gravity [i.e., 1.002 and low osmol- 

ality (less than 300 mOsmlL)]. Serum osmolality is often increased (more than 
300 mOsmlL). 

c. Vasopressin response test. Following the administration of vasopressin USP (100 
units is given intramuscularly), the animal should begin to concentrate urine 
within 1 hour and should achieve peak concentration 4 hours post injection. 

d. Water deprivation test. Animals with diabetes insipidus are not able to concen- 
trate urine in the face of dehydration. 

5. D-fierential diagnoses 
a. Renal disease is ruled out by a normal BUN and creatinine. 
b. Psychogenic polydipsia and polyuria are eliminated on the basis of the water 

deprivation test. Animals with psychogenic drinking are able to concentrate 
urine if they become dehydrated unless medullary washout has occurred. 

c. Nephrogenic diabetes insipidus is not present if the animal responds to vaso- 
pressin. 

d. A tumor of the pars intermedia presents with polyuria and polydipsia in  associa- 
tion with hyperglycemia and glucosuria. 

e. Partial or complete diabetes insipidus is differentiated by ADH assays and r e  
sponse to chlorpropamide. 
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6. Therapeutic plan. Therapy is seldom attempted in large animals. One case in a cow 
resolved spontaneously in a few months. The owner should be instructed to ensure 
an adequate supply of water for the animal at all times. 
a. In cases of partial diabetes insipidus, chlorpropamide, a hypoglycemic agent, 

can be used. This drug acts to increase intracellular CAMP, thereby accentuating 
the effects of ADH on renal tubule cells. This agent is ineffective in cases of com- 
plete diabetes insipidus. 

b. Pitressin tannate in oil is the ADH analogue most commonly used in veterinary 
medicine. This preparation is given intramuscularly and is often painful. Hyper- 
sensitivity and resistance can develop. The antidiuretic effect i s  often variable. 

c. Desmopressin, a newer ADH analogue, is used in humans, dogs, and cats. It has 
not been tried in large animals to date. This agent acts by binding to ADH %ecep- 
tors in the renal tubules, increasing CAMP and, thus, water permeability. The dos- 
age is  titrated to effect, and this drug is available for intranasal and parenteral 
use. 

R-oF THE ADRENAL GLAND 

A Equine pheochromocytoma. Pheochromocytomas are tumors resulting from the chro- 
maffin cells of the adrenal medulla. These tumors may be functional or nonfunctional, 
malignant or benign. Most of these tumors are unilateral, although bilateral tumors can 
be found. 

1. Patient profile and history. Pheochromocytoma has been reported mainly in horses. 
In most of the cases, the condition occurred in older animals (older than 12 years). 
There is no specific breed or sex prevalence. 

2. Clinical findings. Vital signs may be increased, heart sounds may be loud on auscul- 
tation, and a bounding jugular pulse may be noted. The animal may appear anxious 
or overexcited. Hyperhidrosis and muscle tremors are prevalent signs. Pupils are di- 
lated but responsive. Polyuria and polydipsia may be present. 

3. Etiology and pathogenesis 
a. The neoplasm i s  usually benign and grows slowly, with local destruction of tis- 

sue being the only effect of the tumor. On rare occasions, the tumor may metas- 
tasize to related lymph nodes, liver, lung, and bone. Vascular penetration and in- 
vasion of the vena cava and aorta may sometimes occur. 

b. Functional tumors may cause an increase in norepinephrine and epinephrine se- 
cretion. The high epinephrine concentrations cause hyperglycemia and sweating. 
Gluconeogenic effects of the catecholamines, catecholamine-induced suppres- 
sion of insulin secretion, and catecholamine-induced increase in plasma gluca- 
gon cause hyperglycemia. Excessive sweating can result in polydipsia. In hu- 
mans, increased levels of norepinephrine cause hypertension. It is unknown if 
this occurs in animals. 

c. Compromised renal function may result occasionally and is believed to occur 
because of norepinephrine-mediated vasoconstriction, reducing renal blood 
flow. In humans, death usually results from cardiovascular collapse, presumed to 
be caused by muscular hypoxia secondary to vasoconstriction. 

4. Diagnostic plan and laboratory tests 
a. A detailed physical examination should be performed, and a CBC and chemistry 

profile should be obtained. Hyperglycemia and.glucosuria are the most likely 
laboratory findings. 

b. Catecholamine assays of blood and urine are used in humans. Catecholamines 
are extremely unstable andsamples must be processed within minutes or the re- 
sults are of no value. 
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5. Differential diagnoses 
a. Pituitarv adenomas should be considered when the age of the animal and clini- -- . ~ ~~ 

cal picthe fits the disease profile. 
b. Other conditions to be ruled out include causes of hyperglycemia, such as dia- 

betes mellitus and equine Cushing's disease. Plasma cortisol levels, an ACTH re- 
sponse test, and a dexamethasone suppression test may help differentiate disor- 
ders. 

c. Pancreatic @cell tumors are rare but do increase the secretion of glucagon and 
cause increased glyconeogenesis. 

6. Therapeutic plan and prognosis. Treatment usually is not attempted in large animals 
because a diagnosis is not usually made antemortem. In humans, *blockers, such 
as phentolamine and phenoxybenzamine hydrochloride, have been used to control 
blood pressure. Propranolol (a /?-blocker) is used if an arrhythmia is present. Both 
blockers are effective in decreasing sweating and hypermetabolism. The preferred 
treatment in humans is a tyrosine analogue (amethyl tyrosine), which inhibits the 
rate-limiting step in catecholamine production. The prognosis is grave in all cases. 

3 Equine adrenal insufficiency 

1. Patient profile and history. Race horses that have received glucocorticoid or ana- 
bolic steroid injections are possible candidates for this condition. Poor condition, 
poor performance, hirsutism, and lethargy are the complaints. Mares may exhibit an- 
eStNS. 

2. Etiology and pathogenesis 
a. It has been found that only 2 mg of dexamethasone can suppress cortisol secre- 

tion for 24 hours in the horse. This implies that small glucocorticoid doses given 
once or twice a day in the form of anabolic steroid preparations or intra-articular 
injections may induce adrenal insufficiency. The incidence of Addison's disease 
(equine adrenal insufficiency) in the horse is unknown, but iatrogenic adrenal in- 
sufficiency should be considered in the diagnostic workup of poor performance 
horses. 

b. Mares who have received anabolic steroids while racing appear to go through a 
"letdown" period when they are retired from the track. It may be 6 months be- 
fore they begin to put on weight Reproduction cycles may be interrupted. 

c. In research studies in which horses have been bilaterally adrenalectomized, the 
cause of death is severe hypoglycemia or severe electrolyte disturbances. 

3. Diagnostic plan and labbratory tests 
a. Diagnosis relies on laboratory findings. Studies that have created bilaterally adre- 

nalectomized horses have shown an increase in the packed cell volume (PW, 
increased serum potassium levels, and decreased serum sodium, chloride, and 
elucose levels. Serum cortisol levels are low, and horses fail to respond to ACTH " 
stimulation. 

b. Normal or depressed serum sodium concentration with a concurrent high-per- 
centage creatinine clearance ratio of sodium in urine indicates salt wasting or hy- 
poaldosteronism (Figure 10-1). Normal levels in the horse are 0.02%-1%. 

4. Differential diagnoses 
a. Chronic weight loss caused by gastrointestinal involvement 
b. Chronic infection causing lethargy 
c. Lameness that may contribute to poor performance 
d. Cardiovascular disease 
e. Electrolyte disturbances 

Urinan/ Na Serum Cr 100 = o/oCrNa 
Serum Na Urinary Cr 

FIGURE 10-1. Calculation of the creatinine clearance ratio of sodium (% CrNa). Cr = creatinine; Na = 
sodium. 

5. Therapeutic plan and prevention 
a. Rest and reduction of stress usually helps mares adjust. If the results of an 

ACTH stimulation test are s t i l l  abnormal after 3 months, glucocorticoid supple- 
mentation may be necessary. 

b. If glucocorticoid therapy is needed in the horse, then alternate-day therapy 
would reduce the incidence of iatrogenic adrenal suppression. If daily administra- 
tion of steroids is  needed, then the animal should be weaned off the drug gradu- 
ally. This should be accomplished over 4-6 weeks by cutting the dose in half 
every fifth day until the last week, when alternate-day therapy i s  used. 

,. 

m-OF THE THYROID GLAND 

Equine hypothyroidism 
. . 

1. Patient profile and history. Hypothyroidism occurs rarely, but when it does occur, 
the disorder i s  seen most frequently in racehorses, obese mares, and foals. Race- 
horses present with poor performance, erratic appetite, decreased endurance, dull- 
ness, and stiffness of gait. Hypothyroid obese mares often have a history of recurrent 
laminitis and erratic reproductive function. Foals may be weak, stillborn, or have 
contracted tendons and tarsal bone collapse. 

2. Clinical findings 
a. Foals. If hypothyroidism begins early in fetal development, the neonate fails to 

establish normal respiration at birth. Onset in late pregnancy produces a foal 
that is lethargic and unable to stand and suckle. In studies on surgically created 
thyroidectomized (THD) foals, the animals are stunted and may die in 1-2 
months. 

b. Adults. Similarly, THD adults are lethargic, slow moving, have lower rectal tem- 
peratures than normal, and an intolerance to cold. They have scaly haircoats, de- 
layed closure of epiphyseal plates, decreased libido, and edema of the distal 
limbs. This condition is not life threatening and the signs can be reversed with 
thyroid supplementation. 

c. Race horses. Hypothyroidism has been suggested in racing thoroughbred and 
standardbred horses that present with signs similar to "tying-up" syndrome (see 
Chapter 13 1 B 2 a). These animals do not perform well, are stiff, and may ex- 
hibit the percussion dimple of pseudomyotonia. 

, 3. Normal physiology 
a. Iodine absorbed from the gastrointestinal tract i s  combined with tyrosine in the 

thyroid gland to form monoiodotyrosine (MIT) and then diiodotyrosine (DIT). 
b. Thyroxine (T4) is formed by couplingtwo DIT molecules, and 3 3 3  triiodothy- 

ronine CT3) i s  formed by the coupling of one MIT and one DIT molecule. T, and 
T4 are stored in the follicular colloid in the thyroid gland and are released in re- 
sponse to TSH from the pituitary gland. It is currently thought that when T4 en- 
ters a cell, it i s  converted to the biologically active T3. The concentration of T3 
and T4 are regulated by the negative feedback mechanism on the pituitary. 

c. Thyroid hormones affect most body tissues by acting on cells at the level of the 
nucleus, mitochondria, or plasma membranes. These hormones affect cellular 
metabolism through amino acid transport and oxygen consumption, both of 
which impact cellular growth, differentiation, proliferation, and maturation. 

d. Diurnal variations in T4 and TI levels occur in horses. T4 peaks in the late after- 
noon, with lowest levels in early morning. T3 peaks in the morning, with lowest 
levels occurring around midnight. These variations need to be kept in mind 
when only a single sample is tested. Thyroid hormone levels also decrease with 
age; foals have twice the T4 values of adults. 

,:, . .  , 

4. Etiology and pathogenesis 

I a. Primary hypothyroidism may be caused by an idiopathic autoimmune disease. 
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5. Differential diagnoses 
a. Pituitarv adenomas should be considered when the age of the animal and clini- -- . ~ ~~ 

cal picthe fits the disease profile. 
b. Other conditions to be ruled out include causes of hyperglycemia, such as dia- 

betes mellitus and equine Cushing's disease. Plasma cortisol levels, an ACTH re- 
sponse test, and a dexamethasone suppression test may help differentiate disor- 
ders. 

c. Pancreatic @cell tumors are rare but do increase the secretion of glucagon and 
cause increased glyconeogenesis. 

6. Therapeutic plan and prognosis. Treatment usually is not attempted in large animals 
because a diagnosis is not usually made antemortem. In humans, *blockers, such 
as phentolamine and phenoxybenzamine hydrochloride, have been used to control 
blood pressure. Propranolol (a /?-blocker) is used if an arrhythmia is present. Both 
blockers are effective in decreasing sweating and hypermetabolism. The preferred 
treatment in humans is a tyrosine analogue (amethyl tyrosine), which inhibits the 
rate-limiting step in catecholamine production. The prognosis is grave in all cases. 

3 Equine adrenal insufficiency 

1. Patient profile and history. Race horses that have received glucocorticoid or ana- 
bolic steroid injections are possible candidates for this condition. Poor condition, 
poor performance, hirsutism, and lethargy are the complaints. Mares may exhibit an- 
eStNS. 

2. Etiology and pathogenesis 
a. It has been found that only 2 mg of dexamethasone can suppress cortisol secre- 

tion for 24 hours in the horse. This implies that small glucocorticoid doses given 
once or twice a day in the form of anabolic steroid preparations or intra-articular 
injections may induce adrenal insufficiency. The incidence of Addison's disease 
(equine adrenal insufficiency) in the horse is unknown, but iatrogenic adrenal in- 
sufficiency should be considered in the diagnostic workup of poor performance 
horses. 

b. Mares who have received anabolic steroids while racing appear to go through a 
"letdown" period when they are retired from the track. It may be 6 months be- 
fore they begin to put on weight Reproduction cycles may be interrupted. 

c. In research studies in which horses have been bilaterally adrenalectomized, the 
cause of death is severe hypoglycemia or severe electrolyte disturbances. 

3. Diagnostic plan and labbratory tests 
a. Diagnosis relies on laboratory findings. Studies that have created bilaterally adre- 

nalectomized horses have shown an increase in the packed cell volume (PW, 
increased serum potassium levels, and decreased serum sodium, chloride, and 
elucose levels. Serum cortisol levels are low, and horses fail to respond to ACTH " 
stimulation. 

b. Normal or depressed serum sodium concentration with a concurrent high-per- 
centage creatinine clearance ratio of sodium in urine indicates salt wasting or hy- 
poaldosteronism (Figure 10-1). Normal levels in the horse are 0.02%-1%. 

4. Differential diagnoses 
a. Chronic weight loss caused by gastrointestinal involvement 
b. Chronic infection causing lethargy 
c. Lameness that may contribute to poor performance 
d. Cardiovascular disease 
e. Electrolyte disturbances 

Urinan/ Na Serum Cr 100 = o/oCrNa 
Serum Na Urinary Cr 

FIGURE 10-1. Calculation of the creatinine clearance ratio of sodium (% CrNa). Cr = creatinine; Na = 
sodium. 

5. Therapeutic plan and prevention 
a. Rest and reduction of stress usually helps mares adjust. If the results of an 

ACTH stimulation test are s t i l l  abnormal after 3 months, glucocorticoid supple- 
mentation may be necessary. 

b. If glucocorticoid therapy is needed in the horse, then alternate-day therapy 
would reduce the incidence of iatrogenic adrenal suppression. If daily administra- 
tion of steroids is  needed, then the animal should be weaned off the drug gradu- 
ally. This should be accomplished over 4-6 weeks by cutting the dose in half 
every fifth day until the last week, when alternate-day therapy i s  used. 

,. 

m-OF THE THYROID GLAND 

Equine hypothyroidism 
. . 

1. Patient profile and history. Hypothyroidism occurs rarely, but when it does occur, 
the disorder i s  seen most frequently in racehorses, obese mares, and foals. Race- 
horses present with poor performance, erratic appetite, decreased endurance, dull- 
ness, and stiffness of gait. Hypothyroid obese mares often have a history of recurrent 
laminitis and erratic reproductive function. Foals may be weak, stillborn, or have 
contracted tendons and tarsal bone collapse. 

2. Clinical findings 
a. Foals. If hypothyroidism begins early in fetal development, the neonate fails to 

establish normal respiration at birth. Onset in late pregnancy produces a foal 
that is lethargic and unable to stand and suckle. In studies on surgically created 
thyroidectomized (THD) foals, the animals are stunted and may die in 1-2 
months. 

b. Adults. Similarly, THD adults are lethargic, slow moving, have lower rectal tem- 
peratures than normal, and an intolerance to cold. They have scaly haircoats, de- 
layed closure of epiphyseal plates, decreased libido, and edema of the distal 
limbs. This condition is not life threatening and the signs can be reversed with 
thyroid supplementation. 

c. Race horses. Hypothyroidism has been suggested in racing thoroughbred and 
standardbred horses that present with signs similar to "tying-up" syndrome (see 
Chapter 13 1 B 2 a). These animals do not perform well, are stiff, and may ex- 
hibit the percussion dimple of pseudomyotonia. 

, 3. Normal physiology 
a. Iodine absorbed from the gastrointestinal tract i s  combined with tyrosine in the 

thyroid gland to form monoiodotyrosine (MIT) and then diiodotyrosine (DIT). 
b. Thyroxine (T4) is formed by couplingtwo DIT molecules, and 3 3 3  triiodothy- 

ronine CT3) i s  formed by the coupling of one MIT and one DIT molecule. T, and 
T4 are stored in the follicular colloid in the thyroid gland and are released in re- 
sponse to TSH from the pituitary gland. It is currently thought that when T4 en- 
ters a cell, it i s  converted to the biologically active T3. The concentration of T3 
and T4 are regulated by the negative feedback mechanism on the pituitary. 

c. Thyroid hormones affect most body tissues by acting on cells at the level of the 
nucleus, mitochondria, or plasma membranes. These hormones affect cellular 
metabolism through amino acid transport and oxygen consumption, both of 
which impact cellular growth, differentiation, proliferation, and maturation. 

d. Diurnal variations in T4 and TI levels occur in horses. T4 peaks in the late after- 
noon, with lowest levels in early morning. T3 peaks in the morning, with lowest 
levels occurring around midnight. These variations need to be kept in mind 
when only a single sample is tested. Thyroid hormone levels also decrease with 
age; foals have twice the T4 values of adults. 

,:, . .  , 

4. Etiology and pathogenesis 

I a. Primary hypothyroidism may be caused by an idiopathic autoimmune disease. 
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b. Secondary hypothyroidism may be caused by a lack of thyroid-stimulating hor- 
mone (TSH) or TSH-releasing factor from the pituitary or an impaired transport of 
TSH. This condition may be seen in conjunction with pituitary adenomas of the 
pan intermedia. 

5. Diagnostic plan and laboratory tests. Laboratory tests include a CBC, serum bio- 
chemistry, Tq levels, TSH response test, and perhaps a thyroid biopsy. The diet 
should be evaluated to identify any agents known to affect the thyroid's iodine up- 
take (e.g., kelp). 
a. CBC and serum biochemistry. Abnormal laboratory findings include a normo- 

cytic, normochromic anemia. The PCV is in the mid 20s. Serum phosphorus 
may be decreased and probably relates to decreased feed intake. 

b. T, levels. Serum T4 level is low (0.5 pg%; normal is 1-3 pg%). Because radioim- 
munoassay measures only bound T4, drugs that compete for protein-binding sites 
(e.g., phenylbutazone, anabolic steroids) artificially lower T4 values. Free T4 lev- 
els are not affected by these drugs, and a horse may be euthyroid despite a low 
T4 value. 

c. TSH response test. TSH (5 IU) is administered intramuscularly, and T3 and T4 lev- 
els are measured at 1-4 hours post treatment. A normal response would be a 
twofold increase in T3 and T4. An increase less than twofold i s  considered indica- 
tive of primary hypothyroidism. 

6. Differential diagnose 
a. In foals, consider metabolic bone disease, septic arthritis, contracted tendons 

caused by lameness, and osteochondritis dessicans. 
b. In racehorses, rule out rhabdomyolysis, lameness, polymyositis, or systemic dis- 

ease. 
c Pituiiary adenomas must also be ruled out (see Ill A), 

7. Therapeutic plan and prognosis. Sodium levothyroxine (10 mg) i s  administered or- 
ally in 70 ml of corn syrup daily. Measure T3 or T4 levels every 1-2 weeks, and 
adjust dosage as needed. The prognosis i s  good, but lifetime supplementation may 
be needed. 

3 Goiter (iodine deficienor) 
2 

1. Patient profile and histo This condition is seen in newborn animals of all species 
and is worldwide in distrxution. 

2. Clinical findings. The major clinical findings are neonatal death with alopecia and 
visibly enlarged thyroid glands in surviving animals. 

3. Etiology and pathogenesis 
a. Primary iodine deficiency. Iodine-deficient soils are common worldwide be- 

cause of leaching of soils not replenished by the iodine found naturally in.. 
oceans. 

b. Diets rich in brassicas and other goitrogenic plants likely produce a thiocyanate 
in the rumen of ruminants, which may restrict the uptake of iodine by the thy- 
roid. Iodine deficiency results in decreased T4 production and stimulation of 
TSH secretion, reurlting in hyperplasia of the thyroid gland. Clinical signs are 
the result of hypothyroidism. Iodine is an essential component for normal fetal 
development. 

4. Diagnostic plan and laboratory tests. The diagnosis is made based on clinical find- 
ings, necropsy, and laboratory results. Diagnostic strategies include measuring io- 
dine levels in the blood and milk of the herd or flock and obtaining serum T4 levels. 

5. Therapeutic plan. Surviving animals should receive iodine supplements. Overdosing 
can cause toxicity. 

6. Prevention. Supplement diets with iodine as a salt or mineral mixture. 

3 Equine hy"erthyroidism is a rare condition but may be considered if pnerented with a 
high-strung, unmanageable animal. 

a Bovine ultimobranchial (thyroid C-cell) tumor 
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1. Patient profile and history. This condition is seen in older animals (age 6-20 years), 
usually bulls. 

2. Clinical findings. There i s  slight palpable enlargement of the thyroid gland region 
caused by extensive multiple nodular enlargements along the ventral aspect of the 
neck. There is  severe vertebral osteosclerosis with ankylosing spondylosis deformans 
and degenerative osteoarthrosis, resulting in clinical lameness in these bulls. 

3. Etiology and pathogenesis. There is a possible association with long-term ingestion 
of a high-calcium diet. The chronic stimulation of the C-cells and ultimobranchial 
derivatives by high levels of calcium absorbed from the digestive tract may be re- 
lated to the pathophysiology of the neoplasms. Cows do not develop proliferative le- 
sions during similar dietary conditions because of the high physiologic requirement 
for calcium during lactation. 

4. Diagnostic plan and laboratory tests. Fine needle aspiration of any masses should 
be performed. Radiographs should be taken of the thorax and spinal column. Serum 
calcitonin levels should be measured. Calcitonin levels may or may not be in- 
creased, and serum electrolyte levels are within normal range. 

5. Differential diagnoses. C-cell adenomas grow slowly. C-cell carcinomas are larger 
and cause observable enlargements in the anterior neck region of older bulls and fre- 
quently metastasize to the anterior cervical lymph nodes and lungs. 

6. Therapeutic plan. There is no known treatment. 

7. Prevention. Avoid feeding high-calcium diets to bulls. 

4 Equine thyroid tumors 

1. Patient profile and history. The reported cases have been in horses older than age 8 
years. The presenting complaint is swelling in the region of the larynx. 

2. Clinical findings. There is a palpable mass in the area caudal to the larynx. The ani- 
mal may be inclined to gulp excessively. Exercise intolerance may be a finding. 

3. Normal physiology. The thyroid gland in  the horse consists of a pair of encapsu- 
lated lobes that are symmetrically situated on either side of the trachea caudal to 
the larynx. They measure approximately 2.5 cm X 5 cm and are frequently palpa- 
ble in the normal horse. 

4. Etiology and pathogenesis 
a. Thyroid adenomas are common in older horses, but they are usually a postmor- 

tem finding. 
b. Thyroid carcinomas and C-cell tumors have been reported in the hone, but they 

are uncommon. 

5. Diagnostic plan and laboratory tests. Fine needle aspiration of the mass, a Tq test, 
and a TSH response test should be  performed. Serum T4 and TSH levels are vari- 
able. Endoscopy may be useful to ruleout an upper airway problem. Thyroid scintig- 
raphy may indicate abnormal uptake. 

6. Therapeutic plan and prognosis. Surgical removal of carcinomas and C-cell tumors 
is necessary. Prognosis is good if no metastasis has occurred. 

THE PARATHYROID GLAND 

Primary hyperparathyroidism 

1. Patient profile and history. This condition is seen in older horses (older than 15 
years) but is rare. 
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b. Secondary hypothyroidism may be caused by a lack of thyroid-stimulating hor- 
mone (TSH) or TSH-releasing factor from the pituitary or an impaired transport of 
TSH. This condition may be seen in conjunction with pituitary adenomas of the 
pan intermedia. 

5. Diagnostic plan and laboratory tests. Laboratory tests include a CBC, serum bio- 
chemistry, Tq levels, TSH response test, and perhaps a thyroid biopsy. The diet 
should be evaluated to identify any agents known to affect the thyroid's iodine up- 
take (e.g., kelp). 
a. CBC and serum biochemistry. Abnormal laboratory findings include a normo- 

cytic, normochromic anemia. The PCV is in the mid 20s. Serum phosphorus 
may be decreased and probably relates to decreased feed intake. 

b. T, levels. Serum T4 level is low (0.5 pg%; normal is 1-3 pg%). Because radioim- 
munoassay measures only bound T4, drugs that compete for protein-binding sites 
(e.g., phenylbutazone, anabolic steroids) artificially lower T4 values. Free T4 lev- 
els are not affected by these drugs, and a horse may be euthyroid despite a low 
T4 value. 

c. TSH response test. TSH (5 IU) is administered intramuscularly, and T3 and T4 lev- 
els are measured at 1-4 hours post treatment. A normal response would be a 
twofold increase in T3 and T4. An increase less than twofold i s  considered indica- 
tive of primary hypothyroidism. 

6. Differential diagnose 
a. In foals, consider metabolic bone disease, septic arthritis, contracted tendons 

caused by lameness, and osteochondritis dessicans. 
b. In racehorses, rule out rhabdomyolysis, lameness, polymyositis, or systemic dis- 

ease. 
c Pituiiary adenomas must also be ruled out (see Ill A), 

7. Therapeutic plan and prognosis. Sodium levothyroxine (10 mg) i s  administered or- 
ally in 70 ml of corn syrup daily. Measure T3 or T4 levels every 1-2 weeks, and 
adjust dosage as needed. The prognosis i s  good, but lifetime supplementation may 
be needed. 

3 Goiter (iodine deficienor) 
2 

1. Patient profile and histo This condition is seen in newborn animals of all species 
and is worldwide in distrxution. 

2. Clinical findings. The major clinical findings are neonatal death with alopecia and 
visibly enlarged thyroid glands in surviving animals. 

3. Etiology and pathogenesis 
a. Primary iodine deficiency. Iodine-deficient soils are common worldwide be- 

cause of leaching of soils not replenished by the iodine found naturally in.. 
oceans. 

b. Diets rich in brassicas and other goitrogenic plants likely produce a thiocyanate 
in the rumen of ruminants, which may restrict the uptake of iodine by the thy- 
roid. Iodine deficiency results in decreased T4 production and stimulation of 
TSH secretion, reurlting in hyperplasia of the thyroid gland. Clinical signs are 
the result of hypothyroidism. Iodine is an essential component for normal fetal 
development. 

4. Diagnostic plan and laboratory tests. The diagnosis is made based on clinical find- 
ings, necropsy, and laboratory results. Diagnostic strategies include measuring io- 
dine levels in the blood and milk of the herd or flock and obtaining serum T4 levels. 

5. Therapeutic plan. Surviving animals should receive iodine supplements. Overdosing 
can cause toxicity. 

6. Prevention. Supplement diets with iodine as a salt or mineral mixture. 

3 Equine hy"erthyroidism is a rare condition but may be considered if pnerented with a 
high-strung, unmanageable animal. 

a Bovine ultimobranchial (thyroid C-cell) tumor 

Endocrine Disorders 1 239 

1. Patient profile and history. This condition is seen in older animals (age 6-20 years), 
usually bulls. 

2. Clinical findings. There i s  slight palpable enlargement of the thyroid gland region 
caused by extensive multiple nodular enlargements along the ventral aspect of the 
neck. There is  severe vertebral osteosclerosis with ankylosing spondylosis deformans 
and degenerative osteoarthrosis, resulting in clinical lameness in these bulls. 

3. Etiology and pathogenesis. There is a possible association with long-term ingestion 
of a high-calcium diet. The chronic stimulation of the C-cells and ultimobranchial 
derivatives by high levels of calcium absorbed from the digestive tract may be re- 
lated to the pathophysiology of the neoplasms. Cows do not develop proliferative le- 
sions during similar dietary conditions because of the high physiologic requirement 
for calcium during lactation. 

4. Diagnostic plan and laboratory tests. Fine needle aspiration of any masses should 
be performed. Radiographs should be taken of the thorax and spinal column. Serum 
calcitonin levels should be measured. Calcitonin levels may or may not be in- 
creased, and serum electrolyte levels are within normal range. 

5. Differential diagnoses. C-cell adenomas grow slowly. C-cell carcinomas are larger 
and cause observable enlargements in the anterior neck region of older bulls and fre- 
quently metastasize to the anterior cervical lymph nodes and lungs. 

6. Therapeutic plan. There is no known treatment. 

7. Prevention. Avoid feeding high-calcium diets to bulls. 

4 Equine thyroid tumors 

1. Patient profile and history. The reported cases have been in horses older than age 8 
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tem finding. 
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1 '  240 [ Chapter 10 Vl A 

2. Clinical findings. There may be lethargy, but there have been too few cases re- 
ported to generalize. 

3. Etiology and pathogenesis 
a. Etiology. Primary hyperparathyroidism may be the result of parathyroid ade- 

noma, parathyroid hyperplasia, or carcinoma. Few cases of parathyroid ade- 
noma have been reported. This may be because the two pairs, or sometimes ! , - j  more than two oairs, of parathyroid glands are widely separated in the horse and 
are often difficdt toidentify. 

b. Pathogenesis. Primary hyperparathyroidism should always be considered in 
horses with hypercalcemia, particularly if it occurs in the absence of renal fail- 
ure or neoplasia. When calcium levels increase dramatically, mineralization of 
soft tissues may occur, leading to renal and myocardial calcification and subse- 
quent renal failure and arrhythmias. Death may follow. 

4. Diagnostic plan. Serum and urine calcium, phosphorus, and parathyroid hormone 
(PTH) levels and the percentage creatinine clearance of phosphorus should be ob- 
tained. 

5. Laboratory tests. The CBC is normal, but hypercalcemia and hypophosphatemia are 
evident. BUN and creatinine levels are usually normal. Urinalysis is normal, but 
there is an increased fractional urinary excretion of phosphorus (normal is 
0%-0.5%). 

6. Therapeutic plan and prognosis. Therapy rarely has been attempted or reported. Ste- 
roid therapy (prednisone) may be rational. Steroids act to decrease calcium absorp- 
tion from the gastrointestinal tract, decrease release of calcium from bone, and in- 
crease urinary excretion of calcium. The prognosis is guarded to grave. 

3 Nutritional secondary hyperparathymidism (NSH), ostdystrophia fibrosa, big head 
disease, bran disease, Miller's disease 

1. Patient profile and history. Although any age and breed may be affected, young ani- 
mals are more prone to the condition. 

2. Clinical findings. There is a transitory shifting leg lameness, generalized joint tender- 
ness,. and a stilted gait. Teeth may be loose, and later in the disease a bilateral firm 
enlargement of the facial bones above and anterior to the facial crests may be noted 
(big head disease). 

3. Etiology and pathogenesis 
a. NSH occurs because of a compensatory increase in PTH secretion as a result of 

excessive phosphorus intake in the presence of normal or low serum calcium 
levels. 
(1) Hyperphosphatemia lowers blood calcium levels. Hypocalcemia stimulates 

PTH secretion, which returns blood calcium levels to normal or near 
normal. 

(2) Stimulation of PTH causes cellular hypertrophy and hyperplasia of the para- 
thyroid glands. 

(a) PTH is involved in the fine regulation of blood calcium in mammals. Its di- 
rect effects are on bone, causing osteoclastic resorption, and on the kidney, - -~ - 

causing calcium retention and phosphorus excretion. PTH also increases 
calcium absorption in the intestine. 

(b) Fibrous connective tissue is deposited when an excess amount of bone is 
removed, hence the name osteodystrophia fibrosa. 

b. The ingestion of excessive amounts of oxalates also may cause NSH. Oxalates 
decrease calcium absorption from the gut by forming insoluble complexes, 
which results in progressive hypocalcemia and PTH stimulation. 

4. Diagnostic plan and laboratory tests. For a definitive diagnosis, serum and urine ~ a l -  
cium and phosphate levels, percentage creatinine phosphate clearance, and serum 
alkaline phosphatase levels must be obtained. The calcium to phosphorus ratio in 
the ration also should be evaluated. 
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a. Hypocalcemia and hyperphosphatemia occur very early, but values are often 

normal later in the course of the condition. Serum alkaline phosphatase (SAP) 
may be in the high normal range. 

b. Changes in urine phosphates are more consistent. Calcium excretion decreases, 
whereas phosphate excretion in urine increases. These levels can be measured 
by the percentage urinary clearance of phosphates (Figure 10-2). Normal percent- 
age creatinine phosphate clearance in horses is 0%-0.5%. 

5. Differential diagnoses 
a. Lameness. A thorough lameness examination is necessary to rule out other 

causes of lameness. 
b. Neoplastic process of the facial bones. A biopsy and radiographs are necessary 

to rule out other causes of facial bone deformities. 

6. Therapeutic plan. Dietary calcium should be increase and phosphorus intake 
should be decreased. Good alfalfa hay is high in calcium. Limestone (calcium car- 
bonate) supplementation can also increase serum calcium. The clinical signs of 
lameness should disappear in 1-2 months after dietary correction. Facial swellings 
may never regress to normal. - 

Pseudohyperparathyroidism (PHI') 

1. Patient profile and history. This condition may be seen in older animals with a his- 
tory of weight loss, polyuria and polydipsia, weakness, and gastrointestinal distur- 
bances. 

2. Clinical findings. PKT generally is associated with a neoplastic condition, specifi- 
cally gastric adenocarcinoma and lymphosarcoma. Therefore, signs consistent with 
chronic diseases are evident. 

3. Etiology and pathogenesis 
a. The pathogenesis of hypercalcemia associated with nonparathyroid tumors is not 

understood, but it is postulated that these tumors secrete PTH-like substances. 
Prostaglandins and their metabolites, vitamin D and non-vitamin D steroids. also 
could participate in bone resorption. The histopathology of the parathyroid ' 
glands indicates inactivity, atrophy, or both in response to the hv~ercalcemia. 

b. There are two mechanisms proposed for the isostlienuria that i s  &n in hypercal- 
cemia. 
(1) Increased calcium in  the renal cells interferes with the efficiency of the s 

dium pump, resulting in decreased sodium in the renal medulla and papilla. 
This leads to failure of the countercurrent exchange system. 

(2) Locally, increased calcium decreases the permeability of the distal conve 
luted tubules and collecting ducts to water. 

4. Diagnostic plan. Serum calcium levels must be evaluated. Evidence of neoplasia 
should be sought. Diagmstic workup for neoplasia should include rectal examina- 
tion, thoracic radiography, abdominocentesis, and gastric endoscopy. PTH levels 
will probably be normal i n  horses with PHT. 

5. Laboratory tests. Hypercalcernia is the most consistent finding. A low serum phos- 
phorus level may be present. There is an increase in SAP and isosthenuria. 

6. Differential d i a g n m  
a. Renal disease in horses may present as hypercalcemia, polyuria and polydipsia, 

and isosthenuria. Concomitant elevation of BUN and creatinine levels will indi- 
cate renal disease. 
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b. Ingestion of plants with vitamin D activity, such as Cestrum diurnum and Sola- 
num malacoxylon, may cause hypercalcemia. 

c. Primary hyperparathyroidism is rare in the horse. 

7. Therapeutic plan and prognosis. Treatment i s  only palliative because of the associ- 
ated neoplasia. Corticosteroids may be helpful to inhibit the action of PTH and pros- 
taglandins, minimizing the hypercalcemia. Nonsteroidal anti-inflammatory drugs 
(NSAIDs) also inhibit prostaglandins. Because this disorder i s  associated with a poor 
prognosis, euthanasia is often considered. 

a Acute vitamin D, toxicosis 

1. Patient profile and history. There is no age, sex, or breed predisposition with this 
disease. The client complains that the horse exhibits anorexia, weakness, limb stiff- 
ness, and weight loss. 

2. Clinical findings. Affected horses exhibit depression, anorexia, weakness, and limb 
stiffness with impaired mobility. There may be polyuria and polydipsia. 

3. Etiology and pathogenesis 
a. Etiology. Causes include accidental excess added to bulk feed, over-supplemen- 

tation with parenteral vitamin D preparations, or the consumption of plants con- 
taining vitamin D-like substances. Two such plants, Cesfrum diurnum and Sola- 
num malacoxylon, are found in North America. 

b. Pathogenesis. Excessive exposure or administration of vitamin D leads to dissemi- 
nated soft tissue mineralization. 
(1) Vitamin D exerts its effect primarily by increasing calcium and phosphorus 

absorption in the intestines and may enhance bone resorption. The cardio- 
vascular system appears to be particularly affected. 

(2) Serum calcium levels fluctuate during the course of disease and may remain 
within normal limits. Therefore, serum calcium is  an unreliable indicator of 
vitamin D toxicosis. Unlike renal disease and hyperparathyroidism, vitamin 
D toxicosis results in hyperphosphatemia. 

4. Diagnostic plan. Obtain a thorough history and check serum calcium, phosphorus, 
and magnesium levels. Request a BUN, creatinine, urinalysis, and urinary clearance 
of phosphate. Perform a feed analysis i f  oral exposure is suspected. 

5. Laboratory tests. There is usually a marked, persistent hyperphosphatemia. Hyper- 
calcemia is a variable finding. BUN and creatinine are normal unless marked kid- 
ney mineralization has occurred. 

6. Differential diagnoses 
a. Magnesium deficiency in the horse can present with similar morphologic le- 

sions. Antemortem blood levels of calcium, phosphorus, and magnesium help 
differentiate the two problems. 

b. Chronic renal failure, neoplasia, and primary hyperparathyroidism can also 
cause hypercalcemia in horses and must be ruled out. 

7. Therapeutic plan and prognosis. Withdraw any contaminated feed, and prevent 
over-supplementation. Rest and nursing care is the only recommended treatment. 
The feed supplier should be notified of the problem. The prognosis is poor for 
hones exhibiting cardiovascular abnormalities. In less severe cases, recovery may 
take 6 months or longer. 

m-SIS, or the inability to sweat, was once thought to result from poor acclima- 
tization of horses native to cooler environments. It i s  now realized that anhidrosis af- 
fects even those horses native to hot, humid climates. Horses undergoing strenuous ex- 
ercise (e.g., racing, polo, eventing) are affected as well as relatively idle broodmares 
and "backyard" pleasure horses. 
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Patient profile and history. Horses with this condition have a history of exercise intoler- 
ance and decreased appetite, and owners frequently notice animals sweat less than ex- 
pected during periods of extreme heat and exercise. 

3 Clinical findings. During episodes of exertion, the horse's rectal temperature and respi- 
ratory rate often are elevated. There may be no sweating or only patchy sweating. 
Chronically, there is a loss of body condition. 

C Etiology and pathogenesis 7 
1. The etiology remains unknown. Cessation of sweating may be complete or partial 

because some horses maintain some sweating ability over the brisket, perineum, 
and under the mane. The disorder is most frequently recognized in hot, humid envi- 
ronments and seems to be precipitated by heat stress. 

2. Pathogenesis. Proposed mechanisms of anhidrosis include the downregulation of 
sweat gland &-receptors in response to higher than normal concentrations of circu- 
lating epinephrine secondary to heat stress and also fatigue of sweat gland secretion 
resulting from prolonged demand. It is interesting to note that horses with anhidrosis 
do appear to have higher levels of circulating epinephrine than normal horses. a Diagnostic plan. Diagnosis is aided by the history of inadequate sweat production after 

appropriate stimulation. An intradermal epinephrine challenge may be applied. A total 
lack of sweat production at the site of injection i s  a poor prognostic sign. 

3 laboratory tests. There are no laboratory values of diagnostic significance. 

Therapeutic plan. There is no consiaent therapy to induce sweating. Oral supplementa- 
tion of electrolytes is the most common therapy and meets with some success. lodi- 
nated casein supplements have been tried with mixed results. Symptomatic therapy to 
promote heat dissipation should be employed. These techniques include air and water 
cooling, shade, and rest 

C Prevention. Moving horses to cooler climates helps. 1 
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DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
followed by answers or by completions of the statement. Select the ONE numbered answer 
or completion that is BEST in each case. 

1. Which statement regarding equine Cush- 
ing's disease is correct? 

(1) The hyperglycemia associated with equine 
Gushing's disease is usually insulin respon- 
sive. 

(2) Surgety is the treatment of choice. 
(3) A tumor of the pars distalis of the pituitary 

gland causes the clinical signs. 
(4) A tumor produces excessive glucocorti- 

coid, which decreases in response to a 
test dose of dexamethasone. 

(5) Polyuria, hirsutism, and weight loss are 
common clinical findings. 

2. An equine pituitary adenoma often pre 
sents with: 

(1) colic and diarrhea. 
. (2) laminitis and chronic infections. 

(3) excessive masculine or feminine behavior. 
(4) a loud, pounding heart and renal failure. 
(5) bone remodeling and pathologic fractures 

of long bones. 

3. Which statement regarding equine pheo- 
chromocytoma is correct? Equine pheochro- 
mocytoma: 

(1)  if functional, causes increased epineph- 
rine and norepinephrine secretion. 

(2) is a tumor of the pars intermedia of the pi- 
tuitary gland. 

(3) causes anhidrosis. 
(4) is a tumor most often restricted to female 

thoroughbreds. 
(5) is most often treated by surgical removal. 

4. Which statement correctly describes 
equine adrenal insufficiency? 

(1) It causes paradoxically high serum cortisol 
levels. 

(2) It has not been reported in mares. 
(3) It is seen in horses that have received 

long-term glucocorticoid therapy. 
(4) It can be diagnosed by a dexamethasone 

suppression test. 
(5) It is best prevented by the use of anabolic 

steroids. 

5. Which statement regarding equine hypo- 
thyroidism is correct? 

(1) It is seen only in racehorses. 
(2) It is not a life-threatening condition. 
(3) Phenylbutazone administration may artifi- 

cially increase serum thyroxine (T, ) 
values. 

(4) It may cause horses to exhibit.decreased 
endurance and stiffness. 

(5) It is caused by a deficiency of vitamin D. 

6. Goiter is best described by which of the 
following statements? Goiter: 

(1) causes hypothyroidism due to iodine defi- 
ciency. 

(2) is an immune-mediated thyroid disorder. 
(3) results in a decrease in thyroid-stimulating 

hormone CTSH) production. 
(4) is a condition restricted to North America. 
(5) is of major clinical significance in weak 

and old animals. 

7. Nutritional secondary hyperparathyroidism 
(NSH) causes which one of the following find- 
ings? 

(1) Elevated serum phosphorus values 
(2) A secondary decrease in parathyroid hor- 

mone (PTH) secretion 
(3) Renal failure 
(4) Lameness and enlargement of facial bones 
(5) Decreased calcium absorption from the in- 

testine 
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8. The hypercalcemia seen in animals with 9. Acute vitamin D, toxicosis in the horse 
equine pseudohyperparathyroidism (PHT) is re- usually produces which one of the following 
lated to: signs? 

I (1) renal disease. ( 1 )  Blindness 
(2) pituitary disease. (2) Marked, persistent hyperphosphatemia / (3) !he. ingestion of certain plants containing (3) Renal failure 

I high calcium levels. (4) An extremely low serum calcium 
(4) vitamin C toxicity. (5) Sweating and signs of colic 
(5) tumors such as gastric adenocarcinoma or 

I lymphosarcoma. 

DIRECTIONS: The numbered item in this section is negatively phrased, as indicated by a 
capitalized word such as NOT, LEAST, or EXCEPT. Select the ONE numbered answer that is 
BEST. 

10. The secretion of which of the following is 
NOT increased in cases of pituitary adenoma 
in horses? 

(1) Melanocyte-stimulating hormone (MSH) 
(2) SEndorphins 
(3) Adrenocorticotropic hormone (ACTH) 
(4) Prolactin 
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4. Which statement correctly describes 
equine adrenal insufficiency? 

(1) It causes paradoxically high serum cortisol 
levels. 

(2) It has not been reported in mares. 
(3) It is seen in horses that have received 

long-term glucocorticoid therapy. 
(4) It can be diagnosed by a dexamethasone 

suppression test. 
(5) It is best prevented by the use of anabolic 

steroids. 

5. Which statement regarding equine hypo- 
thyroidism is correct? 

(1) It is seen only in racehorses. 
(2) It is not a life-threatening condition. 
(3) Phenylbutazone administration may artifi- 

cially increase serum thyroxine (T, ) 
values. 

(4) It may cause horses to exhibit.decreased 
endurance and stiffness. 

(5) It is caused by a deficiency of vitamin D. 

6. Goiter is best described by which of the 
following statements? Goiter: 

(1) causes hypothyroidism due to iodine defi- 
ciency. 

(2) is an immune-mediated thyroid disorder. 
(3) results in a decrease in thyroid-stimulating 

hormone CTSH) production. 
(4) is a condition restricted to North America. 
(5) is of major clinical significance in weak 

and old animals. 

7. Nutritional secondary hyperparathyroidism 
(NSH) causes which one of the following find- 
ings? 

(1) Elevated serum phosphorus values 
(2) A secondary decrease in parathyroid hor- 

mone (PTH) secretion 
(3) Renal failure 
(4) Lameness and enlargement of facial bones 
(5) Decreased calcium absorption from the in- 

testine 
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8. The hypercalcemia seen in animals with 9. Acute vitamin D, toxicosis in the horse 
equine pseudohyperparathyroidism (PHT) is re- usually produces which one of the following 
lated to: signs? 

I (1) renal disease. ( 1 )  Blindness 
(2) pituitary disease. (2) Marked, persistent hyperphosphatemia / (3) !he. ingestion of certain plants containing (3) Renal failure 

I high calcium levels. (4) An extremely low serum calcium 
(4) vitamin C toxicity. (5) Sweating and signs of colic 
(5) tumors such as gastric adenocarcinoma or 

I lymphosarcoma. 

DIRECTIONS: The numbered item in this section is negatively phrased, as indicated by a 
capitalized word such as NOT, LEAST, or EXCEPT. Select the ONE numbered answer that is 
BEST. 

10. The secretion of which of the following is 
NOT increased in cases of pituitary adenoma 
in horses? 

(1) Melanocyte-stimulating hormone (MSH) 
(2) SEndorphins 
(3) Adrenocorticotropic hormone (ACTH) 
(4) Prolactin 



DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
followed by answers or by completions of the statement. Select the ONE numbered answer 
or completion that is BEST in each case. 

1. Which statement regarding equine Cush- 
ing's disease is correct? 

(1) The hyperglycemia associated with equine 
Gushing's disease is usually insulin respon- 
sive. 

(2) Surgety is the treatment of choice. 
(3) A tumor of the pars distalis of the pituitary 

gland causes the clinical signs. 
(4) A tumor produces excessive glucocorti- 

coid, which decreases in response to a 
test dose of dexamethasone. 

(5) Polyuria, hirsutism, and weight loss are 
common clinical findings. 

2. An equine pituitary adenoma often pre 
sents with: 

(1) colic and diarrhea. 
. (2) laminitis and chronic infections. 

(3) excessive masculine or feminine behavior. 
(4) a loud, pounding heart and renal failure. 
(5) bone remodeling and pathologic fractures 

of long bones. 

3. Which statement regarding equine pheo- 
chromocytoma is correct? Equine pheochro- 
mocytoma: 

(1)  if functional, causes increased epineph- 
rine and norepinephrine secretion. 

(2) is a tumor of the pars intermedia of the pi- 
tuitary gland. 

(3) causes anhidrosis. 
(4) is a tumor most often restricted to female 

thoroughbreds. 
(5) is most often treated by surgical removal. 

4. Which statement correctly describes 
equine adrenal insufficiency? 

(1) It causes paradoxically high serum cortisol 
levels. 

(2) It has not been reported in mares. 
(3) It is seen in horses that have received 

long-term glucocorticoid therapy. 
(4) It can be diagnosed by a dexamethasone 

suppression test. 
(5) It is best prevented by the use of anabolic 

steroids. 

5. Which statement regarding equine hypo- 
thyroidism is correct? 

(1) It is seen only in racehorses. 
(2) It is not a life-threatening condition. 
(3) Phenylbutazone administration may artifi- 

cially increase serum thyroxine (T, ) 
values. 

(4) It may cause horses to exhibit.decreased 
endurance and stiffness. 

(5) It is caused by a deficiency of vitamin D. 

6. Goiter is best described by which of the 
following statements? Goiter: 

(1) causes hypothyroidism due to iodine defi- 
ciency. 

(2) is an immune-mediated thyroid disorder. 
(3) results in a decrease in thyroid-stimulating 

hormone CTSH) production. 
(4) is a condition restricted to North America. 
(5) is of major clinical significance in weak 

and old animals. 

7. Nutritional secondary hyperparathyroidism 
(NSH) causes which one of the following find- 
ings? 

(1) Elevated serum phosphorus values 
(2) A secondary decrease in parathyroid hor- 

mone (PTH) secretion 
(3) Renal failure 
(4) Lameness and enlargement of facial bones 
(5) Decreased calcium absorption from the in- 

testine 
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8. The hypercalcemia seen in animals with 9. Acute vitamin D, toxicosis in the horse 
equine pseudohyperparathyroidism (PHT) is re- usually produces which one of the following 
lated to: signs? 

I (1) renal disease. ( 1 )  Blindness 
(2) pituitary disease. (2) Marked, persistent hyperphosphatemia / (3) !he. ingestion of certain plants containing (3) Renal failure 

I high calcium levels. (4) An extremely low serum calcium 
(4) vitamin C toxicity. (5) Sweating and signs of colic 
(5) tumors such as gastric adenocarcinoma or 

I lymphosarcoma. 

DIRECTIONS: The numbered item in this section is negatively phrased, as indicated by a 
capitalized word such as NOT, LEAST, or EXCEPT. Select the ONE numbered answer that is 
BEST. 

10. The secretion of which of the following is 
NOT increased in cases of pituitary adenoma 
in horses? 

(1) Melanocyte-stimulating hormone (MSH) 
(2) SEndorphins 
(3) Adrenocorticotropic hormone (ACTH) 
(4) Prolactin 



1. The answer is 5 1111 A]. The clinical find- 
ings of polyuria, hirsutism, and weight loss 
are associated with equine Cushing's disease. 
The pituitary tumor causing this disease is  con- 
fined to the pars intermedia and secretes adre- 
nocorticotropic hormone (ACTH) autono- 
mously, resulting in adrenal gland 
hypertrophy and excess cortisol secretion. 
Therefore, the resultant hyperglycemia is not 
insulin responsive, and the high endogenous 
cortisol level does not respond to dexametha- 
sone administration. Medical therapy may be 
attempted, but surgery is not an option. 

2. The answer is 2 1111 A 2 bl. In horses with 
pituitary adenoma, the high concentration of 

. circulating endogenous steroids produced in 
response to excessive adrenocorticotropic hor- 
mone (ACTH) secretion from the pituitary 
tumor results in chronic infections and lami- 
nitis. None of the other sets of clinical find- 
ings (i.e., colic and diarrhea, excessive mascu- 
line or feminine behavior, a loud pounding 
heart and renal failure, or bone remodeling 
and pathologic fractures) can be attributed to 
equine Cushing's disease. 

3. The answer is 1 [IV A]. Pheochromocyto- 
mas arise from the chromaffin cells of the ad- 
renal medulla, and they will, if functional, se- 
crete epinephrine and norepinephrine. Equine 
pheochromocytoma does not cause anhidro- 
sis. Therapy is usually not attempted. The 
tumor is not restricted to female thorough- 
breds. 

4. The answer is 3 [IV B]. Equine adrenal in- 
sufficiency may be seen in a subset of race 
horses that have received long-term steroid 
agents to enhance performance. Endogenous 
cortisol levels are low because of adrenal 

predilection. It may also be a disease of the 
unborn or neonate, in which case it is life 
threatening. It is diagnosed by measuring thy- 
roxine (T4) levels, which may be artificially 
lowered if the horse is  receiving phenylbuta- 
zone. It may be caused by thyroid or pituitary 
disease. 

6. The answer is 1 [V B 1-31. Goiter is hypo- 
thyroidism due to iodine deficiency. It is seen 
worldwide and is of major significance in the 
young. It i s  not related to thyroid or pituitary 
disease or dysfunction. 

7. The answer is 4 [VI B 2-31. Nutritional 
secondary hyperparathyroidism (NSH) results 
from excessive phosphorus intake concurrent 
with low or normal calcium intake. The result- 
ant parathyroid hormone (PTH) stimulation 
causes calcium absorption from the bone, cal- 
cium retention by the kidney, and phosphorus 
excretion. Bone remodeling occurs, causing 
lameness and enlargement of facial bones. 
Phosphorus levels may be elevated early in 
the course of the disease but are very often 
normal by the time clinical signs are present. 

gland atrophy. Therefore, horses do not re- 
spond to adrenocorticotropic hormone 
(ACTH) stimulation or further dexamethasone 
suppression. 

5. The answer is 4 [V A]. In adult horses, hy- 
pothyroidism causes signs of lethargy, poor 
performance, and stiffness. Although often 
seen in racehorses, there is no breed or sex 

8. The answer is 5 IVI C 31. Hypercalcemia 
in horses is often the first indication of a 
tumor (e.g., gastric adenocarcinoma, lympho- 
sarcoma) and is termed pseudohyperparathy- 
roidism (PHT). 

9. The answer is 2 [VI D 2, 51. Hyperphos- 
phatemia is  the most common laboratory find- 
ing with vitamin D, toxicosis. Blindness, renal 
failure, extreme hypocalcemia, sweating, and 
signs of colic do not occur with this condi- 
tion. 

10. The answer is 4 (111 A 3 bl. Proladin se- 
cretion is not increased in cases of equine pi- 
tuitary adenoma. Melanocyte-stimulating hor- 
mone (MSH), pendorphins, 
adrenocorticotropic hormone (ACTH), and cor- 
ticotropin-like intermediate lobe peptide are 
derived from the pars intennedia of the pitui- 
tary gland and may be increased with equine 
Cushing's disease. 

-ORDERS OF THE NEWBORN. There are many congenital defects of the 
nervous system of domestic animals. Most defects are lethal and are diagnosed at ne- 
cropsy. Causes may include genetic or environmental factors. Environmental factors are 
highly varied and include teratogens, viruses, drugs, trace elements, and physical dam- 
age (e.g., rectal palpation of the dam). 
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4 nydranencephaly (normotensive hydrocephalus) is an absence of cerebral hemispheres 
In a cranium of normal conformation. 

4 

1. Patient profile. This condition may be more common than hydrocephalus in large 
animals (see I B), particularly in calves because hydranencephaly is associated with 
intrauterine viral infection. 

Neurologic Disorders 
John Pringle 

2. Clinical findings. Affected animals show signs immediately at birth, with depression 
and blindness (i.e., dummies) being the key findings. In the viral-associated hydra- 
nencephaly of calves, other problems such as cerebellar signs or arthrogryposis may 
predominate. 

3. Etiology. In calves, the known causes include intrauterine viral infection by bovine 
viral diarrhea (BVD) virus, Akabane virus, or bluetongue virus. In some species, a 
fetal cerebrovascular accident has also been proposed as a cause, but this disease is 
otherwise poorly understood. 

4. Diagnostic plan and laboratory tests. An accurate diagnosis in cattle, although chal- 
lenging, is important for client education and prevention. 
a, Clinical signs of blindness and depression from birth are highly suggestive of hy- 

dranencephaly. Artlirogryposis in calves or lambs is suggestive of intrauterine 
viral infection as a cause. 

b. Presuckle serum titers that are positive to viruses, such as BVD virus in calves 
or bluetongue in calves or lambs, help confirm a diagnosis of intrauterine viral 
infection. 

5. Therapeutic plan. Most affected animals lack vigor at birth and die or are euthan- 
ized. 

6. Prevention. For viral hydranencephaly, vaccination of the dam before breeding can 
help prevent this problem. However, most cases are sporadic and are unlikely to 
occur at a high incidence. 

Hydrocephalus (or hypertensive hydrocephalus) is the destruction of tissues within the 
cranral vault, usually caused by increased hydrostatic pressure in the cerebrospinal fluid 
(CSR. 
1. Patient profile and history. Hydrocephalus can affect all animal species as an iso- 

lated occurrence, but it is also a rare inherited trait in cattle. Hydrocephalus has 
been associated with dwarfism in cattle. 

2. Clinical findings. The animal rnay be born dead. If the affected animal lives, it is 
blind and very depressed from birth and usually dies within a few days. Other possi- 
ble signs include a "domed" cranial enlargement, rnicrophthalmia, and reduced 
birthweight. 

3. Etiology and pathogenesis 
a. Etiology. This disease is caused by a simple au'tosomal-recessive trait in cattle 

(particularly Herefords) or a vitamin A deficiency in cattle. 



1. The answer is 5 1111 A].  The clinical find- 
ings of polyuria, hirsutism, and weight loss 
are associated with equine Cushing's disease. 
The pituitary tumor causing this disease i s  con- 
fined to the pars intermedia and secretes adre- 
nocorticotropic hormone (ACTH) autono- 
mously, resulting in adrenal gland 
hypertrophy and excess cortisol secretion. 
Therefore, the resultant hyperglycemia is not 
insulin responsive, and the high endogenous 
cortisol level does not respond to dexametha- 
sone administration. Medical therapy may be 
attempted, but surgery is not an option. 

2. The answer is 2 [Ill A 2 bl. In horses with 
pituitary adenoma, the high concentration of 

. circulating endogenous steroids produced in 
response to excessive adrenocorticotropic hor- 
mone (ACTH) secretion from the pituitary 
tumor results in chronic infections and lami- 
nitis. None of the other sets of clinical find- 
ings (i.e., colic and diarrhea, excessive mascu- 
line or feminine behavior, a loud pounding 
heart and renal failure, or bone remodeling 
and pathologic fractures) can be attributed to 
equine Cushing's disease. 

3. The answer is 1 [IV A]. Pheochromocyto- 
mas arise from the chromaffin cells of the ad- 
renal medulla, and they will, if functional, se- 
crete epinephrine and norepinephrine. Equine 
pheochromocytoma does not cause anhidro- 
sis. Therapy is usually not attempted. The 
tumor is not restricted to female thorough- 
breds. 

4. The answer is 3 IIV B]. Equine adrenal in- 
sufficiency may be seen in a subset of race 
horses that have received long-term steroid 
agentc to enhance performance. Endogenous 
cortisol levels are low because of adrenal 

predilection. It may also be a disease of the 
unborn or neonate, in which case it is life 
threatening. It i s  diagnosed by measuring thy- 
roxine (T4) levels, which may be artificially 
lowered if the horse is receiving phenylbuta- 
zone. It may be caused by thyroid or pituitary 
disease. 

6. The answer is 1 [V B 1-31, Goiter is hypo- 
thyroidism due to iodine deficiency. It is seen 
worldwide and is  of major significance in the 
young. It is not related to thyroid or pituitary 
disease or dysfunction. 

7. The answer is 4 [VI B 2-31, Nutritional 
secondary hyperparathyroidism (NSH) results 
from excessive phosphorus intake concurrent 
with low or normal calcium intake. The result- 
ant parathyroid hormone (PTH) stimulation 
causes calcium absorption from the bone, cal- 
cium retention by the kidney, and phosphorus 
excretion. Bone remodeling occurs, causing 
lameness and enlargement of facial bones. 
Phosphorus levels may be elevated early in 
the course of the disease but are very often 
normal by the time clinical signs are present. 

gland atrophy. Therefore, horses do not re- 
spond to adrenocorticotropic hormone 
(ACTH) stimulation or further dexamethasone 
suppression. 

5. The answer is 4 [V A]. In adult hones, hy- 
pothyroidism causes signs of lethargy, poor 
performance, and stiffness. Although often 
seen in racehorses, there is no breed or sex 

8. The answer is 5 [VI C 31. Hypercalcemia 
in horses is often the first indication of a 
tumor (e.g., gastric adenocarcinoma, lympho- 
sarcoma) and is termed pseudohyperparathy- 
roidism (PHT). 

9. The answer is 2 [VI D 2, 51. Hyperphos- 
phatemia is the most common laboratory find- 
ing with vitamin D3 toxicosis. Blindness, renal 
failure, extreme hypocalcemia, sweating, and 
signs of colic do not occur with this condi- 
tion. 

10. The answer is 4 [Ill A 3 bl. Prolactin se- 
cretion is not increased in cases of equine pi- 
tuitary adenoma. Melanocyte-stimulating hor- 
mone (MSH), pendorphins, 
adrenocorticotropic hormone (ACTH), and cor- 
ticotropin-like intermediate lobe peptide are 
derived from the pars intermedia of the pitui- 
tary gland and may be increased with equine , 

Cushing's disease. 
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-ORDERS OF THE NEWBORN. There are many congenital defects of the 
nervous system of domestic animals. Most defects are lethal and are diagnosed at ne- 
cropsy. Causes may include genetic or environmental factors. Environmental factors are 
highly varied and include teratogens, viruses, drugs, trace elements, and physical dam- 
age (e.g., rectal palpation of the dam). 

Hydranencepha* (mrmotensive hydrocephalus) is an absence of cerebral hemispheres 
in a cranium of normal conformation. 

1. Patient profile. This condition may be more common than hydrocephalus in large 
animals (see 1 B), particularly in calves because hydranencephaly is associated with 
intrauterine viral infection. - 

2. Clinical findings. Affected animals show signs immediately at birth, with depression 
and blindness (i.e., dummies) being the key findings. In the viral-associated hydra- 
nencephaly of calves, other problems such as cerebellar signs or arthrogryposis may 
predominate. 

3. Etiology. In calves, the known causes include intrauterine viral infection by bovine 
viral diarrhea (BVD) virus, Akabane virus, or bluetongue virus. In some species, a 
fetal cerebrovascular accident has also been proposed as a cause, but this disease is 
otherwise poorly understood. 

4. Diagnostic plan and laboratory tests. An accurate diagnosis in cattle, although chal- 
lenging, is important for client education and prevention. 
a. Clinical signs of blindness and depression from birth are highly suggestive of hy- 

dranencephaly. Arthrogryposis in calves or lambs is suggestive of intrauterine 
viral infection as a cause. 

b. Presuckle serum titers that are positive to viruses, such as BVD virus in calves 
or bluetongue in calves or lambs, help confirm a diagnosis of intrauterine viral 
infection. 
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5. Therapeutic plan. Most affected animals lack vigor at birth and die or are euthaw 
ized. 

6. Prevention. For viral hydranencephaly, vaccination of the dam before breeding can 
help prevent this problem. However, most cases are sporadic and are unlikely to 
occur at a high incidence. 

3 Hydrocephalus (or hypertensive hydrocephalus) is the destruction of tissues within the 
cranial vault, usually caused by increased hydrostatic pressure in the cerebrospinal fluid 
(GO. 
1. Patient profile and history. Hydrocephalus can affect all animal species as an iw 

lated occurrence, but it is also a rare inherited trait in cattle. Hydrocephalus has 
been associated with dwarfism in cattle. 

2. Clinical findings. The animal may be born dead. If the affected animal lives, it is 
blind and very depressed from birth and usually dies within a few days. Other possi- 
ble signs include a "domed" cranial enlargement, microphthalmia, and reduced 
birthweight 

3. Etiology and pathogend 
a. Etiology. This disease is caused by a simple autosomal-recessive trait in cattle 

(particularly Herefords) or a vitamin A deficiency in cattle. 

247 
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b. Pathogenesis. Hydrocephalus occurs when there i s  an accumulation of exes. 
sive fluid within the ventricular system. 

4. Diagnostic plan ' 

a. Clinical signs of a domed skull, depression, and blindness from birth suggest hy- 
drocephalis. 

b. Ultrasound examination of the cranial vault through fontanelles in the skull con. 
firms a lack of brain tissue. 

5. Therapeutic plan and prevention. Although there i s  no treatment for the affected an- 
imal, genetic planning should be considered if cases are found in purebred Here- 
ford calves. 

C. Cerebellar disease. Congenital cerebellar diseases can be classified as neonatal syn- ' dromes, which are present at birth, or postnatal syndromes, which may develop weeks 
to months after birth. Neonatal syndromes are most common. 

1. PatiGnt profile. All species can be affected. Postnatal syndromes have been recog- 
nized in Arabian foals, Cotland ponies, Holstein cattle, and Yorkshire pigs. 

2. Clinical findings consist ~rimarily of a lack of control of voluntary movement. The 
neonatal syndromes occur during fetal development and have no progression of 
signs after birth. Compensation for the deficit may occur over several weeks. 
a. A key finding in pure cerebellar disease is  strength without control, with no pa- 

resis or proprioceptive disturbances. Intention head tremors are often present 
and are particularly obvious when the animal moves its head to eat. 

b. Ataxia, hypemetria (or hypometria), and spasticity are the major features of 
gait. 

c. A unilateral or bilateral lack of menace response may be present, despite nor- 
mal vision and normal cranial nerve VII function, because cerebellar processing 
is reauired in the normal menace response. 

3. Etiology and pathogenesis 
a. Neonatal syndromes 

(1) Infectious causes are the most common cause of neonatal syndromes. 
(a) Cattle. BVD virus in utero infection at 100-1 70 days' gestation or intra- 

uterine bluetongue virus infection are known to cause cerebellar hypo- 
plasia in cattle. 

(b) Sheep. Border disease virus intrauterine infection at 60-80 days' gesta- 
tion, as well as bluetongue virus, can result in cerebellar disease in 
sheep. 

(c) Pigs. Hog cholera virus infection in pigs also causes cerebellar damage. 
(2) Malformation can also lead to neonatal cerebellar disease and has been as- 

sociated with an autosomal-recessive gene in Hereford cattle. 
b. Postnatal syndromes are classified as abiotrophies because they are character- 

ized by lesions of degeneration. Abiotrophies are genetically-induced defects in 
cerebellar cortical neurons that result in the premature death of these neurons. 
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t 6. Prevention. If a virus is incriminated, the vaccination of dams can prevent future dis- 
I - ease. 
t .. 

1 D. Neonatal maladjustment syndrome [NMS; "Barker foals," hypoxic-ischemic encepha- 
I .. lopathy (HlE)l 

1. Patient profile. This syndrome occurs in foals, most commonly in Thoroughbreds. 
Foals may be premature or may be from a difficult or prolonged delivery. 

2. Clinical findings. After an initial period of apparent normality (approximately 24 
hours), affected foals lose their affinity for the dam, lose suckling ability, and may 
wander aimlessly. They may also experience seizures with opisthotonos, appear un- 
aware of their surroundings, and lose their righting reflex. 

3. Etiology and pathogenesis. The etiology of NMS has not been fully determined. It is 
felt that hypoxia at parturition or trauma to the central nervous system (CNS) at 
birth with resulting vascular abnormalities and cerebral hemorrhage may be part of 
the pathogenesis (see Chapter 18 111 A 2). There appears to be poor correlation of 
clinical signs with severity of brain hemorrhage. 

4. Diagnostic plan and laboratory tests 
a. Patient history. The clinical history of loss of suckle on the first day after initial 

appearance of a normal foal is suggestive of NMS. 
b. Laboratory tests. There are currently no diagnostic tests to detect brain hemor- 

rhage. However, tests for failure of passive transfer using zinc sulfate turbidity 
or a commercially available test (e.g., Cite Test), as well as a complete blood 
cell count (CBC) and CSF analysis should be performed to exclude sepsis or 
meningitis. A blood glucose level should rule out hypoglycemia. 

5. Differential diagnoses. Other causes of loss of suckle can include sepsis and meta- 
bolic disturbances. Seizures can occur with hypoglycemia or meningitis. 

Therapeutic plan 
a. Because sepsis or hypoglycemia can occur concomitantly with NMS, any sugges- 

tion of these disorders on laboratory samples is sufficient evidence for treatment 
with plasma, antibiotics, and/or intravenous glucose. 

b. NMS. Seizures should be controlled usina diazeoam or ~henobarb i l .  Dexa- 
methasone or dimethylsulfoxide ( D M S O ~ C ~ ~  & used i; animals with suspected 
cerebral hv~oxia caused bv brain hemorrhage. DMSO mav be the drug of 
choice if sepsis is also a possibility. 

- - 
c. Supportive care. The foal should receive supportive care, including tube feed- 

ing, deep soft bedding, and possibly antibiotics and plasma transfusion in the 
case of failure of passive transfer. 

Prognosis. The prognosis for recovery is guarded if other diseases, such as sepsis, 
are present. Otherwise, there is a good prognosis (more than 80% recovery rate) 
with supportive care. 

4. Diagnostic plan and laboratory tests. Clinical signs of intention tremors, hyperme- 
tria, and spasticity without paresis or decreased sensorium are usually sufficient to 
suggest cerebellar disease. The time of occurrence (at birth or postnatally) ~rovides 

' , 

further direction regarding cause (e.g., intrauterine or postnatal abiotrophy). 
a. Neonatal syndromes 

(1) Serology. In cases of cerebellar disease at birth, precolostral serology (e.g., 
BVD in calves) helps establish a viral etiology. . , .  

(2) Postrnoftem examination 
(a) Intrauterine viral infection. The cerebellum is absent, reduced, or nor- ,, 

ma1 in size, with histologic evidence of Purkinje cell loss. 
(b) Malfonnation.The cerebellum is  significantly smaller than normal. 

b. Postnatal syndromes. The cerebellum of the affected animal is of normal size. 
5. Therapeutic plan. There i s  no treatment for affected animals, but the clinical abnor- 

Bacterial meningitis (meningoencephalitis) 
1. Patient profile. Bacterial meningitis i s  seen in neonates of all species. 

, :: 

2. Clinical findings vary depending on the stage of infection. 
a. Initial clinical signs include depression and fever. These rapidly progress to 

signs of hyperirritability (e.g., hyperesthesia, hyperalgesia, opisthotonos, convul- 
' . ,  . .  sions) and eventually coma. 

, .  . b. Other signs include muscular rigidity of neck, diarrhea, joint ill (i.e., arthritis), 
.. omphalophlebitis, uveitis, or hypopyon. 

3. Etiology and pathogenesis 
a. Etiology. Meningitis in neonates is most often secondary to septicemia. Septice- 

mic strains of Escherichia coli are the most common cause, with the exception 
of Streptococcus suis type II, which is the most common cause in piglets. 

malities do not usually limit animal survival or growth. b. Predisposing factors. Failure of passive transfer of immunoglobulins increases 
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an animal's susceptibility to septicemia and meningitis. In addition to a lack of 
colostral transfer, predisposing factors include enteritis, omphalitis, or respiratory 
infections. ' 

c. Pathogenesis. Portals of entry for organisms include the pharynx, intestinal tract, 
and navel. The route of entry to the meninges (leptomeninges) is then hematoge- 
nous. Some ornanisms (e.g., S. suis type II in piglets) can infect anlmals via the 

4. Diagnostic plan 
a. CSF analysis. A CSF sample (either atlantooccipital or lumbosacral) will show a 

moderate to high protein content and elevated white blood cell (WBC) count in 
animals with bacterial meningitis. Culture of the CSF is not always positive but 
should be attempted. 

b. Blood work. A CBC often reveals a neutrophilic leukocytosis with or without left 
shift, but this is not diagnostic for meningitis because other organs may also be 
involved in the septic process. 

c. Clinical chemistry. A sodium sulfite turbidity test or single radial immunodiffu- 
sinn ISRID) kit (for calves) often identifies hypogammaglobulinemia, which re- .. - 

sults from the failure of passive transfer. 

5. Therapeutic plan. When clinical signs are clearly present, therapy is often unreward- 
ing, and the mortality rate is high, despite appropriate treatment. 
a. Earlv treatment with broad-spectrum antibiotics (e.g., synthetic penicillins, ami- -. . 

nogiycosides) can be attempid. 
b. Pain relief with aspirin (25 mglkg every 12 hours) or flunixin meglumine (2.2 

mglkg intravenously every 12 hours) should be given. 
c. Su~oortive care includes soft, dry bedding and the administration of nutrition . - 

and'intravenous fluids during the treatment period. 

6. Prevention. The key to prevention of meningitis in neonates is attention to parturi- 
tion to ensure adequate colostral intake. 

a Congenital disorders, such as cerebellar disease (see I C) and Arab foal idiopathic wi- 
zures (see 11 C 4) can manifest in older animals. 

6.1 Traumatic disorders 
d 

1. Patient profile and history. There is often a history of head trauma, which is particu- 
larly common in young foals that flip over backwards when they are learning to be 
led. 

2. Clinical findings 
a. Main clinical signs include depression or coma. 
b. Accompanying signs may include CNS deficits, such as anisocoria (inequality of 

pupillary diameter), head tilt, nystagmus, and selected cranial nerve deficits, de 
pending on the site of trauma. If the animal is ambulatory, ataxia may also be 
present. 

3. Pathogenesis Cranial trauma causes membrane disruption and cellular swelling that 
proceeds to cerebral edema, with increased intracranial pressure and tissue hy- 
poxia. If a basal fracture occurs, then intracerebral hematoma formation may occur, 
resulting in focal neurologic signs. These neurologic signs vary depending on the 
site of the hematoma. However, a localized hematoma may be hard to distinguish 
because of the more generalized brain disease caused by the intracranial edema. 

4. Diagnostic plan. A key aspect of diagnosis of head trauma is usually the direct ob. 
sewation of the event orthe sudden onset of clinical signs in an otherwise normal 
animal. 
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a. Skull radiographs should be taken to check for fractures, but these may not be 
diagnostic if the fracture occurs along the epiphyseal lines and is not displaced. 

b. CSF analysis may reveal acute frank hemorrhage into the normally clear color- 
less fluid. If the trauma is less acute, there may be yellow discoloration to the 
CSF sample (xanthochromia), which is suggestive of blood breakdown products 
in the fluid. A CSF sample should not be taken i f  increased CSF pressure is pres- 
ent because doing so could result in further brain damage. 

5. Therapeutic plan 
a. A patent airway must be established in comatose patients. 
b. Cerebral edema reduction 

(1) Drugs that may reduce cerebral edema include dexamethasone (1-2 mgtkg 
intravenously every 6 hours) or DMSO (0.9-1.0 glkg of 10% solution in 5% 
dextrose intravenously). 

(2) Mannitol (0.25-2 g/kg of 20°/0 solution intravenously), an osmotic diuretic, 
is also advocated but could cause increased swelling if there is significant 
vascular leakage in the brain tissue, allowing the mannitol to escape the 
brain vascular space. 

c. Seizure control. If convulsions occur, diazepam (25 mg for foals, 100 mg for, 
adults intravenously) reduces the signs of seizures and helps prevent further self- 
induced trauma. 

d. Antibiotics should be administered if there are open fractures on the head. 

6. Prognosis. With severe head trauma, the prognosis for the return of full function is 
grave. 

Disorders characterized by seizures. Seizure disorders may occur in all large animals 
for a variety of reasons. Causes may be idiopathic, metabolic, traumatic, infectious, nutri- 
tional, degenerative, neoplastic, or inflammatory. Treatment is directed at resolving the 
cause of the seizure. In the case of idiopathic seizures, seizure control is the primary 
focus of treatment. 

1. Polioencephalomalacia (PEM, cerebral cortical necrosis) 
a. Patient profile and history 

(1) Patient profile. This disease affects cattle, sheep, and goats. PEM can affect 
an individual or appear as a herd problem, affecting calves ages 6-12 
months and lambs and kids ages 2-6 months. PEM is usually seen in cattle 
in spring or early summer under feedlot conditions. PEM is less common in  
adults, and it i s  more sporadic in small ruminants. 

(2) History. Affected animals often have a history of some feed change or ac- 
cess to increased carbohydrates in the feed. 

b. Clinical f inding are referable to cerebral edema and laminar necrosis. 
(1) Cortical blindness (i.e., absent menace with intact palpebral and pupillan/ 

light reflex) occurs early in the course of disease. 
(2) Dorsomedial strabismus and nystagmus are also common findings with 

PEM. 
(3) Other neurologic signs include incoordination, muscle tremors, and depres- 

sion, which is interspersed with hyperexcitability leading to recumbency, 
opisthotonos, and paddling with extensor rigidity. 

(4) Vital signs can be normal or elevated because of exertion. The rumen usu- 
ally remains active. 

c. Etiology and pathogenesis 
(1) Etiology. PEM is  the result of thiamine deficiency. Thiamine deficiency can 

result from: 
(a) Decreased thiamine synthesis by rumen microorganisms 
(b) Increased thiamine destruction by thiaminase (found in bracken fern, 

horsetail) 
(c) Rumen microbial destruction of thiamine by Bacillus thiaminolyricus or 

Clostridium sporogenes 
(d) Thiamine antimetabolites (i.e., amprolium) 

(2) Predisposing factors. Feeding high concentrate, low-roughage diets has 
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been linked to PEM, as has high-sulfate dietary or water sources. Major man- 
agement changes in feeding (particularly with high concentrate diets) may 
favor the development of thiaminase-producing bacteria in the rumen. 

(3) Thiamine is  necessary for the production of red blood cell (RBC) transke- 
tolase, a major enzyme in the metabolism of glucose via the pentose phos- 
phate pathway. It is postulated that ruminants have increased requirements 
for glucose via this pathway at the level of the brain. 

d. Diagnostic plan and laboratory tests 
(1) Response to treatment. Apart from the clinical findings, particularly cortical 

blindness and a history of feed change or high-carbohydrate feeding, a key 
method of diagnosis is the response to specific medical treatment (e.g., thia- 
mine). 

(2) Assays for metabolic abnormalities. Most routine laboratory findings are not 
diagnostic, and only in specialized laboratories is it possible to assay for the 
metabolic abnormalities. These abnormalities include low blood thiamine 
and decreased erythrocyte transketolase. 

(3) CSF analysis. The protein level can be normal to highly elevated, and the 
cellularity varies from slight to severe mononuclear pleocytosis. The CSF 
pressure is increased to 200-350 mm of saline (normal pressure is 120-1 60 
mm saline). However, none of these CSF changes are diagnostic for PEM. 

(4) Necropsy 
(a) If an animal dies, a key finding for a presumptive diagnosis is autofluore- 

scence of a freshly cut surface of brain cortex when placed under ultravi- 
olet light. 

(b) At necropsy, there is diffuse cerebral edema with compression, yellow 
discoloration of the dorsal cortical gyri, and laminar necrosis of cerebro- 
cortical grey matter. 

e. Differential diagnoses. Diseases that should be ruled out include lead toxicity, 
pregnancy toxemia in sheep, and nervous ketosis in dairy cattle. 

f. Therapeutic plan 
(1) Thiamine (10 mglkg intravenously early in the course of clinical signs), fol- 

lowed by intramuscular or subcutaneous dosing every 6 hours is the drug of 
choice. A positive response (i.e., the reduced severity of neurologic signs 
and im~roved mentation) is seen within 24 hours if the thiamine is adminis- 
tered e&ly in the course of disease. 

(2) Corticosteroids, mannitol, or DMSO may be indicated for animals with pos- 
sible cerebral edema. 

(3) Tranquilizers Affected animals that suffer convulsions should be tranquil- 
ized to prevent self-induced trauma. 

(4) Supportive care. Animals should receive supportive care, including soft, dry 
bedding while recumbent and parenteral or oral fluid administration. 

(5) Diet  When the affected animal shows an interest in eating, it should be 
given only roughage for several days before being reintroduced to concen- 
trates. 

(6) Euthanasia. If no response to treatment is seen within 3 days, euthanasia is 
warranted because there is likely permanent brain damage. 

g. Prevention. Although PEM occurs sporadically, the risk of the disease can be re- 
duced by avoiding sudden feed changes. 

2. Lead poisoning 
a. Patient profile. Cattle, sheep, and, less commonly, horses can be affected by 

lead poisoning, with problems more likely to occur in young animals. 
b. Clinical findings, Three forms, which are somewhat dose dependent, are de- - 

scribed. 
(1) Acute form 

(a) The acute form most commonly affeds young cattle. Affected animals 
show a sudden onset and short duration of disease (12-24 hours). 

(b) Clinical signs include staggering, muscle tremors, clamping of the jaws, 
frothing at the mouth, snapping eyelids, rolling eyes, cortical blindness, 

head pressing, aggressive behavior, and convulsions. Sudden death can 
also be a finding of the acute phase. 

(2) Subacute form 
(a) The subacute form i s  found in both cattle and sheep. 
(b) Clinical signs include dullness, anorexia, blindness, circling, abdominal 

pain, muscle tremor, and constipation followed by diarrhea. Signs of gas- 
troenteritis incltrde ruminal atony (accompanied by constipation in early 
stages), followed by fetid diarrhea due to abomasitis from lead salts. 

(3) Chronic form 
(a) The chronic form is reported in horses. 
(b) Clinical signs. A degeneration of peripheral nerves usually manifests as 

paralysis of the recurrent laryngeal nerve and the pharynx. This paralysis 
may result in recurrent choke, regurgitation of food, and aspiration pneu- 
monia. 

c. Etiology and pathogenesis 
(1) Etiology. Lead has been one of the most common forms of toxicity in farm 

animals. 
(a) Cattle with indiscriminant appetites often ingest toxic quantities in short 

periods of time. Sources of lead include lead-bearing paints, car batter- 
ies, lead shot, and solder or leaded windows. 

(b) The reported source of chronic lead toxicity is the grazing of pastures 
near highways that have leaded gasoline contamination; however, with 
the production of all lead-free gasoline, this disorder may soon become 
less common in North America. Environmental pollution from smelters 
has also been incriminated. 

(2) Pathogenesis. After lead i s  ingested and absorbed, it localizes in capillary en- 
dothel~al cells. The major lesion is vascular, leading to cerebral congestion, 
edema, and cortical necrosis. Lead also interferes with cell function. 

d. Diagnostic plan and laboratory tests 
(1) Clinical signs, including the jaw champing and snapping closed of the eye- 

lids, are highly suggestive of lead toxicity. 
(2) Blood work. A CBC may reveal nucleated erythrocytes, but the classic baso- 

philic stippling reported in other species does not occur very frequently in 
large animals. Whole blood lead levels of 0.35 ppm or greater are consid- 
ered indicative of lead toxicity in cattle. 

(3) Postmortem examination. Finding lead in renal tissue can confirm the diag- 
nosis. 

e. Differential diagnoses. Other neurologic diseases that should be considered in- 
clude hypovitaminosis A, hypomagnesemic tetany, brain abscesses, poisoning 
due to arsenic, mercury, or Claviceps paspali (ergotism), listeriosis, polioenceph- 
alomalacia, and thromboembolic meningoencephalitis. A key clinical sign that 
helps differentiate lead toxicity from polioencephalomalacia is the finding of an 
atonic rumen-rumen motility should be normal in polioencephalomalacia. 

f. Therapeutic plan 
(1) Removal from access to lead sources may be the only change necessary to 

halt an outbreak because the slow reversal of signs can occur. 
(2) Therapeutic agents 

(a) Clinically affected individual animals can be treated with calcium diso- 
dium ethylene diamine tetra-acetate (EDTA) administered by slow intra- 
venous injection as a 6.6% solution (1 m110.9 kg daily in two or three di- 
vided doses). This drug chelate osseous lead and hastens urinary 
excretion. 

(b) Magnesium sulfate given orally may aid in precipitating soluble lead 
salts that remain in the intestine. 

(c) Thiamine is also thought to help by decreasing lead deposition in soft 
tissue. 

(3) Nursing care is important, particularly to control seizures that may result in  
self-induced trauma. 

g. Prevention. Most cases of lead poisoning result from the careless disposal of 
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lead-containing materials. Proper disposal of these toxic materials aids in preven- 
tion. 

h. Economic implicationi. Carcasses that contain high lead levels may be rejected 
at slaughter. After lead toxicity in cattle, 6 months may be required for tissue 
lead levels to drop to background levels. 

Salt poisoning (water deprivation) 
a. Patient profile. Salt poisoning can occur in all species but has been best studied 

in swine. Because the main cause is a history of water deprivation, combined 
with high dietary salt intake (e.g., sodium chloride in the feed or the sole water 
sourcel. salt ooisonina is more likely to occur in confined animals. 

b. ~ l i n i d  findings - 
(1) Affected animals are depressed, may appear blind, wander aimlessly, and ex- 

hibit head pressing. They are unresponsive to stimuli and may pivot around 
a front or hind limb. 

(2) Intermittent convulsive seizures may occur, becoming increasingly frequent 
until the animal becomes comatose and dies. 

(3) Characteristic signs in pigs include a loss of squeal and "walking-backward" 
fits. 

c. Etiology and pathogenesis 
(1) Etiology. Water intake can be reduded because of mechanical problems in 

automatic waterers, frozen water, overcrowding, or refusal to consume medi- 
cated water. Drought (resulting in restricted access to fresh water) and high 
salt intake from water sources contaminated with salt (such as in regions 
with oil fields) have been associated with this disease in cattle at pasture. 

(2) Pathogenesis 
(a) Increased body sodium levels cause a metabolic blockade and inhibit 

anaerobic glycolysis at the cellular level, resulting in decreased energy 
production in the brain and associated depression. 

(b) To compensate for this high sodium level, brain cells begin to produce 
osmotic products called "idiogenic osmoles," which, over time, change 
the osmotic gradient to reduce the deleterious influx of the excess so- 
dium ion into brain cells. When water is given to the affected animal in 
an effort to reduce serum sodium levels (by hernodilution), the osmotic 
gradient maintained by these idiogenic osmoles causes cell swelling and 
brain edema, leading to edema, increased intracranial pressure, and sub 
sequent malacia. Seizures and coma are resulting signs. 

d. Diagnostic plan and laboratory tests 
(1) Serum and CSF sodium levels above 160 mEq/L are suggestive of salt poison- 

ing and water deprivation, with higher levels (1 70 mEq/L and over) sufficient 
for a presumptive diagnosis. 

(2) Histopathology. An eosinophilic meningoencephalitis is found on histopa- 
thology only in swine; otherwise, microscopic changes are usually nondiag- 
nostic. 

e. Therapeutic plan. When the disease is recognized, the animal should be given 
small amounts of fresh water per os at frequent intervals. Excessively rapid reduc- 
tion of sodium levels can result in severe seizures and brain edema. Recovery, if 
it occurs, may take 4-5 days. 

f. Prognosis. The prognosis for recovery when blocd sodium levels are markedly 
elevated is grave for all affected species. 

g. Prevention. Ensuring unlimited access to fresh water prevents most cases of salt 
toxicity. For calves, proper dilution of oral electrolyte solutions also helps avoid 
this disorder. 

,. Arab foal idiopathic seizure 
a. Patient orofile. This uncommon disease occurs in Arab foals with predominantl~ 

~ ~ ~ ~ t i a ;  bloodlines. 
b. Clinical findings. Freauent seizures are preceded by prodromal signs. The sei- 

zures may be rnitiated during attempts to train or discipline foals. Between sei- 
zures, affected foals are clinically normal. 

c. Etiology. The cause of Arab foal idiopathic seizure is unknown but, because this 
disease is seen in a particular bloodline, genetics may play a role. This disease 
should be considered as a differential diagnosis in Arabian foals that have neuro- 
logic signs that may be confused with environmentally-induced problems. 

d. Diagnostic plan and laboratory tests. All laboratory data (e.g., blood, CSF analy- 
sis) are within normal limits. A diagnosis is made based on the exclusion of 
other seizure causes (e.g., trauma, metabolic disturbance) and the appropriate 
bloodlines of the foal. 

e. Therapeutic plan. The only treatment available is  symptomatic. Diazepam is 
used to control seizures during the clinical episodes. Most animals appear to out- 
grow the seizures by ages 6-8 months. 

a Disorders charaderized by behavioral and personality changes 

1. Thromboembolic meningoencephalitis (TEME) 
a. Patient profile. This disease occurs in feedlot cattle of any age but is most com- 

mon in animals ages 4-12 months, particularly in fall and winter. Signs may 
begin to appear approximately 4 weeks after arrival to feedlot with several ani- , 
mals affected. The morbidity rates in a herd are low (2%), whereas case f a t a l i  
rates are high (90%). 

b. Clinical findings 
(1) Peracute form. Cattle may be found dead. 
(2) Acute form. Early signs include separation from other cattle with depression 

and apparent blindness. The rectal temperature can be very high, at 
41°C-420C. Anorexia, staggering, recumbency and coma progressing to lat- 
eral recumbency, opisthotonos, and partial paralysis of multiple cranial 
nerves may be present. 
(a) Less severe signs can include polyarthritis, respiratory disease, and occa- 

sionally otitis media in affected animals or in penmates. 
(b) Ophthalmologic examination shows retinal hemorrhages (highly sugges- 

tive of TEME) in approximately 20% of affected animals. 
c. Etiology and pathogenesis 

(1) Etiology. The cause of TEME is bacteremia due to Haemophilus somnus. H. 
sornnus infections can occur in a respiratory, urogenital, or septicemic form. 
The neurologic signs associated with the TEME are part of the septicemic 
form of disease. 

(2) Pathogenesis 
(a) ~Lnsmission is thought to be via respiratory or urogenital secretions 

from presumed carrier cattle. 
(b) The pathogenesis of TEME involves a severe vasculitis. rather than an 

embolic phenomenon. It is not known whether the suppurative vasculi- 
tis is caused by bacterial attachment to the endothelial cell, leading to 
destruction of the cell, or whether endotoxin and exotoxin release are re- 
sponsible for the vasculitis. Animals with TEME may have lesions in the 
heart, liver, kidney, and joints. 

d. Diagnostic plan. The clinical findings of sudden onset of neurologic signs with 
high fever, accompanied by respiratory and joint involvement in feedlot cattle, 
are highly suggestive of this disease. 
(1) CSF analysis. A CSF sample reveals marked pleocytosis with neutrophils pre- 

dominating, along with high protein levels (i.e., a positive Pandy test). 
(2) Culture of H. sornnus from CSF, blood, synovial fluid, urine, or a tracheal 

wash can be attempted, but because of specific growth requirements, this 
test may be unrewarding. 

(3) Serologic testing for infection can be equally frustrating to interpret because 
of seroconversion in asymptomatic animals. 

(4) Postmortem examination 
(a) Histopathology of the brain shows a severe vasculitis with neutrophilic 

infiltrates and occasionally vascular thrombi. Hemorrhaging retinal ves- 
sels, which reveal the vasculitis, are sometimes considered to be patho- 
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gnomonic for TEME. Unfortunately, because many affected animals lack 
these changes, this finding is an insensitive indicator of the disease. 

(b) Multifocal areas of hemorrhagic necrosis are found in the brain and 
spinal cord. 

(c) There may be a fibrinopurulent meningitis, polyarthritis, laryngitis, tra- 
cheitis, retinitis, conjunctivitis, and endometritis. 

e. Differential diagnoses include polioencephalomalacia, lead toxicity, and salt 
poisoninglwater intoxication. 

f. Therapeutic plan. If affected animals are treated before they become recumbent, 
they can recover within 6-1 2 hours. The drug of choice is oxyfetracycline (20 
mgikg intravenously every 24 hours for three days). However, the causative or- 
ganism is not a highly resistant species and is  likely to respond to other antibiot- 
ics if chosen. 

g. Prevention. A killed bacterin has been used as a preventative with some success 
for herd protection. However, given the low morbidity rates associated with this 
disease, vaccination may not be economically feasible. 

2. N~NOU$ coccidiosis 
a. Patient profile. This disease is seen in calves and young cattle, particularly in 

feedlots. Nervous coccidiosis is almost exclusively a winter disease and occurs 
mainly in the northwestern United States and western Canada. 

b. Clinical findings 
(1) The key neurologic findings are ataxia, muscle tremor, blindness, and hyper- 

excitability accompanying intermittent or continuous seizures. Seizures may 
be precipitated by strenuous handling. Calves become recumbent with signs 
of opisthotonos, tonic-clonic movement, medial strabismus, and snapping 
of the eyelids. 

(2) Affected animals also show blood flecks in  feces or blood-tinged diarrhea, 
which is associated with intestinal coccidiosis. 

c. Etiology and pathogenesis. A heat-labile neurotoxin has been identified in the 
serum of affected calves, but not in the serum of calves with only intestinal coc- 
cidiosis. The nature of the toxin is unknown, and the associated mechanism link- 
ing nervous coccidiosis to intestinal coccidiosis has not been determined. 

d. Diagnostic plan and laboratory tests. The main method of diagnosis is to mle 
out other possible diseases (see II D 5). A presumptive diagnosis can be made if 
the location and climate are suggestive of nervous coccidiosis (i.e., cold winter 
months in western Canada or the northwestern United States). 
(1) Microscopic examination of feces is used to confirm enteric coccidiosis but 

is not specific for the nervous form. 
(2) Hyperglycemia, hypochloremia, and low liver copper and iron stores have 

been found in affected animals. 
e. Diierential diagnoses include lead toxicity, PEM, TEME, or salt and water intoxi- 

cation, for which there are more sensitive and specific diagnostic tests. 
f. Therapeutic plan 

(1) Sulfonamides and supportive fluid therapy can be administered to treat in- 
testinal coccidiosis. 

(2) Tranquilizers. Animals with convulsions can be treated by sedation to Pre- 
vent self-induced trauma. 

(3) Nursing care, including deep bedding and dry shelter, is important. 
(4) Iron or copper salt therapy. It i s  not known whether iron or copper salt ther- 

apy i s  of any benefit. 
g. hognosis. Affected calves have a poor prognosis for survival, with a 70%-10046 

mortality rate expected and death often occurring within 5 days of disease onset 
Undoubtedlv, oart of the mortalitv may be attributed to the low level of nusing - - ,. , 
care possible in these management conditions because of the harshness of the 
climate when the disease is observed. 

h. Prevention. Because little i s  known about the risk factors involved, there are no 
known preventative measures. 
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3. Listeriosis 
a. Patient profile and history 

(1) Patient profile. This disease occurs in all ruminants but is extremely rare in 
horses. Listeriosis generally affects animals younger than 3 years and is s p  
radic in cattle, with sheep demonstrating a higher morbidity. 

(2) History. Heavy silage feeding may be a feature of the history, but disease 
can also occur in animals at pasture. 

b. Clinical findings 
(1) The neurologic signs can occur gradually or suddenly, with dullness, head 

tilt, and circling (hence the name "circling disease" in cattle) as common 
findings. 

(2) Other signs can include lateral inclination of head and unilateral facial 
, 

nerve paralysis, dropped jaw, inability to swallow, and pyrexia. Less com- 
monly, Listeria species cause septicemia in monogastrics or abortion. 

C. Etiology and pathogenesis 
(1) Etiology. Listeria monocytogenes is  the causative agent of listeriosis and i s  

commonly found in soil, vegetation, and fecal material. 
(2) Pathogenesis 

(a) Route of infection. The neurologic form and the septicemic form rarely 
occur together. 
(i) The neurologic disease is thought to occur from an ascending infec- 

tion following a buccal cavity abrasion, with bacteria gaining entry 
to the brain via the trigeminal nerve. 

(ii) The septicemic form of infection is thought to enter the blood via 
the intestinal tract. Infection may be inapparent with fecal shedding, 
or septicemia may occur. 

(b) Predisposing factors 
(i) Heavy silage feeding. Because L. monocytogenes can live in spoiled 

silage (with a pH greater than 5.01, heavy silage feeding is a well- 
recognized predisposing cause. 

(ii) A sudden weather change to cold and wet, overcrowding, or unsan- 
itary conditions may predispose animals to bacterial invasion. These 
conditions may also favor a buildup of rotting organic debris, such 
as silage exposed to air. 

d. DiagnoPtic plan and laboratory tests 
(1) Clinical signs of focal and lateralizing cranial nerve deficits, such as head 

tilt, circling, inability to swallow, and facial nerve paralysis, along with 
depression and pyrexia, are highly suggestive of listeriosis. 

(2) CSF analysis. Whereas routine hematology is generally unchanged, a CSF 
sample has increased protein and leukocytes, typically consisting of small 
and large mononuclear cells. 

(3) Postmortem examination. The necropsy findings are specific, with charader- 
istic microabscesses i n  the pons and medulla. To culture the organism from 
the brain, a "cold enrichment" method is necessary. Brain suspensions are 
held at 4OC and cultured weekly. 

e. Therapeutic plan 
(1) Antibiotics. Early treatment with antibiotics such as tetracycline (10-20 

mg/kg intravenously every 12 hours for 7 days) or penicillin (44,000 lU/kg 
every 12 hours for 7-21 days) i s  clinically effective. Therapy should be con- 
tinued for at least 7 days after the resolution of signs. 

(2) Supportive care during clinical disease is also important with tube-feeding 
of water and electrolytes to animals that are unable to swallow effectively, 
and correction of acid-base imbalances that occur with excessive salivary 
losses. 

f. Prognosis The prognosis is fair for complete recovery (50%-75%) if the animal 
i s  ambulatory and able to swallow. 

g. Prevention 
(1) Management strategies. The only control measures include the isolation of 
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affected animals and the reduction of silage feeding. In feedlots, constant 
feeding of low levels of tetracyclines can be considered. 
Human infeetion. Because this organism is capable of causing infections in 
man and is shed in milk and other secretions from cattle, it is particularly im- 
portant to caution owners of lactating cattle in which the disease has been 
diagnosed about the risks of consuming unpasteurized milk. Otherwise, In- - -~" 
fection of man from infected animals i s  rare. 

4. Brain abscesses 
a. Patient profile and history. Brain abscesses can occur sporadically in mature ani- 

mals of any species, following a pyogenic disease elsewhere in the body. Af- 
fected horses are oeen younger than 3 years. In cattle, there may be a predilec- 
tion for the pituitary region, with recent placement of rings in the nose in the 
history. 

b. Clinical findings include an altered mental status, unilateral or bilateral loss of vi- 
sion, head turn, compulsive circling, a sluggish or ataxic gait, or other focal cra- 
nial nerve deficits, depending on the abscess location. These signs also often 
flt~rtuate in  severitv. In cattle with pituitary abscesses, a dropped jaw and dys- ~~ 

phagia are characteristic findings. 
c. Etiology and pathogenesis 

(1) Etiology 
(al In horses, Streptococcus q u i  and Streptococcus zooepidemicus have . . 

been cultured from brain abscesses. 
(b) In food animals, Actinomyces bovis, Mycobacterium bovis, Fusobacte- 

rium necrophorum, and Actinomyces pyogenes have been isolated from 
brain abscesses. 

Pathogenesis 
(a) Although S. equi and S. zooepidemicus are commonly involved with 

the respiratory tract, infection can result in metastatic abscessation of 
other organs (e.g., the brain and liver) or mesenteric abscesses. 

(b) Placement of nose rings in bulls has resulted in a higher incidence of 
brain abscesses in some situations, possibly because of the bacteria gain- 
inn ready access to blood flow in the head via wound contamination at 
the nose ring site. 

d. Diagnostic plan and laboratory tests. The diagnosis is often based on clinical 
signs and neurologic examination. 
(1) Routine hematology is unlikely to reflect inflammation unless septic foci are 

present elsewherein the body. 
(2) CSF analysis often reveals slightly elevated protein levels and the presence 

of inflammatorv cells of a mixed population. However, these changes are 
not diagnostic for brain abscess. 

(3) Ancillary diagnostic tests include cerebral angiography, visual evoked poten- 
tial recordines. and computed tomography (O scans. However, these tests 
are n i t  accessible at most veterinary facilities. 

e. Therapeutic plan. Surgical drainage and appropriate, prolong4 antimicrobial 
therapy has been successful in treating brain abscess in horses, but this proce- 
dure requires a CT scan for diagnosis and anatomical landmarks for drainage. 
Antimicrobial therapy alone has not been successful in treating cerebral ab- 
scesses in large animals. 

5. Pseudorabies (Aujeszky's disease) 
a. Patient profile. Cases of pseudorabia have been documented in all farm animal 

species, with the exception of horses. The main carrier animal is the pig. Dogs 
can also be infected. Although it occurs in some regions of the United States, 
nseudorabies is exotic to Canada. r - - - - - . -  -~ 

b. Clinical findings 
(1) In ruminants, signs include intense local pruritus with violent licking or rub- 

bing of the face, limbs, or trunk, accompanied by maniacal behavior (e.g., 
excitement, circling, vocalization, salivation), ataxia, paralysis, and death 
within several days. Sudden death can also occur. 
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(2) In pigs, the infection may be asymptomatic in adults or cause abortions. In 
piglets, a high mortality rate is associated with neurologic signs. 

c. Etiology and ~athoeenesis 
(1) EGOIO~~. '~seuduorabies is caused by a herpesvirus. Infected swine are the 

source of infection for other animals. -~ ~ . ~ ~ - .  
(2) Pathogenesis. The virus enters abraded skin or the upper respiratory mu- 

cosa, and spreads to the CNS through cranial or spinal nerves, causing ex- 
tensive neuronal damage. 

d. Diagnostic plan and laboratorv tests 
(1) Virus isolation can be usedl to make a diagnosis in the live pig, butrumi- 

nants affected by pseudorabies usually die in 6-48 hours of the onset of clin- 
ical sians. 

(2) ~ a t h o j b ~ i c  findings consist of a nonsuppurative meningoencephalomyelitis. 
(3) The histologic findings in the CNS include perivascular cuffing and focal ne- 

crosis in the gray matter. lntranuclear inclusion bodies may be found in de- 
generating neurons. 

(4) confirmation of the infection is by virus isolation from postmortem tissue. 
e. Differential diagnoses 

(1) In ruminan&, differential diagnoses should include rabies and listeriosis. 
(2) In pigs, Teschen disease, salt poisoning, hog cholera, streptococcal meningi- 

tis, and African swine fever should be considered. 
f. Therapeutic plan. There is no effective treatment, but hyperimmune serum given 

to baby pigs may help during an outbreak in a swine herd. 
g. Prevention 

(11 Vaccination. The present control method in the United States is through vac- 
cination, but the vaccine's effectiveness has not yet been evaluated. 

(2) A test and removal system can eliminate the disease from a herd of swine. 
To prevent exposure to other species, infected and uninfected animals 
should not be housed together. 

6. Rabies. Although rabies is rare in most regions, it is of chief concern because of 
public health considerations. 
a. Patient profile. This disease may occur in all warm-blooded animals. Among 

large animals, cows are more commonly affected than horses, pigs, sheep, or 
goats. 

b. clinical findings. The only typical finding in rabies is its atypicalness. 
(1) The mild or paralytic form shows variable signs consistent with progressive 

ascending paralysis, including knuckling of the hind fetlocks; sagging and 
swaying of hindquarters; decreased sensation over the hindquarters; paraly- 
sis of the tail, anus, and penis; dribbling urine; salivation; recumbency; and 
eventuallv death. 

(2) The furious form occurs if the virus reaches the forebrain and is character- 
ized by tenseness and hypersensitivity to sounds and movement. Affected an- 
imals may attack inanimate objects or other animals, bellowing loudly and 
purposelessly, or they may show sexual excitement. 

c. Etiology and pathogenesis 
(1 )  Etiology. ~ a b i e i  is caused by a rhabdovirus. 
(2) Pathoeenesis "- 

Transmission. Rabies is  transmitted through bite wounds after localizing 
in the sensory end organs of the olfactory nerve of the infected host car- 
nivore. The principal reservoirs in North America are wild carnivores 
(e.g., skunks, foxes, raccoons), whereas the vampire bat is a key reser- 
voir for the virus in South America. Rabies is also enzootic in insectivo- 
rous bats in Western Canada. 
Rwte of infection. The virus spreads from the site of the infection to the 
CNS via peripheral nerves. The incubation period is 2 weeks to several 
months, dependinc! on the bite site. 

d. Diagnostic plan and laboratory tests. Rabies is extremely difficult to diagnose 
and should be considered when dealing with any obscure neurologic disease. If 
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rabies is suspected, any diagnostic sampling or animal handing should be per- 
formed with' caution. 
(1) The animal can be treated for any other possible treatable diseases, such as 

lead toxicosis or metabolic disease, which may also alter behavior. 
(2) If rabies is highly suspected, the regulatory authorities should be contacted 

reeardinn current guidelines for animal handling. Affected animals may be 
e&ateud for a of 10 days. 

(3) Postmortem examination. If death ensues, the brain and fresh salivary gland 
tissue should be submitted to an appropriate laboratory for further diagnostic 
testing. Half the brain should be fresh and the other half fixed in formalin. 
(a) Fluorescent antibody testing and mouse inoculation studies are used for 

confirmation of the diagnosis. 
(b) Histologic examination of the brain for Negri bodies is also used but 

can yield some false-positive results. 
(c) The intracerebral inoculation of weaned mice with brain tissue is highly 

soecific for infection, but this can take at least 3 weeks for confirmation 
of infection. 

e. Therapeutic plan. There is no treatment for animals showing clinical signs. Anti- 
inflammatory drugs, which may be used concurrently for other diseafes, may 
delay the progression of signs. 

f. Prevention. Currently, there are inactivated diploid vaccines that are licensed for 
all veterinary species. These vaccines appear to be highly protective. In regions 
where rabies is endemic, horses and other valuable farm animals should be vac- 
cinated. 

7. Equine viral encephalitis 
a. Patient profile. All ages and breeds of horses are susceptible, but the disease is 

not common in suckling foals younger than 3 months. Equine encephalitis oc- 
curs in late spring and summer because of the transmission by insect vectors. 
However, in the southeastern part of the United States, infection can occur any 
time of the vear. 

b. Clinical finclings 
(1) The disease may be subclinical or may appear in the septicemic form with 

pvrexia, anorexia, and depression. With encephalomyelitis, there is fever, an- 
orexia, and severe depression. 

(2) Other neurologic changes may include dementia with blindness, head press- 
ine. ataxia. weakness, and seizures. Severely affected horses can become re- 
cckbent and have respiratory arrest. 

c. Etiology and pathogenesis 
(1) Etiology. The arboviral encephalitides (eastern, western, and ~enezuelan) in 

horses are classified as alphaviruses of the togavirus family. 
(a) Eastern equine encephalitis (EEE) is most ~revalent in the southeastern 

United states. 
(b) Western equine encephalitis (WEE) is usually restricted to western Caw 

ada and the western United States. WEE is less severe than EEE. 
(c) Venezuelan equine encephalitis NEE) occurs outside North America 

and has far higher morbidiw and mortaliw rates. 
(2) Pathogenesis 

(a) Transmission. The diseases are transmitted to horsesby a mosquito 
vector. 
(i) Equine infection. Horses are considered a "dead-end" host, with in- 

fected birds being the reservoir hosts for these viruses. 
(ii) Human infection. The equine population acts as a sentinel animal, 

with equine cases preceding human cases by 2-5 weeks. Human 
cases tend to be ''flu-like," with young and old people susceptible --. - - 

to encephalitis. 
(b) The viruses are neurotropic and cause direct neuronal necrosis through- 

out the entire CNS, particularly in the cerebrum, causing the charaderls- 
tic severe mental depression. 
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d. Diagnostic plan and laboratory tests. Diagnosis of EEE and WEE is based on 
signs, season, locale, and serum titers. 
(1) CSF analysis reveals increased protein and WBC counts. Neutrophils are 

present in the acute disease, but mononuclear cells predominate in later 
stages. A slight xanthochromia may also be present. 

(2) Serologic titers can be measured by hemagglutination inhibition (HI) or com- 
plement fixation (CF). A fourfold rise in titer in samples collected 7-10 days 
apart or a very high single titer in an unvaccinated animal (1:160 for EEE 
and 1 :40 for WEE) are diagnostic. Additionally, the use of immunoglobulin 
M (IgM)-specific enzyme irnmunoassays can help in the antemortem diagno- 
sis of EEE. 

e. Therapeutic plan. The prognosis is grave for EEE and poor to fair for WEE. . 
(1) Supportive and symptomatic care. If the animal remains ambulatory, it 

should be given supportive and symptomatic therapy. This includes force 
feeding and fluid therapy because the depression i s  often so severe that the 
animal will leave food in the mouth, although swallowing is not impaired. 

(2) Therapeutic agents. If depression progresses and pupils become unrespon- . sive to light, cerebral edema may be developing. 
(a) Mannitol (20%) may be given intravenously at 0.25-0.5 g/kg. 
(b) The use of dexamethasone is controversial, but in the initial stages, it 

may be useful at a dose of 0.1-0.25 mg/kg. 
(c) DMSO (1 g/kg in a 10% solution of 5% dextrose) is probably the drug 

of choice for treating cerebral edema. 
f. Prevention. Vaccination for EEE and WEE is the best preventive method. The ani- 

mals should receive two injections 3-4 weeks apart 1 month before mosquito 
season. Semiannual vaccinations may be necessary where mosquito seasons are 
long. Fortunately, there i s  no transmission from horse to man, and even the in- 
fected hone does not pose a significant risk to other horses. 

8. Yellow star thistle or Russian knapweed toxicity 
a. Patient profile. This toxicosis is seen in the northwest United States or Australia 

in late summer or autumn and affects any age, gender, or breed of hone. 
b. Clinical findings. Affected horses exhibit an acute onset of rigidity of the mastica- 

tion muscles. This rigidity results in a characteristic grimacing expression, with 
the mouth held half open and the lips and nostrils drawn back. Protrusion of the 
tongue may be present. The difficulty in prehension may progress to a complete 
inability to eat or drink 

c. Etiology and pathogenesis 
(1 )  Etiology. Disease is caused by the ingestion of yellow star thistle (Centaurea 

solstitialis) or Russian knapweed (Centaurea repens). 
(2) Pathogenesis. The plant does not appear to be toxic to ruminants but is 

thought to contain an antimetabolite that is specifically toxic to horses. Ironi- 
cally, sheep thrive on a diet consisting solely of these plants. 

d. Diagnostic plan and laboratory tests 
(1) Classic clinical signs and a history of possible exposure to these plants form 

the basis for diagnosis. There are usually no significant alterations of diagnos- 
tic value on laboratory analysis. 

(2) Necropsy. The major lesion at necropsy is in the brain. It is usually bilateral 
and consists of areas of necrosis in the globus pallidus and substantial nigra 
(encephalomalacia). 

e. Therapeutic plan and prognosis. There is no cure for this disease, but the animal 
can be supported via nasogastric tube feeding. However, the prognosis i s  grave, 
and the animal usually dies of dehydration or starvation if no nutritional support 
is given. 

f. prevention. Horses should be kept from pastures that contain these toxic plane, 
but sheep or cattle can graze these pastures safely. 

9. Ammoniated feed toxicity ("bovine bonkers, bovine hysteriitt9 
a. Patient profile. This disease is seen in adult cattle, calves, and sheep that are 

A 
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given ammoniated feed. Often, a new batch of urea-containing feed has been 
fed to the animals. 

b. Clinical findings . 
(1) Clinical signs include acute staggering, recumbency, and even death. Fre- 

quent urination and defecation, trembling, sweating, and ear twitching are 
often observed. 

(2) Physical examination. Bloat, dyspnea nluscle tremors, and abdominal pain 
are found on physical examination. On neurologic examination, there is in- 
coordination and blindness, accompanied by hyperexcitability, hyperesthe- 
sia, restlessness, colliding with inanimate objects, seizures, and coma. 

c. Etiology and pathogenesis. Affected animals have consumed excessive urea in 
their feed to which their rumen may not be accustomed. Urea is converted to 
ammonia in the rumen and liver, with alkalosis and ammonia encephalopathy 
resulting. 

d. Diagnostic plan and laboratory tests. An elevated blood and CSF ammonia con- 
centration in the absence of liver disease is diagnostic for urea or ammonia in- 
toxication. 

e. Therapeutic plan. Rumen lavage and evacuation is necessav to reduce the on- 
going absorption of the urea. Following lavage, acidifying solutions (such as ace- 
tic acid) along with cold water should be given orally to help counter the sys- 
temic aikalosis. 

f. Prognosis. The prognosis is guarded to grave. When clinical signs are obvious, 
the disease is usually fatal. 

g. Prevention. The gradual introduction of feed containing urea should prevent this 
disease. 

10. Hypovitaminosis A 
a. Patient profile. This disorder can affect most young growing animals and is also 

found in adult cattle. 
b. Clinical findings 

(1) Calves. Experimental and naturally occurring vitamin A deficiency in calves 
results in blindness, ill thrift, diarrhea, and pneumonia. The blindness in 
calves is peripheral, with absent pupillary light reflexes and dilated pupils in 
severe cases. 

(2) In adult cattle, in addition to blindness, there may be convulsions, diarrhea 
and generalized edema. 

(3) Young horses that are fed vitamin A-deficient diets have shown night blind- 
ness, ill thrift, and seizures, but naturally occurring disease in horses is rare. 

c. Etiology and pathogenesis. Vitamin A is necessary for normal bone g o d  and 
epithelial maintenance. The pathophysiology appean to be the same in all spe- 
cies, but clinical signs differ according to skull anatomy. 
(1) Brain distortion and herniation. In the CNS, a lack of vitamin A distorts cra- 

nial bone development and retards endochondral ossification, resulting in 
brain distortion and herniation. 

(2) Seizures. Reduced CSF absorption across arachnoid villi leads to increased 
CSF pressure, which may manifest clinically as seizures. 

(3) Blindness can occur from optic canal restriction, with optic nerve entrap 
ment in the optic foramina. 

d. Diaanostic plan and laboratory tests. Serum vitamin A concentrations are usu- 
allyVfound to be low (2-1 5 gldl). 

e. Therapeutic plan. Affected animals should be given vitamin A (440 IU/kg paren- 
terally). There is usually a dramatic response to treatment within 48 hours, with 
the exception of prominent blindness, which is not likely reversible. 

f. Prevention. Current management practices include feeding adequate vitamin *., 
By merely increasing green feed a hay qualily, dietary vitamin A is usuall~ sufil- 
cient. Additionally, animals can be given injectable repositol forms of vitamin A. 
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Disorders accompanied by multiorgan involvement 

1. Scrapie 
a. Patient profile. This long-recognized disease affects adult sheep between the 

ages of 2 and 5 years and also goats. Scrapie occurs more readily in some sheep 
breeds that have genetic predilection for the infection. 

b. Clinical findings. The main signs are cerebellar incoordination and pruritus. 
(1) There are transient episodes of nervousness, behavior changes, emaciation, 

seizures, and recumbency. Eventually death occurs. 
(2) A fine head tremor is often noted. Pruritus is severe, with a characteristic 

head elevation and nibbling reaction when the skin is scratched. 
c. Etiology and pathogenesis 

(1) Etiology. The causative organism is a small protein unit (i.e., viroid). 
(2) Pathogenesis 

(a) Transmission. Scrapie is classified as a "slow virus" infection, with verti- 
cal or horizontal transmission and a prolonged incubation period of * 
months to yean. 

(b) Route of infection. The viroid replicates in lymphoid tissue and invades 
the central nervous tissue, producing a spongiform encephalomyelopa- 
thy with neuronal vacuolation and the degeneration of cerebrospinal, 
cerebellospinal, and optic nerve tracts. 

d. Diagnostic plan. There is no accurate antemortem method to screen for infected 
animals, and diagnosis is based on postmortem examination of the brain tissue. 

e. Therapeutic plan and prevention. There i s  no treatment, and affected animals 
should be slaughtered because the disease is invariably fatal. Scrapie has been a 
reportable disease but was recently removed from this designation in various ju- 
risdictions. 

2. Bovine spongiform encephalopathy (BSE, mad cow disease). As a consequence of 
its association with spongiform encephalopathy (Creutzfeldt-Jakob disease) in hu- 
mans, BSE is currently the cause of a large-scale slaughter of adult cattle in Britain 
and other European countries. The United States and Canada have imposed strict 
guidelines for the import of live animals in attempts to ensure that these countries 
remain free of the disease. 
a. Patient profile. This disease affects adult cattle and was first described in Great 

Britain. 
b. Clinical findings. Affected cattle exhibit apprehension, mild incoordination, hy- 

peresthesia that progresses to severe behavioral changes, recumbency, and 
death. 

c. Etiology and pathogenesis 
(1) Etiology. BSE i s  thought to be caused by a "scrapie-like" agent. The causa- 

tive agent appears to have entered the British cattle population through a 
change in feed processing, which facilitated the introduction of sheep offal 
into animal feeds in the early 1980s. This allowed exposure to a "scrapie- 
like" agent, which, because of the long incubation period, became manifest 
yean later. 

(2) Pathogenesis. The infection of the brain tissue by this agent causes a spongi- 
form encephalopathy, but the mechanism is not completely understood. 

d. Diagnostic plan. Postmortem microscopic examination of the brain is the only 
known method to determine the diagnosis. 

e. Therapeutic plan and prevention. There is no treatment, and the slaughter of all 
animals at risk and their offspring has been implemented. 

3. Hepatic encephalopathy (see also Chapter 5 1 B 1 b) occurs in animals with acute 
or chronic liver failure. Most species and ages can be affected in acute or chronic 
liver failure, however, affected animals are usually adults. Clinical findings include 
depression, head pressing, and yawning that may wax and wane, depending on the 
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time since the last feeding. Hepatic encephalopathy must be differentiated from pri- 
mary neurologic diseases that may also affect behavior and mental activity. 

4. Leukoencephalomatacia (moldy corn disease) 
a. Patient profile and history. This disease occurs in horses of any breed, sex, or 

age that have a history of ingestion of moldy corn. Outbreaks can occur. 
b. Clinical findings. Affected animals have a sudden onset of dementia, blindness, 

convulsions, or all of these signs. Sudden death can also occur. Additional neu- 
rologic findings can include circling, excitability, drowsiness, and ataxia in var- 
ious combinations and possibly asymmetric findings. 

c. Etiology and pathogene& 
(1) Etiology. A toxin, likely fumonisin, produced by Fusarium moniliform in 

moldy corn has been indicated as the causative agent. 
(2) Pathogenesis. After ingestion of the toxin, horses develop liquefactive cere- 

bral necrosis and associated brain swelling, which may result in herniation 
and brain stem compression. Toxic hepatopathy can also develop and may 
contribute to the clinical signs. 

d. Diagnostic plan and laboratory tests 
(1) The clinical signs, neurologic findings, and history of feeding moldy corn 

are used as a basis for diagnosis. Finding moldy corn alone does not con- 
firm a diagnosis because up to 80% of corn samples can contain Fusarium 
species. 

(2) CSF analysis may be normal or may show a pleocytosis with elevated neu- I 
trophils and protein. 

e. Therapeutic plan. The only suggested treatment i s  to remove hones still at risk 
from access to the moldy feed and give oral cathartics to those exposed. Gluco- 
corticoids or DMSO for presumed brain swelling can be given to clinically af- 
fected horses. 

f. Prognosis. For mildly affected horses, the prognosis for recovery is good, with lit- 
tle or no residual brain damage. Most horses, however, die shortly after the 
onset of clinical signs. 

A. 1 Eauine 
--I' 

1. Cervical vertebral malformation (CVM, wobbler disease, wobbles, cervical stenotic 
myelopathy) 
a. Patient profile and history 

(1) Patient profile. This disease is found in young horses and usually occurs 
when the animal is less than 2 years old. There appears to be a sex predilec- 
tion, with colts being affected more than fillies. Thoroughbreds appear to 
have the highest incidence. 

(2) History. The onset of signs can be sudden and may be related to a traumatic 
incident, or it may be insidious. Animals are usually in good bodily condi- 
tion and on a good plane of nutrition. 

b. Clinical findings. Clinical signs are referable to upper motor neuron (UMN) 
~roblems of both the front and hind limbs, suggesting a lesion in the cervical 
Spinal cord. 
(1) Ataxia. The animals exhibit varying degrees of ataxia. 

(a) The hind limbs are usually more severely affected than the rear, but the 
slgns are usually symmetric from left to right. 

(b) There can be toe dragging at the walk and rear limb circumduction 
when the horse is  led in a tight circle. 

~- 
(c) Proprioceptive deficits are exaggerated when the animal is forced to ne- 

gotlate a hill, turn sharply backward, or step over obstacles. 
(2 )  Paresis may be evtdent in response to downward pressure over the withers 
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and loins and when pulling the horse to the side by its tail while at the walk 
(sway test). 

(3) Hypermetria and spasticity may also be seen to a lesser degree than the 
ataxia. When left alone, the animal may assume awkward positions (e.g., 
legs extended to the side, legs crossed). 

c. Etiology and pathogenesis 
(1) Etiology. No specific cause has been identified for CVM. One school of 

thought favors genetics as a cause, whereas others feel the disease is a result 
of rapid growth combined with high energy nutrition or nutritional imbal- 
ances. Probably both of these factors are involved. 

(2) Pathogenesis. Classically, hones suffering from CVM were called "wob 
blers." A wobbler is a broad term that describes a set of clinical signsthat 
may be caused by several different disease processes. Two forms of CVM 
have been recognized: a functional (dynamic) stenosis and an absolute 
(static) stenosis. Both forms occur between the ages of weanling and 3 years, 
with functional stenosis appearing at a somewhat younger age. 
(a) In functional stenosis, spinal cord compression is  caused by instability 

between cervical vertebrae. When the neck is placed in a flexed or hy-. 
perextended position, the vertebrae subluxate into the spinal canal. 

(b) In absolute stenosis, there is spinal cord compression that is not altered 
by the positioning of the neck. Osseous changes of the cranial articular 
processes and medial ingrowth of the articular processes can cause this 
stenosis. 

d. Diagnostic plan and laboratory tests 
(1) The neurologic examination is suggestive of a focal cervical lesion for which 

cervical radiographs should be taken. Remodeling of the caudal vertebrae 
epiphysis and the articular facets may be seen in functional stenosis. 

(2) A myelogram is essential for a positive diagnosis of spinal cord compression, 
which commonly occurs at C3-4 and C4-5 (for functional stenosis) and at 
C5-6 and C6-7 (for absolute stenosis). 

(3) Routine laboratory samples, such as a CBC and biochemistry panel, are of 
no diagnostic value for affected horses. 

(4) CSF analysis, although useful to rule out other diseases causing similar signs, 
is  usually normal. 

e. Differential diagnoses. Each of the following disorders can be ruled out by its 
corresponding method of positive diagnosis. 
(1) Trauma-myelogram, CSF analysis, history 
(2) Equine protozoal myelitis-<SF analysis, asymmetry, lower motor neuron 

(LMN) involvement 
(3) Herpes I myelitis-titer, recovery 
(4) Equine degenerative myeloencephalopathy-postmortem examination 
(5 )  Cerebrospinal nematodiasis-CSF analysis 
(6) Space-occupying lesion (neoplasia, abscess)--CSF analysis 

f. Therapeutic plan 
(1) Medical treatment with anti-inflammatory drugs plus stall rest may arrest the 

progress of clinical signs for some time, but usually the disease progresses. 
Additionally, there are ethical questions about treating such cases for which 
complete recovery i s  unlikely if the horse is likely to be ridden at high 
speeds. 

(2) Surgical treatment includes arthrodesis of the unstable vertebrae in cases of 
functional stenosis or laminectomy to aid in decompression of absolute ste- 
nosis. The arthrodesis technique may halt the progress of the ataxia and 
even allow some return to usefulness. 

g. Prognosis. The prognosis for recovery is guarded to grave. Surgical correction is 
expensive, and its application to an equine athlete is controversial. 

2. Equine degenerative myeloencephalopathy (EDM). First described in  1977, EDM 
may now account for 25%-50% of ataxic horses seen at referral clinics in North 
America. 
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a. Patient profile. EDM is  an ataxia that affects horses less than 12 months old, 
with the oldest affected animal about 3 years of age. No breed or sex determina- 
tion has been noted, and the signs, when observed, can be progressive or stabi- 
l i 7 ~  

b. Clinical findings 
(1) Affected horses exhibit symmetrical ataxia, with marked proprioceptive defi- 

cits when asked to circle or turn. Paresis and spasticity may also be noted. 
(2) In contrast to CVM, the front limbs may have more severe ataxia or paresis 

than the rear limbs or may be only minimally affected in combination with 
profound pelvic limb changes, which is not consistent with focal cervical 
compression. 

c. Etiology and pathogenesis 
(1) Etiology. The etiology of EDM is unknown but is thought to be related to in- 

appropriate vitamin E levels or metabolism in some horses. The roles of he- 
reditary, congenital, toxic, and nutritional factors have not been determined, 
but the disease resembles heretodegenerative diseases in humans. The dis- 
ease appears to be associated with increased dependence on hay as the sole 
diet and with animals that are not allowed much grazing time on fresh 
forage. 1 

(2) Pathogenesis. The neurohistopathology of EDM indicates a degenerative pro- 
cess throughout the nervous tissue that is more pronounced in the thoracic 
segments of the spinal cord. There is diffuse neuraxonal degeneration of nu- 

1 

clei in the brain. Clinically, the signs are restricted to symmetrical abnormali- 
ties in the posture and gait of all four limbs. 

d. Diagnostic plan and laboratory tests 
(1) Clinical signs and age may suggest EDM, but there is no antemortem 

method to differentiate patients from other "wobblers," except by elimina- 
tion of other causes of ataxia. 1 - . 

(2) Cervical radiography i s  normal in affected animals. 
e. Differential diagnoses. The main differential diagnosis is cervical vertebral.mal- - 

formation. 
f. Therapeutic plan. No curative treatment is available, and signs will plateau. 

However, high doses of vitamin E have been shown to be effective in preventing 
the progression of clinical signs and may play a role in prevention in animals at 

. . 
a. Patient profile and histoty 

(1) Patient profile. This spinal disease affects horses ages 2-7 years, particularly 
Standardbreds and Thoroughbreds. EPM has been frequently noted in racing 
and breeding animals, with males and females equally affected. Serologic 
evidence suggests widespread exposure to this parasite in the eastern and 
Midwestern United States, and it is likely that most horses that are seroposi- 
tive have mounted an immune response and cleared the organism before it 

risk. 
g. Prevention. Supplemental dietary vitamin E (up to 6000 IU/day) can be given to 

related young horses at risk. Because there may be a genetic factor involved, se 
lective breed~ng may be advisable. 

3. Eauine orotozoal myeloencephalitis (EPM) 

reached the CNS. 
(2) History. EPM may appear as a mild lameness in the hind limbs that has de- 1 

i 

fied localization. . . 
b. Clinical findings. Signs may occur suddenly or insidiously. 

(1) Clinical signs can be varied, with a history of ataxia, stumbling, falling while 
being transported, or notable limb weakness. Gait abnormalities may be 
asymmetric. Mild cases may manifest only as ill-defined hind limb lameness, 

(2) Muscle atrophy of isolated muscle groups, most commonly noted in the glu- 
teals, suprascapular, and masseter areas or tongue, have been identified as 
being highly suggestive of EPM because the disease can result in LMN defi- 
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c. Etiology and pathogenesis 
(1) Etiology. EPM is associated with a coccidian parasite, Sarcocystis falcatula. 
(2) Pathogenesis. 5. faicatuia is a parasite that has an obligate two-host life 

cycle; the definitive host being opossums, and the intermediate host being 
birds. The disease is sporadic but can occur in several animals in the same 
locale, and the incidence of disease is said to follow closely the geographic 
range of opossums. 
(a) The parasite encysts in the muscle of birds and when this tissue is eaten 

by opossums, the organism undergoes sexual reproduction in the intes- 
tinal epithelium and is  shed as infective oocysts in the feces. 

(b) Horses are an aberrant intermediate host for the parasite. Sporocysts are 
ingested and although tissue cysts do not develop, some of the parasites 
spread as tachyzoites to the CNS, where they continue to undergb asex- 
ual reproduction in neurons and microglial cells. Because cysts do not 
form, horses cannot transmit 5. falcatula to other animals. 

d. Diagnostic plan and laboratory tests. Diagnosis is based on clinical signs, re- 
sponse to treatment, and recently, analysis of CSF for the presence of antibodies. 
A CBC and biochemistry panel are invariably of little value. 
(1) Clinical signs of an asymmetric ataxia with LMN involvement may aid in a ' 

diagnosis, but they may not be present. 
(2) Response to treatment. A response to empiric therapy with an antiprotozoal 

agent [see Il l  A 3 e (I)] aids in differentiating EPM from other spinal cord dis- 
orders. 

(3) CSF analysis 
(a) Presence of antibodies. Recently available serologic tests can provide 

evidence of exposure to this protozoan parasite. Furthermore, detection 
of antibodies in the CSF is highly suggestive of intrathecal production of 
antibodies as a result of nervous tissue infection. However, any blood 
contamination of the CSF sample can give a false-positive result in a se- 
rologically positive horse. 

(b) Presence of S. falcatula DNA. Testing the CSF for the presence of the 
parasite's DNA can also be done and provides a highly sensitive test for 
early EPM infections. 

(c) other findings. Mild xanthochromia, a slight increase in protein level 
(80-100 mgldl), and a moderate pleocytosis (10-100 leukocytesld, con- 
sisting primarily of mononuclear cells) may be noted. 

(4) Postmortem findings. Gross necropsy findings may include focal areas of 
hemorrhage or discoloration in the brain and spinal cord. A multifocal, nec- 
rotizing, nonsuppurative myeloencephalitis is seen. Protozoal organisms may 
be seen in 50% of the cases. 

e. Therapeufic plan. Some animals may respond quickly within a few weeks, 
whereas others may require months of treatment. There may also be no response 
to therapy. 
(1)  ~ntiprotozoal treatment 

(a) By extrapolation from the treatment of toxoplasmosis in humans, af- 
fected horses have been treated successfully using long-term medication 
with trimethoprim-sulfadiazine (15 mg/kg twice a day), combined with 
pyrimethamine (0.25 mgikg orally every 24 hours). Both of these drugs 
impair folic acid metabolism. 

(b) When treating with folic acid antagonists, frequent hernograms should 
b e  evaluated because of a reduction in hematopoiesis. Folic acid supple- 
mentation (e.g., by adding brewer's yeast to the feed) may be needed i f  
thrombocytopenia or anemia becomes a clinical problem. 

(2) Corticosteroids are contraindicated because of their immunosuppressive 
properties. 

f. Prognosis The prognosis for recovery is fair to good (50%-75%) with appropri- 
ate treatment, but depends considerably on the severity and duration of clinical 
signs when the disease is first identified. A good prognostic indicator is a rapid 
response to antiprotozoal treatment in the first 2 weeks. 



tail may be noted. 
(4) Weakness of the tongue, jaw, or pharynx and vestibular signs can also 

i 
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occur, but are less common. 
c. Pathogenesis. EHV-I myeloencephalitis may be an immune complex disease. 

(1) EHV-1 infection causes abortion and neurologic disease possibly because of 

4. Equine herpesvirus 1 (EHV-1) myeloencephalitis 
a. Patient profile and history 

(1) Patient profile. Horses of any age, breed, or sex can be affected. 
(2) History. There may be a recent history of Upper respiratory tract infectton 

(see Chapter 6 11 A 3 b) or abortion problems on the farm. 
I b. Clinical findings 

(1) Ataxia. There is usually an acute onset of weakness and ataxia (in one or all 
limbs) or even recumbency. Usually the hind limbs are symmetrically af- 
fected. These signs may vary in severity from slight involvement to peracute 
tetraplegia, wh~ch quickly stabilizes. 

(2) Fever at 39°~-40.50~ may be present, along with distal limb edema. 
(3) Urinary incontinence, bladder distention, and hypotonia of the anus and 

its tropism for endothelium. 
(2) The myeloencephalitis is primarily a vasculitis that affects both the gray and 

white matter of the brain and spinal cord. 
d. Diagnostic plan and laboratory tests 

(1) CSF analysis. The CSF often has a markedly xanthochromic appearance, 
with elevated protein levels (1 00-500 mgfdl), but cell counts are generally 
within normal limits. These findings are highly suggestive of the vasculitis. 

(2) Serology. Paired serum titers to EHV-1 showing a fourfold rise is good cir- 
cumstantial evidence of EHV-1 involvement. Preexisting EHV-1 serum-neu- 
tralizing titers do not appear protective and may even be required for the 
neurologic form of the disease. 

e. Differential diagnoses. The differential diagnoses are the same as those for CVM 
[see Ill A 1 el. 

e. Therapeutic plan 
( 1 )  Thiabendazole. Suggested treatments of a 10-times the normal dose of thia- 

bendazole for 2 consecutive days has been suggested, but this drug is no 
longer commercially available. 

(2) lvermectin can be given but is unlikely to cross the blood-brain barrier to 
reach the larvae. 

(3) Corticosteroids should be given in conjunction with a larvicide drug to de- 
crease inflammation after killing the parasites (0.1 mglkg dexamethasone 
every 12 hours for 2 days). 

f. Prognosis. As in other spinal cord diseases, the prognosis for recovery is 
guarded, and the long-term use of the horse for riding should not be expected. 

.. - - ~~~ 

f. Therapeutic plan 
( I )  Stall rest. Slightly affected animals that remain standing usually recover un- 

eventfully with 2-3 weeks stall rest. Recumbent animals are less likely to r e  
cover. 

(2) Extensive nursing care is needed to prevent secondary complications of pres- 
sure sores, cystitis, and hypostatic lung congestion. Heavy bedding, sterile 
urinary catheterizations, and frequent rolling of the animal are necessary for 
success. If practical, slinging may help. 

(3) Corticosteroids. The use of corticosteroids has been suggested by some au- 
thors because the process in the CNS is thought to be immune mediated. 
However, corticosteroid administration is controversial because of the drug's 
immunosuppressive effects and particularly because EPM may be a possible 
diagnosis. 

g. Prognosis. For the mildly affected animal, the prognosis for recovery is good. 
h. Prevention, Vaccination against EHV-1 may be beneficial, but the efficacy of 

vaccination against the neurologic form has not been proven. 

5. Cerebrospinal nematodiasis 
a. Patient profile. This disease occurs sporadically, affecting any age, breed, or sex. 
b. Clinical findings. Ataxia, weakness, and head signs vary with migratory sites. Af- 

fected horses may be depressed and anorectic. 
c. Etiology and pathogenesis. Several parasites have been found in the CNS in a{! 

mals with this disease, including Strongylus vulgaris, Hypoderma species, Setana 
species, Draschia species, Micronema species, and Parelaphostrongylus specis 
Malacic tracts are found along the migratory path. The cause of these aberrant 
migrations i s  not known. 

d. Diagnostic plan and laboratory tests. The main method of diagnosis is finding , 
elevated eosinophil counts in the CSF. Other laboratory tests are generally nondl- 
agnostic. 

c. Etiology and pathogenesis 
(1) Etiology. This disease is caused by the CAE virus, a retrovirus that is antigeni- 

cally similar to the Maedi-visna viruses in sheep. 
(2) Pathogenesis. Perinatal horizontal spread results from close contact, particu- 

larly from colostrum and milk. 
d. Diagnostic plan and laboratory tests 

(1) Serological tests 
(a) CSF samples show a mononuclear pleocytosis with protein elevation. 
(b) ACID test. Serum can be tested for presence of antibody to CAE by the 

ACID test. This is useful for testing exposure in  a herd, but is of little di- 
agnostic value for an individual animal. 

(2) Postmortem finding. At necropsy, the neural lesions are mainly restricted to 
the white matter. Marked demyelination, perivascular cuffing with rnononu- 
clear cells, and parenchymal infiltration with macrophages are seen on histo- 
pathology. 

e. Therapeutic plan. There is no effective treatment for the ascending paralysis. 
f. Prevention. Control of the disease may be accomplished by separating infected 

animals from the herd. The CAE virus is passed to the kids through colostrum 
and milk; therefore, newborn kids should be separated from the dam at birth and 
fed a safe source of colostrum or pasteurized milk. 

Y 

2. Swayback (enzootic ataxia) 
a. Patient profile. This disease occurs in newborn sheep, growing lambs, kids, and 

posslbly piglets. 
b. Clinical findings. The course of the disease depends on the age of the animal at 

presentation. 
(1) Newborn animals may be born dead or weak, or they may develop a pro- 

gresslve, ascending paresis and ataxia. Newboms usually die in 3-4 days. 
(2) Older animals that are affected may live for 3-4 weeks. LMN signs of 

' 
Food animal 

1. Caprine arthritis-encephalitis (CAE; see also Chapter 13 111 D) 
a. Patient profile. This disease affects young goats, usually between the ages of 1 

and 4 months, but occasionally is seen in adults. Often, more than one kid is af- 
fected over a period of time. 

b. Clinical findings. The incidence of subclinical disease is high. Approximately 
80% of clinically normal animals are positive on agar gel immunodiffusion 
(ACID) test for CAE. 
(1) In kids affected with the neurologic form, there is ascending paresis and 

ataxia, usually beginning in  one or both hind limbs and progressing to tetra- 
plegia. The animal is bright, alert, and responsive. Spinal reflexes remain in- 
tact, which indicates UMN disease. Mild LMN signs (such as hyporeflexia, 
blindness, head tilt, and facial nerve paralysis) may occur as the disease pro- 
gresses. The clinical course of the disease can be 7-14 days. 

(2) In adults, infection generally results in chronic arthritis. Joint distention and 
hard udders may be seen in adults belonging to affected herds. 

(3) In the arthritic form, there is chronic polyarthritis in adult goats (see Chapter 
13). 
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hypotonia, muscle atrophy, and depressed reflexes are present and highly 
sumestive of the disease. Animals ages 3-1 2 weeks show progressive ataxia 
of& pelvic4imbs. 

(3) Sheep exhibit weakness, recumbency, and blindness. Ewes are unthri*, ane- 
mic. and have a mar fleece. Diarrhea, spontaneous fractures, and acute .. -, - 
death also may be seen in ewes. 

c. Etiology and pathogenesis 
(1) Etiolow. Swayback is the result of copper deficiency, which may cause hy- 

pomyeiinogenesis and porencephaly in utero. 
(2) Pathogenesis 

(a) Swayback develops in lambs, kids, and piglets that are born to dams 
that either have a copper deficiency or an increase in copper antago- 
nists. such as molybdenum, sulfate, and cadmium. 

(b) ~ e s d l t i n ~  neurologic damage 
(i) Cavitations of the cerebral white matter, chromatolysis, and myelin 

degeneration in the brain stem and spinal cord may be found on ne- - 
cropsy. 

(ii) At the cellular level, neuroaxonal defect, myelin degradation, and 
death of the neuron cell body are found. 

d. Diagnostic plan and laboratory tests 
(1) The neurologic findings of ataxia and weakness with LMN changes in 

lambs, kids, or piglets are highly suggestive of swayback. 
(2) Blood and tissue copper levels confirm the diagnosis. Unaffected herd mates 

should also be sampled to determine copper levels of the whole farm. 
(3) CSF samples are normal. 

e. Differential diagnoses include CAE, listeriosis, and cerebrospinal parelaphostron- 
gylus. 

f. Therapeutic plan. Copper injections may be followed by some improvement but 
the neuroloeic deficits are likely permanent. . - 

~ " 
g. Prognosis. The prognosis for recovery is very poor. 
h. Prevention. The pregnant animals in the herd should receive injedable copper, 

or be provided adequate copper in the ration. Orally administered oxidized cop 
per wire or cupric oxide particles, produced for cattle and sheep, may be the 
most areferred mode of prevention because they provide a sustained supply of 
blood copper. 

3. Vertebral body abscess 
a. Patient prohie and history 

(1) Patient profile. This disorder occurs most commonly in young farm animals, 
particularly cattle, sheep, goats, and swine, but it can also occur in foals. 

(2) History. Omphalophlebitis or pneumonia is a common historic or clinical 
finding. In lambs, these abscesses are commonly associated with the dock- 
inn of tails. 

b. clinical f inding 
(1) Affected animals may be observed to have neck or back pain and ill thrift. 

There may be a sudden onset of cervical or back pain, with or without pro- 
gressive paresis. 

(2) If a pathologic fracture has occurred, there is paresis, with lesion localiza- 
tion to the site of the abscess. At this site, there may also be heat, pain, or 
swelling, but it can also be nondetectable externally. 

c. Pathogenesis Septicemic infection in young animals may localize in vertebral 
bodies, particularly in the thoracic region in calves. Otherwise, any site on the 
vertebral column can be involved. 

d. Diagnostic plan and laboratory tests 
(1) Clinical signs are suggestive of spinal cord damage. 
(2) A CBC may also be suggestive of an inflammatory process, with a neubo 

philia and increased fibrinogen. 
(3) A CSF sample can show evidence of compression, with xanthochmmia and 

mild increases of protein and cell content. However, CSF can also be nor- 

ma1 because the septic process is usually external to the dura of the spinal 
canal. 

(4) Radiography and myelography may be rewarding when diagnosing young 
animals. 

e. Therapeutic plan. Euthanasia is indicated for all but the most valuable animals. 
However, high-dose, long-term antibiotic therapy can be attempted for animals 
of considerable value if the owner wants to continue treatment. 

f. Prognosis. Recovery is unlikely when clinical signs are obvious, particularly if t - there is a pathologic fracture. 

I 

R-SCULAR ~lswsl 

Tetanus 

1. Patient profile and historv 
a. patient profile. All fa& animals, including horses, swine, cattle, sheep, and 

goats, can develop tetanus. Horses are most susceptible to the neurotoxin, an8 
cattle are least susceptible. 

b. History. Affected ani'mals may have a history of sustaining a penetrating wound 
in the 3 weeks previous to the onset of clinical signs. 

I 
" 

2. Clinical findines " 
a. Early signs include stiffness, muscle tremors, increased spastic reflex responses to 

stimuli (e.g., hand clap, head tap), and difficulty chewing, swallowing, or pre- 
hending feed. 

b. Later signs. As the disease progresses, the animal takes on a sawhorse stance, 
with elevated ears and tailhead. The animal exhibits "flashing" of the third eye- 
lid, increased jaw tone, and extreme sensitivity to external stimuli, which can in- 
duce violent muscle spasms. Cattle can also show mild bloat 

c. Terminally, the animal falls into lateral recumbency, has opisthotonos, and ewn- 
tually suffers respiratory failure, causing death. These animals die 5-10 days fol- 
lowing the appearance of clinical signs. 

3. Etiology and pathogene& 
a. Etiology. ~ e t a n 6  is caused by the toxins of Clostridium tetani, a gram-positive 

facultative to obligate anaerobe. 
b. Pathogenesis 

(1) Route of infection 
(a) Tetanus organisms (i.e., spores) are in the animal's environment and usu- 

ally enter the body through penetrating or contaminated wounds (e.g., 
retained placenta, puncture wounds to the foot in hones, elastrator 
bands for tail docking or castration). 

(b) The wound site must have some tissue trauma and lack oxygen for the 
spores to grow. Signs can occur any time from 1-3 weeks post injury or 
occasionally longer. 

(c) In ruminants, it is postulated that toxin may be produced in the gastroin- 
testinal tract. 

Neurotoxin migration. C. tetani produces a neurotoxin that migrates along 
nerve fibers and in blood and lymph fluid from its site of production. This 
neurotoxin acts on four regions of the nervous system: the motor end plate 
of skeletal muscle, the inhibitory interneurons of the spinal cord, the brain, 
and the sympathetic nervous system. The inhibitory internwrons predomi- 
nately involve the antigravity (extensor) muscles; thus, the signs of tetanus re- 
flect the overactivity of these muscles. 

4. Diagnostic plan. The diagnosis is made on the clinical signs of hyperesthesia to ex- 
ternal stimuli. Demonstrating circulating neurotoxin is not feasible and isolation of 
the organism from contaminated wounds is difficult 
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5.  Differential diagnoses may include hypocalcemic tetany of mares, hypomagnese- 
mic tetany of cattle and calves, acute laminitis of horses, or PEM of cattle. 

6. Therapeutic plan 
a. Tetanus antitoxin (TAT). Toxin neutralization using TAT is  a key part of treat- 

ment. Although TAT cannot penetrate nerve fibers or cross the blood-brain bar- 
rier, it i s  administered in an attempt to bind any circulating toxin outside the 
CSF. 
(1) Doses range from 50,000 IU to 300,000 IU given intramuscularly or intrave- 

nously every 12 hours (it must be given within 10 hours of clinical signs). 
(a) In adult horses, 50 ml of CSF is withdrawn from the atlanto-occipital 

(AO) site, and a similar volume of TAT (1000 IUIml) is injected. 
(b) In a foal, 30 ml is used. Also, 150 mg of methyl prednisolone succinate 

may be administered intrathecally, along with the TAT, to decrease irrita- 
tion. 

(2) The use of intrathecal TAT is controversial. Though some authors report suc- 
cess with intrathecal treatment, others report convulsions and death. 

b. Cleansing the wound. Another component of treatment is to prevent further ab- 
sorption of newly-formed toxin by thorough debridement and cleansing of the 
wound to allow oxygenation, which ensures a hostile environment for clostridial 
growth. 

c. Sedatives. Uncontrolled muscle spasms and rigidity can be dontrolled through 
the use of sedatives (e.g., acetylpromazine, detomidine) or muscle relaxants 
(e.g., glyceryl guaiacolate). 

d. Supportive care involves a heavily bedded, dark stall, minimal manipulation, 
fluid and electrolyte balance, and bowel and bladder evacuation. Cotton plugs 
in the ears decrease noise stimuli. A tracheostomy tube should be available for 
placement if laryngospasm occurs. 

e. Penicillin. C. tetani i s  sensitive to penicillin. High doses given intravenously may 
h e l ~ .  

7. Prognosis. The response to treatment in horses and small ruminants is poor but cat- 
tle frequently recover. Recovery from clinical tetanus does not confer immunity. 

8. Prevention 
a. Vaccination. A good vaccination program successfully prevents the disease. 
b. Boosters with toxoid and antitoxin should be given at times of penetrating 

wounds. 
c. Proper care and hygiene for tail docking and castration instruments is necessary. 

TJ mul ism 

. 1. Patient profile. Adult cattle, sheep, and horses are periodically affected by botu- 
lism, whereas swine appear to be quite resistant. Outbreaks may occur in cattle that 
are given new batches of oats, rye, or corn silage, or the big grass bale silage. Foals 
1-3 months old can also have a form of the disease called shaker foal syndrome. 

2. Clinical f inding 
a. In oeracute cases, there is sudden death with no premonitory signs. . 
b. In acute cases, there is an abrupt onset of flaccid paralysis or tetraparesis that 

has no association with systemic illness or trauma. 
(1) A progressive muscular weakness and paralysis may begin with weakness 

and ataxia and progress to the inability to rise. Muscle tremors and fascicula- 
tion associated with the weakness may be marked. Flaccid paralysis contin- 
ues until the animal dies of respiratory arrest. 

(2) Consciousness and sensation are retained until death. Affected animals a p  
pear to have normal sensation but depressed reflexes. 

(3) Urine retention, ileus with constipation, and tachycardia are reported in 
cattle. 

(4) Head signs can include pupillary dilation, tongue paralysis, and dysphagia. 
Dyspnea and cyanosis may also be noted, which are likely the result of im- 
paired respiratory muscle function. 
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c. Foals with shaker foal syndrome are vigorous and rapidly growing, usually be- 
tween 1 and 3 months of age. 
(1) The main complaint is that they spend time lying down and walk with a 

stilted gait. As the disease progresses, the animal can only stand a few min- 
utes at a time before trembling and falling. 

(2) These foals have a slab-sided appearance because of the paralysis of the in- 
tercostal muscles. 

(3) Terminally, inhalation pneumonia may occur. 

3. Etiology and pathogenesis 
a. Etiology. Botulism is  caused by the effects of one of eight serologically distinct 

neurotoxins produced by Clostridium botulinum. Two syndromes are recognized 
in botulism toxicity: forage poisoning and toxicoinfectious botulism in foals. 
(1) In forage poisoning, affected animals have ingested the preformed toxin in 

spoiled feed (with a pH greater than 4.5) or feed that has been contaminated 
with carrion. Dried poultry waste, sometimes used as a protein source or 
bedding for cattle, is another source of the toxin. Outbreaks also happen 
with new batches of oat, rye, and corn silage and by bale grass silage (anaer- 
obic environment). 

(2) Toxicoinfectious botulism of foals is caused by the colonization of C. botuli- 
num type B in the gastrointestinal tract with subsequent toxin production 
within the intestine. 

b. Pathogenesis. The neurotoxin causes muscle paralysis by blocking exocytosis of 
acetylcholine at the presynaptic membrane of the neuromuscular junction. Thus, 
only skeletal muscle i s  affected, resulting in flaccid paralysis. When the toxin 
has bound to the neuromuscular junction membrane, it must be metabolized be- 
fore function can be regained. 

4. Diagnostic plan 
a. The clinical signs of acute onset of flaccid paralysis in the absence of other dis- 

ease or trauma is highly suggestive of botulism. Decreased tongue tone may be 
prominent. 

b. Because the toxin is so potent there is usually too little circulating toxin in large 
animals to be detected by laboratory methods. Samples of the feed ingested 
should be obtained and submitted to specialized laboratories for detection of the 
preformed botulinum toxin, where extraction and mouse inoculation can be per- 
formed. 

5. Therapeutic plan 
a. Supportive care. There is no effective antidote when the toxin has bound to the 

neuromuscular junction. Therefore, mildly affected animals require supportive 
care to allow time for toxin metabolism. 
(1) Nutritional and fluid support can be administered via nasogastric tube, and 

urinary catheterization may be required. 
(2) Recumbent animals. If the animal is recumbent, it should be kept in deep 

bedding and rolled frequently to prevent muscle ischemia. 
b. Therapeutic agents 

(1) Mineral oil and sodium sulfate. Any toxin that may be in the gastrointestinal 
tract can be eliminated more quickly by administering mineral oil or sodium 
sulfate. 

(2) Activatedcharcoal may also be given to absorb the toxin within the gastroin- 
testinal tract. 

(3) Antitoxin administration may be beneficial to neutralize the circulating 
toxin that has yet to reach the neuromuscular junction, but these products 
are extremely expensive. 

6. Prognosis. The prognosis for recovery when signs are observed i s  poor. 

7. Prevention 
a. Vaccination against C. botulinum type B appears to be effective in areas where 

foals are affected (e.g., Kentucky). 
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b. Removal of the source. In forage poisoning, the source of the toxin must be 
found and eliminated because there is no available vaccine. 

C. 1 Eauine motor neuron. disease 
-I ' 

1. Patient profile. This recently-described disease affects adult horses between ages 2 
and 25 years. This disease may be overrepresented in Quarter hones and is more 
commonly described in the northeastern United States. 

2. Clinical findings include a marked weight loss, despite a ravenous appetite. This 
sign is preceded by an acute onset of fine muscle fasciculations, coarse trembling of 
limb muscles, and a tendency to lie down. 

3. Etiology and pathogenesis 
a. Etiology. Neither toxic nor infectious causes are yet ruled out. 
b. Pathogenesis. The clinical signs occur because of neurogenic muscle atrophy, in 

which there is weakness but no loss of proprioception. There is a widespread de- 
generation of somatic motor neurons in the ventral horn of the spinal cord. The 
changes noted are similar to amyotrophic lateral sclerosis (ALS) in humans. 

4. Diagnostic plan and differential diagnoses. There is no definitive antemortern test; 
thus, it is important to rule out more treatable diseases, such as rhabdomyolysis, 
white muscle disease, and botulism. 

5. Therapeutic plan and prevention. Because little is known of the pathogenesis of 
this disease, there are no guidelines for successful treatment or prevention. a Periodic spasticity of cattle (barn cramps) 

- 

1. Patient profile. This disease affects mature cattle (3-7 years old) of both sexes and 
all breeds, especially Holstein-friesian and Guernsey bulls. 

2. Clinical findings 
a. Initial findines. In affected cattle, there are intermittent spastic contractions of -. 

the muscles gf the back, neck, and legs. Attacks may last for several minutes. 
b. Progression of the disease may be accompanied by weight loss, increased recum- 

bency, and prolonged spastic periods. 

3. Etiology and pathogenesis. The etiology is unknown, but the disease is thought to 
be inherited as a single autosomal-dominant gene of incomplete penetrance. There 
is no significant neuromuscular pathologic change. 

4. Diagnostic plan. Clinical signs are usually sufficiently characteristic to determine 
the diagnosis. 

5. Di8ferential diagnoses. Periodic spasticity must be differentiated from spastic pa- 
resis, trauma to the CNS, hypomagnesemia, and lameness problems. 

6. Therapeutic plan. No effective treatment is available, but mephenesin may control 
severe signs for some weeks. 

7. Prognosis. Complete recovery never occurs, and the signs are usually progressive. 

8. Prevention. Because there may be a genetic association to this disease, there can 
be selection pressure placed against the occurrence of the disease, but this is un- 
likely to occur. 

3 Stringhalt, lathyrism, and shivering 

1. Patient profile. Shivering is a condition described most often in draft horses, 
whereas any breed of adult horse can be affected by stringhalt or lathyrism. 

2. Clinical f inding 
a. In stringhalt, there is an abrupt onset of excessive flexion of the h i n d l w  that 

mav progressively worsen. This can occur as an outbreak, particularly when re- 
lat&l.to ;he ingestion of sweet pea plants (lathyrism). 

b. In shivering, there are mild muscle tremors to the hind quarters and tail that 
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occur with movement. Signs are exaggerated when the horse is  asked to back 
up. Some horses are unable or unwilling to back up. It may be impossible to lift 
the hind legs. 

1 
3. Etiology and pathogenesis. Many causes have been proposed for these problems, 

but the underlying feature is likely some alteration of the neuromuscular spindle 
. . and gamma efferent fibers to alter the control of muscle tone. 

4. Diagnostic plan and differential diagnoses. Diagnosis i s  based on clinical signs, 
which must be differentiated from upward fixation of the patella. 

5. Therapeutic plan. There is no treatment, and even muscle relaxants have not been 

1 
useful in relieving the signs. Horses with stringhalt should be removed from access 
to any toxic plants. I 

6. Prognosis. The prognosis i s  unfavorable for shivering, but many cases of horses with 
sporadic stringhalt slowly improve with time. 

1 ,  ' m- PERIPHERAL NERVE DISORDERS 

Spastic paresis (Elso heel, bovine spastic paralysis) 
i 

1. Patient profile. This disorder occurs in calves at 6 weeks to 8 months of age. The 
Holstein breed is more frequently affected, but spastic paresis can be seen in other 
breeds. 

2. Clinical findings 
a. Gait change. Affected calves walk with straight hind limbs with the angle of the 

hock close to 180°, but there is no pain associated with this gait change. Usually 
one hind limb is more severely affected, causing it to be held extended behind 
the calf at rest, swinging like a pendulum, and bearing little weight. 

b. As the disease progresses, there is gluteal atrophy and a raised tail head. The gas- 
trocnemius and Achilles tendon are tense. Involuntary leg jerking may occur, 
and there is an arched back, flexion of the carpi flex, and weight loss. 

- 3. Etiology. The cause is unknown, but certain famous sires (e.g., Elso 11, hence the 
name Elso heel) have been suggested as genetic carriers of this problem. Environ- 
mental factors may also contribute. 

1 4. Diagnostic plan. Diagnosis i s  made based on clinical signs and the absence of pain. 

I 5. Differential diagnoses. Spastic paresis must be differentiated from gonitis, dorsal lux- 
ation of the patella, tarsitis, and fractures. 

6. Therapeutic plan. Partial or total tibia1 neurectomy is the treatment of choice and is 
esthetically pleasing. 

7. Prognosis. The prognosis for recovery is poor without some intervention. / Sorghum cystitis and ataxia 

I 1. Patient profile and history. This disorder can occur in any age or breed of h o w  
with a history of ingesting sorghum ensilage, fodder, or grain. 

I 2. Clinical findings. The main clinical sign is cystitis with urinary incontinence and 
urine scalding. There may also be ataxia, which becomes exaggerated when the ani- 
mal i s  backed up or turned. 

3. Etiologyand pathogenesis. Ingestion of the growing Sorghum plant may result in 
mortality due to the high cyanide or nitrate poisoning. The cause of the cystitis and 
ataxia is unknown, but white-matter degeneration was observed in the spinal cord. 

4. Diagnostic plan. Diagnosis is based on the clinical signs of cystitis and urinary in- 
continence, accompanied by access to Sorghum. 
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5. Therapeutic plan. There is no effective treatment. 1 
6. Prognosis. When s-igns are present, the prognosis is grave. a Faciovestibular nerve disease in  horses 

d 
1 

1. Patient profile and history. All reported cases of this disease have been in mature 1. 
horses (older than 4 years). Many cases have involved aged horses, and there is usu- 
ally no history of trauma. 

2. Clinical findings. There i s  an acute onset of unilateral paralysis of the facial and ves- ] 
tibular nerves. 
a. The facial nerve signs include an ear droop, ptosis, muzzle deviation, or all of 

these signs. Exposure keratitis of the affected eye may occur. 
b. Vestibular nerve signs include head, body tilt, or both; reluctance to move; and 

ataxia of the limbs (with limbs on the ipsilateral side of the lesion more flexed 
than the contralateral limbs). Disturbances of balance due to the vestibular 
changes can be accentuated by blindfolding the animal. 

c. General signs. Affected horses are very anxious, and the signs may progress to 1 
an inabilitv to stand. 1 

3. Pathogenesis. The neurologic signs are attributed to an acute pathologic fracture of 
the petrous temporal bone. These signs are secondary to a chronic bony prolifera- 
tion, and fusion is the result of a chronic otitis media. When fusion has occurred, a 
transfer of forces from tongue movement may be enough to cause a fracture of the 
petrous temporal bone, which may extend into the cranial vault near the internal 
acoustic meatus. Damage of cranial nerves VII and Vlll occurs here. 

4. Diagnostic plan and laboratory tests 
a. Skull radiographs reveal a thickening of the shaft of the stylohyoid bone, extend- 

ing to the temporohyoid articulation. 
b. Endoscopy of the guttural pouches may also illustrate a thickened stylohyoid 1 

bone. i 
5. Differential diagnoses include central vestibular disease caused by abscess or 

tumor, EPM, trauma, and otitis. 
6. Therapeutic plan. Prophylactic antibiotic therapy has been suggested but i s  only of 

limited success. 
7. Prognosis. The prognosis for recovery is guarded, but affected horses can compen- 

sate visually for vestibular deficits over time. 

4 Radial nerve paralysis 
1. Patient profile. All species of any age can incur this nerve damage. 
2. Clinical findings 

a. In partial paralysis, there is an inability to advance the limb, but if the foot is 
placed, then the animal can support its weight. 

b. In total paralysis, there is a "dropped" elbow and an inability to advance the 
limb. The animal cannot bear weight, and skin sensation over the dorsal and me- 
dial aspects of the metacarpus and phalanges is reduced. 

3. Etiology. Injury to the nerve frequently occurs when heavy animals are restrained in 
lateral recumbency without adequate padding. The nerve injury may also be caused 
by a fractured humerus or a severe blow to the lateral aspect of humerus. 

4. Diagnostic plan. The neurologic examination reveals changes of radial nerve defi- 
cits. 

5. Therapeutic plan. Rest and time may be beneficial for recovery. Following acute ra- 
dial nerve injury, it is advisable to administer some form of anti-inflammatory agent 
to decrease local tissue swelling around this nerve. 

S u p n a p l b r  paralysis (weeny) 
1. Patient profile. Draft horses that pull in harnesses or cows that are crowded through 

a narrow opening can readily damage the suprascapular nerve. 

2. Clinical findings. The most prominent changes noted include atrophy of supraspi- 
natus and infraspinatus muscles. The stride may be shortened, but weight bearing is 
unaffected. 

3. Etiology. This injury was seen in draft horses that wore heavy collars. Crowding 
through a doorway may result in trauma to this area. 

4. Diagnostic plan. The neurologic examination, which reveals selected muscle atro- 
phy, is usually sufficient for diagnosis. 

5. Therapeutic plan. Apart from the use of anti-inflammatory drugs for trauma, surgical 
creation of a notch in the scapula has been a suggested treatment, as has the re- 
moval of any entrapped tissue. 

6. Prognosis. The prognosis is guarded, but some acutely affected animals sponta- 
neously recover. 

Obturator-sciatic paralysis 

1. Patient profile. This is a common calving injury that is seen most often in heifers. 

2. Clinical findings. Cows and heifers exhibit various degrees of hind limb ataxia, with 
wide displacement of the hind limbs and frequent kicking of the hindleg. The paral- 
ysis is usually'bilateral, with uncontrolled abduction of the hind limbs and recum- 
bency, followed by an inability to rise. Provided no other injury is present, there a p  
pears to be normal sensation to the hind limbs. 

3. Etiology and pathogenesis. This paralysis occurs predominately in cattle at parturi- 
tion as a result of calving trauma. Both the obturator and the L6 branch of the 
sciatic nerve innervate the adductor muscles of the hind limbs, incurring trauma dur- 
ing calving. 

4. Therapeutic plan. Tying the hind limbs approximately 1 meter apart prevents exces- 
sive abduction and often enables an animal to stand. Muscle massage and rolling 
the recumbent animal helps decrease decubital ulcer formation. 

3 Cauda equina neuritis (polpewitis q u i )  

1. Patient profile and history 
a. Patient pmfile. This relatively uncommon problem occurs in horses and is re- 

ported as urinary and fecal incontinence, possibly with colic or rubbing of the 
tail head. The disease affects adult horses, with no breed or sex predilection. 
There is a wide age range, although it has not been reported in foals or aged 
horses. 

b. History. A recent vaccination or respiratory illness has been a frequently-men- 
tioned aspect of reported cases. 

2. Clinical findings 
a. The initial findings on physical examination are urine scald to the perineum, o b  

stipation, and broken tail head hairs. On inspection of the tail region, there is a 
ring of hypersensitivity surrounding an area of analgesia. A loss of tail tone with 
paralysis of the bladder, rectum, anal sphincter, and penis or vulva is evident. 

b. A head tilt and facial paralysis are possible but uncommon. 
c Pelvic limb gait abnormalities, if present, are subtle. 

3. Pathogenesis. This granulomatous inflammatory disease occurs at the level of the ex- 
tradural nerve roots and may be an autoimmune disease. Some horses have been 
found to have circulating antibodies against P2 -myelin protein. Postmortem exami- 
nation reveals a thickened and fibrotic cauda equina. A similar but less severe reac- 
tion may occur at the cranial nerve level. 

4. Diagnostic plan and laboratory tests 
a. Clinical signs of localized hyperesthesia with analgesia around the tail region are 

typical for cauda equina neuritis. 



b. The CSF sample may be normal or may have some protein and cellular in- 
creases, but this test cannot conflrm the disease. 

c. Biopsy. A caudal epidural biopsy is required for antemorten5 diagnosis. 

5. Differential diagnoses. A thorough rectal examination should be done to rule out a 
fractured sacrum, the most important differential diagnosis for such clinical signs. 

6. Therapeutic plan and prognosis 
a. Supportive care. With supportive care of regular bowel and urinary bladder 

evacuation, affected horses have been maintained for up to 1 year. 
b. Euthanasia. The signs progress, despite glucocorticoid treatment, and necessitate 

euthanasia. 

1 
DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
followed by answers or by completions of the statement. Select the ONE numbered answer 
or completion that is BEST in each case. 

1. Which one of the following statements re- 
garding listeriosis is true? 

(1) It is known as a circling disease when it 
affects cattle and horses. 

(2) Heavy silage feeding is a particular risk 
factor because the cool acid conditions 
(i.e., a pH less than 4.5) favor growth. 

(3) The changes in the brain are usually mul- 
tifocal microabscesses, which can cause 
several cranial nerve deficits as well as 
depression. 

(4) The organism gains entrance to the ner- 
vous tissue by intestinal penetration and 
embolization to cause multifocal brain ab- 
scesses. 

(5) When signs are evident in cattle, the ani- 
mals are unlikely to respond to treatment. 

2. Regarding pseudorabies or rabies in large 
1 animals, which one of the following state- 
, ments is true? ' 

( 1 )  All farm animals can be affected by both 1 pseudorabies and rabies. 
(2) Pigs can cany the pseudorabies virus, 

/ with adults showing mild or subclin~cal 
signs. 

(3) Similar to rabies, pseudorabies is spread 
primarily by direct bite wounds from In- 

I 

fected animals. 
(4) Both pseudorabies and rabies are sporadic 

1 rare diseases across North America. 
1 (5) Both pseudorabies and rabies are caused 
I 

by antigen~cally sim~lar rhabdoviruses. 
I 

3. Which one of the following statements re- 
garding some central nervous system (CNS) 
diseases of the horse is correct? 

(1) In arboviral encephalitis, such as eastern 
or western equine encephalitis (EEE, 
WEE), the main source of spread is mos- 
qui to~ that have ingested the viruses from 
clinically ill horses. 

(2) Yellow star thistle can cause rigidity of 
muscles of mastication in the horse, but 
signs in cattle are photosensitization. 

13) Equine encephalitis viruses can also affect 
people; thus, an infected horse should be 
treated by isolation. 

(4) Equine viral encephalitis occurs mainly in 
summer months in northern climates. 

(5) Russian knapweed toxicity in horses can 
result in starvation because of the induc- 
tion of paralysis of pharyngeal muscles. 

4. Which statement regarding the slow virus 
diseases in large animals [i.e., scrapie and bo- 
vine spongiform encephalopathy (BSE)] is cor- 
rect? 

(1) Both diseases have a long incubation pe- 
riod, with the spread mainly via contami- 
nated animal feeds. 

(2) Neither disease occurs in the animal popu- 
lation of North America. 

(3) Of the two diseases, BSE is currently of 
more economic and public health signifi- 
cance. 

(4) Both diseases cause a characteristic in- 
tense pruritus and emaciation as key clini- 
cal abnormalities. 
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5. Regarding tetanus and botulism in large an- 
imals, which one of the following statements 
is correct? 

(1) Horses are highly susceptible to both tox- 
ins, with clinical disease occurring in cat- 
tle, sheep, and pigs being progressively 
more common. 

(2) For both botulism and tetanus, the admin- 
istration of specific antitoxin serum can 
neutralize the toxin at the site of binding. 

(3) A horse that recovers from clinical tetanus 
is subsequently immune to this disease. 

(4) Diagnosis of botulism in a cow is usually 
made by the demonstration of botulinum 
toxin in the serum. 

(5) Botulism in large animals has been associ- 
ated with feeding newly made silage or 
big round bale silage, whereas pasture-in- 
duced hypomagnesemia could be mis- 
taken for tetanus. 

.6. When comparing swayback (enzootic 
ataxia) to caprine arthritis encephalitis (CAE), 
which one of the following statements is cor- 
rect? 

(1) Swayback occurs in newborn lambs, 
whereas paresis from CAE is seen only in 
kid goats. 

(2) Swayback exhibits lower motor neuron 
(LMN) signs with hyporeflexia and de- 
pressed reflexes, whereas CAE is mainly 
seen with upper motor neuron (UMN) 
signs. 

(3) CAE has no cure, but, because swayback 
i s  caused by copper deficiency, replace- 
ment of copper stores allows affected 
lambs to retum to normal. 

(4) Both swayback and CAE are mainly associ- 
ated with intrauterine processes or infec- 
tion. 

7. Which one of the following statements re- 
garding equine protozoal myeloencephalitis 
(EPM) is correct? 

(1) The causative organism has been identi- 
fied as Sarcocystis falcatula, a parasite 
whose definitive host is the opossum and 
whose intermediate hosts are birds. 

(2) The parasite only encysts in the central 
nervous system (CNS) of horses by acci- 
dent; thus, this parasite only poses a risk if 
the nervous tissue is eaten by the defini- 
tive host. 

(3) The presence of antibody to the parasite 
in the cerebrospinal fluid (CSF) is defini- 
tive proof of CNS infection in a seroposi- 
tive horse. 

(4) The drugs of choice are amprolium or spi- 
ramycin (another coccidiostat). 

(5) Experimentally, the signs of disease first 
occur when the parasite is undergoing de- 
struction by the immune system within 
the CNS. 

8. Which set of neurologic diseases in large 
animals warrants isolation of diseased animals 
to prevent the spread to others in the herd or 
flock? 

(1) Bovine spongiform encephalopathy (BSE), 
rabies, equine protozoal myeloencepha- 
litis (EPM) 

(2) Pseudorabies, listeriosis, nervous cocci- 
diosis, eastern equine encephalitis (EED 

(3) Caprine arthritis encephalitis (CAD, 
scrapie, equine herpesvirus-1 , EPM 

(4) Equine degenerative myelopathy (EDM), 
thromboembolic meningoencephalitis 
CrEMB, CAE 

(5) Pseudorabies, CAE, rabies 

9. Which set of neurologic signs and their 
corresponding etiologies is correct? 

(1) In horses that have ingested yellow star 
thistle or Russian knapweed, there may be 
an acute onset of flaccidity of the muscles 
of mastication, resulting in a characteristic 
grimacing expression of the facial muscles 
with drooping lips and nostrils. 

(2) For leukoencephalomalacia in horses, 
corn being fed with large amounts of Fu- 
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10. Which one of the following statements re- 
garding the clostridial diseases in large ani- 
mals is  correct? 

(1) Botulism is caused by the effects of one of 
eight serologically distinct neurotoxins 
that causes muscle paralysis by blocking 
acetylcholine at the presynaptic mem- 
brane of the neuromuscular junction. 
Thus, botulism affects only skeletal 
muscle. 

sariurn species is  a strong suggestion of (2) In botulism caused by forage poisoning, af- 
the diagnosis in  up to 80% of cases. feaed animals have ingested the pre- 

(3) In hepatic encephalopathy of large ani- formed toxin in spoiled feed (with a pH 
mals, affected animals are most com- less than 4.5) or feed such as new batches 
monly neonates because of portosytemic of oat, rye, and corn silage or bale grass si- 
shunts, with signs of depression, head lage that has had oxygen damage. 
pressing, and yawning that may wax and (3) The diagnosis of botulism requires the 
wane depending on the amount of time demonstration of a circulating toxin in 
since eating. large animals, and samples of the feed in- 

(4) With vitamin A deficiency, there can be gested seldom have the toxin identified. 
peripheral blindness in calves, with absent (4) Tetanus i s  diagnosed based on the clinical 
pupillary light reflexes and dilated pupils signs of hyperesthesia to external stimuli, 
in severe cases. These signs are likely the a demonstrating circulating neurotoxin, 
result of the distortion of bone develop- and the isolation of the organism from 
ment involving the optic nerve. contaminated wounds. 

(5) In cauda equina neuritis, initial physical (5) Clostridium tetani produces a neurotoxin 
examination findings include urine scald, that migrates along nerve fibers and in 
bladder and tail paralysis, and a central blood and lymph fluid from its site of pro- 
area of hypersensitivity surrounded by a duction and acts mainly at the neuromus- 
ring of analgesia in the tail region. cular junction to cause muscular spasms. 
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1. The answer is 3 111 D 3 a-cl. The changes 
in the brain are usually multifocal microab- 
scesses. Horses are not commonly affected. 
Decaying organic matter and spoiled silage 
with a pH  more than 5.0 favor growth. The 
causative organisms enter via abraded buccal 
mucosa. The prognosis with antibiotic therapy 
is fair to good in cattle. 

2. The answer is 2 [I1 D 5 a-b; 6 a]. Adult 
pigs show mild signs when carrying the pseu- 
dorabies virus. Not all animals can be af- 
fected by both diseases; hones are the excep- 
tion for pseudorabies. Pseudorabies is spread 
by  contact with abraded skin or through the 
respiratory tract. Pseudorabies is exotic to Can- 
ada, and both rabies and pseudorabies can be 

'more prevalent in certain geographic locales. 
Pseudorabies is a herpes, which thus can be- 
come latent 

3. The answer is 4 [I1 D 7; 8 b]. Because 
equine encephalitis is spread by  insects, dis- 
ease occurs in the summer months in north- 
ern climates. The reservoirs for arboviral en- 
cephalitis are birds, not mosquitos. Yellow 
star thistle can cause rigidity of muscles of  
mastication in the horse, but cattle are unaf- 
fected. Infected horses do not pose a risk, 
though people can get this infection. Russian 
knapweed toxicity can cause horses to starve 
because of  rigid muscles of mastication, not 
paralysis. 

4. The answer is 3 [I1 E 1 c; 2 a]. Bovine 
spongiform encephalopathy (BSE) is of more 
significance because of the large-scale slaugh- 
ter of mature cattle and the possible link to 
human dementia. Scrapie is thought to be con- 
tracted mainly from vertical or horizontal 
spread. Scrapie occurs sporadically and is 
found in sheep flocks. Pruritus is only promi- 
nent in scrapie. 

5. The answer is 5 [IV A 1; B 1, 31. Cattle are 
the least susceptible to tetanus but are highly 
susceptible to botulism. When bound, the 
toxin must be metabolized. There is insuffi- 
cient toxin from clinical tetanus to induce im- 
munity. The amount of circulating botulinum 
toxin is usually insufficient for detection. 

6. The answer is 2 1111 B 1 c; 2 a-c]. Swav. 
back also occurs in kids and p~glets. The neu- 
rologic damage in swayback is most likely per- 
manent and wil l  not be cured hv the 

. .  . 

The arlswer is  1 [VIII B 3, 41. Botulism af- . I", ,..L -" -. 

i fed only skeletal muscle. ~ & d  is spoiled 
above pH  4.5, and the toxin needs an anaero- 1 bic environment. There is too little circulating 
toxin for detection, SO feed samples are pre- I ferred for testing. culture from the wound is 
difficult, and it is not readily possible to dem- 

-, ...- 
replacement of copper. CAE is mainly Spread 
by ~ostnatal contact through colostrum or 
milk. 

7. The answer is  1 [Ill A 3 cl. The causative 
organism has been identified as Sarcocystis fa\ 
catula. There appears to be no encysting; 

i 
thus, there IS no Infective stage from the 
horse. Serum contamination of the cerebrospi. , nal fluid sample could give false-positlve re- 
sults. The drugs of choice are pyrimethamlne 
and sulfas. The parasite causes cell neuronal 
and microglial damage independently, and 
the immune reactlon In the CNS 1s not vlgor- i 
ous or rapid. 1 

! 
8. The answer is 5 111 D 5, 6 c; Ill B 1 c]. 
Pseudorabies, caprine arthritis encephalitis 
(CAE), and rabies can be spread from infected 
animals. Bovine spongiform en~ephalopath~ 
(BSE) is spread in feedstuffs and equine proto- 

t I 
zoal myelitis (EPM) is not spread from horses. 1 
Nervous coccidiosis is sporadic and is only as- 1 
sociated with coccidiosis, and equine encep 
alitls virus is a "dead-end host" in the horse 
CAE, scrapie, and equine herpesvirus-1 can 
theoretically be spread through contact, but 
EPM is not spread from horses. Equine dege~. 
erative myelopathy (EDM) is a noninfectious I 

disease related to vitamin E problems, and 1 
thromboembolic meningoencephalitis TTEW 
is not thought to be infectlous from an in- 
fected animal (although it can be carried in 
other animals). 

9. The answer is 4 [I1 D 1 o b-c]. With vita- 
min A deficiency, there can be peripheral 

i 

blindness in calves, with absent pupillary lighl 
reflexes and dilated pupils in severe cases. 
Signs include rlgid muscles and lips that are 
drawn back, not drooping features. This mold 
(Fusarium) can be found in up to 80% of Sam- 
ples. Hepatic encephalopathy is uncommon 
in neonates and is usually seen in adult am- 

i 
mals. There is a central area of analgesia sur- 
rounded by a ring of hypersensitivity 

1 
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onstrate a toxin in circulation because most 
toxins are bound. The main site of action is at 
the inhibitory interneurons of  the spinal cord. 
The inhibitory interneurons predominate in- 
volve the antigravity (or extensor) muscles, 
and, thus, the signs of tetanus reflect the over- 
activity of  these muscles. 
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Chapter 12 

Ophthalmologic Disorders 
john Pringle 

-OF THE CORNEA 

4 Corneal ulceration. Corneal ulcers are one of the most challenging therapeuticproblems 
In equine medicine but present much less of a problem in food animals. Loss of vision is 
often disastrous to horses, which often have athletic performance expectations. 

1. Patient profile and history. Corneal ulceration can occur in any animal regardless of 
age, breed, or sex. Of the large animals, horses with corneal ulcers are the most chal- 
lenging to successfully treat. This chapter is directed to the equine, with the under- 
standing that principles of diagnosis and treatment in the other large animal species 
can be similar. 

2. Clinical findings. Animals with ulcerated corneas exhibit blepharospasm, epiphora, 
and often are photophobic. These animals also may appear head shy and reluctant to 
allow physical examination of the head region. 

3. Etiology and pathogenesis. Ulcers result from mechanical injury (e.g., entropion in a 
foal) toxic, infectious, or chemical insults to the cornea, exposure (e.g., moribund 
septic foals), or decreased tear production. Corneal ulcers can heal without incident 
or rapidly progress to corneal perforation. 

4. Diagnostic plan. Early diagnosis is invaluable for optimal success in treating equine 
corneal ulcers. 
a. Fluorescein dye staining. Although some corneal ulcers present with an obviously 

visible breech in the normally clear uniform surface of the cornea, the eyes of ani- 
mals with any signs of ocular pain (e.g., blepharospasm, lacrimation) should be 
stained with fluorescein dye to detect ulceration. 
(1) Applying the stain often requires restraint in the form of a b i t c h  or by chemi- 

cal means. 
(2) If damage to the cornea is only superficial, the site retains fluorescein only 

minimally, whereas complete loss of the epithelium results in the appearance 
of a focus of brilliant green at the ulcer site. 

b. Cram stain and culture and sensitivity testing. While the animal is restrained, 
other diagnostic samples can be taken, including a corneal scraping for a Cram 
stain and a culture and sensitivity evaluation to assist in guiding treatment 

c. Staging. It is also useful in horses to stage the ulcer according to size, depth, and 
involvement of surrounding corneal tissue. This guides both how aggressive the 
treatment should be and the prognosis. 
(1) Stage 0 i s  a healing or static superficial ulceration. 
(2) Stage 1 is a superficial ulcer of one-third or less of the corneal thickness. The 

ulcer has distinct, healthy edges. 
(3) Stage 2 ulcers are large or deep ulcers of more than one-third the corneal 

thickness with moderate to marked corneal edema. Inflammatory infiltrates 
and keratomalacia also may be present in animals with stage 2 ulcers. 

(4) In stage 3 ulcers, corneal perforation is present or imminent 

5. Therapeutic plan 
a. Pharmacologic therapy 

(1) Although antibiotics may not be necessary in the most superficial of corneal 
ulcers (stage 0), they are usually incorporated in the treatment regimen and 
are essential in many cases because the site can readily become infected. 
(a) Broad-spectrum antibiotics (e.g., the triple antibiotic combination of baci- 

tracin, neomycin, and polymyxin 0) or products with gentamicin or 
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chloramphenicol (except in food animals for the latter) can be used every 
4-6 hours. 

(b) Antifungal agents. Corneal ulceration sometimes may be slow to respond 
to treatment or may worsen despite apparently adequate treatment. In 
such cases, it is important to repeat scrapings and cultures of the ulcer be- 
cause mycotic infection of the site may occur, particularly with the dis- 
ruption of the balance of normal flora of the eye caused by concurrent 
treatment with broad-spectrum antibiotics. Most fungi can be readily seen 
by routine staining techniques. Specific antifungal drugs (e.g., micona- 
zole, ketoconazole, natamycin) must then be used for ocular treatment. 

(c) Applying topical treatment. There may be difficulty applying topical med- 
 cation because the horse resists treatment or the stage of the ulcer may 
necessitate treatment on an hourly or every second hour schedule. For 
these cases, it is preferable to use a continuous-flow subpalpebral lavage 
system so that medication is  administered at a site away from the head 
through the lavage tube. For these systems, it i s  essential to factor in the 
volume of medication the tube holds to ensure that an appropriate 
amount of drug reaches the eye. Additionally, because a lavage system is  
usually left in place for up to several weeks, strict anention to sterile tech- 
nique in handling the medication and to sterility of the injection port is 
essential. 

(2) Atropine is also a key treatment because of its invaluable cycloplegic and 
mydriatic effect, which decreases the pain of ciliary spasm and reduces syn- 
echia formation when given every 6-1 2 hours daily. 

(3) Other adjunct treatments include the installation of collagenase and protease 
inhibitors, such as acetylcysteine and disodium ethylenediamine tetraacetic 
acid, to reduce corneal destruction by microorganisms. Serum can also be 
used topically to provide some of the humoral defenses to this site. 

b. In addition to pharmacologic treatment, it i s  essential to remove any mechanical 
causes that predispose to ulcer formation (e.g., exposure and drying of the eye in 
an ill foal) or any other mechanical cause of the ulcer (e.g., foreign bodies in the 
conjunctiva, entropion). 

c. Debridement and surgery. If necrotic tissue is present in the ulcer, debridement 
of the ulcer edges can be performed using a cotton swab containing dilute povi- 
done-iodine. However, this should not be performed if there is a desmetocele, 
which indicates that corneal perforation is imminent. In this case, surgery is indi- 
cated. Support for desmetoceles, or large ulcers, can be managed using a third 
eyelid flap or a conjunctival flap, the latter being preferred if there is danger of 
corneal perforation. The conjunctival tissue provides maximum direct support, a 
direct blood supply, and a source of fibrovascular tissue. 

6. Prognosis. With early and appropriate treatment, many cases of corneal ulceration 
can be successfully managed. However, prognosis depends on several factors, includ- 
ing the rapidity of diagnosis and specific treatment, tractability of the animal, owner 
compliance, and the organisms involved. 

3 Conjunctivitis 

1. Keratoconjunctivitis 
a. Patient profile. infected animals show signs of increased lacrimation, blepharo- 

spasm, and conjunctival hyperemia. 
b. Etiology. There are several causes of the disorder in large animals. 

(1) In foals, keratoconjunctivitis can be associated with adenovirus infection. 
(2) In older horses, the disorder can be associated with infections such as equine 

viral arteritis, equine herpesviruses, and with Moraxella equi. 
(3) In sheep and goats, associated infections include Chlamydia psittaci in sheep 

and Mycoplasma agalactia in goats. 
c. Therapeutic plan. The infectious causes of keratoconjunctivitis are usually tran- 

sient. Affected animals recover either without treatment or with the use of a short- 
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term ophthalmic antibiotic ointment. The exception to this is infectious bovine rhi- 
notracheitis (IBK). 

2. Infectious bovine keratoconjunctivitis (IBK) 
a. Patient profile and history. Also known as "pinkeye," this infectious ophthalmia 

is observed mostly in young animals and peaks in incidence from mid-June to 
mid-August, coinciding with fly season. Hereford cattle and their crosses are the 
most susceptible. 

b. Clinical findings 
(1) Initial signs include serous lacrimation from one or both eyes, photophobia, 

and blepharospasm. The central part of the cornea usually becomes opaque 
from edema and cellular infiltrates, after which ulceration of the cornea is  
common. 

(2) If untreated, some cases progress to corneal perforation with resulting painful 
panophthalmitis, glaucoma, and blindness. However, if corneal neovasculari- 
zation reaches the ulcer before perforation, corneal healing quickly proceeds, 
although a permanent corneal scar can remain, appearing as a white or grey- 
ish opacity in the central cornea. 

c. Etiology, risk factors, and pathogenesis 
(1) Etiology. This disease is caused by MomelIa bovis, which may exist in the 

nares of carrier host cattle and can be spread by vectors such as the face fly 
Musca autumnalis. In addition to insect vectors, the organism is transmitted 
by direct contact, aerosols, and fomites. 

(2) Risk factors 
(a) Development of the disease is  enhanced by ultraviolet radiation damage 

to the cornea, which lowers the resistance of the comea to colonization 
of M. bovis. This is probably the reason that cattle with pigmented nicti- 
tans and eyelids are more resistant to infection than nonpigmented cattle, 

(b) Other predisposing factors include vitamin A deficiency or mecnanical 
irritants to the eye (e.g., high dust or pollen counts, trauma from tall 
grass on pastures). ' ,  I 

(3) Pathogenesis. The organism M. bods has a piliated phase that i s  necessary 
for attachment, and the nonpiliated phase is apparently harmless. When the I 
organism has begun growing on the cornea, a bacterial cytotoxin initiates cor- 
neal lesions, and deep ulcers follow as a result of the interaction between the 
host's immune system and the bacterium. 

d. Diagnostic plan and laboratory tests. Most cases of IBK are readily diagnosed by ' ? 

the appearance of blepharospasm and tearing associated with developing corneal 
opacity. Bacterial culture from a swab of the conjunctival sac aids in ruling out 
other systemic diseases such as infectious bovine rhinotracheitis (IBR) or bovine 
malignant catarrh (BMO [see Chapter 6 11 B 6 a, fl, both of which can cause simi- 
lar signs, though both eyes are usually equally affected in such cases, and sys- 
temic signs are also present 

e. Therapeutic plan. In clinical situations, treatment only occurs when the comea 
has already become ulcerated or shows neovascularization. Many cattle, how- 
ever, heal on their own before corneal ulceration occurs. Therefore, the cost of 
treatment needs to be weighed by the client against the adverse implications of 
this disease, which include decreased growth and milk production and disfigure- 
ment of cattle resulting in decreased value of feeder calves. Also, the humane as- 
peas of appropriate care for the animals should be considered. 
(1) Treatment goals include ridding the eye of M. bovis, shortening recovery 

time, and preventing permanent damage to the eye. 
(2) Local treatment 

(a) Antibiotic. Therapy is usually effective with most of the commonly used 
antibiotics, the exceptions being cloxacillin, streptomycin, and tylosin. 
For convenience of administration, mastitis preparations often are used. 
Medication is instilled in the conjunctival sac every 8 hours (often less fre. 
quently by the client) for several days. Both eyes should be treated at the 
same time. 
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(b) Cattle with ulcerated eyes also benefit from the instillation of 1% atro. 
pine ointment every 8 hours for 2-3 days to decrease the pain of cilian/ 
spasm, but this i s  seldom incorporated into treatment. 

(c) Providing there is  corneal neovascularization, a subconjunctival dose of 
penicillin G (1 ml) with dexamethasone (1 mg) can be highly effective in 
both treating the infection and hastening clinical recovery. This treatment 1 can be repeated in 3 days if needed, but this should not be used in 

I horses. 
(3) Systemic treatment. Other methods of treatment include placing eye patches 

over the ulcerated eye to protect it from exposure and the systemic adminis- 
tration of oxytetracycline (long acting). Systemic penicillin does not appear to 
be effective because it does not pass readily into lacrimal secretions. 1 . (4) Surgery. For deep corneal ulcer, a third eyelid flap may be considered, and 
where severe ulceration and globe rupture has occurred, enucleation may be 
necessary. 

I 
I f. Prevention 
! (1) Carrier animal reduction. Because M. bovis is thought to persist in a herd in 

the nasal cavities of carrier animals, prevention is possible by reducing the 
number of carrier animals. Two treatments with long-acting tetracyclines ad- 
ministered intramuscularly 72 hours apart reduces the severity of ocular infec- 

! tion and eliminates most carrier infections. Early aggressive treatment of clini- 
! cally affected animals is important to reduce the spread of M. bovis. 

, .  (2) Vaccination. A vaccine that induces secretory antibody (immunoglobulin A) 
against the pili antigens is available and is  reported to lower herd morbidity. 

I (3) Elimination of insect vectors. Another important component of preventing dis- 
ease spread is  to reduce number of insect vectors, such as the face fly, that 
can rapidly inoculate many cattle in the herd. 
(a) Fly control measures should be initiated early in the season to prevent a 

.:  I , ~ . ~  buildup of fly populations. Manure should be stored and disposed of in 

I ' ' . I  

such a manner as to minimize the sites for incubating fly larvae. 
, , (b) Individual animal fly control can be managed with insecticide-containing 

I . ; '  , 
, : 1 . '  ear tags or by placing dust bags with insecticide in traffic areas. 

FJ Ocular trauma 

1 :  
1. Patient profile and history. As in corneal ulcers, the signalment of animals with ocu- 

;:, , , lar trauma is  highly variable. Blunt, nonpenetrating injuries to the globe are generally 
less alarming than penetrating or perforating injuries. 

2. Clinical findings 
a. Signs. Depending on the extent of the damage, signs of trauma vary from mild 

contusions and abrasions to severe globe perforations or protrusion of the third 
eyelid. Chemosis, blepharospasm, and epiphora follow as a consequence of the 
damage. 

b. Stages. As in horses with corneal ulcers, the extent of trauma can be staged for 
purposes of treatment and prognosis. 
(1) Stage 0 represents a minor injury with no corneal damage. Although there 

may be uveitis, there is no hyphema or damage to the posterior chamber. 
(2) Stage 1 trauma has minor corneal damage, mild hyphema, and uveitis, but 

again there i s  no damage to the posterior chamber. 
(3) A stage 2 injury is more extensive with severe, nonperforating, corneal dam- 

age, severe hyphema, and lens luxation or subluxation. Although the injury 
extends into the posterior chamber, there is neither retinal detachment nor 
ocular nerve damage. 

(4) In stage 3, there is perforating ocular injury as well as retinal detachment and 
optic nerve damage. In these cases, saving the eye is unlikely no matter what 
the treatment. 

3. Diagnostic plan 
a. Diagnosis relies mainly on visual inspection of the eye along with evaluating all 
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visible structures with a bright light and an ophthalmoscope for lens and retinal 

' 1 " "  appearances. 

i b. Consensual pupillary response is used for assessing retinal optic nerve involve- 
ment. A miotic pupil in the affected eye carries a more favorable prognosis than a 
dilated pupil (a miotic pupil may still respond to light, whereas a dilated pupil 1 , -  does not). 

4. Therapeutic plan 
i a. Lacerations. Large lid lacerations should be sutured to prevent excessive scarring 
1 or abnormal lid conformation, and the periorbital tissues should have cold com- 

presses applied for the first 24 hours to reduce swelling. 1 ' .  

(1) Conjunctival lacerations and subconjunctival hemorrhage usually heal'read- 
ily by second intention. 

1 (2) All corneal lacerations and perforations should be regarded as stage 2 or 
stage 3 emergencies. If the anterior chamber has not been entered, treat the 

I eyes with topical antibiotics and cycloplegics as for a corneal ulcer. Healing 
is usually rapid and suturing not necessary. In more severe lacerations with 

1 penetration into the eye, there is a high risk of permanent damage, and these 
cases are best referred to a specialist. 

I b. Hyphema i s  treated with corticosteroids and mydriatics (see II A 5 a) because 
! there is  usually a concurrent iridocyclitis. However, if corneal ulceration has oc- 

i 
curred, corticosteroids should not be used, and a nonsteroidal anti-inflammatory 
drug (NSAID), such as flunixin meglumine, can be administered. Stall confine- 
ment limits exercise and exposure to bright light. Topical antibiotics are indi- 
cated, and where penetrating wounds are present, systemic antibiotics will be 

I needed. In hyphema that is unexplained or appears excessive in relation to the de- 
gree of trauma, clotting disorders should be ruled out. 

m-~ THE "VEAL TMCT A N D  OPTIC NERVE 1 
Periodic ophthalmia [equine recurrent uveitis (EIU), moon blindness]. Inflammation 
within the eye, called uveitis, can result in signs of tearing and blepharospasm without 
ulceration. Under this general heading of uveitis are anterior uveitis, which incorporates 
iridocyclitis (inflammation of iris and ciliary body); posterior uveitis, which involves cho- 
roiditis with or without ciliary body involvement, endophthalmitis, or inflammation of 
the intraocular structures (i.e., uvea, retina, vitreous); and panophthalmitis, which in- 
cludes all the above structures and the sclera. 

1 

L 

1. Patient profileand history. Uveitis in large animals is most commonly seen in 
horses. ERU IS the leading cause of blindness in horses. Horses with ERU have re- 
peated bouts of ocular pain, which are usually manifested as severe blepharospasm, 
photophobia, and epiphora. Visual function may be impaired, particularly with ocu- 
lar damage from repeated episodes. 

i 2. Clinical findings. Examination of the eye reveals circumcomeal injection of blood 

I 

vessels, conjunctival hyperemia, and corneal edema consistent with uveitis. Shining 
a bright light into the anterior chamber shows an aqueous flare, which is caused by 
cells or fibrin In the anterior chamber. The pupil is constricted (miotic), and there is 
often iridal congestion or neovascularization, which causes an apparent color and 
texture change to the iris. 
a. Early in the acute stage, there is slight photophobia and epiphora. The eye will al- 

ready be hypotonic (decreased intraocular pressure). Other ocular findings can in- 
clude catarrhal conjunctivitis and vitreal haze. 

b. After 2-3 days, hypopyon may be obvious with fibrin in the anterior chamber. A 
secondary ~nterstitial keratitis (corneal edema) develops as well as conjunctival 
and circurncorneal congestion, and these precipitate and exudate in  anterior 
chamber. The eye is soft (hypotonic) and very painful to palpation. Photophobia, 
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miosis, and epiphora continue, and vision i s  impaired if there is  bilateral involve- 
ment. 

c. I f  untreated, there ma); be permanent damage caused by cataracts, lens luxation, 
retinal damage, or phthisis bulbi. 

d. Sequelae. Resolution of the ocular inflammation also results in the abatement of 
clinical signs of ocular pain. However, sequelae to repeated bouts of uveitis may 
be present. These include posterior and/or anterior synechia, corneal opacity, 
cloudy vitreous, cataracts, pigmented opacities on the anterior lens capsule (from 
posterior synechiae that have broken loose from the lens), and atrophy or ab- 
sence of corpora nigra. Fundoscopic examination is important because it may de- 
tect characteristic retinal lesions of peripapillary alar depigmentation and detach- 
ments or "butterfly lesions." 

3. Etiology and pathogenesis 
a. Etiology. There are numerous possible causes of ERU. The initial stimulus for ocu- 

lar inflammation can vary from infectious to immune mediated to traumatic, with 
infectious causes getting the most attention. However, an etiologic diagnosis is 
often not possible. 
(1) Various microbial antigens have been implicated as the cause of ERU (e.g., 

leptospirosis, brucellosis, Streptococcus, equine influenza, Toxoplasma, Chla- 
mydia, Mycoplasma). Infections caused by Leptospira species are most com- 
monly associated with ERU. 

(2) Microfilariae of the parasite Onchocerca cewicalis are also a factor in some 
cases of ERU. The dead or dying microfilaria become immunogenic, whereas 
the live filaria are often found in the horses with no inflammation. 

b. Pathogenesis. When there is a host response to the antigens in the ocular struc- 
tures, the inflammatory cells (e.g., eosinophils, PMNs, mononuclear cells) and var- 
ious mediators of inflammation (particularly prostaglandins) alter vascular perme- 
ability and participate in ocular inflammation. The disrupted ciliary epithelium 
and altered vascular permeability allow leakage of protein and fibrin into the eye. 
This inflammation can be reactivated by the antigens or trauma. Vascular altera- 
tions with repeated episodes include endothelial hyperplasia, endothelial hypertro- 
phy, and fibrosis. Glaucoma can occur secondarily to uveitis, but this is uncom- 
mon in large animals (see II B). 

4. Diagnostic plan 
a. A history of previous ocular disease or injury is ohen available, which is suffi- 

cient to establish the diagnosis when combined with the typical signs of uveitis in 
the absence of ulceration. 

b. Laboratory studies. Measurements of paired serum titers and aqueous titers to Lep- 
tospira, Toxoplasma, or Brucella species may help, with anterior chamber titers 
being higher than serum titers. If Onchocerca is involved, diagnosis can be aided 
by a biopsy of the perilimbal conjunctiva, in which microfilaria may be observed 
orthe eosinophils found infiltrating the tissue. 

5. Therapeutic plan. Early detection and treatment is important to prevent serious ocu- 
lar sequelae. Specific systemic infections, such as leptospirosis, should be treated, 
but usually horses with ERU have no evidence of systemic illness. 
a. Atropine and corticosteroids. Atropine (administered every 2-4 hours at 

0.5%-1% ointment or as a 3% solution) has mydriatic and cycloplegic effects. Re- 
lief of the ciliary spasm helps reduce ocular pain. In the absence of corneal ulcer- 
ation, corticosteroids also are indicated to reduce the ocular inflammatory re- , 
sponse. Topical treatment with both atropine and corticosteroids can be 
attempted, but the horse often is  in too much pain to allow this; therefore, sub- 
conjunctival injections or a subpalpebral lavage system can be used. 

b. Antiprostaglandins administered systemically (e.g., fl unixin meglumine at 1.1 
mg/kg every 24 hours intravenously, intramuscularly, or orally; phenylbutazone at 
3-6 mg/kg orally or intravenously every 12 hours; aspirin 25 mg/kg orally every 
12 hours) inhibit the release or activity of prostaglandins that are partially respon- 
sible for ocular inflammation. 

c. Microfilaricidal treatment is indicated if the ERU i s  associated with onchocerci- 
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asis (e.g., diethylcarbamazine at 4.4-6.6 mg/kg daily for 21 days; levamisole at 
11 mg/kg orally every 24 hours for 7 days; ivermectin at 0.2 mglkg orally). This 
treatment is meant to reduce the "load" of antigen and kill microfilariae before 
they reach the eye. Because it is the dead microfilariae that elicit inflammatory re- 
sponse, anti-inflammatory drugs such as flunixin meglumine should be adminis- 
tered before parasiticide administration. Alternatively, it may be advisable to wait 
for the acute phase of ERU to subside before initiating parasiticide treatment. 

1 6. Prevention. If the diagnosis of ERU is established, the client should be advised of the 
I possibility of recurrence, unsoundness implications in the event of the future sale of 

1. affected horses, and the need for early treatment in future episodes to prevent serious 

I sequelae. 

E. Glaucoma rarely occurs in large animals but can occur secondary to structural changes 

l J  associated with ERU, uveitis, trauma, or all of these conditions. This disorder may be 
more common than reported because ocular pressures are seldom examined in these 
species. If found, management should involve treating the underlying problem, such as 

1 in ERU. Chronic glaucoma may require enucleation and placement of an intraocular sili- 
cone prosthesis. 

' 4 Equine periocular sarcoids i - 
I 1. Patient profile. There is no breed, coat color, or sex predilection, but most affected 

horses are between the ages of 3 and 5 years. 

2. Clinical findings. Sarcoids appear on other parts of the horse's skin but can be partic- 
ularly troublesome as fleshy masses around the adnexa of the eye. They can be verru- 
cous with cauliflowered edges or appear as smooth discrete nodules, or least com- 
monly, a mixture of the two types. These are the most commonly reported tumor of 
horses. 

3. Etiology and pathogenesis. The masses are fibroblastic and do not metastasize but 
are locally destructive with a high probability of recurrence. They appear to be of 
viral origin, with the viral particle similar or identical to the papilloma virus of cattle. 

4. Diagnostic plan and laboratory tests. The history and clinical appearance of the 
masses are often typical. However, a biopsy with histopathologic examination is sug- 
gested, as other skin tumors can have a similar appearance. This rules out other 
types of tumors and habronemiasis. 

, j 5. Differential diagnoses. The main differential diagnoses for these masses around the 
eye are squamous cell carcinoma (see Ill D) and habronemiasis (see Chapter 17). 

6. Therapeutic plan 
a. Surgery. Successful treatment is rare. Surgical excision is only occasionally suc- 

cessful, with up to 50% recurrence rates, often within months. The periocular Ie 
cation of some sarcoids restricts excision because of possible compromise of eye- 
lid function or disfigurement. 

b. Surgical debulking with adjunct therapy is another option, but these adjunctive 
treatments (radiotherapy, cryotherapy, chemotherapy) are also met with limited 
success. 

c. lmmunotherapy appears to be the most effective method to treat periocular sar- 
coids. 
(1) This treatment works by iatrogenic stimulation of the immune system for the 

horse to rid itself of the tumor and generally leaves no disfigurement or al- 
tered eyelid function. This form of treatment involves intralesional injection of 
bacille Calmette-Cuirin (BCG; attenuated Mycobacterium bovis), which stim- 
ulates phagocytic activity and induces a delayed-type hypersensitivity 
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response (cell mediated). The aim is to infiltrate the junction between the 
tumor and normally appearing tissue with the BCG. BCG is given every 2-3 
weeks until the lesion regresses. It takes an average of four injections for 
cure; one horse was reported to take nine injections. 

(2) Side effects. Following injection, there is localized swelling, purulent dis- 
charge, and ulceration at the site. Because there i s  a risk of fatal anaphylaxis 
with repeated injections, pretreatment with flunixin meglumine and/or pred- 
nisolone (both 1 mglkg) may be advised. 

BJ Ocular squamous cell carcinoma (SCC) 
1. Patient profile and history. This tumor occurs most commonly in older Hereford cat- 

tle or crossbreds and peaks at ages 7-8 years. It is uncommon in cattle less than age 
3 years. This disorder also occurs in high incidence in horses that are maintained at 
high altitudes and is most commonly found on the third eyelid. 

2. Clinical findings include pink, irregularly shaped fleshy masses that occur on the eye- 
lid, third eyelid, cornea, or conjunctiva. They are often ulcerated, particularly if lo- 
cated on the eyelid margin. 

3. Etiology and pathogenesis 
a. Etiology. Contributing factors are both genetic and environmental. 

(1) Predisposition to the disease in Herefords is highly heritable, but ocular SCC 
is found in other breeds (i.e., Simmentals, Holsteins). 

(2) Exposure to ultraviolet light appears to be a major causative factor. There- 
fore, risk factors include animals living at high altitudes andlor decreased lati- 
tudes where there is increased exposure to ultraviolet light. Reflection of light 
from snow, certain soil types, and irritation of eyes by wind, dust, and flies 
also are implicated as increasing the risk of ocular SCC development. 

(3) Previous episodes of IBK are suspected as contributing to the formation of 
this tumor in cattle. Fewer than 10% of these masses on the eyes of cattle are 
carcinomas (malignant). 

b. Pathogenesis. The lesions often start as a keratoacanthoma and hyperplastic 
plaques on the structures of the eye and proceed progressively to papillomas, 
then to squamous cell carcinomas. At this final stage, there is local invasion with 
or withoui metastasis. 

c. Salvage. Cattle with extensive squamous cell carcinoma may be condemned for 
human consumotion. The following antemortem and~post mortem guidelines are - -  .~ 

used for determ'ination of the disposal of the carcass.' 
(1) "Any animal found on antemortem inspection to be affected and the eye has 

been destroyed or obscured by neoplastic tissue and which shows extensive 
infection, suppuration, and necrosis, usually accompanied by foul odor, or 
any affected animal with cachexia, regardless of extent, shall be condemned. 

(2) Carcasses of animals with the eye or orbital region affected will be con- 
demned if the affection has: 
la) Involved the osseous structures of the head with extensive infection, sup . . 

puration, and necrosis 
(b) Metastasized from the eye or orbital region to any lymph node (including 

the oarotid lvmoh node), internal organs, muscles, skeleton, or other r -  - -  ~ a 

structure, regardless of the extent of the primary tumor 
(c) Been associated with cachexia or evidence of abwrption or secondary 

changes, regardless of the extent of the tumor 
(3) Carcasses of animals affected to a lesser degree than described may be ' 

passed for human food after removal and condemnation of the head, includ- 
ing the tongue, provided the carcass is otherwise normal." 

4. Therapeutic plan. There are variety of methods to treat these tumors, including surgi- 
cal excision, cryosurgery, and hyperthermia. 

'Guidelines taken from the Code of Federal Regulations, Title 9, Chapter 3, Parts 309.6, 
311.11,and311.12(1-1-87edition). . ,  

a. Surgical excision, involving removal of the mass or entire eye, can be performed 
under sedation and local anesthesia. In extensive cases the regional lymph nodes 
and salivary glands must also be removed. This i s  moderately successful and 
often used as a salvage procedure. 

b. Cryosurgery is highly successful in animals with small (less than 2 cm in diame- 
ter) tumors. Freezing the tumor may achieve part of its success by increasing the 
tumor cell antigenicity so that any remaining tumor cells are destroyed by the 
body's own immunity. Cryosurgery equipment is commercially available. The ini- 
tial cost of purchase is high but warranted if the practice area has a high preva- 
lence of bovine SCC. 
(1) This treatment involves a double freeze and thaw cycle using liquid nitrogen. 

The process requires a rapid freeze to -25OC, unaided thaw to s0C, and rapid 
refreeze. Temperature probes in the tissue during the freeze cycle can ensure 
these criteria are met. 

(2) This method has been reported to result in complete regression of 97% of tu- 
mors treated that were less than 2 cm diameter; whereas only 73% of those 
over 2 cm diameter regressed. During this procedure, other ocular structures 
need to be protected with a water-soluble lubricant and Styrofoam strips (a 
Styrofoam coffee cup makes a suitable and readily available shield). 

c. Hypertherrnia is also effective, easily performed, and an economic treatment for 
early forms of ocular SCC or large tumors that are surgically debulked before hy- 
perthermia. The technique involves using a probe that emits a radiofrequency cur- 
rent to create moderate heat. Tissues are heated to 50°C, but the tissue penetra- 
tion is only 4 mm. For treatment of appropriate sized tumors, this method has an 
80% regression rate. 

! 5. Prevention 
a. Clients should be advised of the implication of breed predisposition in SCC. They 

are unlikely to decide to change breeds because of SCC, however, and so could 
try to breed for pigmentation around the eyes. 

b. Far more important in managing this disease is early recognition and treatment of 
lesions when they are still small and circumscribed. These are often best screened 
for at the time of pregnanrtesting or branding. 

3 Entropion 

1. Patient profile. This disorder can affect up to 80% of lambs between the ages of 1 
week and 3 weeks. It is often bilateral and, if uncorrected, will result in ulceration 
and corneal vascularization. 

2. Therapeutic plan. Treatment is to evert the eyelids, either using a simple stitch or sta- 
ple in the skin of the eyelid or by injection of a bleb (0.5 ml) of antibiotic, usually 
procaine penicillin, in the lower eyelid. Even the trauma of the suturing process or 
the injection is  often sufficient to evert the eyelid. Entropion also occurs commonly 
in weak, premature or ill foals secondarily to enophthalmos. It is found as a congeni- 
tal abnormality in cattle, particularly in Herefords, and requires surgical correction to 
protect the cornea. 

3 Ectropion, or eversion of lower lid, can occur from overzealous correction of entropion 
or, rarely in foals, be a congenital abnormality. 

1 
m-AL OCULAR DISEASE. Although ocular abnormalities occur in  up to 

50°/o of stillborn calves, these disorders are far less common in live calves (2%-3% of 
births). A common abnormality is microphthalmos, which may be unilateral or bilateral ' ' and may have other associated abnormalities (e.g., cataracts). Most cases are sporadic 

? and idiopathic, and although all breeds can be affected, this disorder is more common 

i in Thoroughbreds. However, there is no proof that microphthalmos is an heritable trait, 
and in cattle, bov~ne viral diarrhea (BVD) and hypovitaminosis A are possible causes. 



Other congenital ocular abnormalities include dermoids, blockage of nasolacrimal 
ducts, corneal, iris and lens, and retinal abnormalities. 

Dermoids are focal messes that resemble skin affecting eyelid margin, palpebral and bul- 
bar conjunctiva, nictitating membrane, and most commonly the cornea. This disorder 
can occur on any newborn but i s  more likely to be found in Herefords. Surgical removal 
is the treatment. 

4 Congenital blockage of the nasolacrimal ducts appears as persistent epiphora from birth. 
Fluorescein dye can be instilled in the eye, and the lack of its subsequent appearance at 
the external nares establishes the absence of duct patency. a Comal  abnormalities are rare apart from dermoids but include microcornea, corneal 
melanosis, corneal opacities, and iridocorneal angle abnormalities. 

Iris and ciliary body abnormalities are usually of little clinical significance. - 
1. Heterochromia occurs particularly in light-colored horses, Holstein, Simmental, Lim- 

ousine, and Angus cattle. Albinism is most likely to be seen in Herefords. Aniridia, bi- 
lateral absence of the iris, occurs as an autosomal recessive defect in Belgian hones. 
Structural defects in the iris (coloboma) may be hereditary in albino Herefords. 

2. Lens changes, such as cataracts, are a common congenital ocular defect in foals. 
Both eyes usually are affected, and they are associated with microphthalmia. The pre 
cise etiology i s  unknown, but suggestions include heredity, trauma (pre- or postna- 
tal), poor nutrition, or in utero infections. There seem to be higher numbers of Ara- 
bian foals affected, but there is no proof of this being heritable. Progression of lens 
changes i s  unlikely, but if the cataracts are severe, they can interfere with vision. 

3. Retinal problems occur in horses, resulting in night blindness affecting mainly the Ap 
paloosa but also other breeds to a lesser extent. Fundic examination is normal and 
the diagnosis is based on a history of reduced vision in low light. The disease can be 
confirmed with an electroretinogram. In cattle, retinal degeneration can be present at 
birth and has been linked to in utero bluetongue infection. 

OF SYSTEMIC DISEASES 

a Exophthalmos. Whether unilateral or bilateral, exophthalmos is a hallmark of orbital dis- 
ease. Retrobulbar tumors (lympho~rcorna), chronic frontal sinusitis, or carcinomas of 
nasal cavities or sinuses are the main causes of exophthalmos. 

1 Homer's syndrome. This syndrome consists of a combination of signs that include ocu- 
lar changes of slight miosis, ptosis, and a slight enophthalmos. Other signs include ipsi- 
lateral facial warmth or sweating and, in cattle, a dry muzzle on the affected side. In 
older cattle, the cause can be a carcinoma in the nasal cavity, whereas in hones, the 
most likely cause of the signs is perivascular jugular injection, resulting in irritation to va- 
gosympathetic trunk. 

3 Other manifestation 

1. Eyelid abnormalities can reflect systemic disease, such as facial nerve palsy in listeri- 
osis, which results in an associated ptosis and exposure keratitis. Also, "flashing" of 
the third eyelid to tactile stimuli is a classic sign in tetanus. With urticaria, there is bi- 
lateral edematous swelling of eyelids along with other mucocutaneous-cutaneous 
junctions. 

2. Conjunctivitis is  particularly obvious in IBR and may be the only or the salient fea- 
ture in some outbreaks. It i s  also a component of equine viral arteritis and MCF, the 
latter of which also results in corneal edema. 

3. Changes in the uveal tract as a reflection of systemic disease are common in septice- 
mia, where fibrin or pus (hypopyon) appears in the anterior chamber of one or both 
eyes. This is particularly common in colostrum-dewrived calv~s. 

.- 

4. Blindness results from a number of systemic diseases. Vitamin A deficiency causes 
blindness with dilated, nonresponsive pupils. This i s  caused by pressure on the optic 
nerve (noted by ophthalmoscope as papilledema) that occurs because of problems in 
the bony remodeling of optic canal. 

5. Cortical blindness, blindness in the presence of light-responsive pupils, is a change 
that is associated mainly with polioencephalomalacia (thiamine responsive disease) 
but also is found in lead poisoning and in hypoglycemia that occurs in severe ketosis 
of cattle or in starving, chilled calves. 



DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
followed by answers or by completions of the statement. Select the ONE numbered answer 
or completion that is BEST in each case. 1 

1. Which one of the following statements re- 
garding infectious bovine keratoconjunctivitis 
(IBK, "pinkeye") is true? 

(1) The causative organism, Moraxella bovis , 
is frequently spread from carrier animals 
in the herd by mosquitos (Culicoides spe- 
cies) or deer flies (Tabanidae species). 

(2) The causative organism, Moraxella bovis , 
uses pili to attach itself to the cornea and 
secretes a toxin that causes corneal le- 
sions. 

(3) The clinical signs of IBK include tearing, 
photophobia, and blepharospasm, but 
there is seldom permanent ocular damage 
from this disease. 

(4) Preventive treatment is with long-acting 
penicillin to reduce the carrier state. 

(5) There are seldom adverse clinical effects, 
other than the ocular signs, associated 
with IBK. 

2. In regard to periodic ophthalmia of horses 
["moon blindness," equine recurrent uveitis 
(ERU)], which one of the following statements 
best applies? 

(1) The ocular pain and tearing are usually as- 
sociated with increased intraocular pres- 
sure. 

(2) A corneal ulcer is more likely i f  blepharo- 
spasm and corneal edema are present. 

(3) Infectious organisms (e.g., the microfilaria 
of Onchocerca cervicalis , Leptospira spe- 
cies) cause direct tissue damage, leading 
to ERU. 

(4) The treatment of this disease should in- 
clude a broad-spectrum topical antibiotic 
and a cycloplegic, but corticosteroids are 
contraindicated. 

(5) Sequelae to repeated bouts of this uveitis 
can include anterior and posterior syn- 
echia, cataracts, cloudy vitreous, and but- 
terfly lesions on the retina. 

3. Regarding ocular tumors in large animals, 
which one of the following statements is cor- 
rect? 

(1) Ocular sarcoids in horses are locally inva- 
sive tumors caused by a virus similar to 
cattle papilloma virus; they are readily 
treated by cryotherapy. 

(2) Ocular squamous cell carcinomas (SCCs) 
appear almost exclusively in Hereford cat- 
tle and their crosses. 

(3) Periocular sarcoids appear to occur in  
young horses, with no breed, coat color 
or sex predilection, whereas ocular SCCs 
occur more commonly in older cattle that 
lack pigmentation around the eyes. 

(4) In cattle with an eye destroyed by SCC 
and an ongoing localized infection, the en- 
tire head and neck must be discarded be- 
fore the carcass can be used for human 
consumption. 

(5) lmmunotherapy with intralesional bacille 
Calmette-Guerin (BCG; attenuated Myco- 
bacterium bovis ) i s  the treatment of 
choice for ocular SCC in cattle. 

4. Which one of the following statements re- 
garding ocular problems in  large animal neo- 
nates is true? 

(1) Entropion in Hereford calves and in foals 
is most likely a congenital abnormality. 

(2) Entropion in lambs can affect many in a 
flock and can be successfully treated by 
application of a stitch or staple to evert 
the lower eyelid. - 

(3) Microphthalmos in calves has been associ- 
ated with intrauterine bovine viral diar- 
rhea (BVD) infection, and in foals with 
midgestation equine herpes virus-1 (EHV- 
1) infection. 

(4) Dermoids in calves are most common in 
Holsteins; cryosurgery i s  required to pre 
vent regrowth of the masses. 

5. Conjunctivitis is a common clinical sign 
in: 

(1) Equine viral arteritis, equine influenza, 
and equine herpes virus (EHV) infection in 
horses. 

(2) Moraxella bovis infection in sheep and 
cattle. 

(3) Chlamydia psiftaci infection in sheep and 
Moraxella equi infection in horses. 

(4) Equine viral arteritis in horses and Chla- 
mydia psinaci infection in sheep. 

(5) Mycoplasma agaiactia infection in goats 
and Moraxella equi infection in horses. 

6. In a horse with a corneal ulcer that i s  slow 
to respond to conventional treatment or sud- 
denly worsens, which one of the following i s  
an appropriate course of action? 

(1) Perform a corneal scraping for cytology 
and culture; mycotic keratitis is a high pos- 
sibility. 

(2) Perform a corneal scraping for cytology 
and change to a broad-spectrum antibi- 
otic; superinfection by a drug-resistant spe- 
cies of bacteria is likely occurring. 

(3) Create a third eyelid flap to facilitate 
blood supply to the ulcer. 

(4) Perform a corneal scraping for culture, 
and while waiting for the culture increase 
the frequency of drug administration to 
every second hour. 

(5) Create a third eyelid to deprive the invad- 
ing organisms of oxygen. 

7. A 7-year-old Hereford cow has an ulcer- 
ated fleshy mass measuring 5 cm in diameter 
on the lower eyelid. The cow's eyes appear 
normal otherwise and she is in good body 
condition. Her vital signs are normal. What 
advice can you give the owner regarding treat- 
ment and the potential for salvage? 

(1) Surgical excision and immunotherapy 
with bacillus Calmette-Gu6rin (BCC, atten- 
uated Mycobacterium bovis ) is advisable; 
the cow will likely have its head and neck 
discarded if sent to slaughter. . 

(2) The eye should be removed surgically and 
the cow will likely pass for slaughter, with 
condemnation of the head and tongue. 

(3) Surgical excision and cryotherapy is ad- 
vised because the most likely tumor i s  
only locally invasive and does not spread 
to lymph nodes. 

(4) lmmunotherapy with BCG after surgical 
debulking is the preferred treatment be- 
cause the cow will be condemned if sent 
to slaughter at this time. 

8. Which one of the following statements re- 
garding entropion in large animal newborns is 
true? 

(1) In most cases, congenital entropion in 
foals should be surgically corrected be- 
cause if untreated, corneal ulceration and 
neovascularization can occur. 

(2) Entropion in calves only occurs secondar- 
ily to profound dehydration and thus cor- 
rective surgery should not be performed. 

(3) Overzealous correction of entropion can 
lead to ectropion. 

(4) Treatment is by saline injection into the 
lower eyelid margin. 



1. The answer is  2 11 B 21. The organism re- 
sponsible for infectious bovine keratoconjunc- 
tivitis (IBK, "pinkeye"), Moraxella bovis, has a 
piliated phase, during which it is able to at- 
tach to the cornea, and a nonpiliated phase, 
during which it is apparently harmless. Once 
the organism has colonized the cornea, it se- 
cretes a bacterial cytotoxin that is responsible 
for initiating the corneal lesions. Untreated 
cases of pinkeye may result in corneal perfora- 
tion and blindness. The ocular signs of this dis- 
ease are certainly most prominent, but other 
adverse effects include decreased feed effi- 
ciency and milk production. M. bovis is 
spread fmm carrier cows to susceptible ani- 
malS via the face fly (Musca autumnalis). Sys- 
temic penicillin is not an effective preventa- 
tive treatment because it does not pass into 
lacrimal secretions in high enough concentra- 
tions. 

2. The answer is 5 111 A]. Sequelae of peri- 
odic ophthalmia ["moon blindness," equine 
recurrent uveitis (ERU)] include anterior and 
posterior synechia, cataracts, cloudy vitreous, 
and butterfly lesions on the retina. Glaucoma 
(i.e., increased intraocular pressure) is rare i n  
large animals and, in fact, there is most often 
decreased intraocular pressure in animals 
with ERU. Corneal ulceration is not a feature 
of ERU. Infectious organisms (e.g., Leptospira 
species or Onchocerca cervicalis) can cause 
this disease; however, they do not do so by di- 
rect invasion. Rather, disease occurs when 
dead or dying organisms cause antigenic stim- 
ulation, leading to inflammation and pain. 
Treatment of ERU includes corticosteroids (un- 
less a concurrent corneal ulcer i s  present), 
nonsteroidal anti-inflammatory drugs 
(NSAIDs), and mydriatic qtoplegics. Topical 
antibiotics are of little value because the dis- 
ease is immune-mediated, not infectious. 

3. The answer i s  3 1111 A-Bl. Equine periocu- 
lar sarcoids are often seen in young horses, 
with no breed, coat color, or sex predilection, 
whereas ocular squamous cell carcinomas 
(SCCs) in cattle are seen most commonly in 
older cattle that lack pigmentation around the 
eyes. Although SCCs are over-represented in 
Hereford cattle, other breeds are also suscepti- 

ble, including Holsteins and Simmentals. Ocu- 
lar sarcoids in horses are difficult to treat and 
many methods, including radiotherapy, cryo- 
therapy, and chemotherapy, are met with very 
limited success. An animal with an eye de- 
stroyed by SCC and with an ongoing local- 
ized infection is unfit for human consumption 
and must be condemned. Bacille Calmette- 
Guerin (BCG, attenuated Mycobacterium 
bovis) is the treatment of choice for periocular 
sarcoids in horses, not SCC in cattle. In cattle 
with SCC, surgical treatments are the most ef- 
fective. 

4. The answer is 2 [Ill Cl. Entropion, a com- 
mon congenital condition in lambs, is not so 
common in foals and calves. In lambs, the ma- 
jority of the flock can be affected. Treatment 
entails eyelid eversion, using either a simple 
stitch or staple. Microphthalmos, while in- 
duced by infection with the bovine viral diar- 
rhea (BVD) virus in calves, is regarded as idio- 
pathic or genetic with no association with 
equine herpes virus-1 (NH-1)  infection in 
foals. Dermoids are most common in the 
Hereford breed, not the Holstein breed. 

5. The answer is 4 [V C 21. Conjunctivitis is 
often a clinical sign of equine viral arteritis in 
horses and Chlamydia psinaci infection in 
sheep. Equine influenza virus, equine herpes 
virus, Moraxella bovis, Moraxella equi, and 
Mycop/asma agalactia infection are not associ- 
ated with conjunctivitis. 

6. The answer is 1 [I A 4 a (1) (b)]. With cor- 
neal ulcers that are slow to respond or resis- 
tant to treatment, a secondary mycotic kerati- 
tis is a distinct and the most likely possibility. 
Therefore, a corneal scraping for cytology and 
culture should be performed, and the adminis- 
tration of antifungal drugs may be appropriate 
pending the results. Any treatment that in- 
creases the dose of antibiotic or closes the 
eye can potentiate fungal growth. 

7. The answer is 2 [Ill B 3 c, 41. Squamous 
cell carcinoma (SCC) is  the most likely diagn* 

" sis. The ocular and periocular involvement is 
minimal; therefore, in all likelihood, the cow 

would not be condemned (exclusive of the 
head and tongue) if sent to slaughter. The 
treatment of choice in this case is  surgical ex- 
cision of the eye. The description of the case 
does not indicate spread to other tissues, but 
the ocular SCC can metastasize to the lymph 
nodes. lntralesional instillation of bacille Cal- 
mette-GuCrin (BCG; attenuated Mycobacte- 
rium bovis) has not proven useful in the treat- 
ment of SCC. 
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8. The answer is 3 [Ill C]. Overzealous cor- 
rection of entropion will result in permanent 
eversion of the lower eyelid (ectropion). Entro- 
pion i s  not recognized as a congenital prob- 
lem in foals, but is seen as a congenital prob- 
lem in lambs and Hereford calves. Injection 
of a bleb of procaine penicillin will serve as 
satisfactory treatment for entropion, but saline 
is too rapidly absorbed to be effective. 
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b. Foals. Myopathy may occur in foals from 1 week to 5 months of age. Clinical 
expression is recumbency, difficulty in rising, trembling, unsteadiness, failure to 
suckle, polypnea, and tachycardia. A specific localized presentation occurs where 
face and neck muscles degenerate. Therefore, foals may appear to have a stiff 
neck and be unable to nurse. 

3. Etiology and pathogenesis 
a. Etiology. Although their exact relationship is unknown, dietary selenium, sulfur- 

! containing amino acids, and vitamin E work together to protect cells from oxida- 
tive damage. Therefore, a deficiency in these agents can cause nutritional myop 
athy. 

I b. Pathogenesis 
I (1) Selenium is an essential component of glutathione peroxidase (CSH-Px). 

GSH-Px detoxifies lipid peroxides by reducing them to nontoxic hydroxy fatty 

i acids. A deficiency of selenium limits the production of GSH-Px and other sel- 
enoproteins, thereby allowing a buildup of oxygen (free radicals), which 
causes cellular destruction. 
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A. Nutritional myopathy in young animals 

l J  1. Patient profile and history 
a. Affected animals 

1 
(1) Nutritional myopathy is seen mainly In young, rapidly growing calves and 

lambs. This disorder occurs most commonly at 2-4 months of age but can 

I 
occur in younger or older animals. It often accompanies unaccustomed exer- 
cise. Disease may occur in outbreaks wrth up to 15% morbidii and a 100% 
case fatality rate. 

i (2) In foals, rt usually affects individual animals and is  not associated with exer- 
cise. 

(3) Myopathy may occur with vitamin E and selenium deficiency in piglets but i s  
1 overshadowed by other major pathologic findings (e.g., mulberry heart dis- 

I 

ease, hepatosis dietetica). 
b. The condition is most common in selenium-deficient areas (e.g., northeast and 

northwest North America) and in dams that are fed winter diets deficient in vita- 
min E and selenium. Occurrences may be associated with diets containrng unsatu- 
rated fats (e.g., fish oils, corn oils). 

2. Clinical findings 
a. Calves and lambs 

(1) Acute enzootic muscular dystrophy. Calves and lambs may die suddenly. If 
the animals survive, they may be found in lateral recumbency. They are seen 
to be bright, alert, and usually able to swallow. Tachycardia (150-200 
beawminute) is a feature often coupled with an irregular heart beat 

(2) Subacute enzootic muscular dystrophy. The most common presentation of 
nutritional myopathy is white muscle disease in calves and lambs. 
(a) Animals present in sternal recumbency and are bright, alert, and unable 

to stand. If animals are standing, they are weak, stiff, and trembling. 

I (b) On bilateral palpation, muscles may be firm and swollen, particularly 
over the gluteal and shoulder muscles. Calves and lambs are often dy; 

i pneic because of intercostal muscle involvement, and a transient fever 

I '  (41 OC) may be present. There is tachycardia, but the heart rhythm i s  reg- 
I ular. 
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(2) Vitamin E prevents fatty-acid hydroperoxide formation and protects cellular 
membranes from lipoperoxidation. High levels of dietary unsaturated fatty 
acids may overwhelm the protective mechanism of vitamin E but are not a 
orereauisite for disease. Selenium may limit the amount of dietary vitamin E 
;equired. 

(3) Affected muscles. Presentations may not be distinct and can occur together 
in the same animal. 
(a) In young lambs, calves, and foals, myocardial and diaphragmatic mus- 

cles are most often affected, resulting in a presentation of acute heart fail- 
ure, respiratory distress, and rapid death. 

(b) Older animals, particularly calves, often present with skeletal muscle in- 
volvement. 

4. Diagnostic plan 
a. Acute cases. The diagnosis for acute enzootic muscular dystrophy is often based 

on postmortem findings, but laboratory results are diagnostic in the live animal. 
b. Subacute cases. The diagnosis for subacute enzootic muscular dystrophy is based 

on clinical findings and dramatically increased muscle enzymes and decreased - .  

serum selenium Lnd GSH-Px. 
5. Laboratory tests 

a. Plasma creatine phosphokinase (CPK) is the most commonly used laboratory mea- 
surement. CPK i s  highly specific for cardiac and skeletal muscle and will show a 
10- to 50-fold increase in clinical cases of nutritional myopathy. CPK has a short 
half-life (2-4 hours) but will indicate muscle damage for up to 3 days. 

b. Elevations of aspartate aminotransferase (AST) indicate muscle or liver damage. 
Levels remain high for 3-10 days at three to ten times the normal values. The 
magnitude of increase in both CPK and AST is proportional to the amount of mus- 
clewdamage. 

c. Serum and whole-blood selenium levels correspond to whole-body selenium sta- 
tus. Serum levels are the most reliable; however, neither test is available outside .- - 

of research institutions or major reference laboratories. 
d. Levels of the enzyme CSH-Px, which is found in red blood cells (RBCs), parallel 

the selenium status of the animal because selenium is incorporated into the ewh- 
rocyte during erythropoiesis. 

e. Vitamin E status may be measured via a-tocopherol or vitamin E levels in  the 
blood; however, these tests are less reliable as indicators of disease. 

f. Mvoelobinuria does not occur. Muscle mass is still limited at this age, and my* 
&brn content of muscle is low. 

6. Differential diagnoses 
a. Acute cases. Differential diagnoses include pneumonia, septicemia, and toxemia. 
b. Subacute cases may appear similar to pneumonia, neurologic disease (e.g., menin- 

gitis), trauma, blackleg, or toxicities, as with organophosphates. In lambs, enzo- - .  
otic ataxia and swayback may appear similar. 

7. Therapeutic plan 
a. With the acute myocardial form, there is generally an unfavorable response to vi- 

tamin E and selenium therapy. Animals usually die within hours despite therapy. 
b. For the subacute form, a single treatment of the recommended therapeutic dos- 

age of a vitamin E and selenium preparation at 2 m1145 kg i s  curative. Animals re- 
s k n d  to therapy in 2-5 days. 

8. Prevention. Dietary supplementation with vitamin E and selenium is necessary in de- 
ficient geographic locations. During a dam's pregnancy, this supplement may be pro- 
vided in the feed as mineral or salt mixtures. Calves should be treated intramuscu- 
larly at birth (and 4-6 weeks later if necessary) with vitamin E and selenium at 1 
m1145 kg. - 

R. 1 ~vooa thv  in  older animals . . ., . r- -~-, 
1. Muscular dystrophy ( aralytic myoglobinuria) of cattle 

a. Patient profile a8t is tov.  This rnyopathy is seen sporadically in cattle up to 2 
"ear< of aee. There is a recent history of increased exercise and a patient profile 
I - -0- 

of heavily fed, well-muscled animals. 
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b. Clinical findings. Affected animals are found in lateral recumbency, with a bright 
and alert attitude. Skeletal muscles may feel firm, particularly the semimembrano- 
sus and semitendinosus muscles. Myoglobin may be present in the urine, which 
is brown. 

c. Etiology and pathogenesis are the same as with young animals (see I A 3). 
d. Diagnostic plan and laboratory tests 

(1) The preliminary diagnosis is based on clinical findings and history. Other 
causes of recumbency (e.g., trauma, malnutrition) must be eliminated. 

(2) The diagnosis i s  confirmed through clinical pathology findings. CPK is very 
high in clinical cases (usually more than 20,000 IU/L). Vitamin E levels are 
low in herdmates. 

e. Therapeutic plan 
(1) This condition is treated with parenteral solution of vitamin E and Alenium 

at recommended dosages. 
(2) It is important to maintain deep bedding while the animal is recumbent to 

limit pressure necrosis of muscles. Recumbency may be prolonged for days 
or weeks during convalescence, which clouds the prognosis and limits eco- 
nomic salvage of affected animals. 

f. Prevention. Dietary supplementation with vitamin E and selenium is recom- 
mended for the herd. 

2. Exertional (post-exercise) rhabdomyolysis in horses 
a. Patient profile and history 

(1) The most common presentation of the condition (also called equine paralytic 
myoglobinuria, tying-up syndrome, and azoturia) i s  in horses after unaccus- 
tomed exercise or insufficient training. 

(2) There may be a familial basis to the disease in certain breeds (e.g., Quarter 
horse), but the condition is common among all breeds and is overrepresented 
in young, female animals. 

(3) The condition may be chronic and recurring in certain animals. 
b. Clinical findings. There is a sudden onset of muscle soreness, which may range 

from stiffness (a rigid stance) to recumbency, and the animal sweats profusely 
after exercise. There is swelling and rigidity of various skeletal muscle groups. 
Myoglobinuria is evident clinically. 

c. Etiology and pathogenesis 
(1) Etiology 

(a) Predisposing factors jnclude heavy musculature, irregular exercise, high- 
grain diet, and a nervous disposition. There is degeneration of muscle 
cells and muscle bundles associated with unaccustomed exercise [e.g., 
Monday morning disease). 

(b) The condition is not associated with the vitamin E or selenium status of 
the animal. 

(2) Pathogenesis. Recent studies have indicated that the pathogenesis may be a 
glycogen storage disorder with a possible autosomal-recessive pattern of in- 
heritance. However, there may be multiple causes for the accumulation of 
glycogen and polysaccharide. 

d. Diagnostic plan and differential diagnoses. Clinicians should rely on history, clini- 
cal findings, and laboratory results to establish the diagnosis. For chronic or re- 
lapsing cases, a muscle biopsy may be useful in differentiating the clinical picture 
from that of lameness. 

e. Laboratory tests. There is an increased CPK level (5000-1 0,000 IUIL) and my* 
globinuria. 

f. Therapeutic plan 
(1) Early therapy is essential, including rest, analgesics, and supportive therapy 

(e.g., bedding, intravenous fluids if necessary to increase excretion and dilute 
myoglobin). 

(2) Sodium bicarbonate intravenously is warranted in cases with acidemia. 
g. Prevention. The only recommended prevention includes training modifications 

and attention to diet. Overconditioned animals are more prone to exertional 
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rhabdomyolysis. Dantrolene sodium has been used to slow calcium release and 
decrease muscular contraction. 

3. lschemic myopathies ' 

a. Patient profile and history. Large animals in prolonged recumbency on hard sur- 
faces (e.g., horses following anesthesia,. downer cows with hypocalcemia or cal- 
ving injuries) are most prone to this condition. 

b. Clinical findings. Hind limbs or areas of pressure during recumbency are affected. 
Animals appear bright and alert with normal appetite but are unable to rise. Cat- 
tle may creep along, pulling themselves forward using their front legs. 

c. Etiology. Ischemic myopathy is caused by muscle degeneration resulting from 
local ischemia, Prolonged muscle compression results in tissue anoxia, cellular 
damage, inflammation, cell death, and muscle degeneration. 

d. Diagnostic plan. The condition is diagnosed by a combination of history, clinical 
findings, and laboratory results. The clinician must rule out trauma or other 
causes of recumbency. 

e. Laboratory tests. Muscle enzymes are elevated but less so than with nutritional or 
exertional myopathies. Occasionally, post-anesthetic myopathies can cause great 
elevations in CPK, where the serum enzyme level may exceed 100,000 IUIL. 

f. Therapeutic plan 
(1) Consider the administration of analgesics, and institute supportive care (e.g., 

deep bedding, rolling, limited lifting or slinging). 
(2) Immersion in a specially designed water tank aids in physiotherapy for down 

cows. Horses have responded occasionally to the use of an equine swimming 
pool. 

(3) Correction of any fluid or electrolyte imbalance and administration of intrave- 
nous fluids to increase excretion of myoglobin are necessary therapies. 

g. Prognosis for individual cases is highly variable and must take into account the 
length of recumbency, muscle mass and size of the individual, flooring and sur- 
face characteristics, as well as attention to supportive care. 

. h. Prevention. Advise the client regarding the primary cause (e.g., hypocalcemia), 
and institute appropriate preventive measures for the herd. 

4. Porcine stress syndrome [PSS, pale soft exudative (PSE) pork, malignant hyperther- 
mia]. It is thought that these terms are all synonymous The names correspond to the 
stage of identification. 
a. Economic implications. This condition concerns the meat-packing industry be- 

cause the keeping quality and presentation of cuts of pork are affected by the 
soft, pale, weeping condition of the meat [pale soft exudative (PSE) pork]. 

b. Patient profile and history 
(1) If the condition is seen in finishing pigs, it is characterized by acute death in- 

duced by stressors (e.g., transport, fighting, high environmental temperature). 
(2) This disorder may also be seen in other species associated with the adminis- 

tration of anesthetics or muscle relaxants. 
c. Clinical findings 

(1) In pigs, the most dramatic sign is acute death, often after transport. If animals 
are found alive, they appear stiff or recumbent with tremors and have a high 
rectal temperature, dyspnea, and skin blanching with areas of erythema. 

(2) In other animals with an anesthesia-precipitated event, the signs are similar. 
d. Etiology and pathogenesis 

(1) Etiology. The condition is caused by an inherited susceptibility (single reces- 
sive gene) in all breeds of pigs but is most common in Landrace, Pietrain, and 
Poland China pigs and particularly in pigs selected for heavy muscling and 
rapid growth. 

(2) Pathogenesis. Biochemical events include a rapid onset of anaerobic glycoly- 
sis and loss of control of skeletal muscle metabolism. This results in excessive 
lactate production and the development of heat, which, in conjunction with 
peripheral vasoconstriction, results in hyperthermia. 

e. Diagnostic plan and differential diagnoses. Differential diagnoses are key to pri- 
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man/ diagnosis. The clinical and postmortem findings help rule out other causes 
of sudden death, such as heatstroke. 

f. Laboratory tests. Clinical pathology is of little relevance in acute disease because 
of the rapidity of disease progression. 

g. Therapeutic plan. There is no treatment other than cooling and the immediate re- 
lief of stress; however, this therapy i s  invariably futile in clinical cases. 

h. Prevention 
(1) Screening 

(a) For many years in test stations, the halothane test was used to test for 
expression of the gene causing the condition but was only effective in re- 
vealing homozygous carriers. Test matings were then established to iden- 
tify heterozygotes. 

(b) Other screening methods include blood creatine kinase levels, blood typ- 
ing, meat quality evaluation for PSE pork, and erythrocyte fragility. The 
most recent test used to identify carriers is the D N A - b a d  assay (gene 
probe) for a C-T mutation at base pair 1843 of the skeletal muscle rya- 
nodine receptor (ryrl). This mutation is highly correlated with PSS. 

(2) Control of the condition in a susceptible population includes the reduction 
of stressors (e.g., ventilation, spray cooling, rapid transport). Tranquillizers 
have also been used, including azaperone (40-80 mg). Dantrolene sodium 
has been used prophylactically. It is hypothesized to slow the release of cellu- 
lar calcium, thus limiting muscular contraction. 

5. Other conditions that can cause myopathy in older animals include: 
a. Neurogenic myopathies (Akabane virus) 
b. Neoplasia (rhabdomyosarcomas) 
c. Congenital myopathies (double muscling) a Myositis of domestic animals. Myositis is manifested as either an acute inflammation 

with muscle swelling and pain or a chronic inflammation manifested by atrophy and 
joint and limb contracture. Many cases are traumatic in origin, with specific clinical 
signs and therapies related to the type and location of trauma. 

1. Clostridial myositis (dostridial myonecrosis, blackleg, malignant edema) 
a. Patient profile and history. Clostridial myositis may follow intramuscular injec- 

tions, which cause tissue necrosis. This has been described most frequently in 
horses. 
(1) Clostridial myonecrosis occurs primarily in cattle, sheep, goats, and wild ru- 

minants. There is no sex or breed predilection. This is most often a disease of 
prosperous animals older than 3 months in age. 

(2) Blackleg 
(a) Cattle may develop resistance to CIostridium chawoei after 2 years of 

age. The term blackleg most often refers to gangrenous myositis, which is 
caused by C. chauvoei. 

(b) In sheep, this infection is associated with wounds such as those associ- 
ated with shearing, docking, and castrations, particularly in unsanitary 
conditions. 

(3) Malignant edema is more likely to be associated with wound infection (C. 
septicurn, C. novyi type B, and occasionally C. sordellii and C. chauvoei). 
This disease usually affects sheep; however, it can affect other species of all 
ages. 

b. Clinical findings 
(1) Blackleg 

(a) Cattle. Usually, this disease is characterized by sudden death. 
(i) Clinical signs may include lameness, depression, anorexia, rumen sta- 

sis, reluctance to move, and fever (40°C). 
(ii) Muscle swelling resulting from subcutaneous emphysema can be 

seen or felt on the thigh, rump, loin, or brisket. Crepitation occurs on 
palpation. Swellings may be warm but progress rapidly to cold. The 
skin over these areas feels dry, is insensitive to pain, and is 
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I sodium iodide (1 d l 2  kg intravenously as a single treatment, may repeat once) 
are used. 

b. Sulfa drugs (1 glkg daily for 4-5 days), streptomycin (5 glday for 3 days intramus- 
cularlv). or isoniazid (10-20 mdkg, orally or intramuscularly, for 3-4 weeks) - - 
may a'lso be tried. 

c. Surgical debridement also has been used. 

6. Prevention. Cleanup of the environment is recommended to remove sharp foreign ob- 
jects. 

d , . .  
1. Patient profile and history. Defective or abnormal formation of bone can occur in all 

species and is usually most evident in groups of animals (adults or young). 

2. Clinical findings are usually less marked in adults than in young animals. 
a. Bone curvature and shifting lameness are the earliest clinical signs (bowing of 

long bones) and are most common in young, growing animals. Also, there is an 
enlargement of the distal ends of long bones. Epiphyses may be painful to palpa- 
tion. 

b. Unexpected fractures may occur commonly in mature animals. The rib cage be- 
comes flattened, and the animal appears "slab-sided." 

c. Other clinical findings occur with primary deficiencies or imbalances of certain 
nutrients (e.g., infertility, unthriftiness, teeth abnormalities). 

3. Etiology and pathogenesis 
a. Etiology 

(1) Nutritional causes 
(a) Imbalances or deficiencies of calcium, phosphorus, and vitamin D, alone 

or In combination, produce bony abnormalities. Examples include rickets 
in young animals, osteomalacia in adult ruminants, and osteodystrophia 
in  pigs and horses. 

(b) Other primary nutritional causes include copper deficiency (e.g., osteopo- 
rosis in lambs, epiphysitis in young cattle) and inadequate dietary pro- 
tein, which leads to osteoporosis. Hypo- or hypervitaminosis A produces 
skeletal abnormalities in pigs and cattle. 

(c) Secondary protein or mineral imbalances. Chronic parasitism produces 
skeletal abnormalities resulting from protein deficiency. High levels of alu- 
minum in the ration interfere with calcium and phosphorus metabolism. 

(2) Chemical agents 
(a) Chronic lead poisoning leads to osteoporosis in lambs and foals. 
(b) Chronic exposure to fluorine results in osteoporosis and exostosis. 

(3) Poisonous plants. Plants can interfere with mineral balance. For example, oxa- 
late accumulaton (e.g., rhubarb, sorrels, wild dock) can cause skeletal dis- 
ease because of oxalic acid's great affinity for calcium and magnesium in the 
gastrointestinal tract. 

(4) Inherited or congenital conditions. Some known conditions include: 
(a) Achondroplasia and chondrodystrophy (dwarfism) 
(b) Osteogenesis imperfects 
(c) Osteopetrosis 
(d) Arthrogrypwis 
(e) Splayleg in  piglets 
(fl Angular limb deformities 
(g) Flexural deformities 
(h) Ovine hereditary chondrodysplasia in  Suffolk lambs (spider syndrome) 

(5) Environmental causes 
(a) Indoor housing with hard flooring has been associated with osteochon- 

drosis, arthrosis, and epiphysitis. 
(b) Vertebral osteochondrosis or spondylitis i s  a described syndrome of older 

bulls in  breeding units. 
(6) Unknown causes. Hypertrophic pulmonary osteoarthropathy is a disease of in- 
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creased bone formation and has been reported in horses, cattle, and sheep. 
The cause, although unknown, i s  related to pulmonary lesions, such as tu- 
mors or chronic infectious processes. 

b. Pathogenesis 
(1) Imbalances of calcium, phosphorus, and vitamin D 

(a) Absorption. Calcium is absorbed from the small intestine according to 
need. Absorption i s  influenced by nature of diet, amounts of calcium and 
phosphorus in the diet, and requirements of the individual. Phosphorus i s  
available in forage and grain diets. 

(b) Metabolism of calcium and phosphorus is  under the control of parathy- 
roid hormone and vitamin D. Parathyroid hormone i s  secreted in re- 
sponse to hypocalcemia and stimulates conversion of 25-dihydroxychole- 
calciferol to 1,25-dihydroxycholecalciferol (1,25-DHCC). Together, these 
stimulate bone resorption, and 1,25-DHCC alone stimulates intestinal a b  
sorption of calcium. This activity i s  balanced by calcitonin when serum 
calcium levels return to normal. 

(2) Copper deficiency causes changes in osteoblastic activity and impairment of 
collagen formation. 

4 (3) ~luorine toxicosis. Chronic ingestion of fluorine causes deposition in bones 
and teeth. Calcium and phosphorus are excreted in the urine in conjunction 
with fluorine, resulting in osteomalacia, osteoporosis, and exostosis. 

! 4. Diagnostic plan. It may be difficult to define a specific disease entity, deficiency, or 
imbalance unless there are obvious characteristics of a specific condition (e.g., big 
head in horses, rickets in sheep). Conditions usually are diagnosed on the basis of his- 
tory, clinical findings, laboratory results, feed analysis, and necropsy. 

5. Laboratory tests. S e ~ m  calcium and phosphorus are not reliable indicators of pri- 
mary disturbance or whole-body status, Combinations of feed samples, pathology 
specimens, blood chemistry, and urine chemistries (fractional excretions of electro- 
lytes) may add to diagnostic evidence. For example, serum copper levels may be 
combined with a liver biopsy to determine copper reserves in suspected cases of epi- 
physitis due to copper deficiency. 

6. Therapeutic plan 
a. Early treatment of animals affected by a dietary imbalance may yield positive re- 

sults if lesions are not too far advanced or if the primary disease is treatable. For 
example, nutritional secondary hyperparathyroidism carries a better prognosis 
than renal secondary hyperparathyroidism. 

b. Specific conditions may respond to medical therapy. For example, selected cases 
of fetlock flexural limb deformities in foals often respond to intravenous tetracy- 
cline injection combined with splinting, foot trimming, phenylbutazone, and a 
slow return to exercise. The recommended dosage of intravenous tetracycline is a 
single 3-gram dose that may be repeated in 24 hours if there has been no re- 
sponse to therapy. 

c Treatment of the group requires nutritional counseling and dietary management 
(supplementation or balancing). A balanced diet with adequate protein and good- 
quality roughage is extremely important in the growing animal. Injectable cal- 
cium, phosphorus, and vitamins may be considered. 

7. Prevention i s  based on the specific diagnosis but often centers on nutritional rnanage- 
ment 

A lameness of cattle 

1. Foot rot (pasture foot rot, infectious pododerrnatitis, interdigital phlegmon, intenlii- 
tal necrobacillosis). The disease is sporadic, but up to 25% of cows may be affeaed 
per year, making this an important economic disease. 
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a. Patient profile and history 
(1) This is  a contagious and relatively common condition that affects mainly ma- 

ture dairy cattle that are on pasture or living in unsanitary housing condi- 
tions. 

(2) This disease is seen most commonly during wet periods and under manage- 
ment conditions that cause abrasions between the claws (e.g., stones, rough 
ground, sharp objects). 

b. Clinical findings 
(1) There is the sudden appearance of obvious foot lameness almost exclusive to 

the hind limb. The cow's temperature ranges from 39'C to 40°C, with a loss 
of milk production, loss of condition, or both. The limb bears little weight. 

(2) Heat, pain, and swelling of the coronet and between the claws is obvious. 
On closer examination, the lesion is seen to be a fissure in the interdigital 
space. The fissure is moist, red, swollen, and has a characteristic foul odor. If 
left untreated, this fissure may progress to produce deeper involvement of soft 
tissues, bones, and joints. In these cases, there is more severe lameness with 
swelling higher in the leg. 

c. Etiology. It i s  thought that injury or compromise to the skin of the interdigital 
space (e.g., constant moisture) predisposes the animal to infection by Fusobade- 
rium necrophorum. Other bacteria may be involved or may occasionally be is* 
lated (e.g., Bacteroides melaninogenicus, Dichelobacter nodosus), but these organ- 
isms are not a requirement for disease. 

d. Diagnostic plan. The diagnosis is based on history and clinical findings of a 
moist, red fissure in the interdigital space. 

e. Differential diagnoses that are usually ruled out by clinical examination include 
traumatic lesions, hoof growth abnormalities, laminitis, and stable foot rot. 

f. Therapeutic plan. Parenteral antibiotics and local treatment of early lesions often 
achieve success. 
(1) Procaine penicillin C (22,000 IU/kg intramuscularly, twice daily for 3-5 

days) is often the treatment of choice. Other broad-spectrum antibiotics may 
be used but are no more successful (remember milk withdrawal). Occasion- 
ally, a highly resistant strain of F, necrophorum may be encountered, which 
limits the success of therapy. 
(a) Cows should be kept inside with dry footing until systemic therapy is 

complete. 
(b) Non-milking cattle may respond to long-acting antibiotics to reduce the 

number of parenteral injections necessary. 
(2) Local treatment. The foot should be examined by rope lift, chute restraint, 

and chemical tranquilization. Disinfectant creams or solutions (e.g., copper 
sulfate-5% paste) may be applied following thorough cleaning and debride- 
ment Bandaging usually is not necessary in uncomplicated cases. 

(3) Surgery. For deeper involvement of tissues (synovitis, tenosynovitis, arthritis, 
osteornyelitis), surgical therapy may be necessary. 

g. Prevention 
(1) Employ pasture modifications if possible (e.g., rotate pastures more often, fill 

mud holes, remove sharp objects). 
(2) With herd involvement, provide a foot bath of a 5%-10% solution of formal- 

dehyde and copper sulfate in an area where cattle must walk (e.g., doorway). 
Copper sulfate may be used alone. Animals may try to drink the solution, so 
restrict access. Alternatively, dry lime may be used in a walkway box to coat 
feet and decrease moisture and bacterial proliferation. 

(3) With feedlot cattle, the feeding of chlortetracycline or ethylene-diamine dihy- 
driodide (EDDI) has been advocated with some empirical efficacy. However, 
with dairy animals, both antibiotic and iodide residues are a concern in milk. 

(4) Commercial vaccines are available but efficacy is yet unproven. 

2. Stable foot ro t  (undertun sole) 
a. Patient profile and history. This condition occurs in cattle that are housed for 
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long periods :i.e., stanchioned cattle). It is associated with poor hygiene, and as 
in pasture foot rot, hind claws are more commonly affected. 

b. Clinical findings. The animal may be lame and tends to stand with the hind feet 
placed further behind than usual. Inspection of the plantar surface of the foot re- 
veals necrosis and erosion of the heel and horn at the heel, as well as lateral hoof 
wall overgrowth over the sole. 

c. Etiology and pathogenesis 
(1) Etiology. Conformationally weak pasterns, overgrown hooves, or lesions 

caused by chronic laminitis may shift weight bearing to the heel, thus predis- 
posing the animal to the condition. The lesion begins as heel necrosis from 
which Fusobacterium necrophorum can be isolated. Dichelobacter nodosus 
can also be recovered in some cases. 

(2) Pathogenesis. The heel necrosis and the change in hoof angle and foot place- 
ment causes the hoof to overgrow, which in turn traps debris and necrotic 
material between the hoof wall and sole. The separated sole, impacted d e  
bris, and necrosis of the sole cause lameness in advanced cases. 

d. Diagnostic plan. Clinical examination is sufficient for diagnosis. 
e. Therapeutic plan. Remove all abnormal horn via trimming, and restore normal 

conformation to the foot. 
f. Prevention. Regular foot trimming and nutritional counseling regarding laminitis 

are two of the primary preventive practices that may limit the incidence of dis- 
ease. Foot baths and attention to dry-lot hygiene may help control the secondary 
invaders. 

3. Sole ulcer (pododematitis circumscripta) 
a. Patient profile. This condition most commonly is seen in stabled cattle, with hard 

flooring and diet being likely risk factors. 
b. Clinical findings 

(1) The foot lesion is a circumscribed ulcer on the sole, exposing corium. It is 
usually of the hind limb on the lateral claw at the heel-sole junction. If an 
ulcer is not obvious on initial examination, it may be exposed by trimming. 

(2) The sole overlying the lesion feels spongy. Granulation tissue may be seen ex- 
truding through the sole defect, and severe lameness is often present. 

c Etiology and pathogenesis. The pathogenesis is still somewhat debatable, and al- 
though there may be an anatomical or mechanical predisposition of the lateral 
claw, a localized ischemia resulting from chronic laminitis may be the underlying 
cause of the condition. 

d. Diagnostic plan. The diagnosis is made by examination with careful attention to 
both hind feet. 

e. Therapeutic plan 
(1) Remove undermined sole with trimming, and pare away granulation tissue. 
(2) Medications such as an astringent powder may be considered in combination 

with a pressure bandage to control granulation tissue. 
(3) The unaffected claw (medial claw) may be blocked up to provide relief to the 

affected claw while the animal walks or stands. Commercial blocks or sl ip 
pers are available for this purpose. 

4. Digital dermatitis (hairy heel warts, strawberry foot mt) 
a. Patient profile and history. This worldwide disease was first described in North 

America in the early 1980s. It is now common with a high herd prevalence, par- 
ticularly in dairy herds. Milking cattle are most commonly affected. 

b. Clinical findings 
(1) The early lesion of the foot is an interdigital roughness and reddening. This 

progresses to a red, papilloma-like lesion with erect hairs. The lesion usually 
is confined to the hind feet at the point of the cleft of the heels or up to the 
dewclaws. Further progression results in continued proliferation with a slimy 
or velvety appearance and the isolation of secondary bacterial organisms. 

(2) Lameness is not a constant feature, and it is assumed that any pain associated 
with the disease is sporadic. 

c. Etiology. A spirochete-like bacteria is associated with this disease, although its 



etiology is unproven. Reproduction of the condition has been unsuccessful. Because 
topical antibacterial solutions and antibiotics have proven somewhat successful in 
treating the condition, the bacterial cause has remained the most popular. 

d. Diaanostic plan. Diagnosis relies on the clinical findings and is based on obsewa- I 
tionof the lesion. - 

e. Therapeutic plan. Because lameness is not always associated with the lesion, 
treatment of only lame cows is the most rational economic decision. Various topi- 
cal therapies are used, including sprays containing tetracycline and lincomycin. 
Topical solutions may be paired with bandaging for best results. 

f. Prevention. In herds where the disease is prevalent, formalin, tetracycline, or lin- 
comycin footbaths or sprays may be used as a preventive. The disease i s  thought 
to be transmissible, so practices that limit the introduction of infected cattle into 
uninfected herds are recommended. 

5. Laminitis (founder, diffuse aseptic pododermatitis) is a diffuse, aseptic inflammation 
of the corium. 
a. Patient profile and history. Laminitis is a condition usually affecting young dairy 

cattle or feedlot cattle. This disease is seen occasionally in older dairy animals 
2-3 months after parturition or associated with periparturient diseases (e.g., mas- 
titis, metritis). 

b. Clinical findings. This disease i s  recognized in several forms. Subclinical laminitis 
is perhaps the most common form, but in the clinical sense, it is recognized as 
either acute or chronic. 
(1) Acute laminitis is seen sporadically in individual animals. Clinical signs of 

foot disease may be overshadowed by associated diseases. 
(a) There may be severe lameness, stiffness, and pain in any or all legs and a 

reluctance to walk. The cow may stand with an arched back, forelegs ex- 
tended, and hind legs.underneath. Recumbency is common. 

(b) There is swelling and tenderness of the heel bulbs and the coronary 
band. The sole may become soft, and trimming reveals subsolar hemor- 
rhage and bruising: 

(2) Chronic laminitis is more prevalent than recorded. Signs are mild or unob- 
served (subclinical). Clinical signs occur mainly in the hind feet and consist 
of wide, flat, long, and misshapen feet. The pasterns and heels tend to drop. 
Trimming reveals hemorrhage at the white line, beneath the cranial sole, or 
both. 

c. Etiology and pathogenesis. The cause and pathogenesis i s  uncertain for any of the 
forms (acute or chronic, clinical or subclinical). 
(1) Acute laminitis is associated with an acute systemic disease or carbohydrate 

overload (ruminal acidosis). Hemodynamic and vascular changes occur, 
which decrease the blood supply to the laminae likely by the establishment 
of arteriovenous shunts. Laminar degeneration occurs, and the sensitive lami- 
nae of the third phalanx (P3) separates from the interdigitating laminae of the 
hoof. Clinical signs and destructive lesions are not as severe as in horses, but 
pedal rotation &ay still occur. 

(2) Chronic laminitis is likely associated with heavy, interrupted feeding of diets 
high in grain. Chronic constrictive vascular lesions at the level of the laminae 
mav cause blood stasis in the capillaries. This blood stasis results in stagnant 
hykxia, which interferes with the production of keratohyalin and hoof 
growth. 

d. Diagnostic plan. The diagnosis is made based on history, clinical findings, and 
foot trimming to  identify subsolar hemorrhages and to rule out other causes of 
foot lameness. 

e. Therapeutic plan 
(1) For individual cases, treat associated diseases, and consider the use of nonste- 

roidal anti-inflammatory drugs (NSAIDs) if cleared for use in the species of an- 
imal under care. 

(2) For chronic cases, the only treatment is trimming the affected feet, which i s  
not usual1 y warranted or practical. 
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f. Prevention 
(1) Affected cattle become more susceptible to chronic misshapen feet, thus re- 

quiring frequent trimming. Laminitis may predispose to other conditions (e.g., 
sole ulcer). 

(2) For chronic laminitis and herd or feedlot problems, the owner may have to 
reduce feeding. which affects herd production. A better alternative is to estab- 
lish bunk management practices, which allow for more frequent feeding of 
smaller amounts of carbohydrates. 

6. Other conditions 
a. Interdigital dermatitis 
b. Verrucose dermatitis 
c. Trauma 
d. Horizontal cracks 
e. Sand cracks 

bm- of horses 

1. Thrush is a moist exudative dermatitis of the central and lateral sulci of the frog. 
a. Patient profile and history. Thrush is most common in adult horses that are kept 

in confinement under unhygienic conditions. 
b. Clinical findings. Soft, spongy, disintegrated frog hom is observed in advanced 

cases. This finding is accompanied by a characteristic fetid odor. Clinical cases 
are characterized by lameness and, if advanced, inflammation of the coronet and 
discharge of pus from fissures in the coronet and heels may be evident. 

c. Etiology and pathogenesis 
(1) Fusobaderium necrophorum is commonly isolated from foot lesions, but the 

pathogenesis is debatable. 
(2) Unhygienic conditions, lack of exercise, and poor foot care [ead to accumu- 

lations of soil and fecal material in the hoof sulci. 
(3) Lameness may predispose to the condition by decreasing weight bearing and 

natural cleaning of the sole or by causing improper hoof growth. Infection is 
confined to superficial layers but will affect deeper tissue in untreated cases. 

d. Diagnostic plan. Diagnosis is based on clinical findings and the examination of 
the sole. 

e. Therapeutic plan 
(1) Loose and necrotic material must be pared away. 
(2) Antiseptic products (e.g., iodines, copper sulfate) should be administered 

daily. 
(3) Bandaging may be necessary. 

f. Prevention. Educate the client regarding proper hygiene, foot care, picking out 
the feet, and trimming. Correct any chronic lameness. 

2. Laminitis is a local, inflammatory condition of the foot that is often a manifestation 
of a systemic disturbance. 
a Patient profile and history. Equine laminitis occurs most commonly in ponies but 

can affect all horses and is more common in the spring. Overweight ponies on 
pasture, mares with retained placenta, and horses with acute systemic diseases 
are most susceptible to this disease. 

b. Clinical findings 
(1) Acute laminitis. Clinical signs may involve all feet, although the front feet are 

more commonly affected. 
(a) Lameness may develop rapidly. The horse shifts its weight onto the hind 

limbs (under its body), while front limbs are placed out in front. When 
forced to walk, the horse walks with short strides and places the feet 
down quickly. Recumbency is common. 

(b) Affected hoof walls feel warm, and a bounding digital pulse is felt. Pain 
is most prominent over the sole, as evidenced by hoof testers. 

(2) Chronic laminitis. The chronic form may be seen in individual limbs, particu- 
larly in overweight horses. 
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(a) Clinical signs include recurrent bouts of variable lameness or of chronic- 

ity following the acute form. 
(b) Classic h o ~ f  wall "rings" are seen, and a dropped or flattened sole with 

a long toe develops. 
(3) Clinical description. Lameness caused by laminitis has been graded accord- 

ing to the following scale: 
(a) Obel grade 1 

(i) Foot discomfort without pain 
(ii) A short and stilted gait at the trot 
Iiii) No lameness 

(b) bbel grade 2 
(i) Some discomfort and lameness as evidenced by a stilted gait at the . . 

walk 
(ii) Forefeet lifted without difficulty 

(c) Obel grade 3 
(i) Reluctance to move 

(ii) Resistance to lifting forefeet 
(d) Obel grade 4. The horse does not move without being forced. 

(4) Other clinical findings associated with laminitis include a heel-to-toe place- 
ment while walking and recumbency. There may be additional clinical signs 
found with the associated systemic disease. 

c. Etiolom and pathwenesis . - 
(1) ~ t i o l o ~ ~  

(a) Diseases that produce systemic disturbances often result in laminitis. 
These diseases include endornetritis, salmonellosis, and colitis X. . ~ 

(b) Carbohydrate overload is also a common cause of the condition. 
(c) Predisposing factors include: 

(i) Excessive trauma resulting from concussive forces on hard surfaces 
(e.g., road founder) 

(ii) Excessive weight bearing forced on a single limb after injury to the 
contralateral limb 

(2) Pathoeemis .-, 
(a) ~ 6 e  condition may be initiated by events such as grain engorgement, 

toxic metritis. and seatic shock, which may allow circulating endotoxins 
to  initiate the vascular response. This vascular response (e.g., 
changes in vascular resistance) deprives the laminar corium of blood sup 
ply, resulting in separation of the sensitive laminae at the junction of P3 
and the hoof. In addition to vasoconstriction, there may be platelet aggre- 
gation, microthrombosis, perivascular edema, and arteriovenous shunting. 

(b) The effect i s  most clinically apparent at the distal aspect of P3, which an- 
gles downward resulting in the characteristic radiographic evidence of 
pedal rotation seen with the disease. Also, disseminated intravascular co- 
agulation (DIC) develops just before the lameness due to laminitis oc- 
curs, and corticosteroids are capable of inducing laminitis. These findings 
and the complexity of the disease discourages an overall accepted hy- 
pothesis from emerging. 

d. Diagnostic plan and laboratory tests 
(1) The diagnosis is often made based on the clinical signs and histoly. 
(2) Radiology confirms changes to the angulation of P3 and shows evidence of 

gross laminar degeneration. Radiographs should be taken early in the course 
of the condition and are used to monitor changes m P3. 

e. Therapeutic plan 
(1) Acute form. Laminitis is an emergency. Treat any initiating disease (e.g., min- 

eral oil for carbohydrate overeating, antibiotics for metritis). If response to 
therapy is not evident within 48 hours, a poor prognosis is warranted and 
therapy should intensify. With no response in 3-4 days, pedal bone rotation 
will have almost invariably occurred. Penetration of the sole may then follow, 
with resultant pedal osteitis or abscessation requiring heroic measures or eu- 
thanasia. 

(a) Agents used for pain relief include: 
(i) Phenylbutazone 8.8 mgfkg (4.4 mg/kg in ponies and foals), which 

should be given immediately and continue for 4-5 days in decreas- 
ing doses 

(ii) Flunixin meglumine (1.1 mg/kg), which may be given as an anti-in- 
flammatory or .25 mglkg for its postulated anti-endotoxic activity 

(iii) Aspirin (10 mgkg daily) 
(b) Treatments used to restore digital blood flow include: 

(i) Acepromazine, which should be administered for its analgesic and 
a-adrenergic effects (40 mg every 4-6 hours) 

(ii) Phenoxybenzamine as an a-adrenergic antagonist (2 mglkg every 12 
hours) 

(iii) lsoxsuprine hydrochloride, which is used at a dose of .6 mukg 
twice daily 

(iv) Dimethylsulfoxide (DMSO) for its effects as a free radical scavenger, 
an anti-inflammatory, analgesic, vasodilator, and inhibitor of platelet 
aggregation 

(v) Sodium heparin at 44-66 IUIkg intravenously every 4 hours to pre- 
vent microvascular thrombosis 

(vi) Nitroglycerine (2% paste); 15-30 mg applied over each digital ves- 
sel daily, for a total dose of 30-60 mg. Alternatively, nitroglycerine 
patches may be used at the rate of 1 patch every 24 hours. 

(c) Nerve blocks (posterior digital nerve desensitization) may be used to lo- 
calize the pain to the feet. 

(d) Trimming the foot and padding and supporting the sole can be effective 
and helpful. However, removing shoes during the acute episode may be 
painful. The use of local nerve blocks may help decrease the pain and re- 
sultant release of more vasoactive substances. Lowering the heels will 
help bring a rotated P3 in better alignment with the ground but will also 
increase the tension on the deep digital flex or tendon. Therefore, this is 
a controversial practice. 

(e) Walking the horse is controversial. Walking may promote blood flow but 
may further traumatize the sensitive laminae. 

(9 Dietary modification. In the case of carbohydrate engorgement causing 
laminitis, feed only grass hay until clinical signs disappear. 

(2) Chronic form. Chronic laminitis is expensive to treat in terms of labor and 
cost. 
(a) D-l methionine has been advocated to restore disulfide bond substrate for 

maintenance of the hoof wall pedal bone bond. Attention to trimming 
and shoeing is necessary to provide support and allow for optimal hoof 
growth and foot conformation. 

(b) Hoof-wall resection may be necessary to return more appropriate confor- 
mation and angle to the hoof wall. 

f. Prognosis 
(1) Acute form. P, rotation has been used as a prognostic indicator for return to 

function. If the rotation is greater than or equal to 11.5 degrees, there is an 
unfavorable prognosis. If the rotation is 6.8-1 1.5 degrees, the prognosis is 
guarded. Less than this, there is favorable prognosis for return to function. 

(2) Chronic form. The long-term prognosis for return to function is very poor. 
g. Prevention 

(1) Acute form. To prevent the disease, discuss predisposing causes and dietary 
management. Make clients aware of the recurrent nature of the condition in 
some instances. Horses that recover should not be put back into work for a 
minimum of 45 days. 

(2) Chronic fonn. To prevent the recurrence of chronic laminitis, maintain good 
dietary management, reduce weight in overweight horses, and consider the 
use of support pads. - 

Infectious foot rot i n  sheep 
1. Patient profile and history 

a. Infectious foot rot i s  a significant, production-limiting disease of sheep, but it may 
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also occur in goats. There is a species variability in susceptibility and a variation I 
in incidence associated with climate and environment. 

b. The disease occurs most commonly on pasture during wet springs or at times of 
persistent moisture. Hot, dry conditions are unfavorable for the spread of disease. 

I 
c. Foot rot is more common in areas with heavy population pressures. It may occur 

as outbreaks with up to 75% morbidity. The disease is of economic importance 
because of the cost of treatment and loss of production. . . 

2. Clinical findings 
a. Early clinical signs include inflammation (moistness and swelling) of the interdigi- 

tal space, a break at the skin-horn junction, and separation of the soft horn. 
Lameness is mild at this stage. The clinical condition progresses to severe lame- 
ness (non-weight bearing) with a foul odor. The horn becomes loose and sloughs, 
creating an uiderrun sole. 

b. Virulent foot rot may exhibit systemic signs of fever and anorexia because the le- 
sion extends to deeper tissue (osteomyelitis) with sloughing of the foot. 

c. Intermediate foot rot has only moderate clinical signs. 
d. Benign foot rot. Because there are various strains and serotypes of the causative 

organism (Dichelobacter nodosus), infection may occur with mild or no clinical 
signs. This form is called benign foot rot or footscald. 

3. Etiology and pathogenesis 
a. Etiology 

(1) Dichelobader nodosus, the causative organism, has varying virulence (proteo- 
lytic activity) and produces a variety of clinical signs (virulent, intermediate, 
benign). 

(2) Predisposing factors 
(a) Fusobaderium neqophomm causes an initial interdigital dermatitis, 

which may resolve as the pasture dries up. However, this infection may 
predispose for invasion by D. nodosus. 

(b) Trauma (e.g., stones, strongyloides parasites) may be a predisposing fac- 
tor to invasion by D. nodosus. 

(c) During times of moisture and warmth, the bacteria more readily pene- 
trate the skin of the interdigital space. 

b. Pathogenesis 
(1) Route of infection. D. nodosus invades horn by producing keratolytic en- 

zymes. Discharges from affected feet serve as a source of infection for other 
sheep. The condition spreads rapidly. 

(2) Carriers. D. nodosus does not persist on pasture but may do so for years in 
the feet of carrier sheep. Carrier sheep usually are not lame but may have 
misshapen feet and a pocket of infection beneath the underrun sole. Conse 
quently, the disease may be introduced into a flock by the purchase of an in- 
fected animal. 

4. Diagnostic plan and laboratory tests. It is important to diagnose the condition accu- 
ratelv because of the expensive and dedicated measures necessary to treat and elimi- 
nate the condition. . 
a. The preliminary diagnosis i s  based on clinical findings. 
b. Bacterial cultures confirm the diagnosis but must agree with clinical and epide- 

miologic findings. 

5. Differential diagnoses. Conditions that should be ruled out include foot abscesses, 
foreign bodies, granulomas, fibromas, trauma, contagious ecthyma, bluetongue, ulcer- 
ative dermatosis, strawberry foot rot (dermatophilosis), and laminitis. 

6. Therapeutic plan. All forms of the disease respond to therapy, but the condition may 
be extremely difficult to eradicate. Treatment includes: 
a. Trimming to expose necrotic sole 
b. Applying local disinfectant (e.g., 5% formalin, 10% ZnS04, 5% CUSO~) 
c. Administering antibiotics (D. nodosus is susceptible to many antibiotics, and one 

treatment with wnicillin is often all that is necessary if dry weather intervenes.) .- - 

d. Recheckingof ieet if wet environment continues 

Musculoskeletal Disorders 1 317 

7. Prevention. Eradication and control is the long-term goal when the disease has been 
diagnosed, but this is often difficult to achieve. 
a. Eradication. The objective is to cull or cure infected animals and return them to 

clean pastures. When sheep have been removed from contaminated pastures, 
these pastures can be considered free of D. nodosus after 14 days. The disease is 
best eradicated during the dry season. 

b. Vaccination is proving promising. 
1 

I p r i n e  arthritis-encephalitis (CAE) 

i 1. Patient profile and history. This disorder is common in adult dairy goats and is prev- 
alent in North America, Europe, and Australia. It is common to have a high preva- 

i lence of serological conversion within a herd or population with a much lower 
expression of clinical signs. 

i 2. Clinical findings 
a. Enlarged carpal joints (called big knee) are seen in goats older than 6 months of 

age. The onset of this arthritis may be acute or insidious, but lameness usually i s  
not severe. 

b. There is  gradual weight loss with the development of a poor hair coat and swol- 
len joints. Terminally, there is emaciation and recumbency. 

c. Other clinical findings may include interstitial pneumonia or mastitis and devel- 
opment of a hard udder. The CAE virus also causes a leukoencephalitis in kids. 

3. Etiology and pathogenesis 
a. Etiology. The etiologic agent is a retrovirus (subfamily lentivirus), which has simi- 

larities to the virus of Maedi-visna. 
b. Pathogenesis 

(1) This disease is transmitted to kids principally through milk and colostrum, al- 
though cross-infection can occur. Between 65% and 81 % of the goats in 
most goat herds are seropositive to the CAE vim5 (CAEV). 

(2) C A E  is a rnultisystemic disease involving synovial-like connective tissue. It is 
a lymphoproliferative disease caused by continual viral stimulation and the re- 

.& sultant immune response. This disease produces a hyperplastic synovitis. 

4. Diagnostic plan. The diagnosis is based on history, clinical findings, and laboratory 
tests. 

5. Laboratory tests 
a. Synovial aspiration yields a brownish red synovial fluid. 
b. Cytologic evaluation reveals a mononuclear reaction with high cell counts. 
c. An agar gel immunodiffusion (ACID) test and enzyme-linked immunosorbent 

assay (ELISA) on serum are positive. 
d. Radiologic evidence suggests soft tissue changes, which progress to proliferative 

bony changes. 

i 6. Differential diagnoses. Clinicians should rule out other infectious causes for arthritis 
(e.g., Mycoplasma, Chlamydia, Corynebacteria). 

7. Therapeutic plan. There i s  no known treatment 

8. Prevention 
a. Total eradication of CAEV from a goat herd is unlikely because vertical transmis- 

sion does not seem to be the sole mode of spread and seroconversion may be de- 
layed after exposure to the virus. 

b. To decrease infection pressures in the herd, identify infected animals through ser- 
ology, and cull or house separately. Separate kids at birth and feed either colos- 
trum from negative dams or pasteurized colostrum/milk. Because antibodies from 
positive animals are not protective, there is no need to feed colostrum from sero- 
positive animals. Continue regular serological survey of the herd. 
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10. Which statement best describes thrush in 
horses! 

12. Which statement best describes infectious 
foot rot of sheep? 

(1) An exudative dermatitis of the frog 
(2) A yeast infection of the mouth 
(3) A lymphangitis 
(4) Laminitis 
(5) Quarter cracks 

(1) It occurs most commonly in hot, dry envi- 
ronments. 

(2) The disease is  relatively simple to eradi- 
cate. 

(3) It is the same as contagious ecthyma. 
(4) This disease often responds to penicillin 

therapy. 
(5) It causes lameness in carrier sheep. 

Directions: Each of the numbered items or incomplete statements in this section i s  followed 
by answers or by completions of the statement. Select the ONE numbered answer or 
completion that is BEST in each case. 

11. Which one of the following statements re- 
garding laminitis in horses is true? 

(1) It seen most commonly in Draft breeds. 
(2) The dimrder is mainly a subclinical dis- 

ease. 
(3) Radiography best determines the diag- 

nosis. 
(4) Frequent walking of affected horses is the 

best treatment. 
(5) It i s  a local manifestation in the foot of a 

systemic disturbance. 

13. Which one of the following statements re- 
garding caprine arthritis-encephalitis (CAE) is  
true? 

5. Which one of the following descriptions 
characterizes blackleg in cattle? 

1. Which statement regarding nutritional my- 
opathies is  true? They: 

(1) Sudden death 
(2) Chronic lameness 
(3) The presence of a contaminated wound 
(4) Overrepresentation in housed dairy cattle 
(5) Resistance to herd level immunization 

(1) do not occur in foals or mature ruminants. 
(2) are subclinical in nature only and pro- 

duce losses due to poor performance. 
(3) may be caused by deficiencies of vitamin 

A. 
(4) are most common in animals found in the 

arid interior of North America. 
(5) produce high elevation in serum creatine 

' phosphokinase (CPK) levels. 

(1) The disease is  not seen in North America. 
(2) It demonstrates a high prevalence of sero- 

conversion in affected herds. 
(3) It is also known as mastitis, metritis, and 

agalactia syndrome. 
(4) The disease produces a severe, sudden, 

debilitating lameness. 
(5) Intra-articular antibiotics are the best treat- 

ment. 

6. In young foals, the most common cause of 
osteomyelitis is: 

(1) trauma inflicted by the mare. 
(2) improperly placed vitamin injections. 
(3) consuming mastitic milk from the mare. 
(4) trauma during the foaling process. 
(5) hematogenous spread of infectious organ- 

isms. 

2. Mature dairy cattle recumbent for pro- 
longed periods of time on a hard surface de- 
velop which one of the following disorders? 

(1) Ischemic rnyopathy 
(2) Milk fever 
(3) Obturator paralysis 
(4) Fat cow syndrome 
(5) Blackleg 

7. The organism most commonly associated 
with causing pasture foot rot in cattle is: 

(1 ) Dichelobacter nodosus. 
(2) Actinobacillus pyogenes. 
(3) Bacteroides melaninogenicus. 
(4) Fusobacterium necrophomm. 
(5) Staphylococcus intermedius. 

3. Which of the following terms are used in- 
terchangeably in  swine? 

(1) Blackleg, malignant edema, malignant hy- 
perthermia 

. (2) Malignant hyperthermia, porcine stress 
syndrome, pale soft exudative pork 

(3) Pale soft exudative pork, blackleg, malig- 
nant edema 

(4) Porcine stress syndrome, malignant hyper- 
thermia, malignant edema 

(5) Blackleg, pale soft exudative pork, por- 
cine stress syndrome 

8. Examination of the left rear foot of a ma- 
ture dairy cow reveals a red, papilloma-like le- 
sion at the point of the heels. Which one of 
the following disorders is the most likely diag- 
nosis? 

(1) Pasture foot rot 
(2) Hairy heel warts 
(3) Laminitis 
(4) Stable foot rot - 
(5) Benign foot rot 

4. The best test t o  establish the carrier state 
of porcine sbess syndrome is: 

(1) test mating o f  suspect boars to suspect 
SOWS. 

(2) serum ionized calcium concentrations. 
(3) a gene probe for a C-T mutation. 
14) analysis of muscle biopsy for fast-twitch fi- 

bers. 
(5) an adrenocorticotropic hormone (ACTH) 

stimulation test. 

9. Laminitis in young dairy or beef cattle is 
considered to be associated with: 

(1 ) Fusobacterium necrophonrm. 
(2) Dichelobactw nodosus. 
(3) rumen acidosis. 
(4) conformational defects. 
(5) heredity. 
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1. The answer is 5 [I A 1 51. Creatine phos- 
phokinase (CPK) is released from degenerating 
muscle cells and reaches very high (diagnos- 
tic) levels in the serum. Nutritional myopa- 
thies are caused by deficiencies of vitamin E 
and selenium. These myopathies occur in 
foals, lambs, calves, piglets, and mature rumi- 
nants. Disease is uncommon in the selenium- 
rich areas of the North American plains. 
Losses are most commonly caused by clinical 
disease. 

recovered but are not necessary for disease. 
Actinobacillus pyogenes and Staphylococcus 
intermedius do not cause foot rot. 

m-though anemia literally means "no blood," medically it refers to a state of 
inadequate oxygen transport by circulating hemoglobin. Anemia is rarely a primary dis- 
ease and is usually a secondary problem related to trauma, infection, toxicosis, or an- 
other disease process. 

Clinical evaluation of anemia 

1. Clinical findings 
a. History. A complete history of the affected animal should be taken, including: 

(1) Anthelmintic and acaricidal treatments and risk factors for infestation 
(2) Drug treatments or exposure to toxins 
(3) Dietary history (e.g., exposure to toxic plants and minerals) 
(4) Frequency of erythrocyte parasites in the region 
(5) Hemorrhage or other illnesses 

b. Clinical signs generally include weakness, lethargy, exercise intolerance, pallor of 
mucous membranes, and a loss of prominence of retinal or scleral vessels. 
(1) Chronic anemia. Poor growth and peripheral and ventral edema may be seen 

with chronic anemia, particularly if there is concurrent protein loss. 
(2) Severe anemia. Exertion can lead to tachycardia and tachypnea with severe 

anemia. If anemia is accompanied by a decrease in blood volume, tachycar- 
dia and poor jugular filling are common. 

c. Physical examination. The following should be noted during the physical exami- 
nation: 

8. The answer is 2 [Ill A 4 bl. The clinical 
findings support a diagnosis of hairy heel 
warts (digital dermatitis). 

9. The answer is 3 [Ill A 5 c (I)]. Interrupted 
feeding of high-grain diets causes bouts of 
rumen acidosis. This is thought to initiate the 
systemic hemodynamic changes that result in 
laminitis. 2. The answer is 1 [I B 3 a]. Pressure necro- 

sis and ischemic myopathy occur when large 
animals are recumbent, on hard surfaces for 
extended periods. Milk fever and obturator pa- 
ralysis may cause cows to become recumbent 
but are not the result of recumbency. Fat cow 
syndrome is a ketotic condition of obese 
cows, and blackleg is a clostridial myositis un- 
related to recumbency. 

10. The answer i s  1 1111 B 11. Thrush is a dis- 
ease of the foot of the horse. It is a moist der- 
matitis of the frog that emits a sour, foul odor. 
In advance cases, thrush may cause lameness. 

11. The answer is 5 [Ill B 21. Diseases such 
as salmonellosis and endometritis may result 
in  laminitis. Although laminitis may be irrever- 
sible in severe cases, early, vigorous therapy 
is often successful. Laminitis is diagnosed best 
by clinical findings, although radiology helps 
to provide prognostic information in more 
longstanding cases. Walking is controversial 
as a therapy but should not be considered in 
severely lame horses. Although often a sub- 
clinical disease in cattle, the condition is 
more often clinical in horses. 

3. The answer is 2 [I B 41. These are different 
manifestations of the same inherited suscepti- 
bility for excessive skeletal muscle metabo- 
lism in swine. Blackleg and malignant edema 
are clostridial diseases of ruminants. 

(1 ) Degree or presence of pallor 
(2) Degree or presence of iderw. (It must be noted, however, that ictews can 

develop in the absence of hemolytic anemia-anoretic horses frequently de- 
velop icterus due to alterations in bilirubin metabolism, and animals with 
liver disease also may develop icterus without hemolytic anemia.) 

(3) Urine discoloration. Red urine can be caused by hematuria, hemoglobinuria, 
or myoglobinuria. Dark urine can result from these factors, as well as from a 
high bilirubin or methemoglobin content. 

(4) Fever. Often, animals with immune-mediated hemolysis and infectious condi- 
tions present with a fever. The absence of fever does not exclude these condi- 
tions. 

4. The answer is 3 [I B 4 g (2)]. Test matings 
have been replaced by a polymerase chain re- 
action gene probe and the other choices do 
not pertain to porcine stress syndrome. 

12. The answer is 4 [Ill C 61. The causative 
organism, Dichelobacter nodosus, causes the 
most significant clinical signs in affected 
sheep. The organism is susceptible to penicil- 
lin therapy. The disease occurs most com- 
monly on pasture under conditions of mois- 
ture. Although straightforward to treat, this 
disease i s  difficult to eradicate because the or- 
ganism is protected in the feet of carrier 
sheep. These carrier sheep are not lame. 

5. The answer is 1 [I C 1 b (I)]. The most 
common presentation of blackleg in cattle is 
sudden death of growing beef animals on pas- 
ture. Wounds often are not present (as op- 
posed to malignant edema), and immuniza- 
tion is preventive. 

(5) Signs of internal or external blood loss (e.g., epistaxis, melena, hematuria, 
hematochezia) 

2. Classification of anemia. Anemia can be classified by mechanism, regenerative re- 
sponse, red cell indices, and morphology. 
a. Mechanisms. There are four causes of anemia: 

(1) Egress of red blood cells (RBCs) from the vasculature (i.e., hemorrhage) can 
occur due to internal or external bleeding or parasitic ingestion. Peracute 
blood loss results in a loss of intravascular volume and possibly hypovolemic 
shock. 

(2) Destruction of RBCs (hemolysis) 
(a) lntravascular hemolysis occurs when damaged erythrocytes are lysed in 

the blood stream. 
(i) lntravascular hemolysis can occur with some infections and toxins, 

osmotic damage, or with immunoglobulin M (IgM)-mediated hemo- 
lysis. 

(ii) Free hemoglobin is released into the blood, resulting in hemoglobine- 
mia and hemoglobinuria (red urine). 

6. The answer is 5 111 A 3 b]. Although 
trauma may cause osteornyelitis, the most 
common cause is hematogenous spread from 
an infective process. 13. The answer is 2 [Ill D I ] .  Caprine arthri- 

tis-encephalitis (CAE) is prevalent across 
North America, Europe, and Australia. It pro- 
duces a chronic, progressive arthritis, and 
there is no known treatment. 

7. The answer is 4 [Ill A 1 c]. Fusobacterium 
necrophorum is a requirement for pasture foot 
rot (infectious pododermatitis) in canle. Other 
organisms (e.g., Bacteroides melaninogenicus, 
Dichelobacter nodosus) may occasionally be 
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recovered but are not necessary for disease. 
Actinobacillus pyogenes and Staphylococcus 
intermedius do not cause foot rot. 

1. The answer is 5 [I A 1 51. Creatine phos- 
phokinase (CPK) is released from degenerating 
muscle cells and reaches very high (diagnos- 
tic) levels in the serum. Nutritional myopa- 
thies are caused by deficiencies of vitamin E 
and selenium. These myopathies occur in 
foals, lambs, calves, piglets, and mature rumi- 
nants. Disease is uncommon in the selenium- 
rich areas of the North American plains. 
Losses are most commonly caused by clinical 
disease. 

m A N r M I I \ . t h o u g h  anemia literally means "no blood,'' medically it refers to a state of 
inadequate oxygen transport by circulating hemoglobin. Anemia is rarely a primary dis- 
ease and is usually a secondary problem related to trauma, infection, toxicosis, or an- 
other disease process. 8. The answer is 2 [Ill A 4 bl. The clinical 

findings support a diagnosis of hairy heel 
warts (digital dermatitis). A Clinical evaluation of anemia 

1. Clinical findings 
a. History. A complete history of the affected animal should be taken, including: 

(1) Anthelmintic and acaricidal treatments and risk factors for infestation 
(2) Drug treatments or exposure to toxins 
(3) Dietary history (e.g., exposure to toxic plants and minerals) 
(4) Frequency of erythrocyte parasites in the region 
(5) Hemorrhage or other illnesses 

b. Clinical signs generally include weakness, lethargy, exercise intolerance, pallor of 
mucous membranes, and a loss of prominence of retinal or scleral vessels. 
(1) Chronic anemia. Poor growth and peripheral and ventral edema may be seen 

with chronic anemia, particularly if there is concurrent protein loss. 
(2) Severe anemia. Exertion can lead to tachycardia and tachypnea with severe 

anemia. If anemia is accompanied by a decrease in blood volume, tachycar- 
dia and poor jugular filling are common. 

c. Physical examination. The following should be noted during the physical exarni- 
nation: 
(1 ) Degree or presence of pallor 
(2) Degree or presence of iderus. (It must be noted, however, that iderus can 

develop in the absence of hemolytic anemia-anoretic horses frequently de- 
velop icterus due to alterations in bilirubin metabolism, and animals with 
liver disease also may develop ictems without hemolytic anemia.) 

(3) Urine discoloration. Red urine can be caused by hematuria, hemoglobinuria, 
or myoglobinuria. Dark urine can result from these factors, as well as from a 
high bilirubin or methemoglobin content. 

(4)  Fever. Otlen, animals with immune-mediated hemolysis and infectious condi- 
tions present with a fever. The absence of fever does not exclude these condi- 
tions. 

(5) Signs of internal or external blood loss (e.g., epistaxis, melena, hematuria, 
hematochezia) 

2. Classification of anemia. Anemia can be classified by mechanism, regenerative re- 
sponse, red cell indices, and morphology. 
a. Mechanisms. There are four causes of anemia: 

(1) Egress of red blood cells (RBCs) from the vasculature (i.e., hemorrhage) can 
occur due to internal or external bleeding or parasitic ingestion. Peracute 
blood loss results in a loss of intravascular volume and possibly hypovolemic 
shock 

(2) Destruction of RBCs (hemolysis) 
(a) lntravascular hemolysis occurs when damaged erythrocytes are lysed in 

the blood stream. 
(i) lntravascular hemolysis can occur with some infections and toxins, 

osmotic damage, or with immunoglobulin M (IgM)-mediated hemo- 
lysis. 

(ii) Free hemoglobin is released into the blood, resulting in hemoglobine- 
mia and hemoglobinuria (red urine). 

9. The answer is 3 [Ill A 5 c (I)]. Interrupted 
feeding of high-grain diets causes bouts of 
rumen acidosis. This is thought to initiate the 
systemic hemodynamic changes that result in 
laminitis. 2. The answer is  1 [I B 3 a]. Pressure necro- 

sis and ischemic myopathy occur when large 
animals are recumbent on hard surfaces for 
extended periods. Milk fever and obturator pa- 
ralysis may cause cows to become recumbent 
but are not the result of recumbency. Fat cow 
syndrome is a ketotic condition of obese 
cows, and blackleg is a clostridial myositis un- 
related to recumbency. 

10. The answer is 1 [Ill B 11. Thrush is a dis- 
ease of the foot of the horse. It is a moist der- 
matitis of the frog that emits a sour, foul odor. 
In advance cases, thrush may cause lameness. 

11. The answer is 5 [Ill B 21. Diseases such 
as salmonellosis and endometritis may result 
in laminitis. Although laminitis may be irrever- 
sible in severe cases, early, vigorous therapy 
is often successful. Laminitis is diagnosed best 
by clinical findings, although radiology helps 
to provide prognostic information in more 
longstanding cases. Walking i s  controversial 
as a therapy but should not be considered in 
severely lame horses. Although often a sub- 
clinical disease in cattle, the condition is 
more often clinical in horses. 

3. The answer is 2 [I B 41. These are different 
manifestations of the same inherited suscepti- 
bility for excessive skeletal muscle metabo- 
lism in swine. Blackleg and malignant edema 
are clostridial diseases of ruminants. 

4. The answer is 3 [I B 4 g (2)l. Test matings 
have been replaced by a polymerase chain re- 
action gene probe and the other choices do 
not pertain t o  porcine stress syndrome. 

12. The answer is 4 [Ill C 61. The causative 
organism, Dichelobacter nodosus, causes the 
most significant clinical signs in affected 
sheep. The organism is susceptible to penicil- 
lin therapy. The disease occurs most corn 
monly on pasture under conditions of rnois- 
ture. Although straightforward to treat this 
disease is difficult to eradicate because the or- 
ganism is protected in the feet of carrier 
sheep. These carrier sheep are not lame. 

5. The answer is 1 [I C 1 b (I)]. The most 
common presentation of blackleg in cattle is 
sudden death of growing beef animals on pas- 
ture. Wounds often are not present (as op- 
posed to malignant edema), and immuniza- 
tion is preventive. 

6. The answer is 5 [I1 A 3 b]. Although 
trauma may cause osteomyelitis, the most 
common cause i s  hematogenous spread from 
an infective process. 13. The answer is 2 [Ill D 11. Caprine arthri- 

tis-encephalitis (CAE) is prevalent across 
North America, Europe, and Australia. It pro- 
duces a chronic, progressive arthritis, and 
there is no known treatment. 

7. The answer is 4 [Ill A 1 c]. Fusobacterium 
necrophorurn is a requirement for pasture foot 
rot (infectious pododermatitis) in cattle. Other 
organisms (e.g., Bacteroides melaninogenicus, 
Dichelobacter nodosus) may occasionally be 
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(iii) Some hemoglobin is metabolized to bilirubin, causing icterus and 
dark urine. 

(iv) Free hemoglobin can lead to secondary renal tubular necrosis. 
(b) Extravascular hemolysis occurs when damaged erythrocytes are removed 

by the reticuloendothelial organs. 
(i) Oxidative damage to hemoglobin, membrane changes due to drugs 

or infectious agents, and antibody binding (IgG) to the erythrocyte 
membrane are the most common causes of extravascular hemolysis. 

(ii) Hemoglobin is metabolized by the reticuloendothelial cells to biliru- 
bin and is not released into the peripheral blood. 

(iii) H yperbilirubinemia leads to jaundice and dark urine. 
(3) lmpaired production of RBCs can result from the suppression of bone mar- 

row activity or the replacement of hematopoietic stem cells. Examination of 
bone marrow cells should reveal: 
(a) A lack of hyperplasia of the precursor cells of the erythroid line 
(b) Possibly a lack of megakaryocytes and myeloid precursor cells 

(4) lmpaired oxygen-carrying capacity of RBCs i s  extremely rare in large ani- 
mals, but it i s  seen in cows with erythropoietic porphyria. 

b. Regenerative response. The body's reaction to anemia is to increase erythrocyte 
production and release by the erythroid stem cells in the marrow. The direct stim- 
ulus for increasing erythrocyte production is erythropoietin, which is released 
into the blood by renal tubular cells in response to hypoxemia. 
(1) Anemia can be classified as regenerative or nonregenerative, depending on 

the effectiveness of the marrow response. 
(a) All anemias are initially nonregenerative, because it takes several days for 

marrow hyperplasia to occur. 
(b) A strong regenerative response is more common after acute blood loss or 

in the presence of hemolytic anemia. A regenerative response is less 
likely when the anemia is caused by impaired production or chronic dis- 
ease. 

(2) Evidence of a regenerative response varies among large animal species. 
(a) Ruminants and pigs can release large numbers of reticulocytes (i.e., 

lar~e, immature ervthrocytes) and other immature erythrocytes into the pe- 
ri&eral blood. ' 

(il Immature erythrocytes are larger than mature cells, resulting in aniso- 
cytosis and thacrocytosis, and contain less hemoglobin per unit vol- 
ume, resulting in hypochromasia. 

(in The reticulocytes often contain DNA or RNA remnants, which are 
visible after staining as polychromasia (basophilic stippling). 

(iii) The reticulocyte count adjusted for anemia can be used to test the ef- 
fectiveness of the regenerative response. The adjusted reticulocyte 
count is calculated and interpreted as shown in Table 14-1. 

(b) All large animal species should develop hyperplasia of erythroid precur- 
sor cells in  the bone marrow. Lack of this reaction i s  strong evidence of 
a nonregenerative anemia. 

(c) An increase in erythrocyte count over time is the best evidence that re- 
generation i s  occurring. 

TABLE 14-1. Calculating the Adjusted Reticulocyte Count 

Total erythrocyte count Mean PCV for species 

A value of 2.0 or greater indicates a regenerative response. 
A value of 0.5 or less indicates a nonregenerative response. 
A value of 0.5-2.0 indicates an early or impaired response. 
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TABLE 14-2. Calculation of Red Cell Indices 

PCV X 10 
MCV (') = Erythrocyte count (millions) 

Blood hemoglobin concentration (g) X 10 
MCH (pg) = Erythrocyte count (millions) 

Blood hemoglobin concentration WdL) X 100 
MCHC WdL) = PCV 

- 
MCH - mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration; : 
MCV = mean corpuscular wlume; PCV - packed cell volume. 

c. Red cell indices. Calculation of the mean corpuscular volume (MO,  mean cor- 
puscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration 
(MCHC) aids in the classification of anemia (Table 14-2). 
(1) MCV. The MCV of small ruminants is typically half that of cattle or horses. 

Normocytic, microcytic, and macrocytic refer to normal, low, and high 
MCV, respectively. 
(a) Microcytosis occurs with iron deficiency and some immune-mediated he- 

molytic anemias. 
(b) Macrocytosis occurs with maturation defects (e.g., cobalt or vitamin 

BI2/folate deficiency, some systemic diseases) or the release of immature 
erythrocytes into the peripheral blood, which is a normal regenerative re- 
sponse to anemia (particularly anemia due to acute blood loss or hemo- 
lysis). 

(2) MCH decreases with most causes of anemia as a result of decreased erythro- 
cyte count. MCH may increase artifactually with intravascular hemolysis be- 
cause free hemoglobin in the blood is also measured. 

(3) MCHC. Normochromic, hypochromic, and hyperchromic refer to normal, 
low, and high MCHC, respectively. 
(a) Normochromasia is common with nonregenerative anemia. 
(b) Hypochromasia can accompany microcytosis (and low MCH) with iron 

deficiency or macrocytosis (with a normal to high MCH) with the release 
of immature erythrocytes into the blood as part of a regenerative re- 
sponse. 

(c) Hyperchromasia can occur with intravascular hemolysis due to the mea- 
surement of free hemoglobin in the blood. 

d. Morphology. Microscopic examination of a blood smear can be used to describe 
the size, shape, and staining characteristics of erythrocytes. 
(1) Reticulocytosis occurs when reticulocytes are released into the blood as part 

of the regenerative response to anemia. Reticulocytosis is seen only in rumi- 
nants and pigs, never in horses. 

(2) Anisocytosis refers to cells of varying sizes in peripheral blood. Mild a n i w  
cytosis i s  common in ruminants, but marked anisocytosis (due to macre 
cytosis and reticulocytosis) is usually a sign of a regenerative response. Aniso- 
cytosis may also be seen after a transfusion if the host and donor erythrocytes 
are different sizes. 

(3) Basophilic stippling (granulation) in erythrocytes stained with Romanowsky 
stain is the result of DNA remnants. This stippling is seen as part of the regen- 
erative response in cattle and with chronic lead toxicosis. Howell-Jolly bodies 
are similar dark-staining nuclear remnants that are normally seen in horse 
erythrocytes and, thus, are of little value in determining regenerative re- 
sponse. 

(4) Spherocytosis refers to small erythrocytes that lack central pallor. Spherocyb 
sis usually results from partial removal of the red cell membrane by reticulo- 
endothelial cells and often accompanies extravascular hemolysis. Spherocytes PCV = packed cell volume. 
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are difficult to identify in large animals because of the small size of normal 
erythrocytes. 

(5) Heinz bodies are aggregates of hemoglobin that have undergone oxidative de- 
naturation. Heinz bodies are visible as refractile bodies when stained with Ro- 
manowsky stain or as round, darkly staining peripheral bodies within erythro- 
cytes when stained with new methylene blue stain. 

(6) Methemoglobin is formed when the ferrous (2+) iron of hemoglobin is oxi- 
dized to its ferric (3+) form. A small amount of methemoglob~n is present 
normally and more is formed in some animals with oxidative injury (often in 
conjunction with Heinz body anemia). Methemoglobinemia and methemogl~ 
binuria cause brown discoloration of the blood and urine, respectively. 

(7) Erythrocyte aggregation can result from rouleaux formation or autoagglutina- 
tion. 
(a) Rouleaux are normal in horses and dissipate when diluted with saline. 
(b) Autoagglutination is seen during inflammatory reactions and when eryth- 

rocytes are coated with antibody. Autoagglutinating erythrocytes do not 
disperse as readily with saline dilution. 

3. Diagnostic plan and laboratory tests 
a. Blood work 

(1) Complete blood cell count (CBC) and morphologic examination. Anemia 
can be quantified by measuring the: 
(a) Packed cell volume (PCV). The PCV, the percentage of blood volume oc- 

cupied by erythrocytes, can be determined by automated counter or cen- 
trifugation. Microcentrifugation may be necessary to adequately pack 
small ruminant erythrocytes. 

(b) Blood hemoglobin concentration 
(c) Blood erythrocyte count 
(d) Microcytic hypochromic anemia is suggestive of iron deficiency, whereas 

macrocytic hypochromic anemia is suggestive of a regenerative response 
(seen with acute blood loss or hemolysis). Normocytic normochromic 
anemia is seen before the regenerative response has started (2-4 days) or 
with nonregenerative anemia. 

(e) Anemia with hypoproteinemia is suggestive of acute blood loss, whereas 
anemia with hyperproteinemia is suggestive of an inflammatory reaction. 

(f) Agglutination may be seen. If not, a Coombs' test may be performed to 
test for antibody binding. 

(g) Erythrocytes should be examined for morphologic abnormalities, regener- 
ative response, or parasites. 

(h) Yellow plasma is seen with hyperbilirubinemia, whereas pink plasma is 
seen with hemoglobinemia. Whole blood may be dark brown with se- 
vere methemoglobinemia. 

(2) D i red Coombs' test. Specific anti-immunoglobulin and anticomplement anti- 
bodies may be mixed with host erythrocytes. If host erythrocytes are coated 
with these factors, as often occurs with immune-mediated hemolysis, aggluti- 
nation may occur. The test is usually performed at body temperature (warm 
agglutination) for IgG and below body temperature (cold agglutination) for 
IgM. A Coombs' test cannot be performed on blood that autoagglutinates. 

(3) Iron-binding capacity. Serum iron concentration and unbound iron-binding 
capacity can be measured. Both are low with anemia of chronic disease, 
whereas unbound iron-binding capacity is high with iron deficiency anemia. 

b. Fecal occult blood test detects the presence of blood peroxidase in feces and, 
therefore, helps identify gastrointestinal hemorrhage. Dietary factors in ruminants 
and small subclinical ulcerations affect the diagnostic value of this test. The sensi- 
tivity and specificity of this test has not been established for large animals. How- 
ever, test results can be used to raise or lower clinical suspicion of gastrointesti- 
nal bleeding. 

c. Urinalysis 
(1) Urine sediment should be examined for erythrocytes. If hematuria is present, 

urinary tract hemorrhage may be the source of blood loss. 
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(2) Tests may be performed to differentiate hemoglobin from myoglobin in red 
urine. Hemoglobinuria i s  seen with hematuria or intravascular hemolysis. 

(3) A high urine bilirubin concentration may be seen with hemolysis or liver dys- 
function (or fasting in horses). 

d. Bone marrow examination can be performed in order to examine the stem cell re- 
sponse to anemia. Because horses do not get reticulocytosis, cytologic examina- 
tion of marrow is the best way to determine if anemia is regenerative. Hyperpla- 
sia of stem cell lines, particularly erythroid precursor cells, suggests a regenerative 
response. 

Acute blood loss anemia 

1. Clinical findings. Animals with rapid external blood loss may have obvious hemor- 
rhage or ectoparasitism. With internal hemorrhage, the site of hemorrhage may not 
be obvious. 
a. Signs of anemia include pale pink to white mucous membranes, disappearance 

of visible scleral vessels, and prolonged capillary refill times. 
b. Animals with blood loss anemia also often have tachycardia, weak pulses, poor 

jugular filling, and cold extremities. 
c. Animals with poor organ perfusion become weak and dull. 

2. Etiology and pathogenesis 
a. Etiology. Rapid loss of blood from the vascular compartment can occur internally 

or externally. Blood loss can be caused by the rupture of a large, blood-filled vis- 
cus (e.g., vessel, spleen, heart), thrombocytopenia, a cloning factor defect, blood- 
sucking parasites, or severe ulceration of an epithelial membrane. 

b. Pathogenesis. Decreased intravascular volume and hemoglobin content result in 
low cardiac output and poor tissue perfusion. Severely affected animals develop 
hypovolemic shock and may die. 

3. Diagnostic plan and laboratory tests 
a. Clinical findings support a diagnosis of blood loss anemia, particularly when ex- 

ternal hemorrhage is present. I 

b. Blood work 
(1) With peracute blood loss, blood appean normal and has a normal PCV, total 

I 
protein, and hemoglobin concentration. 

(2) With acute, subacute, or chronic blood loss anemia, blood appean thin and 
watery and has a low PCV, total protein, and hemoglobin concentration. 1 

(3) After a few days of blood loss, there should be evidence of a regenerative re- 
sponse. 

4. Therapeutic plan. Treatment is dictated by the degree, rapidity, and severity of blood 
loss. Efforts should be made to correct the cause of blood loss. Less aggressive inter- 
vention is required with gradual blood loss because of the animal's ability to com- 
pensate. 
a. Fresh whole blood is the best treatment 
b. Isotonic or hypertonic fluids should be given intravenously to restore vascular vol- 

ume in patients with hypovolemic shock. 
c. Stress to the animal should be minimized. 

Chronic blood loss anemia 

1. Clinical findings 
a. Affected animals typically appear unthrifty, with poor body condition and hair 

coats. Pallor of mucous membranes may be present, but often is not remarkable. 
b. Animals with longstanding concurrent hypoproteinemia often develop edema of 

the ventrum and extremities. 
c Severely affected animals are weak and lethargic and may die if stressed. 

2. Etiology. Chronic blood loss can be caused by all of the causes of acute blood loss 
(see I B 2). Parasitism and gastrointestinal mucosal ulceration are the two most com- 
mon causes in large animals. Because of the animal's ability to maintain circulatory i 
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volume with chronic blood loss, hypovolemic shock is not seen. Clinical signs result 
from the decreased oxygen-carrying capacity of blood. 

3. Diagnostic plan and labdratory tests 
a. Blood work. Determination of the PCV and hemoglobin concentration are neces- 

sary to diagnose chronic blood loss anemia. The regenerative response often is  
absent or poor, and there is occasionally hypochrornasia and microcytosis com- 
patible with iron deficiency. 

b. Identifying the cause of blood loss through fecal examination for endoparasites, 
visual inspection for ectoparasites, and endoscopic examination for gastric ulcera- 
tion may be useful. 

4. Therapeutic plan. Specific treatment for chronic blood loss anemia usually is not indi- 
cated. Iron supplements may be helpful. Efforts should focus on treating the cause of 
blood loss. 

4 Hemolytic anemia (HA) 

1. HA of horses 
a. Infectious causes of HA 

(1 ) Babesiosis (piroplasmosis) 
(a) Clinical findings. Fever and icterus are common findings with both causa- 

tive organisms, whereas hemoglobinuria is more common with Babesia 
equi than with Babesia caballi. Generalized signs are seen with severe 
anemia and include weakness, anorexia, and depression. Eyelid swelling 
and naso-ocular discharges are common with severe disease. 

(b) Etiology and pathogenesis 
(i) Etiology. This disease is caused by the protozoan parasites 8. caballi 

and B. equi. Both organisms are predominately found in tropical and 
subtropical areas but potentially can be found anywhere within the 
ranges of their host, ticks. Both organisms live within erythrocytes; 8. 
equi also has a lymphocytic stage. 

(ii) Pathogenesis. Babesia species are spread by Dermacentor, Hya- 
lomma, and Rhipicephalus ticks. Vertical transmission in ticks occurs 
with B. caballi but not with B. equi. The parasites cause both intra- 
and extravascular hemolysis, and most infected horses remain car- 
riers for life. 

(c) Diagnostic plan and laboratory tests. Identification of Babesia in a blood 
smear examination from a horse with compatible clinical signs is diagnos- 
tic. 5. caballi are large and pyriform, whereas B. equi piroplasms are 
small and rounded. Multiple organisms can be found inside a single eryth- 
rocyte, occasionally forming the "Maltese cross" shape with 8. equi. Se- 
rologic tests are also available. 

(d) Therapeutic plan. lmidocarb is the drug of choice to treat equine babesio- 
sis. High doses are needed to treat 8. equi and to prevent the carrier state 
with B. caballi. High doses (4 mglkg body weight) have been associated 
with colic signs and death, particularly in donkeys. 

(e) Prevention. There is no vaccine for equine babesiosis. Tick control is es- 
sential to prevent the spread of the organisms. 

(2) Equine infectious anemia (EIA; swamp fever) 
(a) Patient profile. EIA only infects horses and other ~~u idae ,  regardless of 

age, breed, or sex. The disease is found worldwide. 
(b) Clinical findings. The clinical and hematologic manifestations vary de- 

pending on the virulence of the virus, host resistance factors, and environ- 
mental stressors. Ninety percent of acute and subacute episodes occur 
within the first year of infection. Recrudescence of clinical signs may 
occur in association with corticosteroid administration, stressors (e.g., 
transport, heavy work), intercurrent disease, or adverse environmental fac- 
tors. There are three forms of clinical disease: 
(i) Acute form. Clinical signs include intermittent fever, depression, pe- 
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techial hemorrhages, progressive weakness, weight loss, anemia, 
swelling of the legs, brisket and ventral abdomen, or sudden death. 

(ii) Subacute to chronic form. Clinical signs include recurrent episodes 
of fever, depression, anemia, icterus, lymphadenopathy, petechial 
hemorrhages, edema, and weight loss. Occasionally, there are neuro- 
logic alterations. Clinical signs usually occur within the first few 
months after infection. 

(iii) Chronic or inapparent form. There may be few clinical or hemato- 
logic signs. Occasionally, carrier animals have periodic fever or 
weight loss. 

(c) Etiology. EIA is caused by a lentivirus, which is a nononcogenic retrovi- 
rus that infects cells of the immune system. 

(d) Pathogenesis. EIA virus is host-specific and is  transmitted from animal to 
animal through body fluids, particularly blood. Infected horses are car- 
riers for life. 
(i) Transmission. Contaminated needles, syringes, and surgical or den- 

tal instruments may spread the disease. Horse flies and deer flies 
can also transmit infected blood to uninfected horses. The chance of 
spread of EIA virus via arthropod transmission is dependent on the 
distance between infected and uninfected horses, the number of vec- 
tor flies feeding on the horses, the amount of infected blood in- 
gested, and other factors. 

(ii) Viral life cycle. The virus multiplies in lymphoid tissues throughout 
the body within monocyte and macrophage cells. The virus elicits 
brisk humoral and cellular immune responses. It incorporates into 
the host genome and is disseminated throughout the body. The virus 
escapes the host's irnmunosurveillance by remaining intracellular 
and by altering its surface glycoproteins to appear unrecognizable m 
surface neutralizing antibodies. 

(iii) Clinical manifestations. Many of the clinical manifestations of EIA in- 
fection are thought to be immune-mediated. Hepatitis, lyrnphadenop 
athy, and splenomegaly are caused by infiltrates of virus-infected 
mononuclear cells. Anemia results from the negative effects of the 
virus on hematopoiesis, viral hemagglutinin-mediated hemolysis and 
phagocytosis, and relative iron deficiency. 

(e) Diagnostic plan and laboratory tests 
(i) Clinical pathology. There may be a mild lymphocytosis and mono- 

cytosis during acute disease, but changes in the leukogram are incon- 
sistent. Inapparent carriers may have a normal hemogram except for 
a marginally low erythrocyte count. 

(ii) Agar-gel immunod i i ion  (ACID, Coggins) test is a highly specific 
and accurate indication of EIA infection. Test results may be negative 
in the first 10-14 days of disease. False-positive tests may occur in  
foals born to infected dams because of the absorption of antibodies 
from the colostrum. 

(iii) Competitive enzyme-linked immunoeorbent assay (ELISA) is more 
sensitive but less specific than ACID. 

(f) Therapeutic plan. There is no effective treatment for EIA. State and fed- 
eral regulations require that infected horses be reported. Only seronega- 
tive horses can be moved between states and internationally for participa- 
tion in equestrian events. 

(g) Prevention. It is generally recommended (and may be required) to hu- 
manely destroy infected horses because even clinically normal chronic 
carrier horses pose a health risk to other horses. To avoid euthanasia, in- 
fected horses must be separated by at least 200 yards fmm healthy 
horses, and strict insect control must be practiced to ensure no trammis- 
sion of disease. Strict attention to contaminated needles, syringes, or surgi- 
cal instruments is also necessary. 
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b. Immune-mediated causes of HA 
(1) Neonatal isoerythrolysis (NI) 

(a) Epidemiology. In Thoroughbreds, NI occurs in approximately 1% of 
births. In Standardbreds, NI occurs in approximately 2% of births. The 
prevalence of NI is higher in mule foals (1 0%) because of the unique don- 
key erythrocyte antigen, which i s  present on donkey but not horse eryth- 
rocytes. Because mule foals are the product of a donkey sire and a horse 
dam, NI is possible in all such breedings, particularly if the dam has pre- 
viously carried a mule foal. 

(b) Clinical findings. The severity of clinical signs appears to relate to the 
amount of colostrum absorbed; therefore, vigorous foals are often the 
most severely affected. 
(i) Foals are born healthy but develop progressive lethargy and weak- 

ness 24-36 hours postpartum after ingesting colostrum. 
(ii) Mucous membranes are initially pale and later become icteric. 
(iii) There may be hemoglobinuria and hemoglobinemia before death. 
(iv) Other signs include rapid, shallow breathing followed by labored 

breathing, tachycardia, excessive yawning, and seizure-like activity. 
(c) Etiology and pathogenesis. Coating of foal RBCs with maternal alloanti- 

bodies absorbed from colostrum causes RBC destruction. 
(i) Blood group antigens. This condition can occur whenever the sire 

and foal share a blood group antigen that is not present in the mare. 
The Aa and Qa blood group antigens, as well as a unique donkey 
blood group antigen, appear to be strongly immunogenic and are re- 
sponsible for most cases of NI. 

(ii) Exposure in the mare. In order to have antibodies against these 
blood types in colostrum, the mare's blood must lack the antigen, 
and the mare must have been previously exposed to this antigen by 
blood transfusion, exposure to blood from a previous foal (usually 
sired by the same male) during parturition, or exposure to the foal's 
blood during gestation due to placental pathology. 

(iii) Exposure in the foal. When antibodies are absorbed from the colos- 
trum into the foal's circulation, they attach to the foal's erythrocytes, 
leading to accelerated erythrocyte removal and destruction by reticu- 
loendothelial cells. 

(d) Diagnostic plan and laboratory tests 
(i) Clinical pathology reveals anemia, hemoglobinemia, elevated biliru- 

bin (mostly conjugated), and hemoglobinuria. Mule foals may also 
have thrombocytopenia. The leukogram should be evaluated to help 
eliminate sepsis as the cause of clinical signs. 

(ii) Lytic or precipitation tests detect antibodies in the colostrum or the 
mare's serum against the foal's whole erythrocytes. The jaundice foal 
agglutination UFA) test is performed by mixing the mare's serum or 
colostrum with the foal's erythrocytes. Agglutination should occur 
with NI. 

(iii) Direct Coombs' test This test also detects antibodies in the colos- 
trum or the mare's serum against the foal's whole erythrocytes. 

(e) Therapeutic plan 
(i) Blood transfusion. If anemia becomes severe (i.e., when the PCV i s  

less than 15% and decreasing over time), a whole blood transfusion 
shouldbe considered. If the mare is used as the donor, all plasma 
must be removed by washing the mare's erythrocytes. Almost any 
horse's blood can be used for mule foals, but donkey blood should 
not be used. In general, horses that lack the Qa or Aa antigens or an- 
tibodies against them are the best donors. 

(ii) Supportive care includes intravenous fluids to maintain hydration, 
promote diuresis of hemoglobin, and correct electrolyte and 
acid-base imbalances. Efforts should be made to minimize stress 
and restrid activity until the foal's condition is stable. 
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(iii) Immunosuppressive drugs are not effective against NI because the 
agglutinating antibody is exogenous. 

(f) Prevention includes: 
(i) Blood typing. Broodmares at risk for the development of NI can be 

identified by blood-typing. Any mare that i s  negative for either Aa or 
Qa antigen is  at risk and should preferably only be bred with Aa- or 
Qa-negative stallions. 

(ii) Serum screening. If blood typing cannot be done before breeding or 
if a potentially incompatible match cannot be avoided, the mare's 
serum should be screened for the presence of antierythrocyte anti- 
bodies within 30 days of foaling. This is done by mixing the mare's 
serum with the stallion's erythrocytes and looking for agglutination. 
This test can be repeated closer to foaling if the results are equivo- 
cal. If the blood test is positive, a JFA test should be performed be- 
fore allowing the foal to nurse. If the JFA test is positive, colostrum 
from another source should be provided to the foal, or antibodies 
should be supplied by plasma transfusion from a suitable donor. 
When the foal can no longer absorb colostral antibody (usually by 
48 hours postpartum), the foal can be allowed to nurse from the 
mare. 

(2) Immune-mediated HA 
(a) Clinical findings. Clinical signs, including fever and icterus, resemble 

those seen with parasitic immune-mediated hemolytic disorders (e.g., Ba- 
besiosis). 

(b) Etiology and pathogenesis. Host antibodies and complement may bind to 
host erythrocyte membranes. This may result in intravascular hemolysis 
but more commonly leads to erythrocyte phagocytosis or partial phagocy- 
tosis by reticuloendothelial cells (extravascular hemolysis). This antibody 
binding may occur for two reasons: the alteration of the RBC membrane 
or an overzealous immune response. Changes in the membrane are more 
common and can result from: 
(i) lntraerythrocyte parasites 

(ii) Chronic bacterial and viral infections 
(iii) Lymphosarcoma 
(iv) Disorders of immune function (e.g., systemic lupus erythematosus, 

neonatal isoerythrolysis) 
(v) Medications (particularly penicillin) 
(vi) Idiopathic causes 

(c) Diagnostic plan and laboratory tests. Spontaneous autoagglutination or a 
positive Coombs' test should be used to confirm immune-mediated hemo- 
lysis. 

(d) Differential diagnoses. Parasitic diseases and EIA should be ruled out by 
a blood film examination or serologic tests. 

(e) Therapeutic plan. All prior medications should be discontinued. 
(i) Immunosuppressive drugs. If an acute or chronic infectious condi- 

tion can be ruled out, an immunosuppressive course of corticoste- 
roids or cyclophosphamide can be initiated. The dosages of these 
drugs should be gradually reduced, and their administration should 
be discontinued within 1 month, if possible. 

(ii) If a noninfectious disease state (e.g., lymphosarcoma, systemic lupus 
erythematosus) is identified, treatment of the primary disease may re- 
sult in the resolution of hemolysis. 

(iii) Infectious diseases should be treated with the appropriate drugs, but 
classes of drugs that may have precipitated hemolysis should be 
avoided. 

(iv) A blood transfusion is rarely necessary. 
c. Toxic causes of HA 

(1) Oxidative injury (red maple leaf, onion, and phenothiazine toxicosk) 
(a) Patient profile. Red maple leaf toxicosis occurs in late summer and fall. 
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Any horse or pony is susceptible regardless of age, breed, or sex. Horses 
are less susceptible to onion toxicity than cattle, but they are more sus- 
ceptible than sheep or goats. All horses are susceptible to phenothiazine 
toxicosis. 

(b) Clinical findings 
(i) Clinical signs. Polypnea, tachycardia, weakness, depression, an- 

orexia, and cyanosis are common. Death may occur in 4-6 days. 
(ii) Fever may be present during the hemolytic episode. 

(iii) A brownish discoloration of blood and urine may occur with red 
maple leaf toxicosis. 

(c) Etiology. Ingestion of onions or wilted, dry red maple leaves or the admin- 
istration of phenothiazine sedatives or anthelmintics can lead to severe, 
acute hemolytic anemia. 

(d) Pathogenesis. Oxidative denaturation of hemoglobin by n-propyl disul- 
fide (an alkaloid) from onions, by an unknown toxin in red maple leaves 
(Acer rubrum), and by phenothiazines results in the production of Heinz 
bodies within RBCs. Red maple leaf toxicosis also causes methemoglobin- 
emia. 

(i) Onion toxicity. The alkaloid n-propyl disulfide depletes the intraer- 
ythrocytic enzyme, glucose 6-phosphate dehydrogenase, which main- 
tains glutathione in its reduced state. When glutathione is oxidized, 
mixed disulfide linkages form between globin chains of hemoglobin 
and glutathione. These linked molecules precipitate within the cell, 
forming Heinz bodies. 

(ii) Phenothiazines are also strong oxidizing agents. 
(iii) Red maple leaf toxicosis. Erythrocytes containing Heinz bodies are 

removed from the circulation by the reticuloendothelial system (extra- 
vascular hemolysis), leading to anemia. With severe oxidative dam- 
age, some intravascular hemolysis can occur. There are two patterns 
of toxicity with red maple leaf toxicosis. The peracute form results 
from massive methemoglobinemia, causing marked tissue anoxia 
and sudden death. The hemolytic form is caused by continuous oxi- 
dative stress on RBCs, causing Heinz body anemia with subsequent 
intra- and extravascular hemolysis. 

(e) Diagnostic plan and laboratory tests 
(i) Clinical pathology. Anemia is present with all three diseases. Sphero- 

d cytes, Heinz bodies in peripheral blood, and elevated total bilirubin 
I (mostly unconjugated) may also be seen. High MCHC and MCH val- 

ues support the diagnosis of intravascular hemolysis. Urinalysis may 
1 reveal elevated protein and blood and the presence of hemoglobin, 

I :. 
bilirubin, and urobilinogen. Methemoglobinuria, methemoglobin- 

1 8  
emia, and low glutathione levels should be found with red maple 

. , . . leaf toxicosis but should not be evident with the other two diseases. 
, . (ii) Postmortem findings include generalized icterus, petechiae and ec- 

1 : chymoses on serosal surfaces, and splenic engorgement. There may 

I " be a dark brown discoloration to the blood and tissues and changes 
, . in liver architecture. Histopathologic findings include the presence 

1 of hemoglobin, renal tubular casts and mild nephrosis, and extensive 
erythrophagia by macrophages. 

I I If) Differential diagnoses. Other causes of hemolysis or methemoglobinemia 
1 , . $ .  should be eliminated. 

, I (g) Therapeutic plan 
I 1 (I) Eliminate red maple leaves or onions from the diet by moving the 

' !  I horse. Discontinue the use of phenothiazines. 
I (ii) Intravenous isotonic fluids are useful for diuresis, the correction of 

dehydration, electrolyte depletions, and acid-base abnormalities. 
,i a * 1 1 .  . (iii) Whole blood transfusion may be necessary if the PCV is less than 

, . I '  ., I . . 
12% and decreasing over time. 

' ! I  
(iv) Dexamethasone may help stabilize erythrocyte membranes and re- 
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duce the risk of a transfusion reaction. Steroids must be used with 
caution because they may lead to laminitis. 

(v) Ascorbic acid (125 mg/kg orally initially, followed by 50 mg/kg sub- 
cutaneously twice daily) has been used as an antioxidant for the treat- 
ment of red maple leaf toxicosis. 

(2) Iatrogenic causes of HA. Several medications that are commonly adminis- 
tered to large animals cause hemolysis. Unless large amounts of the medica- 
tion are administered, hemolysis is  rarely clinically significant. 
(a) Hypotonic solutions can cause osmotic lysis of RBCs when administered 

intravenously. 
(b) Phenothiazine tranquilizers and anthelmintin cause oxidative injury to 

RBCs [see I D 1 c (111. 
(c) Some concentrated drugs, notably tetracycline and dimethylsulfoxide 

(DMSO), cause hemolysis by an undescribed mechanism. To avoid this, 
these drugs should be diluted (less than 10% solution for DMSO) before 
intravenous administration. 

2. HA of ruminants can also be categorized as intra- or extravascular. Each type leads 
to the characteristic abnormalities as discussed with horses (see I D 1). 
a. Infectious causes of HA 

(1) Anaplasmosis 
(a) Clinical findings are related to the immune-mediated loss of circulating 

erythrocyte mass. Calves under 1 year of age show few clinical signs. Se- 
verity of clinical disease increases with age, such that cattle older than 3 
years often die of peracute disease. All of the following forms can occur 
in infected sheep and goats, but clinical disease is rare. 
(i) Acute anaplasmosis is common in young adult cattle. Anemia, fever, 

tachycardia, tachypnea, weakness, depression, and icterus are seen. 
Blood appears thin, and mucous membranes appear pale. 

(ii) Peracute anaplasmosis is more common in older cattle. Signs are 
similar to the acute disease, except that death often occurs before ic- r, 
terus develops. 

(iii) Chronic anaplasmosis can follow acute infection and is character- 
ized by ill-thrift and decreased production. The animal becomes a 
reservoir for the infection of herd mates. 

(b) Etiology. The disease in cattle is caused by Andplasma marginale margi- 
nale and Anaplasma marginale centrale of the order Rickettsiales. The dis- 
ease in small ruminants is  caused by Anaplasma ovis. These organisms 
are obligate intracellular parasites of erythrocytes. 

(c) Pathogenesis 
(i) Transmission. The organisms are spread by the passage of blood be- 

tween animals. Chronically infected animals and wild ruminants a d  
as reservoirs. Argasid and ixodid ticks, biding flies, and veterinary in- 
struments are the most common means of transmission. Transmis- 
sion is seasonal, based on the life cycle of the arthropod vectors. Ex- 
perimental transplacental transmission has been documented. 

(ii) Disease progression. After an incubation period of 2-7 weeks, para- 
sitized erythrocytes begin to be removed by the reticuloendothelial 
system. Immune-mediated extravascular hemolysis leads to anemia. 

(d) Diagnostic plan and laboratory tests. Because clinical signs are specific 
to hemolytic anemia but not anaplasmosis, laboratory tests can be used 
to confirm the diagnosis. 
(i) Blood smears reveal reticulocytosis, polychromasia, Howell-Jolly 

bodies, and basophilic stippling. Anaplasma may be visible on direct 
smear as refraaile bodies or in Giemsa-stained smears as small, 
round, purple bodies. A. marginale marginale are located at the pe- 
riphery of erythrocytes, whereas A. marginale centrale are located to- 
ward the center. 

(ii) Serologic tests and DNA probes. Chronically infected animals haw 
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fewer visible rickettsia and may be better diagnosed by serologic 
tests or DNA probes. 

(e) Therapetitic plan. The three considerations of treatment include the reso- 
lution of acute parasitemia, maintenance of organ perfusion, and preven- 
tion of the carrier state. 
(i) Oral chlortetracycline and parenteral oxytetracycline are the most 

commonly used drugs to treat acute or chronic infection. Low con- 
centrations of a tetracycline (usually chlortetracycline) added to the 
feed or water can be used to reduce morbidity during periods of 
high transmission in endemic areas. Higher doses or longer treat- 
ment courses are required to eliminate infection. 

(ii) Although fluids or blood transfusions can be used to maintain organ 
perfusion, these treatments are usually impractical. 

(iii) Efforts should be made to minimize stress and exertion of severely af- 
fected cattle until parasitemia is reduced and circulating erythrocyte 
mass has been restored. 

(0 Prevention. The control of vectors, reduction of parasitemia through the 
continuous use of antimicrobial drugs, elimination of the carrier state, or 
vaccination can be used to reduce the losses caused by anaplasmosis. 

Babesiosis (piroplasmosis) has been eradicated from North America. 
(a) Patient profile. Cattle, goats, sheep, and swine may be affected. 

(i) Cattle of all ages are susceptible to this disease, although calves be- 
tween the ages of 2 and 9 months appear to be resistant. Offspring 
of exoosed dams are protected against clinical disease by colostral 
anGbbdy during the &natal period. Exposed calves develop long- 
lasting resistance to clinical babesiosis. 

(ii) Bos indicus cattle and their calves appear to be more resistant than 
other cattle. 

(b) Clinical findings 
(i) Clinical signs. Fwer often is present for several days before other 

signs appear. Anemia, depression, tachycardia, icterus, and weak- 
ness are common. Hemoglobinuria helps distinguish babesiosis from 
diseases characterized by extravascular hemolysis (e.g., anaplasmo- - ~ ~ 

sis). Neurologic signs (e.g., convulsions, somnolence) are common in 
the hours before death. 

(ii) Necropsy lesions. With anoxic organ damage, severe disease ensues, 
and death is common. Necropsy lesions include icterus and dark, 
swollen internal organs. 

(c) Etiology. The disease is caused by protozoan parasites of the species Ba- 
besia. Babesia bigemina and Babesia bovis are the main pathogenic spe- 
cies. These orpanisms are obligate intracellular parasites of erythrocytes. 

(d) Pathogenesis - 
(i) Transmission between animals is by ticks. Boophilus species and Ix- 

odes ricinus are the most important tick vectors. Transovarial trans- 
mission to the next generation of ticks plays a major role in the trans- 
mission to cattle. 

(ii) After an incubation period of 2-3 weeks, the number of parasites 
can increase enough to become clinically relevant lntraerythro* 
parasitism leads to intravascular hemolysis with hemoglobinemia 
and hemoglobinuria ("redwater"). Babesia also releases toxins that 
cause vasodilation, increased vascular permeability, and erythro* 
aggregation. These effects on the vasculature impair circulation, lead- 
ine to tissue h w x i a  and necrosis. Renal damage also results from 
eGosure to hdhoglobin. 

(e) Diagnostic plan and laboratory tests. Clinical signs and necropsy lesions 
often are adequate to diagnose babesiosis in an endemic area. 
(il Hemogram evaluation should reveal anemia with evidence of a re . . 

generzive response. 
(ii) The parasites can be seen on Giemsa-stained smears and are seen as 
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single or paired large ovoid or pyriform organisms within erythre 
cytes. Organisms are more readily seen on smears of peripheral 
blood (as opposed to jugular blood). 

(iii) Serologic tests are also available. 
(0 Therapeutic plan and prevention. A variety of babesiocides are available 

for the treatment of clinical disease. These include imidocarb, dimina- 
zene, phenamidine, and amicarbalide. lmidocarb and diminazene can 
also be used for short-term prophylaxis. Any treatment or prevention pro- 
tocol should include provisions for tick control. 

(3) Eperythrozoonosis. Eperythrozoon species, rickettsia1 parasites, are similar to 
Anaplasma because these organisms stimulate immune-mediated hemolysis. 
There are two principal species that affect ruminants and a third that affects 
pigs. 
(a) Eperyfhrozoon wenyoni 

(i) Patient orofile. Cows of all aees aooear to be susceotible to infection - , ,  
by this ;rganism. 

(ii) Clinical findings. Affected cattle tv~icallv have transient fever, Ivm- 
phadenopathy~depression, and deireasdd milk production. Shelling 
of the udder and hind legs i s  common in dairy cattle. lcterus is un- 
common and mild when present. 

(iii) Etiology. Although arthropod vectors are suspected, this has not 
been proven. Most infections appear to result in minimal clinical dis- 
ease, but some cattle show clinical signs of inflammation and hemo- 
lytic anemia similar to those seen with acute anaplasmosis. Chronic 
infections and a subclinical carrier state are thought to occur. 

(iv) Diagnostic plan and laboratory tests. Diagnosis is made by identiiy- 
ing the parasite on a peripheral blood smear examination. The organ- 
ism is small, frequently round (but occurs in a variety of shapes), and 
found within erythrocytes. The organism may be seen singly, in 
clumps, or in a ring form. The ring form, together with a relatively 
large number of free organisms in blood, helps differentiate this dis- 
ease from anaplasmosis. 

(v) Therapeutic plan. Clinical signs usually resolve spontaneously in 
7-10 days, except in immunocompromised or splenectomized cat- 
tle. More rapid resolution is seen after the administration of a single 
dose of a long-acting oxytetracycline or a 3-day course of a short- 
acting oxytetracycline. 

(b) Eperyfhrozoon ovis 
(i) Patient profile. All ages of sheep appear to be susceptible to this or- 

ganism, but clinical disease is most common in young animals. 
(ii) Clinical findings. Fever, depression, weakness, icterus, and hemogle 

binuria are seen with severe disease. The more common manifesta- 
tion is ill-thrift syndrome in lambs. Affected lambs grow poorly, have 
poor hair coats and pot bellies, and are easily stressed by exertion. 

(iii) Etiology and pathogenesis. Other pathogens have been isolated from 
sheep with ill-thrift syndrome, so E. ovis is only one of several possi- 
ble etiologic agents. Ticks, keds, and mosquitos are thought to be im- 
portant vectors. Similar to E. wenyoni in cattle, E. ovis infection is 
thought to result in minimal clinical disease in most affected sheep. 
However, hemolytic anemia and the inflammatory response appear 
to cause morbidity and mortality in  some sheep. 

(iv) Diagnostic plan and laboratory tests. Similar to E. wenyoni infection 
in cattle, the diagnosis is made by identifying round or pleomorphic 
organisms both within plasma and erythrocytes. Clumps, crosses, 
and rings are a common finding. 

(v) Therapeutic plan. Oxytetracyclines are probably the best drugs to 
treat this infection. Other drugs have been used with mixed results. 
In some cases, treatment failure may result from failure to identify an- 
other primary pathogen. 



(4) Leptospirosis 
(a) Clinical findings and diagnostic plan. Leptospires are slender spirochetes . . 

that require.s@cial labobtory techniques to stain and detect. Leptospires 
may be identified in body fluids (usually urine) by dark-field microscopy, 
immunofluorescence, or DNA hybridization. Single high (greater than or 
equal to 100:l dilution) or a fourfold increase in paired samples on the 
microscopic agglutination tests are considered diagnostic. 

(b) Etiology. Clinical disease is caused by serovars of Leptospira interrogans. 
Serovars hardjo and kennewicki (formerly pornona) are responsible for 
disease in ruminants. 

(c) Pathogenesis. A maintenance host (cattle for variant hardjo; wild mam- 
mals for variant kennewickr) infects moist soil and pools of water. The or- 
ganism may be ingested or penetrate intact skin. Acute disease coincides 
with the subsequent leptospiremia. Among other pathogenic mechanisms, 
cold-agglutinating IgM attaches to host erythrocytes, leading to intravascu- 
lar hemolysis. 

(d) Therapeutic plan. Intravenous fluid therapy should be initiated. Patients 
may require treatment for acute renal failure (see Chapter 15), dissemi- 
nated intravascular coagulation [DIC; see II B 3 b (5)1, or both. Antibiotic 
therapy includes penicillin initially, followed by dihydrostreptomycin or 
tetracycline therapy when renal function has returned to normal. 

(5) Bacillary hemoglobinuria is very similar to Black's disease (see Chapter 5 111 
A 3). 
(a) Clinical findings. Affected ruminants often are found dead due to per- 

acute disease. Other affected animals are extremely depressed, walk with 
hunched backs, and are very sensitive to abdominal palpation. Normal 
bodily functions are reduced or absent. Tachycardia, tachypnea, and 
fwer are common. Animals that survive more than 1 day may have ic- 
terus and hemoglobinuria, and icteric tissues are commonly found on 
postmortem examination. 

(b) Etiology and pathogenesis. Clostridium hemolyticum is a large, spore- 
forming, gram-positive anaerobic rod. Spores survive in the environment 
for a long time, are ingested or inhaled, and are transported to the liver 
of ruminants. With hepatic injury, commonly due to fluke migration, 
spores germinate. Mature bacteria produce exotoxins, which cause local 
necrosis and intravascular hemolysis. 

(c) Diagnostic plan am1 laboratory tests. Postmortem examination, revealing 
severe hepatic necrosis with infarcts, hemorrhagic exudates, and subcuta- 
neous edema, is strongly suggestive of this disease. The organism may be 
found by bacteriologic culture or impression smear of liver lesions. Hemo- 
globinuria should be present. 

(d) Therapeutic plan. Treatment is rarely rewarding. If pursued, treatment 
should consist of large doses of penicillin and supportive care. 

(e) Prevention. Vaccination with clostridial toxoids and fluke prevention are 
both efficacious in preventing this disease. 

(6) Yellow lamb disease 
(a) Patient profile. This hemolytic disease has only been identified in lambs. 
(b) Clinical findings. Affected lambs are depressed, weak, and often in dis- 

tress. Anemia, icterus, and hemoglobinuria are common. 
(c) Etiology and pathogenesis 

(i) Etiology. Clostridium perfringens type A, the causative agent, is a 
large, spore-forming, gram-positive anaerobic rod. Spores survive for 
long periods in the soil, and the organism may inhabit the gut of 
healthy animals. 

(ii) Pathogenesis. The organism proliferates in the gut and releases 
toxins. One of these exotoxins, the a-toxin, causes vasculitis and in- 
travascular hemolysis due to phospholipase activity. 

(d) Therapeutic plan. Most affected lambs die within 12 hours of the onset of 
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clinical signs. Treatment with large doses of penicillin and supportive 
care can be attempted. 

(e) Prevention. There is no toxoid useful in preventing this disease. 
b. Immune-mediated causes of H A  

(1) NI 
(a) Patient profile. NI does not occur without human intervention in cattle, 

sheep, or goats. There i s  no breed or sex predisposition. 
(b) Clinical findings. Clinical signs usually develop within 24-36 hours post- 

partum. Sudden loss of appetite and weakness are seen. Death usually oc- 
curs within 24 hours. The animal may show anemia, tachycardia, and 
rapid or shallow breathing, which progresses to labored breathing. - 

(c) Etiology. This immune-mediated RBC destruction in neonates is associ- 
ated with the ingestion of colostrum containing antibodies to the neo- 
nates' erythrocytes. 

(d) Pathogenesis. Blood transfusion or the administration of whole erythro- 
cyte vaccines (such as those against anaplasmosis and babesiosis) to 
breeding females may sensitize the dam to certain blood groups, most 
commonly in the A and F systems. If the blood types of the sire and off- 
spring contain these antigens and the dam has produced alloantibodies 
against them, an immune-mediated hemolytic crisis may appear in the 
calf associated with successful passive transfer. 

(e) Diagnostic plan and laboratory tests 
(i) Clinical pathology reveals a low PCV, hypoproteinemia, and high 

(conjugated) bilirubin. In sheep, NI may be more of an extravascular 
hemolysis. 

(ii) A direct Coornbs' test should be performed. 
(0 Therapeutic plan. Treatment consists of blood transfusions or intravenous 

fluids. 
(2) Bovine colostrum fed to sheep 

(a) Patient profile. Disease is usually seen in lambs between the ages of 7 
and 21 days that are fed bovine colostrum. No sex or breed predisposi- 
tion has been reported. 

(b) Clinical findings. Clinical signs include a sudden loss of appetite and 
weakness, without evidence of icterus or hemoglobinuria. Death may 
occur in less than 24 hours. 

(c) Etiology. Immune-mediated destruction of sheep RBCs may occur be- 
cause of antibodies directed against sheep blood group antigens, which 
are present in bovine colostrum. 

(d) Pathogenesis. The presence of antibodies to sheep blood group antigens 
in bovine colostrum is a common occurrence. These antibodies are 
called "heterophile antibodies" and result from the production of antibod- 
ies to common cross-reactive antigens that are present on the surfaces of 
bacteria and protozoa. When bovine colostrum is fed to lambs, these anti- 
bodies bind to sheep RBCs and lead to extravascular destruction. 

(e) Diagnostic plan and laboratory tests 
(i) A direct Coornbs' test with anti-sheep immunoglobulin and anti-bo- 

vine immunoglobulin may demonstrate immunoglobulin on the sur- 
face of RBCs. 

(ii) Direct irnmunofluorescence may also demonstrate antibodies. 
(iii) Clinical pathology reveals anemia, hypoproteinemia, icteric plasma, 

and hyperbilirubinemia (73% unconjugated). Hemoglobinemia or he- 
moglobinuria are usually not seen. 

(f) Therapeutic plan. Whole blood transfusions or intravenous fluids may be 
necessary. 

c. Toxic causes of HA 
(1) Brassica species plants (e.g., kale, canola) 

(a) Patient profile. Cattle appear to be more sensiiive to Brassica plants than 
horses or small ruminants. 

(b) Clinical findings. The severity of clinical signs relates to the duration and 
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dose of feeding the toxin. Because oxidant damage to erythrocytes usu- 
ally results ip extravascular hemolysis, only cows with a concomitant dis- 
ease, which increases erythrocyte fragility (postparturient hemoglobin- 
uria), should have intravascular hemolysis and hemoglobinuria. 

(i) Most affected animals exhibit pallor, weakness, decreased milk pro- 
duction, dark urine, and mild to moderate iderus. 

(ii) Neurologic signs and pulmonary emphysema are seen occasionally 
in cows fed Brassica plants, but the mechanism is unknown. 

(c) Etiology and pathogenesis 
(i) The toxin content of Brassica plants increases as these plants mature 

but is destroyed by heating or ensilage. Feeding these plants worsens 
the hemolytic crisis seen with postparturient hemoglobinuria [see I D 
2 d (211. 

(ii) Brassica plants contain S-methyl cysteine sulfoxide, which is metabo- 
lized by rumen bacteria to dimethyl disulfide. This toxin decreases 
the activity of glutathione within erythrocytes, allowing disulfide 
bonds to form between hemoglobin chains, resulting in Heinz body 
formation. As erythrocytes containing Heinz bodies are removed by 
the reticuloendothelial system, anemia develops. 

(d) Diagnostic plan and laboratory tests. Feeding history, clinical signs, and 
the identification of Heinz-body anemia are critical to making a diagno- 
sis. Dimethyl disulfide concentration in blood or rumen fluid can be mea- 
sured using gas chromatography. 

(e) Therapeutic plan. The removal of animals from the feed and blood trans- 
fusions for severely affected animals are the only treatments. 

(2) Onion 
(a) Patient profile and history. Cattle appear to be more sensitive to onions 

than other farm animals. History of exposure to onions is important in es- 
tablishing a diagnosis. 

(b) Clinical finding. Affected animals can develop clinical signs within 1 
week of being fed an all-onion diet. 

(c) Pathogenesis. The toxic principle of onions is n-propyl disulfide, which 
causes Heinz-body anemia by the same mechanism as Brassica plants 
[see I D 2 c (I)]. S-methyl cysteine sulfoxide has also been reported to be 
found in onions. 

(d) Therapeutic plan. Treatment is the same as that for Brassica toxicosis [see 
I D 2 c (1) (e)]. 

(e) Prevention. Clinical disease can be prevented by mixing onions with 
other feedstuffs so that onions compose less than 25% of the dry matter 
of the ration. However, cattle fed as little as 5% onions have laboratory 
evidence of HA. 

(3) Copper 
(a) Clinical findings. Severely affected animals have iaerus, hemoglobinuria, 

weakness, and thin, watery blood. Vomiting and sudden death may also 
be observed. If mucous membranes are not severely jaundiced, pallor 
may be seen. 

(b) Etiology and pathogenesis. Ingestion or injection of a toxic dose of c o p  
per can precipitate an acute episode of intravascular hemolysis. A similar 
syndrome is seen in animals that are chronically overfed copper. It is 
thought in this latter circumstance that hepatic saturation or another 
stress leads to the massive release of liver copper stores into the blood. 

(c) Diagnostic plan and laboratory tests. Feeding or treatment history and 
clinical signs are strongly suggestive of this disease. For confirmation, COP- 

per concentrations in blood, liver, and feed can be determined. 
(d) Therapeutic plan. Except for supportive care, most treatments for copper . :, 

toxicosis are experimental. 
(4) Nitrate and nitrite toxicosis 

(a) Clinical findings 
(i) Acute toxicosis. Clinical signs of acute nitrite toxicosis begin within 
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6 hours of ingestion of toxic feedstuffs. Animals display signs compat- 
ible with severe anoxia, including weakness, depression, cyanosis, 
and tachycardia. Animals die if 60%-75% of hemoglobin is oxi- 
dized to methemoglobin (this usually occurs within 24 hours of 
ingestion). Gastrointestinal signs include salivation, diarrhea, and 
vomiting. 

(ii) Chronic toxicosis has been blamed for abortion and an increased vi- 
tamin A requirement. 

(b) Etiology. Cereal crops, Astragalus plants, other plants, and deep water 
wells may accumulate nitrate, particularly in areas where nitrogenous fer- 
tilizers are used heavily. 

(c) Pathogenesis. Nitrate is  reduced to nitrite in the rumen. Heat may also re- 
duce nitrate, so that hay stacked in strong sunlight or heat-prepared feed- 
stuffs may contain nitrites and cause toxicosis in nonruminants. ~bsorbed 
nitrite oxidizes hemoglobin to methemoglobin and causes mild vasodila- 
tion. These effects result in tissue anoxia and hemolysis. Nitrates also 
cause gastroenteritis. 

(d) Diagnostic plan and laboratory tests 
(i) Clinical findings, history of exposure to nitrate-accumulating plants, 

and inspection of blood for methemoglobinemia are strongly sugges- 
tive of the disease. 

fi i l  A diohenvlamine test can be performed on blood, urine, or feed (the . , . , 
inside of the plant stalk or rodt is best) to detect toxic nitrate levels. 
Tests on animal tissue must be performed quickly because nitrite is 
converted to other compounds. 

(e) Therapeutic plan. Methylene blue (1 % solution) can be given to reduce 
methemoglobin to hemoglobin. A single treatment (1 -2 mglkg of body 
weight given intravenously) i s  usually sufficient in nonruminants, whereas 
higher doses (up to 20 mglkg) and repeated dosing (every 8 hours) may 
be necessary in ruminants that have ingested large quantities of nitrates. 

d. Other causes of HA -~ ~ 

(I)  Water intoxication 
(a) Clinical findinm. This is primarily a neurologic disease. Affected animals . . 

show apparent-blindness; a staggering gait, dullness, and head pressing. 
Severely affected animals often have seizures and become comatose He- 
moglobinuria is seen in some cases. 

(b) Etiology. Water intoxication occurs when free access to water is allowed 
after a period of deprivation. The condition is more severe if the animal 
has become dehydrated or i s  fed a high-sodium diet. 

(c) Pathogenesis. With water deprivation, there is a gradual increase in the 
plasma sodium concentration due to insensitive water loss and an inabil- 
ity to excrete excess ingested salt. There is also a gradual increase in the 
sodium concentration in the brain and cerebrospinal fluid (CSF), although 
this occurs slowly because of the relative impermeability of the 
blood-brain barrier to sodium. When the animal is reexposed to water, 
a rapid drop in plasma osmolality can cause osmotic lysis of RBCs and 
rapid transfer of free water into the brain. These result in intravascular he- 
molysis and cerebral edema, which lead to hemoglobinuria and neu* 
logic signs, respectively. 

(d) Diagnostic plan and laboratory tests. Information concerning diet and ac- 
cess to water helps confirm a diagnosis of water intoxication. ~ e m o g l *  
binuria and the detection of a substantially higher CSF sodium concentra- 
tion are also of diagnostic value. (There is usually a 10 mEqlL difference 
between the CSF sodium concentration and the plasma sodium concentra- 
tion.) 

(e) Therapeutic plan 
(i) Treatment of comatose and seizing animals is rarely successful. 
(ii) In  less severely affected animals, the goal is to normalize the plasma 

and CSF sodium concentrations without causing rapid shift!& 
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water. This can be accomplished through limited access to free 
water and slow administration of intravenous fluids. Fluids contain- 
ing sodium concentrations close to that in normal plasma are prefera- 
ble to 0.45% sodium chloride solutions. Administration of full- 
strength solutions are less likely to cause pathologic rapid decreases 
in plasma osmolality. 

(2) Postparturient hemoglobinuria 
(a) Patient profile. Cattle in the first 6 weeks of lactation are most suscepti- 

ble. Herd outbreaks can occur, although the disease usually affects single 
COWS. 

(b) Clinical findings. Affected cattle have red urine, pale mucous mem- 
branes, absent scleral vessels, tachycardia, tachypnea, weakness, and de- 
creased milk production. Clinical signs last several days, and icterus may 
be seen toward the end of the disease course. Tissue anoxia or renal dam- 
age can cause death. 

(c) Etiology and pathogenesis 
(i) Etiology. The cause of this disorder is unknown and may differ in dif- 

ferent parts of the world. 
(ii) Pathogenesis. Increased erythrocyte fragility in postpartum dairy 

cows leads to intravascular hemolysis, anemia, and hemoglobinuria. 
In North America, hypophosphatemia i s  thought to impair function 
of the Na+lK+ pump, causing erythrocyte lysis. In New Zealand, hy- 
pocupremia is thought to make erythrocytes more sensitive to the he- 
molyzing activity of oxidant-containing plants. 

(d) Diagnostic plan and laboratory tests. Clinical findings aid in the diagno- 
sis. Laboratory tests can be used to confirm hemoglobinuria and to investi- 
gate underlying mineral deficiencies. 

(e) Therapeutic plan 
Ii) Blood transfusion. Severely affected animals should be transfijsed . . 

with fresh whole blood. . 
(ii) Fluids. If blood is unavailable, crystalloid fluids can be used to in- 

crease cardiac output and protect the kidneys against the toxic ef- 
fects of hemoglobin. 

(iii) Phosphorus or copper supplements can be administered, if idi- 
cated, and efforts should be made to avoid feeding oxidant-contain- 
ing plants. 

(3) Inherited congenital porphyria 
(a) Clinical findings. Plasma and urine from affected animals are red or red- 

dish brown. Photosensitization of unpigmented skin occurs in cattle ex- 
posed to direct sunlight Teeth and bones may have a pink or brown dis- 
coloration and fluoresce red on exposure to ultraviolet (UV) light. 

(b) Etiology and pathogenesis. Congenital porphyria appears to be an autoso- 
ma1 recessive defect of cattle. Similar diseases in people are caused by 
the insufficiency of an enzyme in the pathway of heme synthesis. As a re- 
sult, hemoglobin synthesis and RBC maturation are impaired, and porphy- 
rins accumulate in body fluids and tissues. Anemia results both from im- 
paired erythrocyte production and hemolysis. Porphyrin pigments are red 
or brown and act as photosensitizing.agents. 

(c) Diagnostic plan and laboratory tests. Clinical features are strongly sugges- 
tive of this disease. 
(i) Histopathologic examination of bones and teeth reveals l a ~ e  

amounts of porphyrin pigments. Porphyrin pigments may be identi- 
fied in urine by spectroscopic examination. 

(ii) Anemia is  usually characterized by rnacrocytosis and normochro- 
masia due to impaired erythrocyte production. 

(d) Therapeutic plan. Affected cattle should be shielded from direct sunlight. 
There is no other specific treatment. 

3. Eperythrozoonosis of swine 
a. Clinical findings. During the acute reaction, affected pigs are febrile and have a 

rapidly decreasing PCV. 

(1) Adult pigs are depressed and inappetent. 
(2) Lactating sows may have reduced milk production. 
(3) Piglets less than 2 weeks old and feeder pigs may have weakness, detectable 

pallor and icterus, and poor growth. 
b. Etiology and pathogenesis 

(1) Etiology. Disease is caused by the rickettsia1 organism Eperythrozoon suis, 
which i s  an obligate parasite of RBCs and is thought to be spread by arthro- 
pods. 

(2) Pathogenesis. Organisms initially multiply rapidly within erythrocytes. The 
body's immune response leads to the coating of infected RBCs with cold-ag- 
glutinating IgM. These cells are removed in reticuloendothelial organs, caus- 
ing extravascular hemolysis and anemia. 

c. Diagnostic plan and laboratory tests. Identification of round, dark-staining organ- 
isms within RBCs on Ciemsa-stained blood smears is the most common form of 
diagnosis. There are also serologic tests for eperythrozoonosis. 

d. Therapeutic plan. Spontaneous recovery is common, but infected pigs rarely 
reach full growth potential, and some may be chronic carriers of the organism. 
(1) Injections. Clinical signs usually resolve after a single shot of a long-acting 

tetracycline. A second injection may be necessary in some cases. 
(2) Tetracycline feed additives usually are ineffective because of decreased in- 

take, but water supplements have proved beneficial. These same protocols 
may improve performance of chronically infected animals. 

e. Prevention. Arthropod control (i.e., ivermectin for mites) should be improved in 
piggeries with endemic eperythrozoonosis. 

E. Depression anemia. Reduced bone marrow production is a common cause of mild non- 
regenerative anemia in large animals. There are several possible causes of reduced pro- 
duction. 

1. Nutritional deficiency anemia 
a. lron deficiency 

(1) History. lron deficiency is most commonly seen with chronic blood loss due 
to parasitism but is also a common finding in calves on an all-milk diet or ne- 
onates (particularly piglets) housed without access to dirt. 

(2) Pathogenesis. lron is necessary for hemoglobin synthesis, and iron deficiency 
leads to a decrease in hemoglobin production. 

(3) Diagnostic plan and laboratory tests. Iron-deficient animals typically exhibit: 
(a) Low iron stores visible in marrow stained with Prussian blue stain 
(b) High serum iron-binding capacity with low serum iron concentrations 
(c) Microcytic hypochromic anemia 

(4) Therapeutic plan. Supplemental iron may be given orally (ferrous sulfate) or 
parenterally (iron dextran or cacodylate), but these treatments have been asso- 
ciated with fatal reactions. 

b. Copper deficiency. Copper is vital for iron transport; thus, copper deficiency ane- 
mia resembles iron deficiency anemia. Copper deficiency also may be a factor in 
some cases of postparturient hemoglobinuria. 
(1) Etiology. This deficiency may be primary or secondary to dietary excesses in 

molybdenum, sulfates, or zinc. 
(2) Clinical findings. Copper deficiency causes anemia, ill thrift, dilute hair color, 

chronic diarrhea, and neurologic disease. 
(3) Diagnostic plan and laboratory tests. Copper levels can be measured in 

serum, liver tissue, or hair. 
(4) Therapeutic plan. Supplemental copper may be given orally or parenterally. 

c. Cobalt, folate, and vitamin B,, deficiency 
(1) Clinical findings. Cobalt or vitamin B12 deficiency is associated with ill thrift, 

weight loss, poor growth, and anemia. Anemia is usually normocytic, nor- 
mochromic, and probably associated with impaired protein and energy metab- 
olism. Macrocytosis may also be seen. 

(2) Etiology and pathogenesis 
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(a) Etiology. Inadequate dietary cobalt results in inadequate ruminal vitamin 
BI2 production in ruminants. Horses require preformed vitamin B12 in 
their diets. 

(b) Pathogenesis. Vitamin B12 is necessary in all large animal species for fo- 
late metabolism and is necessary in ruminants for gluconeogenesis from 
propionate. Deficient folate metabolism leads to impaired erythrocyte 
maturation. 

(3) Diagnostic plan and laboratory tests. Diagnosis of cobalt deficiency can be 
established bv the measurement of vitamin 872 concentrations in serum or 
liver tissue. 

(4) Therapeutic plan. Supplemental vitamin B12 can be given parenterally, or co- 
balt can be added to the diet. 

2. Anemia of chronic disease 
a. Clinical findings. Affected animals have mild normocytic normochromic anemia 

and low serum iron concentration and binding capacity. 
b. Etiology and pathogenesis. Chronic inflammatory reactions appear to cause mild 

anemia by altering iron metabolism. Iron is stored in a nonuseful form. Shortened 
erythrocyte lifespan may also contribute to the anemia. 

c. Diagnostic plan and laboratory tests. Prussian blue staining of marrow reveals ad- 
equate iron stores, but much of the iron appears to be unavailable for heme syn- 

Hernatopoler~c and ~emolyrnphat~c DlsOrrkrr 1 341 

stem cells and frequently contains large iron stores, although evidence of 

t active hyperplasia and maturation is less than expected. 
(b) With anemia caused by crowding out of the marrow, stem cell lines are 

present in small numbers and another neoplastic cell line is also present. 
(c) With suppression of bone marrow, stem cells are present, but evidence of 

hyperplasia and maturation is minimal. 
d. Therapeutic plan 

(1) When marrow suppression is suspected to be caused by a drug or toxin, the 
animal should be removed from the source of that drug or toxin. 

(2) If marrow cells have been crowded out by neoplastic cells, chemotherapeutic 
agents may be administered to treat the neoplastic process. 

(3) There are currently no specific therapeutic agents licensed for use in.stimulat- 
ing marrow hyperplasia in large animals. If nonerythroid cell lines [white 
blood cells (WBCs), platelets] are affected, fresh plasma or whole blood ad- 
ministration and prophylactic antibiotic administration may be beneficial. 
Treatments used in humans and small animals, including marrow transplants 
and administration of synthetic hormonal stimuli for marrow activity (colony 

I 
stimulating factors) are currently impractical for use in large animals, but may 
be available in the future. 

thesis. 1 
d. Therapeutic plan. Treatment efforts should be directed toward the primary dis- 

ease. 
3. Anemia secondary to organ dysfunction ~ I c  DYSFUNCTION 

a. Overview. In addition to the effects of chronic disease, dysfunction of specific or- 
gans can lead to nonregenerative anemia. 
(1) Cut function is necessary for the absorption of essential nutrients. 

, . .  
(2) Liver function is  necessary for the proper distribution of nutrients. 
(3) Liver and kidney function together are necessary for the adequate production 

of erythropoietin, the major stimulus for erythropoiesis. 
b. Therapeutic plan 

(1) Treatment efforts are usually directed toward the primary disease. 
(2) Recombinant erythropoietin therapy may prove to be of some value in treat- 

ing depression anemia in large animals. 
4. Anemia secondary to bone marrow dysfunction or dysplasia 

a. Clinical findings. Because erythrocytes are among the longest-lived blood cells ' ,' 

(more than 140 days in most large animals), neutropenia, thromboc/topenia, and 
their clinical effects (e.g., infection, hemorrhage) may be seen before anemia d e  .' 

, , . 
velops. 

b. Etiology. Al l  normal blood cells are generated through the hyperplastic activity of . 
stem cells in the marrow. Replacement of lost cells may be insufficient if there 
are too few stem cells, or if the activity of those cells i s  suppressed. 
(1) The most common cause of loss of stem cell populations is crowding out 

' 

through the proliferation of a neoplastic cell line. In all large animals, the ' ' ,  

most common neoplasm associated with marrow destruction is lymphoma. 
(2) Suppression of stem cell hyperplasia, aplastic anemia, is most commonly an . 

idiosyncratic reaction to a drug or toxin. Nonsteroidal anti-inflammatory , 

drugs (NSAIDs; e.g., phenylbutazone), synthetic estrogens, and bracken fern 
toxicosis (in cattle) have been associated with aplastic anemia. 

c Diagnostic plan and laboratory tests 
(1) Blood work. Anemias caused by suppression or replacement of bone marrow 

are usually normocytic and normochromic, with minimal evidence of a regen- 
erative response. 

(2) Cytologic examination of bone marrow. Because animals affected by thsf 
processes frequently have a chronic disease, differentiation between anemla 
secondary to bone marrow dysfunction or dysplasia and anemia of chronic 

Petechial hemorrhages 

. 1. Vasculitis 
a. Equine purpua hemorrhagica (EPH) 

(1) History. Typically horses with EPH have a history of respiratory infection 2-4 
weeks before the onset of clinical signs. Respiratory infections may be caused 
virus. by Streptococcus equi, Streptococcus zooepidemicus, or equine influenza 

(2) Clinical finding. This condition is characterized by fever and edema, primar- 
ily of the limbs and sometimes the head, ventral abdomen, thorax, and pre- 

, puce. Occasionally, horses are depressed. Lymphadenopathy may be found. 
, ',, Sometimes, petechial hemorrhages are seen on mucosae. Wheals may occur 

and glome~lonephritis has occasionally been reported. Colic associated with 

. ,  hemorrhage, edema, and necrosis of the intestinal wall has been reported. Af- 
fected horses may be reluctant to move. 

, (3) Etiology. The cause is unknown, but the disorder may be associated with an 
allergic reaction to streptococcal or viral antigens. 

(4) Pathogenesis. EPH is an immune complex-mediated disease. S. equior other ' ' 

antigens bind to specific antibodies, particularly I ~ A ,  leading to immune com- 
, plex formation. These complexes are deposited in  vessel walls, with subse- 

quent complement activation and chemoattractant production. Infiltrating in- 
. flammatory cells release proteolytic enzymes that cause vessel-wall necrosis, 

. . , with subsequent edema, hemorrhage, and infarction of supplied tissues. 
. . Death may occur. 

(5) Diagnostic plan and laboratory tests 
(a) A history of recent respiratory tract infection and clinical signs lead to a 

diagnosis. Isolation of a respiratory pathogen from the upper respiratory 
tract or pharyngeal lymph node is supportive of a diagnosis. 

(b) A skin biopsy may reveal leukocytoclastic venulitis. 
(c) Serum levels. Horses have elevated levels of serum IgA with normal IgG 

and IgM levels. 
(6) Therapeutic plan. Treatment is directed at removing the antigenic stimulus, re- 

disease is difficult and best achieved by cytologic evaluation of bone marrow. 
$ 

I :  
ducing the immune response, reducing vessel wall inflammation, and provid- 

(a) With anemia of chronic disease, the bone marrow contains numerous ing supportive care. 
. , 

. ' I  
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(a) Edema can be minimized by hydrotherapy, the application of pressure 
wraps, and the administration of diuretics. 

(i) NSAlDs may reduce inflammation and provide analgesia. 
(ii) High doses of dexamethasone may be required initially. 
(iii) Antimicrobial therapy may reduce the incidence or severity of cellu- 

litis and other septic sequelae. 
(iv) Intravenous fluids may be required to prevent dehydration. 

(b) Isolation. Affected horses should be isolated for 4-5 weeks or until there 
are three negative nasal swab cultures. 

(7) Prognosis. The prognosis for EPH is  fair with early, aggressive therapy and 
supportive care. Possible complications include skin sloughing, laminitis, eel- 
lulitis, pneumonia, and diarrhea. 

(8) Prwention. There is no means of prevention other than avoiding exposure of 
previously sensitized horses to antigens such as S. equi. 

b. Equine viral arteritis (EVA) 
(1) Patient profile. The host range of EVA is restricted to equids. The disease is  

widely distributed in horse populations throughout the world. EVA infection 
i s  endemic in Standardbreds, although there does nqt appear to be any differ- 
ence in susceptibility to infection between the Standardbred horses and other 
breeds. 

(2) Clinical findings 
(a) Subclinical infections with EVA are very common, particularly in mares 

that are bred to carrier stallions. No carrier state has been demonstrated 
in the mare. Abortion with no other clinical signs can occur between 3 
and 10 months' gestation. 

(b) Clinical signs may include pyrexia (up to 41 OC) that can last 2-9 days, 
depression, anorexia, leukopenia, limb edema (particularly of the hind 
limbs), stiffness of gait, nasal and lacrimal discharges, conjunctivitis, peri- 
orbital edema, and ventral edema involving the scrotum, prepuce, or 
mammary gland. 

(3) Etiology. The causative agent is a non-arthropod-borne group of togaviruses 
in the genus Arterivirus. Only one major serotype of the virus has been recog- 
nized. 

(4) Pathogenesis. Exposure to EVA may result in the development of clinical or 
inapparent infection, depending on the strain of virus involved, size of the 
virus challenge, the age and physical condition of affected animals, and envi- 
ronmental contamination. Except for the potential of abortion, mortality does 
not occur following infection with naturally occurring strains of EVA. 
(a) Transmission 

(i) Inhalation of infectious aerosolized particles is the primary means of 
transmission during outbreaks. 

(ii) Venereal infection of a long-term carrier stallion represents the pri- 
mary means whereby EVA is  maintained in horse populations. Vener- 
eal transmission to a susceptible mare can trigger an outbreak of the 
disease. 

(iii) Rarely, transplacental transmissions of EVA can occur when a preg- 
nant mare i s  exposed to the virus during gestation. If infection occurs 
during late gestation, the fetus can acquire the. infection. Infected 
foals are aborted after developing rapidly progressive fulminating in- 
terstitial pneumonia and a fibrinonecrotic enteritis. 

(b) Viral growth. Initial multiplication of the virus occurs in bronchial macro- 
phages in the lung. Within 48 hours of infection, EVA disseminates to r e  
gional lymph nodes, and by the third day, viremia develops. 

(c) Disease progression. Characteristic vascular lesions first appear in the pul- 
monary blood vessels and later in the small arteries and veins throughout 
the body. The virus localizes in some epithelial sites, particularly the adre- 
nal gland, seminiferous tubules, thyroid gland, and liver. The virus can 
persist in the reproduaive tract long after it is no longer detectable in 
most body fluids. 
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(5) Diagnostic plan and laboratory tests. Both clinical and inapparent EVA infec- 
tions often go undiagnosed due to limitations in available diagnostic capabil- 
ity and because the disease can be readily confused with other clinically simi- 
lar respiratory diseases of horses. 
(a) Acute EVA. Confirmation of a diagnosis of acute EVA is based on viral 

isolation, corroborative serologic data, or both. 
(i) Serologic tests. Acute and convalescent sera samples should be 

taken 21-28 days apart. A fourfold rise in antibody titers is sugges- 
tive of an acute infection. 

(ii) Viral isolation can be done on nasopharyngeal swabs or washings, 
conjunctival swabs, and citrated, ethylenediamine tetraacetic acid 
(EDTA), or heparinized blood samples. Virus isolation can be at- 
tempted from placental and fetal fluids, placenta, lymphoreticular or- 
gans, lung, and other tissues. 

(b) Identifying carrier stallions can be done by serologic testing. Horses test- 
ing positive at a serum dilution of 1 :4 or greater should be considered po- 
tential carriers of the virus. Isolation of the virus can be attempted from a 
semen sample. The virus is usually found in the sperm-rich fraction of the 
ejaculate. 

(6) Therapeutic plan 
(a) There i s  no specific treatment for hones infected with EVA. Spontaneous 

recovery usually occurs within 4 weeks. 
(b) Symptomatic therapy, including rest, diuretics, and NSAIDs, may be help- 

ful to counteract edema and pyrexia. 
(7) Prwention 

(a) Vaccination. A modified-live vaccine appears to be safe and effective for 
stallions and nonpregnant mares. This vaccine is not recommended for 
pregnant mares or foals younger than 6 weeks of age. 

(i) Protection after vaccination lasts for at least 1-3 years. However, it 
does not prevent reinfection and limited replication of the challenge 
virus. 

(ii) Vaccinated horses cannot be distinguished from infected horses by 
serologic tests and, therefore, cannot be transported when a negative 
titer is required. 

(b) Isolation. In order to reduce the chances of introducing EVA into a group 
of susceptible horses, all horses returning from other farms, sales, or race- 
tracks should be isolated for 3-4 weeks. In the event of an outbreak of 
EVA, the movement of breeding stock should be restricted. Selective vac- 
cination may help curtail the spread of disease. 

(c) Control programs. Kentucky and New York are the only states that have 
formulated preventative and control programs for their respective Thor- 
oughbred breeding industries. 

c. Equine ehrlichiosis 
(1) Patient profile. There appean to be a seasonal incidence of infection, with 

most cases occurring during the fall, winter, and early spring. 
(2) Clinical findings. Clinical signs vary according to the age of the affected 

horses. 
(a) In horses younger than 1 year old, fever may be the only sign. 
(b) Horses ages 1-3 years may develop fever, depression, limb edema, and 

ataxia. 
(c) Horses older than 3 years often are 1n04 severely affected. Clinical signs 

include anorexia, depression, severe limb edema, fever, mucosal pete 
chiation, and restricted movement 

(3) Etiology and pathogenesis 
(a) Etiology. The causative agent is Ehrlichia qui,  a rickettsia1 organism. 
(b) Pathogenesis 

(i) The mode of transmission is unknown, but, in most cases, affected 
horses have been exposed to or infested with ticks. 
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(ii) After natural infection, the incubation period is unknown. Experimen- 
tally infected horses develop clinical signs in 1-9 days. 

(iii) E. equi.organisms live in the cytoplasm of neutrophils and eosino- 
phils and cause a necrotizing vasculitis in many parts of the body. 

(4) Diagnostic plan and laboratory tests 
(a) Ciemsa- or Wright-stained blood smears demonstrate the characteristic 

cytoplasmic inclusion bodies in neutrophils or eosinophils. 
(b) Indirect fluorescent antibody testing, using paired serologic samples, can 

also be used. 
(5) Therapeutic plan. Intravenous administration of oxyfetracycline can be used. 

Recovery usually occurs within 10 days with supportive care, including 
NSAIDs. 

(6) Prognosis is excellent in uncomplicated cases. 

2. Thrombocytopenia 
a. Clinical findings. Thrombocytopenia often results in petechial hemorrhages in the 

mucous membranes. Hematuria, epistaxis, and melena may be seen. 
b. Etiology and pathogenesis. Thrombocytopenia may be the result of platelet con- 

sumption, decreased platelet production, or platelet destruction. 
(1) Platelet consumption is most common with septic conditions or DIC. 
(2) Decreased platelet production is most common with aplastic anemia or infil- 

tration of the marrow with neoplastic cells. 
(3) Platelet destruction (in addition to that caused by consuhption) usually oc- 

curs through an immune-mediated process. Drug treatments (particularly peni- 
cillin), lymphosarcoma, and systemic bacterial infections are the most com- 
monly described triggers for immune-mediated thrombocytopenia. In many 
animals, a source cannot be identified. 

c Diagnostic plan and laboratory tests 
(1) Platelet counts are usually very low (less than 40,00O/pL). Overt hemorrhage 

may be seen if platelet counts drop below 10,000lpL. 
(2) Total clotting time is prolonged, but activated partial thromboplastin time 

and prothrombin time should be normal. 
(3) Measurement of antiplatelet antibodies is not currently practical for large ani- 

mals, so the diagnosis often is based on the response to treatment. Efforts 
should be made to find an underlying disorder. 

d. Therapeutic plan. All medications should be discontinued. If the action of a par- 
ticular drug i s  essential, a different class of drug (anti-inflammatory or antibiotic) 
should be used, if possible. 
(1) lmrnunosuppressive drug treatment. When immune-mediated thrombocyto- 

penia has been diagnosed and all identified underlying factors have been re- 
moved or treated, a course of an immunosuppressive drug (usually dexameth- 
asone) can be given. A 2- or 3-week course with decreasing dosages is 
usually sufficient, but platelet counts should be monitored to determine that 
the disease is in remission before immunosuppressive treatments are discon- 
tinued. 

(2) Fresh whole blood or platelet-rich plasma can be used to immediately in- 
crease platelet counts in animals with severe thrombocytopenia. 

Abnormal hemorrhage from large vessels 

1. Overview. This disorder almost always reflects a defect in the coagulation cascade 
and is, therefore, independent o f  platelet function. However, platelet dysfunction can 
be present and may contribute to bleeding tendencies. 
a. Clinical findings. Clotting deficiencies can result in excessive bleeding after 

trauma or surgery, bleeding into body cavities (e.g., hematoma, hernoperitoneum, 
hemothorax, hemopericardium, hemarthrosis), or bleeding from epithelial surfaces 
(e-g., epistaxis, hematuria, melena, hematochezia). 

b. Etiology. Coagulopathies can be .inherited or acquired. Acquired coagulopathies 
can result from toxins, infections, trauma, or neoplasms. 

2. Inherited coagulative disorders 
a. Pathogenesis. All inherited clotting factor deficiencies affect the intrinsic pathway 

and, therefore, prolong the activated partial thromboplastin time (APTT) but not 
the prothrombin time (PT). 

b. Therapeutic plan. Except for periodic transfusion with fresh plasma, specific treat- 
ments are not available. 

C. Specific conditions 
(1) Deficiencies in factors VIII, IX, XI, and prekallikrein have been described in 

horses. 
(a) Factor Vl l l  deficiency (hemophilia A) is sex-linked and recessive. 
(b) Inheritance patterns for the other deficiencies are not known. 

(2) Factor XI deficiency has been described in Holstein cows and is though to 
have an autosomal recessive pattern of inheritance. 

(3) Factor XI deficiency causes only slight bleeding tendencies. 

3. Acquired coagulative diwrders are usually related to a lack of production, consump 
tion, or inhibition of clotting factors. Because multiple factors are affected, both the 
intrinsic and extrinsic pathways are impaired. 
a. Inhibition of vitamin K-dependent factors 

(1) Sweet clover 
(a) Pafient profile. Cattle appear to be more sensitive than sheep or horses. 
(b) Clinical finding. Clinical signs are caused by internal or external hemor- 

rhage. External hemorrhage can lead to anemia, weakness, and hypovo- 
lemic shock, whereas internal hemorrhage additionally leads to subcuta- 
neous swelling and pain. Spontaneous hemorrhage is rare and usually 
results from a traumatic insult, such as calving or dehorning. 

(c) Pathogenesis. Coumarol, which is normally found in sweet clover, can 
be converted to dicoumarol by molds during spoilage. Dicoumarol inhib 
its the synthesis of the vitamin K-dependent coagulation factors (factors 
VII, IX, X, and prothrombin), leading to bleeding tendencies. Chronic 
feeding either of spoiled hay or silage is usually necessary to cause clini- 
cal signs, with hay more likely to contain toxic concentrations of dicoum- 
arol than silage. 

(d) Diagnostic plan and laboratory tests 
(i) Evidence of internal or external hemorrhage with history of e x m  

sure to moldy sweet clover feeds is indicative of dicoumarol toxi- 
cosis. 

(ii) Abnormal tests of clotting function in animals exposed to the feeds 
i s  also supportive. Determination of prothrombin time is the most 
accurate of these clotting function tests. 

(iii) Feed samples should be submitted for analysis to determine dicoum- 
arol content. Multiple samples should be analyzed because dicoum- 
arol production may be localized. 

(e) Therapeutic plan 
(i) Transfusion. Animals with severe anemia or hypovolemic shock 

should be treated with whole blood, if possible. 
(ii) Crystalloid fluids should be administered to animals in  shock i f  

blood is  not available. Feeding of the affected feedstuffs should be 
discontinued immediately. 

(iii) Vitamin K, and K3 have both been shown to reduce prothrornbin 
times in cattle with dicoumarol toxicosis; Vitamin K1 appears to be 
more effective. 

(0 Prevention. Efforts should be made to reduce moist aerobic conditions in 
sweet clover products. Moldy hay and silage should not be fed. If all sus- 
pected feed cannot be discarded, it should be fed in combination with 
other feeds and fed intermittently. Cattle appear to be able to maintain 
normal coagulation function i f  they are completely removed from af- 
fected feed every second or third week. 
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(2) Warfarin toxicosis 
(a) Patient profile. Pigs appear to be the most susceptible farm animal spe- 

cies because of their small size and eating behavior. 
(b) Clinical findings. Overt hemorrhage and rapid death may occur with mas- 

sive dosages. Chronic exposure to smaller dosages causes a similar syn- 
drome to moldy sweet clover. 

(c) Pathogenesis. Warfarin is related to dicoumarol and also induces hypo- 
coagulability by preventing the synthesis of the vitamin K-dependent clot- 
ting factors. Warfarin and related compounds are used as rodenticides. 
Large animal exposure can occur due to accidental ingestion of rodent 
bait or contaminated feed. 

(d) Prevention. The source of the toxin should be determined to prevent sub- 
sequent exposure. 

b. DIC is a disorder that may be characterized by widespread thrombosis, bleeding 
tendencies, or both. 
(1) Clinical findings. The most notable signs usually are referable to the primary 

disease that triggers DIC. 
(a) Organ thrombosis may contribute to morbidity and mortality. Clinical 

signs of thrombosis include weakness, colic, oliguria, and neurologic defi- 
cits. 

(b) Bleeding tendencies (coagulopathy) rarely result in overt hemorrhage but 
may result in mucosal petechiation, melena, retinal hemorrhage, and pro- 
longed bleeding from venipuncture sites. 

(2) Etiology. The exact mechanism of DIC has not been described and may vary 
from case to case. It is generally accepted that a triggering insult leads to dif- 
fuse activation of the coagulation cascade. Triggering insults include: 
(a) Sepsis 
(b) Neoplasia 
(c) Vasculitis 
(d) Ischemia 

(3) Pathogenesis. Diffuse coagulation can lead to thrombosis and ischemic darn- 
age to organs. Clotting factors and platelets are consumed in the process, 
leading to subsequent clotting deficits. With ensuing fibrinolysis, hemorrhage 
may occur. 

(4) Diagnostic plan and laboratory tests. Because DIC can be characterized by 
either hypercoagulation or hypocoagulation, tests of cloning function may be 
normal or abnormal. However, the finding of thrombocytopenia and pro- 
longed clotting times i s  suggestive of DIC, as are findings of low plasma anti- 
thrombin Ill concentrations with concurrent high fibrin degradation product 
concentrations. 

(5) Therapeutic plan. Many treatments have been proposed for DIC, but most 
have not been evaluated critically. Treatment of the primary disorder is essen- 
tial. 
(a) Intravenous fluids help maintain organ perfusion and may decrease sus- . . 

ceptibil ity to thrornboiis. 
(b) Corticosteroids and heparin may be contraindicated because of their un- 

predictable effects on coagulation. Low doses of NSAlDs may be helpful 
in some cases when endotoxin is thought to be an inciting factor for DIG. 

(c) Treatment is generally unsuccessful if there is evidence of a hypocoagula- 
ble state. 

C. Suppression. A lack of production of clotting factors is most common with severe 
chronic hepatic disease. Because factor VI1 has the shortest half-life, deficits in 
the extrinsic pathway are seen before there i s  overt hemorrhage. Animals with * 
vere hepatic disease will have reduced blood coagulability, as measured by clot- 
ting assays and reduced plasma concentrations of most clotting factors, includi,ng 
fibrinogen. Coagulopathy is only one of many clinical signs seen in animals with 
severechronic liver disease (see,Chapter 5). 
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; A Lymphoproliferative and rnyeloproliferative disorders 
. Bovine leukosis. Lymphomas in cattle are characterized by the presence of soft tissue 

masses consisting of immature lyrnphocytes within a fibrous stroma. Bovine lym- 
phomas can be subdivided into sporadic or enzootic, based on the etiology. 
a. Sporadic lymphoma 

(1) Overview 
(a) Palient profile. Although small "outbreaks" have been reported, usually 

only single animals are affected. 
(b) Clinical findings and diagnostic plan. Affected cattle may have serum ti- 

ters against the bovine leukemia virus (BLV) due to transfer of maternal . 
antibody or concurrent infection with the virus, but BLV is not thought to 
contribute to these diseases. 

(c) Etiology and pathogenesis. No cell type, etiologic agents, or risk factors 
have been identified. 

(d) Diagnostic plan and laboratory tests. Diagnosis is by histopathologic ex- 
amination of tissue biopsies. 

(e) Therapeutic plan. Treatment is rarely attempted. 
(2) Specific conditions. There are three forms of sporadic lymphoma. 

(a) juvenile multicentric lymphoma 
(i) Patient profile. This sporadic lymphoma is seen in cattle younger 

than 2 years old (most commonly between ages 4 and 8 months). 
(ii) Clinical findings. Affected calves develop fatal progressive weight 

loss, lymphadenopathy, and depression. Many different internal or- 
gans can be infiltrated. Half of affected calves develop lymphoid leu- 
kemia. 

(b) Thymic lymphoma 
(i) Patient profile. This disease is seen in cattle between ages 6 and 24 

months. 
(ii) Clinical findings. Affected calves die after developing presternal 

swelling, jugular distention, and local edema. Muffling of heart 
sounds and respiratory distress can be present with intrathoracic 
tumor growth. Leukemia i s  present in one-third of affected calves. 

(c) Cutaneous lymphoma 
(i) Patient profile. This lymphoma occurs in cattle between ages 1 and 

4 years. 
(ii) Clinical findings. Affected cattle develop multiple dermal or epider- 

mal nodules, which can be covered by normal or hyperkeratotic 
skin. Cutaneous lesions may regress spontaneously, but most animals 
die of internal metastatic tumors. 

b. Enzootic lymphoma 
(1) Patient profile 

(a) Prevalence of infected cattle in individual herds varies, but in general, 
dairy cattle are more likely to be infected than beef cattle. A variety of 
domestic and nondomestic ruminants are also reported to be susceptible. 

(b) Approximately 30% of infected cattle develop persistent lymphocytosis 
(i.e., high peripheral blood counts of normal lymphocytes). Less than 
10% of cattle infected with BLV develop lymphoma, and most of these 
are between ages 4 and 8 years. 

(2) Clinical findings. Persistent lymphocytosis does not appear to predispose 
those cattle to subsequent tumor development. 
(a) Tissue masses. The most common sites for tissue masses are the lymph 

nodes, abornasum, heart, uterus, kidney, lumbar spinal cord, and in the 
retrobulbar space. Multiple sites are usually affected. 

(b) Nonspecific clinical signs include weight loss, decreased milk produc- 
tion, anorexia, and occasionally fever. 

(c) Specific signs relate to the organs affected and can include 
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I #  lymphadenopathy, signs of heart failure, exophthalmos, reproductive fail- 
ure, melena, and posterior paresis. 

(d) Death u'sually occurs within 30 days of the onset of clinical signs. 
(3) Etiology and pathogenesis 

.). 111 (a) Etiology. Bovine enzootic or adult lymphoma is caused by BLV, an onco- 
genic retrovirus. 

(b) Pathogenesis. The virus infects and replicates in B cells and appears to be 

' , ?  1 .  spread by the introduction of infected lymphocytes into a susceptible 
host. Repeated use of blood-contaminated equipment, including dehorn- 
ing tools, hypodermic needles, and rectal sleeves, appears to be the 
major cause of transmission, although the virus can also spread transpla- 
centally and possibly through biting flies and infected semen or milk. 

: ; i  
(4) Diagnostic plan and laboratory tests. Because enzootic lymphoma is the 

l : i~. ,  most common internal neoplasm in cattle, finding a tissue mass in one or 
1 1  more of the above organs is strongly suggestive of this disease. 

(a) Histopathology can confirm the diagnosis. 
(b) Serologic tests, most commonly the ACID test, can be used to confirm 

BLV infection, but it must be remembered that most infected animals do 
i*lhi$:.l, not develop clinical disease. False-positive tests can occur in calves due 

/ I /  I 
to colostral antibody, and false-negative tests can occur in recently in- 

'.I  fected cattle and in periparturient cows. 
(5) Differential diagnoses. Approximately 10% of cattle with lymphoma have 

lymphoid leukemia, which can be differentiated from'persistent lymphocyto- 
sis by the presence of immature cells. 

(6) Therapeutic plan. Treatment i s  rarely attempted. 
(7) Prevention of disease through reduced exposure to contaminated body fluids 

(sanitation of instmments) is vital. Serologic tests can be used to identify in- 
fected cattle for removal from the herd. 

2. Equine lymphosarcoma. There are four different forms of equine lymphoma, with 
each form characterized by the accumulation of abnormal lymphocytes in a different 
location. 
a. Classifications and their clinical finding 

(1) Multicentric or generalized. Multiple internal organs and lymph nodes are af- 
fected, causing depression, weight loss, and anorexia. This is the most com- 
monly reported form of lymphosarcoma in mature horses, but it can occur in 
horses o f  any age. 

(2) Intedinal. Masses are most common in the bowel wall and abdominal lymph 
nodes without peripheral lymphadenopathy. This is the most commonly re- 
ported form in juvenile or young adult horses. Affected horses develop gener- 
allzed ill-thrift due to nutrient malabsorption and protein-losing enteropathy. 
Anemia and hypoalbuminemia are common. 

(3) Mediastinal or thymic. Masses form in the cranial mediastinum and retropha- 
ryngeal lymph nodes, causing tachypnea, pleural effusions, and respiratov 
distress. 

(4) Cutaneous This may be the most common form of equine lymphoma, al- 
though it is not frequently reported. Affected horses develop multiple subcuta- 
neous or dermal nodules of varying sizes. Spontaneous enlargement, regres- 
slon, and regrowth are common. Nonaggressive forms can be present for 
years without morbidity, whereas aggressive forms lead to lymphadenopathy, 
Internal metastasis, and death. 

b. Etiology. There does not appear to be an infectious etiology. 
C. Diagnostic plan and laboratory tests 

(1) Biopsy. D~agnosis of any form of lymphoma is best made by histopathologic 
exammation of a biopsy sample taken from a mass. Aspirates from masses are 
not as reliable. Masses can be found by external or rectal palpation or by tho- 
racic rad~ographic examination. 

(2) Abnormal lymphocytes also may be seen occasionally on examination of Pe- 
r~pheral blood or thoracic or abdominal fluid. 
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(3) Clinical pathology abnormalities are usually nonspecific and reflect dehydra- 
tion or organ damage caused by a tumor. 

(4) Hypercalcemia and leukemia are each seen in less than 20% of horses with 
lymphoma. 

d. Therapeutic plan. Except for the nonaggressive form of cutaneous lymphoma, 
most horses die within 30 days of the onset of signs. 
(1) Chemotherapeutic protocols similar to those used in people and dogs have 

been used to prolong the life of some horses. 
(2) The nonaggressive cutaneous form can be treated with long-term corticoste- 

roids, but recurrence is common if treatment i s  discontinued. 

3. Plasma cell myeloma 
a. Patient profile. Affected hones can be any age. 
b. Clinical finding. Most affected animals exhibit some degree of weight loss and 

anorexia. Some animals have limb edema, bone pain, paresis, lymphadenopathy, 
and fever. 

c. Etiology and pathogenesis. No etiologic agent has been identified. The malignant 
expansion of plasma cells leads to the infiltration of multiple organs, including 
bones and lymphoreticular organs. The secretion of immunoglobulin by neoplas- 
tic plasma cells frequently leads to monoclonal gammopathy. 

d. Diagnostic plan and laboratory tests 
(1) Protein electrophoresis to confirm monoclonal gammopathy is the best 

means of establishing an antemortem diagnosis. 
(2) Radiographic examination of the bone may reveal multiple focal areas of 

bony lysis and periosteal reaction. 
(3) Bone marrow and mass aspirates may reveal a homogeneous population of 

mononuclear tumor cells, some of which have nuclei with a "clock face" pat- 
tern. Normal aspirates may also be obtained from affected horses. Immunoflu- 
orescent stains can be used to label intracytoplasmic and surface immuno- 
globulin on these cells to confirm their identity. 

(4) Clinical pathology abnormalities include anemia, hypoalburninemia, and h y p  
erglobulinemia caused by monoclonal gammopathy. Proteinuria and a hypo- 
coagulable state are also common. 

e. Therapeutic plan. Most horses die within several months of the onset of signs. 
Chemotherapy can be attempted. 

Lymphadenitis is the enlargement of lymphoid tissue due to inflammation. Lymphadeni- 
tis often is suppurative, leading to accumulations of purulent fluid (abscesses), which 
may be lanced or break open spontaneously for drainage. Caseous lymphadenitis is so 
named because abscesses frequently contain thick pus. 

1. Patient profile. This disease primarily affects small ruminants. 

2. Clinical finding. Infected animals usually develop caseous lymphadenitis within a 
few months of infection. 
a. Goats usually develop abscesses in the superficial lymph nodes of the head and 

neck. 
b. Sheep can develop similar lesions or peripheral abscesses but also commonly de- 

velop internal abscesses. 
c. Lesions 

(1) Animals with external lesions usually are bright and appetent, but the value 
of fleece and hide are decreased. 

(2) Animals with internal abscesses usually are culled because of poor reproduc- 
tive or production performance and chronic wasting disease. 

3. Etiology and pathogenesis 
a. Etiology. The disease i s  caused by Corynebacterium pseudotuberculosis, a short, 

curved, grampositive rod. 
b. Pathogenesis. C. pseudotuberculosis is usually introduced into a flock through an 

infected animal, which contaminates the environment and fomites with dis- 
charges from draining lesions. The organism may persist in the environment for 
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up to 6 months. Infection occurs when susceptible animals inhale or ingest the or- (4) Abnormal lymphocyte function assays, including failure to respond to intra- 
ganism or when the organism gains entry through contact with damaged skin. dermal phytohemagglutinin 
Shearing instruments are particularly important in transmission. e. Therapeutic plan. Symptomatic treatment of infections can be attempted, but 

most foals with CID die before reaching the age of 6 months. 
4. Diagnostic plan and laboratory tests. Findings of internal or external suppurative lym- 4. f. Prevention. There is no test for CID carriers, except for the production of an af- 

ohadenitis in small ruminants without evidence of another inflammatory focus is ... fected foal. 
strongly suggestive of caseous lymphadenitis. 
a. Bacteriologic culture. The diagnosis can be confirmed by bacteriologic culture of 

pus. 
b. Serologic tests have been developed to identify infected animals, but the accu- 

racy of these tests has not been established. 

5. Therapeutic plan 
a. Isolation. Animals with signs of caseous lymphadenitis should be isolated from 

healthy animals. Animals may be returned to the flock when all of the lesions 
have healed, but these animals should be observed for recurrence of lesions. 
Healthy animals should not be allowed to contact equipment or facilities used for 
infected animals. 

b. Draining lesions should be lavaged with dilute antiseptic solutions. Thin-walled 
abscesses may also be lanced to facilitate drainage. 

c. Antibiotics are not thought to speed recovery. 

6. Prevention 
a. Environmental hygiene. Facilities and shearing procedures should be checked to 

minimize skin trauma, and shearing blades should be sanitized between animals 
in diseased flocks. 

b. Vaccinations that appear to reduce severity of infection are available in Canada. 
c. Serologic tests and the removal of infected animals can be used to eradicate the 

disease from a flock. 

~ ~ M M U N ~ E H C I E N C Y  ~ ~ ~ D I Z O M E S  

3 Immune deficiency syndromes of horses 

1. Failure of passive transfer (FPT) is discussed in Chapter 18 IV. 

2. Combined immune deficiency syndrome (CID) 
a. Patient profile. CID usually affects Arabian foals during the first few months of 

life as the maternal antibody wanes. As many as 25% of Arabian horses may be 
CID carriers. 

b. Clinical findings are associated with several diseases. 
(1) Infectious diseases. Chronic or recurrent pneumonia, enteritis, and sepsis are 

the most common infectious diseases associated with CID. These diseases 
can be caused by organisms not normally considered pathogenic. 

(2) Affected animals usually have persistent lymphopenia (less than 1000 
cells/4) and hypoglobulinemia, but CID also can be seen with other acute 
inflammatory conditions. 

c. Etiology and pathogenesis. CID is an autosomal recessive.immunodeficiency of 
Arabian foals. The genetic defect has not been identified; affected animals appear 
to have a defect in stem cell maturation to both B and T cells. 

d. Diagnostic plan and laboratory tests. Because the parents of an affected foal are 
both carriers of the trait, care must be taken in establishing this diagnosis. Foals 
with CID have four characteristic findings: 
(1) persistent lymphopenia 

- 
(2) Absence of serum IgM either at birth before drinking colostrum or after 3 

weeks of age (when the maternal antibody has been metabolized) 
(3) Absence of germinal centers and perivascular lymphoid sheaths in lymphoid 

tissue 

3. Transient hypogammaglobulinemia 
a. Patient profile. Foals are most vulnerable in the first 3 months of life. 
b. Clinical findings. Chronic or recurrent infectious disorders are characteristic. 
c. Etiology and pathogenesis. There are few reports of this disorder, and it may 

often go unrecognized. When this disorder does occur, neonatal immunoglobulin 
synthesis does not begin early enough to replace metabolized colostral antibody. 
This immunodeficiency spontaneously resolves as the foal's antibody synthesis in- 
creases with time. 

d. Diagnostic plan and laboratory tests. Hypogammaglobulinemia with low concen- 
trations of other classes of immunoglobulins is characteristic. Histopathologic ex- 
amination of lymphoid tissue and lymphocyte function assays are normal. 

e. Therapeutic plan. Symptomatic treatment of the infections is indicated. Imrnuno- 
globulin synthesis increases with time, making foals less susceptible to repeated 
infections. 

4. Agammaglobulinemia 
a. Patient profile. This disease has only been reported in male Thoroughbred and 

Standardbred foals. 
b. Clinical findings. Chronic and recurrent infections are common. 
c. Etiology. A suspected defect in B-cell maturation leads to an absence of B cells 

and antibody production. Cell-mediated immunity is normal. That the disease 
only seems to occur in male Thoroughbred and Standardbred foals suggests x- 
linked inheritance. 

d. Diagnostic plan and laboratory tests. Although affected horses have normal 
blood lymphocyte counts, labeling demonstrates a lack of B cells. All classes of 
immunoglobulin are absent or found in very low concentrations. Tests of T-cell 
function are normal. 

e. Therapeutic plan. Symptomatic treatment of infections may be attempted. Af- 
fected horses may live for several years, whereas most other hones with congeni- 
tal immunodeficiencies die as foals. 

5. Selective IgM deficiency 
a. Patient profile and history. Animals of any age may be affected, but cases often 

occur in one of three groups of horses: 
(1) Foals that show signs similar to CID and die in the first year of life 
(2) Juveniles that show signs similar to agammaglobulinemia and die before adult- 

hood 
(3) Adult horses, many of which have or develop lymphoproliferative disorders 

b. Clinical findings. Affected horses show signs of poor growth and chronic or rernit- 
tent infection. 

c. Etiology. The cause of the disease is unknown. Some forms may be hereditary, 
but this has not been determined. 

d. Diagnostic plan and laboratory tests. Affected horses have persistently low serum 
IgM concentrations, with normal to high concentrations of other irnrnunoglobu- 
lins. In most affected horses, lymphocyte function tests and lymphoid tissue histo- 
pathology are normal. Older hones should be examined for lymphosarcoma. 

e. Therapeutic plan. Symptomatic treatment of infection can be attempted, but mod 
affected animals die within 1 year. a Immune deficiency syndromes of ruminants 

1. FPT is discussed in Chapter 18 N. 
2. Bovine leukocyte adhesion deficiency (BMD) 

a. Clinical findings 
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(1) Infections. Affected calves, within the first months of life, develop chronic or 
rprllrrent bacterial infections. Oral infections, bronchopneumonia, enteritis, . - - - . . - . - - - . 
and dermatitis are the most common diseases. 

(2) Clinical signs. Fe\;er, lymphadenopathy, and very high (more than 40,000 
cellslpL) peripheral blood neutrophil counts are commonly reported. 

(3) Serum biochemical abnormalities are not specific to BLAD but include hypo- 
albuminernia, hyperglobulinemia, low serum creatinine, and electrolyte loss 
with diarrhea. 

b. Etiology and pathogenesis. BLAD is an autosomal recessive immunodeficiency of 
Holstein calves. A point mutation in the CD18 gene leads to a defect in the Mac- 
1 surface glycoprotein, a 8 2  integrin, causing impaired leukocyte adhesion and 
migration i n  homozygotes. 

c, Diagnostic plan and laboratory tests. Young Holstein cattle with the mentioned 
clinical signs and laboratory abnormalities should be suspected as having BLAD. 
Additionally, histopathologic demonstration of the absence of neutrophilic infil- 
trates around bacterial foci i s  supportive. Definitive diagnosis can be made using 
a polymerase chain reaction test. This test identifies both heterozygous carriers 
and homozygotes. 

d. Therapeutic plan. Most affected calves die within the first year of life. Antimicro- 
bial drugs can be used to treat infections temporarily. 

e. Prevention. Bulls used for stud should be tested as potential carriers. Efforts 
should be made to limit inbreeding. 

3. Chdiak-Higashi syndrome 
a. Clinical findings. Affected animals have a dilute coat color and complete or par- 

tial ocular albinism. They suffer from chronic or recurrent pulmonary and gastro~n- 
testinal infection and typically grow poorly. 

b. Etiology and pathogenesis. Chdiak-Higashi syndrome is an autosomal recessive 
irnmunodeficiency of Hereford and Brangus calves. The defect leads to fusion 
and enlargement of granule-containing cells, including granulocytic leukocytes 
and rnelanocytes. This causes impaired immune function and abnormal coat 
color. 

c Diagnostic plan and laboratory tests. In addition to characteristic clinical features 
and abnormal tests of immune function, granulocytic leukocytes and melanocytes 
typically contain very large granules. 

d. T h e m t i c  plan. Symptomatic treatment of infections is possible, but most af- 
fected' animds die within 1 year. 

4. Immunodeficiency induced by viral or bacterial infections 
a. Clinical finding. Secondary immunodeficiency includes a broad spectrum of pas- 

sible disease signs caused by the recrudescence of latent infections, as well as 
new infections. Clinical signs relate to the site and nature of the infection. Typi- 
cally, secondary infections are recognized as the abrupt worsening in clinical con- 
dition. In some cases, the primary infection may be subclinical. 

b. Etiology. Many infectious conditions cause secondary immunodeficiency by con- 
suming or sequestering leukocytes, suppressing marrow production, or altering 
leukocvte function. Bovine viral diarrhea virus and sepsis are just two of many 
possible etiologies. 

c Diagnostic plan and laboratory tests. Bacteriologic and virologic culture tech- 
niques and serologic tests are used to identify both primary and secondary infec- 

DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
' followed by answers or by completions of the statement. Select the ONE numbered answer 

or completion that is BEST in each case. 
! 
4 ' 1. Which one of the following neoplastic dis- 
: eases has the best prognosis for long-term sur- 

vival? 

(1) Cutaneous lymphoma in a I-year-old calf 
(2) Multicentric lymphoma in a 6-month-old 

1 calf 
' 

(3) Thymic lymphoma in a 9-month-old calf 
(4) Multicentric lymphoma in a 5-year-old 

COW 

(5) Cutaneous lymphoma in a 12-year-old 
il horse 

' 2. Which one of the following staternents re- 
garding persistent lymphocytosis in cattle is 

J 4. true? 
1 -  (1) It is seen in most cattle infected with the 

bovine leukosis virus (BLV). 
' (2) It is composed of normal lymphocytes. ' (3) It is most common in cattle with lym- 
i phoma. 
1 (4) It is synonymous with lymphoblastic leu- 

kemia. 

, (5) It is a characteristic finding in cattle with 
' the leukocyte adhesion deficiency. 
! 

3. Which one of the following statements re- 
garding equine viral arteritis (EVA) is true? 

(1) Efforts to prevent the spread of disease 
should focus on insect control. 

(2) Anemia occurs due to immune-mediated 
hemolysis. 

(3) Clinical disease is  characterized by high 
morbidity and mortality. 

(4) Subclinical infections in stallions are the 
most common source of infection. 

(5) Horses should be vaccinated against this 
disease in preparation for interstate or in- 
ternational transpoh 

4. Which statement regarding water intoxica- 
tion in cattle is true? Water intoxication: 

(1) causes anemia through Heinz body forma- 
tion. 

(2) causes neurologic signs due to the rapid 
movement of sodium out of the brain. 

(3) causes intravascular hemolysis and hem* 
globinuria. 

(4) should be treated aggressively to rapidly 
normalize serum electrolyte concentra- 
tions. 

(5 )  reduces sodium concentrations in the cere- 
brospinal fluid (CSF) below the plasma so- 
dium concentration. 

DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
I negatively phrased, as indicated by a capitalized word such as NOT, LEAST, or EXCEPT. 
I Select the ONE numbered answer or completion that is BEST in each case. 

Y 

tious agents. 
d, Therapeutic plan. Treatment should be based on the nature and site of the set* 5, Infestation with which intracellular parasite 6. Which one of h e  following signs is NOT 

ondary infection. ~f possible, the primary infection should also be treated. is LEAST likely to respond to treatment with typical of the regenerative response to 
Oxytetracycline? anemia? 

(1) Anaptasma marginate 
'(2) Babesia bigemina 

a (3) Eperythrozoon suis 
' (4) Ehrlichia equi 
' (9 Eperythrozoon wenyoni 

Y. 

(1) Basophilic stippling in cattle 
(2)  Pofychromasia in cattle 
(3) Macrocytosis in pigs 
(4) Reticulocytosis in hones 
(5) Marrow erythroid stem cell hyperplasia in 

horses 
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7. Which one of the following vector-patho. 
gen associations is NOT correct! 

(1) Biting flies-leptospirosis ' 

(2) Biting flies-bovine leukosis virus (BLV) 
(3) Ticks-anaplasmosis 
(4) Biting flies-equine infectious anemia 

(EIA) virus 
(5) Keds-eperythrozoonosis 

8. An Arabian foal is suspected of having 
combined immune deficiency syndrome 
(CID). Which one of the following findings is 
NOT characteristic7 

(1) Persistent lymphopenia 
(2) Lymphadenopathy 
(3) Abnormal lymphocyte function assays 
(4) Absence of lymphoid germinal centers 
(5) Low serum immunoglobulin M (IgM) 

9. Several sheep in a flock are noted to have 
peripheral lymphadenopathy. Aspiration of an 
enlarged lymph node yields a thick white pus. 
Which one of the following statements is 
NOT an appropriate recommendation7 

(1) Shearing equipment should be sanitized 
between sheep. 

(2) Affected sheep should be isolated from 
the remainder of the flock. 

(3j  Sheep should be treated with a topical ac- 
aricide to eliminate keds. 

(4) Facilities should be checked for hazards 
promoting skin trauma. 

(5) Serologic testing could be performed to 
identify suspected carrier sheep. 

10. A horse being treated with penicillin and 
phenylbutazone for respiratory infection devel- 
ops mild anemia, peripheral edema, and pet+ 
chiation of mucous membranes. Which 
choice would NOT be a logical course of ac- 
tion? 

(1) Perform a Coggins test for equine infec- 
tious anemia (EIA). 

(2) Perform a skin biopsy. 
(3) Examine erythrocytes for autoagglutina- 

tion. 
(4) Discontinue penicillin administration. 
(5) Vaccinate against Streptococcus equi in- 

fection. 

11. Which one of the following morphologi- 
cal descriptions is NOT true? 

(1) Babesia equi-Maltese cross in erythro- 
cytes 

(2) Anaplasma central-small bodies near 
the center of erythrocytes 

(3) Eperythrozoon ovis-ring form in erythro- 
cytes 

(4) Anaplasma marginale--free organisms in 
plasma 

(5) Ehrlichia equi-small bodies in neutro- 
phils 

12. A positive Coombs' test would NOT be 
likely for which one of the following causes 
of anemia in large animals7 

(1 ) Neonatal isoerythrolysis 
(2) Red maple toxicosis 
(3) Penicillin-induced, immune-mediated he- 

molytic anemia 
(4) Equjne infectious anemia (EIA) 
(5) Equ~ne lymphosarcoma 

U-RS A N D  E X P L A N A T I O N S  

1. The answer is 5 1111 A 2 a (4)). Cutaneous 
lymphoma in horses may exist in a nonaggres- 
sive form. Affected horses often live for years, 
while clinical signs wax and wane. In con- 
trast, almost all cattle with lymphoma die 
within 30 days of the first apparent clinical 
signs. Spontaneous regression of cutaneous 
lymphoma in cattle has been reported, but af- 
fected animals frequently die of metastatic 
tumor masses within 6 months. 

2. The answer is 2 [Ill A 1 b (I)]. Persistent 
lymphocytosis i s  composed of normal, non- 
neoplastic lymphocytes and is seen in a small 
subset (30%) of cattle infected with the bo- 
vine leukosis virus (BLV). It is an inconsistent 

' finding in cattle with lymphoma. Persistent 
neutrophilia is the characteristic finding for 
cattle with the leukocyte adhesion deficiency. 

i 

3. The answer is 4 111 A 1 b (2), (4)l. Equine 
viral arteritis (EVA) is most commonly spread 
by aerosol or copulation with a carrier stal- 
lion. Insect transmission and immune-me- 
diated hemolysis are characteristics of equine 
infectious anemia (EIA) but not viral arteritis. 
Viral arteritis is rarely fatal, and vaccination 
leads to antibody titers, which may preclude 
interstate or international transport 

, 4. The answer is 3 [I D 2 d (1) (a), (d)]. Water 
, intoxication causes a rapid drop in plasma os- 

molality and osmotic intravascular hemolysis. 
Sodium concentration in the cerebrospinal 

, fluid (CSF) is higher than that in the diluted 
plasma, leading to rapid movement of water 
into the brain, cerebral edema, and neuro- 

: logic signs. Rapid administration of intrave- 
nous fluids can worsen clinical signs. 

1' 

5. The answer is 2 11 D 2 a (211. Oxytetracy- 
, cline i s  an effective antibiotic against rickett- 
, sial organisms of the genus Anaplasma, Eper- 

,. ythmzoon, and Ehrlichia but is not effective 
. against the protozoon parasite Babesia bigem 

ina. lmidocarb is the most frequently used 
' babesicidal drug. 

a 6. The answer is 4 [I A 2 d (I)]. Horses do 
, not get reticulocytosis. In other large animal 
i species, reticulocytosis, macrocytosis, poly- 

1' 
chromasia, and basophilic stippling all are 

seen in the peripheral blood of animals with 
regenerative anemia. In horses, the detection 
of erythroid stem cell hyperplasia in the bone 
marrow is often the only way to determine if 
anemia is regenerative. 

7. The answer is 1 [I D 2 a (4)l. Leptospirosis 
is caused by the in estion or inhalation of or- 
ganisms. Arthropoftransmission is not 
thought to occur or to be of major im or 
tance. Bovine leukosis virus (BLV) is tlooughght 
to be spread iatrogenically in many cases, but 
it can be isolated from biting flies. Arthropod 
transmission is thought to be the major route 
for Anaplasma, Eperythrozoon, and the 
equine infectious anemia (EIA) virus. 

8. The answer is 2 [IV A 2 dl. Combined im- 
munodeficiency syndrome (CID) is caused by 
a defect in lymphocyte maturation, which 
leads to lymphopenia, low immunoglobulin 
production, abnormal function tests, and a b  
sence of germinal centers. Lymphadenopathy 
is not seen. 

9. The answer is 3 [Ill B 2, 5, 61. The most 
likely diagnosis i s  caseous lymphadenitis. Ef- 
forts should be made to prevent the transmis- 
sion of organisms to uninfected sheep and to 
decrease skin trauma. Identification and sepa- 
ration of infected sheep aids in the prevention 
of new cases. Arthropods are not thought to 
be important vectors. 

10. The answer is 5 I11 A 1 a, b]. Clinical 
signs are compatible with vasculitis (as seen 
with EIA or EVA), immune-mediated anemia 
and thrombocytopenia, or purpura hemorrha 
ica. Purpura hemorrhagica can be diagnosecf- 
by a skin biopsy and may be exacerbated by 
exposure to streptococcal antigens. 

11. The answer is 4 [I D 2 a (3) (a), (b)]. Of the 
important intraerythrocytic parasites, only Eper- 
ythrozoon organisms are found free in the 
plasma. 

12. The answer is 2 [I D 1 c (1) (e)]. A posi- 
tive Coombs' test su ests that erythrocytes 
are coated with antigdy, which occurs with 
immune-mediated hemolysis. Hemol sis with 
red maple toxicosis i s  caused by oxiJative in- 
jury to erythrocytes and is not immune-me- 
diated. 
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t. 
Diseases of the Urinary Tract and Kidney 

.$. John Pringle 

Renal disease in  horses 

1. Acute renal failure is a sudden, theoretically reversible inability of the kidney ;o func- 
tion in clearing nitrogenous wastes while maintaining fluid and electrolyte homeo- 
stasis. 
a. Patient profile. Acute renal failure can occur in horses of any age. 
b. Clinical findings. Signs of acute renal failure are nonspecific and are often related 

to concurrent disease (e.g., colitis, diarrhea, exertional rhabdomyolysis). 
(I) Complaints include anorexia, depression, weakness, and decreased athletic 

performance. There may be abnormal frequency or volume of urination. 
Edema and increased water intake can also occur. 

(2) Oliguria is a characteristic finding with hemodynamic causes, whereas poly- 
uria may be evident with acute renal failure caused by aminoglycosides. 

c. Etiology and pathogenesis 
(1) Etiology. As in all species, the inciting cause of reduced kidney function in 

horses can be prerenal, renal, or post renal. 
(a) Prerenal causes are factors that decrease blood flow to the glomerulus. 

These factors include severe hypovolemia due to dehydration, endotoxe- 
mia, or cardiac failure; vascular injury due to endotoxin; or compromised 
autoregulation of renal blood flow by prostaglandin synthase inhibitors 
[i.e., nonsteroidal anti-inflammatory drugs (NSAIDs)]. Many compounds 
are considered potentially nephrotoxic, but the mechanisms are not well 
documented. 

(b) Renal causes directly damage the kidney tissue. Many toxins have a spe- 
cific site of action, such as the glomerulus or the proximal tubules. How- 
ever, there are no tests available to diagnose the site of damage, which 
could then lead to the early recognition and removal of toxin. Renal 
causes include: 
(i) Nephrotoxic medications, such as aminoglycosides, certain sulfon- 

amides, polymyxin B, phenylbutazone or other NSAIDs, and menadi- 
one sodium bisulfite (vitamin K3) 

(ii) Endogenous pigments, such as hemoglobin from acute intravascular 
hemolysis or myoglobin from a large release from muscle 

(iii) Substances in  various plants (e.g., oak, wilted red maple leaves, wild 
onion, white snakeroot) and some heavy metals (e.g., mercury), 
which might be contained in some blistering agents 

(iv) Cantharidin, the toxin in blister beetles (signs of intestinal erosive dis- 
ease overshadows any such accompanying toxicity) 

(c) Postrenal causes of renal failure impair the animal's ability to rid itself of 
the urine that has been produced. Postrenal causes in horses include 
mainly bladder rupture in newborn foals. Although uroliths can develop in 
adult horses, they less commonly cause urinary obstruction in  contrast to 
other species. 

(2) Pathogenesis. Regardless of the cause, the common elements of acute renal 
failure include the accumulation of nitrogenous wastes in blood, with serum 
creatinine elevations above 170 mmol/L and blood urea exceeding 9 mmol/L 
These changes do not occur until two-thirds to three-fourths of the nephrons 
are no longer functioning; therefore, lesser degrees of kidney damage do not 
result in detectable accumulations of nitrogenous wastes. 
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d. Diagnostic plan and laboratory tests 
(1) "~aboraior~ tests 

(a) Elevated creatinine and urea reflect an inability to rid the body of nitro- 
genous wastes, but these results do not provide the localization of the 
problem or the cause. Serum electrolytes, including sodium, potassium, 
and chloride, are initially normal but can all decrease with diarrhea or 
polyuria. 

(b) Urinalysis. A urine sample should be obtained to ensure urine flow. 
(i) Urinalysis showing a urine specific gravity of less than 1.02 in the 

presence of clinical dehydration i s  suggestive of intrarenal disease. 
(ii) The color of urine, the presence of the heme pigments myoglobin or 

hemoglobin, and the presence of free red blood cells (RBCs) or pro- 
tein can be used to indicate possible underlying causes. 

(iii) Sediment analysis normally reveals considerable mucus and calcium 
carbonate crystals, and casts are easily overlooked because they dis- 
solve quickly in the normally alkaline urine of herbivores. 

(2) Renal ultrasonography may detect cystic or structural changes in the kidney or - ~ 

renal pelvis. 
(3) Nuclear medicine techniques, where available, measure the glomerular filtra- 

tion rate. 
(4) Renal biopsy can be performed with ultrasound guidance or blindly, but, be- 

cause there is the risk of serious hemorrhage, this test should be resewed for 
cases in which biopsy is an essential part of determining the prognosis. 

e. Therapeutic plan 
(1) The correction of fluid, electrolyte, and acid-base disorders is essential. The 

amount of fluids required should be based on the state of hydration. The 
oacked cell volume (PCV) and total proteih VP) measurements can be used to 

mate the fluid deficit. 
Oral fluids (e.g., water, isotonic saline, or a balanced electrolyte solution) 
are usually well tolerated, except in the case of acute renal failure associ- 
ated with aastrointestinal disease (e.g., colitis). Electrolytes ideally should 
b;tailoredvto the requirements identified by the serum electrolyte and 
blood gas analysis. Generally, a balanced electrolyte solution with a bicar- 
bonate source, such as lactated Ringer's solution, is sufficient. Adult 
horses (400-500 kg) can be given 6-8- L of warm water or electrolytes 
every 30-60 minutes orally until rehydrated. 
Intravenous therapy should be resewed for patients with gastrointestinal 
problems. 

(2) Furosemide, dopamine, or both are indicated in those horses that fail to begin 1 
passing urine. These horses have the anuric form of renal failure. 

I 

(3) Underlying diseases, such as septicemia or rhabdomyolysis, should be treated. 
(4) Potentially nephrotoxic drugs (e.g., NSAIDs, aminoglycosides, sulfonamides), 

1 

wh~ch can be far more nephrotoxic in the presence of dehydration, should be 
discontinued. 

f. Prognosis for recovery is good but depends largely on the early detection of renal 
4 

failure, appropriate treatment, and the ability to adequately treat concurrent dis- 1 4 
ease. 

g. Prevention includes providing adequate fluid therapy when there is circulatoV , :  

compromise or exposure to potential nephrotoxins. 

2. Renal dysfunction i n  the neonate is poorly understood. 
a. Some newborn foals may have high serum creatinine levels detected shortl~ ?her . .. 

birth. Although this finding may indicate a renal disorder, high serum creatlnlne . , 
levels can also occur because of a placental problem in the mare. In these cases) . , 
the serum creatinine should become normal within several days after birth, and 1 

the foal requires no specific treatment. i l -  

b. Newborn foals also can have hyposthenuric urine (1.006) for a short period after, . ,,. 
birth, which may only indicate renal immaturity. 

.)  , ., 
. > .  

3. Chronic renal failure is a progressive renal disease resulting from the continued loss 
of nephronal function or population reduction. This disorder may be a sequela to 
acute renal failure. There are two broad categories of chronic renal failure in horses: 
glomerulonephritis and tubulointerstitial disease. 
a. ~lomerulonephritis is immunologically mediated and is the most common form of 

chronic renal failure in hones. 
(1) Patient profile. This disorder can occur in horses of any breed, age, or sex. 
(2) Clinical findings. The signs noted in horses depend on the stage and severity 

of the renal damage. Chronic weight loss, anorexia, and polyuria with the con- 
sumption of large quantities of water usually are key findings. Also, if there is 
major glomerular damage, there may be dependant edema due to massive uri- 
nary protein loss, which results in hypoproteinemia. 

(3) Etiology 
(a) The glomerular lesion is caused by circulating immune complexes to viral 

[e.g., equine infectious anemia (EIA)], bacterial (streptococcal), or para- 
sitic antigens that deposit on the epithelial side of the glomerular base- 
ment membrane. 

(b) Although less common in horses, the glomerular damage can also be the 
result of autoimmunity, characterized by the formation of antibodies 
against the glomerular basement membrane. 

(4) Pathogenesis. The pathogenesis of both types of chronic renal failure involves 
a decreased glomerular filtration rate in which solutes that are normally fil- 
tered and secreted by tubules are retained. There is also a loss of plasma elec- 
trolytes kg., sodium, chloride, phosphate), which are normally retained in the 
body. In glornerulonephritis, autoimmune deposits and viral, bacterial, or para- 
sitic deposits activate the complement system, which leads to cellular influx 
and increased vascular permeability of the glomerular basement membrane, al- 
lowing the leakage of large protein molecules (e.g., serum albumin). 
(a) Nephrons that can still function have to increase solute filtration. This ex- 

cess solute flow results in  inefficient water and electrolyte handling, which 
leads to diuresis and an observed polyuria with a compensatory poly- 
dipsia. 

(b) As a result of the reduced ability of the tubules to handle water and elec- 
trolytes, there is increased sodium, chloride, and phosphate in the urine. 
Decreased reabsorption of bicarbonate with decreased hydrogen ion excre- 
tion may also result in acidosis. 

(c) Despite the increased filtration by the nephrons, uremia occurs, and long- 
term effects cause a moderate anemia, focal ulceration of oral and intes- 
tinal mucosa, uriniferous odor to the breath, and excessive dental tartar. 

(5) Diagnostic plan and laboratory tests 
(a) Laboratory findings 

(i) Moderate azotemia and isosthenuria may be evident in affected 
horses with normal hydration. 

(ii) Persistent proteinuria without hematuria is specific to glomerulone- 
phritis. 

(iii) Specific urine protein testing should be performed because the rou- 
tine urine dipsticks often give a false-positive result for protein in alka- 
line or concentrated urine. 

(iv) Hypoproteinemia or hypoalbuminemia may also be found in the 
serum if there have been prolonged losses. 

(v) Hypercalcemia may be present, but this finding may indicate a diet 
high in calcium (e.g., alfalfa). 

(b) A renal biopsy can be taken but may not be warranted because of the risk 
of hemorrhage and the lack of contribution to therapy and prognosis. 

(6) Therapeutic plan. There is no effective treatment for glomerulonephritis be- 
cause it is usually only recognized when permanent renal insufficiency has oc- 
curred. Usually, the disease progresses, and ultimately, the horse must be eu- 
thanized. 
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(a) Corticosteroids may be administered to reduce the effects of the immune 
complex disease. 

(b) Diet. Horses that are stable and not markedly affected by the clinical ef- 
fects of the disease can be managed with a high-quality carbohydrate diet ~-~ ~ 

and reduced protein (less than 10%) in feeds. 
(c) Plasma transfusions have been advocated to provide temporary relief of 

edema caused by hypoproteinemia. 
(7) Prevention is not possible because the reasons for a specific horse developing 

the disease are unknown. 
b. Tubulointerstitial disease 

(1) Patient profile. This disease can occur in horses of any age or breed and may 
be related to a history of prior acute illness that caused acute tubular necrosis. . . 

(2) Clinical findings 
(a) Signs are similar to chronic renal failure of glomerulonephritis [see I A 3 a 

(2i, with the exception of edema of hypoproteinemia. Affected horses also 
have polyuria or polydipsia, but in certain management situations where 
water consumption is not readily observed, this may go unnoticed. 

(b) On rectal palpation, the left kidney may be smaller than normal. 
(3) Etiology. Tubulointerstitial disease may be a sequela to acute tubular necrosis, 

with reported causes in horses including vitamin K3 administration, aminogly- 
coside or mercury toxicity, pyelonephritis, hydronephrosis, myoglobinuria 
from acute myositis, or nephrolithiasis. Often, however, the cause is not deter- 
mined. 

(4) Diagnostic plan and laboratory tests 
(a) Laboratory findings 

(i) Azotemia and isosthenuria without any clinical dehydration is evi- 
dent. In tubulointerstitial nephritis, there is little protein in the urine. 

(ii) Electrolyte abnormalities of hyponatremia, hypochloremia, hypercal- 
cemia, and hypophosphatemia may be evident. 

(b) Renal ultrasound can identify a renal mass or renal pelvis calculi. 
(c) A renal biopsy can be performed, but this test seldom provides informa- 

tion regarding the cause or directs treatment 
(5) Therapeutic plan. Long-term treatment is unlikely to be successful, but, be- 

cause these horses are not losing protein in large quantities, they can often be 
managed humanely by ensuring unlimited access to water, provision of a salt 
block, and godquality feed with low calcium content (no alfalfa). 
(a) Any prerenal component to the renal failure (e.g., diarrhea, dehydration) 

or any acute exposure to nephrotoxic drugs or agents should be cor- 
rected. 

(b) Ancillary treatment may include anabolic steroids and B vitamins. Peri- 
odic serum monitoring of blood gases can be done, and if plasma bicar- 
bonate drops below 18 mEq/L as a result of acid retention, the horse can 
be given sodium bicarbonate (225 gtday orally). 

(6) Prevention. Horses with acute renal failure, particularly of hemdynamic or 
toxic causes, should be treated early in the course of disease and with suffi- 
cient amounts of fluid support to prevent this permanent renal tubular 
damage. 

4. Pyelonephritis 
a. Patient profile. Pyelonephritis mainly affects female animals. However, in certain 

circumstances (e.g., bladder paralysis), males may also develop pyelonephritis. 
b. Clinical findings. In horses, pyelonephritis is often subclinical, with the only detect. 

able signs being frequent urination and pus in the urine. 
c. Etiology and pathogenesis 

(1) Etiology. Bacteria isolated from affected horses include coliforms and Pfoteus 
species. 

(2) Pathogenesis. In horses, this disorder can follow parturition, be associated 
with urinary bladder atony or ectopic ureters (see I1 D), or may occur without. 
any identifiable risk factor. 
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(a) Urine stasis, which occurs in ectopic ureter or bladder atony, is a 
recorded risk factor. 

(b) The short urethra in females predisposes them to the development of as- 
cending urinary tract infection, which leads to pyelonephritis. 

d. Diagnostic plan and laboratory tests 
(1) Laboratory tests 

(a) Pyuria is usually a hallmark of the disease and may be accompanied by 
proteinuria and hernaturia. These urine changes can also be found in cys- 
titis; however, evidence of renal involvement may be observed with sys- 
temic changes to blood samples (e.g., leukocytosis with a neutrophilia, 
hypergammaglobulinemia, high fibrinogen). 

(b) Azotemia of renal failure may be noted but is not always present, because 
the infection may be restricted to the renal pelvis, may affect only one kid- 
ney, or may result in damage to less than two-thirds of the body's renal 
function. 

(2) Renal ultrasound may be used to detect purulent debris in the renal pelvis or 
enlargement of the renal pelvis. 

(3) Urine culture confirms the causative organism but does not indicate the extent 
of invasion in the urinary tract. 

e. Therapeutic plan 
(1) Any predisposing factor, such as ureteral ectopia or ascending urinary tract in- 

fection, should be treated. To assess the response to treatrnent, a catheterized 
urine sample can be submitted for culture and cytology 1 week following the 
cessation of therapy to ensure that the urinary tract has returned to its nor- 
mally sterile condition. 

(2) Catheterization. When bladder atony or paralysis is the cause, the bladder 
should be emptied frequently by catheterization. However, a return to normal 
bladder function is needed for long-term success in treatment. 

f. Prognosis. The long-term survival of affected animals depends on early detection 
and appropriate treatment. The correction of any predisposing urinary tract abnor- 
mality that may result in continued urine stasis also influences long-term recovery. 

'rial disease in cattle 

Acute tubular necrosis is reported as the most common cause of renal failure in cattle 
in selected areas of the United States and may be related to the increased risk of plant 
toxicities in those regions. 
a. Patient profile. Acute tubular necrosis usually affects adult cattle when related to 

plant toxicity, but this disease can occur in cattle of any age when associated with 
the administration of nephrotoxic drugs. 

b. Clinical findings 
(1) Complaints are nonspecific and include mild depression, anorexia, dehydra- 

tion, and decreased rumen motility or rumen stasis. 
(2) Physical examination reveals an elevated temperature, pulse, and respiratory 

rate. 
(a) A primary disorder (e.g., sepsis, diarrhea) may be obvious, predisposing 

the animal to the development of acute tubular necrosis. 
(b) A bleeding diathesis may be seen in uremic cattle, along with recum- 

bency. 
(c) On rectal palpation, the kidney is likely a normal size and consistency. 

c. Etiology and pathogenesis. Acute tubular necrosis can be caused by decreased 
renal blood flow, the administration of nephrotoxic drugs, or the ingestion of 
nephrotoxic plants. The management systems of cattle production may expose cat- 
tle to all of these causes. 
(1 ) Decreased renal blood flow 

(a) Hypovolemia. Acute severe volume depletion may be caused by diseases 
such as neonatal calf diarrhea, lactic acidosis ("grain overload"), or a b  
omasal torsion (in older cattle). 
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(b) Hernodynamically mediated diseases (e.g., entlotoxemia of mastitis or me- 
tritis) can also cause decreased renal blood flow. 

(c) Severe r ~ m i n a l  distention (e.g., bloat, vagus indigestion] is another cause 
of decreased renal blood flow. 

(2) Nephrotoxic drugs can cause tubular damage. 
(a) The most commonly reported nephrotoxic reaction is aminoglycoside tax- 

icity from neomycin. 
(b) Selected sulfonamides and the administration of outdated or excess doses 

of tetracyclines can also result in nephrotoxicity. 
(c) Acute intravascular hemolysis in cattle (or sheep) from copper toxicity re- 

sults in tubular necrosis from endogenous pigment damage. 
(3) Plant toxins that result in tubular necrosis include oak (Quercus species), 

which is particularly common in the southeastern United States, and oxalate- 
containing plants, such as redroot pigweed (Amaranthus retroflexusl. The ef- 
fect of any nephrotoxic agent is enhanced by decreased blood volume or elec- 
trolyte (sodium, potassium) depletion. 

d. Diagnostic plan and laboratory tests. Failure of renal function is usually diagnosed 
by laboratory evaluation because clinical signs are seldom diagnostic. 
(1) Serum creatinine and urea are increased, with urine specific gravity less than 

1.022. 
(2) Proteinuria may be present. If the sample is analyzed rapidly before the de- 

struction by alkaline urine, granular casts (an early finding in acute renal tubu- 
lar necrosis) may be present. 

(3) Dehydration is suggested by the increased hematocrit and total plasma pro- 
tein. 

e. Therapeutic plan 
(1) Fluid therapy. The main goal of treatment is providing intravenous fluid and ' I '  

electrolytes to restore and maintain circulating blood volume, which ensures 
renal perfusion. Fluids should be isotonic, containing sodium, potassium, chlo- 
ride, and calcium. Normal saline with small quantities of added potassium 
and calcium can be used. 

(2) Other treatments include administering appropriate antimicrobial therapy (if " 

there is ongoing sepsis), discontinuing any aminoglycoside, sulfonamide, or tet- 
racycline therapy, and relieving any abdominal distention. 

f. Prognosis. Acute tubular necrosis is a highly reversible condition if detected early 
and treated appropriately, particularly if the condition is related to decreased renal 
blood flow. The prognosis is less favorable if there is sepsis associated with the tu- 
bular necrosis. I 

g. Prevention of acute tubular necrosis in cattle includes avoiding the use of poten- ' 

tially nephrotoxic drugs and restricting access to pastures that may contain plant 
nephrotoxins (e.g., oak). I 

2. Amyloidosis 
a. Patient profile. Renal arnyloidosis, although rare in horses, is sporadically diag- 

nosed in cattle, particularly in those older than 4 years with chronic foci of inflam- :, 
mation. This disorder is also occasionally diagnosed in sheep and goats with para- ., 
tuberculosis or visceral caseous lymphadenitis (CLA). 

b. Clinical findings 
(1) Complaints include ventral edema, chronic intractable diarrhea, and weight 

loss. 
(2) On  rectal palpation, the kidneys are uniformly enlarged. 

c. Pathogenesis. Affected cows usually have a chronic bacterial infection (e.g., peri- 
carditis, pulmonary abscessation, peritonitis, metritis). These bacterial infections I 
lead to reactive systemic amyloidosis and the production of amyloid ("AAtt) pro- ,. 
tein, which is a Ppleated protein that is resistant to normal proteolytic digestion. 
Amyloid protein is deposited on the glomeruli and results in the gross enlargement ,, 
of the kidneys. The cell of origin of amyloid protein is unknown. 
(1) Glomerular proteinuria results in hypoproteinemia with subcutaneous and vis- ,,, 

ceral edema (e.g., ascites, pleural and pericardial effusion). 11 

(2) Amyloid infiltration into the small intestine, resulting in gastrointestinal lymph- 
angiectasis and edema, intestinal malabsorption, and gastrointestinal motility 
dysfunction, is responsible for the intractable diarrhea and weight loss. 

d. Diagnostic plan and laboratory tests 
(1) Laboratory tests. Blood samples reveal azotemia with persistent and massive 

proteinuria. The hemogram i s  usually normal, but fibrinogen is elevated. 
(2) Liver function tests. Occasionally, there is liver involvement. 
(3) Biopsy of the kidney can be used to confirm the diagnosis. 

e. Therapeutic plan 
( I )  Dimethylsulfoxide (DMSO) administration has resulted in clinical improve- 

ment in humans, dogs, and hamsters. 
(a) The exact mechanism of action is unknown, although DMSO has been 

shown to prevent the precipitation of Bence Jones proteins and to solubi- 
lize suspensions of amyloid fibrils. 

(b) Approved uses. Because DMSO is not approved for parenteral use in 
food-producing animals, it should be reserved for the treatment of animals 
to allow for the harvesting of future genetic stock, such as semen or em- 
bryo production. 

(2) Broad-spectrum antibiotics can be used to treat any underlying bacterial infec- 
tion. 

(3) Plasma transfusions and diuretics can be administered to temporarily alleviate 
signs of edema. 

(4) Euthanasia. Given the grave prognosis, most animals should be euthanized 
when the diagnosis is established. 

f. Prevention. Because amyloidosis occurs sporadically, there are no recommended 
preventive measures. 

3. Pyelonephritis 
a. Patient profile and history. Pyelonephritis usually occurs in adult dairy cows from 

November to May (i.e., during the time the cows are more likely to be stabled in- 
doors). Recent urinary catheterization or artificial insemination may be found in 
the history. 

b. Clinical findings 
(1) Complaints. Affected cattle may have an acute decrease in appetite and milk 

production, show reluctance to walk, and may have abdominal pain that 
could be confused with an intestinal obstruction. Although these signs are very 
similar to traumatic reticuloperitonitis (TRP), affected animals resist a withers 
pinch (in contrast to those with TRP) and are not sensitive to pressure at the 
xiphoid region. 

(2) Physical examination findings 
(a) Urine. The urine initially has blood clots associated with short episodes of 

acute colic. As the disease progresses, frank pyuria may be present. Polla- 
kiuria and hematuria are also seen. 

(b) On  rectal examination, the kidneys may be enlarged with a loss of normal 
lobulation. More chronic cases also have ureteral enlargement that can be 
palpated rectally. 

c. Etiology and pathogenesis 
(1) Etiology. In cattle, Corynebacterium renale can cause pyelonephritis, some- 

times in outbreaks. C. renale is found in clinically normal cattle, and the or- 
ganism does not survive in the environment for a long period of time. 

(2) Pathogenesis 
(a) Transmission occurs via mechanical means, such as tail switching, urine 

splashing, and the use of contaminated equipment (e.g., catheters, 
specula). 

(b) Route of infection. When the organism gains entry, it ascends the urethra 
(not always bilaterally), invades the renal pelvis and medulla, and later in- 
vades the renal cortex, causing fibrosis. 

(c). Manifestations of  disease include: 
(i) Toxemia and fever 
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(ii) Uremia (with extensive bilateral involvement) 
(iii) Abdominal pain, caused by the obstruction of the ureter or renal 

calyx by put or tissue debris 
d. Diannostic plan and laboratory tests are the same as for horses (see I A 4 d). 
e. 1he;apeutic plan 

(1) Penicillin is the treatment of choice (30,000-50,000 IUlkg every 12 hours for 
at least 10 davs). In well-established cases, ~rolonged therapy for up to 6 -. - 

months may be necessary. To assess the response to treatment, a catheterized 
urine sample can be submitted for culture and cytology 1 week following the 
cessation of therapy to ensure that the urinary tract has returned to its nor- 
mally sterile condition. 

(2) Nephredomy may be necessary if the disease is unilateral. 
f. Prognosis is the same as for horses (see 1 A 4 f). 

a Renal disease in  swine 

1. Patient profile. Sows recently exposed to natural breeding are at risk for developing 
acute pyelonephritis. 

2. Clinical findings. The disease is observed in sows or gilts post breeding. Initially, 
some sows may have a vaginal discharge. Affected animals become ill suddenly, 
show profound depression and fever, and can die within 12 hours of the onset of clin- 
ical signs. Most affected sows die without premonitory signs. 

' 3. Etiology and pathogenesis. The causative organism is commonly Eubacterium suis. In- 
fection may be introduced at mating or may be residual from the previous farrowing. 
The relationship between mating and pyelonephritis is well established in sows. 

4. Diagnostic plan and laboratory tests are the same as for horses (see I A 4 d). 

5. Therapeutic plan. Sows that show signs of urinary bleeding or dysuria after breeding 
should be treated prophylactically with antibiotics. To assess the response to treat- 
ment, a catheterized urine sample can be submitted for culture and cytology 1 week ' 
following the cessation of therapy to ensure that the urinary tract has returned to its 
normally sterile condition. 

6. Prognosis is the same as for horses (see I A 4 0. 

m-NARY TRACT DIWIDERS 
- 3 cystitis 

1. Patient profile. In large animals, cystitis is sporadic and uncommon. This disorder oc- 
curs mainly in adult females and is associated with recent parturition or breeding. 

2. Clinical findings 
a. Pollakiuria and the passing of small amounts of turbid urine containing blood, pus, 

or both may be evident. 
b. Perineal scalding with alopecia may be present if the process has been ongoing. 
c, Rectal palpation may detect bladder thickening. 

3. Etiology and pathogenesis 
a. Primary disease. With the exception of cystitis caused by Corynebacterium enale 

in cattle and Eubaaerium suis in pigs, cystitis is rarely a primary disease in large 
animals. 

b. Secondary disease. Cystitis most often occurs secondary to urine retention in dis-, 
eases such as urolithiasis, bladder atony, paralysis, late pregnancy or dystocia, and 
Sudan grass myelomalacia (in horses). The ascending infection is usually assocf- 
ated with Escherichia coli, Proteus species, or Actinomyces pyogenes. 

4. Diagnostic plan and laboratory tests. The key part of the diagnosis is to collect samples 
aseptically for cytologic and bacteriologic evaluation. A sterile catheter should be used. 
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a. On sediment analysis, there are high numbers of white blood cells (WBCs), des- 

quamated epithelial cells, RBCs, and bacteria (free or intracellular). 
b. The complete blood cell count (CBC) is usually normal. 

5. Therapeutic plan. The goal in treatment is to identify and correct any underlying pre- 
disposing cause of cystitis, such as bladder atony or urolithiasis. 
a. Antibiotics (e.g., penicillin, ampicillin, cephalosporins, trimethoprim-sulfas) can be 

used as initial treatment because they are well concentrated in the urine. 
b. Treatment duration should last from 10 days to 1 month. However, this may not 

T- be scientifically valid because uncomplicated cystitis in humans can be cured with 
a single high dose of antibiotics. * 

Urinary incontinence is an uncommon problem in large animals and is associated with 
neurologic diseases (e.g., sacral fractures) in all species. In horses, urinary incontinence is - 
associated with equine protozoal myelitis (EPM), equine herpes virus type 1 (EHV-11 infec- 
tion, cauda equina neuritis syndrome, and sorghum or Sudan grass intoxication (see Chap 
ter 11). Other causes of urinary incontinence are rare and sporadic, including bladder tu- 
mors, estrogen-responsive incontinence in mares, and anatomic defects (e.g., ectopic 

44 ;, 
ureters; see II D). a Patent urachus is discussed in Chapter 18 VI 8. The urachus serves as a connection be- 

.i: ween the fetal bladder and the allantoic cavity, which should spontaneously close at 
birth. 

DJ Ectopic ureters 

1. Patient profile. This congenital problem has been reported only sporadically in 
horses. However, it may simply be overlooked in other large animal species that are 
under less intensive observation. Although ectopic ureters have been reported in both 

1 sexes, they may be more readily detected in females because of more obvious urine 
i( dribbling. 

2. Clinical findings. Affected horses show urinary incontinence from birth but may a p  
pear able to void urine normally. Urine scald is evident around the perineum, but the 

4 horse may otherwise be clinically normal. In prolonged cases, ascending urinary tract 

I infection may ensue, resulting in pyelonephritis and signs of systemic illness. 

3. Diagnostic plan 

I a. The clinical sign of urine dribbling from birth is usually sufficient for a diagnosis. 
1 b. Cystoscopic observation of the aberrant entry of ureters to the bladder neck, ure- 

thra, or even vagina can confirm the diagnosis. 
c. Retrograde urography and intravenous excretory urography have been used effec- 

tively to determ~ne the location of the ureters' entry Into the lower urinary tract 

4. Therapeutic plan. When identified, the ectopic ureters should be surgically relocated 
, -  to enter the bladder. If the ectopia is unilateral and the ipsilateral kidney is hydrone- 
.. phrotic, it can be removed surgically. 

, 3 Bladder rupture in horses 
- 

1. Patient profile. Bladder rupture occurs most frequently in male foals, but it has been 
found in mares after dystocia and in other adult horses in isolated cases. In foals, the 

I rupture is presumed to occur before or at parturition. This disorder is also increasingly 
recognized in recumbent newborn foals that require intensive care and may be a com- 

j '  plication of iatrogenic increases in abdominal pressure while lifting or moving the 
foal. 

2. Clinical findings 
I - a. Foals appear normal at birth, with signs of depression beginning approximately 

24-48 hours after birth. 
1 b. Mild but progressive abdominal enlafgement develops, with fluid accumulation 

and a reduced interest in suckling. 
c. Foals may make frequent attempts to urinate but often pass only small amount of 

urine. These signs of straining may be mistaken for meconium impaction, but 
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within several days, respiratory distress from the abdominal enlargement and se- 
vere depression frorn.azotemia and fluid and electrolyte disturbances are evident. 

d. Patent urachus may be an accompanying abnormality. 

3. Etiology and pathogenesis 
a. With bladder rupture in male foals, the small diameter and increased length of 

the urethra allows pressure to build up within a distended bladder during foaling, 
causing the rupture of the dorsal body of the bladder (which is  the weakest point). 

b. Some foals may also have a congenital bladder wall defect that predisposes to rup- 
ture during parturition, but there is little hemorrhage associated with the site of rup- 
ture. 

4. Diagnostic plan and laboratory tests 
a. The history and clinical findings are highly suggestive of bladder rupture. 
b. Abdominocentesis to confirm the presence of urine in the abdomen can also be 

performed. 
(1) Methylene blue can be instilled into the bladder. Its presence in a peritoneal 

fluid sample confirms the presence of urine in the abdomen. 
(2) Creatine level. Demonstration of an abdominal fluid creatine level that i s  at 

least two times higher than the serum creatine level also confirms the presence 
of urine in  the abdomen. 

(3) Calcium carbonate crystals. In adult horses, calcium carbonate crystals (nor- 
mally fnund in urine) can be detected in the affected animal's abdominal fluid. 

. c. Laboratory studies. Characteristic changes on a serum electrolyte panel (e.g., se- 
vere hyponatremia, hypochloremia, and hyperkalemia) indicate uroperitoneum. 
The hyperkalemia can be severe enough to cause cardiotoxicity. Azoternia is a pre- 
dictable finding in foals. 

5. Therapeutic plan 
a. Surgery. The tear or defect in the bladder requires surgical correction. However, 

because of the often profound fluid and electrolyte disturbances, initial correction 
of these metabolic abnormalities is essential before placing the animal under gen- 
eral anesthesia. 

b. Fluid drainage. The extravasated fluid in the abdomen, if causing severe abdomi- 
nal distention, should be drained by a large-bore needle puncture to relieve the 
pressure on the diaphragm. 

c. Fluid therapy should be given in the form of normal saline to increase sodium and 
chloride levels. Dextrose (5%) should be added to help reduce the serum potas- 
sium. Additionally, foals may be acidotic and require sodium bicarbonate, which 
also helps reduce the serum potassium to less cardiotoxic levels. 

4 Obstructive urolithiasis 
1. Obstructive urolithiasis in  ruminants is likely the most common and clinically irnpor- 

tant urinary tract disease of ruminants. Clinical disease occurs when calculi lodge in 
the urethra and cause urinary tract obstruction. The highest incidence of clinical signs 
of urolithiasis in cattle and sheep is  noted during the early concentrate feeding pe- 
riod (i.e., fall, winter) and during cold weather when water consumption decreases. 
a. Patient profile. Clinical disease is mainly seen in castrated males and is particu- 

larly common in feedlot and range-fed steers or wethers. Although bulls, cows, 
heifers, ewes, and rams also form urinary calculi, these cases less often develop 
into a clinical problem. 
(1) The female urethra is shorter and more able to pass urethral calculi than the 

male urethra. 
(2) In bulls, the urethra is up to 40% larger in diameter than in a similarly aged 

steer; therefore, bulls are less likely to become obstructed by uroliths. 
b. Clinical findings vary with the site and completeness of urinary tract obstruction. 

(1) Partial or incomplete obstruction. Urine dribbling from the prepuce r d r i q  
blers") with blood-tinged urine surrounding the prepuce may be evident, with 
white, pawdery crystals precipitating around the preputial orifice. These mi- 
mals have prolonged, painfut urination and may tramp or tread when attempt- 
ing to pass urine. 
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(2) Complete urethral obstruction. Bladder rupture occurs after 48-72 hours if 

the obstruction is not relieved. 
(a) Inappetence, depression, and colic signs (with kicking at the abdomen) 

may be evident. 
(b) Treading. Steers shift their weight to opposing hind limbs (i.e., treading) 

and appear restless, getting up and down frequently. 
(c) Tenesmus may also be present, with palpable pulsations of the urethra 

and straining sufficient to prolapse the rectum. 
(dl The preputial orifice hairs are dry. 
(e) Sheep may also exhibit tail wriggling. 

(3) Other signs can include grunting and grinding of the teeth (i.e., odontoprisis, 
bruxism). 

(41 Rectal palpation may reveal a large and tightly distended urinary bladder. 
C. Etiology and pathogenesis. The precipitation of urinary solutes around a nidus 

leads to the formation of calculi. This metabolic disorder is a combination of di- 
etary, endocrine, and climatic factors. 
(1) Nidus formation. Factors involved in nidus formation include the administra- 

tion of estrogen implants or the consumption of estrogenic feeds, vitamin A de- 
ficiency, or other factors that result in excessive urinary tract epithelial desqua- 
mation. 

(2) Urinary solute precipitation occurs for several reasons, including: 
(a) increased phosphate or carbonate calculi formation in the presence of the 

alkaline urine of herbivores 
(b) Increased concentration of urine solutes as a result of water deprivation in 

cold weather 
(c) Heavy fluid loss, which may occur in hot weather 
(d) Excessive mineral intake (which often occurs in feedlots), particularly with 

respect to a high phosphate intake 
(3) Mucoproteins in the urine act as cementing agents to solidify the solutes that 

have precipitated around the nidus. Therefore, increased mucoprotein favors 
calculi formation. Heavy-concentrate and low-roughage feeding and the pel- 
leting of rations (common practice in most feedlot feeding regimens) greatly in- 
creases the quantity of mucoproteins in the urine. 

(4) Calculi. Cattle usually have single, hard, discrete calculi, but there can be up 
to 200 calculi present in an individual animal's urinary tract 
(a) Obstruction location 

(i) Cattle. Stones most often cause obstruction at the distal portion of the 
sigmoid flexure of the penis. There is a natural stricture at this site, 
which is where the retractor penis muscles attach. 

(ii) Sheep and goats tend to have fine, sand-like calculi, which are I* 
cated throughout the urinary tract but most often block the vermiform 
appendage. 

(iii) With massive urolithiasis, obstruction may occur anywhere along the 
urethra in both cattle and sheep. 

(b) Types of calculi. Although several crystal types have been found in rumi- 
nant uroliths, the two main types are magnesium ammonium phosphate 
and silicate uroliths. 

(i) Magnesium ammonium phosphate calculi are found most commonly 
in feedlot cattle and sheep fed high-concentrate and low-roughage ra- 
tions. These calculi are highly insoluble in alkaline urine (pH of 
8.5-9.5); thus, they precipitate readily in the normally alkaline urine 
of herbivores. These calculi are usually small, smooth, and soft, with 
a high recurrence because there are many present 

(ii) Silicate calculi occur in range-fed animals in the Great Plains regions, 
with grazing on mature prairie grasses or wheat or oat stubble (which 
can contain up to 2% silica). Water in these areas can also be high in 
silicates. Silicate calculi are rough and hard, usually forming only a 
single calculus. Given the high level of silica in both diet and water, 
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there can be outbreaks of urinary tract obstruction resulting from this 
calculi at any time of the year in any age and gender animals. 

(c) Sequelae of hrolithiasis include the rupture of the urethra, rupture of the 
urinary bladder, or both. 

(i) Urethral rupture. The calculus lodges in the penile urethra, usually at 
the sigmoid flexure, and causes pressure necrosis of the urethral wall. 
Urine leaks into the subcutaneous tissue around the penis and accu- 
mulates in the subcutaneous connective tissue along the prepuce, re- 
sulting in extensive edema along the abdominal floor (extending from 
the sigmoid flexure to the umbilicus). Usually, the leakage of fluid re- 
lieves the acute pain of urinary bladder distention, but over time, this 
fluid can cause toxemia and tissue necrosis with sloughing of the skin 
of the ventral abdomen. 

(ii) Bladder rupture. Abdominal pain is no longer present, and there is bi- 
lateral fluid-filled distention of the abdomen (a "pear-shaped" abdo- 
men). In contrast to urethral rupture, there is little or no detectable 
ventral edema in the preputial or umbilical region. On rectal examina- 
tion, the bladder is not palpable. 

d. Diagnostic plan and laboratory tests 
(1) The clinical examination often i s  sufficient to make a diagnosis of either ure- 

thral or bladder rupture. 
(a) Urethral mpture 

(i) The ventral abdominal edematous swelling that is associated with the 
prepuce caudally to the level of the scrotum, accompanied by pain at 
the sigmoid flexure, is usually sufficient to make the working diag- 
nosis. 

(ii) In sheep and goats, the vermiform appendage is usually blocked with 
sabulous material. Examination of the penis tip often reveals a turgid 
cyanotic vermiform appendage. Blockage further proximal in the pe- 
nile urethra is usually present. 

(b) Bladder rupture 
(i) In the patient with abdominal swelling, the five "Fs" of abdominal 

distention should be considered: fat, fluid, feces, fetus, and flatus. A 
fluid wave can usually be balloted across the abdomen, and centesis 
of the abdomen with a large-bore needle readily yields a large 
amount of clear, acellular fluid. 

(ii) Palpation of the penis at the sigmoid flexure may identify the site of 
obstruction, with pain induced on manipulation of the region. 

(iii) On rectal palpation, the urinary bladder is usually nonpalpable. Al- 
though the abdomen is filled with fluid, this cannot be determined by 
per rectum palpation. 

(2) Laboratory tests 
(a) Serum biochemistry reveals an azotemic animal with a marked reduction 

in serum sodium and chloride. Potassium, however, does not increase 
markedly in ruminants with bladder rupture. 

(b) An abdominocentesis fluid sample can be used to confirm uroperitonwm 
(see11 € 4  b). 

e. Therapeutic plan. The goals of treatment are to reestablish patent urethra and cor- 
- rect fluid, acid-base, and electrolyte imbalances. 

(1) Cattle 
(a) Medical therapy 

(i) For-early cases of urethral obstruction in which urethral or bladder 
rupture have not occurred, it is possible to attempt medical therapy 
by using tranquilizers (acepromzine at 20-40 mgl500 kg intramuscu- 
larly), smooth muscle relaxants, or antispasmodics (e.g., dipyrone). 
These agents can induce relaxation of the retractor penis muscle, 
which allows the sigmoid flexure to straighten, producing a wider, 
straighter urethra. Some reports suggest a 70% effectiveness in early 
cases. 
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(ii) If there is no urine passage within 6 hours, these medications can be 
repeated, but surgery may be required. Rectal examination to assess 
bladder size and turgor can be used to assess the need for surgery. 

(b) Surgery. In the case of urethral or bladder rupture, surgical intervention 
(under epidural anesthesia) is required. 
(i) A low urethrotorny at the distal part of the sigmoid flexure can be 

performed to expose and remove the calculus, suturing the incision 
site if the stone has not caused extensive necrosis. 

(ii) A high perineal urethrostomy should be performed if local cellulitis 
or necrosis is present. The penis is transected proximal to the site of 
blockage and anchored to the skin. The more proximal urethra can 
be probed for evidence of additional calculi, but a urethral diverticu- 
lum at the level of the ischial arch usually prevents catheterization 
into the bladder. Tears in the bladder wall in bladder rupture usually 
heal spontaneously without requiring abdominal surgew. 

(iii) In both urethral and bladder rupture, systemic antibiotics post surgery 
are advised. The correction of fluid and electrolyte losses with isc- 
tonic sodium chloride is indicated but is seldom performed in field sit- 
uations. Animals with urethral or bladder rupture should be sent to 
slaughter as soon as they are no longer uremic. 

(2) Sheep and goats 
(a) Massaging the vermiform appendage free of the sandy debris should be at- 

tempted, but usually, the vermiform appendage needs to be amputated. 
(b) Catheterization. Sabulous debris in the more proximal penile urethra can 

be flushed out by passing a catheter up the penile urethra and instilling 
small amounts of saline periodically. 

(c) Surgery 
(i) Urethrostomy (as performed in steers) may be indicated if other treat- 

ments fail. Even after establishing urethral patency, the bladder may 
not spontaneously empty immediately because of chronic distention 
and atony. 

(ii) In the cases of urethral rupture with urine leakage in the subcutane- 
ous tissues, small linear incisions in the overlying skin can be made 
to drain the urine that has collected and reduce the risk of extensive 
skin slough. 

f. Prognosis. The survival rate for urethral rupture is approximately 90%, but for blad- 
der rupture, the survival rate is 5046. 

g. Prevention. Many dietary and management factors can affect the formation of uri- 
nary calculi and subsequent obstruction. 
(1) Diet 

(a) For animals with phosphate or magnesium ammonium phosphate calculi, 
the diet can be assessed to ensure a calcium to phosphorus ratio of 2:l. 
Adding ground limestone to the diet can help avoid precipitation of excess 
phosphate in urine. Urine pH can be acidified (using ammonium chloride 
in the feed), increasing the solubility of the calculi. 

(b) For range-fed animals with silicate calculi, a common method of reducing 
problems with urinary blockage is to pasture only females or bulls on the 
high-risk pastures. Calculi still form but seldom result in urinary obstruc- 
tive problems. 

(2) Adequate water should be provided, particularly in cold weather when water 
sources may freeze. 

(3) Increasing salt intake in the diet by up to 4% can also reduce calculi-related 
problems. Increased dietary salt forces diuresis (which prevents the concentra- 
tion of urinary solutes). Furthermore, in the case of phosphate or magnesium 
ammonium phosphate crystals, sodium causes chloride to displace the magne- 
sium and phosphate, preventing these minerals from being deposited around 
nidus of the calculus. 

(4) Delaying castration of steers until after 6 months of age can allow the develop- 
ment of a larger urethral diameter, but this delay may not be practical in range 
or feedlot animals. 
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(5) Adequate vitamin A intake reduces nidus formation, and estrogenic implants 
can be avoided to reduce the mucoprotein content in the urine. 

2. Obstructive urolithiasis in horses 
a. Patient profile. Cystic calculi (stones in the bladder) are not common in hones 

and seldom cause acute clinical signs of obstruction. Some males may develop 
stones that lodge in the urethra. 

b. Clinical findings. Persistent hematuria (or post-exercise hematuria) is often the only 
clinical sign. Otherwise, horses with cystic calculi can have mild recurrent colic, 
urine scalding of the perineum, stranguria, dribbling urine, or pollakiuria. Weight 
loss and a stilted gait have also been reported. These bladder stones are usually 
readily palpable on rectal examination. 

c. Pathogenesis. Less is known about the formation of these calculi in horses than in 
ruminants, but the factors are likely similar because horses also have alkaline 
urine, which favors the deposition of carbonate and phosphate crystals. Calculi are 
usually solitary, large, and composed of calcium carbonate or phosphates. They 
tend to develop near the neck of the bladder. 

d. Diagnostic plan and laboratory tests 
( 1 )  In addition to clinical findings, cystoscopy or ultrasound can be used to dem- 

onstrate or suggest the presence of a stone. Occasionally, calculi can be felt 
with a urinary catheter. 

(2) Urinalysis reveals crystals, as well as free RBCS and WBCS. Concurrent cystitis 
is also a common finding. 

e. Therapeutic plan. The stones can be removed surgically by either an abdominal 
approach or via urethrotomy in male horses. In mares, some stones can be re- 
moved manually through the urethra. Electrohydraulic lithotripsy has been used 
successfully in  shattering the stones in situ for ease of removal. 

f. Prognosis. Horses that have had cystic calculi may have problems with chronic 
cystitis even aiter stone removal, and the calculi may recur. 

g. Prevention. In  selected cases, diet supplementation with urinary acidifiers has 
helped prevent calculi formation. 

DIRECTIONS: Each of the numbered items or incomplete statements in this section is  
followed by answers or by completions of the statement. Select the ONE numbered answer 
or completion that is BEST in  each case. 1 

d 

d - 
1. Which one of the following statements re- 

' garding pyelonephritis is true? ' (1) Cows that are housed during the winter 
develop pyelonephrltis as a result of the 
infection by Ureaplasma laidlawi during 
natural breeding or artificial insemination. 

(2) In hones, pyelonephritis i s  a sporadic oc- 

1 currence with infection by coliforms such 
as Proteus species and is associated 

1 mainly with breeding trauma or urine 
) pooling in mares. 

(3) In plgs, the organism Eubacterium suis is 

i a key cause of pyelonephritis, and clinical 
signs are insidious with pyuria and 
chronic weight loss. 

(4) Sows develop pyelonephritis as a result of 
Eubacterium suis infection from recent far- 
rowing or natural mating, with initial clini- 
cal signs highly different from those noted 

1 in cows or horses. 
1 

2. Which one of the following statements re- 
garding horses with chronic renal failure is 

' correct? 

(1) Hypercalcemia may be present, but it a p  
pears to be dependent on diet because cal- 
cium levels can return to normal levels in 
low-calcium diets. 

(2) In glomerulonephritis, the glomerular le- 
sion is caused by autoimmunity to the g l u  
merular basement membrane, or less com- 
monly, circulating immune complexes to 
viral or bacterial (e.g., streptococcal) anti- 
gens. 

(3) Chronic renal failure in horses is most 
commonly tubulointerstitial, rather than 
glomerulonephritis. 

(4) When recognized, glomerulonephritis in 
horses is best treated with corticosteroids 
to reverse the immunologic damage to the 
glomerular basement membrane. 

3. Acute renal failure in ruminants can be as- 
sociated with which of the following? 

(1) Neonatal calf diarrhea, abomasal displace- 
ment, and lactic acidosis ("grain over- 
load") can be causes of acute renal tubu- 
lar necrosis in cattle with their associated 
profound volume depletion. 

(2) Although arninoglycosides can induce 
nephrotoxicity in all species, ruminants 
are usually spared from this risk because 
they rarely receive such drugs. 

(3) Administration of outdated or excess 
doses of tetracyclines has resulted in renal 
failure in cattle. 

(4) Copper toxicity in cattle and sheep causes 
acute renal tubular necrosis due to the cu- 
pric ion damage to tubular epithelium. 

(5) Plant toxins that result in renal tubular ne- 
crosis in  ruminants include oak (Quenus 
species) and Russian knapweed (Centau- 
rea repens). 

4. Which one of the following statements re- 
garding urinary tract disorders in large ani- 
mals is correct? 

(1) Renal amyloidosis occurs with approxi- 
mately equal frequency in  both horses 
and cattle, with signs of ventral edema, 
chronic intractable diarrhea, and weight 
loss, with the kidneys often uniformly en- 
larged on rectal palpation. 

(2) Cows affected by renal amyloidosis sel- 
dom have any other concurrent disease. 

(3) Ectopic ureters in large animals is a con- 
genital problem with signs of urine drib- 
bling from birth. Although this disorder 
has been reported mainly in horses and in 
both sexes, it may be more readily de- 
tected in females with more obvious urine 
dribbling. 

(4) Ectopic ureter of large animals is usually 
only corrected for aesthetic reasons be- 
cause, apart from urine scald, the animals 
seldom have any other associated compli- 
cations. 
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5 .  Which one of the following statements re- 7. Which one of the following statements re- 
garding foals with bladder rupture is correct? garding cystic calculi of horses is true? 

(1) Bladder rupture occurs mbst frequently in (1) Clinical signs of bladder stones in horses 
female foals after dystocia or is otherwise are similar to those in ruminants, with 
most common in either sex foal that i s  blockage of the urethra the main clinical 
stepped on by the dam. 

(2) Foals appear normal at birth and within 
6-1 2 hours become severely depressed 
because of azotemia and peritonitis. 

(3) Foals develop progressive abdominal dis- 
tention and show signs of straining, which 
may be mistaken for meconium impac- 
tion. 

(4) If untreated, a main cause for mortality is 
the progressive azotemia. 

(5) Tests to help confirm the presence of 
urine in the abdomen include the instilla- 
tion of a positive contrast (such as barium) 
into the bladder and the demonstration of 
its presence in the abdomen either by ra- 
diography or a peritoneal fluid sample. 

6. Which one of the following statements re- 
garding the prevention of urolithiasis in rumi- 
nants is coned? 

(1) For phosphate or magnesium ammonium 
phosphate calculi, the diet should have a 
calcium to phosphate ratio of 2:1, possi- 

. bly by adding ground limestone to the 
diet, which can help avoid the precipita- 
tion of excess phosphate in the urine. 

(2) For silicate calculi, the urine pH can be 
acidified using ammonium chloride in the 
feed because these calculi are also more 
soluble in acid urine. 

(3) For silicate calculi that occur in range-fed 
animals, pasturing only females on the 
high-risk pastures is advised because the 
hormonal differences in the cows result in 
less risk of calculi formation. 

(4) For urolithiasis of most types of calculi, 
the dietary salt intake should be reduced 
to prevent excess solutes in the urine. 

(5) Delaying the castration of male animals 
until after 6 months of age can reduce the 
problem of urinary obstruction by stones 
because the testosterone influence pre- 
vents nidus formation. 

sign. 
(2) The main type of stone in horses is sili- 

cate calculi, which results from high si- 
licic acid on certain pastures and oat feed- 
stuffs. 

(3) Cystic or bladder stones are usually best 
diagnosed by urine crystal analysis. 

(4) Finding high numbers of calcium carbon- 
ate crystals in the urine of horses without 
signs of urinary tract disease does not nec- 
essarily suggest the presence of a bladder 
stone. 

U-RS A N D  E X P L A N A T I O N S  

1. The answer is 4 [I C 2). Sows may die 
without premonitory signs. The causative or- 
ganisms are coliforms and Corynebacterium 
renale. The high risk factors associated with 
pyelonephritis are commonly bladder paraly- 
sis, urine stasis, or ureteral ectopia. Signs in 
pigs are usually peracute with death. 

2. The answer is 1 [I A 3 a (5)l. Hypercalce- 
mia may be present, but it appears to be de- 
pendent on diet because calcium levels can 
return to normal levels in low-calcium diets. 
In glomerulonephritis, the glomerular lesion is 
caused by autoimmunity to the glomerular 
basement membrane or, more commonly, by 
circulating immune complexes to viral or bac- 
terial (e.g., streptococcal) antigens. Chronic 
renal failure in hones is most commonly glo- 
merulonephritis, rather than tubulointerstitial. 
Although corticosteroids have been advo- 
cated, they do not reverse the damages to glo- 
meruli. 

3. The answer is 3 [I B 1 cl. The administration 
of outdated or excess doses of tetracyclines has 
resulted in renal failure in cattle. Diarrhea and 
grain overload can induce volume depletion, 
but it usually requires a torsion of the aborna- 
sum for similarly severe vascular compromise. 
One of the most commonly drug-associated 
nephrotoxicities in the United States is from 
neomycin. Hopefully, this will soon be only a 
historical note with increased vigilance and 
care in medicating food-producing animals. 
Acute intravascular hemolysis that results in tu- 
bular necrosis from endogenous pigment dam- 
age. Although oak is toxic, ruminants can 
safely graze on pastures with Russian knap 
weed (see Chapter 11). 

4. The answer is 3 (11 D 1, 21. Although ec- 
topic ureter has been reported mainly in 
horses and in  both sexes, it may be more read- 
ily detected in females with more obvious 
urine dribbling. The clinical signs are appm 
priate, but horses rarely develop renal arny- 
loidosis. Cows affected by renal amyloidosis 
often have a chronic bacterial infection (e.g., 
pericarditis, pulmonary abscessation, peritoni- 
tis, metritis), leading to reactive systemic arny- 
loidosis. Associated complications usually in- 
clude urine reflux, the formation of 
hydroureter, and the predisposition of the ani- 
mal to ascending urinary tract infection. 

5. The answer is 3 [I1 E 21. Foals develop pro- 
gressive abdominal distention and show signs 
of straining, which may be mistaken for meco- 
nium impaction. Bladder rupture is more com- 
mon in males, and the damage from the dam 
is not a recorded high risk fador..Signs usu- 
ally take 24-48 hours to develop after birth, 
and peritonitis is not a big concern because 
the urine is sterile. Untreated animals get life- 
threatening hyperkalemia and severe electro- 
lyte imbalances. Barium would be contraindi- 
cated and would cause an intense peritoneal 
inflammation. 

6. The answer is 1 [II F 1 gl. For phosphate 
or magnesium ammonium phosphate calculi, 
the diet should have a calcium to phosphate 
ratio of 2:l. Silicate stones are not solubilized 
by an acidified pH change. Calculi still form 
in females but seldom result in urinary ob- 
structive problems in cows. Salt in the diet, 
up to 4%, can reduce calculi-related prob- 
lems by a forced diuresis that prevents con- 
centration of urinary solutes. The develop 
ment of a larger urethral diameter, not the 
influence of testosterone, reduces the risk of 
urinary obstruction. 

7. The answer is 4 [I1 F 21. Finding high num- 
bers of calcium carbonate crystals does not 
necessarily suggest the presence of a bladder 
stone. Signs in horses are persistent hematuria 
or post-exercise hematuria. Horses have alka- 
line urine that favors the deposition of carbon- 
ate and phosphate crystals. Bladder stones are 
readily palpable on rectal examination, or 
they can be detected by cystoscopy or ultra- 
sound. 
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t 
Dermatologic Diseases 

. Timothy H. Ogilvie 

>.  TIC APPROACH TO DERMATOLOGIC DISEASE 

4 History and clinical findings. Because an accurate history is often difficult to obtain, 
use of a detailed questionnaire is helpful. Important points to consider when obtaining 
the history include: 

1. Age, breed, sex, and color of the animal 

2. Duration, characteristics, and changes in the primary complaint 
. 

3. Presence or absence of pruritus 

4. Seasonality of the condition 

5. Type of housing 

6. Other affected animals 

7. Internal and external parasite control program 

8. Systemic or topical medication used for skin conditions or recent problems 

1 9. Other medical problems - 
Physical examination. The overall condition of the animal should be assessed. 

1. Lesions. The distribution (e.g., generalized, localized, specific body regions) and 
type (e.g., primary, secondary) of skin lesions should be noted. 
a. Primary lesions include papules, macules, nodules, tumors, pustules, wheals, 

and vesicles. 
b. Secondary lesions include scales, crusts, excoriations, erosions, ulcers, licheni- 

fication, pigmentation changes, and fissures. 

2. The skin surface should be palpated to determine features not easily visible (e.g., 
crusts beneath hair, dryness, ability to epilate hairs, presence of peripheral lym- 
phadenopathy). 

3. The mucous membranes should be examined. 

Differential diagnoses. The skin can react to a variety of insults in limited ways. This 
may make reaching a diagnosis difficult. Lists of differential diagnoses are based on in- 
formation gained from the history and physical examination. Several causes of the pre- 
senting complaint are usually considered, and the diagnosis is confirmed by either test- 
ing the hypothesis or measuring any response to a specific therapy. 

Diagnostic techniques 

1. Skin scraping is often used to demonstrate the presence of external parasites (e.g., 
mites, lice). 
a. Materials for skin scraping include a sterile container, mineral oil, a #10 scal- 

pel blade, glass slides, and coverslips. 
b. Procedurr 

(1) Areas with hair (e.g., fetlock) should be lightly clipped before scraping. 
(2) Multiple superficial scrapings covering a large surface area should be ob- 

tained. Skin scrapings should be deep enough to induce capillary oozing 
to recover deep skindwellina mites. 

(3) The collected material is in a container until a microscopic exarnina- 
tion can be performed. The sam~le is then placed on a glass slide and finely 
dispersed in mineral oil to provide a confluent layer without air bubbles. 

' 
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2. Wood's lamp examination i s  not useful in large animals. Microsporurn canis is 
the only dermatophyte that fluoresces and then only 50%-60% of the time. This 
organism usually affects only dogs and cats. Horses and cattle are most com- 
monly infected with Trichophyton species, which do not fluoresce. Therefore, a 
negative Wood's lamp examination does not rule out dermatophytosis. 

3. Dermatophyte culture. Animals with focal or generalized alopecia with or with- 
out scaling or crusting are candidates for a dermatophyte culture. 
a. Materials for the test include a dermatophyte test medium, 70% isopropyl al- 

cohol, mosquito forceps, a # l o  scalpel blade, and sterile empty containers, 
such as evacuated blood collection tubes. 

b. Procedure 
(1) Collecting the sample. The forceps and each lesion to be sampled should 

be wiped gently with isopropyl alcohol and allowed to dry in order to re- 
move as many bacterial and saprophytic contaminants as possible. Multi- 
ple, small, scaling and lightly crusted lesions should be sampled. Broken 
hairs, scales, and crusts from the periphery of the lesion are collected. A 
blade may be useful in scraping scales and debris from the skin surface. 
The forceps are used to pluck and sample broken hairs. Samples should 
be stored in separate sterile containers. 

(2) Testing the sample. Samples should be removed from containers with ster- 
ile forceps in a clean working area and gently pressed onto, but not bur- 
ied beneath, the culture medium. The top of the culture dish should be 
loosely replaced to allow sufficient ventilation. Most dermatophytes grow 
at room temperature with the exception of Trichophyton verrucosum, 
which requires incubation at 3PC. 

(3) Results. The dennatophyte test medium i s  an amber-colored Sabouraud's 
dextrose agar, containing phenol red, a pH indicator, as well as several 
antibacterial and antifungal agents to inhibit the growth of contaminant or- 
ganisms. Derrnatophytes preferentially use the protein in the medium as 
they begin to grow, producing alkaline metabolites that cause the medium 
to turn red. The dermatophyte colony is typically a white-to-beige, pow- 
dery-to-fluffy growth. The red color change on Sabouraud's and colony 
growth characteristics should occur concurrently for positive identifica- 
tion. 

4. Potassium hydroxide (KOH) preparations may permit the immediate diagnosis of 
a dermatophytosis. However, negative results do not rule out dermatophytosis. Ex- 
amination of KOH preparations requires considerable expertise because fungal 
elements may be overlooked, and numerous artifacts (e.g., fibers, cholesterol crys- 
tals, oil droplets) may be confused with fungal elements. A dermatophyte culture 
should always be performed in conjunction with a KOH preparation. 
a. Materials for the test include mosquito forceps, a # I  0 scalpel blade, a sterile 

empty container, glass microscope slides, coverslips, a Bunsen burner, and the 
clearing solution. 

b. Procedure. Hairs and scales should be collected from the periphery of several 
lesions using the mosquito forceps and the blade. A drop of clearing solution 
is  placed on a glass slide, hairs and scales are added to the solution, and a 
coverslip is placed over the material. The purpose of the clearing solution is 
to dissolve hard keratin and bleach the melanin of the hair shaft so that hy- 
phae and arthroconidia can be identified more readily. Clearing solutions in- 
clude 15% KOH (heated for 15-20 seconds or allowed to stand at room tern- 
perature for 30 minutes) or a KOH and dimethyl sulfoxide (DMSO) solution, 
which permits immediate examination. The slide is scanned with the 10-times 
(lox) objective in search of abnormal hairs with a fuzzy internal structure. 
High-power examination of these hairs may demonstrate hyphae, which usu- 
ally have uniform width and septae. Bead-like chains of arthroconidia may be 
seen as well. 

5. Acetate tape preparations are used to diagnose Oxyuris equi or Choriopfes equi 
infestation. 
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a. Materials used include acetate (nonfrosted) tape, mineral oil, and glass micro- 
scope slides. 

b. Procedure. A piece of tape is pressed onto several areas in the anal and peri- 
anal region and then removed and placed (adhesive side down) on a glass 
slide liberally coated with mineral oil (which will clear debris and facilitate 
the examination of the preparation). 

6. Dermatophilus preparation. Crusted lesions accompanied by matting of the coat 
in horses and ruminants are clinical findings for dermatophilosis. Because suppu- 
ration underlies the crust, direct smears of the exudate must be made, stained, 
and examined on a glass slide for characteristic bacteria. Crusts can be removed 
from the patient, macerated with scissors, and mixed with several drops of water 
on a glass slide. After crusts have been softened in water, they should be crushed 
with the top of an applicator stick. Excess debris should be removed, the slide 
should be air dried, heat fixed, and then stained with Gram's, Giemsa, or 
Wright's stain. 

7. Biopsy for routine histopathology. The types of lesions to be biopsied include sus- 
pect neoplastic lesions, persistent ulcers, dermatoses not responding to appropri- 
ate therapy, and any unusual or serious lesions. Fully developed primary lesions 
should be selected. Biopsy for histopathology is usually unrewarding for chronic 
(e.g., lichenified, hyperpigmented) lesions. If possible, multiple lesions should be 
biopsied. 
a. Materials for performing a skin biopsy include 6-mm and 4-mm biopsy 

punches, a #15 scalpel blade, sharp scissors, Adson forceps, needle holders, 
2-0-3-0 nonabsorbable suture material, 2% lidocaine, a 3-ml syringe with a 
22- to 25-gauge needle, a tongue depressor, gauze, and 10% buffered for- 
malin. 

b. Procedure 
( 1 )  Preparation. Surgical preparation (i.e., shaving and scrubbing) will remove 

crusts and epithelial tissue that are important for diagnosis and should not 
be performed. Local anesthesia is accomplished by inserting the needle at 
the margin of the lesion and infiltrating lidocaine subcutaneously. 

(2) Biopsy techniques. Excisional (either punch or elliptical) skin biopsy tech- 
niques can be used. 
(a) Punch biopsies are used to assess a single nodule. Most lesions can 

be sampled with a 6-mm disposable biopsy punch. When a biopsy ! 
has been obtained, the site can be sutured with simple interrupted su- 
tures or a cruciate stitch. When obtaining biopsies of ulcerations, the 
biopsy should include normal tissue, the leading edge of the lesion, 
and abnormal tissue. 

(b) Elliptical biopsies. Punch biopsies are not appropriate for vesicular, 
bullous, or ulcerous lesions. Instead, an elliptical biopsy is preferred. 
Elliptical biopsies, which are obtained with a scalpel, should be 
mounted with gentle pressure on a small piece of tongue depressor or 
cardboard to prevent curling. 

8. Biopsy for immunofluorescence testing. lrnmunofluorescence testing i s  used as 
an adjuna to conventional histology in patients with suspected immune-medi- 
ated skin disease (e.g., pemphigus foliaceus, bullous pemphigoid, discoid lupus 
erythematosus, systemic lupus erythematosus, some forms of vasculitis). The tech- 
nique is similar to that used to obtain biopsies for histopathology, but other fixa- 
tives are used. The diagnosis of immune-mediated skin disease is made on the 
basis of both histologic and imrnunofluorescent findings. 

9. Onchocerca preparation. Horses with lesions of alopecia and scaling (with or 
without pruritis) that include diffuse ventral midline dermatitis and/or facial, cewi- 
cal, thoracic, or proximal forelimb lesions are candidates for Onchocerca infesta- 
tion. Many horses will have microfilariae present in the dermal tissue without any 
evidence of skin disease. A positive preparation only suggests that Onchocerca or- 
ganisms are the cause of the dermatitis. 
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a. Sample. If possible, a lesion should be sampled in a region where microfila- 
riae are not recovered in high numbers in normal horses (e.g., avoid the ven- 
tral midline). The sample should be obtained with a 10-mm punch biopsy and 
split in half. Half of the sample should be put in formalin, and the other half 
should be olaced on a dampened gauze sponge in a tightly closed container 
""ti1 a pre(;aration can be made. - 

b. Preparation. A small piece of tissue that includes dermis is placed on a glass 
slide, minced with a scalpel, and a few drops of nonbacteriostatic saline are 
added. The slide is then incubated at room temperature for 15 minutes. 

c. Results. The slide is scanned with a microscope (4x objective) along the mar- 
gins of tissue debris, searching for indications of motion in the saline. If the 
characteristic "whiplash" movement of the parasite is noted, a higher power 
obiective should be used. Microfilariae are slender and delicate, measuring ap- 
proximately 8 pm X 220 pm. 

10. Bacterial culture. A bacterial culture should be requested when folliculitis or bac- 
terial pyodermas are suspected. Normal skin is heavily contaminated by bacteria; 
therefore, cultures must be carefully taken and interpreted. Cultures of open, 
draining lesions generate misleading bacteriologic data. 
a. Samples 

(1) Intact samples. Intact nodules, pustules, and abscesses may be aspirated 
with a needle and syringe or punctured with a scalpel and swabbed with 
a culturette after gently cleaning the overlying skin with alcohol and allow- 
ing it to air dry. 

(2) Biopsy samples. When intact lesions containing pus are not available for 
sampling, a culture of surgical biopsy specimens is preferred. Papules, 
plaques, nodules, and areas of diffuse swelling may be surgically prepared 
and punch or excision biopsies taken with aseptic technique. 

b. Preparation. Samples for culture are routinely plated on blood agar and inocu- 
lated in thioglycolate broth to encourage the growth of any anaerobes. 

Frostbite is a skin injury resulting from exposure to excessive cold. 

1. Patient profile and history 
a. Neonates and sick, debilitated, or dehydrated animals are most prone to frost- 

bite injury. 
b. Lesions are seen on the extremities after cold weather. 

2. Clinical findings include erythema, scaling, and alopecia affecting the ears, tails, 
teats, scrotum, and feet. Severe cases are characterized by necrosis, dry gangrene, 
and sloughing. Affected skin usually lacks feeling. 

3. Pathogenesis Frostbite is more common in animals with poor circulation (e.g., as 
seen w ~ t h  ergotism, fescue toxicosis, vasculitis) or in animals that are unable to 
seek shelter. 

4. Diagnostic plan. History and clinical signs determine the diagnosis. 

5. Therapeutic plan 
a. Mi ld  cases. Treatment is unnecessary for mild cases. 

, 
b. Severe cases. Rapid thawing in warm water (4loC-44"C) followed by the a p  

pl~cat~on of bland, protective ointments and creams is the treatment of cholce 
I 

for severe cases. Where there has been necrosis and sloughing of skin, topical 
wet soaks and systemic antibiotics should be used. Surgical excision should. 
be postponed until an obvious boundary i s  present between viable and nonvla- 
ble I~ssue. 
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6. Prevention. After i t  has been frozen, tissue may have an increased susceptibility 
to cold injury. 

Thermal injuries (burns). Occasionally, burns are seen in large animals in association 
with barn fires, brush fires, electrocution, or lightening strike. The prognosis is poor 
for animals with burns covering more than 50% of the body surface. Treatment in- 
cludes: 

1. Cleansing with mild soap and water 2-3 times daily 
2. Initial surgical debridement 

3. Daily hydrotherapy 

4. Topical antibiotics 

5. Systemic nonsteroidal anti-inflammatory agents 

Primary irritant contact dermatitis 

1. Patient profile and history. The animal may present with dermatitis of the face, 
distal extremities, or ventrum. 

2. Clinical finding. This dermatitis ranges in  severity from erythema to papules, 
edema, scaling, vesicles, erosions, ulcers, necrosis, and crusts. Pruritus and pain 
are variable. Self-trauma resulting from the irritation can cause alopecia, lichenifi- 
cation, and scarring. Leukotrichia and leukoderma may be permanent sequelae. 

3. Etiology. Primary irritants invariably cause dermatitis if they come into contact 
with skin in sufficient concentration for a long enough time. No sensitization is re- 
quired. For example, leukoderma around the mouth of horses is commonly 
caused by the rubber bit. 
a. Caustic substances may be either acids or alkalis. Crude oil, diesel fuel, tur- 

pentine, leather preservatives, mercorials, blisters, and wood preservatives are 
all primary irritants. 

b. Moisture is an important predisposing factor because it decreases effectiveness 
of normal skin barriers. Causes for excessive moisture include body excretions 
(i.e., feces, urine), a damp environment, and wound secretions. Conditions 
that cause excessive moisture include: 
(1) Scalding of the perineum in diarrheic calves or foals 
(2) Flank or udder fold dermatitis in lactating dairy cows 
(3) Ovine fleece rot i 

c. Other causes of primary contact dermatitis include improperly used topical 
parasiticides and irritating plants (e.g., sneezeweed, stinging nettle). 

4. Diagnostic plan. The nature of any contact dermatitis can usually be inferred 
from the distribution of the lesions. 
a. Muzzle or extremities-plants and environmental substances (e.g., fertilizers) 
b. Single limb--irritating medications (e.g., blisters) 
c Face and dorsum-sprays, dips, and wipes 
d. Perineum and rear legs-urine and feces 
e. Tack-associated areas-preservatives, dyes, and polishes 
f. Ventrum-bedding and filthy environment 

5. Laboratory tests. A skin biopsy reveals varying degrees of superficial dermatitis 
(e.g., hyperplastic, spongiotic), with neutrophils or mononuclear cells predomi- 
nating. 

6. Therapeutic plan. Irritants should be identified and eliminated. Any residue 
should be removed with large amounts of water and gentle cleansing soaps. As- 
tringent soaks (e.g., aluminum acetate, magnesium sulfate in water) are applied to 
moist, oozing lesions for 5-1 0 minutes three times daily. Topical antiseptics, anti- 
biotics, andlor glucocorticoids may be considered in cases of severe or significant 
inflammation. 

7. Prognosis. Removal of the irritant results in remarkable improvement of the der- 
matitis in 7-10 days. 
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D. Chemical toxicosis. Ingestion or exposure to some chemicals or agents produces skin ' disease. 
1. Mercury poisoning ljroduces acute gastroenteritis and death if ingested in suffi- 

cient quantities. Mercury also causes alopecia with the loss of long hairs in the 
1 ': .,i I tail and mane if ingested in smaller quantities over a longer time. 

2. Iodine (or iodides) causes epiphora, nasal discharge, lacrimation, and seborrhea 
sicca with partial alopecia over the dorsum, head, neck, and shoulders. There is 
usually a history of sodium iodide or potassium iodide administration. 

3 Photodematitk 
1. Sunburn 

a. Patient profile and history. Sunburn produces a dermatitis of lightly pig- 
mented skin (e.g., Saanen goats, white pigs). 

b. Clinical findings include erythema and scaling. Severe burning causes exuda- 
tion, necrosis, and crust formation. Sunburn is  common on the lateral aspects 
of the udder and teats of white goats that are turned out in summer and along 
the back and ears of white-skinned pigs. 

c. Laboratory tests. A skin biopsy reveals superficial perivascular dermatitis, dysk- 
eratotic keratinocytes in superficial dermis, and basophilic degeneration of 
elastin. 

d. Prevention. As in all species, initial exposure to sunlight should be limited. 
Sunscreen may be applied to susceptible animals if warranted. 

2. Photosensitization is  characterized by acute onset of erythema, edema, and vari- 
able degrees of pruritus and pain. 
a. Clinical findings. Cutaneous lesions are often restricted to unpigmented, 

sparsely-haired areas but may extend to dark-skinned areas in severe cases. 
The eyelids, lips, face, ears, perineum, and coronary band region are com- 
monly involved. Vesicles and bullae develop that progress to oozing, necrosis, 
skin sloughing, and ulceration. 

b. Pathogenesis 
(1) There are three basic features for all types of photosensitization: 

(a) Presence of a photodynamic agent in the skin 
(b) Concomitant exposure to a sufficient amount of certain wavelengths 

of ultraviolet light (UVL) 
(c) Cutaneous absorption of UVL, which is facilitated by a lack of pig- 

ment in the haircoat 
(2) Molecules of photodynamic agents absorb light energy at a specific wave- 

length and enter a higher energy state. In the presence of oxygen, excited 
molecules produce free radicals, which cause structural damage of cell 
and lysosomal membranes. This in turn causes the release of hydrolytic en- 
zymes and other chemical mediators of inflammation. 

(3) Classification of photosensitization 
(a) Primary photosensitization. The photodynamic agent is preformed or 

produced metabolically in the body and may be acquired by inges- 
tion, injection, or contact (Table 16-11. 

TABLE 16-1. Primary Photosensitization in Large Animals 

Photodynamic Plant Species chemicals 

St. John's-wort Phenothiazine 
Buckwheat Thiazides 
Spring parsley Acriflavines 
Perennial rye grass Rose bengal 
Burr trefoil Methylene blue 

Sulfonamides 
Tetracyclines 

(b) Hepatogenous photosensitization. Phylloerythrin, a porphyrin com- 
pound formed by the microbial degradation of chlorophyll in the gut, 
i s  normally conjugated in the liver and excreted in  the bile. Liver dys- 
function, biliary stasis, or both may cause an accumulation of phyl- 
loerythrin in the blood and body tissues with resultant photosensitiza- 
tion. 

(c)  Photosensitization due to aberrant pigment synthesis (porphyia) i s  
characterized by an accumulation of photodynamic porphyrins in the 
blood and body tissues as a result of aberrant pigment synthesis. 

(d) Photosensitization of unknown mechanism is associated with the 
ingestion of lush pastures (e.g., clover, alfalfa, vetch, oats). 

c. Diagnostic plan. Diagnosis is based on a thorough clinical examination and 
history, including information on the diet, pasture, and any drug therapy. The 
number of animals at risk should be compared with the number of animals af- 
fected. If many animals are affected, this may indicate a photosensitivity, 
whereas one affected animal may suggest photoailergy. Liver tests should be 
performed when the clinician suspects hepatogenous photosensitization (see 
Chapter 5 1 B 1). 

d. Therapeutic plan. Therapy should be aimed at the primary cause. The source 
of the photodynamic agent should be identified and eliminated, sunlight 
should be avoided, and symptomatic therapy should be provided for hepatic 
disorders. 
(1) Glucocorticoids or nonsteroidal anti-inflammatory drugs (NSAIDs) may 

be used to ameliorate signs. 
(2) Systemic antibiotics may be necessary if there is secondary pyoderma. 
(3) Surgical debridement may be employed for severe necrosis and skin 

sloughing. 
e. Prognosis. The prognosis is favorable for animals with primary photosensitiza- 

tion but i s  poor for those with hepatogenous photosensitization. 

~ - N A L  DERMATOSES 

Ergotism 

1. Patient profile. This condition affects cattle, most commonly in the cooler 
months. 

2. Clinical findings. The two clinical syndromes of ergotism include nwrotoxicity 
and a form of chronic gangrene. With the gangrenous form, early edema of the 
coronary regions (most often the hindlegs) progresses to an abrupt line of ic 
chemic necrosis (i.e., dry gangrene), usually in the mid-metatarsus area. The dis- 
tal limb is cold and insensitive and eventually sloughs. Occasionally, ear tips and 
the tail tip are affected. Severe diarrhea often accompanies necrosis of the extrem- 
ities. 

3. Etiology and pathogenesis 
a. CIavicep purpurea is a fungus that infests many cereal grains and crops 

under warm, moist growing conditions. These harvested grains are then used 
in the winter stabling period, and animals (mainly cattle) become affected 2-4 
months after exposure. 

b. Ergot alkaloids in fungus-contaminated feedstuffs cause ~asoconstriction and 
capillary endothelial damage, with resultant ischemic necrosis and gangrene. 

4. Diagnostic plan and laboratory tests. The presumptive diagnosis is based on clini- 
cal signs, history, environment, and finding blackened, fungus-contaminated feed. 
The diagnosis is confirmed by necropsy of affected animals and the analysis of 
suspected feedstuffs. 



~ermatolo~ic Diseases 1 383 

(1) Calves-4 g 
(2) Cattle-6-1 0 g 
(3) Sheep-1.5 g 

b. Alternative forms of therapy and prevention include injections and slow-re- 
lease oral, copper bullets. 

5. Differential diagnoses for the clinical signs include gangrene, frostbite, and 
trauma. 

6. Therapeutic plan'and prevention. Treatment is rarely attempted, and affected ani- 
mals usually are culled. Ergot-contaminated grains or feedstuffs should not be fed 
to cattle. As a general rule, grain should not contain more than 0.1% ergot-con- 
taminated heads if it is to be used for animal feed. 4 Selenium toxicosis 

3 Fescue toxicosis (fescue foot) is virtually identical to poisoning by Claviceps pur- 
purea, but fescue foot occurs specifically in cattle or sheep that are grazing fescue 
grass (tall fescue) pastures contaminated with Acremoniurn coeniaphilum. 

1. Clinical findings. Acute poisoning may result in sudden death, whereas chronic 
poisoning (alkali disease) produces hair loss and laminitis. Hair loss is most pro- 
nounced from the tail (in cattle and hones) and the mane (in horses). 

2. Etiology. Selenium poisoning is caused by the ingestion of toxic levels.of inor- 
ganic or organic selenium. ~outces include supplemented feeds and plants that 
concentrate selenium from soils (so-called convertor or indicator plants, such as 
Astragalus species and Haplopappus species). 

Zinc deficiency 

1. Patient profile. Zinc deficiency is most often seen in cattle, sheep, and goats. 

2. Clinical findings 
a. Skin manifestations include a dull, rough haircoat and parakeratosis with scal- 

ing, crusting, and alopecia, particularly over the face, ears, eyes, distal limbs, 
and mucocutaneous junctions. 

b. Generally, the animal has poor growth, stiff or swollen joints, and a de- 
creased resistance to infections. ~ V ~ R M R M A T O S E S  

4 Introduction 

1. Clinical findings. Many pox viruses that cause skin lesions begin as erythema and 
progress through papule, vesicle, pustule, and scab stages before resolving. 

2. Diagnostic plan and laboratory tests. Cutaneous lesions may be the only manifes- 
tation of viral infection. Guidelines for obtaining samples for examination are as 
follows: 
a. Samples should be stored at 4'C in a transport medium. 
b. Samples should be taken from more than one lesion in more than one animal. 
c. Areas for sample collection should be washed with water or saline but not 

with alcohol because it inactivates most viruses. 
d. Specimen collection of the skin and mucous membranes should be extended 

to the periphery and base of the lesion. 
e. Tissues should be submitted for both electron microscopy and virus isolation. 

1 Specific conditions 

1. Cowpox is a benign but contagious skin disease. 
a. Clinical findings. This disease is characterized by typical pox-like lesions on 

the teats and udders of cows. 
b. Etiology. The source of infection may be infected cows or milkers that were re- 

cently vaccinated against smallpox (vaccinia virus). Pain from the lesions may 
cause failure of milk letdown and mastitis. 

c Therapeutic plan. Treatment consists of the local application of soothing 
creams. 

2. Pseudocowpox is similar to cowpox but is more common and cycles in the herd 
with a prolonged clinical presentation and healing time (up to 18 months). It is 
caused by a parapoxvirus and seen primarily in lactating heifers. The infection is 
zoonotic and causes milker's nodules in humans. 
a. Clinical finding. Lesions are restricted to teats of lactating cows. Edema and 

erythema is followed by papules [within 48 hours), then a dark red scab that 
becomes raised by granulation tissue (the central area appears umbilicated). 
The center desquamates, leaving a raised ring of crust in the shape of a horse 
shoe. The granuloma may persist for months. 

b. Diagnostic plan and laboratory tests. Diagnosis is based on the clinical find- 
ings and history and supported by electron microscopy examination of vesicle 
fluid (which shows intracytoplasmic inclusions) or virus isolation. 

3. Etiology. A zincdeficient diet or diets high in chelating minerals may cause this 
condition. 

4. Diagnostic plan and laboratory tests 
a. Response to therapy is the best diagnosis. 
b. Serum and hair levels for zinc can be low or normal; thus, these tests are not 

diagnostic. 
c. A skin biopsy shows evidence of parakeratotic hyperkeratosis. 

5. Therapeutic plan. Modern diets are usually well balanced for trace minerals such 
as zinc. 
a. Cattle should get 2-5 g zinc sulfate daily. 
b. Sheep should get 40 mg zinc sulfate daily. 

C o p p  deficiency 

I. Patient profile. Copper deficiency affects mainly cattle and sheep. 

2. Clinical findings 
a. Affected animals have stunted growth, diarrhea, anemia, infertility, lameness, 

loss of wool crimp (in sheep), and heart failure. 
b. Skin changes include a rough, brittle, faded haircoat (speckled in appearance), 

which the animal itches and licks. 
c. Dark hairs may become light, particularly around the eyes, giving animals a 

"spectacled" appearance. 

3. Etiology and pathogenesis. There is a dietary deficiency of copper or a secondary 
molybdenum excess. Copper is essential for the function of many oxidative en- 
zymes, and evidence of dysfunction of these systems may be seen in the skin and 
haircoat (e.g., failure of pigmentation). 

4. Diagnostic plan and laboratory tests 
a. Serum copper levels should be less than 0.7 pdml  to be diagnostic but might 

often be normal in affected animals. 
b. Liver copper levels from a biopsy specimen seem to be more reliable and are 

evidence of herd copper status. 

5. Therapeutic plan and prevention. Modern rations with attention to mineral sup- 
plementation should limit the likelihood of copper deficiencies. 
a. Oral copper therapy. Copper sulfate is administered once weekly for 3-5 

weeks at the following levels. Be aware that copper toxicity may occur at 
these levels. 
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c. Therapeutic plan and prevention. Treatment of affected cows has little effect, 
but the spread of disease is lessened by milking affected cows last, using teat 
dips, and reduciag teat trauma. 

3. Bovine ulcerative mammillitis is caused by bovine herpesvinrs type 2, and the re- 
sulting lesion is ulcerative in nature. 
a. Clinical findings. The teats of young, milking animals are most often affected 

with painful edema, vesiculation, and skin sloughing. There is no systemic in- 
volvement, but mastitis occurs because of the very painful nature of the le- 
sions and subsequent failure of milk letdown. 

b. Diagnostic plan and laboratory tests. The diagnosis is based on clinical signs 
and supported by virus isolation in a bovine tissue culture (either from vesicle 
aspirate or lesion biopsy). Histopathology of biopsy specimens shows intranu- 
clear inclusion bodies in early lesions. 

c. Therapeutic plan. Treatment is nonspecific and focuses on softening and pro- 
tecting the lesions from secondary infections through the use of antibiotic 
creams. 

4. Sheeppox and goatpox are contagious, pox-like derrnatides that occur mostly out- 
side of North America. 

5. Swinepox is a common benign disease that affects the ventral abdomen of pigs. 
The poxvirus is transmitted by lice and affects mainly young pigs. Mortality is neg- 
ligible, and treatment is not practiced. 

6. Ovine viral ulcerative demtosis is a venereal and skin disease caused by a pox- 
virus. This dermatosis is most common in the western United States during the 
breeding season. .Lesions consist of granulating ulcers on the genitalia, lips, or 
legs. Treatment is nonspecific, and prevention focuses on hygiene management. 

7. Equine viral papular dermatitis is reported sporadically and produces asymptom- 
atic oa~ules over the body. The disease is self-limiting but must be differentiated 
from' oiher conditions, sudh as furunculosis. 

8. Horsepox is rare and reported only in Europe. 

9. Contagious ecthyma (viral pustular dermatitis, sore mouth, orO is a parapoxvirus 
that affects sheep and goats, and this disease may be transmitted to humans. The 
organism remains infectious in the environment for extended periods (i.e., years); 
thus, when a farm has been contaminated, all incoming naive animals are at risk 
of disease. There is high morbidity on the first exposure of a flock. Immunity is 
strong and usually lifelong, but passive transfer i s  not effective in protecting lambs 
born to previously infected ewes. 
a. Clinical findings include early papules followed by vesicles, which result in 

pustules and scabs on the lips, muzzle, and oral cavity in young animals. Le- 
sions are painful, and animals are reluctant to eat. Debilitation due to starva- 
tion and secondary bacterial infection are the biggest dangers. Occasionally, 
ewes will have lesions on their udders. 

b. Diagnostic plan and laboratory tests. The diagnosis is made based on clinical 
signs and the submission of a biopsy specimen for fluorescent antibody test- 
ing. Virus isolation may be performed on the exudate. 

c. Therapeutic plan. Treatment includes supportive care, force feeding, and topi- 
cal antibiotics. 

d. Prevention. Vaccines are available for use in endemic areas. Lambs and kids 
should be vaccinated 2 weeks after weaning, and all show animals should be 
vaccinated 1 month before showing. 

10. Equine coital exanthema. This is a sporadic venereal disease of horses that is 
characterized by necrotic, circumscribed lesions of the penis or vulvdperineum. 
Equine herpesvirus type 3 infects animals, usually through breeding. 
a. Clinical findings. Lesions are initially vesicular but rapidly progress to a dry 

pustule and ulceration stage. 
b. Diagnostic plan, The diagnosis is confirmed by virus isolation from early vesic- 

ular lesions. 
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c. Therapeutic plan. There i s  little effect on fertility, but secondary bacterial in- 
fections may occur. Affected stallions are treated with local application of anti- 
biotic or steroid creams. 

11. Systemic viral diseases with cutaneous manifestations 
a. Bovine viral diarrhedmucosal disease (see Chapter 1) 
b. Malignant catarrhal fever (see Chapter 1) 
c. Bluetongue (see Chapter 1 ) 
d. Infectious bovine rhinotracheitis (see Chapter 6) 
e. Foot and mouth disease (see Chapter 1) 
f. Scrapie (see Chapter 11) 
g. Border disease 
h. Vesicular exanthema (see Chapter 1) 
i. Vesicular stomatitis (see Chapter 1) 

Folliculitis and furunculosis 

1. Patient profile. These conditions are most commonly presented in horses and 
goats. 

2. Definitions 
a. Folliculitis-inflammation of the hair follicle 
b. Furunculosis-an inflammatory process that breaks through the hair follicle 

and extends to surrounding dermis and subcutis 
c. Carbuncle-coalescence of multiple areas of furunculosis in horses causing 

focal induration and fistulous tracts 

3. Etiology. The major causative agents are the Staphylococcus species. Coagulase- 
positive staphylococci that are pathogenic in large animals include S. aureus, S. 
intennedius, and S. hyicus. Other agents include Streptococcus species, Coryne- 
bacterium pseudotuberculosis (Canadian horsepox or contagious acne), Coryne- 
bacterium equi, and Dermatophilosis congolensis (see V C, E). In goats, causative 
agents include Staphylococcus species, Adinomyces pyogenes, and Pseudomo- 
nas aeruginosa. 

4. Pathogenesis. Predisposing factors to folliculitis or furunculosis are mechanical 
trauma, insect bites, and moisture, combined with poor sanitation. 

5. Specific conditions 
a. Staphylococcal folliculitis. Initially, erect hairs may be found overlying a 2- 

mm to 3-mm papule. Lesions regress or progressively enlarge to 6-10 mm in 
diameter and develop a central ulcer that discharges serosanguinous material 
and becomes encrusted. During healing, the lesion flattens and is accompa- 
nied by alopecia and scaling, resembling ringworm. 

b. Staphylococcal furunculosis. This disorder presents as a combination of nod- 
ules, draining tracts, ulcers, and crusts. Large lesions are edematous plaques 
that resemble urticaria. Scarring, leukoderma, and leukotrichia may follow. 

c. Pastern folliculitis (greasy heel complex). Lesions are found on the caudal as- 
pect of pasterns or fetlocks of horses and may be caused by a variety of organ- 
isms singly or in concert. 

6. Diagnostic plan. The diagnosis is based on a complete history, a physical exami- 
nation, direct smears and a bacterial culture of the lesions, and a skin biopsy. 

7. Laboratory tests 
a. A bacterial culture may reveal organisms in pure culture, but the interpreta- 

tion may be difficult because of the normal occurrence on skin of some organ- 
isms (e.g., Staphylococci). 
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b. A tissue biopsy reveals perifolliculitis with both folliculitis and furunculosis. 
There are extensive tissue eosinophilia accompanying furunculosis. Gram-posi- 
tive bacteria mqy be visible. 

8. Therapeutic plan 
a. Mild cases often resolve spontaneously. 
b. Severe cases require topical cleansing, drying, and antibacterial therapy (aque- 

ous iodophors or chlorhexidine daily for 5-7 days, then twice weekly until re- 
solved). Systemic antibiotics are necessav in severe progressive cases (pro- 
caine penicillin G 22,000 IU/kg twice daily for 7-10 days). Many coagulase- 
positive staphylococci are resistant to penicillin but are sensitive to erythromy- 
cin, trimethoprim-sulfamethoxazole, and aminoglycosides. Long-acting oxytet- 
racycline (10-20 mgfkg) may be used if daily treatment is impractical. 

9. Prognosis. Although healing is usually complete in 7-10 days, severe cases may 
not respond to treatment. 

3 ulcerative lyrnphangitis 

1. Patient profile. This sporadic disease i s  seen mainly in horses and is often associ- 
ated with heavy populations of horses. 

2. Clinical findings 
a. Lesions occur on the lower limbs of the horse, particularly of the fetlock and 

seldom above the hock. Lesions begin as hard, fluctuant nodules, which ab- 
scess, ulcerate, and develop draining tracts of creamy green pus. Individual ul- 
cers heal in 2 weeks, but new lesions develop. 

b. Regional lymphatin are often corded, but there is no obvious lymph node in- 
volvement. 

c. Limb edema and subsequent scarring is common. 

3. Etiology. Corynebacterium pseudotuberculosis is most commonly isolated (a 
gram-positive pleomorphic rod). Other isolates include: Staphylococars species, 
C. pyogenes, Rhodococcus equi, Pastwrella haemolytica, ~usobacterium necro- 
phorum, and Acfinobacillus equuli. Infections usually arise from wound contami- 
nation and are more prevalent in stabled animals where there are crowded condi- 
tions and poor hygiene. 

4. Diagnostic plan. The diagnosis is based on history, a physical examination, and 
direct smears and a culture of the lesions. 

5. Differential diagnoses include glanders and other bacterial causes of lower limb 
cellulitis. 

6. Therapeutic plan. Hydrotherapy, exercise, surgical drainage, and high doses of 
penicillin (20,000-80,000 IUlkg, twice daily) for prolonged periods (more than 
30 days) should be used. 

7. Prognosis. The prognosis is poor for horses with significant scarring because recur- 
rences are common. 

8. Prwention. Good management practices provide the best means of control. Im- 
proving hygiene and decreasing population pressures is recommended. 

a Udder impetigo 

1. Etiology. This condition in cattle is caused by S t a p h y l o c ~ c ~ ~ ~  aureus. The infec- 
tion is spread by the milker's hands and is zoonotic. 

2. Clinical findings. Infection results in multiple pustules on the teat and udder skin. 
Cattle experience discomfort and a decrease in herd milk production as the dis- 
ease progresses through the herd. 

3. Therapeutic plan. Treatment is with systemic antibiotics or antibiotic disinfectant 
creams. 
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4. Prevention. Good sanitation is  necessary for control (e.g., udder and milking ma- 

chine disinfection, the use of latex gloves for milking personnel). An autogenous 
bacterin produces immunity for approximately 6 months in problem herds. 

Bacterial abscesses are very common in domestic animals following trauma and infec- 
tion of deep tissues with staphylococci and a variety of other opportunistic organisms. 

1. Chronic deep-seated pectoral abscesses (pigeon fever, pigeon breast, Wyoming 
strangles) 
a. patient profile. Adult horses are affected in the southwestern United States pri- 

marily in the autumn. Prevalence may be associated with heavy rainfall or 
high insect populations. 

b. Clinical findings. Abscesses develop deep in the superficial musculature (most 
commonly in the pectoral region) and may measure 10-20 cm. The horse 
shows signs of fever, lameness, depression, anorexia, local edema, and pain 
with the rupture of the abscess within 2-4 weeks of identification. 

c. Etiology and pathogenesis. C. pseudotuberculosis is the causative organism. It 
is hypothesized that the organism is transmitted via insect bites. 

d. Diagnostic plan and laboratory tests. Diagnosis is based on clinical findings, 
characteristics of the purulent discharge, and the culture results. 

e. Therapeutic plan. Antibiotics (penicillin at 20,000 IUlkg intramuscularly, 
twice daily) are used following surgical drainage. 

2. Caseous lymphadenitis (CM) 
a. Patient profile. CLA is a common disease of adult sheep and goats that has a 

worldwide distribution. 
b. Clinical findings. The disease presents as abscessed lymph nodes (subcutane- 

ous nodules) that eventually break open and drain a thick, green pus. 
(1) Abscesses are most common on the head and neck. 
(2) Abscesses may also be found in the abdominal cavity and cause chronic 

weight loss (this manifestation is called visceral CLA or thin ewe syn- 
drome). 

(3) Abscesses may occur in other locations with clinical findings specific to 
the location (e.g., ataxia, pneumonia, renal disease). 

c. Etiology and pathogenesis. C. pseudotuberculosis (biotype ovinelcaprine) is 
the causative organism. 
(1) Direct or indirect transmission of the organism occurs through contamina- 

tion of skin wounds. Shearing or trauma allows the colonization of subcu- 
taneous tissue and the abscessation of local lymph nodes. The organism 
persists in chronically draining lesions and in the soil. 

(2) The visceral form evolves from hematogenous dissemination from the su- 
perficial lymph nodes. The visceral form may exist independent of the sub- 
cutaneous form. 

d. Diagnostic plan and laboratory tests. For the subcutaneous form, the demon- 
stration of abscessed lymph nodes with a high herd prevalence is highly 
suggestive of CLA. A microbiologic culture is diagnostic. Serology [e.g., en- 
zyme-linked immunosorbent assay (ELISA)] identifies exposed animals but 
does not have good specificity. 

e. Therapeutic plan 
(1) Surgical drainage is the usual treatment of choice for individual animals 

but is often not attempted because locally abscessed lymph nodes cause 
few clinical problems. Lancing abscesses will only serve to contaminate 
the environment. Any surgical intervention must be linked with the isola- 
tion of the animal. 

(2) Antimicrobials (e.g., penicillin, tetracycline) often fail because of the pro- 
tected environment of the organism within thick-walled abscesses. 

f. Prwention. The principles of prevention include: 
(1) Culling infected sheep or goats (identified by superficial palpation) 
(2) Disinfecting all common implements or tools (e.g., shears) 
(3) Not purchasing animals from contaminated herds or flocks 
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(4) Vaccinating animals with commercial toxoids or bacterins 

3 Actinomycotic infeabns 

1. Adinomycosis (lumpy jaw; see Chapter 13 11 B) 
a. Patient profile. Actinomycosis is seen in adult cattle and sometimes in calves. 
b. Clinical findings. A bony enlargement over the mandible or maxilla is seen 

and may cause stertorous breathing or pressure necrosis of the skin. These ab- 
scesses eventually rupture, discharging a thick, clear, yellow pus containing 
small yellow-white sulfur granules. Emaciation and death eventually ensue be- 
cause of the animal's inability to eat. 

c. Etiology and pathogenesis. The causative organism is Actinomyces bovis, 
which enters the subcutis through abrasions in the mouth. 

d. Therapeutic plan. In animals with advanced lesions, treatment is disappoint- 
ing. Recurrence is common. 
(1) Early treatment consists of sodium iodide (1 g112 kg body weight given in- 

travenously once and repeated in 14 days). 
(2) Penicillin (22,000 IU/kg intramuscularly twice daily for 7 days) is effica- 

cious if used before bony lesions develop. 

2. Derrnatophilosis (streptothricosis, rainscald) 
a. Patient profile. This disease may affect up to 80% of a herd or group of ani- 

mals. It is most common in horses but can be seen in cattle, sheep, and goats. 
This condition is potentially zoonotic. 

b. Clinical findings. Early signs of infection include follicular and nonfollicular 
papules and pustules that rapidly coalesce and become exudative. These le- 
sions cause groups of hairs to become crusted and matted together. Proximal 
portions of matted hair embedded in exudate results in the "paintbrush ef- 
fed." White-skinned areas (e.g., the muzzle, distal limbs) are more severely af- 
fected and may exhibit severe erythema as a result of photodermatitis. 
(1) Distribution of lesions. Lesions occur primarily over the dorsum but are 

also seen on the scrotum, perineum, udder, and distal limbs. 
(a) The disease affects the ears and tail base of goat kids and causes wool- 

mats in sheep (lumpy wool disease). 
(b) The disease on coronaw bands and carpi of sheep may be termed 

strawberry foot rot. 
(c) Exudative crusted lesions over the rump and top line may be referred 

to as rainscald. 
(d) Lesions involving the distal.limbs (i.e., pasterns, coronets, heels) may 

be called greasy heel, scratches, or mud fever. Distal limb lesions 
may be associated with edema, pain, and lameness. 

(2) Epithelial defects. Removal of hair tufts from larger lesions over the back 
exposes ovoid, ulcerated, hemorrhagic, purulent, and painful epithelial d e  
fects. Active lesions contain thick, creamy, yellowish or greenish pus that 
adheres to the skin surface and undersurface of crusts. Acute, active le- 
sions are ~ainfu l  but not pruritic. 

c. Etiology and  thog genesis 
(1) Causative agent. Dermatophilus congolemis is a gram-positive, faculta- 

tive, anaerobic actinomycete. Clinically silent but chronically infected ani- 
mals become a source of infection under favorable climatic conditions. 

(2) Predisposing fadors 
(a) Skin damage. Crucial to development of dermatophilosis is skin dam 

age (e.g., biting flies and arthropods, prickly vegetation, maceration). 
(b) Moisture, such as that occurring with heavy rainfall, is essential in the 

pathogenesis by allowing for the release of infective, motile zoo- 
spores. 

(c) Concurrent diseases and immunosuppression predispose animals to 
disease. 
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(d) Other putative predisposing factors include high ambient tempera- 
ture, high humidity, poor nutrition, poor hygiene, and stress. 

d. Diagnostic plan. A history and physical examination should provide the diag- 
nosis, which is  confirmed by laboratory tests. 

e. Laboratory tests 
(1) Stains. The diagnosis i s  confirmed by direct smears of pus or saline- 

soaked minced crusts stained with new methylene blue stain, Diff-Quik, 
or Cram stains. 
(a) Appearance. D. congolensis appears as fine-branching, multiseptate 

hyphae that divide transversely and longitudinally to form cuboidal 
packets of coccoid cells arranged in two to eight parallel rows within 
branching filaments (i.e., a railroad-track appearance). In-the chronic 
or healing phase of the disease, direct smears are rarely positive. 

(b) Negative results. If a dermatophilus preparation is negative in a sus- 
pect case, the diagnosis should not be ruled out without submitting 
the crusts for microbiology. 

(2) Culture is performed on blood agar in a microaerophilic atmosphere. D. 
congolensis is cultured only from integument and crusts in affected ani- 
mals. 

(3) A skin biopsy reveals folliculitis, intraepidermal pustular dermatitis, superfi- 
cial perivascular dermatitis, and intracellular edema of keratinocvtes. Sur- 
face crusts are composed of alternating layers of keratin and ~eukoc~tic de- 
bris. D. congolensis organisms are present in leukocytic debris and hair 
follicles. 

f. Differential diagnoses include dermatophytosis, staphylococcal folliculitis and 
furunculosis, zinc-responsive dermatosis, and pemphigus foliaceous. 

g. Therapeutic plan. Healing is characterized by dry crusts, scaling, and alopecia 
(ringworm-like lesions). 
(1) Systemic therapy is needed for animals with severe, generalized, or 

chronic infections. Systemic antibiotic regimens include 22,000 IUlkg of 
procaine penicillin twice daily for 7 days. 

(2) Crust removal and topical treatment will suffice for patients with less gen- 
eralized dermatitis. Topical solutions should be applied as total body 
washes, sprays, or dips for 3-5 consecutive days and then weekly until 
healing. Treatments include iodophors (e.g., povidone iodine shampoo), 
2%-5% lime sulfur, 0.5% zinc sulfate, 0.2% copper sulfate, or 1% potas- 
sium aluminum sulfate. 

h. Prognosis. Most lesions regress in 4 weeks if the animals are kept dry. 
i. Prevention. Previously infected animals do not develop significant immunity, 

so reinfection is always a possibility. 
(1) Owners should be instructed to improve hygiene, nutrition, and manage- 

ment practices. 
(2) Arthropod and insect control measures should be employed, and affected 

animals should be isolated. 
(3) Measures should be taken to limit mechanical skin trauma. 

1 Erysipelas 

1. Patient profile. Erysipelas i s  a disease of growing or young adult swine (particu- 
larly young sows) and has a global distribution. Erysipelas is a zoonotic disease 
and people handling infected animals or carcasses are at increased risk of infec- 
tion. 

2. Clinical findings. There are two clinical expressions of the disease. 
a. The acute form involves an acute septicemia that is characterized by sudden 

death or high fevers, depression, anorexia, and, in a subset of animals, classic 
diamond-shaped, hyperemic plaques. 
(1) These plaques usually follow the other signs of septicemia and are most 

prominent on the underside of the pig or on the ears. The skin lesions are 
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often palpable before they can be visualized, and if the animal lives, these 
lesions may go on to coalesce. 

(2) Disease ~rogression. Pigs affected by the acute form die after exhibiting 
signs of dyspnea, cyanosis, and diarrhea. The mortality rate may be high 
(75%), but the mortality rate depends on the pathogenicity of the strain of 
the organism and the immunity of the herd. With pigs that recover, the 

7 '  ' skin lesions become dry, hard, and eventually slough. 
b. A chronic form of the disease manifests as arthritis, endocarditis, or both. 

Lameness and stiffness is evident, particularly in the knee, elbow, hip, hock, 
,*,I! and stifle. Animals may suffer chronic ill-thrift or may die suddenly due to the 

I , heart lesions. 

3. Etiology and pathogenesis. Erysipelothrix rhmiopathiae is the causative organism. 
There are many different serotypes with varying degrees of virulence. The organ- 
ism persists in the environment, which is contaminated from the feces of carrier 
pigs. Susceptible animals are most likely infected via the oral route. 

4. Diagnostic plan and laboratory tests. Classic lesions, herd epidemiology, and ne- 
cropsy findings (including bacterial culture of affected tissues) lead to the diag- 

, . nosis. 

4 Exudative epidermitis (greasy pig disease, exudative dermatitis) 

5. Differential diagnoses. Diseases with similar clinical expressions include hog 
cholera and salmonellosis. Necropsy results rule out these diseases. 

6. Therapeutic plan. The treatment of choice for acutely affected pigs is penicillin 
(50,000 IUIkg intramuscularly, once daily for 3 days). Pigs with the chronic form 
of the disease do not respond well to treatment. 

7. Prevention. Vaccination is somewhat effective in controlling the disease, particu- 
larly if a booster is given 30 days after the initial vaccination. Vaccination should 
be coupled with increased attention to hygiene and biosecurity measures aimed 
at limiting access to facilities by pigs, personnel, feral animals, and equipment. 

Patient profile. This disease is seen worldwide. Entire litters of nursing piglets 
may be affected. Usually, this disease is of less clinical importance as animals get 
older. 

Clinical f inding 
a. In young piglets, there is marked skin reddening with seborrhea and cuta- 

neous pain. There is anorexia, depression, and dehydration leading to death 
despite therapy. 

b. Older piglets have the characteristic greasy pig expression with thick, brown 
seborrheic scabs that are most prominent around the head and face. The skin 
is thickened, and there is a characteristic odor. Piglets usually go on to re- 
cover if treated. 

3. Etiology. The causative agent is Staphylococcus hyicus and is possibly spread by 
carrier sows. The organism gains entrance through abrasions, most often around 
the face and head. However, the disease is extremely infectious. 

4. Diagnostic plan and laboratory tests. Diagnosis depends on clinical signs com- 
bined with a culture of the skin exudate and slide agglutination with S. hyicus 
antisera. 

5. Therapeutic plan and prognosis. The organism i s  sensitive to most antibiotics (ex- 
cluding sulfa drugs) if intervention occurs within 2 days of the development of 
clinical signs. After this time, the prognosis is poor. 
a. Procaine penicillin (20,000 IUlkg, intramuscularly daily for 3 days) has shown 

good efficacy. 
b. Local treatment with mild disinfectant or soapy rinses is also of value. 

6. Prevention. Improvements in hygiene and biosecurity are recommended. After an 
outbreak, the premises should be disinfected and left vacant for 10-14 days. All 
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implements used in treating piglets (e.g., pliers, tattooing equipment) should be 
thoroughly disinfected. 

4 Introduction 

1. Definitions 
a. Mycosis i s  a disease caused by a fungus. 
b. Dermatophytosis is the infection of keratinized tissues (i.e., nail, hair,.and stra- 

tum corneum) by species of Microsporum, Trichophyton, or Epidennophyton. 

2. Hosts. Dermatophytes may be transmitted from animals to man and vice versa. 
Zoophilic fungi prefer animals as hosts. These fungi rarely cause acute inflamma- 
tion in animals but often cause severe inflammatory reactions when they invade 
humans. 

Superficial mycoses. Dermatophyto~is (dermatomycosis, ringworm, tinea, girth itch) 
occurs most commonly in young animals. 

1. Clinical findings 
a. Horses. Lesions are common on the saddle and back areas, thorax, head, and 

shoulders. Lesions may be discrete, small (2-3 cm), round areas of erect hairs 
that progress to alopecia. Also, there may be generalized scaling (seborrhea 
sicca) without alopecia. Pruritus and pain vary from severe to absent. Lesions 
may be limited to the posterior pastern region (these lesions may be known as 
scratches, mud fever, greasy heel-like) and may wax and wane with stress, 
local irritation, moisture, and unsanitary conditions. 

b. Cattle. Affected areas are typically characterized by raised, grey, crusted le- 
sions that begin as discrete areas of alopecia but rapidly become confluent 
The neck, face, and head are most commonly affected, and the lesions are not 
pruritic. Lesions are described as "asbestos-like" scales. 

c. Pigs. Areas that are commonly affected include the topline and sides of the an- 
imal. Lesions appear as progressive rings of alopecia. The interior of the rings 
is scabby and alopecic. 

d. Sheep and goats 
(1) In sheep, the head is the most common site of involvement, with discrete, 

circular areas of alopecia. These lesions are covered with a grey crust, 
(2) In goats, there may be whole-body involvement 

2. Etiology and pathogenesis 
a. Etiology. Microsporum species and Trichophyton species are the most fre- 

quently isolated animal dermatophytes. 
(1) Genera are divided into three groups on the basis of natural habitat: 

(a) Ceophylic organisms inhabit the soil (e.g., Micmpomm gypseum, Mi- 
crosporum nanum, Trichophyton verrucosum, Trichophyton menta- 
grophytes). 

(b) Zoophilic organisms prefer animals to humans (e.g., Microsponrm 
canis, Trichophyton equinum). 

(c) Anthropophilic organisms prefer humans to other animals (e.g., Mi- 
crosporum audouini.9. 

(2) Predisposing factors for development of ringworm include: 
(a) Age (young animals are most susceptible) 
(b) Immunity (e.g., immunosuppression, reduced T-cell function) 
(c) Environment (e.g., contamination, crowding, high humidity, poor ven- 

tilation, darkness) 
(d) Poor condition (e.g., poor nutrition, debilitating diseases) 

b. Pathogenesis 
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(1) Transmission. The causative organisms are transmitted by direct contact 
with infected animals or fomites. The incubation period post-contact is 
1-6 weeks, qnd fungal spores remain viable for years. 

(2) Infection. Dermatophytes do not invade living tissue. The organisms in- 
vade the hair shaft, causing breaking and alopecia. These organisms elabo- 
rate toxins (irritants) or allergens that enter the dermis and evoke an inflam- 
matory response. 

(3) Host. Dermatophytes are adapted to survive on the skin of a particular 
host but cause violent responses in a host that is not adapted to its pres- 
ence (e.g., zoophilic dermatophytes in humans). 

c. Diagnostic plan. The condition is mod commonly diagnosed by clinical find- 
ings and confirmed by laboratory tests. 

d. Laboratory tests. For confirmation, microscopic examination of the hair and 
surface debris and a fungal culture are necessary. 
(1) Microscopic examination. For potassium hydroxide (KOH) preparation, 

several drops of 20% KOH should be applied to a glass slide onto which 
hair and keratin have been placed. This should be heated gently for 20 
seconds and then examined microscopically for arthrospores on or in hair 
shafts. 

(2) Fungal culture media include: 
(a) Dermatophyte test medium (DTM) plus 2 drops of injectable B vita- 

min complex 
(b) Sabouraud's dextrose agar with cycloheximide and chloramphenicol 

(3) A Wood's lamp test to produce fluorescence can be attempted, but this 
test usually i s  negative in large animals with dermatophytosis. 

(4) Skin biopsy. If a skin biopsy is employed, histopathologic findings are vari- 
able but include: 
(a) Perifolliculitis, folliculitis, and furunculosis 
(b) Superficial perivascular dermatitis 
(c) lntraepidermal vesicular or pustular dermatitis 
(d) Septate fungal hyphae and spherical to oval conidia within the surface 

keratin and crust, within the hair follicles, or in and around the hairs 
e. Differential diagnoses include staphylococcal dermatitis, dermatophilosis, de- 

modicosis, zinc-responsive dermatosis (in ruminants), and pemphigus folia- 
ceous (in horses). 

f. Therapeutic plan 
(1) Safety measures. Caution should be exercised during treatment because 

the disease is zoonotic. 
(a) Animals that test negative for the disease should be isolated, and all 

in-contact animals should be treated. 
(b) The environment and fomites should be disinfected, and all infec- 

tious materials (e.g., crusts, hair, bedding) should be disposed of. 
(c) The environment can be treated with 5% lime sulfur, 5% sodium hy- 

pochlorite, 5% formalin, 3% captan, or 3% cresol. 
(2) Topical antifungal agents. Treatments may differ depending on the spe- 

cies, label specifications, and animal use. Some topical antifungal agents 
include: 
(a) 2%-52 lime sulfur 
(b) 3% captan (1 -2 ounces of a 50% powder in 1 gallon water) 
(c) lodophors 
(d) 0.5% sodium hypochlorite once daily for 5 days as a body spray or 

dip, then once weekly until clinical cure is evident 
(e) 1 %-5% thiabendazole solution applied topically once every 3 days 

(3) Systemic therapy is controversial but may be effective and necessary in 
some instances. Systemic treatments.inc1ude: 
(a) Oral thiabendazole (50-1 00 mglkg) 
(b) Sodium iodide (1 0%-20%) at 1 gl14 kg (repeat in 7 days) 
(c) Criseofulvin is expensive, and its use is probably not warranted under 

usual circumstances:' 
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(i) Cattle: 5-7.5 mglkg orally for 7-1 0 days 
(ii) Swine: 1 gi100 kgtday orally for 7-40 days 

(iii) Hones: 5-10 mgikglday orally for 7-10 days 
g. Prognosis. Most lesions regress spontaneously in 2-3 months, particularly if 

the nutritional plane is good and the animal is exposed to sunlight. Dermato- 
phytosis is normally self-limiting with spontaneous remission in 1-4 months. 

h. Prevention. Control depends on reducing contagion to the environment, other 
animals, and humans while waiting for spontaneous remission. 

CJ S~ubcutaneous mycoses 

1. Equine sporotrichosis 
a. Clinical findings. Lesions are usually confined to the limbs, although occasion- 

ally they may be found on the upper body (i.e., shoulder, hip, perineal re- 
gions). Lesions are hard, subcutaneous nodules that develop progressively 
along lymphatics that may become corded. Large nodules may abscess, ulcer- 
ate, and discharge a small amount of thick, brownish red pus or serosangui- 
nous fluid. 

b. Etiology and pathogenesis. The etiologic agent is Sporotrichum schenckii, a di- 
morphic fungus. This organism is a soil and vegetation inhabitant that has a 
worldwide distribution. S. schenckii enters the host via wound contamination 
(e.g., puncture wounds from thorns, wood slivers, bites). 

c. Diagnostic plan. Diagnosis is primarily based on history and physical examina- 
tion findings; a skin biopsy may also be useful. 

d. Laboratory tests 
(1) A skin biopsy shows hyperplastic perivascular dermatitis early in the 

course of the condition. Later, there is diffuse or nodular dermatitis. S. 
schenckii present as round to oval cells producing buds ranging from 3-6 
pm in diameter. Classic "cigar bodies" are less commonly observed. S. 
schenckii is often impossible to find in histologic sections. 

(2) Direct culture from exudate or tissues is reliable because the organism 
grows readily on Sabouraud's agar. 

e. Differential diagnoses include bacterial and fungal granulomatous disorders, 
such as glanden and ulcerative lymphangitis. 

f. Therapeutic plan. This is a zoonotic disease, so caution should be exercised 
when handling infected animals; care should be taken to avoid contact with 
discharge from nodules. Therapy is iodide administration. 
(1) Preparations 

(a) Oral inorganic iodides. A 20% solution of sodium iodide may be 
used intravenously at 40 mglkg for 2-5 days. This is followed by po- 
tassium (orally, once daily) until the lesions regress. 

(b). Potassium iodide may be used at 1-2 mg/kg orally twice a day for 1 
week, then decreased to 0.5-1 mg/kg orally once a day until 3 4  
weeks after the lesions have resolved. 

(2) Side effects 
(a) Some horses may exhibit iodism (scaling, alopecia, depression, an- 

orexia, fwer, coughing, lacrimation, nasal discharge) with therapy. If 
side effects develop, the dose should be reduced, or treatment should 
be temporarily discontinued. 

(b) Systemic iodides may cause abortion in  pregnant mares. 

2. Phycomycosis (pythiosis, Florida horse leeches) 
a. Patient profile. This condition affects horses in tropical or subtropical cli- 

mates. In North America, the disease is most common along the Gulf of Mex- 
ico coast. 

b. Clinical finding. The lower limbs, abdomen, neck, and head may be affected 
by ulcerated, necrotic, yellow-gray, draining tracts. These lesions are pruritic 
and may appear similar to exuberant granulation tissue. Necrotic, organized 
cores within the masses give the disease the common name leeches. 
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c. Etiology and pathogenesis. Several fungi within the class Phycomycetes may 
be responsible for the condition. The most common organisms are Hypho- 
myces destruens and Entomophthora coronata. These organisms may gain en- 
trance to the horse through sites of trauma or skin barrier breakage (e.g., due 
to moisture). 

d. Diagnostic plan and laboratory tests. The diagnosis is confirmed by the histo- 
pathology of the lesion. A preparation cleared with KOH reveals hyphal ele- 
ments. 

e. Therapeutic plan 
(1) Surgical debridement of lesions combined with amphotericin B injections 

has proven to be the most effective treatment. Amphotericin B (1 50 mg 
gradually increasing to 400 mg1450 kg ) i s  nephrotoxic, so kidney func- 
tion should be monitored via blood urea nitrogen (BUN) levels durinn . - 

treatment. Treatment may be necessary for up to 30 days. 
- 

(2) Dimethylsulfoxide (DMSO) also has been beneficial when applied locally 
in certain cases. 

f. Prevention. Good hygiene and dry skin should be maintained when possible. 

P ~ C  DISEASES 

a Introduction. Parasitic diseases cause animal suffering through annoyance, irritation, 
pruritus, disfigurement, and secondary infection. There are also economic losses from 
decreased weight gain and milk production, hide damage, wool loss, death, and the fi- 
nancial burden of diagnostic, therapeutic, and preventative programs. Treatment of ec- 
toparasitism is a complex issue because of: 

1. Regional differences in availability and control of therapeutic agents 

2. Species and age differences among hosts 

3. Meat and milk withdrawal time variability 

4. Safety issues in pregnant animals 

TJ h n g e  

1. Psoroptic mange (sheep scab, ear mange) 
a. Patient profile and history. This intensely pruritic skin disease is seen in cat- 

tle, sheep, goats, and horses. 
b. Clinical f inding 

(1) Cattle. Early lesions form as papules on the withers, neck, and tailhead. 
As these papules coalesce, hair is lost, and the skin becomes wrinkled 
and thickened. There is intense pruritus. 

(2) Hones may appear clinically normal or exhibit variable head shaking, ear 
scratching, and rubbing. Long-haired areas of the body (e.g., mane, tail) 
may also be affected, resulting in rubbing, thickened skin, and hair loss. 

(3) Sheep. Papules occur most commonly on the thorax. These lesions ooze 
serum, coalesce into scabs, and mat the fleece. The fleece is lost as the an- 
imals become itchy. Flocks may be less negatively affected if nutrition and 
management is good. 

(4) Goats. Although there may be whole-body involvement, the condition i s  
most commonly one of scabs on the external ear canal. Lesions may 
range from mild scabs to large proliferative-looking scabs occluding the 
ear canal. 

c. Etiology and pathogenesis. Psoroptes species mites are nonburrowing but do 
cause skin excoriation. These parasites feed on both blood and tissue fluids. 
Transmission is via direct and indirect contact. 
(1) P. ovis is the only mite that affects sheep, but it may also be found on 

other species (e.g., cattle). 

Dermatolo~ic Diseases ] 395 

(2) P. equi occurs on horses. 
(3) P. cuniculi is the ear mite of various animals. 

d. Diagnostic plan and laboratory tests. Routine skin scrapings provide the diag- 
nosis. Also, otoscopic examination may be performed to detect ear mites, fol- 
lowed by a microscopic examination of the material collected from deep 
within the ear canal. 

e. Differential diagnoses include sarcoptic mange, chorioptic mange, psorergatic 
mange, lice, keds, and flybite dermatitis. 

f. Therapeutic plan 
(1) Sheep may be treated with a whole-body dip of approved ascaricides 

(e.g., 0.01 % diazinion, 0.5% malathion, 0.06% coumaphos). Retreatment 
according to label directions is necessary. 

(2) Cattle. lvermectin (0.2 mgtkg subcutaneously) is efficacious for mites in 
cattle. 

(3) For horses or goats with ear mites, commercial dog and cat ear mite 
preparations are effective after a thorough cleaning of the ear with ben- 
zene hexachloride. 

g. Prevention. Psoroptic mange may be a reportable disease in many countries; 
therefore, notification of federal authorities is indicated when the disease is 
suspected. Prevention of the disease in sheep requires a whole-body treatment 
(i.e., dipping) at least twice yearly. Mites survive off of the host for 2 weeks, 
so it is important to leave the environment unpopulated for this time period. 

2. Sarcoptic mange (barn itch, scabies) 
a. Patient profile and history. This parasitic condition is most common in pigs 

but all species of animals may be affected. The main complaint from owners 
is an intense pruritis in the animal. The most susceptible animals are those 
that are thin and in overcrowded conditions. The condition is  most prevalent 
in the winter stabling period. 

b. Clinical findings include an intense pruritus of face, neck, shoulders, and 
rump. Nonfollicular papules, crusts, excoriations, and alopecia are seen. 

c. Etiology and pathogenesis 
(1) Etiology. Severe, chronic sarcoptic mange is associated with poor feeding, 

management, and hygiene practices on the farm. The causative agents are 
the Sarcoptes species. 

(2) Pathogenesis 
(a) Infection and life cycle. These organisms tunnel through epidermis to 

feed on tissue fluids and possibly epidermal cells. The parasite life 
cycle is completed'in 2-3 weeks. Mites are susceptible to drying and 
survive only a few days when separated from the host. 

(b) Pruritus in scabies is caused by a hypersensitivity reaction to mite 
products. Piglets become infected from sows shortly after birth and de- 
velop the hypersensitivity reaction and pruritis 8-10 weeks later. The 
reaction is characterized by tissue eosinophilia, positive intradermal 
tests using mite antigen, and difficulty in detecting mites on skin scrap 
ings. 

d. Diagnostic plan. The history and a physical examination lead to a presump 
tive diagnosis because this parasite is the only mange mite that affects pigs. Re- 
sponse to therapy is useful for diagnosis in small groups of animals because 
mites are difficult to find. Laboratory testing confirms the diagnosis. 

e. Laboratory tests 
(1) Positive skin scrapings confirm the diagnosis, but mites can be difficult to 

find. Cerumen gathered from the ear canal and pinnae are the most con- 
sistent source of ear mites in swine. 

(2) A skin biopsy shows a superficial, perivascular dermatitis with numerous 
eosinophils. Occasionally, mites are visible in parakeratotic scale crusts 
and subcorneal "tunnels." 

f. Differential diagnoses include psoroptic mange, chorioptic mange, psorergatic 
mange, lice, keds and flybite dermatitis. 
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g. Therapeutic plan. This mange is a reportable condition to federal authorities 
in many constituencies. Cross-infections between humans and animals occur. 
(1) lverrneqtin is the standard treatment, although insecticides may also be 

used. 
(2) Dips should be applied at least twice in a 14-day interval. Several agents 

are available (e.g., 0.5% malathion, 0.030h lindane, 0.06% coumaphos, 
0.5% methoxychlor, 2% lime sulfur). Insecticide sprays should also be 
used in the surrounding stable unless the stable can be depopulated for 3 
weeks. 

(3) Nutrition and the general health of the animals should be improved. 

3. Chorioptic mange (leg mange, tail mange, symbiotic scab, scrotal mange, foot 
mange) 
a. Patient profile. This is the most common type of mange in cattle and horses. 

Horses with feathered fetlocks (i.e., draft horses) are prone to the condition. 
b. Clinical findings 

(1) Horses exhibit pruritus of the lower legs by stamping, rubbing, and step- 
ping. Close examination may reveal scabs and a greasy dermatitis. 
Chorioptic mite infestation may be a component of greasy heel. 

(2) Cattle are affected by multiple small scabs along the udder, thighs, and 
perineum. In extreme cases, the coronet and muzzle may be affected. 
These lesions are not pruritic. 

(3) Rams exhibit a scrotal dermatitis. 
c. Etiology and pathogenesis 

(1) Etiology. The major causative species of mites is  Chorioptes bovis, which 
can infect most domestic animals. Chorioptic mites are surface-inhabiting 
parasites that feed on epidermal debris. They do not affect humans. 

(2) Pathogenesis 
(a) Transmission is by direct contact or via common equipment (e.g., 

combs, brushes). 
(b) Life cycles, which span 3 weeks, are completed on the host. Mite pop- 

ulations are affected by the season and are heaviest at times of cooler 
temperatures and higher humidity. There is spontaneous disease 
regression in the summer because the mite population decreases. 

(c) The mites cause an allergic dermatitis. 
d. Diagnostic plan and laboratory tests. A combination of history, physical exam- 

ination, and skin scrapings leads to the diagnosis. Mites may be demonstrated 
around the coronet and interdigitally during clinically inapparent periods. 
(1) Microscopic findings. Chorioptes mites are easy to demonstrate. Live 

mites may move fairly rapidly through the microscopic field, so a mixture 
of one-part rotenone to three-parts mineral oil is recommended. 

(2) A skin biopsy will show superficial perivascular dermatitis with numerous 
eosinophils. Mites are rarely found. 

e. Therapeutic plan and prevention. Infected and in-contact animals should be 
treated. 
(1) lvennectin should be used at recommended dosages and repeated in 2 

weeks. 
(2) Other treatments include the total body application of 0.5% malathion, 

0.5% methoxychlor, 0.06% coumaphos, or 0.25% crotoxyfos, bearing in 
mind labeled clearances for the species of interest. 

(3) None of the treatments eliminate the infection from the herd or flock, and 
reinfections usually occur in subsequent years. 

4. Psorergatic mange (Australian itch, itch mite) 
a. Patient profile. Psorergatic mange is a condition of sheep that has a world- 

wide distribution. 
b. Clinical findings. Affected animals rub and bite their flanks, thighs, and sides. 

Their wool becomes tattered and scaly. Usually only a small percentage of the 
flock i s  affected because young animals have not developed the disease yet 
and older animals may be the carriers. 
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c. Etiology and pathogenesis. Psorergates ovis completes its entire life cycle on 
the sheep in 4-5 weeks. The mite is active only in the superficial layers of 
skin, causing a mechanical irritation initially and, usually, a hypersensitivity re- 
action over time. Mite numbers are highest in the winter months. 

d. Diagnostic plan. The clinical signs of disease appear similar to other external 
parasites, such as sheep keds. For diagnostic testing, animals with the appear- 
ance of scurfy skin should be selected and their skin scraped for mites along 
the ribs or shoulder. 

e. Therapeutic plan and prevention. The condition is difficult to eradicate, but iv- 
ermectin and common insecticides are used. 

5. Demodectic a. Patient profile. mange This type of mange affects all domestic animals but is'most sig- 

nificant in goats. 
b. Clinical findings. Skin nodules (3 mm in size) are apparent on the face, neck, 

shoulders, and sides. Lesions are not pruritic and are more easily palpated 
than seen. These lesions form small caseated abscesses. There may be some 
minor alooecia and hvoerkeratosis. 

c. Etiology A d  pathogel;&iis. Demodex species may be considered normal skin 
residents. Demodectic mites live in hair follicles and sebaceous alands and 
are host-specific. It i s  thought that clinical demodicosis occurs in-immunocom- 
promised animals or animals with concurrent diseases (e.g., ringworm). In 
herd outbreaks, genetic predisposition or endogenouslexogenous causes of im- 
munosuppression should be considered. 

d. Diagnostic plan. History and physical examination findings are supported by 
skin scrapings of alopecic or scaly areas. 

e. Laboratory tests 
(1) Skin scraping. Affected areas should be squeezed firmly and scraped 

deeply until blood i s  drawn. Nodular lesions should be incised and man- 
uallv evacuated to reveal exudate loaded with Demodex mites. 

(2) A skn biopsy shows follicular distention with mites accompanied by 
nranu~omatous/eosino~hi~ic ~erifolliculitis, folliculitis, or furunculosis. 

f. Therapeutic plan. ~scaricides that are recommended for other mites may help 
control Demodex infection but will not be curative. lvermectin (0.3 mg/kg ad- 
ministered by subcutaneous injection) has proven efficacious. A limited num- 
ber of large, localized lesions in goats can be incised, expressed manually, 
and infused with lugols iodine or rotenone in alcohol (1:3). 

g. Prevention. Severely affected animals should be culled or not used for breed- 
ing stock because this disease i s  difficult to treat, and there is genetic predilec- 
tion for disease susceptibility. 

Id, louse, and tick infestation 

1. Sheep keds 
a. Patient profile and history. Sheep keds has a global distribution. Heaviest in- 

festations are seen during cool, wet times (winter). 
b. Clinical findings. The usual infestations are light to moderate, so clinical signs 

are limited to slight irritation and scratching. Self-trauma may cause wool dam- 
age. Heavier infestations result in ill-thrift and anemia. Keds are visible to the 
naked eye and measure 6-7 mm in length. 

c. Etiology and pathogenesis. Melophagus ovinus (wingless fly), an obligate para- 
site, lives its entire life cycle on sheep (occasionally on goats), feeding on 
blood. 
(1) The spread of this parasite is most likely by direct transmission. Females 

deposit single larvae and are not prolific (approximately 1 lawalweek), so 
populations build slowly. 

(2) Adult sheep gradually build up resistance to the parasite. 
(3) Keds may also transmit the blue tongue virus. 

d. Diagnostic plan. Keds are readily seen on physical examination if the wool is 
parted. 
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e. Therapeutic plan. Shearing removes many keds, but these parasites are also 
susceptible to.many ascaricides [e.g., organophosphates) and ivermectin. 

2. Lice (pediculosis) 
a. Patient profile. Any of the common domestic animals are susceptible to louse 

infestation. 
(1) Heaviest infestations seem to occur on younger animals and those in the 

poorest condition. 
(2) Animals unable to practice grooming are most often affected (e.g., stan- 

chioned cattle). 
(3) Lice infestation seems to occur more commonly in winter and is  particu- 

larly common in goats. Lice populations are much higher in the winter be- 
cause of lower skin, hair, or wool temperatures, overcrowding, poor nutri- 
tion, and the availability of moisture. High skin temperatures in the 
summer kill off lice; therefore, small populations survive only inside ears, 
between legs, and in tail switches. 

b. Clinical findings. Affected animals suffer from skin irritation, a roughened hair 
coat, alopecia, and anemia. Lice may occur over the entire body in heavy in- 
festations but are more common over the back, neck, brisket, tail head, and 
any long-haired part of the body. 

c. Etiology and pathogenesis 
(1) Etiology. Lice can be classified as sucking lice or biting lice. Within each 

category, species are host specific. 
(a) Biting lice include Damalinia bovis, Damalinia ovis, Damalinia ca- 

prae, Damalinia limbata, and Damalinia crassipes. 
(b) Sucking lice 

(i) Cattle: Hematopinus eurysternus, Haematopinus quadripertusus, 
Linognathus vituli, Solenopores capillatus 

(ii) Sheep: Linognathus pedalis, Linognathus ovillus 
(iii) Goats: Linognathus stenopis 
(iv) Horses: Damalinia equi, Haematopinus asini 

(2) Pathogenesis 
(a) The life cycle of lice i s  completed from egg to adult on the host and 

takes 2-4 weeks. Lice can survive for up to 7 days away from the 
host. 

(b) Transmission is by direct contact or fomites. 
(c) Sucking lice may cause anemia through blood removal. Biting lice 

mainly cause skin irritation because they feed on epithelium and cuta- 
neous debris. 

d. Diagnostic plan. Demonstration of lice and the eggs (nits) is definitive. How- 
ever, careful examination is necessary to visualize the lice, particularly on a 
dark haircoat or in a dark environment. The hair should be parted and a flash- 
light used to look for the pale-colored (almost transparent) biting louse or the 
blue-grey sucking louse. Nits are attached to the hair shaft. 

e. Therapeutic plan 
(1) Products effective in horses, cattle, goats, sheep and swine include many 

organophosphates and synthetic pyrethroids. The efficacy of these prod- 
ucts i s  enhanced by the removal of long hair (e.g., shearing in sheep, c l ip  
ping in cattle). Resistance to these products can occur if used singly over 
time. 

(2) lvermectin may also be used (200 &kg) and is extremely ef fd ive 
against sucking lice. It is also reported to be effective against biting lice. 
All animals in the group should be treated, although lice may only be 
seen on one animal (old or sick). 

f. Prevention. Improved hygiene and nutrition are important control measures. 
The environment should be kept clean, and animal crowding should be de- 
creased. 

3. Ticks. Heavy infestations of'ticks limit weight gains and productivity in animals 
because of irritation and annoyance. 
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a. Patient profile. Ticks are parasitic on all domestic animals and have a global 
distribution. 

b. Clinical findings. Ticks may be found in the ear canal or on the body. 
(1) Anemia. Many tick species are bloodsuckers and can cause profound 

anemia. 
(2) Paralysis or other central nervous system (CNS) signs may occur because 

of a toxin elaborated by the salivary glands of female ticks. 
c. Etiology and pathogenesis 

(1) Etiology. The most common ticks in North America are the Dermacentor, 
Boophilus, Amblyomma, Otobius, and lxodes species. 

(2) Pathogenesis 
(a) Life cycles are variable. Some species are obligate parasites of-a sin- 

gle host, whereas other species have various and successive hosts. 
Generally, eggs are laid in the soil, and larvae attach to passing hosts. 
The larvae mature to adults. Females feed on blood and drop to the 
ground to lay eggs. 

(b) The blood-feeding phase of the cycle promotes infection with various 
bacterial, viral, and rickettsia1 diseases that are dependant on the loca- 
tion and epidemiology of the disease. 

(c) Other diseases found in North America related to tick infestation in- 
clude: 

(i) Babesiosis 
(ii) Tularemia 

(iii) Anaplasmosis 
(iv) Caseous lymphadenitis 
(v) Epizootic bovine abortion 
(vi) Lyme disease 

d. Diagnostic plan. Diagnosis is based on observation and the identification of 
the tick. 

e. Therapeutic plan and prevention 
(1) Insecticides. Treatment with insecticides is  the usual course of action. Var- 

ious agents (such as pyrethroids, organophosphates, or ivermectin) may be 
used through sprays, dips, or powders. A regular, consistent program must 
be employed. However, resistance may develop and can be a problem in 
any control program. 

(2) Control is difficult because of the life cycle of the tick off of the animal 
and its ability to live for extended periods of time away from its hosts. 
Consequently, not many tick control programs have been successful. 

a Fly-related dematoses 

1. Hypoderma infestation (warbles, grubs). This infestation, if heavy, may worry the 
cattle and cause production losses. Other significant losses are caused by carcass 
and hide depreciation and the cost of control programs. 
a. Patient profile and history. Hypoderma infestation is most common in beef 

cattle, although it may be seen in dairy cattle raised in feedlot conditions and 
occasionally in horses in poor condition raised in close proximity to cattle. 
Young cattle are most severely affected. 

b. Clinical findin@ 
(1) Small numbers of painful subcutaneous nodules, each with a breathing 

pore, are seen over the withers of young cattle in the spring. Occasion- 
ally, nodules can be extremely numerous. 

(2) Other clinical findings are associated with reactions to larvae, interrupted 
migration, or aberrant migration of larvae. All of these secondary reactions 
are relatively infrequent. 
(a) Bloat. An inflammatory reaction may occur around larvae in the sub 

mucosa of the esophagus, causing esophageal obstruction and a 
buildup of rumenal gases. 
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(b) Paralysis results from an inflammatory reaction surrounding dead lar- 
vae in the spinal column (in cattle and horses). 

(c) lntracranial myiasis (in unusual hosts such as horses, goats, humans, 
or sheep). Larvae may migrate aberrantly and do not complete their 
life cycle but cause neurologic signs if an inflammatory reaction to 
dying larvae occurs intracranially. 

(d) Anaphylactic reaction. This reaction is associated with the rupture of 
L,. The therapeutic destruction of LZ has also been recorded as a 
cause of anaphylactic reaction (in cattle). 

c. Etiology and pathogenesis 
(1 ) Etiology. Hypoderma bovis and Hypoderma lineaturn are the adult flies of 

the pathogenic larvae. 
(2) Pathogenesis 

(a) The adult flies are active in the summer and fix eggs to hairs on the 
legs of cattle. Larvae that hatch penetrate the skin and migrate 
through subcutaneous tissues toward the diaphragm. 

(b) Larvae then find their way to the submucosa of the esophagus (H. /in- 
eatum) and the spinal cord or epidural fat (H. bovis). 

(c) Warble stage. During January and February, larvae migrate to the dor- 
sum of the body and reach subcutaneous tissues of the back, where 
they create a breathing hole and molt (L, and L,). This time period 
may vary and is often earlier in lower latitudes. This "warble stage" 
lasts approximately 30 days. 

(d) In the spring, mature larvae wriggle out of the cystic nodules and fall 
to the ground to pupate. 

d. Diagnostic plan. The history, physical examination findings, and the demon- 
stration of larvae confirm the diagnosis. 

e. Therapeutic plan 
(1) Most commonly, a topical organophosphate preparation is applied to kill 

migrating larvae in the early stages. This timing varies, depending on the 
geographical location. Later dosing runs the risk of being ineffective 
against Lj larvae or causing reactions to the dead parasite in sensitive loca- 
tions (spinal cord, esophagus). 

(2) lvermedin has also proven to be very effective. 

2. Screwworm infestation 
a. Patient profile. Screwworms are seen in all domestic animals in range or ex- 

tensive management conditions in subtropical or tropical climates. Infestation 
occurs most commonly when fly numbers are highest in the spring, summer, 
and fall. 

b. Clinical findings include extensive damage to skin, subcutaneous tissue, and 
muscle, accompanied by a copious amount of brown discharge and a foul 
odor. Animals are initially irritated by the fly strike, and then they become py- 
rexic, anorexic, and depressed. Death may ensue. 

c Etiology and pathogenesis 
(1) Etiology. Larvae of Cochliomyia hominivorax and Chrysomyia k i a n a  

cause screwworm disease. 
(2) Transmission. These flies lay eggs at the site of fresh wounds (e.g., from 

trauma, castration, dehorning) or at sites of soiling and moisture (e.g., 
eyes, perineum). 

(3) Life cycle. Larvae hatch and mature in 1 week, fall to the ground, and pu- 
pate. 

(4) Disease progression. At the site of the wound, maturing larvae feed and 
burrow into living tissue, producing a pronounced liquefadive, necrotic 
defect. Secondary bacterial infection and simultaneous fly strike with 
other maggots occur. Animals die from this profound tissue necrosis and 
secondary bacterial infection with accompanying toxemia and dehydra- 
tion. 
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d. Diagnostic plan. The diagnosis is made on clinical examination; however, the 
condition may be well advanced before it  i s  noticed because of coat (wool) 
cover. 

e. Therapeutic plan. lnfestation with screwworms is  a federally reportable dis- 
ease in the United States. 
(1) Early treatment of individuals i s  necessary and consists of clipping and de- 

bridement of affected areas, cleansing the area, and applying insecticide 
preparations and antiseptic creams to the site of infestation. Many insecti- 
cides are effective and should coat the site to provide residual activity. 

(2) Symptomatic therapy also may be necessary (e.g., antibiotics, fluids). 
f. Prevention. The United States has mounted a very successful screwworm erad- 

ication program based on the sterilization and subsequent release of mak flies 
to copulate with females that mate only once. (Sterilization of male flies is ac- 
complished by using cobalt 60.) Consequently, C. horninivorax has been elimi- 
nated. 
(1) Delaying surgical procedures until after fly season should be considered. 
(2) Prophylactic wound dressings (insecticidal and antiseptic) should be used 

on surgical sites. 
(3) Animals should be observed closely after surgeries or during calving or 

lambing seasons. 
(4) lvermectin should be used at the time of surgery. 

3. Cutaneous myiasis (blowflies) 
a. Patient profile. The disease is relatively minor in North America but causes 

significant animal suffering and economic losses in the major sheeprearing 
areas of Australia and New Zealand. 

b. Etiology and pathogenesis 
(1) Etiology. Flies lay eggs on animals in areas of moisture and warmth (e.g., 

the perineum) or decaying flesh. Flies of highest concern are Calliphora, 
Lucilia species, and Phormia species. 

(2) Pathogenesis. Eggs hatch, and larvae feed mainly on tissue debris and de- 
caying matter but also release proteases that allow the penetration of epi- 
dermis, leading to the extension of the wound bed and tissue damage. Sec- 
ondary bacterial invasion and fluid loss occur. Larvae pupate on the 
ground or on carcasses or in wool. 

c. Diagnostic plan. Diagnosis is based on observation and examination. 
d. Therapeutic plan. Treatment includes clipping or shearing affected sites, clean- 

ing up the wounds, and debridement of necrotic tissue. Insecticides, antibiotic 
creams, and lotions should be applied. 

e. Prevention revolves around preventing the matting of haircoats with moisture 
and debris, delaying surgeries until after fly season, and practicing fly control. 

4 Helrninth infestation 

1. Habronerniasis (summer sores) 
a. Patient profile. Habronemiasis is a skin condition of horses and is seen sporad- 

. ically in the spring and summer. This disease is most common in adult ani- 
mals inhabiting warm climates. 

b. Clinical findings. Skin lesions (single or multiple) are characterized by granulo- 
matous inflammation, ulceration, intermittent hemorrhage, serosanguinous exu- 
date, and exuberant granulation. There is mild to severe pruritis. Small (1 rnrn 
in diameter), yellowish granules are seen in diseased tissue; these granules r e p  
resent necrotic calcified foci surrounding the larvae. Lesions are found on the 
legs, ventrum, prepuce, and in the urethral fossa and medial canthus of the 
eye. 
(1) If found in the urethral process, habronemiasis may cause dysuria or pol- 

lakiuria. 
(2) If found in the conjunctival sac, yellowish, gritty plaques on the palpebral 

and bulbar conjunctivae, eyelid granulomas, and blepharitis are present. 
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(3) Gastric and pulmonary locations for Habronema species are asymptom- 
atic. 

c. Etiology and pathogenesis 
(1) Etiology. Habronema muscae and Draschia megastoma are the adult 

worms of the major pathogenic larvae. 
(2) Pathogenesis 

(a) Adults normally inhabit the equine stomach. 
(b) Eggs and larvae are passed in the feces and are ingested by maggots 

of intermediate hosts (e.g., Musca domestics, Sfomoxys calcitrans). In- 
fectious larvae are deposited on the horse, particularly in moist areas 
or open wounds while flies are feeding. 

( i )  Larvae that are deposited near the mouth are swallowed and com- 
plete the life cycle in the stomach. 

(ii) Those deposited on the nose migrate to the lungs. 
(iii) Larvae deposited in wounds or moist areas of the body produce 

both a local inflammatory and allergic reaction. 
d. Diagnostic plan. The diagnosis is aided by a complete history and a physical 

examination. 
e. Laboratory tests 

(1) Deep scraping or smears of lesions, particularly if yellow granules are re- 
trieved, may reveal larvae with numerous surrounding eosinophils and 
mast cells. However, smears are often negative. 

(2) Biopsy reveals a diffuse dermatitis with eosinophils and mast cells. There 
will be a multifocal coagulation necrosis, containing few to many nema- 
tode larvae. 

f. Differential diagnoses include bacterial or fungal granulomas, equine sarcoid, 
squamous cell carcinoma, and exuberant granulation tissue. Also, Habronema 
and Draschia larvae will invade secondarily sarcoid, squamous cell carci- 
noma, and other infective granulomas, which may cause errors in diagnosing 
the primary skin disorder. 

g. Therapeutic plan. Local and systemic therapy should be combined. 
(1) Local therapy 

(a) Surgery. Massive or refractory lesions should be surgically debulked. 
Cryotherapy should be employed using a double freeze-thaw cycle. 

(b) Topical therapy includes combinations of larvicidal, antimicrobial, 
anti-inflammatory, penetrating, and protective agents that are applied 
daily under bandages. An example would be 0.03% echothiophate 
(phospholine iodide) with ophthalmic ointment (maxitrol) containing 
neomycin, polymyxin, and dexamethasone. 

(2) Systemic therapy involves: 
(a) Organophosphates (trichlorfon 22 mg/kg intravenously in 1 L of 5% 

dextrose, repeated in 2 weeks) 
(b) lvermectin (200 &kg orally) 
(c) Clucocorticoids. Prednisone or prednisolone (1 mglkg orally once 

daily) results in resolution in 7-14 days and are useful adjuncts. 
h. Prevention. Fly control, including the prompt removal and disposal of manure 

and soiled bedding, is essential. Adult Habronema should be eliminated from 
the stomach by using injectable ivermectin. Any wounds should be treated 
symptomatically and early. 

2. Onchocerciasis 
a. Patient profile. This condition is seen most commonly in horses 4 years and 

older. The infestation is nonseasonal but occurs more severely in warm 
weather. 

b. Clinical f inding 
(1) Lesions occur on the face and neck (particularly near the mane), the ven- 

tral chest, and the abdomen. Lesions vary from focal annular alopecia, 
scaling, and crusting to widespread alopecia, erythema, ulceration, ooz- 
ing, crusting, and lichenification. 
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(2) Seborrhea sicca may be seen in some horses. Pruritus varies from mild to 
severe. 

(3) Leukoderma, premature graying, and alopecia may be permanent se- 
quelae. 

c. Etiology and pathogenesis 
(1) Etiology. Onchocerca cewicalis infests horses throughout the world. 
(2) Pathogenesis 

(a) Adult worms inhabit the ligamentum nuchae. Microfilariae are numer- 
ous on the ventral midline, face, and neck. 

(b) Hosts. Culicoides species, gnats, and possibly mosquitos are intermedi- 
ate hosts. 

(c) Reactions. Most horses have resident populations of 0. cervicalk, but 
only certain horses develop clinical signs, suggesting that cutaneous 
onchocerciasis is a hypersensitivity reaction to microfilarial antigens. 
Dead or dying microfilariae provoke the most intense inflammatory re- 
actions in both eyes and skin. 

d. Diagnostic plan and laboratory tests 
(1) A physical examination will aid in the diagnosis. 
(2) A skin biopsy is diagnostic and will show superficial to deep perivascular 

to diffuse dermatitis with eosinophils. Numerous microfilariae surrounded 
by degranulating eosinophils are visible. Because microfilariae can be 
found in normal equine skin, pathogenicity must be evaluated in the light 
of microfilariae numbers and the inflammatory reaction present. 

e. Differential diagnoses. The condition may appear similar to derrnatophytosis, 
fly-bite dermatoses (because of the seasonal incidence), sarcoptic mange, psor- 
optic mange, and food hypersensitivity. 

f. Therapeutic plan 
(1) lvermectin (200 &kg orally) usually produces clinical remission of the 

skin lesions in 2-3 weeks. Some horses require one or two additional 
treatments. lvermectin is not an adulticide, so periodic retreatment is nec- 
essary. 

(2) Concurrent systemic glucocorticoids for the first 5 days of microfilarial 
treatment suppress much of the inflammatory reaction (and hence clinical 
signs) associated with the dead and dying microfilariae. 

3. Oxyuriasis (pin worms, thread wonns) 
a. Patient profile. Stabled hones are affected most often. 
b. Clinical finding include broken hairs on the tail and a "rat tail" appearance. 
c. Etiology and pathogenesis. Oxyuris equi infests the cecum and colon. Adult fe- 

males leave the anus and lay eggs on the perineal skin, causing variable de- 
grees of pruritis. This irritation causes the affected animal to rub the tail base, 
resulting in broken hairs and excoriation (i.e., "rat tail"). 

d. Diagnostic plan. The diagnosis is made by viewing the egg clusters on the 
anus or by applying clear acetate tape to the anus and looking for the eggs 
under a microscope. The ova of 0. equi have an operculum (a cap located on 
the one end) and measure approximately 90 pm X 40 pm. 

e. Differential diagnoses. This condition may appear similar to insect hypersensi- 
tivity, pediculosis, chorioptic mange, food hypersensitivity, drug eruption, or 
self-mutilation. 

f. Therapeutic plan. Therapy is instituted by routine deworming with benzimid- 
azoles, ivermectin, or pyrantal pamoate. 

4. Bovine stephanofilariasis 
a. Patient profile. Cattle (particularly beef) in the western and southwestern 

United States are affected. Patients range in age from 6 months to adults. 
b. Clinical findings. Papules and nodules are found as early lesions on the wn- 

tral midline. Lesions become ulcerated and crusted, and these lesions cause al- 
opecia and leukoderma. Mild pruritus is evident. 

c. Etiology and pathogenesis. Clinical signs are caused by Stephanofilarla &;led, 
a filarid worm. Adults form cyst-like structures at the base of hair follicles. 
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TABLE 16-2. Reported Causes of Urticaria in Domestic Animals 

Causes Examples 

Dermatographism Pressure, brushing, rubbing 
Contact allergies Saddle, soap, tack 
Environmental Cold, exercise 
Venoms Insect bites, spider bites, snake bites 
Medications Penicillin, phenylbutazone, iron dextrans 
Topical treatments Parasiticides 
Foods and plants Stinging nettle 
Biologicals Strangles vaccine, tetanus or botulinum toxoids 
Systemic bacterial infections Strangles 
Dermatitis Dermatophytosis, hypodermiasis 
Inhalants Pollens, molds, chemicals 

7 1 

These structures become surrounded by microfilariae. Hematobia irritans and 
other flies are intermediate hosts. 

d. Diagnostic plan. Crust scrapings reveal parasites (parts of adults and microfila- 
riae). 

e. Therapeutic plan. lvermectin is an eifective microfilaricide and reduces the 
numbers of adults. 

4 Urticaria (hives, heat bumps, feed bumps) 

1. Patient protile. Urticaria seems to be most common or most often recognized in 
horses. 

2. Clinical findings. Urticaria1 reactions are acute in onset and are characterized by 
localized or generalized discrete (0.5-5.0 cm) edematous swellings with a flat- 
tened top (i.e., wheals). Lesions usually last only a few days, but clinical signs 
may persist due to the emergence of fresh wheals. 

3. Etiology and pathogenesis. Urticaria may have a distinct and specific cause (e.g., 
penicillin allergy) or be part of a systemic event (e.g., strangles).,There are a vari- 
ety of triggers (Table 16-2) for the immunologic event (type I or Ill hypersensitiv- 
ity). Triggers may be allergic or nonallergic. 

4. Diagnostic plan and laboratory tests. The clinical findings are relatively obvious, 
but a detailed history and physical examination are necessary to establish the pre- 
cipitating cause. 
a. A skin biopsy interpreted by a referral institution may be helpful. Specific pat- 

terns relative to causative agents may be identifiable. 
b. In particularly stubborn cases, serum tests for immunoglobulin E (IgE) anti- 

body to some common allergens may prove beneficial. These tests are avail- 
able commercially. 

5. Therapeutic plan. Any identifiable or offending agent should be removed. Follow 
up with symptomatic treatment with any or a combination of the following 
agents: 
a. Clucocorticoids are recommended (e.g., 0.1 -0.2 mwkg dexamethasone or 

0.5-1.0 mgkg prednisone/prednisolone). 
b. Nonsteroidal anti-inflammatory agents (NSAIDs) include aspirin (5 mdkg or- 

ally), phenylbutazone (2.2-4.4 mg~kglorally), flunixin meglumine (1 mglkg or- 
ally or intravenously), or diethylcarbamazine (100 mdkg orally). 
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c. Antihistamines are rarely beneficial hut may be indicated if pruritis is in- 
volved. Also, hydroxyzine HCI (400 mg orally three times daily to effect, for a 
500-kg horse) may be effective in horses with chronic urticaria, which is re- 
fractory to steroids. The dose may be reduced gradually over time. 

d. Epinephrine (3-5 ml of 1 :I000 solution, administered subcutaneously or intra- 
muscularly) is indicated for life-threatening angioedematous reactions. 

6. Prevention. If the etiologic agent or risk factors can be established, recommenda- 
tions regarding prevention are relatively straightforward. If an allergen can be 
identified, subsequent hyposensitization may be attempted. 

1 Equine insect hypersensitivity (sweet itch, Qucasland itch) 

1. Patient profile. This pruritic dermatitis of horses seems to worsen with age.9t is 
seen in the warmer months, usually when animals are on pasture (paralleling fly 
exposure). Certain breeds may be more severely affected. 

2. Clinical findings. Signs may include an initial intensely pruritic papular dermatitis 
of the head, ears, withers, back, croup, ventral midline, and tailhead. Lesions 
may extend to involve the legs, groin, axillae, intermandibular space, and ventral 
thorax. The intense pruritis causes excoriations, crusting, and lichenification of 
the papules. In severe cases, alopecia and pigment disturbances occur. "Rat tail" 
(disheveled tail hairs) and a "buzzed-OW' mane are common. 

3. Etiology and pathogenesis. The cause of this disease is a type-ll hypersensitivity 
reaction to salivary antigens from Culicoides species (gnat), Simulium species 
(blackfly), Stomoxys calcitrans (stable fly), and possibly Haematobia irrifans (horn 
fly). The distribution of lesions reflects the feeding areas of the flies. 

4. Diagnostic plan. A presumptive diagnosis is made subjectively based on a combi- 
nation of the history, physical examination, and response to therapy. 

5. Laboratory tests 
a. A skin biopsy is very helpful because it reveals superficial or deep perivaxu- 

lar dermatitis with eosinophils. Also, focal areas of epidermal necrosis may be 
seen. 

b. A complete blood cell count (CBC) may show a peripheral eosinophilia. 
c. lntradermal skin testing may be employed. Aqueous preparations of whole-in- 

sect antigens can be used but are not widely available. Testing can evoke im- 
mediate or delayed reactions. 

6. Di i rent ia l  diagnoses. Other conditions that may appear similar are ectoparasi- 
tisms and other hypersensitivity dermatoses. 

7. Therapeutic plan 
a. lnsed control. Flies should be kept out of the stables by better manure control 

and the use of screens sprayed with residual insecticide. Insecticide control 
should be applied to affected hones. Recommended insecticides include: 
(1) Weekly permethrin or organophosphate sprays 
(2) Ear tags sold for cattle use (cypermethrin) attached to halter or braided 

into mane and tail 
b. Systemic antipruritic agents. If insect control i s  not effective, any or a combi- 

nation of the following should be used: 
(1) Prednisone or prednisolone (1 mglkg orally) is given once daily until prur- 

itis is controlled, then the dosage is tapered to the lowest effective alter- 
nate-day dose. 

(2) Hydroxyzine (200-400 mglkg orally 2-3 times daily) is effective in some 
horses. The dose may later be tapered or discontinued after fly season. 

(3) Hyposensitization. The use of commercial aqueous whole-flea antigen 
(flea antigen 1 :I000 weighWvolume) has been successful. One ml is ad- 
ministered intradermally until effective (3-8 weeks). Booster injections are 
given as needed every 1-2 months. 

(4) Antihistamines, diethylcarbarnazine, and tranquilizers have not proven ef- 
fective. 



406 [ Chapter 16 Vlll C 

Pemphigus foliaceous 

1. Patient profile. Pemphigus has been reported in goats and horses (particularly in 
Appaloosa horses). 

2. Clinical findings 
a. Lesions begin on the face (especially at mucocutaneous junctions) and extremi. 

ties, then become widespread. In some horses, the disease affects only the cor- 
onary bands. Transient vesicles or pustules are followed by crusting, scaling, 
and oozing and annular erosions bordered by epidermal colarettes. Signs of 
pain or pruritis are variable. 

b. There may be concurrent signs of systemic illness (e.g., pyrexia, depression, 
anorexia, weight loss) in 50% of affected animals. 

3. Etiology and pathogenesis. This autoimmune disease of the skin is characterized 
histologically by intraepidermal acantholysis and immunologically by autoanti- 
body against the glycocalyx of keratinocytes. The result is the detachment of epi- 
dermal cells. 

4. Diagnostic plan. Physical examination findings are suggestive, but the diagnosis 
depends on laboratory confirmation. 

5. Laboratory tests 
a. Direct smears from intact vesicles or pustules reveal numerous acanthocytes, 

nondegenerate neutrophils or eosinophils, and no intracellular bacteria. Occa- 
sional acanthocytes are seen in any suppurative condition, but when numer- 
ous and present in clusters, they are strongly indicative of pemphigus. 

b. Skin biopsy of intact pustules or vesicles reveals subcorneal acantholysis with 
resultant cleft, vesicle, or pustule formation. Within vesicles, cells from the 
stratum granulosum are seen attached to overlying stratum corneum. Neutro- 
phils or eosinophils predominate in vesicles or pustules. 

c. Direct immunofluorescence testing reveals diffuse intercellular deposition of 
immunoglobulin, complement in the epidermis, or both. Glucocorticoid ther- 
apy can cause false-negative results. False-positive results can occur in equine 
dermatophilosis. 

d. Indirect immunofluorescence testing for pemphigus-like antibodies is fre- 
quently positive (titers 1 :10 to 1 :8000). However, titers can also be demon- 
strated in the serum of normal horses and horses with dermatophilosis or 
lymphosarcoma. 

6. Differential diagnoses include dermatophytosis, dermatophilosis, bacterial follicu- 
litis, and sarcoidosis. 

7. Therapeutic plan. Therapy is expensive and may have to be maintained for life. 
a. High doses of systemic glucocorticoids is the initial treatment of choice (0.2 

rng/kg dexamethasone intramuscularly as an initial treatment followed by 1 
mglkg prednisone or prednisolone orally, twice daily). Control may be ob- 
tained in 7-10 days, then alternate morning therapy should be started with 
the lowest dose of oral glucocorticoid possible for the elimination of clinical 
signs. 

b. It may be necessary to add or substitute immunomodulating d m g  if glucocor- 
ticoids prove unsatisfactory. An example is aurothioglucose (i.e., gold therapy) 
with the recommended regimen of: 
(1) Two intramuscular test doses 1 week apart (5 and 10 mg for goah; 20 and 

40 mg for horses), plus systemic glucocorticoids 
(2) Followed by aurothioglucose (1 mgikg) given weekly until there is a re- 

sponse (6-1 2 weeks) 
(3) Followed by monthly aurothioglucose administration 

c. Adverse effects of chrysotherapy in humans include dermatitis, stomatitis, 
blood dyscrasia, and proteinuria. There are no reported side effect in horses or 
goats; however, the hemogram should be checked biweekly and urinalysis 
checked weekly during induction, then every 2-3 months during mainte- 
nance. 
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m-NE DERMATOSES. Endocrine diseases that have cutaneous manifesta- 
tlons are d~scussed in Chapter 10. 

MISCELLANEOUS DERMATOSES disorders include dermatoses for which the etiol- 
G t h o g e n e s i s  are unknown or multifactorial. 

Equine eosinophilic granuloma with collagen necrosis (nodular necrobiosis, nodular 
collagenolytic granulomal acute collagen necrosis, eosinophilic granuloma) 

1. Patient profile. This condition is described in horses, usually during the.warm 
months of the year. 

2. Clinical findings. Single or multiple lesions (2-1 0 cm in diameter) affect the neck, 
withers, and back. Lesions are rounded, well circumscribed, firm, nonalopecic, 
nonulcerative, and are not painful or pruritic. Occasionally, cystic or plaque-like 
lesions are seen and may discharge a central, grayish white caseous core. 

3. Etiology and pathogenesis. The cause is unknown. This disorder is likely a hyper- 
sensitivity reaction, but the insulting cause is highly speculative (e.g., antigens 
such as insect bites or trauma caused by saddle and girth). 

4. Diagnostic plan and laboratory tests. The history and physical examination is sup- 
ported by a skin biopsy, which shows multifocal collagen degeneration with gran- 
ulomatous inflammation containing eosinophils. Older lesions have marked, dys- 
trophic mineralization. 

5. Therapeutic plan 
a. With solitary or few lesions, surgical excision or sublesional glucocorticoids 

are recommended. The steroids used are triamcinolone acetonide (3-5 
mgllesion) or methylprednisolone acetate (5-10 mgllesion). 

b. With multiple lesions, prednisone or prednisolone (1 mg/kg orally, once a day 
for 2-3 weeks) is administered. 

c. Relapses occur periodically, and older, mineralized lesions respond poorly to 
glucocorticoids and have to be excised. 

3 Equine pastern dermatitis (greasy heell scratches, mud fever, verrucous dernutxs) 

1. Clinical findings. Lesions are bilaterally symmetrical and begin on the caudal as- 
pect of the pastern, particularly of the hind limbs. Erythema and edema progress 
to exudation and crusting. Secondary bacterial infection and seborrhea are com- 
mon complications. Pain and pruritus are variable. In chronic cases, thickening of 
skin, fissures, exuberant granulation tissue, severe limb edema, and lameness may 
be seen. 

2. Etiology and pathogenesis. Equine pastern dermatitis is not a specific disease; 
rather, it is a cutaneous reaction pattern of multifactorial etiology. The condition 
may be associated with several of the following conditions: 
a Staphylococcal folliculitis 
b. Dermatophilosis 
c. Derrnatophytosis 
d. Chorioptic mange 
e. Primary irritant contact dermatitis 
f. Contad hypersensitivity 
g. Photosensitization 
h. Pemphigus foliaceus 

3. Therapeutic plan. 
a. Symptomatic treatments include gentle clipping and cleansing, topical appli- 

cation of astringent or antiseptic soaks (if the skin is already moist), or emol- 
lient ointments and creams (if the skin is dry and thickened). 
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b. Definitive treatment. The specific causes, if identifiable, should be treated. 
(1) Topical treatments include povidone-iodine rinses and metr~nidazol~. 
(2) Other treatments include systemic antibiotics, systemic g l ~ ~ ~ ~ ~ r t i c o i d ~ ,  

NSAIDs, and environmental hygiene. 
(3) Surgery. Occasionally, the condition is chronic and nonresponsive to ther- 

apy. Chronic cases with exuberant granulation tissue may require surgical 
excision. 

~NH)PLASTIC DISEASES 

4 Introduction 

1. Patient profile. Generally, the risk of developing cutaneous neoplasia increases 
with age, except in horses. Specific sex and species predilections for neoplasms 
exist in large animals. Examples include: 
a. Udder papillomatosis, squamous cell carcinoma in female goats 
b. Squamous cell carcinoma in female sheep 
c. Scrotal hemangiosarcoma in male swine 
d. Mastocytoma in male horses 

2. Types of cutaneous neoplasms. The mod common cutaneous neoplasms (listed 
by the animal affected and in the approximate descending order) are: 
a. Cattle: papilloma, squamous cell carcinoma, melanoma, mast cell tumor 
b. Horses: sarcoid, papilloma, squamous cell carcinoma, melanoma 
c. Swine: melanoma, hemangioma, squamous cell carcinoma 
d. Sheep: squamous cell carcinoma, papilloma 
e. Coats: squamous cell, papilloma, melanoma 

3. Clinical findings vary with the type and location of the tumor. 

4. Diagnostic plan and laboratory tests. In general, the diagnosis of cutaneous neo- 
plasia is based on the history and clinical signs, exfoliative cytology (aspiration 
and impression smears), excisional biopsy, and histopathology. 

5. Therapeutic plan. Clinical management may include surgery, cryosurgery, electro- 
surgery, hyperthermia, radiation therapy, chemotherapy, immunotherapy, or com- 
binations of these treatments. 

Epithelial neoplasms. Papillornatosis (fibropapillomatosis, warts) generally is seen in 
young animals (less than 18 months old). An exception is warts appearing on the teats 
of cows; these warts increase in prevalence with age. Warts are unsightly and of con- 
cern in show animals. They may also interfere with normal body functions if promi- 
nent (e.g., breeding, eating, milking). 

1. Clinical f inding 
a. Cattle, sheep, and goats 

(1) Location. Warts are found most commonly on the head, neck, and shoul- 
ders. Warts on the teats are usually multiple, small, and in various shapes. 
Warts may also be found in the perineal or genital area. There is an ali- 
mentary form that can affect the mouth, esophagus, and rumen. 

(2) Appearance. Warts may be 1 mm to more than 1 cm in diameter and 
have a dry, grey, proliferative appearance. Warts may be anached to the 
skin by a wide base or with a pedunculated stem. They are uncommon in 
sheep. 

b. Horses. In animals less than 3 years of age, multiple vermcous lesions are 
common on the muzzle and genitalia. Aural .plaques (papillary acanthoma, hy- 
perplastic dermatitis) are also found. These are bilateral lesions located on the 
Inner surface of the ear, and, less commonly, around the vulva and anus. 
These lesions progress from small, smooth depigmented papules and plaques 
to larger, hyperkeratotic plaques. 
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2. Etiology and pathogenesis 
a. Etiology. Papova viruses (PVs) are the demonstrated causes of warts in all spe- 

cies but goats and swine. PVs are generally host-specific. Bovine papova virus 
(BPV) 1, 2, and 5 can cause fibropapillomas and fibroblastic skin tumors. BPV 
3-6 cause epithelial papillomas. 

b. Pathogenesis 
(1) Transmission. Papillomatosis is infectious and is transmitted by direct and 

ind~rect contact (i.e., animal to animal or via implements such as tatooing 
instruments or ear-tagging pliers). Infection requires damaged skin (from 
trauma, ectoparasites, UV light). In the specific case of aural plaques in 
horses, it is assumed that transmission is by blackfly bites. 

(2) Disease progression. The virus attacks the basal cells of the epithelium 
and causes hyperplasia of epithelial tissue (papilloma) or prolifemtion of 
connective tissue (fibropapilloma). Fibropapillomas are the common form 
of papillomatosis in cattle, whereas papillomas are the common form of 
warts in horses. 

3. Diagnostic plan 
a. The presumptive diagnosis is made on the clinical picture and confirmed by 

histopathology if any doubt exists with the clinical picture. 
b. Histopathology. If there i s  only epithelial proliferation, squamous papilloma 

(e.g., a typical equine papilloma) should be considered. With equine aural 
plaques, there is concurrent epidermal hypomelanosis. 

4. Therapeutic plan. Aural plaques are persistent and, because of conformation and 
location, do not lend themselves to removal. For other warts that persist or in 
cases where a more rapid resolution is desired, consider: 
a. Cryosurgery or surgical excision. This approach may also stimulate regression 

in warts that are not excised. 
b. Podophyllum 50% (applied daily until remission) 
c. lntraderrnal injections of autogenws or commercial wart vaccines. The re- 

sponse of the low, flat warts without stalks (particularly if located on the teats) 
IS poor. 

5. Prognosis. Typical papillomatosis in horses, cattle, and sheep, and papillomatosis 
of the head, neck, and forelegs in goats regress spontaneously in 1-6 months. 
Warts in other locations (e.g., glans penis or alimentary tract) carry a much less fa- 
vorable prognosis. The prognosis is also poor if more than 20% of the body is af- 
fected. 

6. Prevention. Although warts are difficult to prevent, some recommendations in- 
clude isolating affected animals, decreasing cutaneous environmental injuries, 
and disinfecting the environment and equipment using formaldehyde or lye. 

'9 quamom cell carcinoma 

1. Patient profile. SCC is a tumor that affects all large animals except swine. Usually 
seen in mature animals, this disease is of significant economic importance in  cat- 
tle because of the relative frequency with which it occurs around the eye of range 
cattle (see Chapter 12 111 B). It is also one of the more frequently diagnosed tu- 
mors of the skin of horses. 

2. Clinical finding 
a. Horses. SCCs commonly occur on the head, at mucocutaneous junctions, and 

on male and female genitalia. Tumors begin as solitary lesions, usually as non- 
healing, enlarging, granulating erosions (or ulcers) or as proliferative, cauli- 
flower-like masses. Necrosis and a foul odor is common. Tumors are usually 
slow growing and invade rather than metastasize; up to 8096 may regress. 
SCCs of the equine penis or prepuce are more aggressive and metastasize 
early. 

b. Cattle. The most common SCC in cattle is the ocular form (i.e., cancer eye). 
Early lesions are grey-white plaques of tissue on the conjunctiva or nictitating 
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membrane. The majority of these lesions may regress, but many develop into 
papillomas of the orbit, eyelids, or periorbital skin. These are firmly and 
widely attach,ed and result in irritation and lacrimation. They may become sec- 
ondarily infected. 

3. Etiology and pathogenesis. SCCs develop from squamous epithelium, and their 
genesis is related to chronic exposure of poorly pigmented, poorly haired skin to 
UV radiation. There may also be genetic factors (e.g., Herefords with cancer eye). 
Papilloma virus may be associated with the development of SCC because the 
virus has been found in SCC precursor lesions. Also, DNA of the papilloma virus 
has been identified in the tumors of cattle with SCCs. 

4. Diagnostic plan and laboratory tests. Exfoliative cytology from smears of the 
tumor is  helpful. A tumor biopsy reveals irregular masses or cords of epidermal 
cells that proliferate downward and invade the dermis. Other findings include ker- 
atin formation, horn pearls, intercellular bridges, and mitoses. 

5. Therapeutic plan (see also Chapter 12 111 B 4) 
a. Surgical excision of the lesions, cryosurgery, or both is the treatment of 

choice. Hyperthermia (commercial portable units are available and affordable) 
has proven to be very useful. 

b. Immunotherapy. Surgical procedures may be combined with immunotherapy, 
such as repeated intratumor injection (every 2-3 weeks) of the bacillus of Cal- 
mette-Cuerin (BCG) or a vaccine (see Chapter 12) of fresh tumor extract. Be- 
cause there is a risk of anaphylaxis with repeated injections of BCC, the pa- 
tient should be pretreated with flunixin meglumine immediately before 
intralesional injection. 

6. Prevention. For cancer eye in cattle, a breeding program should be established to 
increase pigmentation around the eyes of susceptible cattle (e.g., Herefords). a Mesenchymal tumors (equine sarcoid) 

1. Patient profile. Equine sarcoid can affect any age and breed of hone, but the ma- 
jority of affected horses (70%) are younger than 4 years old. Appaloosa, Arabian, 
and Quarter horses are overrepresented and may have a genetic predisposition. 
There also may be a genetic predilection associated with the major histocompati- 
bility complex. 

2. Clinical finding. Sarcoid is the most common neoplasm of the hone. Sarcoids 
usually occur on the head (periocular, pinnae, comissures of lips), legs, and ven- 
tral trunk. In many horses (30%-SO%), they are multiple. There are five basic 
gross types of sarcoids: 
a. Verrucous (warty): may be sessile or pedunculated 
b. Fibroblastic (proud flesh-like): sessile or pedunculated 
c Mixed type: verrucous/fibrob~astic 
d. Occult (flat): annular areas of alopecia with scaling and crusting 
e. Subcutaneous nodules: usually located around the genitalia 

3. Etiology and pathogenesis. Equine sarcoid is caused by a virus, possibly a PV (the 
type i s  yet undetermined). The lesions are moderately malignant but may remain 
static for years before undergoing a spurt of growth. These lesions do not metas- 
tasize but are locally invasive. 

4. Diagnostic plan and laboratory tests. Histopathology is  often necessary td 
achieve a final diagnosis and will reveal fibroblastic proliferation, epidermal hy- 
perplasia, and dermoepidermal activity. 
a. Collagen fibers and fibroblasts in the dermis are whorled, tangled, or occa- 

sionally in a herringbone pattern. 
b. Tumor cells are spindle-shaped, fusiform to stellate, often with hyperchro- 

masia, atypia, and mitoses. 
c. Fibroblasts at the dermoepidermal junction orient perpendicularly to base- 

ment membrane in a picket fence pattern. Overlying epidermis is tiyperplastic 
and hyperkeratotic. 
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5. Differential diagnoses. The clinical expression of the sarcoid may appear similar 
to many cutaneous masses in the horse. 
a. Verrucous sarcoid-papilloma, SCC 
b. Fibroblastic sarcoid-SCC, exuberant granulation tissue, habronemiasis, infec- 

tious granulomas (e.g., pythiosis, zygomycosis, bothriomycosis, mycetoma) 
c. Occult sarcoid-dermatophytosis, dermatophilosis, demodicosis, staphylococ- 

cal folliculitis, onchocerciasis 
d. Subcutaneous nodules-folliculitis, nodular necrobiosis 

6. Therawutic ~ l a n  
a. ~n;munothera~~ with commercial BCC vaccine (a mycobaderial cell wall 

preparation in oil) has been very effective for sarcoids, especially with periocu- 
lar lesions. 
(1) The vaccine is administered intralesionally every 2-3 weeks for approxi- 

mately four treatments. Necrosis and the ulceration of lesions may occur 
following treatment. 

(2) Side effects include an occasional malaise or anorexia. Fatal anaphylaxis 
has also been reported following repeated injections of commercial BCG, 
so pretreatment with flunixin meglumine and prednisolone are recom- 
mended. 

b. Cryosurgery, radiotherapy, and hyperthermia are also advocated for sarcoid 
treatment and have met with favorable results, particularly with singular le- 
sions. Static occult and verrucous sarcoids are best left alone because the 
trauma of biopsy or surgical excision often causes increased growth and ag- 
gressive behavior of the tumor. 

Mela"ocytic neoplasms. Melanomas are most common in aged hones (particularly 
Arab~ans and Percherons with a gray coat color) and certain breeds of swine (e.g., Sin- 
clair miniature, Duroc-Jersey). 

1. Clinical findings. Horses present with solitary or multiple, dermoepidermal or sub 
cutaneous masses. Firm and nodular, these masses may also be alopecic, ulcer- 
ated, and grossly hyperpigmented. They are most oflen present on the perineal re- 
gion, undersurface of the tail, the pinnae, the periocular region, and distal limbs. 

2. Pathogenesis Melanomas may exhibit one of three growth patterns: 
a. Slow growth for years without metastasis 
b. Slow growth for years with sudden rapid growth and malignancy 
c Rapid growth and malignancy from the onset 

3. Diagnostic plan. The diagnosis is confirmed by a biopsy and the histopathology 
of a suspect lesion. 

4. Therapeutic plan 
a. Early radical surgical excision or cimetidine (2.5 mg/kg orally, three times 

daily for 3 months), an H2 histamine antagonist, has been used for the clinical 
management of melanomas. Tumors may reduce in size by up to 50%. Treat- 
ment should be given for 2-3 weeks after there has been no further measura- 
ble decrease in the tumor size. Treatment is most helpful if used before or in 
conjunction with surgical management 

b. lntralesional cisolatin has also been used and is usuallv successful onlv in the 
reduction of tu io r  size. 

m-RY DERMATOSK. A partial list of hereditary conditions that affect the 
skin of domestic animals follows. Readers are invited to review other texts for com- 
plete description of clinical findings. 

1 Bovine porphyria is a congenital defect of porphyria metabolism, resulting in the accu- 
mulation of porphyrins in all tissues. High levels in the skin result in a photosensitivity 
dermatitis. 



41 2 1 Chapter 16 XI1 B 

3 Bovine protoprphyria is similar to bovine porphyria but is a milder disease. 

C Hypotrichosis is a congenital condition of cattle, sheep, and pigs that causes partial or ' complete hair loss. There may be other associated defects (e.g., hypothyroidism. rebor- 
rhea, anodontia, poor growth rates). 

D Reticulated leukotrichia of horses is likely hereditary and is seen usually in yearling 3 Quarter horses. Linear crusts on the back line result in the characteristic crosshatched 
patterns of alopecia. 

Ichthyosis has been recorded as a hereditary and a congenital disease in certain cattle 
(e.g., Holstein). This disease is characterized by alopecia and a scaled skin appear- 
ance. Mod animals with this disease are euthanized. 

3 Epitheliogenesis imperfects has been recorded in calves, lambs, pips, and foals. An in- 
herited and congenital absence of skin causes death in affected animals. 

3 Epidermolysi; bullosa is a congenital disease of sheep and cattle that is characterized 
by the development of epidermal bullae in young animals. 

a Baldy calf syndrome (inherited epidermal dysplasia) is an inherited, congenital defect 
of the Holstein breed. The disease is characterized by alopecia and the failure of horn 
growth. The condition is fatal because affected animals fail to grow. 

' 1 Dermatospanrk is an inherited disorder of cattle, horses, and sheep. The disease is 
characterized by increased skin and connective tissue fragility. The skin of affected ani- 
mals is very vulnerable to trauma. 

Dermatosis vegetams of swine is an inherited disorder of the skin and coronets of the 
feet in young pigs. Clinical signs include erythema, edema, and crustiness. Some pigs 
may recover, but many affected pigs die from an associated giant-cell pneumonitis. 

1 
DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
followed by answers or by completions of the statement. Select the ONE numbered answer 
or completion that is BEST in each case. 

1. Which one of the following statements re- 
garding primary contact dermatitis is true? Pri- 
mary contact dermatitis: 

(1) requires previous sensitization to the of- 
fending agent. 

(2) often develops at body locations which 
trap moisture. 

(3) is invariably pruritic. 
(4) i s  treated with corticosteroids as a first 

order of treatment. 
(5) will not resolve wen after removal of the 

offending agent. 

2. The cellular damage that is produced in 
cases of photosensitization is caused by: 

( 1 )  molecular excitation. 
(2) sunburn. 
(3) high levels of cellular chlorophyll. 
(4) lack of skin pigmentation. 
(5) renal disease. 

3. A dairy herd presents with papules, scabs, 
and granulomas on the teats of the cows. The 
condition appears to be chronic. The most 
likely diagnosis is: 

(1) horsepox. 
(2) bovine ulcerative mammillitis. 
(3) pseudocowpox. 
(4) contagious ecthyma. 
(5) bovine mucosal disease. 

4. Staphylococcal organisms may be impli- 
cated in which grouping of skin infections? 

(1) Purpura hemorrhagica, folliculitis, furuncu- 
losis, acne 

(2)  Udder impetigo, pastem folliculitis, furun- 
culosis, abscesses 

(3) Greasy heel, pigeon breast, purpura hem- 
orrhagica, acne 

(4) Pigeon breast, caseous lymphadenitis, 
udder impetigo, lumpy jaw 

(5) Lumpy jaw, caseous lymphadenitis, pas- 
tern folliculitis, Canadian horsepox 

5. Which of the following statements regard- 
ing dermatophilosis is true? Dermatophilosis is: 

(1) a synonym for dermatophytosis. 
(2) extremely pruritic in its early active stage. 
(3) most prevalent in dry, arid environments. 
(4) diagnosed by microscopic examination of 

stained smears from active lesions. 
(5) best treated with topical fungicides. 

6. Which statement regarding ringworm infec- 
tion in sheep is true? 

(1) Limbs are the most common site for the le- 
sions. 

(2) Reinfection is common. 
(3) Young animals in confinement are most 

commonly affected. 
(4) Diagnosis is confirmed by use of a 

Wood's lamp. 
(5) There is little zoonotic potential compared 

to other species. 

7. Which one of the following statements re- 
garding external parasitism of domestic ani- 
mals is true? 

(1) Psoroptic mange is painful rather than pru- 
ritic. 

(2) Mite populations are highest in the 
summer. 

(3) Chorioptes species are the only mange 
mites of pigs. 

(4) Melophagus ovinus lives its entire life on 
the skin of sheep. 

(5) Tick populations are controlled with appli- 
cations of organophosphates on infested 
animals. 

8. Which statement regarding habronemiasis 
of horses is true? Habronemiasis of horses: 

(1) is also known as "leeches" of horses in  
the tropics. 

(2) is characterized by yellowish granules 
within inflammatory lesions. 

(3) produces gastrointestinal signs more corn 
monly than a dermatitis. 

(4) causes pruritis of the perineal area. 
(5) is transmitted by mosquitoes. 
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10. Which one of the following statements re- 
garding melanomas is true? Melanomas: 

(I) are seen most commonly in aged cattle. 
(2) are the most common neoplasia in horses. 
(3) are caused by a virus. 
(4) are treated successfully with intralesional 

baci lle Calmette-GuCrin (BCG). 
(5) may grow very slowly for years. 

9. Which one of the following statements re- 
garding papillomatosis in horses and cows is 
true? ~ R S  A N D  E X P L A N A T I O N S  

(1 ) Warts on the face of horses and teats of 
cows are most common in young animals. 

(2) Aural plaques should be removed. 
(3) Warts typically regress in 1-6 months. 
(4) The most common form of warts is fibro- 

papilloma. 
(5) Commercial wart vaccines hasten a re- 

sponse. 

1. The answer is 2 111 C 3 b]. Moisture is an 
important predisposing factor to the develop- 
ment of primary contact dermatitis. Previous 
sensitization to the agent is not necessary. De- 
velopment of sensitivity is a function of con- 
centrations and exposure to the agent. The 
dermatitis may or may not be pruritic or pain- 
ful. Corticosteroids may be indicated in long- 
standing cases, but the first line of treatment 
is the elimination of the agent and the wash- 

conditions. The condition is characterized by 
painful (not pruritic), crusty lesions, which 
leave a moist, denuded area when removed. 
Stained impression smears of these moist le- 
sions or the underside of the scabs will be di- 
agnostic for the classic appearance of the bac- 
teria. Because this is a bacterial disease,. 
topical fungicides have no place in the thera- 
peutic plan. 

DIRECTIONS: The numbered item in this section is negatively phrased, as indicated by a 
capitalized word such as NOT, LEAST, or EXCEPT. Select the ONE numbered answer or 
completion that is BEST. 

ing and rinsing of the area. Resolution usually 
occurs 7-1 0 days after the removal of the irri- 
tant. 

6. The answer is 3 [VI B 21. Dermatomycosis 
(ringworm) i s  most common in the young of 
any species under confinement conditions. In 
sheep, the head is the most likely area to be 
involved. Reinfection in any species is not 
common. Many dermatophytes do not flu- 
oresce under a Wood's light. Sheep are no dif- 
ferent than other species in terms of the poten- 
tial to spread the condition to humans. 
Ringworm is a zoonosis. 

11. Which one of the following procedures 
should NOT be employed when taking a spec- 
imen for a suspected viral dermatitis? 

2. The answer is 1 [II E 2 b]. Cellular damage 
occurs when photodynamic agents that have 
been deposited in the skin absorb ultraviolet 
(UV) light and become excited, causing cellu- 
lar damage. Although a lack of skin pigmenta- 
tion may increase effects of photosensitiza- 
tion, it is not directly causative of cellular 

(1) ,Samples should be taken from more than 
one animal or more than one location in 
any individual animal. 

(2) The site should be aseptically prepared 
with a betadine scrub and alcohol. 

(3) Tissues should be submitted for both di- 
rect electron microscopy and virus isola- 

destruction. Chlorophyll found in plants must 
be converted to phylloeythrin before this 
agent acts as a photodynamic agent. Liver dis- 
ease, not renal disease, may result in photo- 
sensitization. 

7. The answer is 4 [Vll C 1 c]. The sheep 
ked, Melophagus ovinus, is an obligate para- 
site of the host. Psoroptic mange is very pru- 
ritic and Chorioptes species infest a wide vari- 
ety of hosts. Mite populations are usually 
highest at times of cool, moist conditions, usu- 
ally when animals are housed in the winter 
months. Tick populations cannot be con- 
trolled by treatment of the host alone because 
these parasites live off the host for a portion 
of their life cycle. 

tion. 
(4) The sample should include the periphery 

of the lesion. 
(5) Samples should be protected by cool stor- 

age (4°C) in transport media. 3. The answer is 3 [IV €3 21. This clinical de- 
scription best fits pseudocowpox. As named, 
horsepox affects only horses and is a rare dis- 
ease not seen outside of Europe. Bovine ulcer- 
ative mammillitis produces ulcers and teat 
skin sloughing. Contagious ecthyma is a dis- 
ease of sheep and goats, affecting the mucous 
membranes of the nose and mouth. Bovine 
mucosdl disease affects the oral cavity and 
the gastrointestinal tract. 

8. The answer is 2 [Vll E 1 bl. The ulcerative 
granulomatous skin lesions that are seen with 
the infestation by Habronema or Draschia lar- 
vae are characterized by yellow granules in 
diseased tissue. "Leeches" is the common 
name for phycomycosis. Although Habro- 
nema and Draschia normally inhabit the 
equine stomach, they do not cause clinical 
symptoms. Oxyuris equi causes perineal pruri- 
tus, whereas Onchocerca microfilariae may 
be transmitted by mosquitos. 

4. The answer is 2 [V A-C]. The skin condi- 
tions in which Staphylococcus species are im- 
plicated are udder impetigo, pastern folliculi- 
tis (greasy heel), furunculosis, acne, and many 
abscesses. Purpura hemorrhagica is a urticaria 
that is seen most commonly as secondary to 
Stre~tococcus eaui infections. Piereon breast 
caseous lymphadenitis, and ~an id ian  9. The answer is 3 [XI B 11. Although warts 
horsepox are corynebacterial infections. are usually most common in young animals, 
Lumpy jaw is an actinomycotic infection. an exce~tion to this includes warts on the 

teats of Lattle. It is not recommended that 
5. The answer is 4 [V E 2 d, el. Dermato- aural plaques be removed because of their Io- 
philosis i s  a bacterial skin infection that is cation over the cartilaginous pinnae. In 
found most frequently under moist, humid horses, the most common form of warts is 
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fibropapilloma, whereas papillomas are the 
most common form in cattle. Low, flat warts 
respond poorly to vaccination; therefore, vac- 
cination is not correct in all instances. 

10. The answer is 5 [XI E 21. Melanomas are 
seen most commonly in aged horses. Sarcoids 
are seen most often in aged cattle. Sarcoids 
are caused by a virus and are treated with the 
intralesional instillation of bacille Calmene- 
Guerin (BCG). 

11. The answer is 2 IIV A 2 cl. A diagnosti- 
cian should not aseptically prepare the site be- 
fore sampling it for virus isolation because dis- 
infectants and alcohol may inactivate the 
virus. Samples should be taken from more 
than one animal or more than one location in 
any individual animal. The sample should in- 
clude the periphery of the lesion. Samples 
should be protected by cool storage (4°C) in 
transport media. Tissue should be submitted 
for both direct electron microscopy and virus 
isolations. 

Chapter 17 

Mastitis 
Timothy H. Ogilvie 

m i s n n s  
TJ Overview 

1. Definitions 
a. Clinical mastitis is inflammation of the mammary gland characterized by changes 

in milk color and consistency. 
b. Subclinical mastitis produces no noticeable udder inflammation or milk abnormal- 

ities but results in a high somatic cell count (SCO. 
c. Peracute mastitis is a severe inflammation of the udder with a marked systemic 

reaction. 
d. Acute mastitis is a severe inflammation of the udder with a mild to moderate sys- 

temic reaction. 
e. Subacute mastitis is a mild inflammation of the udder with persistent milk abnor- 

malities, such as changes in consistency, color, or milk production. 
f. Chronic mastitis is defined as recurrent attacks of udder inflammation with little 

noticeable change in the milk between attacks. 

2. Patient profile and history 
a. Almost all clinical mastitis occurs during lactation, and 60% of cases occur dur- 

ing the first 6 weeks of lactation. 
b. Mastitis is the most costly disease in North American animal agriculture, with an 

estimated 50% of dairy cows affected to some degree. However, most cases are 
nonclinical or subclinical, and cows vary insusceptibility. 

3. Etiology and pathogenesis 
a. Etiology. Most cases of mastitis are caused by microbial infection. Sources of in- 

fection include the udder, skin, and environment 
b. Pathogenesis 

(1) In most cases, causative organisms enter the teat duct through the streak 
canal, multiply there, and progress upward into the lactiferous sinus, collect- 
ing ducts, and alveoli. 

(2) The invading organisms cause an inflammatory response following leukocyte 
migration to the udder and edema. 

(3) Resolution of the infection may result in fibrosis, abscess formation, or glandu- 
lar atrophy. 

4. Laboratory tests. Milk cultures should be obtained before initiating therapy so that al- 
tetnate plans may be made in case of treatment failure. The culture results from a sin- 
gle case (e.g., Escherichia cola might not reflect herd status (e.g., Staphylococcus au- 
reus). 

5. Therapeutic plan 
a. A commercially available and proven intramammary medication for nonlactating 

cows should be used on all quarters of all cows at the end of lactation (drying 
off). 

b. Cows with clinical signs should be treated promptly with a proven intramammary 
medication for lactating cows. Exceptions to this may be staphylococcal mastitis 
and other causes of mastitis nonresponsive to antibiotics (e.g., yeasts, fungi, Myco- 
plasma species, Nocardia asteroides). Treated cattle should be identified so that 
milk-withholding requirements can be respected. 

c Treatment for acute clinical cases should include the manual removal of as much 
milk as possible from infected quarters (i.e., stripping). 
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fibropapilloma, whereas papillomas are the 
most common form in cattle. Low, flat warts 
respond poorly to vaccination; therefore, vac- 
cination is not correct in all instances. 

10. The answer is 5 [XI E 21. Melanomas are 
seen most commonly in aged horses. Sarcoids 
are seen most often in aged cattle. Sarcoids 
are caused by a virus and are treated with the 
intralesional instillation of bacille Calmene- 
Guerin (BCC). 

11. The answer is 2 IIV A 2 c]. A diagnosti- 
cian should not aseptically prepare the site be. 
fore sampling it for virus isolation because dis- 
infectants and alcohol may inactivate the 
virus. Samples should be taken from more 
than one animal or more than one location in 
any individual animal. The sample should in- 
clude the periphery of the lesion. Samples 
should be protected by cool storage (4°C) in 
transport media. Tissue should be submitted 
for both direct electron microscopy and virus 
isolations. 

Chapter 1 7 

Mast it is 
Timothy H. Ogilvie 

TJ overview 

1. Definitions 
a. Clinical mastitis is inflammation of the mammary gland characterized by changes 

in milk color and consistency. 
b. Subclinical mastitis produces no noticeable udder inflammation or milk abnormal- 

ities but results in a high somatic cell count (SCC). 
c. Peracute mastitis is a severe inflammation of the udder with a marked systemic 

reaction. 
d. Acute mastitis is a severe inflammation of the udder with a mild to moderate sys- 

temic reaction. 
e. Subacute mastitis is a mild inflammation of the udder with persistent milk abnor- 

malities, such as changes in consistency, color, or milk production. 
f. Chronic mastitis is defined as recurrent attacks of udder inflammation with little 

noticeable change in the milk between attacks. 

2. Patient profile and history 
a. Almost all clinical mastitis occurs during lactation, and 60% of cases occur dur- 

ing the first 6 weeks of lactation. 
b. Mastitis is the most costly disease in North American animal agriculture, with an 

estimated 50% of dairy cows affected to some degree. However, most cases are 
nonclinical or subclinical, and cows vary in susceptibility. 

3. Etiology and pathogenesis 
a. Etiology. Most cases of mastitis are caused by microbial infection. Sources of in- 

fection include the udder, skin, and environment. 
b. Pathogenesis 

(1) In most cases, causative organisms enter the teat duct through the streak 
canal, multiply there, and progress upward into the ladiferous sinus, collect- 
ing ducts, and alveoli. 

(2) The invading organisms cause an inflammatory response following leukocyte 
migration to the udder and edema. 

(3) Resolution of the infection may result in fibrosis, abscess formation, or glandu- 
lar atrophy. 

4. Laboratory tests. Milk cultures should be obtained before initiating therapy SO that al- 
ter.nate plans may be made in case of treatment failure. The culture results from a sin- 
gle case (e-g., Escherichia colt) might not reflect herd status (e.g., Staphylococcus au- 
reus). 

5. Therapeutic plan 
a. A commercially available and proven intramammary medication for nonlactating 

cows should be used on all quarters of all cows at the end of lactation (drying 
off). 

b. Cows with clinical signs should be treated promptly with a proven intramammq 
medication for lactating cows. Exceptions to this may be staphylococcal mastitis 
and other causes of mastitis nonresponsive to antibiotics [e.g., yeasts, fungi, M y c e  
plasma species, Nocardia asteroides). Treated cattle should be identified so that 
milk-withholding requirements can be respected. 

c. Treatment for acute clinical cases should include the manual removal of as much 
milk as possible from infected quarters (i.e., stripping). 



6. Prevention. The goal in most dairies is to maintain a herd incidence of less than or 
equal to 3% clinical infection, zero colony-forming units/ml on bacteriology of a 
bulk milk tank sample, and an SCC of 100,000-250,000 cells/mm3. An effective mas- 
titis control program includes: 
a. Hygiene 

(1) Post-milking teat sanitation with commercially available and proven products 
reduces infection from contagious pathogens. 

(2) Premilking teat sanitation with commercially available and proven products 
reduces the likelihood of mastitis due to environmental pathogens (e.g., coli- 
forms). 

(3) Management practices that improve overall hygiene of the environment 
should be employed, allowing cows to be clean, dry, and comfortable. 

b. Milking procedures and machine function 
(1) Milking machines should be installed and maintained according to the manu- 

facturer's instructions. 
(2) Inflations and hoses should be changed on a regular basis. 
(3) Teats should be disinfected and dried with individual paper towels or wash- 

cloths before milking machine placement. 
(4) Teat cup sanitation should be practiced between cows. 

c. Accurate and up-to-date records should be maintained, and cull cows with 
chronic mastitis. 

Subacute mastitis 

1. Streptococcal 
a. Streptococcus agaladiae mastitis 

(1) Patient profile and history 
(a) History. This organism was the primary cause of mastitis in North Amer- 

ica before antibiotic therapy, machine milking, universally accepted pre- 
vention techniques, and improved hygiene practices. It is still an impor- 
tant and relatively common pathogen exceeded in prevalence only by 
Staphylococcus aureus. Therefore, owners should be warned not to be- 
come complacent about the organism as a cause of mastitis because it 
may still result in major losses of milk. 

(b) Susceptibility. The disease is often introduced into the herd by infected 
cows. Cows have varying susceptibilities within herds. Also, cows exhibit 
an increased susceptibility with age. This phenomenon, although unex- 
plained, likely results from increased teat sphincter patency with age. 

(2) Clinical findings 
(a) Glands. Mastitis caused by S. agalactiae is usually nonclinical with peri- 

odic clinical flare-ups. The affected mammary gland will evidence heat, 
pain, and swelling. Inflammation may be mild except following the initial 
exposure to the organism, in which w e  the inflammatory reaction of the 
gland is moderate (subacute mastitis). If an animal is untreated, clinical 
cases persist with recurrent flare-ups. 

(b) Milk. Although milk from affected glands may appear normal between 
mastitis episodes, examination of the milk during clinical periods reveals 
clots ("ropey" milk) in watery foremilk. Total milk yield per lactation is 
reduced with each recurrent bout. 

(3) Etiology am1 pathogenesis 
(a) Etiology. 5. agalactiae causes a highly contagious, obligate infection of 

the mammary gland. 
(b) Pathogenesis 

(i) Transmission. This organism may survive outside of the mammary 
gland for a short time; therefore, it may be transmitted from cow to 
cow via fornites (e.g., milkels hands, multi-use towels, milking ma- 
chines). The organism colonizes the teat, and infections of the mam- 
mary gland occur following passage of the organism through the teat 
canal. 
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(ii) Inflammation. The organism does not invade the glandular tissue but 
remains on the epithelial surface of acini and ducts, where it causes 
tissue damage by lactic-acid production. This epithelial inflamma- 
tion results in fibrosis of interalveolar tissue and involution of the 
acini. Further flare-ups produce more lobular fibrosis and loss of se- 
cretory function and, thus, a decreased milk yield. Glandular atro- 
phy is  the eventual outcome. 

(iii) Milk clots. As inflammation subsides during each episode, the epithe- 
lial lining of the acini and ducts sloughs. This inflammatory debris 
and other somatic cells result in the clinical appearance of stringy or 
ropey clots in the milk. 

(4) Diagnostic plan 
(a) Clinical mastitis is diagnosed by clinical finding and supported by tests 

that qualify and quantify udder inflammation in the individual. Bacterial 
isolation and identification confirm S. agalactiae as the causative or- 
ganism. 

(b) For a herd diagnosis, bulk tank SCC and microbiology of composite bulk 
milk tank samples aid in making the diagnosis. 

(5) Laboratory tests 
(a) Routine milk culture demonstrates relatively pure cultures of S. agalac- 

tiae. However, bacterial isolation from the milk of individual cows may 
be negative during the invasive phase of the initial infection or during 
clinical flare-ups when cell counts are high. Bulk milk samples are often 
used for isolation of the organism to identify or monitor herd problems. 

(b) Indirect tests to measure increased cellularity of the milk are also used. 
The California mastitis test (CMT) [which measures cell nuclear protein], 
individual cow SCCs, and bulk tank SCCs are used to confirm and quan- 
ti* udder inflammation. 

(6) Therapeutic plan 
(a) Lactating cows. Commercially available procaine penicillin C intramam- 

mary infusions are used for lactating animals (100,000 unitdgland for one 
daily infusion for 3 days). This treatment often results in a high cure rate 
(90%). 

(b) Unresponsive cows. If the cow does not respond with 3 days of therapy, 
consider that there might be a resistant strain of Streptococcus, a mixed 
bacterial infection, or the attainment of ineffective levels of antibiotic in 
the milk of a high-producing cow. 
(i) Resubmission of samples for culture and sensitivity is then necessary. 

(ii) Alternative therapies include increasing intramammary penicillin 
dosage, changing antibiotics, or using the parenteral route. With 
these alternative therapies, labeled recommendations for antibiotic 
residues in the milk will not be valid, and milk must be discarded 
for more time before it is fit for human consumption. 

(c) Dry cows. Dry cow therapy with commercial nonlactating cow products 
also is effective to eliminate the organism from the gland. However, this 
treatment usually is not necessary because of the efficacy of lactating 
cow therapy. 

(7) Prevention. Eradication of herd infection is possible through a dedicated pro- 
gram of improved hygiene and intramammary infusion therapy of all cows. A 
mastitis control program (see 1 A 6) should be employed for this disease for 
the general production of high-quality milk. Dedication to hygiene and pre- 
vention is necessary to maintain freedom from new infections. 

b. Other streptococcal causes of mastitis 
( 1 )  Patient profile and history. Mastitis caused by miscellaneous streptococci is 

of great concern as control procedures for mastitis caused by S. agalactiae 
and 5. aureus grow more common. 

(2) Clinical findings. These streptococci may produce acute clinical mastitis with 
severe udder swelling and clots in the milk. There are associated but 
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contaminate milk samples (individual cow or bulk tank), and this should be 
accounted for when interpreting culture results. 

(4) Therapeutic plan. Staphylococci usually are eradicated by standard lacta- 
tional or dry cow therapy. 

(5) Prevention. Isolation of these organisms may indicate poor milking hygiene 
(e.g., udder wash, teat dipping). Therefore, a mastitis control program that fs 
cuses on hygiene and accepted udder health care procedures is recom- 
mended. 

a Acute and peracute mastitis. Many of the organisms that cause acute and peracute mas- 
titis reside in the environment, and most are not inhabitants of the udder. 

1. Coliform mastitis (acute mastitis, acute coliform mastitis, environmental mastitis). 
Coliform organisms are the most common cause of fatal mastitis and approximately 
50% of cows die or are culled because of the disease. The gram-negative organisms 
are opportunistic and contaminate the teat between milkings. 
a. Patient profile 

(1) Coliform mastitis occurs most commonly within a few days of calving (0-6 
weeks) and usually involves one or two quarters of the mammary gland. This 
disease may be seen in recumbent cattle (e.g., parturient paresis, downer 
COW]. 

(2) Susceptibility. Low levels of somatic cells in the bovine udder may increase 
the susceptibility of cows to coliform mastitis. 

(3) Incidence. Disease usually occurs sporadically, but a high herd incidence 
can be 25%. There may be higher incidence in older cows, higher producing 
cows, or in herds that practice stringent control for subclinical mastitis. Coli- 
form mastitis is most common in larger herds and herds experiencing heavy 
population pressures, crowding, and poor hygiene or management practices. 

b. Clinical findings. Coliform mastit~s causes peracute or acute clinical signs. Rarely 
does the disease progress to a prolonged course of chronic mastitis. 
(1) Systemic signs may occur before changes are evident in the milk. The disor- 

der is characterized by the sudden onset of agalactia and toxemia. Cows ex- 
hibit anorexia, severe depression, trembling, tachycardia, tachypnea, and 
fever or a subnormal temperature in advanced cases. Cows are weak and re- 
cumbency is common. Often, there is concurrent diarrhea and dehydration. 

(2) Affected quarters are warm and swollen but are not gangrenous or cold as in 
some other peracute mastitis conditions. Affected glands secrete a serous fluid 
with small flakes that are best seen by using a strip cup. 

c Etiology and pathogenesis 
(1) Etiology. E. coli, Klebsiella species, and E. aerogenes are discussed together 

and, for the purposes of this section, are collectively called coliforms. 
(2) Pathogenesis. These organisms are transferred from the environment to the 

cow and produce similar (indistinguishable) clinical signs. Even though they 
produce acute and often fatal clinical signs, many infections by these organ- 
isms are subclinical and self-limiting. 
(a) Source. Bedding and feces, usually under wet conditions, are primary 

sources of contamination. Klebsiella pneurnoniae has most specifically 
been associated with sawdust and wood shavings bedding. 

(b) Predisposing factors. Colifom bacteria on the teat end are usually transi- 
tory because the teat most often provides an effective barrier to infection. 
However, improper milking machine function, teat injuries (stepping or . 
crushing), teat sphincter relaxation with older cows, and the use of teat dl- 
lators may allow penetration by environmental pathogens. Infection also . 
can occur in the very late dry period just before parturition. The mam- 
mary gland is most prone to infection by these organisms in early M a -  
tion and more resistant in later lactation. 

(c) The systemic effects of this condition result from the elaboration of enda 
toxin from the organism or from the recruitment of host mediators, such 
as eicosano~ds, prostaglandins, and thromboxanes. Endotoxin causesJn- 
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creases in vascular permeability (edema) and neutrophil "pooling" in the 
udder. The systemic effects may lag behind the growth of the organism in 
the udder and parallel the massive release of endotoxin as the organisms 
die off. 

(d) Host defense. Neutrophils may be ineffective in eliminating organisms 
but will limit bacterial invasion, and in the case of an adequate host re- 
sponse, the infection is limited to mammary sinuses with no secretory tis- 
sue involvement. The gland usually returns to normal function if the ani- 
mal recovers. 

d. Diagnostic plan. The diagnosis is based on the patient profile, history, clinical 
signs, and milk findings. Milk culture and sensitivity help define the pathogen, al- 
though it must be recognized that occasionally samples are negative depending 
on the effectiveness of neutrophils in clearing the organism. 

e. Laboratory tests 
(1) Hematology shows a severe leukopenia, neutropenia, and a degenerative left 

shift due to massive neutrophil pooling in the affected gland. 
(2) Serum chemistry often reveals hypocalcemia. 
(3) Culture results are positive for the coliform organism except in those cases 

where neutrophils have cleared the organism from the milk. This may occur 
in less acute cases. 
(a) Rapid-response cutture media are available for differentiation of gram- 

positive and gram-negative organisms causing clinical mastitis (Hy-Mast 
Mastitis Screening Test, Pharmacia & Upjohn Animal Health, 
Orangeville, Ontario, Canada). 

(b) Results of milk culture may be available in 12-24 hours and allow more 
informal decisions to be made regarding use of intramammary antibiotic 
therapy. 

f. Differential diagnoses include other causes of acute and peracute mastitis, parturi- 
ent paresis (see Chapter 91, and other causes of septicemia or toxemia, such as 
salmonellosis (see Chapter 3). 

g. Therapeutic plan. Acute coliform mastitis should be considered an emergency sit- 
uation and treatment instituted accordingly. 
(1) Antibiotic therapy is somewhat controversial. 

(a) Studies have shown that by the time clinical signs occur, most of the or- 
ganisms have been cleared from the mammary gland by the neutrophils. 
Also, a major die-off of bacteria in response to antibiotic use causes a fur- 
ther release of endotoxin, which exacerbates clinical signs. 

(b) Others argue that antibiotics are necessary in cases in which neutrophils 
have not countered the infection or when organisms may have moved 
into the blood stream (bacteremia). 

(c) When used, appropriate systemic antibiotics include gentamicin (2-5 
mg/kg intravenously, twice daily), amoxicillin and clavulanic acid combi- 
nations, and cephalosporins. 

(2) Other common treatments include: 
(a) Stripping the affected quarter hourly 
(b) Oxytocin (30 IU), which may aid in milk letdown 
(c) Fluid and electrolyte therapy-balanced electrolyte solution (40-60 L 

during the first 24 hours) or hypertonic saline (7.5%) combined with oral 
fluids 

(d) Anti-inflammatory agents 
( i )  Corticosteroids: 1 mg/kg intravenously twice during the first day of 

treatment only 
( i i )  Flunixin meglumine: 0.25-1.1 mgfkg intramuscularly or intrave- 

nously twice daily 
,(e) lntramammary antibiotics-commercially available and may be used at 

night after the last stripping but show little experimental efficacy 
(0 Calcium, which should be administered carefully if necessary (perhaps 

subcutaneously) 



(g) Nursing care, such as rolling the cow periodically from side to side to 
prevent muscle necrosis, bedding the animal on a firm but cushioned 
face (e.g., manure pack), and bathing and massaging the udder 

h. Prevention and control of coliform mastitis within a herd includes: 
(1) Improving milking and premilking hygiene 
(2) Encouraging environmental hygiene and clean bedding 
(3) Considering other types of bedding (e.g., sand) if sawdust or shavings are in- 

criminated 
(4) Keeping bedding dry and avoiding overcrowding 
(5) Keeping cows standing for a time after milking 
(6) Controlling parturient diseases (e.g., milk fever, downer cows) 
(7) Providing calving and maternity pens to help decrease udder trauma at cal- 

ving 
(8) Administering a coliform subunit (core) bacterin against a variety of gram-neg- 

ative organisms at drying off, 3-4 weeks later, and again at or near freshening 

2. Peracute staphylococcal mastitis 
a. Patient profile and history. The most common presentation of staphylococcal in- 

fection of the mammary gland i s  as a chronic subclinical mastitis. Occasionally, 
infection presents as a peracute or acute mastitis seen in early lactation. In its per- 
acute form, this infection is often fatal. 

b. Clinical findings 
(1) There is a sudden and severe systemic reaction. The cow's temperature may 

be 4loC-42"C but becomes subnormal as the condition progresses. There i s  
tachycardia, anorexia, depression, and muscular weakness resulting in recum- 
bency, and the case may appear similar to coliform mastitis. 

(2) The affected quarter is swollen, hard, and sore, causing lameness in ambula- 
tory animals. 

(3) Discoloration of the udder may be evident early (blue-black gangrene). The 
development of a gangrenous udder is unique to Staphylococcus and Clostrid- 
ium infections. Within 24 hours, the gangrenous areas turn black and ooze 
serum, and subcutaneous emphysema may be evident. The milk secretion is 
scant with bloody, serous fluid and occasional gas. Toxemia i s  profound, 
death is rapid, and even in animals that recover, the quarter is lost. The af- 
fected quarter sloughs over time in a messy manner. 

c. Etiology and pathogenesis S. aureus is the most common cause of peracute staph- 
ylococcal mastitis. The pathogenesis is as in subacute staphylococcal mastitis, but 
the peracute nature of the disease is likely the result of an infection in early lacta- 
tion with a large inoculum of organism. 

d. Diagnostic plan. The diagnosis of peracute mastitis is made on clinical findings. 
The definitive diagnosis is supported by laboratory tests and culture of S. aureus. 

e. Laboratory tests 
(1) Hematology shows an inflammatory leukogram. 
(2) Clinical biochemistry indicates a severe, systemic state (shock). Fibrinogen is  

elevated. 
(3) Milk culture is positive for S. aureus, but the information is of little relevance 

because of the peracute nature of the disease. 
f. Differential diagnoses include parturient paresis, coliform mastitis, A. pyogenes 

mastitis, and clostridial infection of the udder. 
g. Therapeutic plan. Generally, treatment is very expensive, and cows that recover 

are often culled because only three viable quarters remain. The life of the animal 
may be saved with early and aggressive therapy. The following treatments can be 
considered: 
(1) lntravenous crystalline penicillin or tetracycline followed by subsequent inm- 

muscular treatment 
(2) Intravenous fluids 
(3) Frequent massage, bathing, and milk stripping from the affected quarter 

(Note: oxytocin has little effect on milk letdown in this instance.) 
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(4) Amputation of the quarter, which is usually a final and heroic attempt to save 
the cow's life 

(5) lntramammary antibiotic infusions have little effect because of the edema, 
swelling, and gangrenous necrosis of the udder. 

h. Prevention. Little can be done to prevent this condition other than maintenance 
of udder health as recommended in I B 2 a (7). 

3. Acute streptococcal mastitis 
a. Etiology and clinical findings. Infection with S. dysgalactiae, S. uberis, S. viridans, 

5. pyogenes, S. pneumoniae, and other streptococci nonagalactiae organisms may 
produce an acute mastitis with swelling of the individual quarter. There may be a 
moderate systemic reaction, and milk secretion is abnormal with evidence of 
flakes and clots. Specifically, S. pneumoniae will produce a peracute mastitis. 

b. Therapeutic plan. The disease should be treated like other cases of acute mastitis 
(see I C 1 g). 

4. Actinornyces pyogenes mastitis 
a. Patient profile and history 

(1) A. pyogenes mastitis can occur in any cow but is distinguished from other 
types of mastitis because it usually occurs in dry cows or pregnant heifers. 
Mortality is high in cattle, and glandular function i s  lost. 

(2) This infection is  seen most commonly in Europe during summer months 
(hence the name summer mastitis) and in extensive dairy production areas 
(e.g., New Zealand, Australia). The disease is seen in North America if sea- 
sonal calving is practiced in dairy operations. 

(3) This sporadic form of mastitis occurs most often in pastured cattle under con- 
ditions of wet summers, high fly populations, and poorly observed animals. 

b. Clinical findings 
(1) This peracute mastitis causes severe, systemic reactions. The cow's fwer 

reaches 40°C-41°C. There i s  tachycardia, anorexia, depression, and weak- 
ness. Abortions may occur. 

(2) The udder is hard, swollen, and painful. An initial watery secretion becomes 
purulent and foul smelling. This secretion is subjectively diagnostic for the dis- 
ease. 

(3) In cows that survive the initial systemic reaction, the quarter becomes very 
hard, and abscesses develop, which rupture at the supramammary lymph 
nodes or at the base of the teat. Gangrene does not occur, but the quarter 
sloughs. 

c. Etiology and pathogenesis. A. pyogenes may act alone or with other organisms to 
produce a suppurative mastitis. The organism is thought to be spread by flies and 
introduced via the teat canal. 

d. Diagnostic plan and laboratory tests. Clinically, the disease is distinctive, and the 
causative organism can be recovered on milk culture. 

e. Therapeutic plan. Therapy has little effect in clinical cases. If considered, treat- 
ment should include: 
(1) The systemic use of broad-spectrum antibiotics 
(2) Stripping the affected quarter every 1-2 hours in the initial phase of the d is  

ease 
(3) Supportive care (e.g., fluid therapy, rolling, deep bedding) 

f. Prevention. In places where the disease is prevalent (e.g., New Zealand, Austra- 
lia), dry cow treatment may need to be performed 2-3 times during the dry pe- 
riod. There must be stria attention to fly control and closer observation of cows 
on pasture. 

5. Nocardia mastitis 
a. Patient profile. This is a relatively uncommon type of mastitis but has been iso- 

lated periodically in herds. This disease is usually sporadic and most common in 
early lactation. 

b. Clinical f i n d i w  
(1) With infection early in lactation, there' is severe systemic involvement often 
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resulting in death of the cow. If not fatal, the infection may resolve to chronic 
mastitis and udder fibrosis with draining, suppurative sinus tracts. 

(2) Infection later in lactation may produce acute inflammation with only moder. 
ate systemic involvement. There is still glandular fibrosis with~he presence 
discrete nodules discernable on palpation of the gland. The m~lk  appears grey- 
ish with clots, white granules, or both. 

(3) Subclinical infections may occur but do not differ significantly from other 
types of subclinical mastitis. 

c. Etiology and pathogenesis. Nocardia asteroides, the causative organism, is a corn- 
mon soil contaminant. If disease is a herd problem, there is llkely a common 
method of introduction (e.g., multi-injection mastitis preparations, cracked milk- 
ing machine liners). When the gland is invaded by the organism, extensive glan- 
dular destruction and fibrosis occur. Local invasion of other tissues may occur 
(lymph nodes). There is  eventual loss of production, and the cow is invariably 
culled if she survives. 

d. Diagnostic plan. Clinical findings are highly suggestive of the condition, and the 
causative organism is  confirmed by microbiology. 

e. Therapeutic plan. Therapy is unrewarding. Long-term treatment (1 -2 weeks) of 
erythromycin and miconazole would be necessary but is of limited value. The or- 
ganism is specifically resistant to neomycin-based intramammary products. 

f. Prevention. Milking and environmental hygiene is all that can be recommended 
for the herd. Culture-positive cows should be culled. 

-. 
a: ~&en t  profile and history 

(1) Cows at any age or stage of lactation may be affected, but those in early lacta- 
tion show the most severe systemic signs. The disease occurs worldwide and 
is most common in large, intensively managed herds with constant movement 
of cattle onto the premises. 

(2) Historically, incidence of disease was thought to be associated with the use 
of multi-dose vials of intramammary products. Now, disease is thought to 
occur in association with shedder cows or outbreaks of pneumonia, urogeni- 
tal disease. and ~olvarthritis in heifers and calves. .. ~ ~- - ~ . , 

b. Clinical findit& 
(1) In lactating cows, a sudden drop in milk produdion and a painless udder 

swelling occur (edema). Supramammary lymph nodes may enlarge. All four 
quarters may be affected. 
(a) Systemic findings. A mild fever and anorexia is seen with cows in early 

lactation; otherwise, there may be little systemic involvement. 
(b) The udder secretion appears normal in the early course of disease, but if 

left to stand, a fine, grainy or flaky precipitate settles to the bottom of the 
sample container. As the disease progresses, the milk assumes a cheesy 
consistency in chronic cases. 

(c) Duration. Cases may persist for weeks. Depending on the type of Myre 
plasma involved, the gland may atrophy for the current and subsequent 
lactations or return to normal function. 

(2) Dry cows show little udder swelling. 
(3) Other cows or young dairy animals in the herd may show arthritis or pneu- 

monia. 
c. Etiology and pathogenesis 

(1) Etiology. Many species of Mycoplasma may produce mastitis, but My* 
olasma bovis is the most common causative agent. 

(2) 'Pathogenesis 
. ,, 

(a) Source. M. bovis produces a purulent interstitial mastitis. It may be in? 
duced to a herd or survive in shedder cows that have recovered from dls;. 
ease. The source oishedding may be from the udder, vagina, or upper re 
spiratory tract. 

(b) Route of infection. M. bovis may reside on mucous membranes and gain 
entrance to the gland via the teat canal or systemically through aerosolt 
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spreading hematogenously. If the organism invades the udder via the teat, 
the infection may spread to other quarters and sites hematogenously. 

d. Diagnostic plan. The specific clinical findings related to the udder, other clinical 
findings in the herd (e.g., pneumonia, arthritis, vaginitis), and laboratory results 
collectively form the diagnosis. 

e. Laboratory tests. Mycoplasma species can be cultured from the milk of affected 
quarters, but this test is not routinely performed by many laboratories. In individ- 
ually affected animals, there is a marked leukopenia and a very high SCC (more 
than 20 milliontml). 

f. Therapeutic plan 
(1) Systemic antibiotics. Therapy is unrewarding, but attempts to cure the condi- 

tion may be made with systemic antibiotics (e.g., tetracycline, erythromycin, 
tylosin). Residue avoidance and labeled restrictions for use in dairy animals 
must be considered. 

(2) Response to therapy. It is difficult to advise on the eventual course of the dis- 
ease because outcomes are variable. While individual animals may recover 
health and function, many other cows fail to recover. Also, herd outbreaks 
occur, which necessitates culling many animals. 

g. Prevention includes closing the herd, establishing a routine udder health and mas- 
titis control program, and monitoring incidence of infection via bulk milk tank cul- 
ture. Some practitioners advocate the use of an autogenous vaccine in chronically 
affected herds. 

Other c a m  of mastitis 

1. Mycobacterium bovis. Mastitis resulting from M. bovis infection is a public health 
hazard because contaminated milk may be macroscopically normal but can act as a 
source of human tuberculosis. Fortunately, many jurisdictions are free of this disease 
because of active regulatory efforts (i.e., identification and slaughter) carried out in 
the past. M. bovis (the causative agent for tuberculosis in cattle) causes a hard, swol- 
len udder and, on occasion, enlarged, supramammary lymph nodes. This disease oc- 
curs with other systemic findings (e.g., pneumonia, chronic ill-thrift). 

2. Fungi and yeasts. Yeasts are more common than fungi, and Candida species are the 
most often implicated. Infection may persist for weeks and may resolve or produce 
udder damage, resulting in cullage of the affected individual. 
a. Clinical findings 

(1) There is little systemic reaction with this mastitis, although there may be 
some fever and anorexia. 

(2) The udder inflammation is acute, with marked swelling of the affected quar- 
ters and enlargement of the supramammary lymph nodes. 

(3) Milk, There is a significant drop in milk production, and the milk appean vis- 
cous, white-grey, and mucoid in consistency. 

b. Etiology and pathogenesis. Cryptococcus neoformans and Aspergillus titmigatus 
are other reported yeasts causing mastitis. The use of contaminated infusion mate- 
rial or overzealous use of intramammary antibiotic therapy may result in herd &it- 
breaks. Also, there is a growing body of subjective evidence that implicates yeast 
contamination of the udder from growth in bedding during periods of moisture 
and warmth. 

c. Therapeutic plan. The best advice is to discontinue all antibiotic therapy and strip 
out the quarter four times daily. 
(1) Yeast mastitis is not responsive to therapy, but the infection is self-limiting in 

some cows in 30-60 days, particularly those animals infected with Candida 
species. 

(2) The use of intramammary antibiotics is contraindicated in this condition. 

3. Algae 
a. Clinical findings and etiology. Protothea ttispom and Profofftea zoptii have 

been identified as causing chronic, clinical mastitis in cattle. The organisms are 
isolates from the environment and produce glandular swelling, decreased milk 
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production, and large clots in watery milk. There is a progressive abscessation of 
the gland, and the cow must be culled. 

b. Therapeutic plan. There is no successful treatment. 

4. Pseudomonas aeruginosa 
a. Clinical findings and pathogenesis. This organism may produce either an acute 

mastitis with a systemic reaction or a chronic mastitis. Glandular function may be 
lost. Usual sources of infection include contaminated infusions or environmental 
sources (e.g., contaminated udder wash water). 

b. Therapeutic plan. Third-generation cephalosporins are recommended for treat- 
ment, but success may be limited. 

5. Bacilli 
a. Clinical findings and etiology. Bacillus cereus and Bacillus subfilis may cause an 

acute hemorrhagic mastitis. Teat and udder trauma are precipitating events for the 
introduction of the organism spores. Proliferation of the organisms produces a per- 
acute, toxic mastitis. Gangrene follows, with eventual loss of the quarter if the 
cow lives. 

b. Therapeutic plan. Treatment must be intensive and heroic, consisting of intrave- 
nous fluids, broad-spectrum antibiotics, anti-inflammatory agents, udder massage, 
and frequent quarter stripping. Results are often disappointing. 

6. Clostridium perfringens 
a. Clinical findings and etiology. C. perfn'ngens type A may produce a peracute, 

highly fatal toxic mastitis, which is characterized by gangrene and a thin, brown 
glandular secretion accompanied by gas. 

b. Therapeutic plan. Early treatment with intravenous crystalline penicillin may be 
successful. 

Mastitis in mares is rare. What is more common is swelling and 
soreness of the udder due to failure of the foal to nurse. A lower incidence of mastitis in 
mares as compared with dairy cows may be explained by the smaller size of the udder 
and teats. In addition, there is less exposure to physical trauma, milking machines, and 
contaminated fomites, and the gland is emptied relatively often because of the frequent 
nursing of the foal. 

4 Clinical f ind ing The udder is enlarged, warm, firm, and painful on palpation. Both 
halves of the udder are often affected simultaneously. The milk is abnormal (thin, dixol- 
ored and with clots). Glandular edema may extend forward along the ventral abdomen. 

4 Etiology. When mastitis does occur (e.g., at foal weaning), culture may reveal a causa- 
trve organism. S. zooepidemicus is the most common isolate, but many other pathogens, 
including gram-negative organisms, have been isolated in cases of mare mastitis. 

4 Differential diagnoses should include mammary gland neoplasia. 

4 Therapeutic plan. Response to therapy is usually good. Therapeutic measures include 
systemic antibiotics (if the mare is ill), warm udder compresses, frequent stripping using 
oxytocin, and hydrotherapy. 

1. The choice of antibiotic therapy should be made on the basis of milk culture and 
sensitivity. In the absence of this information, broad-spectrum antibiotics should be 
used. 

2. Bovine intramammary antibiotic infusions may be used in cases of mild to subacute 
infections. 
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m-D CAPRINE MASTITIS. Subacute and chronic forms of mastitis are most 
common, but acute types of the disease have the most clinical importance. 

1 S. aureus rnastitir S. avreur is the most common cause of mastitis in sheep and goats. 

1. Patient profile and history. This disease is most common in animals on pasture and 
is identical with the bovine peracute form. 

2. Clinical findings include systemic signs: watery, bloody-brown secretion, udder 
edema, and gangrene. 

3. Pathogenesis. The organism usually gains access via teat injuries from suckling lambs 
or kids. The source of infection is contaminated pastures or bedding. 

4. Therapeutic plan. Treatment is unrewarding, and the mortality rate is high in affected 
animals. Methods of treatment are identical to those used for cows with peracute 
mastitis (i.e., fluids, broad-spectrum antibiotics, frequent stripping). 

5. Prevention consists of culling affected ewes and pasture rotation. Also, in areas 
where small ruminant dairying is of economic importance, vaccination with a staphy- 
lococcal bacterin and drying-off therapy with intramammary antibiotics may be of 
value. 

1 Mycoplasrna mastitis is known as contagious agalactia. This disease is seen in southern 
Europe and northern Africa. Causative agents include M. agalactiae and M. mycoides 
var mycoides in goats. Infection causes mastitis, arthritis, ophthalmitis, and abortion. The 
mortality rate is high (10%-30%), and the udder is permanently damaged. a Pasteurella hernolyfica Mtib 

1. Patient profile and history. Mastitis caused by P. hemolytica is common in ewes, al- 
though it is sporadic in occurrence. The disease is peracute, gangrenous, and likely 
results from teat injuries from suckling lambs. 

2. Clinical f i nd ing  Glandular swelling and toxemia are cardinal signs. Hind limb lame- 
ness may be an early and diagnostic sign. The udder i s  initially hot, swollen, and 
painful but rapidly becomes cold, blue, and gangrenous. Death occurs due to toxe- 
mia. If the animal survives, the udder will slough. Pneumonia may occur concur- 
rently in the lambs. 

3. Pathogenesis. Transmission is from infected soil or bedding but does not seem to be 
related to poor hygiene. There is evidence that some ewes may act as chronic car- 
riers for P. hemolytica. 

4. Therapeutic plan. Broad-spectrum antibiotics may be an effective treatment if admin- 
istered early. 

5. Prevention. Control procedures include culling recovered ewes, autogenous vaccina- 
tion, and pasture rotation. 

1. agalactiae mastitis in sheep and goats is similar to that in cows (see I B 1 a). 

Caprine arthritis encephalitis mastitis. Udder changes are part of the viral disease syn- 
drome known as caprine arthritis encephalitis (CAE) [see Chapter 13 111 Dl. CAE is asso- 
ciated with a hard udder developing soon after kidding. No milk can be expressed. Re- 
covery is incomplete with this chronic disease syndrome. 

1. Mastitis occurs in sows at farrowing and is most common in mature sows that are 
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raised in intensive husbandry situations (e.g., farrowing crates). The condition is s m  
radic, and although mortality in sows is low, piglet losses are high because of starva- 
tion and crushing. - 

2. Risk factors include increasing age, overnutrition, confinement housing, poor sanita- 
tion, and large litters. 

3 Clinical findings 

1. Appearance 
a. The sow may appear normal immediately post farrowing, but she soon loses inter- 

est in the piglets and will lie in sternal recumbency rather than adopting a nurs- 
ing posture. The sow may appear nervous and agitated. 

b. The piglets are restless and squealing, and they wander about the pen and drink 
surface water. If allowed by the sow to suckle, piglets will nuzzle the udder but 
are unsuccessful in nursing. 

2. Systemic findings. Sows are anorexic and feverish (39.5"C-41°C). The condition is 
commonly associated with constipation. Despite the historical name for this condi- 
tion (mastitis-metritis-agalactiae or MMA), metritis is not a feature. The mucoid, 
white vaginal discharge, which is present in  most sows post farrowing, is a normal 
occurrence. The glands are mottled red and yield very little milk on manual expres- 
sion. 

3. Local finding. Most of the mammary glands are swollen, painkll, and hot. a Etiology and pathogenesis 
1. Etiology. The majority of cases are caused by colifonn ownipms (e.g., E. coli, K. 

pneumoniae). 
2. Predisposing factors. The likelihood of disease may include thyroid dysfunction, fail- 

ure of prolactin release, or eclampsia. 

3. Pathogenesis. Endotoxin release from the dying organisms in the udder is postulated 
to produce the clinical signs similar to acute coliform mastitis in dairy cattle (see I C 
1). a Diagnostic plan. The condition is unique and diagmled on clinical findings. Laboratmy 

diagnostics are not commonly used in practice. 

3 Differential diagnosis. First-litter gilts may present with glandular change similar to 
those of mastitis, but the swelling is associated with agalactiae only, and the gilt is not 
systemically ill. 

TJ h p e u t i c  plan 

1. Sow. Treatment consists of systemic antibiotics, oxytocin, and corticosteroids. Antibi- 
otics should be chosen for their broad-spectrum activity, but in practice, even penicil- 
lin (20,000 IU/kg intramuscularly twice daily) has proved effective when combined 
with oxytocin (20-40 IU intramuscularly) and dexamethasone (20 mg intramuscu- 
larly) for 3 days. 

2. Piglets may need supplemental nutrition, such as milk or electrolytes plus glucose, if 
treatment is delayed, but response of the sow is often rapid enough to allow the pig- 
lets to be successful at nursing if treatment is instituted early. a m e n t i o n  should center on cleanliness of the f a m i n g  environment and of the SOW be- 

fore farrowing. 

1. Crates should be disinfected between farrowings and the sow washed with soap and 
water as she is moved into the farrowing crate. Allow the sow ample time (1 week) 
to become used to her environment before farrowing, and do not institute major feed- 
ing changes. 

2. Prophylactic antibiotics may be necessary and effective in herds with ongoing prob- 
lems. 

DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
followed by answers or by completions of the statement. Select the ONE numbered answer 
or completion that is BEST in each case. 

1. ,The majority of clinical mastitis cases in S airy cattle in North America are: 
n 

(1) acute or peracute in clinical expression. 
* (2) seen in the first 6 weeks of lactation. 

(3) seen in heifers. 
(4) caused by trauma. 
(5) associated with low somatic cell counts 

(SCCs). 

2. An accepted program of rnastitis control 
. (2 d prevention includes: 

&* 
( 1 )  dry cow therapy for all cows at the end of 

lactation. 
(2) parenteral antibiotics for all fresh cows. 
(3) conversion to "automatic take-oWJ milk- 

ing machines. 
(4) rinsing the udder immediately before teat- 

I 
cup placement. 

% * (5) vaccination of cows with a Escherichia 
coli subunit bacterin at freshening. 

ci: 

3 Which one of the following terms fits the 
definition of a mastitis that causes a severe in- 

. flammation of the udder with a marked sys- 
temic reaction? 

(1) Acute mastitis 
(2) Chronic mastitis : (3) Subacute mastitis 

, (4) Peracute mastitis 
(5) Subclinical mastitis 

, 4! Which one of the following statements re- 

& 3 
garding Streptococcus agalactiae is true? 

(1 1 It is an environmental pathogen that 
causes mastitis. 

, , (2) It most often causes acute clinical mas- 
titis. 

, (3) It does not invade glandular tissue. 
< .  (4) When established in a herd, it requires 
1 - dry cow therapy for elimination. 

(5) It has been eradicated from most dairy 
herds in North America. 

@which one of the following statements re- 
garding coliform mastitis is true? 

(1) It is a contagious mastitis spread from 
COW to cow. 

(2) It results from exotoxins elaborated by col- 
iform bacteria. 

(3) It produces signs of toxemia and gangrene 
of the mammary gland. 

(4) It produces a thick, purulent udder secre- 
tion. 

(5) It may resolve with little damage to the 
udder. 

In animals with peracute staphylococcal 
mastitis, the affected mammary gland: 

(1) is hard, painful, and discolored. 
(2) secretes caseous, purulent material. 
(3) rapidly infects the other three quarters. 
(4) returns to full function after recovery. 
(5) responds to stripping aided by oxytocin. 

8 Which one of the following statements re- 
garding peracute staphylococcal rnastitis is 
true? 

(1) It is best diagnosed by milk culture. 
(2) It is the most common presentation of in- 

tramammary infection with Staphylococ- 
cus aureus . 

(3) It is a disease of dry cows. 
(4) It is best treated with intravenous antibiot- 

ics and electrolytes. 
(5) It is usually spread from cow to cow 

through pulmonary secretions. 

Which one of the following statements re- 
garding summer mastitis is true? 

(1) It is a disease of housed dairy cattle. 
(2) It is most commonly transmitted by milk- 

ing machines. 
(3) It is a disease of dry cows caused by Acti- 

nomyces pyogenes. 
(4) It i s  a subclinical mastitis of goats. 
(5) It is seen most often in  young mares. 
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7. Yeasts and algae are opportunistic patho- ~. Which one of the following statements re- 
gens that may cause mastitis. How are these garding Pasteurella hemolytica mastitis is 
pathogens similar? true? 

(1) Both produce a severe systemic reaction. ( I )  It is the most common cause of mastitis in 
(2) Neither has any effect on milk production. sheep and goats. 
(3) Both produce ropey clots in watery milk. (2) It i s  transmitted from lambs to ewes 
(4) Neither causes any external glandular re- through suckling and teat injuries. 

action. (3) It is known as contagious agalactiae. 
. , (5) Neither is responsive to antibiotic therapy. (4) It produces a chronic, subacute mastitis. 
fa.:'!.. 1 (5) It is a federally reportable disease. 
, . )6. Which one of the following statements re- I 

1; .,,I gard~ng equine mastitis i s  true? of the following statements re- 
in sows is true? Porcine mas- it:i 1 

ping of the affected glands. 
(1) It should be treated with frequent strip titis 

' I  

1 (2) It is a common disease. (1) is of little clinical importance. 
(3) It is caused most commonly by Streptococ- (2) occurs most commonly at weaning. 

cus equi . (3) is treated with intramammary antibiotics. 
(4) It causes little observable udder change. (4) is similar in many respects to coliform 
(5) It most commonly causes a thick, purulent mastitis of cattle. 

glandular discharge. (5) occurs concurrently with metritis. 

I - 

~ R S  A N D  E X P L  

1. The answer is 2 [I A 2 a]. Most cases of 
clinical mastitis are seen in multiparous cows 
early in lactation. Subclinical rnastitis is of 
greatest prevalence, but of the clinical presen- 
tations, the order of occurrence (greatest to 
least) i s  subacute, acute, peracute. Mastitis is 
almost invariably caused by pathogenic bacte- 
ria and is associated with high cell counts in 
the milk of affected cows. 

2. The answer is 1 [I A 4, 51. Blanket dry 
cow therapy is recommended to treat patho- 
gens causing clinical and subclinical mastitis 
(e.g., Staphylococcus aureus). Also, dry cow 
therapy reduces the risk of introducing new in- 
fections during a susceptible period of the 
mammary gland. Treatment of fresh cows 
with antibiotics is not recommended for con- 
trol of mastitis. Automatic take-off milking ma- 
chines afford no better control of mastitis than 
use of any regularly maintained, properly func- 
tioning milking system. Cows' udders should 
be dry before placement of teat cups to limit 
bacterial spread from contaminated teat ends. 
There are some vaccines that have proven effi- 
cacious in the prevention and control of masti- 
tis, but an Escherichia coli subunit bacterin 
should be administered in three doses (two at 
and during the dry period) to allow adequate 
immunity to develop. 

3. The answer i s  4 [I A 11. Peracute mastitis 
is a rnastitis that causes a severe inflammation 
of the udder with a marked systemic reaction. 

4. The answer is  3 [I B 1 a (3) (b) ($1. Strepto- 
coccus agalactiae does not invade glandular 
tissue, but through the effects of the lactic 
acid that it produces, it does produce epithe- 
lial destruction, resulting in lobular fibrosis 
and glandular atrophy. It is an obligate, conta- 
gious pathogen of the bovine udder and is 
most often expressed clinically as a subacute 
mastitis. It is still a relatively common mastitis 
pathogen (second only to Staphylococcus au- 
reus) but can be eradicated through lacta- 
tional therapy and strict hygienic and control 
measures. 

5. The answer is 5 [I C 1 c]. This environmen- 
tal rnastitis results from contamination of the 
teat end by feces and contaminated bedding. 
The teat has often suffered damage that al- 

lows entry of the organism. The udder be- 
comes warm and swollen, but not gangren- 
ous, and secretes a thin, watery fluid. There is  
little quarter damage, and most of the sys- 
temic disease is caused by endotoxins (cell- 
wall lipopolysaccharides) released as bacteria 
die. 

/' 
6. The answer is 1 [I C 2 b (311. The gland is 
hard, painful, swollen, discolored, and gan- 
grenous. It secretes a thin, brown fluid often 
accompanied by gas. A single gland is  usually 
affected, and infection remains limited to that 
gland. Because of the necrotizing effects of 
the Staphylococcus toxins, the affected gland 
does not return to function even if the cow 
survives. Stripping is a recommended therapy, 
but the cow does not respond to oxytocin b e  
cause of the morphologic changes induced by 
the toxins on the glandular tissue of the 
udder. 

7. The answer is 4 [I C 2 g]. The peracute na- 
ture of the disease demands a diagnosis be 
made based on clinical signs so that treatment 
can be instituted promptly. It requires vigor- 
ous treatment with intravenous fluids (bal- 
anced electrolytes) and antibiotics. It is a spo- 
radic disease of lactating cows, with the most 
common manifestations of S. aureus mastitis 
appearing as subclinical and then subacute 
mastitis. The organism is  transmitted via fom- 
ites (e.g., milking machines), with the source 
often being mastitic glands of other cows in 
the herd. 

8. The answer is 3 [I C 4 c]. Actinornyces py- 
ogenes mastitis (summer mastitis) is a disew. 
of dry cows in herds raised extensively (i.e., 
on pastures with limited observation). The or- 
ganism is transmitted by flies, so fly control 
and hygiene are important methods of preven- 
tion. 

9. The answer i s  5 [I D 2, 31. Neither organ- 
ism is responsive to antibiotic therapy; in fact, 
antibiotics are contraindicated. There is little 
systemic reaction with either disease. Al- 
though algae usually produce large milk clots 
in watery milk, yeasts produce viscous, mu- 
coid secretion. Both organisms cause a signifi- 
cant glandular reaction, and both cause a sig- 
nificant'drop in milk production. 
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10. The answer is 1 [II Dl. Mastitis is a rela- 
tively infrequent occurrence in mares. When 
it does occur, it produces glandular swelling 
and a thin, discolored discharge. Frequent 
stripping and systemic or intramammary ther- 
apy is recommended. Streptococcus equi 
causes "strangles," whereas S. zooepidemicus 
is a common isolate in cases of mare mastitis. 

1 1. The answer is 2 1111 C] . Pasteurella hemo- 
lytica i s  most often associated with pneumo- 
nia but may act as a cause of mastitis when 
transmitted from lambs to ewes through teat 
injuries from suckling. It is less common as a 
cause of mastitis than Staphylococcus aureus 
but produces an acute gangrenous mastitis. 

Mycoplasma organisms produce the mastitis 
known as contagious agalactiae. 

12. The answer is 4 IIV C 21. The causative 
agents are most commonly coliforms, which 
produce signs of endotoxemia similar to that 
in dairy cattle. Mastitis is a clinically impor- 
tant disease in terms of the health of the sow 
and her piglets, who do not receive adequate 
nutiltion during the mastitis episode. This dis- 
ease most frequently occurs during early Iaaa- 
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2. Long-term outcomes. One of the major problems in conducting long-term follow-up 
is finding an appropriate population for statistical comparison. Most often, compari- 
sons are made with half or full siblings, or to the patient population at a referral hos- 

. * 
pital; however, neither of these populations are representative of the general popula- 
tion. 

tion and requtres systemic therapy with antibi- 
otics, corticosteroids, and oxytocin. Although Goals. Until recently, the focus of equine neonatology was on saving the critically ill 
metrttis was once thought to be part of the foal. The emphasis has now shifted to evaluation of fetoplacental well-being during late 
mastitis complkx, it is no longer considered to gestation, with the goal being early identification and appropriate intervention in  the 

a. Most of the common foal diseases seem to have little impact on the foal's ability 
to perform as an adult. Examples of diseases that appear to have little impact on 
future foal performance are HIE, severe bacterial lung disease, infectious and non- 
infectious diarrheas, uncomplicated umbilical diseases (e.g., omphalitis, patent 
urachus) and uroperitoneum. 

b. There are three disease categories that negatively impact the long-term perfor- 
mance of surviving foals: 
(1) Noninfectious orthopedic diseases 

be involved. case of an abnormal pregnancy or periparturient event. Owners, farm managers, and 
veterinarians should be cognizant of the findings that may indicate that the neonatal foal 
is at risk for future problems (Table 18-1) because early recognition and aggressive treat- 
ment of such foals generally improves their prognosis for survival and future athletic per- 
formance while at the same ttme decreasing overall treatment costs. If possible, high-risk 
mares should receive late-term fetal monitoring and be assured of an attended dellvery 
with adequate resuscitation and stabilization of the foal after birth. 

* 

3 Recognition of high-risk pregnancies. Maternal conditions associated with a high-risk 
pregnancy are presented in Table 18-2. Mares experiencing problem pregnancies can 

9 usually be assigned to one of three categories: 
1 F 

1. Mares with histories of abnormal pregnancies, deliveries, or newborn foals 
t I 

2. Mares at risk with the current pregnancy as the result of a systemic illness or a repro- 
I 

w 
ductive abnormality 

3. Mares with no apparent risk factors that experience an abnormal periparturient event 
* 

outcomes for foals admitted to neonatal intensive ore units . .* 
1. Short-term outcomes have improved dramatically in the last two decades. Before 

1980, fewer than 25% of foals presented to referral institutions for treatment were dis- 
charged alive. Foal units today quote overall success rates of greater than 70% for 
sick neonatal foals. 
a. Diseases associated with particularly favorable short-term survival rates include 

hypoxemic-ischemic encephalopathy [HIE, neonatal maladjustment syndrome 
(NMS)], uroperitoneum, infectious and noninfectious diarrhea, and noninfectious 
musculoskeletal diseases (e.g., angular limb deformities, flexural deformities). 

b. Diseases associated with poor short-term survival rates include established sepsis, 
sepsis accompanied by bacterial meningitis, septic arthritis, and septic osteomye- 
litis. 
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a Goals. Until recently, the focus of equine neonatology was on saving the criticaily ill 
foal. The emphasis has now shifted to evaluation of fetoplacental well-being during late 
gestation, with the goal being early identification and appropriate intervention in  the 
case of an abnormal pregnancy or periparturient event. Owners, farm managers, and 
veterinarians should be cognizant of the findings that may indicate that the neonatal foal 
IS at r~sk for future (Table 18-1) becaise early recognition and aggressive treat- 
ment of such foals generally improves their prognosis for survival and future athletic per- 
formance while at the same time decreasing overall treatment costs. If possib!e, high-risk 
mares should receive late-term fetal monitoring and be assured of an attended delivery 
with adequate resuscitation and stabilization of the foal after birth. : " 3 Recognition of high-risk p w a n c i n .  Maternal conditions associated with a high-risk 
pregnancy are presented in Table 18-2. Mares experiencing problem pregnancies can 

I usually be assigned to one of three categories: 
1 -  

1. Mares with histories of abnormal pregnancies, deliveries, or newborn foals 
f '  

2. Mares at risk with the current pregnancy as the result of a systemic illness or a repro- 
f 
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3. Mares with no apparent risk factors that experience an abnormal periparturient event ' 
Oukome fa f o l k  admitted to neonatal intensive a re  units 

i x 

1. Short-term outcomes have improved dramatically in the last two decades. Before 
1980, fewer than 25% of foals presented to referral institutions for treatment were dis- 
charged alive. Foal units today quote overall success rates of greater than 70% for 
sick neonatal foals. 
a. Diseases associated with particularly favorable short-term survival rates include 

hypoxemic-ischemic encephalopathy [HIE, neonatal maladjustment syndrome 
(NMS)], uroperitoneum, infectious and noninfectious diarrhea, and noninfectious 
musculoskeletal diseases (e.g., angular limb deformities, flexural deformities). 

b. Diseases associated with poor short-term survival rates include established sepsis, 
sepsis accompanied by bacterial meningitis, septic arthritis, and septic osteornye- 
litis. 

2. Long-term outcome. One of the major problems in conducting long-term follow-up 
is finding an appropriate population for statistical comparison. Most often, compari- 
sons are made with half or full siblings, or to the patient population at a referral hos- 
pital; however, neither of these populations are representative of the general popula- 

i I tion. 
a. Most of the common foal diseases seem to have little impact on the foal's ability 

to perform as an adult. Examples of diseases that appear to have little impact on 
future foal performance are HIE, severe bacterial lung disease, infectious and non- 
~nfectious diarrheas, uncomplicated umbilical diseases (e.g., omphalitis, patent 
urachus) and uroperitoneum. 

b. There are three disease categories that negatively impact the long-term perfor- 
mance of surviving foals: 
(1) Noninfectious orthopedic diseases 
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TABLE 18-1. Abnormalities Warranting Closer Evaluation of the Neonate 

Abnormalities of Labor and Delivery Abnormalities in the Neonate 

Premature parturition or abnormally long Meconium-stained neonate 
gestation Twins 
Prolonged labor Orphaned foal 
Dystocia Dysmaturity or prematurity 
Induced labor Delay or failure of colostrum ingestion 
Cesarean section Trauma (birth, dam, predators) 
Premature placental separation Adverse environmental conditions 
Umbilical cord abnormality Congenital anomalies 
Placental abnormality (placentitis, Weakness 
edema, villous atrophy) 

Failure to stand and nurse within 2-3 hours - 

(2) Prematurity characterized by small stature and noninfectious orthopedic disor- 
ders (e.g., angular limb deformities, tarsal bone collapse) 

(3) Septic arthritis and osteomyelitis 

A( Introduction 

1. Terminology. The literature abounds with terms for the neonatal foal with physical 
. characteristics of immaturity: premature, immature, dysmature, intrauterine 

growth-retarded (IUGR), small for gestational age (SGA), ready or unready for birth, 
and viable or nonviable. 

2. Criteria 
a. Gestational age. Although most authors define a foal born before 320 days' gesta- 

tion as premature (the mean gestation length of a Thoroughbred is 340 days), ges- 
tational age is only one of many criteria used to assess readiness for birth. Be- 
cause gestation of mares is extremely variable, a 335day fetus may be 

TABLE 18-2. Maternal Conditions Associated With a High-Risk Pregnancy 
1 

Past History Systemic Diseases Reproductive Problems 

Foals with NI, NMS, or Severe malnutrition Severe endometrial fibrosis 
congenital problems Fever, endotoxemia, severe Hydrops allantois or 
Premature, septic, or systemic infection hydrops amnii 
hypoxic foals Severe anemia or Purulent vaginal discharge 
Dystocia. or premature hypoproteinemia Prepubic tendon rupture or 
placental separation Gastrointestinal crises abdominal hernia 
Foal rejection Laminitis Poor colostral quality or 
Exposure to infectious Musculoskeletal or CNS premature lactation 
diseases cause problems causing prolonged Pelvic injuries 
abortion (e.g., EHV-1, EVA) recumbency 

- 
. CNS = central n e w s  syem; EHV-1 - equine herpesvirus-1; EVA = equine viral aneritis; N I  = neonatal isoerythrol~is; e .,. 

NMS = neonatal maladiusrmenf syndrome. s :  
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TABLE 18-3. Clinical Findings Suggestive of Immaturity 
1 

Gestation length less than 320 days 
Weak suckle reflex, failure to nurse within 3 hours of birth 
Failure to stand within 2 hours of birth 
Low birth weight (less than 45 kg in Thoroughbreds or less than 10% of the dam's weight in 
other breeds) 
Short, silky haircoat 
Pliant ears and soft lips 
Bulging, prominent forehead and eyes (especially in equine twins and other growth-retarded 
newborn foals) 
Generalized weakness ("floppiness") . . 

Increased passive range of motion of limbs 
Marked flexor tendon laxity in the rear limbs 
Hypothermia and difficulty thermoregulating 
Intolerance to enteral feeding (abdominal pain) 
Progressive tachypnea after birth with evidence of respiratory distress 
Poor ossification of cuboidal bones in the carpi and tarsi 

L 

completely unprepared for birth if its normal gestational length was intended to 
be 365 days. 

b. Endocrine maturation 
(1) Normal physiology. The fetal pituitary-adrenal axis controls the final matura- 

tion of various organ systems, including the pulmonary system. 
(a) Cortisol. The fetal adrenal gland is poorly responsive to adrenocortico- 

tropic hormone (ACTH) throughout most of pregnancy, but in the last 
3-5 days of gestation, its sensitivity changes, resulting in a significant in- 
crease in fetal cortisol 24-48 hours before birth. This cortisol surge 
causes maturation of the hematopoietic system, resulting in a total white 
blood cell (WBC) count of more than 5000 cells/pL in the healthy term 
foal immediately after birth. 

(b) Thyroid hormone. The triiodothyronine (T3) concentration in the healtlly 
term foal is 10-20 times that of an adult horse. Thyroid hormone in the 
neonatal foal is required for thermogenesis, skeletal maturation, and may 
a d  synergistically with cortisol to cause normal lung maturation. 

(2) "Unready for birth" foals. Foals removed suddenly from the uterus before 
final endocrine maturation has taken place (e.g., by a poorly timed cesarean 
section) have low serum concentrations of cortisol and thyroid hormone and, 
when challenged with exogenous ACTH, do not respond with appropriate in- 
creases of cortisol. They have incomplete body system maturation and gener- 
ally adjust poorly to extrauterine life. 

(3) "Immature but ready for birth" foals. Maturation is often hastened in foals 
exposed to chronic in utero stress (e.g., chronic placentitis) during gestation. 
Despite having characteristics of physical immaturity, foals stressed in utero 
have adequate pulmonary and hematologic function and cope well with extra- 
uterine life. 

4 Clinical f inding are summarized in Table 18-3. 

Complications 

1. Respiratory diiculties are attributed to a number of factors, including dependent 
lung atelectasis caused by lung and chest wall immaturity, in utero-acquired pneu- 
monia, and lack of mature surfactant. 
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2. Abnormal glucose homeostasis. Prematurefoals have a significantly lower blood glu- 
cose concentration than full-term foals and are less able to maintain stable glucose 
concentrations in the first 2 hours postpartum. Low hepatic glycogen stores, imma- 
ture glycogenolytic mechanisms, and a blunted insulin response all contribute to ab- 
normal glucose homeostasis in the premature newborn. 

3. Angular limb deformities. Because ossification of the cartilaginous cuboidal bone 
precursors to the carpal and tarsal bones occurs in the last 2-3 weeks of gestation, 
the premature or dysmature foal that ambulates may experience collapse of these 
bones, which may in turn result in angular limb deformities. 

4. Corneal ulceration. Entropion, leading to corneal irritation and ulceration, is a corn- 
mon complication experienced by the premature or immature foal. 

5. Patent urachus. In the fetus, the urachus drains urine from the bladder into the allan- 
toic sac. In late gestation, some urine is diverted to the amniotic sac via the urethra, 
and at the time of delivery (immediately after umbilical cord rupture), the abdominal 
musculature around the umbilicus contracts, resulting in cessation of urine flow from 
the urachus. Failure for this closure to occur in the immediate postpartum period 
leads to the development of a congenital patent urachus. a Therapeutic plan. Frequent and comprehensive clinical and laboratory evaluation of all 

body systems is required to detect and address deterioration in neurologic status, cardie 
respiratory function, and renal function of the immature neonatal foal. General suppor- 
tive care is necessary. 
1. Prevention of decubital ulcers and scalding 

a. An air mattress or cushions help prevent decubital ulcers. A foal that is unable to 
maintain sternal recumbency or stand should have an attendant present to keep it 
in sternal recumbency, turn it from side-to-side every 2 hours, and assist it in 
standing as needed. 

b. Scalding by feces and urine can be minimized by covering the bedding with a b  
sorbent pads. 

2. Prevention of nosocomial infection. Foals should be separated from the adult horse 
population and high-traffic areas, and strict hygiene and cleanliness should be main- 
tained in the foal ward to decrease the risk of nosocomial infections. 

3. Prevention of hypothermia. The ambient temperature can be increased using radiant 
heat lamps, hot water pads, blankets, and warmed intravenous fluids. 

4. Nutritional support. Premature or dysmature foals are often unable to suckle from 
the mare and have to be fed via a bottle, bucket, or nasogastric tube. 
a. Frequency and amount. It is important to remember that the healthy foal nurses 

as frequently as 7 times/hour and consumes 16%-28% of its body weighwday 
(1 55 mllkglday) in milk. Initially, the premature foal should receivelo% of its 
body weight in milk, divided into at least 12 feedings over 24 hours; if the foal 
tolerates this amount, the volume fed can be increased gradually until the foal re- 
ceives 20%-25% of its body weight in milk. Unfortunately, many immature foals 
do not tolerate large volumes orally (i.e., they develop colic or diarrhea) and par- 
tial or total parenteral nutrition may have to be implemented. 

b. Methods 
(1) Bottle feeding. A lamb nipple can be used to bottle feed a foal. A foal with a 

weak suckle reflex should never be bottle fed because aspiration pneumonia 
and malnutrition may ensue. Mare's milk is the optimal milk source. There 
are a number of commercially available mare milk replacers and many foals 
appear to thrive on goat milk. Hypoglycemic foals (i.e., those with a glucose 
concentration. of less than 40 mgldl) should receive intravenous dextrose 
(5%-10%) in addition to oral alimentation. 

(2) Nasogastric intubation. A small-diameter nasogastric tube is placed in the dis- 
tal esophagus. The foal can nurse from the mare while the tube is in place. 

(3) Bucket feeding. Foals are easily taught to drink milk from a shallow pan or 
bucket. The foal should be encouraged to suckle a clean finger which is then 
gradually lowered into the bucket containing the milk. 
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(4) Parenteral nutrition. Essentially, parenteral nutrition involves Constant intrave- 
nous infusion of a hypertonic solution containing various concentrations of 
dextrose, amino acids, lipids, electrolytes, and vitamins. 
(a) Parenteral solutions should be mixed under a hood wearing sterile gloves 

and a mask to prevent contamination. They are generally administered 
via a nonthrombogenic jugular catheter and a dedicated line. Fluid ad- 
ministration rates are carefully controlled and fluid lines and hanging 
bags are changed daily. 

(b) Patients receiving parenteral nutrition should continue to receive small- 
volume enteral feeding if at all possible. 

(c) The patient should be monitored frequently to detect complications. Po- 
tential complications include hyperglycemia, h~perlipidemia, metabolic 
acidosis, hypokalemia, and infection at the catheter site. 

5. Immunologic support. Failure of passive transfer (FPn of colostral immunoglobulins 
(see IV) is a common occurrence in the premature or dysmature foal. Good-quality 
colostrum should be fed within 6 hours of birth, and passive transfer status Should be 
assessed when the foal is 18-24 hours old. Plasma should be transfused if the immu- 
noglobulin G (IgG) concentration is less than 800 mgldl. 

6. Antimicrobial treatment. Many premature births are associated with infections ac- 
quired in utero. Broad-spectrum bactericidal antimicrobials should be used plophy- 
lactically in all premature foals (see V E 2). 

7. Cardiovascular support 
a. Dehydration and hemoconcentration. Foals should be treated intravenously with 

an isotonic balanced electrolyte solution (e.g., lactated Ringer's solution, 40-60 
ml/kg/day). 

b. Acidemia is defined as a blood pH of less than 7.3. Foals with acidemia should 
be adequately ventilated and receive 1.3% (isotonic) sodium bicarbonate intrave- 
nously. 

8. Respiratory support. Most immature foals have some pulmonary dysfunction. 
a. Ateledasis (as a result of lung and chest wall immaturity) can often be managed 

by simply maintaining the foal in sternal recumbency, turning it frequently, and 
encouraging lung expansion through stimulating deep breathing or coughing. 

b. Hypoxia is defined as an arterial oxygen tension (Pao2) of less than 70 mm Hg 
with a normal arterial carbon dioxide tension (Pam2). Hypoxic foals often benefit 
from humidified oxygen administered via face mask or nasal insufflation at a rate 
of 5-10 Umin. 

c Hypercapnia is defined as a Paoz of less than 65 mm Hg and a Paco2 of greater 
than 65 mm Hg. Hypercapnic foals benefit from assisted or controlled ventilation 
via orotracheal or nasotracheal intubation. 

d. Lack of surfactant. Surfadant replacement has been utilized in an attempt to in- 
crease survivability of the premature foal with immature lung surfactant. There 
are anecdotal reports that this treatment modality is beneficial, but large-scale 
controlled studies have not been undertaken. 

9. Musculoskeletal support 
a. Foals with radiographic evidence of incomplete carpal and tam1 bone ossifica- 

tion should be housed in a small stall to restrict exercise. 
b. Excessive flexor tendon laxity can be managed with ~hysical therapy and the a p  

plication of heel extensions to the bottom of the foot Support wraps should be 
light and used sparingly because they may exacerbate tendon laity. 

10. Treatment of other complications 
a. Corneal ulcer. Affected foals should be treated with topical antibiotics, mydriat- 

ics, and vertical mattress sutures to evert the eyelid. 
b. Patent urachus. Treatment includes chemical cautery or surgical excision (see VI 

B 4). 
c. Adrenal insufficiency. Treatment is controversial and resewed for those foals with 

laboratory evidence of adrenocortical insufficiency. 
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(1) Physiologic doses of glucocorticoids (e.g., 50 mg of hydrocortisone succi- 
nate) have been used. 

(2) Administration of long-acting synthetic ACTH at a total intramuscular dose 
of 0.4 mg, followed by a 0.2-mg dose 6 and 12 hours later, has been advo- 
cated as well. 

3 Prognosis. The periparturient history, laboratory testing, and observation of clinical pro- 
gression over the first 2 days can be used to develop a prognosis for the premature or im- 
mature foal. 

1. Periparturient history 
a. Foals delivered early and abruptly by induction of parturition, cesarean section, 

or because of severe systemic maternal illness in the mare generally have a poor 
prognosis. They do not experience the endocrinologic events required for normal 
maturation, are "unready for birth," and the prognosis for survival is poor (sur- 
vival rate of 20%-25%). 

b. Foals delivered naturally, but prematurely, by a healthy mare usually have a fair 
prognosis. With appropriate supportive care, survival rates as high as 7096 are 
possible. Close inspection of the placenta from these deliveries may reveal villous 
atrophy or placentitis. Placental pathology i s  thought to interfere with uteroplacen- 
tal blood flow, imposing chronic in utero stress, maturation of the fetal pitui- 
tary-adrenal axis, and "readiness for birth." 

2. Laboratory testing can be used to assess readiness for birth. 
a. Assessment of electrolyte concentrations in  prepartum mammary secretions. The 

electrolyte concentrations in prepartum mammary secretions change dramatically 
shortly before the mare foals down. A calcium concentration greater than 40 
mg/dl is a reasonable indicator of readiness for birth and can be used to deter- 
mine if the time is appropriate for elective induction or a cesarean section. 
(1) At term, calcium and potassium concentrations in mammary secretions in- 

crease to greater than or equal to 40 mg/dl and 35 mEqlL, respectively, 
whereas the sodium concentration decreases to less than or equal to 30 

'1 ~ E ~ I L .  

I 
(2) Before 310 days' gestation, elevated milk calcium levels indicate placental pa- 

thology, not fetal maturity. Changes in milk sodium and potassium concentra- 

I tions do not occur in mares with placentitis; therefore, fetal maturation is 
most accurately assessed by measuring concentrations of all three electro- 
lyt= 

b. Routine laboratory testing 
(1 ) Complete blood count (CBC) 

1 ,  (a) Foals with a total WBC count of greater than 5000 cellslp.4 on day 1 of 
life (or a low WBC count on day 1 that increases to greater than 5000 
cellsIpL on day 2 or 3) generally have a favorable prognosis. 

(b) Foals with a neutrophil-lymphocyte ratio that is greater than 2 on day 1, 
I or low on day 1, but increases to greater than 2 on day 2 or 3, have a 

fair prognosis. 
(c) Persistent leukopenia and neutropenia usually indicate that the foal is en- 

docrinologically immature and will be a nonsuwivor in the postnatal pe- 
riod. 

~ - -. 

(2) Fibrinogen concentration. A plasma fibrinogen concentration that exceeds 
400 mgidl at birth is generally associated with a favorable prognosis. It sug- 
gests that an in utero infection caused the premature delivery. As mentioned 
previously, foals stressed in utero generally adjust better in the early neonatal 
period. 

(3) Blood gas analysis. Nonviable premature foals usually have a metabolic aci- 
dosis with a blood pH persistently less than 7.3. 

c. Endocrinologic testing 
(1kSerurn cortisol. A plasma cortisol concentration of 120-1 40 mg/ml within 2 

hours of birth indicates readiness for birth, whereas a value of less than 30 
mglml suggests poor adrenal function and an unfavorable prognosis. 
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(2) ACTH response test. Foals that are endocrinologically mature respond with a 
i two-fold increase in plasma cortisol and a widening of the neutrophil-lym- .. phocyte ratio in response to the administration of short-acting exogenous 
t. ACTH (0.1 25 mg, intramuscularly). 

3. Careful assessment of clinical progression over the first 2 days of the immature foal's 
life can also be used to formulate a prognosis: 
a. In "unready for birth" foals, the first 12-1 8 hours after resuscitation are decep 

tively uneventful. However, progressive deterioration in neurologic function and 
an inability to maintain homeostasis soon develop. Death is certain without ag- 
gressive intensive care and the prognosis i s  poor. Some of the abnormalities exhib 
ited by these foals are: 
(1) Systemic weakness, depression, and seizures 
(2) Intolerance to enteral feeding, resulting in abdominal distention, cohc, and 

enteronastric reflux 
(3) ~ecl ining pulse quality, subcutaneous edema, and oliguria 
(4) Respiratory distress leading to respiratory acidncic --.- 

b. A "reacly for birth" foal that is-born irematurely following exposure to chronic in 
utero stress usually progresses as follows: 
(1) The foal is weak initially and requires assistance to stand. 
(2) The foal's suckle reflex and appetite are reduced and it must receive milk and 

colostrum via a nasogastric tube. 
(3) The foal has difficulty regulating its blood glucose level and body tempera- 

ture. 
(4) After 24 hours of supportive care, the foal gains strength, its mentation im- 

proves, and its appetite for milk often exceeds that of the normal foal. 

4. Other factors influencing outcome include the actual birth weight of the foal (gener- 
ally, the lower the birth weight, the poorer the prognosis), the presence of other com- 
plicating factors in the perinatal period (e.g., in utero-acquired infection or peripar- 
tum asphyxia), and the resources available for treatment 

Introduction 

1. Asphyxia is defined as decreased tissue oxygenation and can be caused by hypox- 
emia (decreased blood oxygen content) or ischemia (decreased blood flow). 

2. Acute perinatal asphyxia is a multisystemic disease, affecting the nervous, cardiovas- 
cular, gastrointestinal, and renal systems of the neonate. Because central nervous sys- 
tem (CNS) signs are noticed first and are the most overt, perinatal asphyxia initially 
was not recognized for the multisystemic disease that it really is. A variety of terms 
were used to describe the disease in affected foals based on the most salient neuro- 
logic deficits (e.g., barkers, wanderers, dummies, convulsives). In 1968, the term 
"neonatal maladjustment syndrome" (NMS) was coined to describe foals exhibiting 
gross behavioral disturbances and failure to adapt in the perinatal period. Is- 
chemic-hypoxemic brain damage was suspected to be the cause of NMS. 

d. Clinical findings. Perinatal asphyxia produces an array of clinical abnormalities. The clin- 
ical picture is influenced by the maturity of the foal at birth and the severity and dura- 
tion of the asphyxia1 episode. Neurologic signs predominate; however, careful assess- 
ment usually reveals involvement of other organ systems. . 

1. Neurologic signs 
a. Affected foals often appear outwardly normal for the first 12-24 hours. Loss of 

dam recognition, loss of suckle reflex, aimless wandering, and head pressing are 
the first signs observed in asphyxiated neonatal foals. 
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b. Severely atiected foals may exhibit bruxism; abnormal vocalization; hyperexcit- 
ability; extensor spasms of the limbs, neck, and tail; and convulsions alternating 
with a semicomatose unresponsive state. Dysphagia, central blindness, anisoco- 
ria, nystagmus, head tilt, proprioceptive deficits, and spasticity have also been re- 
ported. 

2. Respiratory signs. Foals with respiratory dysfunction exhibit varying degrees of tach- 
ypnea and dyspnea. Erratic, abnormal breathing patterns are also observed with 
some frequency. 

3. Cardiovascular signs. Dysfunction may manifest as tachycardia, signs of hypotension, 
or murmurs associated with valvular insufficiency. 

4. Renal signs include oliguria and peripheral edema if fluid therapy i s  not adjusted for 
decreased urine output. 

5. Gastrointestinal signs are ileus, poor feeding, colic, lethargy, abdominal distention, 
delayed gastric emptying, gastric reflux, and diarrhea. Reflux fluid and feces often 
test positive for occult blood. Colic, hemorrhagic diarrhea, and sudden death have ! 

been reported in severe cases. 

Etiology and pathophysiology 

1. Etiology. A variety of fetal and maternal conditions are associated with perinatal as- 
phyxia. 
a. Fetal factors include twinning, meconium aspiration, sepsis, prematurity or dys- 

maturity, and severe anemia. 
b. Maternal factors include conditions that cause hypotension or impaired tissue 

oxygenation (e.g., endotoxemia, anemia, hemorrhagic shock), maternal surgery 
or cesarean section, and placental abnormalities (e.g., those caused by ingestion 
of endophyte-infested fescue during pregnancy, placental infection, or premature 
placental separation). 

2. Pathophysiology 
a. Shunting. Initially, the fetus responds to asphyxia by shunting blood away from 

nonvital organs (e.g., the gut, kidneys, bone, muscle, and skin) to vital organs 
(e.g., the brain, heart, and adrenal gland). 
(1) Mild asphyxia causes a mild decrease in heart rate and a slight increase in 

blood pressure, but little change in cardiac output. 
(2) With severe asphyxia, the heart rate, cardiac output, and blood pressure de- 

crease as oxidative phosphorylation fails and energy reserves in cardiac mus- 
cle are depleted. 

b. Metabolic derangements. Without sufficient energy, cellular ion pumps in various 
body tissues eventually fail, resulting in intracellular accumulation of sodium, 
chloride, water, and calcium and extracellular accumulation of excitatory neuro- 
transmitters in the brain (e.g., glutamate). 
(1) Glutamate accumulation in the brain after an ischemic event apparently 

causes excessive stimulation of cell surface receptors, eventually resulting in 
neuronal death. 

(2) lntracellular free calcium accumulation causes cell death in several ways, in- 
cluding activation of enzyme systems that attack the structural integrity of the 
cell and impairment of mitochondria1 function. 

(3) Oxygen free radicals are generated during the reperfusion phase that fo l l o~s  
a hypoxemic-ischemic insult Oxygen free radicals cause membrane fragmen- 
tation by attacking the lipids in cell membranes and are in part responsible 
for the increased capillary permeability, edema formation, and tissue damage, 
that occur following restoration of blood flow to previously ischemic tissues. 

c. Sequelae 
(1) Neurologic effects. In the brain, asphyxia can lead to HIE accompanied by 

edema, necrosis, and hemorrhage. 
(2) Cardiac effects. The etiects of perinatal asphyxia on myocardial function can 

be profound. Decreased myocardial contractility and congestive heart failure 

(CHF) are common sequelae and may be associated with infarcts in myocar- 
dial and papillary muscles. The systemic hypotension caused by these lesions 
further contributes to tissue hypoxia, development of metabolic acidosis, and 
decreased renal perfusion in the asphyxiated neonate. 

(3) Pulmonary effects. The neonatal pulmonary system responds to hypoxemia 
and acidosis by reflex vasoconstriction, which, in turn, causes an increase in 
pulmonary vascular resistance, pulmonary hypertension, and increased right 
atrial pressure. 
(a) If pulmonary arterial pressure exceeds systemic pressure, right-to-left flow 

through the ductus arteriosis and foramen ovale may result in reestablish- 
ment of persistent fetal circulation characterized by severe hypoxemia un- 
responsive to oxygen therapy. 

(b) Decreased pulmonary blood flow may cause decreased deliveiy of lipid 
precursors to the lung, resulting in decreased surfactant production. 

(c) Meconium aspiration, a common sequela of birth asphyxia, usually initi- 
ates a chemical pneumonitis that can further compromise pulmonary 
function. 

(d) Perinatal asphyxia may decrease the responsiveness of respiratory centers 
in the brain, causing periods of apnea or abnormal breathing. 

(4) Renal effects. Redistribution of blood flow away from the kidneys causes de- 
creased renal perfusion and, frequently, acute renal tubular necrosis and oli- 
guria. 

(5) Gastrointestinal effects. Reduced intestinal blood flow during an asphyxia1 
episode causes variable degrees of bowel ischemia. 
(a) Mild signs of gastrointestinal dysfunction are commonly exhibited by as- 

phyxiated foals, including meconium impactions and intolerance to en- 
teral feeding manifested as abdominal distention, colic, diarrhea, or de- 
layed gastric emptying. 

(b) Severe ischemia causes total loss of bowel integrity, resulting in over- 
whelming bacteremia and septic shock. 

(6) Other effects. Severe asphyxia may lead to anoxic liver damage, necrosis and 
dysfunction of endocrine organs, and coagulopathy. To date, these disorders 
have not been described in asphyxiated equine neonates. a Diagnostic plan 

1. Phwical examination. An indepth physical examination is indicated for all recum- 
be;lt foals to: 
a. Provide baseline information against which foal progress can be compared 
b. Aid in the identification of subtle but important abnormalities that may be over- 

shadowed bv arossly obvious clinical signs, such as seizures . - 
2. Baseline clinicopathologic information should be gathered. A CBC and blood cul- 

ture should be ordered, and passive transfer status should be assessed. A sepsis score 
(see V D 3) should be calculated. 

3. Specific assessments 
a. Neurologic assessment. Neurologic signs caused by HIE need to be distinguished 

from those caused by meningitis, hypoglycemia, or congenital anomalies. 
(1) Cerebrospinal fluid analysis allows differentiation of meningitis and HIE (men- 

ingitis is characterized by an increased leukocyte count and protein concen- 
tration). 

(2) imaging techniques, such as computed tomography (Cn and magnetic recro- 
nance imaging (MRI), are being used with increasing frequency to document 
location, severity, and progression of brain injury in asphyxiated large animal 
neonates. 

b. Respiratory assessment 
(1) Arterial blood gas analysis usually reveals hypoxemia, hypercarbia, and aci- 

demia. These are typical findings in a foal with hypoventilation; affected foals 
usually respond dramatically to nasal oxygen insufflation. In contrast, foals 
with persistent fetal circulation do not respond to inspired oxygen. 
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(2) Thoracic radiography is always indicated for foals with birth asphyxia. 
(a) In cases of pulmonary hypertension, thoracic radiographs rnay reveal 

monary hypoperfusion (clear lung fields with decreased pulmonary vascu- 
lar markings). 

(b) Surfactant deficiency results in diffuse lung atelectasis and a diffuse retic"- 
logranular radiographic appearance with air bronchograms. 

(c) Meconium aspiration results in patchy perihilar infiltrates, focal areas of 
atelectasis, and hyperaeration. 

c. Cardiovascular assessment 
(1) Electrocardiography and echocardiography may be indicated in foals with 

murmurs or cardiac dysrhythmias. Echocardiography may reveal persistent 
fetal circulation. 

(2) Determination of cardiac isoenzyme activities is necessary to detect myocar- 
dial necrosis. 

d. Renal assessment. Renal function is assessed by measuring urine output, perform- 
ing a urinalysis, and assessing the results of a biochemistry profile. Typical find- 
ings include oliguria (a urine output of less than 2 ml/kg/hr), azotemia, and elec- 
trolyte disturbances such as hypocalcemia, hyponatremia, hypochloremia, and 
hyperkalemia. 

e. Gastrointestinal assessment. Gastrointestinal dysfunction i s  primarily diagnosed 
based on clinical signs. The most severe form of gastrointestinal dysfunction asso- ; ciated with birth asphyxia, necrotizing enterocolitis (NEC), can be diagnosed ra- . 
diographically based on the presence of submucosal gas accumulation in the 
bowel wall (pneumatosis intestinalis). 

3 Differential d i a m  Conditions such as neonatal sepsis, meconium aspiration, prema- 
turity, and hypoglycemia can mimic perinatal asphyxia. Perinatal asphyxia can also be a 
complicating factor in many of these conditions. 

I 1 Therapeutic plan. Therapeutic goals are numerous and address the multiple organ fail- 
ure that is present. 

1. Treatment of CNS dysfundion includes seizure control, nursing care to prevent 
trauma, fluid therapy, nutritional support, and control of cerebral edema. 
a. Seizure control 

(1) Diazepam (0.1 1-0.44 mgtkg intravenously) has a rapid onset of action and is 
used for initial seizure control. 

(2) Pentobarbital (2-1 0 mglkg intravenously every 12 hours) can be used to man- , . , . 
age severe or repeated seizures. Serum concentrations of pentobarbital should, 
be monitored. 

(3) Xylazine and acepromazine should not be used to control seizures. Xylazine 
causes transient hypertension and may exacerbate cerebral hemorrhage, and 
acepromazine lowers the seizure threshold. 

b. Control of cerebral edema. Cerebral edema occurs in some asphyxiated foals 
and is treated with dimethylsulfoxide (DMSO; 0.5-1.0 glkg administered over 
1-2 hours as a 10%-20% solution) and/or mannitol, an osmotic diuretic 
(0.25-1.0 g/kg given as a 20% solution slowly over 1-2 hours). Mannitol may ex- 
acerbate CNS hemorrhage; therefore, it should be used with extreme caution in 
asphyxiated neonates. . .. 

c. Prevention of trauma. Leg wraps, a padded helmet, and a padded stall may be re- 
quired to protect the asphyxiated neonate from self trauma. 

2. Treatment of respiratory dysfunction includes maintenance of oxygenation and ven- 
tilation of the patient. 
a. Treatment of hypoxia. Hypoxia is usually corrected by administering humidified 

oxygen (3-1 0 Umin) via nasal insf iat ion and keeping the foal in sternal recum- : 

bency. 
b. Treatment of hypercapnia. ~espirator~ center depression can cause hypercapnia. 

characterized by a Pao2 of less than 65 rnm Hg and a Paco2 greater than 65 mm 
Hg. . . 
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(1) Positive-pressure ventilation may be required for treatment of recurrent 
apnea, severe respiratory center depression, or diffuse pulmonary atelectasis 
caused by surfactant deficiency. 

(2) If respiratory center depression is causing inappropriate control of breathing, 
methylzanthines (e.g., theophylline or caffeine) can be used to stimulate respi- 
ratory neuronal activity and increase responsiveness to hypercapnia. 
(a) The recommended dose of caffeine is a loading dose of 10 mglkg and a 

maintenance dose of 2.5 mglkglday. 
(b) Methylxanthines have a narrow therapeutic range and they should be dis- 

continued if signs of toxicity are noted (e.g., agitation, seizures, tachycar- 
dia, hypotension, colic, diarrhea). 

c. Treatment of pulmonary atelectasis. lntratracheal surfactant administration has 
been recommended by some authors. 

3. Treatment of cardiac dysfunction revolves around judicious use of intravenous fluids 
(see Ill F 6 a) and the administration of inotropes. 
a. Dopamine or dobutamine (infused at a rate of 2-10 pg/kg/min) may be used to 

increase cardiac output and improve tissue perfusion. 
b. Diuretics (e.g., furosemide) may be used to treat the edema associated with car- - 

disc failure. 
c. Digoxin (0.02-0.035 mg/kg orally every 24 hours) should be used if there i s  evi- 

deice of cardiac failure: 

4. Treatment of renal dysfunction involves judicious use of intravenous fluids, di- 
uretics, and administration of low doses of dopamine to stimulate dopaminergic re- 
ceptors. Fluid input and urine output should be carefully monitored to avoid overhy- 
dration. 
a. Dotlamine infusions (2-4 &kp/min) have been advocated to improve renal . -  - 

bldod flow and urine output. 
b. Diuretics. Serum electrolyte concentrations should be carefully monitored during 

diuretic therapy. 
(1) Furosemide infusions of 0.25-2.0 &kg/min have been used successfully to 

treat olieuric renal failure in asphyxiated foals. Furosemide acts synergistically --  

with doEamine to produce renal vasodilation and diuresis. 
(2) Mannitol therapy rnay be added if oliguria persists after dopamine and furose- 

mide administration. 
c Dobutamine therapy should be instituted if cardiac dysfundion appears to be 

causing systemic hypotension and renal hypoperfusion. 

5. Treatment of gastrointestinal dysfunction. Gastrointestinal dysfunction is treated with 
decompression, the use of prokinetic agents, or both. 
a. Nasogastric decompression. If the foal has delayed gastric emptying and de- 

creased intestinal motility, nasogastric decompression can be used to relieve fluid 
and gas accumulation. Severe, penistent large bowel distention may respond to 
percutaneous trocarization using sterile technique and a 16- or 1 &gauge cath- 
eter. 

b. Prokinetic agents, such as metoclopramide (0.25-0.3 mglkg by intravenous infu- 
sion) or erythromycin (5-10 rng/kg orally or by intravenous infusion) may im 
prove gastric emptying and small intestinal motility. 

6. General supportive care 
a. Fluid therapy. Polyionic isotonic fluids should be used to correct dehydration and 

expand blood volume. To avoid overhydration, asphyxiated foais should be care 
fullv monitored usinn clinical assessment of hydration and monitoring of body - ,  - 

weight changes andirine output. Normal urine output is 6-7 mllkg/hr; measures 
should be introduced to improve urine output if it decreases to less than 2 . 

kl/kgthr. 
(1) Patients with metabolic acidosis should receive supplemental bicarbonate 

based on results of blood gas analysis. Caution should be exercised when bi- 
carbonate is given to foals with severe respiratory compromise, because in 
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these foals, bicarbonate can worsen the acidosis because of carbon dioxide 
retention. 

(2) Specific electrolyte-abnormalities should also be corrected with fluid therapy. 
b. lrnmunologic support. The plasma immunoglobulin concentration should be mea- + 

surd and colostrum or plasma administered if the foal's serum IgG levels are less 
than 800 mg/dl. 

c. Nutritional support 
(1) Nasogastric tube. Foals that are unable to nurse from the mare or a bottle 

should be tube fed using the recommendations given in II D 4. 
(2) Parenteral nutrition. If gut function is questionable, parenteral nutrition 

should be employed. To minimize the risk of NEC, foals that have suffered se- 
vere asphyxia complicated by hypotension or hypothermia should not receive 
any enteral feeds until their vital signs are stable. 

(3) Enteral feeding should be initiated gradually and mare's colostrum or milk + 
should be fed preferentially. 

d. Antibiotic therapy. Broad-spectrum bactericidal antimicrobial therapy should be 
given to all asphyxiated foals because sepsis commonly accompanies ischemic 
bowel damage. 

e. Antiulcer medication (e.g., ranitidine, sucralfate) is recommended for asphyxiated 
foals because gastric ulceration is a common complication. 

TJ Prognosis 

1. The prognosis is usually good for a term foal delivered without obvious complica- 
tions, particularly i f  the foal was able to stand for period of time after delivery and 
had a normal imrnunoglobulin concentration at 18-24 hours of age. Approximately 
75% of foals with good prognostic signs recover with intensive nursing care. In survi- li 
vors, the clinical signs usually stabilize at 48-72 hours and their condition is signifi- 
cantly improved by 72-96 hours of age. Full recovery can take as long as 2 weeks. 

2. The following findings are associated with a poor prognosis: 
a. Concurrent septicemia 
b. Failure to show any improvement in neurologic function by 5 days of life 
c. A persistent comatose state or severe, recurrent seizures 

3. Rare long-term neurologic sequelae may include unusually docile behavior as an 
adult, prolonged vision impairment, residual spasticity, or recurrent seizures. 

m-F PSSIVE TRANSFER (FPT) 

Introduction 

1. Incidence. FPT (i.e., inadequate transfer of colostral immunoglobulin) is widespread 
in both equine a d  bovine neonates, with reported prevalences of 2.9%-25% and 
1590-68% respectively. FPT also occurs in lambs, goat kids, and piglets, but the 
exact prevalences are unknown. 

2. Neonatal immunity, colostrum production, and absorption of immunoglobulin. Neo- 
nates are capable of mounting an immune response at birth, but it is a primary re- 
sponse characterized by a prolonged lag period and production of low concentra- 
tions of antibody. Leukocytes of newborn animals exhib~t reduced phagocytic and 
bactericidal activity as a result of fetal glucocorticoid production shortly before birth. 
Furthermore, the neonate's serum is deficient in some complement components, re- 
sulting in poor opsonic activity. Placental transfer of immunoglobulin does not occur 
to any extent in neonatal ungulates; therefore, they rely on colostral transfer of immu- 
noglobul~n to protect them against infectious disease early in the neonatal period. Co- 
lostrum ts composed of immunoglobulins, immunologically active cellular compo- 
nents (lymphocytes, macrophages, polymorphonuclear cells) and nonspecific 
immune factors (lactoferrin, lysozyme, and complement). 
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a. Colostral immunoglobulin secretion occurs primarily via receptor-associated se- 
lective uptake of IgC from the maternal blood stream, transcellular transport, and 
release into lacteal secretions via the mammary epithelium. Colostral secretion 
takes place during the last 2-4 weeks of gestation and is  regulated by hormonal 
changes that take place in late gestation. 

b. Colostral absorption. Because of the low proteolytic activity in the digestive tract 
of newborns and the presence of trypsin inhibitors in the colostrum, colostral pro- 
teins are not degraded as a food source. Instead, they reach the small intestine, 
where the colostral immunoglobulins and other macromolecules are actively ab- 
sorbed by specialized enterocytes through the process of pinocytosis. 
(1) The "window" of gut absorptive capacity for macromolecules is  narrow, last- 

ing from birth to 18-24 hours of age with a significant decline after 6 hours 
of age. Reduced absorptive capacity after 6 hours is attributed to shedding of 
the specialized enterocytes and replacement by mature cells incapable of pi- 
nocytosis. 

(2) Peak serum immunoglobulin concentrations are achieved 12-24 hours after 
birth; after this period, passively acquired antibody concentrations decline 
through normal catabolic processes. 

3. General causes and consequences 
a. Causes. FPT usually is attributed to one of three factors: 

(1) Poor colostral quality or quantity (i.e., the failure of the dam to prod;ce co- 
lostrum in sufficient amounts or of sufficient quality) 

(2) Ingestion failure (i.e., the failure of the neonate to ingest sufficient amounts 
of colostrum early in the neonatal period ) 

(3) Absorption failure (i.e., failure of the neonate to absorb adequate amounts of 
colostrum from the gastrointestinal tract into the systemic circulation) 

b. Consequences of FPT 
(1) Increased infectious disease morbidity and mortality. FPT generally increases 

morbidity and mortality associated with infectious disease (e.g., septicemia, 
diarrhea, pneumonia) in cattle herds, and it is generally accepted that foals 
with FPT are at a higher risk of developing septicemia. 
(a) The consequences of FPT depend on the pathogen load in the environ- 

ment and whether specific antibody to offending pathogen is present 
Considerable confusion was created by one equine study where no asso- 
ciation between FPT and morbidity/mortality was demonstrated in foals in 
the first 3 months of life. The results of this study were later attributed to 
a scrupulous environment and the fact that the mares were allowed time 
to adjust to the broodmare farm environment prior to foaling. 

(b) In herds with a high prevalence of septicemia, predisposing factors that 
should be considered in addition to FPT include unhygienic management 
practices, the presence of virulent pathogens, concurrent stress or dis- 
ease, and lack of specific antibody. 

(2) Increased duration of pathogen shedding. FPT may increase the duration of 
pathogen shedding in calves with diarrhea. 

(3) Decreased weight gain. FPT has been shown to decrease weight gain of heif- 
ers up to 180 days of age. 

(4) Starvation. Because ovine colostrum supplies a considerable amount of en- 
ergy, lambs that fail to ingest colostrum may starve to death rather than ex- 
hibit signs of septicemia. 

(5) Decreased milk production. FPT has been shown to affect milk production of 
heifers into their first lactation. 

1 Etiology 

1. FPT in foah 
a. Poor colostral qualie or quantity 

(1) Maternal age. The foals of dams older than 15 years are at increased risk for 
FPT as a result of poor colostral quality. 

(2) Leakage of colostrum (premature lactation) results in decreased colostral IgG 
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concentration. Factors leading to premature lactation are poorly understood, 
but twinning, premature placental separation, and placentitis have been in- 
criminated. . 

(3) Severe maternal illness and the ingestion of endophyle-infested fescue have 
been associated with decreased colostral volume, quality, or both. 

(4) Premature foaling (either from natural causes or induction) can lead to colos- 
trum of insufficient quantity, quality, or both, because time and hormonal 
preparation for colostrum production were inadequate. 

b. Ingestion failure 
(1) Foal rejection of the mare (e.g., as a result of maternal illness or poor mother- 

ing ability) results in delayed colostral ingestion. 
(2) Neonatal weakness or musculoskeletal problems (e.g., flexural deformities) 

can make it difficult for the foal to ambulate and ingest adequate amounts of 
colostrum within the appropriate time frame. 

c. Absorption failure. FPT is common in premature foals, even when they receive 
sufficient amounts of good-quality colostrum in the early postpartum period. Ineffi- 
cient immunoglobulin absorption from the.immature gastrointestinal tract, distribu- 
tion and catabolism of IgG in foals that are already septic, and exposure to in- 
creased concentrations of exogenous or endogenous glucocorticoids (which 
would accelerate enterocyte maturation) have been incriminated as factors lead- 
ing to FPT in these foals. 

2. FPT in calves 
a. Poor colostral quality or quantity 

(1) First lactation. It is generally accepted that heifers in their first lactation pro- 
duce less total colostrum containing less total immunoglobulin than cows in 
later lactations. 

(2) Holstein breed. Colostral quality may be affected by breed. Beef cattle gener- 
ally produce colostrum with a high immunoglobulin concentration and Jersey 
cows have excellent colostral quality. In contrast, Holstein cows have noto- 
riously poor colostral quality. 

(3) Colostral volume greater than 8.5 kg'at first milking. In general, the larger 
the volume of colostrum produced, the lower the immunoglobulin concentra- 
tion. If the first-milking colostra of dairy cows that produce more than 8.5 kg 
of colostra is discarded, more than 77% of the remaining colostra will have 
sufficient IgG to ensure adequate passive transfer (if sufficient volumes are fed 
in a timely fashion). 

(4) Premature calving or induction of parturition. Because colostrum secretion 
only occurs in the last month of gestation under hormonal influence, prema- 
ture parturition or a shortened dry period fail to allow for optimum colostrum 
production. Premature induction of parturition may also decrease colostral 
quality. Prostaglandin administration reduces the IgC concentration, and glu- 
cocorticoids apparently decrease the volume of colostrum that is produced. 

(5) Premilking or premature lactation. The mammary gland only secretes a finite 
amount of colostrum; therefore, prepartum loss of colostrum via premilking or 
premature lactation will likely reduce postpartum colostral quality. 

(6) Delay in obtaining firstmilking colostrum. If milking of colostrum from the 
mammary gland is delayed after calving, the colostrum will be diluted by se- 
cretion of milk into the mammary gland and have a low i~mmunoglobulin con- 
centration. 

(7) Colostral handling (pooling, repeated freezing and thawing). 
(a) Colostral pools created by mixing colostrum from different dams gener- 

ally have lower immunoglobulin concentration than fresh colostrum and 
calves fed from these pools frequently do not achieve satisfactory passive 
transfer. There are several explanations for this: 
(i) It is likely that colostra from the second milking and beyond is con- 

tributed to the colostral pool. 
(ii) Colostra from cows producing large volumes of inferior quality ~010s- 

trum are more likely to be added to the pool. 
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(b) Processing of colostrum may affect the quality. Repeated freezing and 
thawing cycles or overheating of colostrum during the thawing process 
can denature immunoglobulins and affect the quality. 

b. Ingestion failure 
( I )  Poor udder or teat conformation or poor mothering ability make it difficult 

for the calf to ingest adequate amounts of colostrum in a timely fashion. 
(2) Maternal periparturient disease (e.g., milk fever, calving injury) interferes 

with timely consumption of adequate amounts of colostrum, particularly in 
an unsupervised range environment. 

(3) Poor neonatal vigor. The time for the calf to stand, find the teat, and suckle 
successfully varies between breeds. Holstein calves are well known for their 
poor neonatal vigor and FPT is almost certain if they are left on their own to 
suckle from the dam. Therefore, tube feeding of colostrum with amesopha- 
geal feeder within houn of life should be standard practice on most large 
dairy farms. 

(4) Congenital musculoskeletal abnormalities (e.g., arthrogryposis, contracted ten- 
dons) prevent successful teat seeking and/or suckling and such calves should 
receive colostrum via a bottle or esophageal feeder. 

c. Absorption failure 
(1) Neonatal asphyxia (dystocia). Severe or prolonged dystocia can produce neo- 

natal asphyxia, which has adverse affects on multiple organs, including the 
gastrointestinal tract. Associations between postnatal acidosis and FPT have 
been reported in calves. 

(2) Method of feeding affects passive transfer of immunoglobulin. Efficiency of 
absorption is higher with natural suckling than with bottle feeding or use of 
an esophageal feeder; however, in Holstein calves with poor neonatal vigor, 
the advantages of using an esophageal feeder far outweigh the disadvantage 
of less efficient immunoglobulin transfer. 

(3) Extremes in environmental temperatures apparently affect the efficiency of 
immunoglobulin transfer across the intestinal epithelium because FPT is more 
prevalent during such environmental extremes. 

(4) Absence of dam. There is evidence that calves will ingest more, and achieve 
higher serum immunoglobulin concentrations, if they are fed in the presence 
of their darns. 

(5) Other factors that may affect efficiency of absorption include prematurity (im- 
mature gastrointestinal tract) and genetic variation in the efficiency of immu- 
noglobulin transfer. 

a Diagnostic plan and labontory tests 

1. Indications for testing 
a. Individual testing i s  often part of routine screening of all newborn animals, and is 

a common practice on stud farms. It is also used for evaluation of a sick neonatal 
animal presented for treatment. 

b. Herd testing. Tests for FPT can also be employed at the herd level to determine i f  
FPT is contributing to unacceptably high morbidity and mortality in a herd. Immu- 
noglobulin concentrations usually reflect passive transfer until the neonate is 8 
days old; therefore, herd screening can be carried out on all animals younger 
than 8 days of age. 

2. Timing 
a, Traditional testing. Testing is most commonly conducted when the calf or foal is 

18-24 hours of age. If FPT is detected at this stage, it can only be rectified by the 
intravenous administration of plasma or whole blood. 

b. Early testing. If the foal suckled by 2 hours of age, passive transfer status can be 
assessed 8-12 hours after birth, prior to gut closure. If FPT is detected at this 
stage, an alternative source of colostrum can be administered in an attempt to 
achieve adequate passive transfer. Passive transfer status should be reassessed 
when the foal reaches 18-24 houn of age. 
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3. Laboratory tests used to screen for FPT 
a. Immunoglobulin concentration 

(1) Traditional testing 
(a) Calves. The IgC concentration that is generally considered protective in 

calves raised under average management conditions is  1000 mg/dl; there- 
fore, FPT is diagnosed if the IgG concentration of a calf is less than 1000 
mg/dl. 

(b) Foals. There are two cutoff points for FPT: one for foals that are sick at 
the time of testing and are being admitted to a referral center (less than 
800 mgldl), and one for foals that are healthy at the time of testing and 
are being screened on the farm (less than 400 mg/dl). 

(2) Early testing. In foals, an lgC concentration of less than 200 mg/dl at 8-1 2 
hours of age is considered presumptive evidence of FPT. 

b. Single radial immunodiffusion (SRID) test. SRID represents the "gold standard" 
for assessing passive transfer in both horses and cattle and is the yardstick to 
which all other tests are compared. It is technically difficult to perform and results 
are not available for 24 hours; therefore, it i s  generally not used in the field. 

c. Total semm protein (TSP) or Total solids US) test. This test is a useful and inex- 
pensive way of assessing passive transfer status in calves, but its utility has been 
questioned in foals. A TS concentration of less than 5.0 g/dl generally indicates 
FPT in the calf. TS concentration should be interpreted with caution in the dehy- 
drated calf; a TS greater than 5.0 g/dl in a dehydrated animal may in fact indicate 
FP7. 

d. Globulin concentration from a biochemistry profile can serve as an indicator of 
immunoglobulin concentration. Approximately 1.5 gldl of the globulin measure- 
ment represents the nonimmunoglobulin component and the remainder repre- 
sents the immunoglobulin fraction. Therefore, in a calf with a globulin concentra- 
tion of 1.8 @dl, the immunoglobulin fraction is approximately 0.3 g/dl (1.8-IS), 
or 300 mg/dl, and likely indicates FPT. 

e. Zinc sulfate turbidity (ZST) test. The ZST test is used in both cattle and horses. A 
commercial test kit is available for horses or the reagent can be prepared. Zinc 
ions in the zinc sulfate solution combine with immunoglobulins to form a precipi- 
tate in serum; the more the precipitate at a given concentration of zinc sulfate, 
the higher the immunoglobulin concentration. 

f. Sodium sulfite turbidity (SST) test. This test operates on the same principle as the 
ZST test, but is used primarily in calves. 

g. Glutaraldehyde coagulation ( G m  test, This test is used in both calves and foals 
and is based o n  the ability of glutaraldehyde to react with gamma globulin, forrn- 
ing a solid c lo t  Serum or whole blood may be used, depending on the test kit. 
Unfortunately, test sensitivity and specificity are low when this test i s  performed 
on whole blood in the bovine species, probably because fibrinogen and other 
clotting factors interfere with test accuracy. Therefore, the CCT cannot be en- 
dorsed as a screening test. 

h. Enzyme-linked immunosorbent assay (ELISA) is designed for the semiquantitative 
measurement of IgC in foal serum or plasma. The test uses a color spot with cali- 
bration standards corresponding to 200, 400, and 800 mg/dl of IgC. The assay 
takes 15 minutes to perform and results correspond well to those obtained with 
SRID. 
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tween colostral specific gravity and colostral immunoglobulin concentration in 
horses, but the strength of this association in cattle is weak. 
a. Bovine colostrum. The literature and companies that manufacture colostrometers 

for commercial purposes state that bovine colostrum with a specific gravity 
greater than 1.050 is of satisfactory quality (i.e., the IgC concentration should be 
greater than 50 mglml). Recently this criteria has been shown to be inaccurate; 
the colostrometer will classify nearly 75% of low-quality colostra as satisfactory 
using this standard. 

b. Equine colostrum with a specific gravity of 1.060 (using the equine colostr* 
meter) i s  usually classified as satisfactory, whereas samples with a specific gravity 
of greater than 1.090 are ideal. It is important to recognize that milk has a spe- 
cific gravity of 1.040. 

G'J n - p &  plan 

1. Diagnosis within 12 hours of birth. If FPT is diagnosed or suspected less than 12 
hours after birth, oral supplementation of IgC is indicated. 
a. Foals. All foals receiving oral supplementation should be retested at 24 hours of 

age. 
(1) Equine colostrum from a colostrum bank should be used. Banked colostrum 

should have a minimum specific gravity of 1.060 (and ideally, a'specific grav- 
ity greater than 1.090) and the foal should receive 1-2 L in 500-ml incre- 
ments administered 1 hour apart via nurse bottle or nasogastric feeding tube. 
Administering colostrum in this way should provide at least 1 g/kg of immuno- 
globulin to the foal. 

(2) Alternative sources of immunoglobulin include bovine colostrum, equine 
plasma or serum, and commercially available lyophilized or concentrated 
IgG products. 
(a) Bovine colostrum can be safely administered to foals; usually 4 L is ad- 

ministered in the first 24 hours of life. Bovine immunoglobulins have a 
very short half-life in the foal and may not protect the foal against path* 
gens unique to the equine environment (e.g., Actinobacillus equuli ). 
However, most colostrumdeprived foals that receive bovine colostrum 
do not succumb to sepsis. 

(b) Equine plasma and serum have very low immunoglobulin concentrations, 
so extremely large volumes are required to achieve adequate passive 
transfer. 

(c) Commercial products. If the foal is treated with a concentrated commer- 
cial product, it should receive at least 1 g/kg of I& (i.e., approximately 
40 g, for the average 40-kg foal). 

b. Calves should be fed fresh or frozen first-milking colostrum from a third or greater 
lactation cow. 
(1) Holstein calves. At least 2.8 L of colostrum should be administered via esoph- 

ageal feeder in the first feeding. 
(2) Other breeds. Calves should receive colostrum in amounts equal to 10% of 

their body weight in the first 24 hours, with at least 2 L being fed in the first 
6 hours of life. 

- 

i. Latex agglutination test. A commercial latex agglutination test is available for 
horses. The degree of agglutination between IgC in serum or-blood and latex 
beads coated with antibody to equine IgC is used to estimate the IgC concentra- 
tion. 

j. yGlutamyl transferase (GGT) activity is used as an indicator of passive transfer 
status in the calf. Colostral GGT concentration in the bovine is about 300 times 
the serum CGT concentration. CCT from colostrum is absorbed along with other 
macromolecules during the period when the gut is open. CCT activity is at its 
peak when the calf is 24-48 hours of age; a CGT value of greater than 300 IU/L 
indicates that the calf has consumed colostrum. 

4. Assessing colostral quality. Colostrometers (modified hydrometers) are available to 
assess colostral quality in both horses and cattle. There is  an excellent correlation be- 

2. Diagnosis 18 or more hours after birth. If FPT is diagnosed 18 or more hours after 
birth, intravenous supplementation of IgC is indicated. 
a. Foals 

(1 ) Sources of immunoglobulin 
(a) Commercial products. Advantages of commercial products are that they 

are free of alloantibodies and infectious agents and generally provide a 
known quantity of IgG. Some products originate from hones immunized 
with endotoxin or with specific pathogens (e.g. Rhodococcus equ~). The 
major disadvantage of commercial products is that they may lack antibod- 
ies specific to pathogens in the foal's environment 

(b) Plasma harvested from a local donor. Harvested plasma provides specific 
protection to local pathogens, but harvesting is time consuming. Donors 
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should test negative for equine infectious anemia and should be screened 
by a blood-typing laboraton/ to ensure that they are negative for Qa/Aa 
loantibodies and alloantigens. 

(2) Administration - 
(a) The volume of plasma required depends on the magnitude of the immu- 

noglobulin deficiency, the weight of the foal, and the immunoglobulin 
concentration in the donor plasma. Preexisting sepsis dramatically alters 
the distribution and catabolism of antibody in plasma and generally in- 
creases the amount required to achieve adequate passive transfer. 
(i) A general guideline is to administer 200-400 mg IgGlkg; for plasma 

of average quality, this translates to 20-40 rnl/kg. In a healthy foal of 
average weight, administration of 20 mllkg of plasma (1 L) will raise 
the IgG concentration by approximately 200 mgldl. 

(ii) The highest concentrations of IgG are attained 1-3 hours posttransfu- 
sion, but it is best to assess the effects of plasma administration 24 
hours posttransfusion, after redistribution has occurred to extravascu- 
lar sites. 

(b) Plasma should be administered through an in-line filter. The first 50 ml is 
administered slowly and the foal is closely monitored for tachypnea, 
tachycardia, or altered behavior. If no adverse reactions are observed, 
plasma is administered at a rate of 20 mllkg/hour (1 Uhour for a 50 kg 
foal). 

b. Calves 
(1) Sources of immunoglobulin include plasma and whole blood. Whole blood 

transfusions are frequently used in calves because whole blood is easier and 
less expensive to harvest than plasma. 

(2) Administration. The principles of administration are the same as for foals. 
The recommended volume of blood to administer is 2.5 L for the average calf 
with FPT. 

c. Lambs, piglets, and goat kids. Bovine colostrum is frequently used to supplement 
immunoglobulin in lambs, piglets, or goat kids if dam colostrum is not available. 
Anemia i s  occasionally reported in lambs fed bovine colostrum; the anemia has 
been attributed to immune complex attachment to the lamb's erythrocytes, result- 
ing in the removal of the erythrocytes from the circulation. 

EJ Prevention 

1. Foals 
a. Pmphyladic treatment. Colostral IgG content should be evaluated using a colos- 

trorneter to predict the risk of FPT in the foal. If the colostral specific gravity is 
less than 1.060, some degree of FPT can be anticipated and should be corrected . prophylactically by either providing additional highquality colostrum or by 
transfusing the foal with plasma. 

b. Good management practices. Some of the factors predisposing to FPT can be cir- 
cumvented by early intervention and careful management. Measures include iden- 
tifying mares that dripped colostrum prior to parturition, attending foaling to en- 
sure colostral ingestion by 2-3 hours of age, and screening of high-risk foals with 
doubtful nursing histories. 

c Establishment of a colostmm bank A colostrum bank should be established by 
collecting 200-250 rnl of colostrum from the mare within the first 3 hours of foal- 
ing, after the foal has suckled several times. Colostrum for the colostrum bank 
should be collected from the teat opposite to the one first nursed by the foal. 
(1) Ideally, banked colostrum should have a high IgG concentration (i.e., a spe- 

cific gravity greater than 1.090) and be free of anti-red cell antibodies to 
avoid neonatal isoerythmlysis. 

(2) Colostrum can be stored frozen for 18 months without losing significant 
amounts of antibody. 

2. Calves 
a. Force-feeding of colostrum. Producers should be encouraged to observe early nat- 
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ural suckling or to force-feed colostrum in the first 6 hours of life. The calf ~I-~ould 
receive at least 10% of its body weight in colostrum in the first 24 hours of life 
and ideally, 2 liters should be consumed in the first feeding. 
(1) Holstein calves. It is common practice to feed Holstein calves 2.8-3 liters of 

colostra via esophageal feeder in the first 2 hours of life. 
(2) Calves on farms with unacceptably high infectious disease prevalence 

should be force fed colostrum and screened to quantify passive transfer 
status. 

b. Although the colostrometer has been used in the past to select colostra with a spe- 
cific gravity of 1.050, the accuracy of this method has recently been questioned. 
Current recommendation is to discard colostra from cows producing more than 
8.5 kg in their first milking. 

c. Because pooled colostrum is notoriously low in immunoglobulin concentration, 
the practice of feeding pooled colostrum to calves should be discouraged. 

r-A A N D  FOCAL INFECTION 

. a Introduction. Septicemia and focal infection are major causes of morbidity and mortality 
in neonatal foals and calves. FPT and unsanitary management practices are important 
factors predisposing the neonatal foal or calf to septicemia. The early signs of neonatal 
septicemia are subtle and nonspecific and are often missed by the owner of the foal or 
calf. Consequently, many septicemic neonates are presented with well-established infec- 
tions involving multiple organ systems; these animals have a poor prognosis. 

3 Etiology, pathogenesis, and predisposiq f a d m  

1. Etiology. Gram-negative aerobic bacteria are the predominant cause of septicemia 
in neonatal foals and calves; however, aerobic gram-positive infections and anaero- 9 

bic infections have been documented. 
, . a. Escherichia coli is the bacterial agent isolated most frequently from septicemic 

foals and calves. 
b. Other commonly isolated bacterial agents include Actinobacillus species (foals), 

Pasteurella snecies (calves and foals), KIebsiella species (calves and foals), and . - ~~~ 

SaImoneIla species (calves and foals). 
c. In addition, there are sporadic reports of the following agents being recovered: 

Pseudomonas species, Listeria monocyfogenes, Clostridium perfringem, clostrid- 
ium septicum, Streptococcus species, and Staphylococcus aureus. In foals, strep- 
tococci are usually recovered in conjunction with gram-negative bacteria, but 
have been isolated in pure culture from foals with septic physitis, osteomyelitis, 
and large subcutaneous abscesses. Polymicrobial infections are documented with 
some frequency in  calves. 

2. Pathogenesis, Most neonatal infections are caused by opportunistic bacteria residing 
in the genital tract, on the skin, or in the environment of cattle and horses. 
a. I n  uter+acquired infections may ascend from the vagina, occur via hematoge 

nous spread, or spread directly from the uterine wall. Clinical signs are evident 
during'the first 24 hours of life. 

b. Infections acquired during delivery usually occur in stressed foals and should be 
suspected when meconiumcontaminated amniotic fluid or a meconium-stained 
foal is observed. Portals of entry include the respiratory and digestive tract or the 
umbilicus. 

c. Infedions acquired after birth usually manifest themselves when the neonate is 
48-96 hours old and are the result of inadequate passive transfer of colostral im 
munoglobulin, poor husbandry practices, endemic infectious disease on the farm, 
or predisposing disease conditions. 

3. Predisposing fadon. There are a number of periparturient factors that increase the 
risk of septicemia in the neonate. 



454 1 ~ h a r ~ e r l 8 V B  

a. Bacterial placentitis is an important risk factor in horses. Premature lactation, pu- 
rulent vaginal discharge, premature delivery, and an abnormal placenta should 
alert the clinician that bacterial placentitis may be present. The foal may acquire 
infection from the maie with bacterial placentitis transplacentally, or from contam- 
inated discharge present in the birth canal. In addition, premature lactation associ- 
ated with bacterial placentitis results in poor colostral quality and low serum im- 
munoglobulin concentrations in the foal. 

b. Perinatal stresses (e.g., chronic in utero hypoxia, acute birth asphyxia, prematur- 
ity, dystocia) also increase the susceptibility of the neonate to infection. Compro- 
mised foals may be unable to stand and nurse causing a delay in colostral inges- 
tion, low serum immunoglobulin concentrations, and an increased susceptibility 
to infection. 

c. Overcrowding, poor ventilation, and contamination of the environment with 
pathogenic bacteria (e.g., Salmonelia species) also predispose the neonate to in- 
fection. 

Clinical findings 

1. Septicemia. Clinical signs of septicemia in the neonate vary according to the stage of 
disease and the site of localized infection. 
a. The early signs of septicemia in neonatal calves and foals are vague and nonspe- 

cific and are often indistinguishable from noninfectious diseases or focal infec- 
tions (e.g., diarrhea). Early clinical signs may include depressed mentation (leth- 
argy, poor suckle reflex, weakness, recumbency), diarrhea, and dehydration. 

' b. Body temperature abnormalities may include fever or hypothermia; however, a 
normal rectal temperature should not be used to exclude a diagnosis of septi- 
cemia. 

c. Abnonnal mucous membranes are usually present in septicemic neonates. Color- 
ation may range from a muddy red-gray, to mottled, pale, or cyanotic. A toxic 
line rimming the incisors is occasionally observed in foals. The capillary refill 
time is usually delayed (>2 seconds) and scleral injection is common. Careful in- 
spection may reveal petechiation of the ears, sclera, vulvar, or buccal membranes 
and suggests presence of disseminated intravascular coagulation (DIC). 

2. Localized infection. Localization of infection in various organs of septicemic neo- 
nates can cause a variety of clinical signs. 
a. Pneumonia may occur as a complication of septicemia. Cough, nasal discharge, 

tachypnea, dyspnea, and fever support the diagnosis, but in many septicemic neo- 
nates, respiratory rates and lung sounds are normal despite extensive lung.pathol- 
ogy. Therefore, chest radiographs are indicated in all septicemic neonates. 

b. Diarrhea may occur secondary to septicemia or enteritis caused by enteropatb 
gens. Enteritis may provide a portal of entry for opportunistic bacteria. 

c. Septic meningitis is a common complication of septicemia in the neonatal ani- 
mal. Early signs include lethargy, depression, aimless wandering, and abnormal 
vocalization. Signs usually progress to diffuse cranial nerve deficits; apparent 
blindness; tmncal and limb ataxia; weakness; recumbency; and coma, seizures, 
or both. 

d. Septic arthritis and osteomyelitis are common, debilitating sequelae of neonatal 
septicemia. Acute lameness, periarticular edema, joint capsule distention, or phy- 
seal pain in a farm animal neonate should alert the clinician to the possibility of 
bone or joint infection. 

e. Uveitis is diagnosed based on the presence of hyphemia, hypopyon, or the accu- 
mulation of fibrin in the anterior chamber of the eye. Additional clinical manifes- 
tations include blepharospasm, photophobia, excessive tearing, miosis, and ciliary 
and episcleral injection. 

f. Omphalitis is characterized by heat, pain, swelling, and purulent discharge from 
the umbilicus (see also VI A). However, the absence of external signs of umbilical 
involvement should not preclude a diagnosis of omphalitis (ultrasonographic eval- 
uation of the umbilical structures and deep abdominal palpation will confirm in- 
volvement of internal structures). .. 
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3. Septic shock. Neonatal animals frequently present in septic shock. 
a. The early stage of septic shock (hyperdynamic septic shock, septicemia without 

circulatory collapse) is characterized by injected mucous membranes, a normal 
capillary refill time and blood pressure, and warm extremities. Localizing signs of 
infection may or may not be present. Prompt and aggressive intervention at this 
time can result in a favorable outcome. 

b. The late stage of septic shock (hypodynamic septic shock) is characterized by tis- 
sue hypoperfusion. Clinical signs include cold extremities, sluggish capillary refill, 
hypotension, pale gray mucous membranes, and markedly altered mentation. At 
this stage, multiorgan failure is present and therapeutic intervention is often futile. 

d 

a%. Diagnostic plan 
1. Routine laboratory testing 

a. Leukogram abnormalities are commonly encountered in septicemic neonates. The 
white blood cell (WBC) count may be normal early in the course of sepsis, but an 
increase in the number of band neutrophils or toxic changes in neutrophils (e.g., 
Dohle's bodies, toxic granulation, vacuolization) are usually present. Neonatal 
farm animals with well-established septicemia generally have a profound leukope- 
nia and neutropenia accompanied by toxic changes in their neutrophils. 

b. Fibrinogen concentration can be used to determine whether infection was ac- 
quired pre- or postnatally. A foal infected in utero may have a fibrinogen concen- 
tration as high as 1000 mgfdl at birth. Moderate increases in fibrinogen concentra- 
tion (to approximately 400-500 mg/dl) are expected in neonates with early 
postnatal infections, but with chronicity, or well-established focal infection, the 
concentration increases dramatically. 

c. Blood glucose. Hypoglycemia is a common finding in the neonate with septice- 
mia and has been attributed to decreased feed intake, low hepatic glycogen 
stores, and abnormal glucose metabolism caused by endotoxemia (depressed he- 
patic gluconeogenesis and increased peripheral uptake of glucose). 

d. IgC determination should be carried out in all neonatal farm animals suspected 
of being septicemic because there is a strong association between poor passive 
transfer of colostral immunoglobulin and septicemia. 

e. Arterial blood gas analysis is an important component in the evaluation of a septi- 
cemic foal or calf. Hypoxemia and a metabolic acidosis are frequently present 

f. Serum biochemistry profile. Biochemical abnormalities that are detected with 
some frequency in the septicemic neonate are azotemia, which i s  attributed to 
poor renal perfusion, and hyperbilirubinemia, which is usually ascribed to endo- 
toxin-induced cholestasis. In addition, foals or calves with severe diarrhea may ex- 
hibit electrolyte abnormalities (e.g., hyponatremia, hypochloremia, hypokalemial. 

2. Cultures 
a. Blood cultures. A positive blood culture is required for a definitive antemortern di- 

agnosis of septicemia, but it may take as long as 48-72 hours before a culture 
can be determined to be positive. Blood cultures should be repeated in any hospi- 
talized foal that deteriorates clinically, has a fever spike, or exhibits a dramatic 
change in ih WBC picture. 
(1) Technique. Blood cultures are easy to perform, but attention should be paid 

to sterile technique. The hair should be clipped and the venipuncture site sur- 
gically prepared. Depending on the culture type, a set amount of blood is 
withdrawn and transferred in an aseptic manner to the culture bottle or vial. 
A clean needle should be used to transfer the blood into the bottle. 
(a) Aerobic and anaerobic cultures are often performed. 
(b) Some authors recommend that at least two cultures spaced 1 hour apart 

be performed to  maximize the chances of obtaining a positive result. 
However, in human neonates, a single culture has been shown to detect 
the presence of bacteria in the blood 91.5% of the time. 

(2) Sensitivity. Although previous antimicrobial use may cause false-negative 
blood culture results, the sensitivity of blood cultures in foals has been re- 
markably good, ranging from 61 %-80%. 
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b. Culture from sites of focal infection. Bacterial cultures can also be performed on 
fluid obtained from sitesof focal infection (e.g., cerebrospinal fluid, joint fluid, 
peritoneal fluid, tracheal fluid). In foals with in utero-acquired infections, blood 
cultures are frequently negative because infection occurs via inhalation or inges- 
tion. In such cases, it may be useful to culture the pharynx, trachea, external ear 
canal, and stomach contents. 
(1) Culture of the same pathogen from more than two sites of focal infection sup- 

ports a diagnosis of bacteremia. 
(2) Recovery of the same pathogen from blood and a site of focal infection lends 

support to the contention that the pathogen recovered from blood i s  in fact 
significant. 

3. Sepsis scoring systems. Because no single laboratory test has emerged as being com- 
pletely reliable for the early diagnosis of septicemia in farm animal neonates, various 
scoring systems and predictive models using easily obtainable historic, clinical, and 
clinicopathologic data have been developed for this purpose. In general, the goal of 
these mathematical models is to identify septicemic neonates early in the course of 
disease when appropriate therapeutic intervention would most likely result in a favor- 
able outcome. 
a. Laboratory parameters incorporated in these models include neutrophil count, 

band neutrophil count, toxic changes in neutrophils, fibrinogen concentration, 
blood glucose, and IgG determination. 

b. Clinical parameters that appear in most of these models are scleral injection, 
fever or hypothermia, and evidence of focal infection (e.g., uveitis, diarrhea, respi- 
ratory distress, joint effusion). 

c. Historic data incorporated in some of the models include history of vaginal dis- 
charge, systemically ill mare, general anesthesia in the mare, induction of parturi- 
tion, and premature birth (i.e., less than 320 days' gestation). 

1 Therapeutic plan 

' 1. General supportive care 
a. Respiratory support. Hypoxemia must be corrected and respiratory failure 4: 

treated, if present (see II D 8). 
b. Fluid resuscitation. Hypovolemic shock and hypoglycemia should be treated with 1 

appropriate warmed intravenous fluids. 
(1) Alternating lactated Ringer's solution with 5% dextrose, or administering 

2.5% dextrose and 0.45% saline, is often sufficient. 
(2) If metabolic acidosis is severe, or uncorrectable by volume expansion with 

balanced polyionic solutions, intravenous infusion of isotonic (1.3%) sodium 
bicarbonate solution may be required. 

c. Intravenous plasma should be administered to restore circulating blood volume, 
osmotic pressure, and immunoglobulin concentrations. 

d. Positive inotropic agents. For circulatory embarrassment that persists after rehy- 
dration, positive inotropes should be administered. Dopamine (2-5 Lcglkglmin by 
infusion) is the drugof choice because it increases cardiac output and causes 
splanchnic and renal vasodilation. 

e. Nonsteroidal anti-intlarnmatory drugs (NSAIDs) have been shown to counteract 
a number of the clinical and laboratory changes associated with endotoxemia, in- 
cluding decreased cardiac output and hypotension. Flunixin megfumine 
(0.25-1.1 mgikg, intravenously or intramuscularly every 8 hours) has been recom- 
mended. 

f. Nutritional suppod Foals that are unable to nurse should be fed via a nasogas- 
tric tube using the recommendations given in II D 4. Total or partial parenteral nu- 
trition is indicated in foals that cannot be fed orally. 

2. Control of generalized infection 
a. General principles 

(1) Antibiotic seledion. When possible, antibiotic selection is made based on 
the results of blood culture and, sensitivity testing. However, because blood 
culture results are not.returned for several days, and the offending agent may 
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not be recovered, empiric therapy is usually initiated and modified later if 
needed. Broad-spectrum bactericidal drugs are indicated in the treatment of 
septicemic neonates for the following reasons: 
(a) Cram-negative and polymicrobial infections should be anticipated 
(b) Septicemia in neonates is rapidly progressive 
(c) Many septicemic neonates are neutropenic 
(d) Immune function in neonates is usually compromised by stress and FPT 

(2) Antibiotic administration. Initially, the intravenous route i s  preferred for anti- 
biotic administration because peripheral circulation may be compromised, 
making absorption from other routes inconsistent. 

(3) Duration of therapy. The recommended duration of therapy for suspected but 
undocumented sepsis i s  7-1 0 days. Neonates with positive blood cultures 
and no evidence of focal infection should be treated for at least 2 w&ks, and 
those with localized infections should be treated for 3-4 weeks. 

b. Antibiotic therapy in  foals. Selection of antimicrobials should be based on the re- 
sults of an antimicrobial susceptibility pattern; however, until culture results are 
returned selection of drugs will be somewhat empirical. 
(1) A combination of a plactam antibiotic (e.g., penicillin, ampicillin) and an 

arninoglycoside (e.g., gentamicin, amikacin) usually provides good broad- 
spectrum coverage. Many clinicians prefer amikacin because it is less nephro- 
toxic and is less likely to be associated with development of resistant bade  
rial infections. If possible, peak and trough serum concentrations of aminogly- 
cosides should be monitored to ensure that the drug dose and dosing interval 
are appropriate. General doses are as follows: 
(a) Gentamicin: 2.2 mg/kg, intramuscularly or intravenously, every 8-12 

hours or 3.3 mg/kg, intramuscularly or intravenously, every 12 hours 
(b) Amikacin: 7 mg/kg, intramuscularly or intravenously, every 8-12 hours 

or 10 mg/kg, intramuscularly or intravenously, every 12 hours 
(2) Cephalosporins. Cefotaxime or ceftiofur can be used in the empiric treatment 

of septic neonates. General doses are as follows: 
(a) Cefotaxime: 20-30 mg/kg, intravenously or intramuscularly, every 8 

hours 
(b) Ceftiofur: 2.2-6.6 mg/kg, intramuscularly or intravenously, every 8-12 

hours 
(3) Other drugs. The following drugs are also listed for the treatment of septice- 

mic foals. 
(a) Trimethoprim-sulfonamide combinations: 15 mg/kg, intravenously or or- 

ally every 12 hours (resistance to this drug is wide spread) 
(b) Chloramphenicol: 25-50 mglkg, intravenously or orally, every 6 hours 
(c) Ticarcillin-clavulanate: 50 mg/kg, intravenously, every 6-8 hours 

c. Antibiotic therapy in  calves i s  simplified by the limited number of choices avail- 
able. 
(1) Cefiiofur (5 mg/kg, administered intravenously or intramuscularly every 8-12 

hours) is widely used to treat calf septicemia, as are the potentiated sulfon- 
arnides (1 5 mgtkg administered orally, intramuscularly, or intravenously every 
12 hours). 

(2) In Canada. amnicillin sulbactam (6.6 mdka administered intramuxularlv . . 

every 12-24 hbun) has been used succ~s&lly to treat neonatal calf seph- 
cemia. 

(3) Aminoglycosides are generally avoided because of prolonged tissue residues 
(1 8 months in the kidney) and because their use is not endorsed by the Na- 
tional Cattlemens Association. However, some clinicians still use gentamicin 
(3-5 mgfkg, administered intravenously or intramuscularly every 12 hours) if 
they can obtain assurance from the client that the animal in question will not 
enter the food chain for at least 18 months. 

(4) Fluoroquinolones are banned for use in  cattle in the United States, but en- 
rofloxacin (2.5-5 mg/kg orally every 24 hours) is used widely in other coun- 
tries to treat septicemia in neonatal calves. 
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(5) Tetracyclines and sulfonamides are used by producers, but resistance to these 
drugs is widespread. 

3. Treatment of focal infections 
a. Septic meningitis (see also Chapter 11 I E) 

(1 ) Antibiotic therapy 
(a) Septic meningitis is treated with bactericidal antimicrobials that pene- 

trate the blood-brain barrier (e.g, trimethoprim-sulfonamide combina- 
tions or third-generation cephalosporins). 

(b) Combination therapy using a plactam antibiotic or trimethoprim-sulfo- 
namide with an aminoglycoside is also beneficial as a result of synergistic 
interactions, despite poor penetration of aminoglycosides into the CSF. 

(c) Although chloramphenicol readily crosses the blood-brain barrier, it i s  
bacteriostatic against gram-negative enteric bacteria and i s  not recom- 
mended for the treatment of bacterial meningitis. 

(2) Anticonmlsants (e.g., diazepam, phenobarbital) and NSAlDs (e.g., flunixin 
meglumine) may also be indicated. 

b. Septic arthritis or osteornyeliis. Therapeutic measures include: 
(1) Systemic antibiotic therapy 
(2) Assurance of adequate serum immunoglobulin concentrations 
(3) Analgesic therapy 
(4) Drainage and removal of debris from the joint and adjacent tissues (lavage 

with sterile polyionic fluids) 
(5) Articular rest 
(6) Exogenous sodium hyaluronate or polysuffited glycosaminoglycan therapy 
(7) Surgical debridement, installation of a sterile drain, and immobilization of 

the limb with a Robert-Jones splint bandage (in cases of osteomyelitis with 
evidence of bone sequestration or osteolysis) 

c. Uveitis. Treatment should include systemic antimicrobial therapy and local ther- 
apy to prevent permanent ocular damage: A mydriatic (e.g., atropine), topical oph- 

. thalmic corticosteroid, systemic NSAID, and broad-spectrum ophthalmic prepara- 
tion are indicated. 

d. Omphalitis. Treatment is discussed in VI A. 

3 Progak 
1. The overall survivlll rate for septicemic neonates is less than 60%, but early recogni- 

tion of sepsis and appropriate and aggressive intervention improve the outcome. 
a. A septicemic large animal neonate with FPT and evidence of multiple organ in- 

volvement should always be given a guarded prognosis. 
b. A neonate with a negative blood culture but evidence of focal infection (e.g., 

pneumonia, diarrhea) has a more favorable prognosis. 
c Appropriate and early therapeutic intervention in foals with in  utem-acquired in- 

fections often results in a favorable outcome: survival rates greater than 75% have 
been quoted for this group. 

2. The long-term prognosis for future athletic performance is guarded if multifocal 
bone or joint disease i s  diagnosed. a Prevention. Management of the mare with placentitis can decrease the risk of premature 

delivery and postnatal infection. Aspergillus species, phemolytic streptococci, and E. 
coli are the organisms isolated most frequently from mares with placentitis. Treatment of 
placentitis includesthe use of antimicrobial agents, anti-inflammatory drugs, progestins, 
and stall rest 

1. Antimicrobial agents are usually selected based on results of culture and sensitivity. 
Trimethoprim-sulfonamide (25-35 mgkg wery 12 hours) is a good antimicrobial to 
start with because high concentrations are achieved in the placenta, allantoic fluid, 
amniotic fluid, and fetal serum. 

2. NSAIDs, such as phenylbutazone (4 mgkg orally every 24 hours) or flunixin meglu- 
mine (1 mg/kg orally, intravenously, or intramuscularly every 12 hours) may reduce 
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uterine inflammation and uterine production of prostaglandin F2a, thereby decreas- 
ing the risk of premature delivery. 

3. Supplemental progestin therapy with altrenogest (0.044 mglkg every 24 hours) has 
been employed to maintain pregnancy in mares with placentitis. Although this pro- 
gestin will maintain pregnancy in ovariectomized mares, the efficacy of this regimen 
in late-term mares with high-risk pregnancy is unknown. 

mUMBILICI\L ABNORMALITIES 
I 

Umbilical remnant infections. Infection may involve the urachus, umbilical veins (om- 
phalophlebitis), one or both umbilical arteries (omphaloarteritis), or many structures 

1 (omphalitis, umbilical abscess). 

1. Clinical findings may include umbilical enlargement, pain on palpation, patent ura- 
chus (common in foals, rare in calves), or purulent discharge. The internal or intra-ab- 
dominal umbilical structures may be the only structures affected in foals, making in- 
fection difficult to detect on physical examination. 
a. As with most neonatal infections, the first signs noted are decreased suckling and 

depression. Other abnormalities may include fever, dysuria, pollakiuria, and te- 
nesmus. 

b. Deep abdominal palpation can be used to evaluate the internal umbilical struc- 
tures, particularly in calves. Enlargement of the umbilical vein may be palpable 
coursing cranially toward the liver; enlarged umbilical arteries may be palpable 
coursing caudally toward the bladder. Palpation may elicit a grunt and abdominal 
splinting may be noted in calves with a septic umbilicus and associated perito- 
nitis. 

- .  2. Pathogenesis. Infection may originate following contamination of the external urnbili- 
I .  cus after birth or result from seeding from other sites during periods of septicemia. 
.. . Bacteria may localize in the umbilical vessels, urachus, bladder, or interstitial tissues 

and the infection may extend into the peritoneal cavity or progress to a generalized 
septicemia. Urachal abscessation can cause the previously closed urachus to become 
patent externally or allow urine to leak subcutaneously or into the peritoneal cavity. 

3. Diagnostic plan and laboratory tests 
a. Routine laboratory tests. Clinicopathologic alterations usually include neutro- 

philia with toxic changes in neutrophils and hyperfibrinogenemia. 
b. Blood culture. Because of the association of umbilical remnant infections with 

septicemia, blood cultures should always be performed. 
c. Ultrasonography should be used to evaluate the extent of involvement of internal 

umbilical structures. An increased diameter, thickened wall, or abscesses may be 
visible. The procedure is usually carried out with the foal in lateral recumbency 
and the calf standing. 
(1) In foals, the umbilical arteries and vein can be followed from the external u r n  

bilical stump to the cranial aspect of the bladder and liver, respectively. The 
urachus can usually be visualized along with the umbilical arteries just cau- 
dal to the umbilical stump. 

(2) In calves, the umbilical arteries retract into the abdominal cavity and thus 
should not be identifiable in the umbilical stalk; they are most easily located 
along the apex of the urinary bladder. The umbilical vein of calves is 
scanned from the umbilical stalk to the liver along the right ventral abdomen. 
Urachal remnants can usually not be identified in normal calves. 

4. Therapeutic plan. The treatment options for umbilical remnant infections are medical 
management or surgical resection. 
a. Medical therapy consists of prolonged antibiotic administration (see V E 2) and 

encouragement of drainage. In one study, 50% of foals responded to medical ther- 
apy alone. 
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(1) Frequent ultrasound examinations should be carried out to evaluate progress 
in all neonates treated medically. 

(2) Risks associated with not removing infected remnants are the development of 
septic arthritis, pneumonia, peritonitis, or uroperitoneum from urachal rup- 
ture. 

b. Surgery. Evidence of multisystemic infection, umbilical vein involvement, uroperi- 
toneum from urachal rupture, or failure to respond to medical therapy are all indi- 
cations for surgery. 

5. Prevention 
a. Adequate passive transfer and a clean environment should be ensured to mini- 

mize the chances of septicemia and seeding of the umbilicus. 
b. Proper postpartum care of the umbilical remnant decreases the chance of bacte- 

rial colonization. The following solutions have been used for dipping the umbili- 
cus: 2% iodine, 1 YO povidone-iodine, and 0.5% chlorhexidine. 
(1) In one study. chlorhexidine therapy caused the lowest bacterial counts on the 

umbilicus immediately posttreatment. Chlorhexidine also binds to the stratum 
corneum and has a longer residual effect than other treatments. 

(2) The use of 7% iodine should be discouraged. Local tissue necrosis associated 
with application of 7% iodine may actually increase the prevalence of infec- 
tion. 

1 Patent urachus (see also 11 B 5)  

' 1. Etiology and pathogenesis 
a. Congenital patent urachus. The exact pathophysiologic mechanisms leading to 

the development of a congenital patent urachus have not been established. One 
theory is that excessive torsion of the umbilical cord in utero causes urachal o b  
struction, urine retention in the bladder, distention of the proximal urachus, and 
interference with urachal involution. 

. b. Acquired patent urachus. Reestablishment of urine flow after a normal urachal 
closure at birth is termed acauired mtent urachus. Anv insult that causes tension 
on the abdominal wall (e.g., 'pr01on'~ed recumbency, ienesmus, abdominal disten- 
tion) or umbilical inflammation (e.g., omphalitis) may lead to the development of 
an acquired patent urachus. 

2. Clinical findings 
a. A diagnosis is usually made when urine i s  o b s e d  dribbling or flowing from the 

umbilical stump. Dermatitis may develop on the hindlimbs and ventral abdomen 
from urine scalding. 

b. Fever, purulent discharge, and pain on palpation of the umbilicus suggest that the 
patent urachus is a sequela of an umbilical remnant infection. 

3. Diagnostic plan 
a. Contrast cystography can be used to confirm the diagnosis in cases where a pat- 

ent urachus is suspected, but where urine is not obviously dribbling from the um- 
bilical stalk. 

b. CBC. A CBC should be performed to determine if there is intercurrent infection 
(findings would include leukocytosis and hyperfibrinogenemia). 

c. Serum Is concentration should be measured to determine if FPT is present. 
d. Ultrasonography can be used to determine if the urachal patency js associated 

with infection of the umbilical remnants. 

4. Therapeutic plan 
a. Conservative management is used in cases of uncomplicated patent urachus oc- 

curring in foals younger than 5 days. 
(1) Local therapy and removal of predisposing condiions are necessary. 
(2) Cauterization of the urachus with silver nitrate sticks, 2% iodine, or local in- 

jection of procaine penicillin has been advocated to speed healing. These 
treatments should not be applied beyond the abdominal wall because they 
may cause urachal abscessation or cystitis. 

(3) Careful monitoring of patients is indicated to identify infection. 
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b. Surgical management is indicated for the following patients: 
(1) Patients with persistent urine dribbling in spite of cauterization and resolution 

of predisposing factors (e.g., recumbency) 
(2) Patients with involvement of other umbilical structures (demonstrated by ultra- 

sound) 
(3) Patients with subcutaneous or intra-abdominal urine accumulation resulting 

from a rent in the urachus 

5. Prevention 
a. The umbilicus should be allowed to rupture spontaneously. 
b. Critically ill neonates should be restrained to prevent excessive tension on the 

ventral abdomen. 

Excessive bleeding from the umbilicus. Bleeding from the umbilicus may occur, particu- 
larly if it was cut or ligated. Occasionally, hemorrhage is severe enough to necessitate a. 
blood transfusion. Rarely, hernoperitoneum will result from hemorrhage from an intra-ab 
dominal umbilical vessel. 



p 
1. Which of the followine: conditions affect- 

DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
followed by answers or by completions of the statement. Select the ONE numbered answer 
or completion that is BEST in each case. 

ing neonatal foals is usualy associated with a 
favorable long term outcome (i.e., a satisfac- 
tory performance animal)? 

(1) Hypoxemic-ischemic encephalopathy 
(HIE) 

(2) Prematurity with tarsal bone collapse 
(3) Septic arthritis 
(4) Twinning 
(5) Septic physitis 

2. Which of the following historic or labora- 
toiy findings would indicate that a prema- 
turely delivered foal is endocrinologically ma- 
ture ("ready for birth")? 

(1) Cesarean section at 322 days' of gestation 
(2) Total white blood cell (WBQ count less 

than 5000 cells/p.l on day 3 
(3) A neutrophil-lymphocyte ratio greater 

'than 2 at birth 
(4) A plasma fibrinogen concentration of 200 

mgdl on day 1 
(5) No change in the neutrophil-lymphocyte 

ratio in response to adrenocorticotropic 
hormone (ACTH) administration 

3. The bacterial agent that is cultured most 
frequently from neonatal calves and foals with 
septicemia is: 

(1 ) Actinobacillus equuili. 
(2) Staphylococcus aureus. 
(3) Klebsiella pneumoniae. 
(4) Listeria monocytogenes. 
(5) Escherichia coli. 

4. Which one of the following antibiotics, or 
combination of antibiotic drugs, would be a 
rational first choice for treatment of a foal + 

with clinical and laboratory findings indicat- 3 

ing a diagnosis of septicemia? 

(1) Chloramphenicol 
(2) Oxytetracycline 
(3) Penicillin and amikacin 
(4) Lincomycin and spectinomycin 
(5) Ampicillin 

5. Which one of the following antibiotics 
would be a rational first choice for treatment 
of a calf with clinical and laboratory findings 
indicating a diagnosis of septicemia? 

(1) Chloramphenicol 
(2) Oxytetracycline 
(3) Enrofloxacin 

44) Ceftiofur 
(5) Erythromycin 
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8. Which one of the following statements per- 10. Which one of the following drugs is con- 
taining to the feeding of bovine colostrum to traindicated in treating a neonatal foal with 
neonatal foals is true? coma, intermittent seizures, and olinuria fol- 

lowing an acute asphyxia1 episode at birth 
(1 Bovine colostrum should never be fed to (premature placental separation)? 

foals because it causes severe bloating 
and diarrhea. (1) Diazepam 

(2) Bovine colostrum should never be used in (2) ~imeth~lsulfoxide (DMSO) 
foals because it often causes an immune- (3) Acepromazine 
mediated hemolytic anemia. (4) Furosemide 

(3) Bovine colostrum prevents septicemia (5) Dopamine 
caused by Actinobacillus equuli, but not 
septicemia caused by Escherichia coli. 

(4) Bovine antibodies have a short half-life, 
but will protect the foal against septicemia 
most of the time. 

(5) Bovine colostrum cannot be used in foals 
because unrealistically large volumes are 
required to provide adequate protection. 

9. Which one of the following laboratory find- 
ings likely indicates adequate passive transfer 
on routine screening of a healthy 2day-old 
calf? 

6. In a study conducted in foals, which one 
of the following disinfectants was shown to 
cause the greatest decrease in bacterial count 
at the end of the umbilicus immediately poSt- 
dipping? 

(1) Dilute sodium hypochlorite 
(2) 0.5% Chlorhexidine 
(3) 7% Tincture of iodine 
(4) 240 Iodine 
(5) 1 % Povidone-iodine 

7. How much milk should a healthy 1 -week- 
old foal weighing 60 kg consume in a 24- 
hour period? 

(1) 12 liters 
(2) 6 liters 
(3) 4 liters 
(4) 2 liters 
(5) 24 liters 

(1) Total serum protein (TSP) concentration of 
6.2 gldl 

(2) lmmunoglobulin G (IgC) concentration of 
400 mgldl 

(3) yClutamyl transferase (CCT) activity of 
23 lUlL 

(4) IgG concentration of 800 mgidl 
(5) TSP concentration of 4.9 @dl 
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1. The answer is 1 [I C 2 a]. With appropri- 
ate care foals with hypoxemic-ischemic en- 
cephalopathy survive, and in the long term, 
this condition has little impact on perfor- 
mance. In contrast, foals with infectious or 
noninfectious orthopedic diseases have poor 
long term prognoses. Products of a twin preg- 
nancy also have a grim prognosis as perfor- 
mance animals because they are small in stat- 
ure and often suffer from noninfectious 
orthopedic conditions (e.g., tarsal collapse). 

2. The answer is 3 (11 A 2, E 2 b-c]. A neutro- 
phil-lymphocyte ratio that is greater than 2 
by 3 days of age indicates maturity of the ad- 
renal-pituitary-hypothalamic axis and readi- 
ness for birth. In contrast, a white blood cell 
(WBG) count less than 5000 cells/p.l in the 
first 3 days of life and no widening of the neu- 
trophil-lymphocyte ratio in response to adre- 
nocorticotropic hormone (ACTH) administra- 
tion indicates immaturity of the endocrine 
system and unreadiness for birth, as does a ce- 
sarean section performed at 322 days' of ges- 
tation. A fibrinogen concentration of less than 
400 m3dl at birth suggests that chronic in 
utero stress due to placentitis was probably 
not the cause of the premature delivery and, 
therefore, the fetus was probably not ready for 
birth. 

3. The answer is 5 IV €3 1 a]. Escherichia coli 
is the pathogen cultured most frequently (rep 

' resenting more than 50% of isolates) from sep 
ticemic farm animal neonates. Staphylococcus 
aureus, Klebsiella pneumoniae, and Listeria 
rnonocytogenes are isolated sporadically from 
septic calves and foals. Actinobacillus equuli 
is usually only found in foals. 

4. The answer is 3 IV E 2 b (I)]. Both penicil- 
lin and amikacin are bactericidal drugs and 
the combination provides broad-spectrum cov- 
erage. Amikacin is preferred over gentamicin 
by many clinicians because it i s  less nephro- 
toxic and also because resistance is less 
likely. Chloramphenicol provides'broad-spec- 
trum coverage, but it is bacteriostatic and 
therefore not ideal for treating a rapidly pro- 
gressing infection in a neonatal animal with 
an immature immune system. Resistance of 
septicemia pathogens to ampicillin and oxytet- 
racycline is widespread. 

5. The answer is 4 [V E 2 cl. Ceftiofur is a 
broad-spectrum bactericidal drug and many 
clinicians use it for the treatment of septice- 
mia in neonatal calves. It is illegal to use 
chloramphenicol in cattle; therefore, this anti- 
biotic would not be a g d  choice. Oxytetra- 
cycline is bactericidal but resistance is wide- 
spread. It is illegal to use enrofloxacin in 
cattle in the United States and there are some 
concerns that this antibiotic may cause joint 
cartilage abnormalities in rapidly growing 
young animals/ Erythromycin is bacteriostatic 
and has a gram-positive spectrum of activity, 
so this drug would not be a good choice in a 
neonatal calf with a rapidly progressing gram- 
negative bacterial infection. 

6. The answer is 2 [VI A 5 bl. In a study con- 
ducted in foals, application of 0.5% chlorhexi- 
dine to the umbilicus was shown to cause the 
lowest bacterial count on the umbilicus imme- 
diately post-treatment. The use of 7% tincture 
of iodine is discouraged; local tissue necrosis 
associated with the application of 7% iodine 
may actually increase the prevalence of infec- 
tion. 

7. The answer is 1 [II D 4 a]. A healthy new- 
born foal usually consumes approximately 
2096-25% of its body weight in milk over a 
24-hour period. Therefore, a healthy 1 -week- 
old foal weighing 60 kg should consume 12 li- 
ten of milk over a 24-hour period (0.20 x 60 
= 12). 

8. The answer is 4 [IV D 1 a (2) (a)]. Al- 
though the immunoglobulins in bovine colos- 
trum are rapidly catabolized in foals, bovine 
colostrum does provide protection against 
most pathogens capable of causing septioe- 
mia, with the exception of Actinobacillus 
equuli, a pathogen unique to the equine envi- 
ronment. Bovine colostrum is well-tolerated 
by foals and only occasionally causes diar- 
rhea. There are no reports of hemolytic ane- 
mia in foals fed bovine colostrum, although 
anemia has been reported to occur in lambs 
The volume of bovine colostrum required to 
confer protection in foals is approximately 4 li- 
ters, a volume that is easily achieved. 

9. The answer i s  1 [IV C 31. A TSP concentra- 
tion greater than 5.0 gldl generally indicates ad- 

equate passive transfer. A healthy 2-day-old 
calf with a total serum protein (TSP) concentra- 
tion of 6.2 gldl has adequate passive transfer. 
An immunoglobulin G (IgG) concentration of 
greater than 1000 mg/dl indicates adequate pas- 
sive transfer, as does yglutamyl transferase 
(GGT) activity greater than 300 IUIL. 

10. The answer is 3 [Ill F 1 a (3)l. Acepromaz- 
ine, which may lower the seizure threshold and 
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cause systemic hypotension, further decreasing 
renal perfusion, is contraindicated in a neo- 
natal foal with neurologic signs following an 
acute asphyxia1 episode at birth. Diazepam is 
frequently used for seizure control and dimeth- 
ylsulfoxide (DMSO) is employed by many clini- 
cians to treat cerebral edema. Furosemide is in- 
dicated as a diuretic in oliguric asphyxiated 
foals and dopamine infusion is advocated to in- 
crease renal blood flow. 



Comprehensive Exam 

I 
DIRECTIONS: Each of the numbered items or incomplete statements in this section i s  
followed by answers or by completions of the statement. Select the ONE numbered answer 
or completion that is BEST in each case. 

1. A herd of cattle is experiencing production 
losses characterized by chronic diarrhea, poor 
growth rates, and lower than expected repro- 
ductive performance. Secondary haircoat 
changes include generalized hair loss, a brit- 
tle texture, and changes to the hair color (light- 
ening). What would be the most likely diag- 

i nosis? 

(1) Ergot alkaloid contamination of feed 
I (2) lodism 

(3) Selenium toxicosis 
, , (4) Molybdenum deficiency 

(51 Copper deficiency 

3. Which one of the following etiologic 
agents is most likely to cause bacterial endo- 
carditis (BE) in a pig less than 1 year of age? 

(1 ) Actinobacillus species or Staphylococcus 
aureus 

(2) Actinomyces pyogenes or Streptococcus 
species 

(3) Streptococcus species or Erysipelothrix 
rhusiopathiae 

(4) Staphylococcus aureus or Actinomyces py- 
ogenes 

(5) Streptococcus species or Actinobacillus 
species 

2. A farmer who manages a veal operation 4. The polyuria seen in animals with equine 
has had a series of calves exhibiting anorexia, Gushing's disease may result from: 
fever, and drooling. The examination of af- (,) pyelonephritis. fected calves reveals fevers, puffy cheeks, and 
a foul odor to the breath. The most likely diag- ~ ~ ~ ~ . ~ - c O ' i w '  nosis is: (4) glomerulonephritis. 

(1) actinobacillosis. (5) polydipsia. 
(2) oral necrobacillosis. 
(3) ' actinornycosis. 
(4) vesicular exanthema. 
(5) bovine papular stomatitis. 
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14. In a "typical" outbreak of pleuropneumo- 
nia caused by Actinobacillus pleuropneu- 
monia : 

8. Which one of the following statements is 
correct when examining a horse with abdomi- 
nal pain? 

11. Coccidiosis is a disease common to many 
domestic animals. Which of the following 
statements is correct? 

(1) Coccidiosis is usually associated with high 
mortality rates but low morbidity rates. 

(2) Eimeria species are the pathogenic organ- 
ism in all domestic animals. 

(3) Treatment with coccidiostats during epi- 
sodes of clinical disease is the best course 
of action. 

(4) Nervous system signs may be seen in indi- 
vidual cattle. 

(5) Diagnosis depends on the demonstration 
of organisms in the feces. 

5. A female goat has been losing weight for 6 
weeks. This is the only animal affected out of 
a flock of 75 does, although the owner re- 
members one or two similar does lakt year 
that went on to die. Postmortem examinations 
were not performed. The clinical examination 
rules out dental disease, primary undernutri- 
tion, arthritis, and diarrhea. Two other differ- 
ential diagnoses high on your list include: 

(1) Sedate the horse immediately and before 
any clinical examination so that the exami- 
nation may be carried out in a routine, 
logical fashion. 

(2) Be aware that some colics responsive to 
medical therapy may present with severe 
pain and anxiety. 

(3) Omit a rectal examination if gastric reflux 
has been demonstrated on gastric intuba- 

(1) all foals die within 2 weeks of contracting 
the disease. 

(2) cows are unaffected, but calves develop 
enzootic pneumonia. 

(3) all exposed sheep and goats suffer high 
mortality rates. 

(4) broodmares suffer signs of upper respira- 
tory disease and those in foal, abort. 

(5) growing pigs are most severely affected, 
with a high morbidity rate and variable 
mortality rate. 

(1) johne's disease and coccidiosis. 
(2) Johne's disease and visceral caseous lym- 

phadenitis (CLA). 
(3) gastrointestinal helminths and visceral 

tion. 
(4) Remember that abdominal distention will 

be present with small intestinal obstruc- 
tion. 

(5) Be aware that high rectal temperatures are 
associated with colics in which surgical in- 
tervention should be considered. 

CLA. 
(4) abomasal emptying defect and cocci- 

diosis. 
(5) gastrointestinal helminths and abomasal 

emptying defect. 

12. One of your colleagues asks you for a 
consultation on the serum chemistry profile of 
a 2day-old embryo-transfer calf that has been 
slightly weak since birth. The calf was born in 
posterior presentation and had to be delivered 
by forced extraction. Your colleague tube-fed 
the calf with 2 L of colostntm immediately 
after delivery, and although the calf was una- 
ble to nurse from the cow, it readily suckled 
colostrum offered by nurse bottle after that 
time. The calf is normal on physical examina- 
tion. You notice that the yglutamyl transfer- 
ase (CGT) activity of this calf is 996 IUIL. A 
chart in a clinical pathology text states that 
the normal CGT activity of cattle is  less than 
31 IUIL. How would you interpret this labora- 
tory finding? 

@I A dairy farmer has cases of swollen, a b  
scessed mandibles in a few of his heifers. The 
abscesses discharge a thick, yellowish mate- 
rial and do not resolve with antibiotic treat- 
ment. The most likely diagnosis is: 6. In a horse that has an acute onset of bleph- 

arospasm, tearing, and photophobia in one 
eye, what is the most appropriate approach to 
further evaluation and treatment? 

61 A 4-year-old Holstein cow calved 3 days 
ago. This morning, she is completely anorexic 
and her milk production has decreased from 
25 kg last evening to 3 kg this morning. She i s  
passing scant amounts of feces. Physical exam- 
ination findings include a temperature of 
39.0°C, a heart rate of 120 bpm, and a respira- 
tory rate of 40 breaths/min. The cow's eyes 
are sunken and her oral mucous membranes 
are tacky. Simultaneous auscultation and per- 
cussion reveals a large, gas-filled viscus on 
the right side that extends from the eighth in- 
tercostal space to the mid-right paralumbar 
fossa. The viscus can also be palpated per rec- 
tum in the right abdomen. What is the best 
set of differential diagnoses for this cow's con- 
dition? 

(1) osteosarcoma. 
(2) actinomycosis. 
(3) osteodystrophy. 
(4) osteoporosis. 
(5) osteomalacia. 

(1) Apply fluorescein to the eye; if possible 
for comeal ulcer, treat with topical antibi- 
otics and mrticosteroids. 

(2) Apply a topical anesthetic stain to the con- 
junctiva, flush the cornea with saline, and 
then treat the eye with a topical triple anti- 
biotic ointment. 

(3) Apply a topical anesthetic to the conjunc- 
tiva followed by fluorescein to the eye; if 
no ulcer is present, treat with topical anti- 
biotics and antiviral agents. 

(4) Apply fluorescein stain to the eye; i f  nega- 
tive, treat with a topical triple antibiotic 
ointment 

, (5) Apply fluorescein stain to the eye; if posi- 
tive, treat with antibiotics and a 
cycloplegic. 

16. A swine farmer has a group of feeder pigs 
that are off-feed. Many of these pigs have 
high fevers and some exhibit reddened. raised 

The most lesions with a diamond shape. 
likely diagnosis is: 

(1 ) erysipelas. 
(2) exudative dermatitis. 
(3) ringworm. 
(4) sporotrichosis. 
(5) sarcoptic mange. 

(1) The calf has bile duct atresia. 
(2) The calf ingested adequate amounts of c o  

lostrum. 
(3) The calf is septicemic. 
(4) The calf is in renal failure. 
(5) The calf may be suffering from Tyzzer's 

disease. 

(1) Traumatic reticuloperitonitis (TRP), aboma- 
sal displacement 

(2) Cecal torsion, abomasal volvulus 
(3) Cecal displacement, right abomasal dis- 

placement 
(4) Gas in the spiral colon, acute diffuse peri- 

tonitis 
(5) Rumen tympany, abomasal torsion 

17. A farmer describes an outbreak of masti- 
tis that caused a sudden drop in milk produc- 
tion and a painless udder swelling of all four 
quarters in affected cows. New animals re- 

13. Hyperkalemic periodic paralysis (HYPP) 
is a heritable disease in: 7. The following laboratory findings are pres- 

ent in an 11 -year-old Thoroughbred gelding 
with chronic, intermittent abdominal pain: 
marked increases in y-glutamyl transferase 
(GGT) and alkaline phosphatase (AP) activity, 
a mild increase in sorbitol dehydrogenase 
(SDH) activity, a conjugated bilirubin level 
that is greater than 30% of total bilirubin, 
marked bilirubinuria, leukocytosis, and hyper- 
fibrinogenemia and hyperglobulinemia. What 
is the most likely diagnosis? 

cently have been introduced to this large 
herd, and there is a concurrent problem with 
pneumonia and lameness in the heifers. Milk 
secretion looks relatively normal, but if a sam- 
ple is left to stand, a fine grit settles to the bot- 
tom of the sample cup. The most likely diag- 
nosis is: 

(1) horses and humans. 
(2) horses and cattle. 
(3) cattle and pigs. 
(4) humans and pigs. 
(5) sheep and goats. 

10. Which one of the following statements re- 
garding microcytosis is true? Microcytosis is: 

(1) most commonly seen aftec acute blood 
loss. 

(2) a predisposing factor for red maple toxi- 
(1) Actinomyces pyogenes mastitis. 
(2) Mycoplasma mastitis. 
(3) Nocardia mastitis. 

cosis. 
(3) most commonly associated with iron defi- 

ciency. 
(4) most commonly seen in large animals 

with intraerythrocyte parasite infestations. 
(5) determined by calculating that mean cor- 

puscular volume (MCV] is abnormally 
high. 

(I) Theiler's disease 
(2) Tyzzef s disease 
(3) Mesenteric abscess 
(4) Thromboernbolic colic 
(5) Cholelithiasis 

(4) Streptococcus uberis mastitis. 
(5) Staphylococcus epidermidis mastitis. 
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18. A 4-year-old mare with acute colitis de- 
velops head edema, a painful neck, depres- 
sion, and anorexia on the fourth day of intra- 
venous fluid and plasma therapy. What is  the 
most likely diagnosis and its treatment? 

(1) Jugular vein thrombosis is the diagnosis 
and should be treated with catheter re- 
moval, topical dimethylsulfoxide (DMSO) 
or hydrotherapy, and systemic antibiotics. 

(2) Congestive heart failure (CHF) is the diag- 
nosis and should be treated with diuretics 
and positive inotropic agents, such as di- 
goxin, and reduce sodium in the diet. 

(3) Electrolyte deficiencies causing cardiac ar- 
rhythmias is the diagnosis and should be 
treated with the correction of the underly- 
ing electrolyte imbalance, lidocaine for 
ventricular arrhythmias, or quinidine for 
atrial fibrillation if arrhythmia persists after 
electrolyte replacement. 

(4) Acute equine purpura hemorrhagica is the 
diagnosis and should be treated with hy- 
drotherapy, diuretics, nonsteroidal anti-in- 
flammatory drugs (NSAIDs), and peni- 
cillin. 

(5) CHF is the diagnosis, but due to poor 
prognosis for return to function, euthana- 
sia is recommended. 
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@. Which one of the following statements re- 
gard~ng acute renal failure in horses is cor- 
rect? 

23. A veterinarian is called to examine a 
small flock of sheep with swelling and stiff- 
ness of the limbs, ventral abdominal disten- 
tion, and depression. Two young sheep have 
died. A postmortem examination reveals di- 
lated right and left ventricles of the heart, 
acute congestion of the liver, and significant 
pleural, pericardial, and peritoneal fluid. The 
sheep were fed a 3-kg mixture of 5050 oat 
hay and alfalfa hay, 1 -kg of a 16% grain mix 
labeled for sheep, and they had free access to 
a 22% proteinitrace mineral supplement la- 
beled for beef cattle. Vaccination and de- 
worming prophylaxis appeared adequate. 
What is the most likely diagnosis and how 
should this diagnosis be confirmed? 

26. Which one of the following is most likely 
to cause intravascular hemolysis in cattle? 

(1) Anaplasma marginale 
(2) (3) Cobalt Eperythrozoon deficiency wenyoni 

(4) Onion toxicosis 
(5) Babesia bigemina 

(1) Causes of acute renal failure in horses in- 
clude the administration of nephrotoxic 
medications leg., menadione sodium bi- 
sulfite (vitamin K, )I, the consumption of 
red maple leaves, and the accidental con- 
sumption of mercury. 

(2) Adult horses that develop uroliths usually 
show signs of renal failure because of post 
renal urinary obstruction. 

(3) Urine sediment analysis in horses with sus- 
pected renal tubular disease that shows 
only a large amount of calcium carbonate 
crystals in alkaline urine is most sugges- 
tive of uroliths because the absence of tu- 
bular casts rules out tubular disease. 

(4) A high serum creatinine lwel combined 
with low urine specific gravity in a foal 2 
days old that has few other clinical signs 
suggests an underlying congenital renal 
disorder. 

(5) Because many toxins have a specific site 
of action, such as glomerular or proximal 
tubular damage, the best test on horses is 
a renal biopsy to diagnose the site of dam- 
age, leading to the early recognition and 
removal of the toxin. 

# I  
27. A client has a 9-day-old Standardbred I 

filly foal that has had diarrhea of 1 day's dura- 1 I 

tion. The veter~narian examines the foal and 
finds no abnormalities other than watery 
feces. What is the appropriate next measure? 

I 

(1) The owner should apply petroleum jelly 
to the perineum and call the veterinarian 
if the diarrhea persists for more than an- 
other 48 hours. 

(2) The owner should consider having a galac- 
tose tolerance test run on the foal. 

(3) Flunixin meglumine and lincomycin 
should be administered to the foal. 

(4) The owner should observe the foal for 2 
more days. The mare and foal should be 
separated, except for two daily feedings. 

(5) An enema should be administered to treat 
meconium impaction. 

(1) Chronic parasitism confirmed by intestinal 
parasites found in fecal flotations 

(2) Congestive heart failure (CHR due to 
toxic exposure (most likely gossypol toxi- 
cosis) confirmed by free gossypol found in 
the protein and mineral supplement and 
concentrate mix 

(3) Acute hepatotoxicity due to plant toxicity 
confirmed by pathognomonic lesions or 
rumenotomy found in a liver biopsy 

(4) Ovine progressive pneumonia serology or 
viral isolation from blood 

(5) Liver flukes confirmed by a Baenann 
float of feces 

28. An 8-year-old horse has a persistent 
cough when stabled but is otherwise afebrile 
and maintains a good appetite and demeanor. 
Which one of the following statements apply 
to this case? 

19.  veterinarian is  consulted regarding a 4- 
year-old horse with a fleshy mass on the eye- 
lid. The owner noticed the mass in February. 
What should be on the veterinarian's list of 
differential diagnoses? 

21. A veterinarian is consulted regarding tran- 
sient bouts of loose feces in a 6-year-old rid- 
ing horse. On examination of the horse, no 
definitive findings are noted, and the veterinar- 
ian recommends routine deworming, vaccina- 
tions, and dental care. Four months later, the 
horse appears to be thin and has a plaque of 
ventral, midline edema. Upon questioning, 
the owner reports that the horse's feces also 
continue to be nonformed. What is the most 
likely diagnosis? 

2 z  Blindness can be associated with a vari- c; 
en, of conditions in domestic animals. Which 
cdnditions often result in blindness? (1) The cough is usually an immunologic re- 

action to airborne allergens, and cellular 
infiltration of the lower airways i s  a neu- 
trophilic type because of secondary bacte- 

i - t 

rial colonization. 
(2) Finding eosinophils in the lower airways 

is highly consistent with a diagnosis of al- 
lergic lower airway disease, such as 
chronic obstructive pulmonary disease 
(COPD) or heaves 

(3) Using the atropine challenge test for a di- 
agnostic test, failure to relieve the signs 
suggests that clinical signs are caused by 
a disease other than COPD. 

(4) After changing management practices to 
reduce the dust in the environment and 
using corticosteroids to reduce airway irri- 
tation, both treatments can be eliminated 
gradually as clinical signs abate. 

(5) Other signs might include exercise intoler- 
ance and abdominal muscle hypertrophy, 
with changes in intrapleural pressure 
larger than 10 mm Hg. 

(1 ) Habronemiasis 
(2) Sarcoid 
(3) Squamous cell carcinoma (SCC) and ha- 

bronemiasis 
(4) Sarcoid, SCC, and habronemiasis 

(1) Leptospirosis in horses, vitamin D toxico- 
sis in cattle 

(2) Polioencephalomalacia in calves, lead poi- 
soning in cattle 

(3) Lead poisoning in cattle, listeriosis in 
sheep 

(4) Leptospirosis in horses, lideriosis in sheep 
(5) Vitamin D toxicosis in cattle, polioenceph- 

alomalacia in calves 

(1) Granulomatous enteritis 
(2) Equine monocytic ehrlichiosis (Potomac 

horse fever) 
(3) Chronic impaction of the small intestine 
(4) Gastric ulceration 
(5) Equine pancreatitis 

25. Which one of the following pairs describ- 
ing the etiologic agent and treatment of liver 
abscesses in cattle is correct? 

22. Which one of the following statements re- 
garding anhidrosis in horses is correct? Anhi- 
drosis: 

(1 ) Escherichia coli -gentamicin 
(2) Salmonella typhimurium -trimetho- 

prim-sulfamethoxazole 
(3) Actinomyces bovis-tilmicosin 
(4) Fusobaaerium necrophorum-penicillin 
(5) Aspergillus -thiabendazole 

(1) can be diagnosed with serum sodium mea- 
surements. 

(2) is a genetic condition. 
(3) may be complete or partial. 
(4) is seen most commonly in obese mares. 

6 )  is treated most commonly with thyroxine 
and calcium salts. 
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3 In the late summer, a 6-month-old Hol- 
k e i n  he~fer has had signs of depression and re- 
cumbency over the last 24 hours. Two other 
calves (of a group of 10) have died in the past 
week. The owner thinks the animals may 
have convulsed before they died. The other 
calves had loose, bloody stools and were 
being treated for presumed coccidiosis with 
amprolium, as well as with oral trimethoprim- 
sulfa and a multivitamin complex. . 

On physical examination of this 6-month- 
old calf, all vital signs are mildly elevated. 
The animal is depressed, is in left lateral re- 
cumbency, and has its head back (i.e., opis- 
thotonos). Reflexes are intact, but the calf will 
not support itself in sternal recumbency. Men- 
ace reflex is absent bilaterally, but pupillary 
light reflexes are intact, and there is a dor- 
somedial strabismus. The state of hydration 
and mucous membranes are normal, feces a p  
pear to be formed, and there is normal rumen 
motility. What is the most likely diagnosis? 

(1) Lead toxicity 
(2) Polioencephalomalacia 
(3) Nervous coccidiosis 
(4) Thromboembolic meningoencephalitis 

VEME) 
(5) Vitamin A deficiency 

44. A dairy client has an unacceptable preva- 
lence of Staphylococcus aureus mastitis. 
Which one of the following statements is the 
best advice? 

47. In ruminants with obstructive ur~lithiasi~, 
which one of the following clinical scenarios 
is most likely? 

49. A 4-day-old calf has stopped nursing dur- ( 
ing the previous 12 hours, is depressed, lacks 
a menace reflex, has a rectal temperature of 
39.goC, and is showing signs of a stiff neck. 
The calf had a normal birth and suckled well 
on the first day. Which one of the following 
statements is correct? 

('1) In cases of complete urethral obstruction 
with bladder rupture, there is inappe- 
tence, depression and colic signs with 
kicking at the abdomen. 

(2) Straining to urinate may be sufficient to 
prolapse the rectum, and obstructed sheep 
may also show tail wriggling. 

(3) For early cases in which urethral or blad- 
der rupture have yet to occur, it is possi- 
ble to attempt medical therapy by passing 
a catheter retrograde into the bladder. 

(4) If the bladder is ruptured, surgical closure 
of the defect is usually required for the 
steer to resume urine flow. 

(5) In sheep and goats, the obstruction at the 
vermiform appendage is often a solitary 
calculus that can be crushed to allow the 
free flow of urine. 

(1) Treat all cases of clinical mastitis with in- 
tramammary penicillin during lactation. 

(2) Cull animals with S. aureus or segregate 
and milk separately. 

(3) Immediately cease milking all culture-posi- 
tive cows and dry teat. 

(4) Treat all culture-positive cows with intra- 
muscular penicillin. 

(5) Strip out affected quarters from culture- 
positive cows every 2 hours. 

(1) If this were a foal, the signs are typical for 
neonatal maladjustment syndrome (NMS). 

(2) Intrauterine bovine virus diarrhea (BVD) 
infection at mid-gestation could explain 
these signs. 

(3) An important part of the diagnostic regi- 
men is  a cerebrospinal fluid (CSF) sample 
and test for passive transfer. 

(4) The depression and lack of menace reflex 
suggest hydrocephalus or hydranenceph- 
aly; therefore, there is no treatment for 
this calf. 

45. In a pig barn with problems of low-grade 
cough, prolonged time to reach market 
weight, and some carcasses showing crano- 
ventral lung consolidation and peribronchial 
lymphoid cuffing, what is the most likely diag- 
nosis? 50. The proper treatments for sole ulcer in- 

clude: 
(1) Porcine reproductive and respiratory syn- 

drome (PRRS) 
(2) Enzootic pneumonia caused by inade- 

quate ventilation 
(3) Chronic form of Actinobacillus (Hemophi- 

lus ) pleuropneumonia 
(4) Swine influenza followed by secondary 

Pasteurella multocida pneumonia 
(5) Mycoplasma hypopneumoniae infection 

in the herd 

48. A veterinarian is called to examine a 19- 
year-old, grey, Hunter-type gelding because 
the owner had noticed that the horse had 
been losing weight over the past 2 months. 
Clinical examination reveals the horse to be 
severely underweight, but there are no other 
abnormal findings. Weight loss without other 
abnormal findings could be caused by: 

(1) chronic obstructive pulmonary disease 
(COPD), liver flukes, or lymphosarcoma. 

(2) lymphosarcoma, squamous cell carci- 
noma of the stomach, or COPD. 

(3) liver flukes, malnutrition, or intestinal clos- 
tridiosis. 

(4) squamous cell carcinoma of the stomach, 
malnutrition, or granulomatous enteritis. 

(5) intestinal clostridiosis, lymphosarcoma, or 
squamous cell carcinoma of the stomach. 

(1) corrective trimming, pressure bandaging, 
and claw elevation (block). 

(2) systemic antibiotics, corrective trimming, 
and footbaths. 

(3) claw elevation (block), systemic antibiot- 
ics, and footbaths. 

(4) corticosteroids, pressure bandaging, and 
corrective trimming. 

(5) tetracycline sprays, systemic antibiotics, 
and pressure bandaging. 

54. Of the following treatments, the best ther- 
apy for acute coliform mastitis is: 

(1) intramammary treatment with gentamicin. 
(2) oral fluids. 
(3) stripping the affected quarters frequently. 
(4) intravenous calcium. 
(5) 500 mg of dexamethasone twice daily for 

7 days. 

51. Which one of the following statements re- 
garding bovine leukosis is true? 

(1) milk fever, grass staggers, or alkali dis- 
ease. 

(2) grass tetany, milk fever, or alkali disease. 
(3) "downer cow" syndrome, wheat pasture 

.poisoning, or grass tetany. 
(4) lactation tetany, grass staggers, or wheat 

pasture poisoning. 
(5) "downer cow" syndrome, lactation tet- 

any, or eclampsia. 

(1) It is spread primarily via aerosol infection. 
(2) It may produce signs of spinal cord dis- 

ease. 
(3) It is preventable through vaccination. 
(4) It manifests as lymphosarcoma in most pa- 

tients. 
(5) It has been proven to be a zoonosis. 

55. A veterinarian auscultates a 2-month-old 
calf that is small for its age. On auscultation, 
the veterinarian hears a grade Ill pansystolic 
murmur on both sides of the chest. When a 
cardiac catheterization is performed, elevated 
cardiac pressures, particularly in the right ven- 
tricle, are found, The most likely heart defect 
is: 

@ Which one of the following conditions 
would likely cause abdominal pain in foals? 

(1) Meconium impaction, gastric ulceration, 
cryptosporidiosis 

(2) Gastric ulceration, granulomatous enteri- 
tis, ascarid impaction 

(3) Meconium impaction, intussusception, as- 
carid impaction 

(4) Intussusception, cryptosporidiosis, abdomi- 
nal hernias 

(5) Abdominal hernias, granulomatous enteri- 
tis, small intestinal volwlus 

(1) patent ductus arteriosus (PDA). 
(2) ventricular septa1 defect (VSD). 
(3) vegetative endocarditis involving the right 

atrioventricular (AVI valve. 
(4) right AV valvular insufficiency. 
(5) aortic insufficiency. 
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56. A veterinarian is called to examine an 8- 
year-old Thoroughbred mare with a 12-hour 
history of anorexia, depression, ahd the void- 
ance of reddish brown urine. Physical exami- 
nation reveals a rectal temperature of 39.8" C, 
a heart rate of 80 beats/min, and a respiratory 
rate of 30 breathqmin. The hone's mucous 
membranes are pale and her sclerae are ic- 
teric. Laboratory findings include a packed 
cell volume (PCV) of 16.2% and red-tinged 
plasma. The discoloration of the plasma re- 
mains after centrifugation. The urine is  posi- 
tive for occult blood and protein. Based on 
the clinical and laboratory findings, what is 
the most likely set of differential diagnoses? 

(1) Acute glomerulonephritis, equine infec- 
tious anemia (EIA), anaplasmosis, red 
maple leaf toxicosis 

(2) Babesiosis, EIA, red maple leaf toxicosis, 
autoimmune hemolytic anemia 

(3) Babesimis, equine exertional rhabdomyol- 
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63. Which set of signs is most consistent with 
lead toxicity in large animals? 

64. A veterinarian examines a 22-hour-old 
Thoroughbred filly that was born on a farm 
with above-average to excellent management 
conditions. The foal is vigorous and in excel- 
lent health as far as the veterinarian can ascer- 
tain. Because the mare reportedly leaked 
some colostrum immediately prior to foaling, 
the veterinarian decides to evaluate the foal's 
immunoglobulin concentration using an en- 
zyme-linked immunosorbent assay (ELISA) 
test. The immunoglobulin G (IgG) concentra- 
tion is  greater than 400 mgldl, but less than 
800 mgtdl. Based on this result, the veterinar- 
ian should: 

58. Examination of the right rear foot of a ma- 
ture dairy cow reveals warmth and swelling 
of the coronet. Also, there is a moist, red fis- 
sure in between the claws and a foul odor t~ 
the foot. The most likely diagnosis is: 

(1) infectious pododermatitis. . . 
(2) stable foot rot. 
(3) laminitis. 
(4) greasy heel. 
(5) underrun sole. 

(1) The chronic form is reported in horses 
and can manifest as paralysis of the recur- 
rent laryngeal nerve and the pharynx, re- 
sulting in recurrent choke, regurgitation of 
food, and aspiration pneumonia. 

(2) The acute form often shows a sudden 
onset and short duration of disease occur- 
ring within 12-24 hours. 

(3) In the subacute form, in addition to neuro- 
logic signs of depression and blindness 
with nonreactive pupils, there are also 
signs of gastroenteritis (e.g., ruminal atony 
accompanied by constipation in the early 
stages), followed by fetid diarrhea (caused 
by abomasitis from lead salts). 

(4) A key clinical sign to differentiate from 
polioencephalomalacia (PEM; a major dif- 
ferential diagnosis) is rumen motility, 
which is only mildly reduced in lead toxic- 
ity. The rumen is often fluid filled and 
atonic in PEM due to the diet change. 

59. Crushing deaths of piglets often may be 
related to: 

(1) lactation tetany of sows. 
(2) liver disease of piglets. 
(3) vitamin E and selenium deficiency of pig- 

lets. 
(4) hypothermia and hypoglycemia of piglets. 
(5) iron deficiency of piglets. 

(1) supplement the foal with additional mare 
colostrum. 

(2) supplement the foal with bovine colos- 
trum. 

(3) administer 2 L of commercial plasma intra- 
venously. 

(4) treat the foal with broad-spectrum anti bi- 
otic~. 

(5) not do anything. 
60. Which one of the following statements re- 
garding cryptosporidiosis is true? ysis, phenothiazine toxicosis, anaplas- 

mosis 
(4) Equine exertional rhabdom~olvsis, ~velo-  (1) It is a skin disease of horses. 

(2) It i s  a secretory diarrhea of calves. 
(3) It is a pyogranulomatous lung infection of 

pigs. 
(4) It is a foot (hoof) disease of sheep. 
(5) It is an arthritis of goats. 

nephritis, EIA, phenothiazine toxicosjs 
(5) Babesiosis, autoimmune hemolytic ane- 

mia, pyelonephritis, equine exertional 
rhabdomyolysis 

DIRECTIONS: Each of the numbered items or incomplete statements in this section is 
negatively phrased, as indicated by a capitalized word such as NOT, LEAST, or EXCEPT. 
Select the ONE numbered answer or completion that i s  BEST in each case. 

57.' A +year-old Standardbred horse with a 
history of hind limb ataxia for 1 month ex- 
hibits muscle atrophy to the left gluteal re- 
gion. The same sign is exhibited in 15 other 
horses, including brood mares and foals, none 
of which have had any recent signs of illness. 
Which one of the following statements is cor- 
rect? 

(1) A cerebrospinal fluid (CSF) sample should 
be obtained and assessed for evidence of 
sarcocystic neuron exposure. 

(2) Cervical radiographs with myelography 
are the most likely method of diagnosis. 

(3) Green pasture and fodder with supplemen- 
tal vitamin E might have prevented this 
problem. 

(4) A CSF sample of high protein with the 
lack of inflammatoty cells will likely be 
found. given this history. i 1 (5) Finding eosinophils in the CSF is highly 

I 
suggestive of equine protozoal mye- 
loencephalitis (EPM). 

4 ,  
i? I 

65. An effective intestinal parasite control pro- 
gram for sheep in North America would NOT 
include: 

67. Clinical findings with dental disease in 
horses include all of the following EXCEPT: 

61. Neonatal isoerythrolysis is diagnosed in a 
mule foal with acute hemolytic anemia. 
Which one of the following transfusion treat- 
ments would be the most appropriate? (1) quidding. 

(2) eating hay in preference to grain. 
(3) slow, painful mastication. 
(4) weight loss. 
(5) choke. 

(1) prelambing dewoning of adults with iver- 
mectin. 

(2) deworming of lambs in the spring before 
turning them out on pasture. 

(3) raising lambs indoors and feeding hay 
from elevated racks. 

(4) use of pastures grazed by cattle for rota- 
tion into sheep grazing. 

(5) deworming of feeder lambs every 3 weeks 
during the winter with thiabendazole. 

(1 ) Whole blood from a male horse related to 
the dam 

(2) Whole blood from the (horse) dam 
(3) Washed erythrocytes from the (donkey) 

sire 
(4) Plasma from a horse lacking the Aa or Qa 

blood group antigens 
(5) Washed erythrocytes from an unrelated 

male donkey 

68. A dairy cow in the second week of lacta- 
tion is noted to have pale mucous rnem- 
branes, tachycardia, weakness, and hemoglo- 
binuria. Which one of the following would 
NOT be a logical course of action? 

62. A 15-year-old Arabian mare is brought to 
a veterinarian because of recurrent episodes 
of colic. Differential diagnoses would include 
which of the following? - 

(1) Enterolith, pedunculated lipoma, salmo- 
nellosis 

(2)  Enterolith, Dictyocaulus arnfieldi infesta- 
tion, thromboembolic infarction 

(3) Pendunculated lipoma, parasitic larval mi- 
gration, intestinal foreign body 

(4) Thromboembolic infarction, salme 
nellosis, sand impaction 

(5) Sand impaction, D. arnfieldi infestation, 
feed impaction 

(1 ) Increase efforts to control arthropods. 
(2) Examine the phosphorous content of the 

ration. 
(3) Examine urine by dark-field microscopy. 
(4) Check the animal's diet for oxidant-con- 

taining plank. 
(5) Examine erythrocytes for rickettsia1 organ- 

Isms. 

66. Which one of the following does NOT 
typically cause regenerative anemia? 

(1) Postparturient hemoglobinuria 
(2) Acute blood loss 
(3) Iron deficiency 
(4) Onion toxicosis 
(5) Anaplasrna marginale infection 
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69. All of the following patients should 
undergo surgical repair for patent urachus EX- 
CEPT: 

(1) A hospitalized foal youngeithan 5 days 
old with a normal rectal temperature, nor- 
mal results on a complete blood count 
(CBC), and a normal fibrinogen concentra- 
tion. 

(2) A foal with urine continuing to dribble 
from the urachus 1 week following cauteri- 
zation with silver nitrate. 

(3) A foal in which ultrasound examination of 
the umbilicus reveals urachal abscess. 

(4) A foal with an umbilicus that is hot and 
painful on palpation and exuding a puru- 
lent discharge. 

(5) A foal that has evidence of subcutaneous 
fluid accumulation in the area of the exter- 
nal umbilical remnants. 

70. A Holstein calf is suspected of having bo- 
vine leukocyte adhesion deficiency (BUD). 
Which one of the following findings is NOT 
characteristic of BLAD? 

(1) Persistent neutropenia 
(2) Lymphadenopathy 
(3) Gingivitis 
(4) Fever 
(5) Bronchopneumonia 

71. Several weanling beef calves die from ex- 
cessive hemorrhage after dehorning. The 
farmer has additional calves to dehorn. 
Which one of the following recommendations 
would NOT be correct? 

(1) Determine that the prothrombin time is 
normal before dehorning more calves. 

(2) Only feed sweet clover as silage. 
(3) Analyze feed for dicoumaml or related 

compounds. 
(4) Treat calves with vitamin K, . 
(5) Discard all moldy sweet clover hay. 

1. The answer is 5 [Chapter 16 111 D 21. This 
clinical picture best fits primary copper defi- 
ciency or molybdenum excess. Ergot (Clavi- 
ceps purpura) contamination of feed results in 
gangrene of the extremities. Chronic selenium 
toxicosis results in laminitis and hair loss, 
which is usually most prominent on the tail. 
Iodine toxicity clinically presents as increased 
lacrimation, epiphora, nasal discharge, sebor- 
rhea, and hair loss. 

2. The answer is 2 [Chapter 1 I I 11. The set 
of clinical findings best describes oral necro- 
bacillosis (necrotic stomatitis). Actinobacillosis 
involves the tongue, whereas actinomycosis is 
an osteomyelitis usually of the mandible. Ve- 
sicular exanthema is a disease of swine. Bo- 
vine papular stomatitis produces only mild 
clinical signs with oral papules or coalescent 
lesions on the muzzle and oral mucous mem- 
branes. 

3. The answer is 3 [Chapter 8 11 B 6 c]. Bacte- 
rial endocarditis (BE) in swine is frequently 
caused by either Streptococcus species or Ery- 
sipelothrix rhusiopathiae. Actinobacillus 
equuli i s  one of the two common organisms 
associated with the disease in horses. Actino- 
myces pyogenes is frequently isolated from af- 
fected cattle. 

4. The answer is 2 [Chapter 10 111 A 3 b (I)]. 
In equine Cushing's disease, polyuria may re- 
sult from excessive cortisol secretion. Exces- 
sive cortisol secretion results from chronic ad- 
renocorticotropic hormone (ACTH) release by 
the pituitary gland. High cortisol levels may 
block antidiuretic hormone (ADH) or its effect 
on the kidney. Also, the hyperglycemia result- 
ing from excessive corticosteroid levels may 
cause an osmotic diuresis. 

5. The answer is 2 [Chapter 4 11 B 1, 21. Both 
Johne's disease and visceral caseous lymphad- 
enitis (CU) cause chronic weight loss in adult 
goats. Coccidiosis causes diarrhea in young ru- 
minants, whereas gastrointestinal helminths 
usually produce a herd level problem with 
poor growth rates and poor performance. Ab- 
omasal emptying defect is a specific condition 
reported only in Suffolk sheep. 

6. The answer is 5 [Chapter 12 1 A 3-41. In a 
horse with the acute onset of blepharospasm, 
tearing, and photophobia in one eye, fluores- 
cein dye should be applied to the cornea to 
detect any ulcers. If ulcers are present, correct 
therapy entails the administration of antibiot- 
ics and cytoplegics. Antiviral agents have not 
been employed with any reliability and in this 
case, the lesion is only in one eye, decreasing 
the likelihood of a systemic viral event, which 
more commonly results in bilateral lesions. 
Broad-spectrum antibiotics are not necessary 
if there is no ulcer or severe conjunctivitis 
present. If overused, broad-spectrum antibiot- 
ics may lead to mycotic superinfection. 

7. The answer is 5 [Chapter 5 11 A 3 a (2), d 
(2)l. Recurrent abdominal pain, obstructive ic- 
terus (as evidenced by the increased serum 
levels of cholestatic enzymes, conjugated bili- 
rubinemia, and bilirubinuria), and an inflam- 
matory leukogram are most consistent with a 
diagnosis of cholelithiasis. Theiler's disease 
does not present as recurrent abdominal pain, 
or with laboratory evidence of obstructive ic- 
terus. Tyzzer's disease is a disease of young 
foals, not adult horses. Horses with either 
thromboembolic colic or a mesenteric abscess 
will present with recurrent abdominal pain 
and an inflammatory leukogram, but not with 
signs of obstructive icterus. 

8. The answer is 2 [Chapter 2 1 A 21. Some 
colics that respond to medical management, 
such as those due to gastric dilatation, present 
with severe pain and anxiety. Clinical exami- 
nations should be performed as much as possi- 
ble without sedation of the animal so as not 
to mask clinical findings. Rectal examinations 
should always be performed as part of the 
complete physical examination when pre- 
sented with a horse exhibiting abdominal 
pain. Abdominal distention is not present in 
cases of small intestinal obstruction because 
any distention is restricted by the thoracic 
cage. High rectal temperatures are most often 
associated with non-surgical conditions, such 
as bacterial infections. 

9. The answer is 2 [Chapter 3 1 C 21. Cecal 
torsion or abomasal volvulus are the most 
likely causes of this cow's distress. The gas- 
filled viscus on the right side of a mature cow 
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must be either the cecum or the abomasum. 
This cow i s  clearly in shock, suggesting that 
circulation to the viscus must beacornpro- 
mised. Therefore, the viscus i s  most certainly 
twisted (as a result of torsion or volvulus), 
rather than simply displaced or distended. A 
diffuse peritonitis may produce auscultable ab- 
dominal gas, but the ability to detect the dis- 
placed viscus via rectal palpation defines the 
involvement of the abomasum or cecum. 

10. The answer is 3 [Chapter 14 1 A 2 c (I)] .  
Compared with human beings and small ani- 
mal species, all large animals, particularly 
small ruminants, have relative microcytosis. 
True microcytosis is most commonly seen 
with iron deficiency, when erythrocytes con- 
tain less hemoglobin than normal. 

11. The answer is 4 [Chapter 1 1 II D 21. Indi- 
vidual cattle may exhibit nervous signs (con- 
vulsions) with coccidiosis. Coccidiosis is most 
commonly a disease associated with high mor- 
bidity rates (i.e., many animals are affected) 
but low mortality rates (i.e., few animals die). 
Although Eimeria species are commonly path- 
ogenic to ruminants, lsospora species cause 
disease in pigs. Treatment of individuals is 
less rewarding than prevention, which is car- 
ried out through a combination of coccidio- 
stats and improvements in hygiene. Animals 
may exhibit disease (diarrhea) prior to the pas- 
sage of oocysts in the feces, but healthy ani- 
mals can also shed fecal oocysts. 

12. The answer is 2 [Chapter 18 IV C 3 j]. 
yClutamyl transferase (CGT) activity greater 
than 300 IUIL usually indicates that a calf has 
consumed adequate amounts of colostrum. 
Colostral CCT concentration in the bovine is 
approximately 300 times the serum CCT con- 
centration. Diagnoses of septicemia or liver in- 
volvement are unlikely in a calf that appears 
systemically healthy. Renal failure should not 
cause an increase in GCT activity in serum. 

13. The answer is 1 [Chapter 9 11 Bl. Hyper- 
kalemic periodic paralysis (HYPP) i s  described 
as a heritable muscle disease of h o r n  
(Quarter horses, Appaloosas, American point 
hones, and Quarter horse crosses) and hu- 
mans. In humans, it is  referred to as HYPP or 
adynamia episodica hereditaria. Defective so- 
dium channels in the nervous system remain 
open after membrane depolarization, allowing 
excessive inward sodium movement and 
heightened membrane depolarization. Simul- . 
taneously, normal sodium channels may be in- 

activated, preventing the development of nor- 
mal action potentials and leading to muscular 
weakness. Affected horses exhibit muscle fas- 
ciculations and spasms of the face, jaws, and 
legs, followed by weakness and recumbency. 

14. The answer is 5 [Chapter 7 1 B 4 b]. Ac- 
tinobacilius pleuropneumonia causes porcine 
pleuropneumonia. When introduced into 
naive herds, the bacteria cause signs of pneu- 
monia (fever, coughing, abnormal respiratory 
patterns). Morbidity and mortality rates are 
usually highest in the feeder pig population. 

15. The answer is 2 [Chapter 13 11 B 2, 51. 
This set of clinical findings (i.e., swollen ab- 
scesses on the mandibles that discharge a 
thick, yellowish material and do not resolve 
with antibiotic treatment) best describes acti- 
nomycosis (lumpy jaw). Cancerous, degenera- 
tive, or nutritional deficiencies do not match 
the clinical findings or subjective information 
presented. 

16. The answer is 1 [Chapter 16 V F 21. Dia- 
mond-shaped skin lesions occurring in pigs 
that are anorexic and feverish are most likely 
caused by Erysipelas. Exudative dermatitis or 
greasy pig disease is a seborrheic skin condi- 
tion. Ringworm is not accompanied by sys- 
temic signs. Sporotrichosis is a nodular dis- 
ease of horses. Sarcoptic mange affects pigs, 
but the primary clinical finding is pruritus. 

17. The answer is 2 [Chapter 17 1 C 6 b]. 
The set of clinical findings (i.e., sudden drop 
in milk production, painless udder swelling of 
all four quarters in affected cows, concurrent 
problems with pneumonia and lameness, fine 
grit in the bottom of the sample cup) best fits 
the pattern of disease experienced with an out- 
break of Mycoplasma mastitis. 

18. The answer is 1 [Chapter 8 11 C 2, 51. 
The horse is suffering from jugular vein thmm- 
bophlebitis. The horse has several of the pre- 
disposing factors for the development of this 
condition, including protracted duration of 
catheter indwelling (more than 3 days), possi- 
ble endotoxemia or septicemia from colitis 
leading to a coagulopathy, and administration 
of plasma and other fluid products through 
the catheter. Physical examination findings 
(i.e., a painful neck, head edema, depression, 
reluctance to put its head down to eat) sup 
port the diagnosis. Treatment includes the re- 
moval of the catheter, topical hydrotherapy or 
hot packs, topical anti-inflammatory agents 

such as dimethyl sulfoxide (DMSO), and ap- 
propriate antibiotics. Congestive heart failure 
(CHF) should not cause a painful neck and is  
not a likely consequence of acute colitis. Pur- 
pura hemorrhagica causes a vasculitis, usually 
resulting in leg and ventral abdominal edema, 
in addition to bottle jaw. A history of respira- 
tory disease is usually present. Cardiac ar- 
rhythmias due to electrolyte imbalances do 
not result in a painful neck. Signs of CHF 
(such as head edema) are a late sequelae to 
cardiac arrhythmias, and other clinical signs 
should be apparent at that time (e.g., jugular 
vein distention, jugular pulses, ascites). 

19. The answer is 4 [Chapter 12 111 A 41. Sar- 
coids, squamous cell carcinomas (SCCs), and 
habronemiasis have similar clinical presenta- 
tions and often cannot be diagnosed defini- 
tively without the aid of histopathology. A bi- 
opsy with histopathologic examination is 
suggested to rule out other types of tumors 
and habronemiasis. 

20. The answer is 1 [Chapter 15 1 A 1 c]. 
Causes of acute renal failure in horses include 
the administration of nephrotoxic medica- 
tions, the consumption of red maple leaves, 
and the accidental consumption of mercury. 
Obstruction does not commonly occur in 
horses. Calcium carbonate crystals are nor- 
mally found in hone urine, and the alkaline 
urine readily dissolves casts. Some normal 
foals can have serum creatinine elevations 
temporarily after birth, and foals also have di- 
lute urine at this time. Biopsy is not of value 
and poses a risk to the patient 

21. The answer is 1 [Chapter 2 111 A]. The 6- 
year-old riding horse most likely has granulo- 
matous enteritis (lymphocytic-plasmacytic en- 
teritis), an immune-mediated disorder that 
causes a malabsorption syndrome. Characteris- 
tic findings include a chronic, nonresponsive 
diarrhea and possibly ventral edema. Equine 
monocytic ehrlichiosis (Potomac hone fever) 
is characterized by acute, watery diarrhea that 
lasts approximately 10 days in most horses. 
Gastric ulceration is associated with recurrent 
abdominal pain more often than diarrhea, and 
there is usually a history of nonsteroidal anti- 
inflammatory drug (NSAID) use. Chronic im- 
paction of the small intestine would more 
likely be associated with colic than diarrhea. 

22. The answer is 3 [Chapter 10 VII C 21. 
Horses with anhidrosis may be completely un- 
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able to sweat or exhibit only partial sweating. 
Serum sodium levels are not affected, and the 
condition is not known to be genetic. There is 
no age, breed, or sex predilection. Anhidrosis 
is diagnosed by clinical findings, and treat- 
ment is symptomatic. 

23. The answer is 2 [Chapter 8 V B 11. Sheep 
and goats (particularly young animals) are 
more susceptible to the signs of gossypol toxi- 
cosis than cattle. Adult ruminants are able to 
detoxify gossypol by forming stable com- 
plexes with soluble proteins in the rumen. 
The 22% proteinltrace mineral supplement la- 
beled for beef cattle, which was being fed, re- 
vealed high amounts of free gossypollkg in 
the supplement, and there were also high 
amounts of gossypol in the concentrate mix. 
Cossypol toxicosis results in cardiomyopathy 
by inactivating enzymes that are important in 
allowing myocardial cells to respond to oxida- 
tive stress. The sheep were adequately de- 
wormed, so chronic parasitism or liver flukes 
were unlikely. Acute hepatotoxicity usually re- 
sults in gastrointestinal or neurologic signs be- 
fore causing congestive heart failure (CHF). 
Ovine progressive pneumonia virus infection 
usually results in pneumonia in older goats or 
may be a cause of ill thrift or mastitis. . 

24. The answer is 2 [Chapter 11 II C 1 b (1 1, 
2 b (1) (b)]. Blindness is a finding in calves 
with polioencephalomalacia and in cattle 
with lead poisoning. Recurrent uveitis (blind- 
ness) in horses often develops as a sequela to 
systemic leptospirosis; however, neither listeri- 
osis in sheep nor vitamin D toxicosis in cattle 
have blindness associated with the clinical 
picture. 

25. The answer is 4 [Chapter 5 Ill A 1 c, el. 
The organism most often responsible for cauc 
ing liver abscesses is Fusobacterium n e c w p h ~  
rum. Long-tern penicillin or tetracycline ther- 
apy is indicated for the treatment of 
individual affected animals. 

26. The answer is 5 [Chgpter 14 1 D 2 a (2) 
(c), (dl]. The intraerythrocytic protozoon of 
genus Babesia commonly cause intravascular 
hemolysis, whereas rickettsia1 organisms and 
oxidative agents frequently cause exbavascu- 
lar hemolysis. Cobalt deficiency is associatecJ 
with depression anemia but not hemolysjs. 

27. The answer is 1 [Chapter 2 11 B 11. The 
most likely diagnosis in this case is foal beat 
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diarrhea. These patients require symptomatic 
and supportive care only (e.g., application of 
petroleum jelly to the perineum). Other tests 
and treatments are only warranted if clinical 
signs deteriorate or if the condition persists. 
Observing the foal closely is valuable advice 
but separating the foal and the mare and pro- 
viding for only two daily feedings would 
surely limit calorie intake for the foal. Meco- 
nium impaction is seen in younger foals pre- 
senting with straining, inappetence, abdomi- 
nal distention, and an inability to pass feces. 

28. The answer is 5 [Chapter 7 1 F 2 b]. The 
clinical description best fits chronic obstruc- 
tive pulmonary disease (COPD). The cough re- 
flects a pulmonary hyperreactivity to airborne 
antigens, and the lower airway cytology will 
be neutrophilic because of immune, rather 
than bacterial, stimulation. Failure of the atro- 
pine challenge test reflects a chronic, irreversi- 
ble bronchospasm, which indicates limited 
value of bronchodilator therapy. Management 
practice to reduce environment dust and pol- 
lution must be continuous and permanent. 
Likewise, low-dose corticosteroids may be in- 
stituted as long-term therapy in the chroni- 
cally affected horse. Finally, nondegenerative 
neutrophils in the bronchoalveolar exudate is 
suggestive of COPD. 

29. The answer is 5 [Chapter 8 11 B 6 el. The 
clinical findings best support a diagnosis of 
right-sided heart failure and tricuspid regurgita- 
tion. Right-sided heart failure and tricuspid re- 
gurgitation may be caused by bacterial endo- 
carditis, septic pericarditis, and myocardial 
lymphosarcoma, as well as by cor pulmonale. 
Aortic valve insufficiency produces a left- 
sided heart murmur with subseauent signs of 
congestive heart failure (CHF). ~;/rroliziYdine al- 
kaloid toxicosis produces hemtic dvsfunction 
with resultant li;er, central nevous'system 
(CNS), gastrointestinal, or skin disease. Acute 
grain overload causes bloat, depression, dehy- 
dration, acidemia, diarrhea, and death. 

30. The answer is 2 [Chapter 4 11 A 31. Pulpy 
kidney disease (enterotoxemia, overeating dis- 
ease) is caused by Clostridium perfringens 
type D. The most common manifestation is  
sudden death in growing sheep on high-en- 
ergy (fattening) diets. Salmonellosis usually 
presents as fever, depression, and hemor- 
rhagic diarrhea. Shipping fever i s  a disease of 
beef cattle characterized by pneumonia. Ab- 
omasal emptying defect, a condition of Suf- 
folk sheep, causes signs of anorexia and 

chronic wasting. Coccidiosis causes a severe, 
watery diarrhea in lambs. 

31. The answer is 5 [Chapter 18 111 C 2 c (3) 
(c); IV A 2 b (I), B 1 a (2); Table 18-31. The 
risk factors present in this foal are poor colos- 
tral quality, fetal distresslanoxia in utero, de- 
layed colostral intake, and dysmaturity. The 
mare leaked colostrum prior to delivery, there- 
fore, colostral quality is probably poor. Meco- 
nium staining indicates that fetal 
distressianoxia was present during the birth 
process. Colostral intake was delayed; foals 
should start suckling no later than 3 hours 
after birth. Although the foal was not born pre- 
maturely by most definitions, it has many 
characteristics indicating dysmaturity, includ- 
ing a silky haircoat, lax flexor tendons, and a 
domed forehead. 

32. The answer is 1 [Chapter 3 11 B 2 e (3) 
(c); Chapter 4 11 B 11. Both clinically and sub- 
clinically affected animals will shed Mycobac- 
terium paratuberculosis, which may then be 
ingested by susceptible animals. M. paratuber- 
culosis infection, also known as Johne's dis- 
ease or paratuberculosis, can affect cattle and 
small ruminants, but is not known to infect 
pigs. Infection initially causes histologic le- 
sions in the small intestines and associated 
mesenteric lymph nodes and later affects the 
large intestine. M. paratuberculosis i s  not in- 
variably fatal. There is evidence that the or- 
ganism may be acquired and eliminated by 
many animals. Although diarrhea occurs in 
diseased cattle, in small ruminants (i.e., sheep 
and goats) it is more common to find emacia- 
tion without diarrhea. 

33. The answer is 2 [Chapter 13 1 A 2 a (2) 
(a)]. White muscle disease is the most likely 
condition given the set of clinical findings. 
Paralytic myoglobinuria occurs in older, heav- 
ily muscled animals. Tying-up syndrome is a 
condition of horses, and blackleg of cattle re- 
sults most commonly in sudden death of 
older animals. With osteomyelitis, there 
should be evidence of a swollen, painful le- 
sion usually over a joint. 

34. The answer is 5 [Chapter 6 1 01. The Jer- 
sey cow has clinical signs that are typical for 
allergic rhinitis (i.e., characteristic color to the 
nasal discharge, bilateral nature of the dis- 
charge, nasal pruritus). The discharge from 
ethmoid carcinoma is more often unilateral 
and signs of blocked nasal passages are promi- 

nent, with no sneezing or nasal pruritus. 
Nasal botflies are not known to affect cattle. 
Malignant bovine catarrh (MBC) is a systemic 
disease with far more severe signs, such as 
erosion of the nares, fever, and lymphadenop 
athy. Infectious bovine rhinotracheitis (IBR) 
does not present with signs specific to nasal ir- 
ritation. 

35. The answer is 2 [Chapter 9 1 1 2 b]. Dairy 
calves on whole-milk diets are able to absorb 
less magnesium as they age. This set of clini- 
cal findings best fits a diagnosis of hypomag- 
nesemic tetany. With polioencephalomalacia 
and lead poisoning, calves are blind or appar- 
ently blind. Tetanus presents with more te- 
tanic signs, and nervous ketosis is a disease of 
early lactation mature cows. 

36. The answer is 3 [Chapter 10 VI A 31. In 
horses, primary hyperparathyroidism is the re- 
sult of parathyroid hyperplasia or neoplasia. 

37. The answer is 1 [Chapter 14 111 A 1 b 
(I)]. Multicentric lymphoma in adult cattle 
(older than 3 years) is almost always associ- 
ated with infection with the bovine leukosis 
virus (BLV). None of the other forms of lym- 
phoma in horses or cattle is thought to have a 
viral etiology. 

38. The answer is 5 [Chapter 2 1 B 4 c (2)l. 
Laminitis (caused by gastrointestinal disease), 
neonatal septicemias (many of which are 
caused by gram-negative infections), and prox- 
imal enteritis (believed to be associated with 
gram-negative overgrowth) can all be associ- 
ated with endotoxemia. Endotoxin (lipopoly- 
saccharide endotoxin) is the cell wall of dying 
gram-negative organisms. Therefore, strangles 
(Streptococcus equi infection) clostridiosis, 
and dermatophilosis (Derrnatophilus con- 
golensis infection)-conditions produced by 
gram-positive organisms-do not result in en- 
dotoxemia. White muscle disease is a vitamin 
Elselenium deficiency of calves. 

39. The answer is 2 [Chapter 7 1 A 3-4, B 4 
a]. Clinically, enzootic pneumonia is de- 
scribed in calves, growing (feeder) pigs, sheep 
(particularly lambs), and kids. Enzootic pneu- 
monia is a chronic, nonprogressive pneumo- 
nia characterized by a low mortality rate but 
producing significant growth retardation in af- 
fected animals. It is most prevalent under con- 
ditions of overcrowding and intensive manage- 
ment. In calves, the disease process may 
begin as a viral respiratory infection that may 
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resolve or become complicated by bacterial 
infection, mycoplasmal infection (e.g., M y c e  
plasma bovis, Mycoplasma dispar, Myco- 
plasma bovirhinis, Ureaplasma), or both (mul- 
tifactorial). Mycoplasma hyopneumoniae is 
the most common causative organism in 
feeder-pigs. In lambs, infections caused by 
Mycoplasma ovipneumonia, Bordetella para- 
pertussis, Chlamydia, and some viruses are be- 
lieved to predispose the lung to invasion by 
Pasteurella haemolytica, resulting in pulmo- 
nary damage. 

40. The answer is 1 [Chapter 3 11 B 31. Al- 
though there are many possible, rational rec- 
ommendations a veterinarian can make re- 
garding prevention of neonatal calf diarrhea, 
the only sound one in this subset of selections 
is to decrease contamination in the calving 
area by improving hygiene. Vaccination of 
cows must occur at a time prior to production 
of colostrum to ensure adequate levels of ma- 
ternal antibody (i.e., 8 weeks prior to parturi- 
tion). Oral antibiotics have not been shown ef- 
ficacious in the treatment of enterotoxigenic 
Escherichia coli (ETEC) and are certainly of no 
value against viral pathogens. Limiting the 
amount of milk fed to healthy calves has not 
been shown to prevent diarrhea and there is a 
growing body of literature that recommends 
maintaining scouring calves on at least some 
milk. Milk should never be mixed with oral 
electrolytes for feeding. 

41. The answer is 2 [Chapter 6 11 A 3 a (3) 
(d) (ii), (4) (c)]. Respiratory signs may be ac- 
companied by stiffness and transient limb 
edema. Myocarditis, which would account for 
the arrhythmia, may develop in complicated 
cases of equine influenza v i ~ s  infection. 
Equine adenovirus infection is associated with 
only mild signs of respiratory disease, and no 
other complications. Equine rhinopneumoni- 
tis, caused by a herpesvirus, is unlikely to re- 
sult in muscle damage. Equine viral arteritis 
(EVA) is unlikely to cause stiffness and is not 
associated with myositis or myocarditis. The 
clinical signs described are not consistent 
with strangles. 

42. The answer is 4 [Chapter 13 1 B 2 b]. De- 
generating muscle cells release myoglobin at 
levels that exceed renal threshold and color 
the urine brown. Tying-up syndrome is not 
caused by vitamin E or selenium deficiency. It 
is seen in all ages of horses, and although this 
syndrome may be an inherited disorder of gly- 
cogen storage, it is not associated with liver 
disease. 
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43. The answer is 3 [Chapter 8 V A 1 b; V A teurella multocida is often a secondary in- treated by trimming to expose the ulcer or pro- ministration of calcium may be considered. 
5 a (3) ;  V A 5 bl. Bovine leukemia virus (BLV) vader, swine influenza virus is not known as truding granulation tissue and paring away ex- Dexamethasone is often indicated but only 
sporadically causes multicentric lymphosar- a primary initiator. Inadequate ventilation by cess granulation tissue followed by a pressure early in the course of the disease and only for 
coma. The right atrium is one of four com- itself does not produce enzootic pneumonia. bandage over the site. Blocking up the unaf- one or two treatments. 
mon sites of neoplastic infiltration. includine fected claw on the lame leg will aid in ambu- 
the uterus, intern.al and external lymph nodeus, 
and the abomasum. The disease is virus-asso- 
ciated. Diagnosis includes the isolation of 
BLV from lymphocytes and echocardiographic 
evidence of a mass on the right atrium. Persis- 
tent lymphocytosis occurs in 33% of cattle in- 
fected with BLV. Bacterial endocarditis (BE) 
usually involves the tricuspid valve in cattle. 
Signs of right-sided heart failure, including de- 
pendent edema and distended jugular or mam- 
mary veins, are found in approximately one 
third of cases. No lymphadenopathy would 
be expected. A complete blood cell count 
(CBC) often reveals hyperfibrinogenemia, neu- 
trophilia, and monocytosis. Similar hemato- 
logic findings may be found with traumatic re- 
ticulopericarditis. Cranial abdominal pain and 
poor rumen motility may also be found. Bor- 
relia burgdorferi has not been definitively 
identified with myocarditis in cattle. In other 
species, other clinical findings usually occur 
in conjunction with cardiac signs, including 
lameness and fever. Cor pulmonale caused by 
pulmonary hypertension usually results in re- 
spiratory signs as well as cardiac signs. Nei- 
ther lymphadenopathy nor lymphocytosis usu- 
ally occur. 

44. The answer is 2 [Chapter 17 1 B 2 a (7)]. 
The most economic and medically sound rec- 
ommendation is to cull or segregate affected 
animals. Lactation therapy (systemic or intra- 
mammary) is an ineffective treatment. Dry 
cow therapy is recommended, but it does not 
make economic sense to dry off all cows im- 
mediately. Stripping affected quarters i s  recom- 
mended for individual cows suffering fmm an 
acute or peracute episode of mastitis, but this 
is not appropriate with the subacute or sub 
clinical mastitis seen on a herd basis with 
Staphylococcus aureus. 

45. The answer is 5 [Chapter 7 1 B 4 a]. My- 
coplasma hypopneumoniae i s  the causative 
agent for enzootic pneumonia in growing 
pigs. Porcine reproductive and respiratory syn- 
drome (PRRS) appears as respiratory distress 
in piglets. ActinobaciNus pleuropneumonia 
can cause a chronic pneumonia but does not 
exhibit the same pathologic features as enzo- 
otic pneumonia. The subset of clinical and 
pathologic findings in the question best de- 
scribes an enzootic pneumonia. Although Pas- 

46. The answer is 4 [Chapter 9 1 I 11. Lacta- 
tion tetany, grass tetany, grass staggers, and 
wheat pasture poisoning are synonyms for hy- 
pomagnesemic tetany. Milk fever is hypocal- 
cemia. Alkali disease is selenium toxicosis. 
Eclampsia is hypocalcemia (e.g., in mares). 
"Downer" cow syndrome is recumbency with- 
out systemic signs (i.e., there is no tetany). 

47. The answer is 2 [Chapter 15 11 F 11. 
Straining to urinate may be sufficient to pro- 
lapse the rectum, and obstructed sheep may 
also show tail wriggling. Signs of colic or dis- 
comfort usually abate when the bladder r u p  
tures. A diverticulum in the penile urethra pre- 
vents the passage of a catheter. The ruptured 
bladder often spontaneously seals over in the 
steer. In sheep and goats, the blockage is usu- 
ally sabulous (sandy), and the vermiform ap- 
pendage may need amputation. 

48. The answer is 4 [Chapter 2 1111. squa- 
mous cell carcinoma of the stomach, malnutri- 
tion, granulomatous enteritis (lymphocytic- 
plasrnacytic enteritis), or parasitism could all 
cause weight loss without other obvious clini- 
cal signs. A patient with chronic obstruction 
pulmonary disease (COPD) shows evidence of 
a compromised respiratory system (e.g., an in- 
creased respiratory rate and abnormal pattern) 
by the time the disease is advanced enough 
to cause weight loss. Liver fluke infestation 
(faxioliasis) is a disease of cattle, sheep, and 
goats. Lymphosarcoma is usually a disease of 
younger horses. 

49. The answer is 3 [Chapter 11 I E 2-31. 
These signs suggest sepsis and possible menin- 
gitis, which can be detected by a CSF sample. 
In a foal, these signs are not typical for neo- 
natal maladjustment syndrome (NMS). The an- 
imal was normal up until 3 da* after birth; 
NMS usually causes clinical signs within the 
first 24 hours. Signs for BVD infection are cer- 
ebellar and are noted immediately at birth. 
Hydrocephalus and hydranencephaly should 
be noted at birth, and fever and stiff neck are 
not part of these brain diseases. 

50. The answer is 1 [Chapter 13 111 A 3 el. 
Sole ulcer i s  a circumscribed ulcer at the 
heel-sole junction of the foot. It is best 

lation and healing. 
*- 

51. The answer is 2 [Chapter 14 111 A 1 b]. 
Tumors within the spinal canal (such as 
lymphosarcorna) put pressure on the cord, pro- 
ducing signs of spinal cord disease (particu- 
larly in the hindlimbs). The bovine leukemia 
virus (BLV), which causes bovine leukosis, is 
soread via contact with blood of infected ani- - r  - - 

mals. There is no effective vaccine against 
BLV. Many cows may be infected (virus-posi- 
tive), but few (possibly as low as 2%) develop 
solid tissue tumors (lymphosarcoma). There is 
no record of transmission of this disease to hu- 
mans. 

52. The answer is 3 [Chapter 2 1 B 1, 3 f 
(1)-(2)l. All of the following may produce a b  
dominal pain in foals: meconium impaction, 
gastric ulceration, intussusception, ascarid im- 
paction, abdominal hernias (if a loop of 
bowel is entrapped within the hernial sac), 
and small intestinal volvulus. Cryptospori- 
diosis causes a nonpainful diarrhea in foals. 
Granulomatous enteritis causes a protein-los- 
ing and wasting enteropathy in adult horses. 

53. The answer is 2 [Chapter 11 II C 1 bl. 
The animal most likely has polioencephaloma- 
lacia (PEM) with cortical blindness and dor- 
somedial strabismus. The drug of choice for 
this calf is thiamine (vitamin B,). With lead 
toxicity, the rumen is usually static, and there 
should be some snapping of the eyelids. Ner- 
vous coccidiosis is not associated with cold 
months, and there i s  no sign of coccidiosis. 
Also, the calf is cortically blind, which sug- 
gests polioencephalomalacia or lead toxicity. 

54. The answer is 3 [Chapter 17 1 C 1 g]. 
Stripping the affected quarters as often as pos- 
sible removes the endotoxin, which causes 
the clinical signs. lntramammary therapy is 
not warranted because the growth phase of 
the organism has passed by the time clinical 
signs are evident. Also, intramammary therapy 
does not likely diffuse well in the swollen 
udder. Oral fluids are not efficacious unless 
combined with intravenous fluids (hypertonic 
or isotonic). Calcium salts may be an adjunct 
to therapy but are not invariably necessary 
and can cause cardiac toxicity if administered 
too rapidly intravenously. Subcutaneous ad- 

55. The answer is 2 [Chapter 8 11 A 11. The 
calf has a ventricular septa1 defect (VSD). The 
small size of the calf suggests that the defect 
is large, producing a significant amount of 
blood that is shunted through the pulmonary 
circulation and a subsequent rise in venous re- 
turn to the left atrium and ventricle. The mur- 
mur associated with a VSD is usually pan- 
systolic and is heard loudest on the right side 
near the heart base. Cardiac catheterization re- 
veals increased blood pressure in the right 
ventricle. A patent ductus arteriosus (PDA) 
produces a continuous heart murmur. Tricus- 
pid valvular disease usually produces a holo- 
systolic murmur with a point of maximal in- 
tensity (PMI) on the right side near the cardiac 
apex. The murmur associated with aortic insuf- 
ficiency is holodiastolic, with the PMI over 
the aortic valve and radiating toward the left 
cardiac apex. Volume overload of the left ven- 
tricle may be present, resulting in impairment, 
in left ventricular function. 

56. The answer is 2 [Chapter 14 1 Dl. The 
findings of acuteness of signs, anemia, icterus, 
a decreased packed cell volume (PCV), 
plasma discoloration, and pigmenturia all sup- 
port a diagnosis of acute hemolytic anemia, 
which can be caused by babesiosis, equine in- 
fectious anemia (EIA), red maple leaf toxico- 
sis, and immune-mediated causes. Anaplasm 
sis is a hemolytic anemia of ruminants. 
Equine exertional rhabdomyolysis produces 
pigmenturia (myoglobinuria), but not anemia 
and icterus. Pyelonephritis is most common in 
sows and cows, and is associated with the dis- 
charge of pus or blood from the urinaw tract 

57. The answer is 1 [Chapter 11 Ill A 3 a-b, 
dl. These signs suggest equine protozoal mye- 
loencephalitis (EPM) because the animal is 
older than 3 years [the age when wobbler 
and equine degenerative myelopathy (EDM) 
have occurred] and because muscle atrophy 
(lower motor neuron) is present. Cervical ra- 
diographs with myelography are for vertebral 
malformation, which occurs earlier in life and 
has no muscle atrophy of unilateral nature. 
Green pasture and fodder with supplemental 
vitamin E suggests EDM, which has no mus- 
cle atrophy and usually occurs before 1 year 
of age. A cerebrospinal fluid (CSF) sample of 
high protein with the lack of inflammatory 
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cells suggests EHV-1, which has a more sud- 
den onset and often involves other illnesses 
(e.g., respiratory disease, abortion). Equine 
protozoal myelitis (EPM) is the likely'diagno- 
sis, but eosinophils are not a feature of the 
CSF cytology. 

58. The answer is 1 [Chapter 13 111 A 1 b]. 
The clinical findings best describe infectious 
pododerrnatitis or pasture foot rot. Laminitis 
may precede stable foot rot or underrun sole, 
which are conditions of the sole. 

59. The answer is 4 [Chapter 9 111 B 1, C].  
Neonatal hypoglycemia of piglets results in hy- 
pothermia, weakness, and failure to move out 
of the way of sows. Lactation tetany occurs in 
mares, whereas vitamin E selenium defi- 
ciency, iron deficiency, or liver disease are 
not commonly related to piglet crushing 
deaths. 

60. The answer is 2 [Chapter 3 11 B 3 dl. 
Cryptosporidium parvum causes cryptospori- 
diosis in young calves. Transmission of the or- 
ganism is by the fecal-oral route. Cryptospori- 
diosis, characterized by transient secretory 
diarrhea in affected calves, i s  usually associ- 
ated with a full recovery; however, C. parvum 
can be a serious pathogen in immunocompro- 
mised individuals or those with mixed enteric 
infections. 

61. The answer is 1 [Chapter 14 1 D 1 b (1) 
(01. Neonatal isoerythrolysis in mule foals is 
due to the production of antibodies by the 
horse dam against the donkey blood antigen. 
Erythrocytes from any donkey would also be 
susceptible to lysis, and the mare's blood 
would contain additional antibody. Washed 
erythrocytes or whole blood from a horse 
donor would be the most effective treatment 
because plasma would not supply the neces- 
sary erythrocytes. 

62. The answer i s  3 [Chapter 2 1 B 2 c (2), 
(311. Pendunculated lipoma, parasitic larval mi- 
gration, and intestinal foreign body can all 
cause chronic, recurrent bouts of colic in  
horses as a result of large colon impaction. 
Other correct differential diagnoses include 
enterolith, thromboembolic infarction, sand 
impaction, and feed impaction. Salmonellosis 
may cause signs of colic, but only in the 
acute phases of the disease and not chroni- 
cally. Dictyocau/us arnfieldi i s  a lungworm 
that affects donkeys and horses. 

63. The answer is 1 [Chapter 11 II C 2 b]. 
The chronic form of lead toxicity results in re- 
current choke, regurgitation of food, and aspi- 
ration pneumonia. Snapping eyelids, cortical 
blindness, head pressing, facial or trigeminal 
nerve deficits, aggressive behavior, and con- 
vulsions are signs of cranial nerve deficits and 
are not features of acute lead poisoning. Blind- 
ness should be accompanied by pupils that 
react to light (cortical blindness) in subacute 
lead toxicity. The differential signs between 
polioencephalomalacia (PEM) and lead toxic- 
ity include normal motility in PEM and an 
atonic rurnen in lead toxicity. 

64. The answer is 5 [Chapter 18 IV D 3 a (1) 
(b)]. An immunoglobulin G (IgG) concentra- 
tion that exceeds 400 mgldl in a healthy foal 
on a well-managed farm is usually considered 
adequate and a plasma transfusion i s  not re- 
quired to supplement immunoglobulin. It 
would be futile to supplement the foal with 
oral immunoglobulins, because she would ab- 
sorb very little at the age of 22 hours. Be- 
cause the foal is not systemically ill, broad- 
spectrum bactericidal antibiotics are not indi- 
cated, and in fact may create resistant bacte- 
rial populations on this farm. 

65. The answer is 5 [Chapter 4 11 A 5 el. In- 
tensive deworming is not usually necessary in 
winter months in North America. Further- 
more, repeated use of thiabendazole promotes 
parasite resistance to this anthelmintic. An ef- 
fective intestinal parasite control program for 
sheep in North America would include pre- 
lambing deworming of adults with ivermectin, 
deworming of lambs in the spring before turn- 
ing them out on pasture, raising lambs in- 
doors and feeding hay from elevated racks, 
and the use of pastures grazed by cattle for ro- 
tation into sheep grazing. 

66. The answer is 3 [Chapter 14 1 E 1 a]. The 
regenerative response is most common follow- 
ing anemia caused by acute blood loss or he- 
molysis. Hemoglobin synthesis is impaired 
with iron deficiency anemia, and the mar- 
row's ability to respond to anemia through in- 
creased erythrocyte production is depressed. 

67. The answer is 2 [Chapter 1 I1 C 1 a]. 
Horses with dental disease often prefer grain 
over hay because there is less chewing in- 
volved. Symptoms of dental disease in horses 
include quidding; slow, painful mastication; 
weight loss; and choke. 

1 

68. The answer is 5 [Chapter 14 1 D 21. He- 
moglobinuria is a characteristic sign of intra- 
vascular hemolysis. Major causes of intravas- 
cular hemolysis in adult cattle include 
postparturient hemoglobinuria, babesiosis, 
and leptospirosis. Babesia are spread by ticks, 
whereas leptospires can be seen on examina- 
tion of urine bv dark-field microsco~v. Post- 
parturient hembglobinuria in North 'America 
is thought to be caused bv phos~horus defi- 
ciency,-and the severity of km61~s is  with this 
disease can be worsened by the ingestion of 
oxidant-containing plants. Rickettsia1 parasites 
typically cause extravaxular hemolysis. 

69. The answer is 1 [Chapter 18 VI B 4 b]. A 
patent urachus in a foal in the absence of in- 
fection (no fever or evidence of inflammation 
on blood work) can be treated conservatively. 
Surgery is indicated if chemical cauterization 

I 
has not resolved the problem within 5 days; if 

I * there is evidence of infection of the umbilical 
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remnants on ultrasound examination (urachal 
abscess) or physical examination (heat, pain, 
purulent discharge); or if there is subcutane- 
ous urine accumulation. 

70. The answer is 1 [Chapter 14 IV B 21. 
Characteristic findings in calves with leuko- 
cyte adhesion deficiency include lymphade- 
nopathy, chronic digestive or respiratory tract 
infections, fever, and persistent neutrophilia. 

71. The answer is 2 [Chapter 14 11 B 3 a (I)]. 
Excessive hemorrhage after dehorning may be 
caused by the ingestion of moldy sweet clo- 
ver. Prolonged prothrombin time or high con- 
centrations of dicoumarol in the feed would 
support this diagnosis, and the administration 
of vitamin K1 may decrease bleeding tenden- 
cies. Fungi can produce dicoumarol in hay or 
silage, and suspect feedstuffs of any type 
should not be fed. 
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494 1 Index 

distention (spasmodic or gas 
colic), 23-24 

evaluation of. 19-21, 201 
flatulent (tympany, bloat, wind 

colic), 25-26 
large colon ~mpact~on, 22-23 
meconlum !mpact#on. 21 -22 
medicallv manaaeable. 21-26 . - .  
proximal enteritis (anterior 

enteritis, duodenitis), 
24-25 

Coliform mastitis (acute mastitis, 
environmental mastitid 

bovine, 422-424 
porcine, 429-430 

Colitis, nonspecific, in feeder pigs, 82 
Colitis X, 28 
Collagenolytlc granuloma (equine 

eosinophilic granuloma, 
acute collagen necrosis, 
nodular necrobiosls), 407 

Colostrum, 72-73,446-449 [see also 
Failure of passive transfer 
(FmI  

autoimmune deb( of, 328 
bovine fed to sheep and hemolytic 

anemia, 335 
handling of, 448-449 
testing of, 450-451 

Combined immune deficiencv 
syndrome (CID) o i  hones, 
350-351 

Canplete Mood count (CEO, 324 
in premature foals, 440 

Conaenital disorders (see also 
Neonates) 

cardiac, 174-1 79 
atrial septal defect (ASD), 

175-1 76 
patent ductus aRwiows (PDA), 

175,176-1 77 
tetralOgy of Fallot, 175, 177-179 
ventricular septal defea NSD), 

174-175 
neurologic, manifesntion in adult 

animals, 250 
ocular, 293-294 

Congenital porphyria, inherited, 337 - 
Conjunctivitis, 286-288 

infectious bovine 
keratoconjunctivitis (IBK), 
287-288 

keratoconjundivitis, 286-287 
in W m i c  disease, 294-295 

Contaaious analactia ( M ~ o o l a w ~  
mastitis), 429 ' 

Contagious ecthyma (contagious 
pustular dermatitis, art), 
6-7, 1 16, 384 

Coombs' test direct, 324 
Cmpera, 63-64 
COPD (chronic obsbuctive pulmonaly 

direare), 150,158-1 60 
Copper deficiency, 308, 337. 339, 

382-383 
Primary, 68 
secondary (molytdaum Micity), 

68 
toxicity, 309, 336 

Corneal &oration. 289 
Corneal hlceration.285-286,439 
Coronavirus, 32, 70-71 
Conical blindness, 295 
Corticosteroids 

in adrenal insufficiency, 237 
in bovine ketosis, 218 
in cardiac arrhythmias, 192 

in chronic active hepatitis, 97 
contraindications, 101 
in COPD, 160 
in hepatic encephalopathy, 97, 971 
in'hypersensitivity, 405 
in hyphema, 289 
in mastitis, 423 
in myocarditis, 204 
in pemphigus, 406 
in premature foals, 440 
in urticaria, 404 

Corynebacteriurn pswdotuberculosis, 
87,349-350, 386 

Corynebacterium male, 362, 364 
"Cononpuff" pulmonary abscess, 140 
Cwmaml, 345 
Cowpox, 383 
Creeper cows, 21 5-21 6 
Cryosurgery 

In ocular carcinoma, 293 
in squamous cell carcinoma of skin, 

410 
Cryptaoccosis, 11 5 
C~ypkxoccus neoformans, 427 
Gwtosporidiosis, 32, 71 
Crypmpridium parwm, 71 
Culicoider sp, 405 
Culicoides sp., 6 
Cushing's disease 

diabetes secondary to, 231 
equine, 232-234 
vr. diabetes rnellitus, 232 

Cutaneous lvmohoma. 347 
Cutaneous ~ ~ I ~ S I S  (bl'bwniesl, 401 
CVM (cervical vertebral malformation) 

in horses Iwobbles. cervical 
stenotic &yelopathy), 
264-265 

Cyproheptadine, in Cushing's disease, 
777 --- 

Cystitis, 364-365 
btghum related, 275-276 

Cym, dentigerous, 7 

Decoquinak, 87 
Decubital ulcers, 438 
Degenerative myeloencephalopathy, 

equine (EDM), 265-266 
Dehydmgenases, in hepatobiliary 

disease, 95 
Demakaic mange, 397 
Demodex sp., 397 
Dental disorckrs, 7-9 

ameloblanoma, 9 
colic and, 20 
of honer, 8-9 

infection, 8-9 
malocclusion, 9 
tmth anomalies, 8 

of ruminants, 7 
of sheep, 7-8 

dentigemus cysts, 7 
priodontal disease, 7-8 

Dentigerous cps, 7 
Depopulation, 82 
Deprersion anemias, 339-341 

anemia of chroni; disease, 340 
in tone marrow dysfunction or 

dvsolasia. 340 
nmitional'd&fic~&cy, 339-340 
in a w n  dysfunction, 340 

Dermacentor andenmi, 148 
Dermatitis (see also Dermatologlc 

disorders and specific 
disorders) .. 

contagious pustular (contagious 
ecthyma. orO, 6-7, 116, 
384 

digital bovine (hain, heel warts, 
strawberry foot rot), 
311-312, 388 

equine viral ~aw la r .  385 
exudative (greasy pig disease, 

exudative eoidermitisl. 
390-391 

interdigital, 313 
photodermatitis, 380-381 
primary contact, 379 
verrucose, 31 3 

Dermatologic culture, 376 
Dermatologic disorders, 375-41 6 (see 

also under Lameness) 
bacterial, 375-391 

abscess, 387-388 
caseous lymphadenitis, 387 
chronic, deep-seated peaoral in 

horses loieeon breast ~. 
~yomi;lg-strangles), 387 

actinm~cotic infection. 388-389 
actinohycosis (lumpy jaw), 1, 

307-308, 388 
dermatophilosis IsLrepthriuxis, 

rainscald), 388-389 
erysipelas, 389-390 
exudative epidermitis (greasy pig 

disease, exudative 
dermatitis), 390-391 

folliculitis and furunculosis, 
385-386 

udder impetigo, 386-487 
ulcerative lymphan~itis, 386 

c a w  of urticaria, 4051 
diagnostic approach to, 375-378 

(see also Dermatologic 
evaluation) 

environmental and whanical, 
378-381 

c h i c a l  toxicosis, 380 
frostbite, 378-379 
photodermatitis, 3801, 380-381 

photosensitization, 380-381 
sunbum, 380 

primary irritant contact dermatitis, 
379 

thermal injuries (burns), 379 
fungal, 391 -394 

subcutaneous mycoses, 393-394 
equine sporoaichoris, 393 
phycomycosis (pythiosis, Florida 

horse leeches), 393-394 
superficial mycoses, 391-393 

hereditary, 41 1-412 
icterus (jaundice), 93 
immunologic, 404407 

equine insect hypnensitivlty 
(sweet itch, Queensland 
ivh), 405 

pemphlgus f o l ~ a m s ,  406 
urticaria (hives, heat bump, feed 

bumps), 404t 4 0 4 4 5  
neoplastic, 408-41 1 

epithelial neoplasms: 
papillornatosis, 
fibropapillomatosis, warts, 
408-409 

melanaytic neoplasms 
Imelanornasl. 41 1 

mesen;hymal tumors (equine 
sarwid). 410-41 1 

squamous cell carcinoma, 
409-410 

nubitlonal. 381-383 

copper deficiency, 382-383 
ergotism, 381 -382 
fescue toxicosis (fescue foot), 382 
selenium toxicosis, 383 
zinc deficiency, 382 

parasitic, 394-404 
demodectic mange, 397 
fly-related, 399-401 

cutaneous myiasis (blowflies), 
401 

hvpoderma infestation (warbles, 
grubs), 399-400 

screwworm infestation, 
4W-401 

hdminth infestation, 401-404 
bovine stephanofilariasis, 

403-404 
habronemiasis (summer sores). 

401 -402 
onchocerciasis, 402-403 
oxyuriasis (pinworms, 

threadworms), 403 
M, louse, and tick infestations, 

397-398 
lice (pediculosis), 398 
sheep keds, 397-398 
ticks, 398-399 

mange, 394-397 
chorioptic (leg mange, 

symbiotic scab, scrota1 
mange, foot mange), 3% 

psorergatic (Australian itch, itch 
mite), 396-397 

psoroptic (sheep scab, ear 
mange), 394-395 

sarcoptic @am itch, scdbles), 
395-396 

photadermatitis, 93 
pruritus, 93 
unclassified or multifactorial, 

407-408 
equine eosinophilic granuloma, 

407 
equine pastern dermatitis (greasy 

heel, mud few, vemcour 
dermatitis), 385,407-408 

viral, 383-385 
bovine ulcerative mammillitis 

(BHV-2), 384 
contagious ecthyma (viral pustular 

dermatitis, sore mouth, om, 
6-7,116, 384 

cowpox. 383 
curaneous rnan'ktatinaof 

systemic di-, 385 
equine coital exanthema, 

384-385 
equine viral papular dermatitis, 

384 
Boatpox. 384 
h o w x .  384 
ovine viral ulceative denatoris, 

384 
preudocowpox, 383-384 
sheeppox. 384 
winepox, 384 

Dmatologic evaluation, 375-381 
differential diagnosis, 375 
history and clinical findings, 375 
physical examination, 375 
techniques of, 375-378 

acetate tape preparationr. 
I 376-377 

bac(erlal culture, 378 
). bioprv 

for immunofluorevem~ D d i ~  
i 377 
w- for routine histopahlow, 377 

dermatologic culture, 376 
Dermatophilus preparations, 377 
Onchocerca preparation, 

377-378 
potassium hydroxide (KOH) 

preparations, 376, 392 
skin scraping. 375 
wood's lamp examination, 376 

Dermatoparaxis, 412 
Dermatophilosis (smpthricosls. 

rainscald), 388-389 
Dermatophilus congolensis, 388 
Dermafwhilus ~reoarations, 377 
bermatdphytosk, 391-393 
Dermatosis (see also Dermatitis; 

Dermatologic disorders) 
wine ulcerative, 385 
wgetdns of swtne, 412 

Dermoids, eyelid, 294 
Demopressin, 235 
Demmidine, Dexamethasone 22 suppression test. 233 

Diabetes insipidus, 234-235 
nephrogenic, 234 

Diabetes mellitus, 231-232 
Diaphragmatic flkers, synchronous 

(SDFs), 224-225 
Diaphragmatic hernia, 12. 55, 

163-164 
Dianhea 

bovine, 58-73 
acute in adult cattle, 58-63 

arsenk toxlcosis, 63 
bovine virus diarrhea (EM)), 

58-60, 64,126,141 
rinderph 60-61 
salmonellosis, 61 -62 
toxemia. 63 
winter dysenteiy, 62 

BVDIMD (bovine virus diarrheal 
mucoral disease), 125 

in m a w s ,  68-73 
antibiotic-related, 73 
closbidial diarrhea, 72 
coronavirus diarrhea, 70-71 
cryptospnidiosis diarrhea, 71 
diet-related diarrhea, 72-73 
enterotoxigenic Escherichia cdi 

(ETEC), 68-70 
giardiasis, 71 
infectious bovine 

rhinotracheitis, 73 
mtavirus diarrhea, 70 
salmonellosis, 71 -72 

subacute to chronic in young and 
adult cattle, 63-68 

abdominal fat ncmris, 67-68 
bovine leukosis (enzootic 

bovine leukosis), 66-67 
chronic BVD, 64 
chmnic parasitism, 63-64 
chronic salmonelloris, 65 
ccaidiosis, 64-65 
Johne's disease 

(paratubercu~ls~, 65-66 
primary mpper deficiency. 68 
secondary copper deficiency 

(molybdenum toxicity), 68 
equine, 26-34 

acute in adult horses, 26-27, 
26-29 

antibiotic-iated enterMs. 
28 

colitls X. 28 
equine monocytic ehrlichiorb 

(Potomac horse few), 
27-28 

fungal enteritis, 29 
gastrointestinal ulceration 

(NSAID toxicity), 29 
intestinal clostridiosis, 28-29 
salmonellosis, 26-27 

in nursing foals, 29-32 
antibiotic-related, 31 
bacterial enteric disease, 31-32 
cryptosporidiosis, 32 
foal heat diarrhea. 29-30 
from mechanical irritation. 31 
nutritional diarrheas, 30-31 
Sirongyloides westeri 

infestation, 31 
viral enteritis. 32 

porclne 
in feeder pigs, 82-84 

nonspecific colitis, 82 
parasitic, 84 

Auaris suum 
(roundworms), H ~ g y I u s  wbidus, 84 84 

Oesophagostanurn, 84 
Trichuris wis, 84 

porcine proliferative 
enternpathy (PPO, 83-84 

postwaning coliform 
gastmenteritis (ETEC 
subtype), 82-83 

salmonellosis, 83 
spirochetal diarrhea, 82 
swine dysentery, 82 

in neonatal swine, 79-82 
Clomidium p d i n p s  

enteritis, 81-82 
mccidiosis, 81 
enterotoxigenic Eschekhh 

coli (ETEQ, 79-80 
hemagglutinating 

encephalomyelltls rims 
(HEV, wmiting and wasting 
disease), 80-81 

mtavim, MI 
transmissible gastroen(eritk 

IlGEI. 80 
in sheep and goats, 85-87 

Clostridium d i n ~ e n s  FlpeC . . 
85 

Clostridlum pdringens type D, 
85 

Clanridium sepricum (braxv), 
85-86 

die(-related, 87 
intestinal helminthiasis, 86-87 
salmonellosis, 85 
toxicities, 87 

in weanlings and yearlings, 33-34 
in hepatobiliary disorders, 94 
neonatal, disorders: 454 (see also septicemia Neonatal and 

focal infection) 
Diazepam, in hepatic encephalopathy, 

96 
DIC (diaeminaled inbavawular 

coagulation), 314 
DkhelobKternodosus, 310,311,316 
Dicfyaaulus amfieldi, 150-1 51 
Di~youaulus Dictyocaulus tilaria, vivipam 153-154 152 

Diet (see also Diet-related d i i  
F d l  

in atlatoxicoris, 167 
bovine ind ipt ion and. 41-42 

in lactic addosk, 42 
In bovine foot r o t  310 
in cecal dilaticdcecal wlwlur, 53 
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Fawioloides magna, 103 
Fat necrosis, abdominal, 67-68 
Fany acidernia, 220 
Fecal blood, 54 
Fecal color change, in hepatobiliary 

disorders, 94 
Fecal culture, for Salmondla, 27, 62 
Fecal flotation tests, 33 
Fecal occult b lwd  tat 324 
Feed (see also Diet; Diet-related 

disorder$ 
finely gmund, 43 
liquid, 72-73 
refusal of, 8 (see also A m i a )  
respiratory dimw'and change of, 

161 
Feed bumps hives, urticaria), 4041, 

404-405 

Clostridium pedringens, in neonatal 
swine, 81-82 

fungal, 29 
granulomatous llymphocytic- 

plasmaqtic enteritis), 34 
pomveaning wliform gastroenteritis 

IETEC subtype), 82-83 
proximal (anterior enteritis, 

duodenitis), equine, 24-25 
transrnissibie gastroenteritis (TGD, in 

neonatal swine, 80 
viral. 32 

Equine purpura 129, hemorrhagica 341-342 (EPH), 

Eouine rhinotracheitis. noninfectious. 

colonic impaction and, 22 
diarrhea caused by, 72-73 
esophageal obstruction and, 13 
fat cow syndrome and, 220-221 
in hepatic encephal+thy. 96 
hypercalcemia and, 241 
in hyperlipidemia, 100 
iodine deficiency (goiter), 238 
ketogenic, 218 
in parturient paresis (milk fever), 215 
primav protein energy malnutrition 

(starvation, emaciation) 
malnutrition, 221-222 

Die(-related disorders (see also Diet; 
Feed; Toxicity; Toxicosis) 

botulism, 272-273 
coagulopathy related to nveet 

clover, 345 
derrnatoses, 381-383 

in copper deficiency, 382-383 
in ergotism, 381 -382 
in fescue toxicosis (fescue foot), 

382 

D-lactic acidosis, 42-44, 158 
DMSO, 185, 249,315,362 

adverse effeca of, 331 
Donkeys (see also Equine; Horses) 

lung worms in, 150 
neonatal isoerythrolysis in, 328 

Doppler echocardiography, 173-1 74 
Downer cow syndrome (creeper cow). 

215-216 
Draxhia megastoma, 401 -402 
DSS ldioctyl sodium sulfosuccinate), 

13 
Dubin-Johnson syndrome, 107-108 
Duodenitis (proximal enteritis), 24-25 
Dye excretion test, in liver disease, 95 
Dysentery 

swine, 82 
winter, 62 

Dysmaturity, 436-441 (see also 
Neonatal disorders) 

Dysphagia, 9-14 
differential diagnosis of, 9-10 
in esophageal obstruction (choke), 

11-13, 12t 
in aophagitis, 13-14 
in  pharyngeal obsbudion, 10-1 1 
in pharyngeal paralysis, 11 
in phawngeal ph legm,  10 
pharyngitis, laryngitis, and 

pharyngeal swelling and, 
9-10 

traumatic, 10 
Dysplasia, inherited epidermal b l d y  

calf swdrornel, 412 
Dyspnea, 131 -1 32, 141 (see also 

Cardiwascular disorders; 
Pneumonia; Respiratory 
disorders) 

Dysrhythmias, cardiac, 186-199 (see 
also Cardiac dysrhythmias) 

Woc ia ,  449 (see also Acute perinatal 
asphyxia) 

Ehrlichosis 
equine, 343-344 
equine momyric (Potomac horse 

feverl. 27-28 123 
Equine rhinovirus (ERW, 122 
Equine sarwid, 410-41 1 
Equine sporotrichosis, 393-394 
Equine thyroid tumors, 239 
Equine viral arterilis (EVA), 121-122, 

294, 342-343 
Equine viral encephalitis, 260-261 
Equine viral papular dermatitis, 384 
Equine viral rhinopneumonitis (EHV 4 

and 1) infection, 120-121 
Ergolism, 381 -382 
ERV (equine rhinovirus), 122 
Erysipelas, 389-390 
Erysipelothrix rhusiopathia, 183 
Erythmyte aggregation, 324 
Erythropoietin, 322 (see also Anemia) 
Escherichia aerogenes, 422-423 
Escherichia coli 

entemloxigenic (€l€C), 68-70. 
79-80.82-83 

in maditis, 422-423 
in mnatal  replcernia, 453 
in pneumonia, 147-148 

Erophageal choke, 8 
Esophageal disorders, 9-14 (see also 

Dysphagia 
Esophageal examination, in colic, 20 
Esophageal perforation, 13 
Esophageal spasm, 12 
Esophageal stricture, 13, 14 
Esophagitis, 13-14 

reflux. 14 

EHV (equlne herpesvirus), resplratory. 
120-121 

EIA (equine infmious anemia, swamp 
fever), 326-327 

Einwria arloinei. 87 
Eimeria b v i s , k  
Eimeria ellipsoidalis, 64 
Eimeria ovina, 87 
Eimeria zuernii, 64 
ElPH (exercis~induced pulmonary 

hemorrhage), 162-1 63 
Eisenmenge(s complex, 175 [see also 

Ventricular sqxal defect 
WD) I  

Electrocardiography (KG), 173 (see 
also Cardiac dysrhythmias) 

Electrolyre disorders, in renal disease, 
358  

~nteroioxemia, in sheep and goats 
(Clostridium prfringem 
type D infection), 85 

Enterotoxigenic Escherichia coli 
lETE0. 68-70,79-80, 
82-83 

Environmental skin disorders, 378-379 
(see also Dermatologic 
disorders) 

Enzmtic ataxia (swayback), 269-270 

Ferrous hmarate poisonink 102 
Fescue loximsis (fescue foot), 382 
Fibrillation 

atrial, 192-195 
ventricular, 199 Elso heel (spasic paresis), 275 

Emaciation (see also Weight loss) 
in protein energy malnutrition, 

221 -222 
Emphysema (see also COPD) 

acute bovine pulmonav V\BPE, 
ARDS), 161-162 

Enzootlc bovlne leuaosls, 66-67 
Enzootlc bovine lymphoma, 347-348 Fibroblastic equine sarcokl, 41 0, 41 1 

Fibmpapillomalmis, 408-409 
in selenium toximsis, 383 
in zinc deficiency, 382 

diarrhea in sheep and m t s ,  87 
Enzootic nasal adenocatcinorna. 116 
Enzmtic pneumonia, in calves, 

141-142 
Enzyme dehydmgenases, in 

hepatobiliary direare, 95 
Eoslnophilic gashoenteritis, chmnic, 

14 

~istufae; esophageal, 13.14 
Flatulent colic (tympany, bloat, wlnd 

colic), 25-26 
Florida horse leech (equine 

spomtrichosis, subcutaneous, 161 
Empyema, guttural pouch, 130 
Enceohal8tis. eoulne voral. 260-261 

l&koencephalom~lacia (moldy corn . disease), 11, 264 
nutritional deficiency anemia, 

339-340 
osteodmtrwhies. 309 

bhycomyaxi;, pythiis), 
393-394 

Fluid analvsis. ~eritoncel (see 

. . 
Eosinophilic granuloma, equine 

(nodular necrobioris, 
nodular collagemlytic 
granuloma, acute w i lagn  
necrosis, eosinophilic 
granuloma), 407 

Epetylhrozoonosis 
of sheep, 333 
of mine. 337-338 

~nc&halo~&hy 
bovine spongiform (mad cow 

disease), 263 
hepatic. 93-94, 96, 263-264 
hypoxic-ischemic of newborn 

(neonatal maladjustment 
syndrome, "Barker foals,"), 
249, 441-446 

Endocrine disorders, 231-246 (see 
also Gastroinleninal 
disorders; Metabolic 
disorders) 

adrenal gland, 235-237 
equine adrenal insufficiency, 

236-237 

' ~ l & m i n o c e ~ i s )  
Fluld thempy 

in abomasal volvulur, 51 
in acute perinatal asphy*a. 

445-446 
In colonic impaction, 23 
in diarrhea, 69 
in hepatic encephalopathy, % 
in hyperlipidemia, 100-101 

Flunixin meglumine, 22, 27, 142, 162. 
290,315,423,456 

Fluorescein dye staining wsl. 285 
Fluoride toxicity (fluorosis), 7, 309 
Fluoroquimlones, 457 
Fly-related diseases (see also Parasitic 

infections) 
anaplawmais, 331 -332 
bluetonnue. 6 

selenium and vitamin E deficienq, 
206-207 

Shaker foal svndmme Ibotulism). 
traumatic ulcerative. 14 

Estrogen therapy, adverse effects of, 
272-273 . 

Sorahum cystitis and ataxia, 
340 

m c  (emrmoxigenk &&&id 
coli), 68-70, 79-80, 
82-83 

Ethmoid carcinoma, 11 5 
Eubacierium suis, 364 
EVA (equine viral arteritis), 121-122, 

294,342-343 
Exan*, equine coital IEW-3). 

385-386 
Exercire-induced pulmonary 

hemorrhage IEIPH), 
162-1 63 

Exertion'al (posteerck?) 
rhabdomyolysir. 303-304 

bWemm Extravascular hemolysis, 1160 322 

Extrinsic alveolitis (hypersenritivky 
pneumonitis, fanners' 
lung), 160-1 61 

Exudative epidermilis (greasy pig 
disease, exudative 
dermatitis), 390-391 

Eyelid abnormalities, in systemic 
disease, 294 

275-276 
urinary calculi, 369 
urticaria (hives). 404L 404-405 
vitamin E defiLiency,'lm, 2-207 
yellow star thistle or Russian ' 129,341-342 - 

Epklermal dysplasia, inherited b l d y  
calf syndrome), 41 2 

Epidermatitis, exudative (greasy pig 
disease, exudative 
dermatitis), 390-391 

Epiderrnolysis bullosa, 412 
Epitheliogenesis imperfects, 412 
Equine adenovlrus, 122-1 23 
Eouine adrenal insufficienw, 236-237 

knapweed toxicity, 
261 -262 

D i b  aseotic ~ododemMitis 
Ear mange (psoroptic mange), 

394-395 
ECG lelecmcardiography), 173 (see 

also Cardiac dphyhmias) 
Ehocardimraohv. 173-174 (see also 

'(laminitis, founder), 
312-313 

Digital dermatitis (hairy heel warn, 
- w b e r r V ~ r o O .  
31 1-312.388 

anhidrosis, 242-243 
diabetes mellitus, 231-232 
evaluation of, 231 
parathyroid gland, 239-242 

nutritional secondary 
hyperparathyroidism (NSH, 
mteodysmphia flbrosa, big 
head disease, bran direare, 
Millefs disease), 240-241 

cutaneo& &asis (bbwRies), 401 
Hvpodema infestation (warbles, -~a;d&ascular disorders; 

Valvular hean disease) 
Eclampsia, in mares, 224-225 
Eahyma, contagious lconta~ious 

Digoxin, 1921, 198, 4.(5 
Dilated cdrdiomyopathy, 179, 

203-204 
Dilation, esophageal (rnegaerophagus), 

1 7  

Equlne coltal exanthema, 384-385 
Equlne Cushlngs d~wase, 232-234 

urn?, 399-400 
queenrland ~tch (equ~ne I ~ P  

hypersensitivityl, 405 
s c r e w m  infestation, 4 0 0 4 1  
skep keds (Melophagus ovinus fly), 

397-398 
Foal heat diarrhea, 29-30 
Foak 

adenovirus in. 123 

dermaiiis, d, 
6-7, 116, 384 

Ectopic teem, 8 
Ectopic ureter, 365 
Edema (see also Dysphagia) 

in cardiova~ular disease, 171 (see 
also Cardiovascular 
disorders) 

malignant lclomidial myositis, 
blackleg), 305-306 

neonatal cerebral, 444 
pharyngeal, 9-10 

EDM (equine degenerative 
myeloe~c~~halopathy). 
265-266 

EDTA, in lead poisoning, 253 
Effusion 

pricardial, 199 
pleural, 155-157 

Ehrlichia equi, 343-344 , 

Ehrlichia risticii, 28 

. - 
myeloence~halopalhy 
IEDM), 265-266 

Equine ehrlichosis, 343-344 
Equine gsbointestlnal disorders, 

19-40 (see also under 

. - 
Dim&ylwlfoxide (DMSO), 185, 249, 

31 5, 362,444 
Diminazene, 333 
Dioctyl sodium subuainate (DSS), 

17  

primary hyperparathyroidism, 
239-240 

meudohvoemarathnoidism (PHT), 
' zii-2.42 ' 

pituitary gland, 232-235 
diabetes insi~idus. 234-235 

Gastrointestinal disordecl) 
Equine herpesvirus 1 IEHV-1) 

rnveloencwhalitis. 268 

. - 
Diphenylamine test, 337 
Diphtheria, calf, 125, 131 
D i r m  Coombs' test, 324 

Arabian breed. p&ilectlw, 248, 
254-255 

bladder rupture in, 365-366 
diarrhea in nursing, 29-32 (see aha 

Dianhea) 
endocrine maturation of, 437 
gestational age of, 436437 
hypothymidism "immature but ready in, 237 for bir(h," 437 

neonatal disorders of. 435465 

equine ~ushjng's disease, 
232-234 

in premature foals, 439 
thymid gland, 237-239 

bovine ultimobranchial (thymid C- 
cell) tumor, 239 

equine 
hyperthyroidism, 238 
hypothyroidism, 237-238 
thyroid tumors, 239 

goiter (iodine deficiency), 238 
Enteric colibacillosis, 31-32 
Enteritis (see also Diarrhea) 

antibiotic-associated. 28 

Equine hyperihyroid,sm, 238 
Eauine hwwnhvro~d~sm, 237-238 Disseminated intravascular coagulation 

lD10, 314 
DisTemcer, equine Istranalesl. 

F a c i d b u l a r  nerve d i i  in  
h o r n  276 ~quine in iRf ius anemia (swamp 

fever), 326-327 
Equine Influenza virus infedon, 

118-120 
Equine ins- hypersensltivify (sweet 

itch, Queensland itch), 405 
Equine lymphosarcoma, 348-349 
Equine maor neuron disease, 274 
Equine pheochrorocytoma, 235-236 
Equine protozoal myeloencephalltis 

(EPM), 266-267 

Failure of passivetransfer (FPT), 350, 
351,446-453 

Fallor m l o g y  of, 175, 177-179 
Farmerr' lung (hyperrensithmhy 

pneumonitis, eminsk 
alveolitis), 160-1 61 

Faviola ninantick 1 03-1 04 

. . - .  
129-131 

Distention 
abdominal, 25 

bovine, 44-45 
in colic, 20 

gastric, 25 
Distention (gas, spasmodic) colic, 

eqlrine, 23-24 
Diuretics, 358, 445 

neonatal iroerythml$is in, 328-329 
neonatal renal failure in, 358-359 

Fasciola X&ficd, 103-104,105-106 
Fascioliasis (liver fluke infemtion), 

103-1 05 

neuroloaic disorders soecific to (sea 
-also ~eurol ig ic  disorderr 

and specific disorders) 
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neonatal maladjustment syndrome 
(NMS, "Barker foals," 
hypoxic-ischemic 
encephalopathy (HIE)], 
249, 441 -446 

Shaker foal syndrome (botulism), 
272-273 

nuhitional myopathy in, 301-302 
respiratory d~sorders in 

Darasitic onwmonia. 151 
bneumonia, 137-14 

bacterial, 137-138 
neonatal, 137 
PneumaysL carinii, 140-141 
Rhodococcus equi, 138-1 40 
Srreprococcus zooepidemicus, 

138 
viral, 137 

"unready for birth," 437 
Fog fever (ARDS, ABPE), 161 -1 62 
Folate deficiency, 339-340 
Folic acid, in hepatic encephalopathy, 

97 
Follicular pharyngitk (lymphoid 

hyperplasla), 123 
Folliculitis. 385-386 

pastern kreasy heel complex), 385, 
407-408 

naDhvlomcal. 385 
Fmt Bnb mouth di-, 41, 4-5 
Fmt mange (chorioptic mange), 396 
Foot rot 

bovine 
pasture foot mt (Infectious 

pododermatitis, interdigital 
phlegmon, interdigital 
necrohacillus), 309-310 

stable fmt rot (underrun sole), 
310-311 

mawbeny (hairy heel wam, 
digital dermatitis), 
311-312, 388 

wine infectious, 315-317 
Foreign bodies 

abdominal, 55 
abomasal, 4546 
pharyngeal, 10-1 1 

Founder. bovine (laminitis. diffuse 
aseptic pododermatitis), 
312-313 

Francisella lularensis. 148 
Free gas bloat, 4648 
Frostbite, 378-379 
FroIhy bjoat, 464 
Fungal causes of stomatitis, & 3 
Fungal enteritis, 29 
fungal infections (see also specr~ 

organisms and diseased 
corneal, 286 
dennatologic, 391-394 

ergotism, 381 -382 
subcutaneous myass, 393-394 

equine spomhichosis, 393 
phycornycosis (pyfhiosis, Flwida 

horse leeches), 393-394 
superficial rnycoses, 391-393 

mastitis, bovine, 427 
rhinitis In, 11 5 

Furumulosis, 385-386 
Fusobacterium necropiwrurn, 132, 

158, 309, 311,313, 316 

Gait dm&, 
in cerebellar disease, 248 
enzootic ataxia (swayback), 

269-270 

Gallbladder disorders, 93-1 13 (see 
also Hepatobiliary diseases 
and specific diseases) 

Gangiene 
in ergdism, 381 
in mastitis, 424, 428 

Gas (distention, spasmodic) colic, 
equine, 23-24 

Gastric distention, 25 
Gastric intubation, 22 
Gastric reflux, 24 
Gashic ulcers, porcine, 79 
Gastritis, traumatic (hardware disease), 

54-56 
Gashoenteritis 

chronic eosinophilic, 34 
transmissible WE), in swine, 80 

Gasnointestinal disorders 
bovine, 41-77 

of fo~mnach and abomasum, 
41-57 

abornasal impaction, 46 
anterior abdominal pain, 54-57 

perforating abornasal ulcers 
with localized peritonitis, 
56-57 

traumatic reliculoperitonitis 
(hardware disease), 54-56 

bleeding ulcers and erosions, 
53-57 

hlpe I, 53 
lype 11.53-54 

bloat (rumindl tympany), 46-48 
hyperresonance, 48-52 

cecal dilatiordcecal volwlus, 
52-53 

I& abomasal dispbcement 
(twisted rtomach), 48-50 

right abomasal displacement 
(RDA), 50 

right abowl vdvulus 
(torsion), 50-51 

indigestion, 41-42 
lactic acidosis, 42-44, 158 
vagal indigestion (Hdund's 

syndrome), 44-46 
intestinal, 57-73 

diarrhea, 58-73 (see also 
Diarrhea) 

gastmintestinal paln (calk), 
57-58 

equine, 19-40 
colic, 19-26 

dirtention (spasmodic or gas 
colic), 23-24 

evaluation of, 19-21, 2OI 
flatulent (tympany, bbat wind 

colic), 25-26 
large colon impaction, 22-23 
meconium impaction, 21-22 
medically manageable, 21-26 
proximal enteritis (anreria 

enteritis, dualenitis), 
24-25 

diarrhea, 26-34 (see rho 
Diarrhea) 

am in adult hones, 26-29 
in nursing foals, 29-32 
in weanlings and yearling, 

33-34 
weight loss, 34-36 

in abdominal ab, 36 
chmnic eosinophilic 

gastroenteritis, 34 
granulomatous enteritis 

llymphocyticplasrnacytic 
enteritis), 34 

lymphosarcoma, 34-35 
in parasitic disease, 35-36 

neonatal, 445 
ovine and caprine, 85-88 (see also 

Diarrhea; Weight loss) 
chmnic weight loss, 87-88 
diarrhea, 85-87 

porcine, 79-84 
of intestines, 79-84 

diarrhea in feeder pigs, 82-84 
diarrhea in neonatal swine, 

79-82 
of stomach (gasbic ulcers), 79 

CCT lglutaraldehyde coagulation ) test, 
450 

Gestational age, equine, 436-437 
CCT (yglutamyl transferase) test 

94-95, 951,450 
Ciardiasis, 71 
Gilberfs syndmme, 108 
Gingivitis, 8-9 
Girth itch, 391 -393 
Glasds disease, 156,202 
Glaucoma, 291 
Glomerulonephritk, in horses, 359 
Glucose homeostasis, and prematurity 

In foals, 437438 
Glucosuria, 232 (see also Diabetes 

mellitus) 
filutamyl transferase (GGT) test, 

94-95,95I, 450 
Glutaraldehyde coagulation (GCD test, 

450 
Goatpox. 384 
Coats (see also Caprine) 

cardiovascular disease in (see 
Cardiovascular disease and 
specific diseases) 

contagious e&yma in, 6 
derrnatologic conditions specific to, 

goatpox, 385 
fm and mouth disease in, 4 
gamintestinal disorders in 

chmnic weight loss, 87-88 
paratuberculosis Uohne's 

disease), 87-88 
visceral ca+eous lymphadenitis 

(CLA), 88 
diarrhea, 85-87 

Clmaidium perfringens type C, 
R5 

flostiidium mcurn (braxy), 
85-86 

diet-related, 87 
inteninal helminthiasis, 86-87 
salmonellosis 85 
toxicities, 87 

hemolytic anemia in (see Hedytic 
anemia: in ruminants) 

hepatobiliary di- in, 102-109 
(see also under Ruminants) 

mastitis in, 429 - 
metabolic disorders of 

parturient paresis hypocalcemia, 
milk fever), 213-215 

primary protein energy 
malnutrition (starvation), 
221 -222 

neurologic disorders specific to, 
caprine arthritis- 
encephalitis (CAD, 269, 
31 7,429 

ophthalmologic disorders in (see 
Ophthalmologic disorders) 

respiratory disorders in 

lower bacterial tract pneurnonias, 147-148 

pasteurellosis, 146-1 47 
pneummhorax, 164 

upper tract, I 15, 129, 132 
skin disorders specific to 

caseous lymphadenitis (CLA), 387 
folliculitis and furuncul~is, 

385-386 
urinary obstruction in, 366-370 

Goiter (iodine deficiency), 238 (see 
also Thyroid disorders) 

Gold therapy, 406 
Gosrypol-induced cardiotoxiaxis, 

204-205 
Godand ponies, 248 
Grain engorgement, 424 
Grain overload, bovine, 42-44 
Granuloma, equine msin-hilic 

(nodular mrobiosis, 
nodular collagenolytic 
granuloma, acute collagen 
necrosis, eosinophilic 
granuloma), 407 

Granulomatous (lymphocytic- 
plasmamic) enteritis, 34 

Greasy heel complex (pastern 
follicuiitis), 385, 388, 
391-393,40748 

Greasy pig disease (exudative 
epidennitis), 390-391 

Grubs (Hypderma infestation), 
399400 

Gutrural pouch disease, 11 
Guttural pouch empyerna, 130 

Habronemlasis (summer m), 
401 -402 

Haemophilm sp., 147-148 
Haemdobid initam 405 
Hairy heel warn (digital dermatitis, 

-wbem/ foot rot), 
311-312,388 

Halothane tm, for porcine stress 
syndrome, 305 

Hardware disease (traumatic 
reticuloperitonitis), 54-56 

Heart block (see Cardiac dysrhyihmlas) 
Heart failure, 183 (see also 

Cardiovavular disorders) 
tvpesof, 174 

Heart murmurs, 1721, 172-173 (ue 
also Cardiavascular 
disaders) 

Heart rate, 172, 1722 188 
Hean sounds, 171-172 
Heat bumps (hives, urticaria), 40% 

4-05 
Heinz bodies, 324 
Hemagglutinating encephalomyelitis 

virus (HEV, vomiting and 
wasting disease), 80-81 

Hematologic signs, in hepatobiliary 
disorders, 94 

Hemampoietic disorders, 321-346 
(see also Anemia; 
Coagulation disoh; 
Hemostatic dysfunabn) 

Hemodvnamic disorders. 174-186 
(see also 81obd flow 
disturbances; Thrornbolytic 
disorders) 

Hemoglobinemia, 321 

Hemoglobinuria, 321 
bacillary. 334 (see also Black 

disease) 
bacillary haemolyficum), (Ciostridium 106 

postparturient, 21 6-21 7, 337 
Hemolysis, 321 -322 

extravascular, 322 
intravascuiar. 321-322 

Hemolytic anemia, 326-339 
of horses, 326-331 

iatrogenic causes, 331 
hypnonic solutions, 331 
phenothiazines and 

anthelmintics, 331 
tetracycline and DMSO, 331 

immunemediated causes, 
328-329 

immun-mediated hemolytic 
anemia, 329 

neonatal iwarythrolysls (NI), 
328-329 

infectious causes, 326-328 
babesiosis lp~roplamosis), 326 
equine infmiws anemia (EIA, 

swamo fever). 326-327 
toxic ca~ses,'329-j31 

oxidative injury (red maple leaf, 
onion, and phenothiazine 
toximris), 329-331 

of ruminants, 331-338 
immune-mediated cause, 335 

bovine colostrum fed to sheep, 
335 

neonatal isoefy&rolysis (NI), 
335 

infedis causes, 331-335 
anaplasmosis, 331-332 
babesiosis, 332-333 
bacillary hemoglobinuria, 334 

(see also Black disease) 
epevthrozoonosis, 333 
leptospirosis, 334 
yellow lamb disease, 336335. 

in inherited 338 congenital porphyria, 

in porrparturn hemoglobinuria, 
338 

in postparturient hemoglobinuria, 
2a.R --- 

toxic causes, 335-337 
Brassica sp., 335-336 
copper, 336 
nitratdnitrite toxicmis, 336-337 
onion, 336 

in water intoxication. 337-338 
in sheep, yellow lamb disease, 

334-335 
in swine, 338-339 

Hemolytic crisis, Coagulative 94 (see disorders) also 

Hemophilia (see Coagulative disorders) 
Hwnophilus (Actinobacillus) 

pleuropneumniae, 
149-1 50 

Hemophilus parasuis (Glasser's 
disease), 156, 202 

Hemophilm somnus, 203 
Hemophilus suis, 156 
Hemptysis, 158 (see also Prrumonia; 

Pneumonltls) ' 
Hemon- 321 

abnormal from large vessels, 
344-346 lcpe also 
Coagulative disorders) 

acute, 325 
chronic, 325-326 

Index 1 499 

exercise-induced pulmonary (EIPH), 
162-163 

perechial, 341-344 
in thromboo/ropenia, 344 
in vawulitis, 341-344 

equine ehrlichiosis, 343-344 
equine purpura hemrrhagica 

(EPH), 129,341-342 
equine vlral arteritls (EVA), 

342-343 
urinary ham 324-325 (see also 

Hemuglobinuria) 
Hemorrhagic anemia 

acute, 325 
chronic, 325-326 

Hemostatic dysfunction, 341-346 (see 
also Coagulation disorders; 
Coagulatiw disorders; 
Hemorrhage) 

coagulative disorders, 344-346 
hemorrhage, 341 -344 

Heparin, 27 (see ah Anticoagulants) 
in hyperlipidemia, 101 

Hepatic abscess, 107 
in ruminants, 102-103 

Hepatic disease versus hepatic failure, 
93 

Hepatic encephalopathy, 93-94, 96, 
263-264 

HeDak lioidosis. 106 
 gati it is ' ' 

chronic act& 97 
equine serum (Thellefs disease), 

97-98 
infectious necrotic (black dlsmse), 

105-106,334 
mumatic, 55 

Hepatobiliary dirorders, 93-113 
bovine, fat COW syndrome, 220-21 
diagnosis of, 93-96.941 
diagnostic principles in, 93 
equine, 97-102 

of adult horses, 97-101 
cholelithiasis, 99 
hyperlipidemia, 99-102 
pyrrolizidine alkaloid (PN 

toxicosis, 98 = 99 
serum hepatitis rrheilds 

disease), 97-98 
uncommon, 102 

'dfoals, 101-102 
Tyzzefs disease, 101 -102 

phaorensitization related to, 381 
porcine, 108-109 

aflatoxicosis, 109 
ascariasis, 108-1 09 
hepatosir dietetics, 109 

of ruminants, 102-108 
of adults, 102-107 

bacillary hemoglobinuria, 106 
black disease (infectious 

necrotic hepami& 
105-106,334 

fascioliasis (liver fluke 
Infestation). 103-105 

hepatic abscer*, 102-103 
hepatic lipidoris. 106 
hepatotoxicosis,l~b-107 atlatoxiaxis, 106-107 

copper toxicusis, 107 
halothane toxicorls, 107 
PA toxicosis, 107 
pyrmlizidine alkaloid (PA) 

toxicosis, 107 
of calves, 107-108 lambs, and kl&' 

cargenital, 107-108 
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lonophore-induced cardiac 
myodegeneration, 205-206 

Iron deficiency anemia, 339 
Ischemic myopathy. 304 
Isolation, 27 
lsospora suis, 81 
Isosthenuria, in hypercalcemia, 241 
lsoxsuprine hydrochloride, 31 5 
Itch mite (Australian iah, psorergatic 

mange), 396-397 
Ivemlenin, 35, 86, 339, 398 (see also 

Anthelmintiu) 
lxodes ricinus (see Tick-bome 

infections) 

hepatob~liary d~seases In, 107-109 
hepatobll~ary diseases of, 107-108 
~l l - rnr~h syndrome In, 333 
1ntes1,nal paraslles In, 87-88 
neonatal metabol~c d~sorders in, 

Lice (pedunculosis), 398 
Liiting devices, 216 
Llpidosis, hepatic, 106 
Liptak test, 49 
Listeria monocytogenes, 453 
Listeriosis, 257-258 
Liver biopsy, 96, 98, 99 
Liver disorders, 93-1 13 (see also 

Hepatobiliary disorders and 
specific drseases) 

Liver enzyme studies, 94-95.951 
Liver fluke infestation (fascioliasis), 

103-105 
Lumpy jaw (aRinomycosis), 1, 

307-308,388 
Lumw wool disease. 388 

Mules (see also Equine; Horses) 
neonatal isoerythmlysis in, 328 

Murmurs, cardiac, 1721. 172-1 73 (see 
also Cardiovascular 
disorders; Valvular hean 
disease) 

Muscle diseases, 301-306 (see also 
Musculoskeletal disorders: 

Malignant hypenherrnia, in swine 
(porcine stress syndrome), 
304-305 

Malnutrition (see also Diet-related 
disorders; Weight loss) 

primary protein energy (starvation, 
emaciation), 221-222 

Malocclusion, dental, 8-9 
Mamrniliitis, bovine ulcerative (BHV- 

2). 385 
Mange, 394-397 

choriopic (leg mange, symbiotic 
scab, scrota1 mange, foot 
mange), 396 

demodectic, 397 
psorergatic (Aunralian itch, itch 

mite), 396-397 
m o p t i c  (sheep scab, ear mange), 

394-395 

Merolhelioma, pericardlal, 201 
Metabolic alkalmis, in proximal 

enteritis, 24' 
Metabolic dirorders, 213-229 tree 

also Endocrine disorders) 
equine, 224-226 

hyperlipidemia, 226 
hypocalcemic tetany of mares 

(lacration tetany, 
eclampsia, transit tetany), 
224-226 

neonatal, 226-227 
neonatal hypoglycemia, 226-227 

of rumlnana, 213-224 
bovine ketosls 

clinical (acemnemia), 217-218 
subclinical. 218-219 

226-227 
respiratory disorders in, pneumonia, 

142 
Lameness, 309-317 (see also 

Musculmkelelal disorders; 
Neummuscular disorders) 

in caltle, 309-31 3 
digital dermatitis (hairy he1 warts, 

strawberry foot rot), 
311-312.388 

Neuromuscular disorders) 
Muscle wasting, in Gushing's disease. 

232 
Muscular dystrophy 

acute enzootic, 301-302 
of cattle (paralytic myoglobinuria), 

302-303 
subacute enzootiq (white muscle 

disease), 206-207, 
301 -302 

Musculoskeletal disorders, 301-320 
(see also Neummuscular 
disorders) 

bone and loin1 diseases, 306-309 
actinomycosis (lumpy jaw), 1, 

307-308.388 
osedy%tmphy, 308-309 
oneomyelitis, 306-307 

lameness. 309-31 7 (see also 
Lameness) 

bovine, 309-31 3 
caprine, 317 
equine, 313-315 
ovine, 31 5-317 

muscle diseases, 301-306 
mvooathv 

ioot rot (pa&<'foot rot, infectious 
mdodermatitis, interdiaital ~ u n d  disorders (see ~es~iratory 

disorders, Thoracic disease. phlegmon, interdigital - 
necrobacillus), 309-310 

horizontal or sand cracks, 313 
interdigital dermatitis, 313 
laminitts (founder, diffuse aseptic 

dermatitis. asentic 

downer cow iyndmme, 215-216 
fat cow svndmme, 220-221 Jaundice foal agglutination UFA) lest, Pneumonia) 

Lungworrns, 150-1 55 
Lymphadenitis, 349-350 

caseous (CLA), 88,349-350, 387 
Lymphangitls, ulcerative, 386 
Lymphatic disorders, 347-350 (see 

also Immune deficiency 
syndromes) 

bovine leukosis, 347-348 
e n m i c  lymphoma, 347-348 
smradic Ivmohoma. 347 

328 
Jaundice (icterus), 93, 322 (see also 

Hepatobiliary dirorderr) 
law, lumpy (actinomymis), 1, 

307-308, 388 
Johne's d i i  lparatuberculosis) 

in cade, 65-66 
in sheep and goals, 87-88 

Joint diseases, 306-309 lsee also 
Musculoskeletal disorders; 
Neuromuscular disorders) 

sarcoptic (barn itch, scabies), 
395-396 

Maple leaf mxlcosis. 329-331 

hypomag'netic teGny, 222-224 
parmrient paresis (hypocalcemia, 

milk fever), 213-215 
poaparturient hemoglobinuria, 

216-217 
pqlnancy mxemia of shsep, 

21 9-220 
primary protein and energy 

malnutrition (starvation, 
emaciation), 221-222 

Metastatic wangles Lbastard strangles), 
129 

 asses 
in-phageal, 47 
pharyngeal obmuction by, 11 

Manitis, 417-434 
bovine, 417-428 

acute and oeracute. 422-427 

inflammation brcorlum), 
312-313 

soh ulcer loododermatltis 
cir&mspecra), 31 1 

aabk foot rot (underrun sole), 
310-311 

traumatic, 31 3 
vermmse dermatitis, 313 

in aoah. caorine anhritir- 

~ct;nom'yces p&, 425 
mlilorm mastitis (acute martitis, 

lugulqr thmmbophlebitis UT), 184-165 
Juvenile multicentric lymphoma, 347 

environmental mastitis), 
422424 

Mymplasma, 426-427 
Nocardia, 425-426 
staphylococcal, 424-425 
streptococcal, 425 

algae-related, 427-428 
bacillary, 428 
Clomidium perfringens, 428 
fungal and yeast, 427 
Mycobanerium bovis, 427 
overview and diagnosis, 417-418 
Pseudomnas, 428 
subacute, 418-422 

staphyloc~~cal, 420-422 
streptmwcal, 41 8-420 

California mastitis w. 419 
equine, 428 
ovine and caprine, 429 

caprine arthritis encephalitis 
mastitis (CAE), 269, 31 7, 
429 

Mycqplasma (contagious 
agalada), 429 

Pasteurella hamlytica, 429 
S. qgaladrae, 429 
Staphylomcus aureus, 429 

porcine, 429-430 
MCHC (mean corpuscular hemoglobin 

concentration), 323 
MCH (mean corpuscular hemqllobin), 

lgPhoprolifektive and 
myeloprolifwatlve, 
347-349 

- .  
en>ephalitis (CAE), 269. 
31 7,429 

in horrer. 313-315 ~etherno&obin, 324' 
>Methyl cyneine sulfoxide, 336 
Methyiene blue, 337, 366 
Metronidazole, in pleural effusion, 157 
Microfilarial uveitis, 290 
Microphthalmus, 293-294 
Milk cultures, 419 
Milker's nodules (pseudocowpox), 

384-385 
Mllk fever (hypocalcernia, pttulient 

paresis), in ruminam, 
21 3-21 5 

MilWs disease (nutritional d a r y  
hyperparathymidism), 
2&241 

Mites (see Dermamlogic dirordas; 
Mange) 

Mlbal regurgitation (left AV valve 
insufficiency), 179-180 

M-made echocardiography, 173-1 74 
M o b i i  block (see also Cardiac 

dysrhythmias) 
type 11, 189 
type I (Wenckbach), 188-1 89 

Mobiu type I (Wenckebach) block (see 
also Cardiac dysmylhmias) 

Moldy corn disease 
(leukoencephalomalacia), 
11.264 

. . 
nutriti6nal in young anlrnals, 

301-302 
In older animals, 302-305 

plasma cell myeloma, 349 
L m ~ h  node bovine Iwkosis. 66 laminitis, 313-315 

thrush, 31 3 
Obel grades fa. 314 
In sheep, infectious b t  mt 

315-317 

Kale lsee BRsrlca sp.) 
Keratoconjunctivitis, 286-287 

infectious bovine (IBK), 287-288 
Ketosis, bovine 

clinical (aQtonemia), 217-218 
nelvous, 21 7 
secondary, 21 7 
subcl~nical, 218-219 

Kidney diseases, 357-364 (see a h  
Renal disease a d  spec if^ 
disease$ 

pulpy (CJostridium p d t n g e m  type 
D infection), 85 

Kidney bones, 365-370 
Kids 

hepatoblliary diseases of, 107-108 
respiratory disorders in, 142 

Kingman lube, 44 
Klebsiella mastitis, 422-423 

~gphocytic-plasmacytic 
(granulomatous) enteritis, 
34 

Lymphoid hyperplasia 
bronchiolar, 148-149 
folliwlar, 11 
follicular phalyngitk, 123 

Lymphoma 
BLV-induced, 204 
bovine 

e n z d c ,  347-348 
sporadic, 347 

cutanecus, 347 
juvenile multicenbic, 347 
thymic. 347 

Lymphmarcoma, 11, 34-35.241 
bovine, 53 
equine, 348-349 

exertional (post-exercise) 
rhabdomyolysis in h o w ,  
303-304 

ischemic, 304 
muscular dystrophy (paralytic 

myoglobinuria) of cattle, 
302-303 

versus hyperphosphaternia, 241 
Laminitis, 27 

bovine (founder, diffuse a M i c  
d m & ,  aseptic ' 
inflammation ai corium), 

.-- --. 
porcine stress syndrnne IPSS, 

oale soft exudative IPS0 312-313 
equine, 313-315 

L- colon impaction, 22-23 
Laryngeal obmuction, 129-132 

Lmvine, 131-132 
equine strangles, 129-1 31 
ovine, caprine, and porcine, 132 

Laryngitis, 9-10 (see also Dysphagia; 
Respiratory disorders) 

Laulocid, 87, 206 
Lam agglutination test. 450 
Lathyrism, 274-275 
Lansonia inbacellularis. 84 

Ark, malignant 
hyperthermiaI,304-305 

myailis, 305-306 
clomidial (clomidial myonecmrls, 

b lackla malignant 
edema), 305-306 

eorinaphilic, 306 
ffbmic myopathy, 306 
ossifying myopathy, 306 
parasitic, 306 

neonatal limb delormitRs,438 
in Dremablre foals. 439 

Klebsiella pneu&iae, 137 
KOH (potassium hydroxide) skin 

testing preparations, 376, 
392 Laxatives, in colonic i&ction, 23 

LDA (left displacement of abomasum), 
M)&bacteria sp., in'rnyocardii, 203 
Mymbacierium bovis mastitis, 427 

Mad c& d i k  (bovine spongiform 
encephalopathy), 263 

48-50 
Lead poisoning, 252-254.308 
Leg rnange (chorioptic mange), 3% 
Lep(o+pira hardjo, 334 
Lempi ra  knnewicki (famerly 

pomona). 334 
Leplospimsis, 334 
Leukemia, 349 
Leukocyte adheslon deficiency, bovine 

(ELAD), 351-352 
Lc*roderma, 403 
Leubencephalomalacia ( d d y  arm 

disease), 11, 264 
Leukosii, bovine lenzmtic bovine 

ieukosis); 66-67.347-349 
Leukotrichia, reticulated of h o w ,  412 
Levamirole, 86 (see also 

Anlhelmintics) 

Mycobacierium parahrberculorls, 
65Sb6.87-08 

Mycqplasma agalactia, 286 
Mymplasma hypopneumcniae, 

148-149 
M y c & m a  hywhinls, 149 
Mpplasmal  uveitis, 290 
Mymplasma mastitis 

bovine, 426427  
in sheep and go* lcontlgh 

agalactla), 429 
M & m a  mycoides var mymida, 

156 
Mymplasma pneumia, 141,147 
Mycqplasma sp., 156 

in pericarditis, 202 
Mymses (see Fungal inkdiom) 
Mycotic stomatitis, 3 

323 
MCV (mean corpuscular vdume), 323 
Mechanical injury (see also T r a m )  

pharyngeal, 10 
Mgonium impaction, 21-22 
Mediastinal pleuritis, 155 
Mediastinitis, 13 
Megaesophagus, 13 
Melanoma, 41 1 
Melophagus ovinus, 397-398 
Meninzitis 

Magnesium ammonium phosphate 
calculi, 367 (see also 
Urolithiasis) 

Magnesium disorders (see 
Hypermagnesernia; 
H y p o m a g m i a )  

Magnesium supplementation, 224 
in lead poisoning, 253 

Malformation syndromes, cnrbellar, 
248 

Malignancy (see Neoplasms; Tumon) 
Malignant catarrhal fever (bovine 

malignant catarrh, BMO, 
60,125,128 

Mallgnant edema (clmtridial myosltis, 
blackleg), 305-306 

Laceratiom 
corneal, 289 
eyelid, 289 

Lack of menace Rspome, 248 
Lecration, mastitis during, 419,421 
Lactation tetany, 223 

in mares leclamosia. tramit tetanvl. 

Molybdenum mxicity, 68 
Monensin, in mccidioris, 87 
Monocvtic ehrlichimis. eauine 

' (Potornac id, 
27-28 

Moon blindness Leauine recurrent 
uveitis),'289-291 

Monxella equi, 286 
Mucosal disease. 59 

,.. 
224-225 . 

Lactic acidosis, bovine (rumlnal 
acidosisl. 42-44. 158 bacterial (meningoencephalitir). 

249-250 
+c in neonates, 458 

Meningoencephalitis 
bacterial meningitis, 249-250, 458 
thrornboembolic OWE), 255-256 

Mud fever, 385.'388,391-393, 
407-408 

Muelkius ca~illaris. 153-1 54 
Lactulore, in hepati encephalopad-~y, 

96 
Lambs (seealso Sheep) 

hemolytic anemia in, yellow lamb 
disease, 334-335 

Mulberry he& dire& (acute enzoak 
muscular dystrophy), 
206-207.301-302 
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bovine spongiform 
encephalopathy (mad COW 

disease), 263 
hepatic encephalopathy, 96-97, 

263-264 
leukoencephalomalacia (moldy 

corn disease), 11, 264 
scrapie, 263 

of newborn, 247-250 
bacterial meningitis 

(meningoencephalitis), 
249-250,458 

cerebellar disease, 248-249 
hydranencephaly (nomatmslve 

hydrocephalus), 247 
hydrocephalus (hypertensive 

hydrocephalus), 247-248 
neonatal maladjustment 

syndmme [NMS, "Barker 
foals," hypoxic-ischemic 
encephalopathy[HIE)], 249, 
441 -446 

seizure diraders, 251-255 
Arab foal idiopathic seizures, 

254-255 
lead poisoning, 252-254 
polioencephalomalacia @'EM, 

cerebral cortical necrosis), 
251-252 

salt poisoning (water 
deprivation), 254 

traumatic, 250-251 
verua congenital heart disease, 178, 

174 

swayback (enzootic ataxia), 
269-270 

vertebral body abscess, 
270-271 

urinary incontinence in, 365 
Neurologic signs, in hepatobiliary 

disorders, 93-94 (see also 
Hepatic encephalopathy) 

Neuromu~ular disorders (see ako 
Peripheral nerve disorders) 

botulism, 272-274 
equine motor neuron disease, 274 
periodic spasticity of canle (bam 

cramps), 274 
stringhait, lathyrism, and shivering, 

274-275 
tetanus, 271 -272 

Nicotinic acid, in bavine ketosis, 218 
Night blindness, 295 
NitraWnifrite toxicosis, 336 
Nocardia mastitis, bovine, 425426 
Nocardia sp., 156 
Nodular necrobiosis (equine 

eosinophilic granuloma, 
nodular collagenolytic 
granuloma, acute collagen 
necrosis, eosinophilic 
granuloma), 407 

Noninfectious equine rhindracheitis, 
1 7 9  

Myeloencephalitis 
equine herpervirus 1 (EHV-11, 268 
equine protozoal (EPM), 266-267 

Myelwncephalopathy, equine 
degenerative (EDM). 
265-266 

Myeloma, plasma cell, 349 
Myelopathy, cervical sterwtic 

(wobbles, cervical vertebral 
malformation, CVM), 
264-265 

Myiasis 
cutanmus (blowtlies), 401 
intracranial, 400 

Myocardial disorders 
etiology and diagnosis, 203-204 
gossypol-induced cardiotoxlcosis, 

204-205 
ionophore-induced cardiornyopathy, 

205-206 
myocardiis versus cardiomyopathy, 

202-203 
nutritional cardiac mydegewmtion 

(white muscle disease, 
mulberry heart disease), 
206-207,301-302 

lreatrrmt 204 
Myocarditis (see also Myaardial 

disorden) 
versus cardiomyopathy, 202-203 
d i l o g y  and diagnosis, 203-204 
treabnent, 204 

Mppathy, in older animals, idemic, 
304 

Myoritis, clostridial (clohidial 
myonecroris, blackleg. 
malignant edema), 
305-306 

Myxwirwes, 11 8 

of foals, 435-465 
abnormalities predisposing to, 

435, 4361 . acute perinatdl asphyxia, 441-445 
failure of passive transfer (FPT), 

350,351,446-453 
maternal conditions associated 

with high-risk pregnancy, 
435, 4361 

neonatal maladjustment syndmm 
INMS, "Barker foals," 
hypoxic-ischemic 
mcephalopathy (HIRI, 
249,441-446 

outcomes in neonatal intensive 
care units, 435-436 

prematurity or dysmaturity, 
436-441, 4371 

renal failure, 358-359 

Obstructive urolithiasis, 365-370 
Obturator-sciatic paralysis. 277 
Ocular bovine leukosis, 66 
Ocular squamous cell carcinoma, 

292-293 
Oesophagostomum, Oeshus ovis, 11 5, 11 84 6 

Oliguria, 357 (seealso Renal disorders) 
Omasal transport failure, 45 
Omphalitis, 454 
Onchocerca cervicalis, 290 

O ~ i n e  gastrointestinal disorders, 85-88 
(see also Diarrhea: 
Gastrointestinal disorders; 
Weight l a )  

Ovine viral ulcerative dermatosis, 3&1 
Oxibendazole, 35 (see also 

Anthelmintics) 
Oxidative toxicosis. 329-371 
Oxytetracycline, 147, 332- ' 
Oxyuriasis (pinwwms, threadworms), 

403 
Onchocerca 377-378 skin testing preparation, 

Onchocerciasis. 402-403 
Onion toxicity,.329-331, 336 
0.P'-DDD (Permax), in Cushing's 

disease. 234 
Ophthalmia, periodic (equine recurrent 

uveitis, mmn blindness), 
289-291 

Ophthalmolo~ic disorders, 285-299 

PA banding, 175 ; 

Pacemaker of heart, 186 
Pain 

abdominal 
bovine anterior, 54-56 septicemia and focal inkction, 

453-459 
umbilical abnormalities. 459-461 

in hepatobiliary disordas, 94 
in colic, 19, 25 
dental, 8 
in esophagitis, 14 
in pleuritis, 156 

Pancreatic inflammation, 231 (see aka 
Diabetes mellirus) 

Panophthalmitis, 289-291 
Papillomatosis, 408409 
Papular dermatitis, equine viral, 385 
Papular Parainfluenza-3 stomatitis, (PI-3), bovine bovine, (BPS), 7 

126-127, 141, 145 
Paralysis 

bovine spastic (Elso heel), 275 
hyperkalemic periodic (HYPP), 

225-226 
in Hypdetma infestation, 400 
obturamr-uiatic, 277 
pharyngeal, 11 
radial nerve, 276 
suprascapular ( m y ) ,  276-277 

Parapoxvirures, in bovine papular 
stomatitis (BPS), 7 

Panscaris equorvm, 33, 151 
Parasitic infedom 

anemia in, 325-326 
babesiosis (piroplasmosls), 326, 

332-333 
black disease ( in fec t t i  necmtic 

hepatitis), 105-106, 334 
B m I i a  burgdorferi, 203 
bovine 

dianhea in. 63-64 
giardiasir, 7l 
pneumonia, 151-153 

In bovine malignant catarrh, 128 
congenital and neonatal ocular 

disease, 293-294, 454 
mngenital blockage, 294 
corneal abnormaiit~es, 294 

in foals, isoerythrolysis, 328-329 
ocular, 293-294 
wpiramry distress syndmme of 

newborn, 179 
Neonatal hypoglycemia, 226-227 
Neonatal m a l a d j u s m  syndrome 

[NUS, "Barker foals." 
hypoxlc-ischemic 
encephalopathy (HIE)], 
249,441 -446 

dermoids, 294 
iris and ciliary body 

abnormalities, 294 
of cornea, 285-289 

conjunctivitis, 286-288 
infectious bovine \. 

keratoconjunctivkis (IBK), 
287-288 

.<" 
Nonspecific colitis, in feeder pigs, 82 
Nonsteroidal anti-inflammatory druas 

Neoqlasia (see also Tumors) 
ep~thelial neoplasms: papiIloma(orlr, 

. - 
(see NSAIDs) 

N o m n s i v e  hydrocephalus 
(hydranencephaly), 247 

NSAIDs 
adverse effects of, 340, 357, 358 
in equine intlumza, 119 
in neonatal infection, 456 
toxicity and gastrointestinal 

ulceration, 29 
in urticaria, 404 

NSH (nutritional secondary 
hyperparathyroidism), 
240-241 

.. - 
k h a n l a  In. 11 fibm~ppill&a&is, warts, 

408409 
vawa hyperphosphatemia, 241 
melanocytic neoplasms 

(melanomas), 41 1 
msenhymal tumors (equine 

sarcoid), 410-41 1 
vawa micarditis in hones, 201 

keratmonjuna~tis, 286-287 
corneal ulceration, 285-286 

of ocular adnexa. 291-293 
Gphaieal obmuction In, 12 
localized peripheral nerve, 275-278 

cauda &ina neuritis (polyneuritis 
equi), 277-278 

facioyesfibular nerve direase in 
horses, 276 

ohrator-sciatic parabk, 277 
radial nerve mralvsis. 276 

ectropion, 293, 
mmpion, 293 
equine periocular sarcoids, 

291 -292 
ocular squamous dl carcinoma 

(SCQ, 292-293 
in systemic diseases, 294-295 

conjunctivitis, 294 
exophthalmos, 294 
Homer's syndrome, 294 

traumatic, 288-289 
of uveal tract and optic nerve, 

289-291 
glaucoma, 291 
periodic ophthalmia (equine 

recurrent weitis, mmn 
blindness), 289-291 

Oral cavity disorders, 1-7 (see also 
Dental disorders; Sfomatitis) 

Oral ulceration, 29 
Orf (contagious ecthyma, conQiws 

pustular dermatitis), 6-7, 
116,384 

Organophosphate toxicity, 1 
OrOgaSric inrubation, 47 
Osteoanhmpathy, hypertrophic 

pulmonaly, 308-309 
Ostealysbophia fib- (nutritional 

secondary 
hyperparathymidism), 
240-241 

Oneodystrophy, 308-309 
Osteogenesis imperfeaa, 7, 308 
Osteomyelitis, 306-307 

neonatal, 454 
Onmpetroris, 308 
Osrertagia, 63-64 
Overeating disease, in sheep and goak 

(Clostridium perfringens 
hlpe D infection), 85 

obstruction by, 11 
squamour cell carcinoma. 409410 Sorghum c&tis and ataxia, 

275-276 
spastic paresis (Elso heel, bovine 

spastic paralysis), 275 

Nasal ademcarcinoma, eruootk, 11 6 
Nasal adenopaplllwna, 116 
Nasal regurgitation, in esaphagltis, 14 
Narogamic intubation, 25 

in esophageal obstruction, 12 
Narolacrimal duct blockage, 294 
Nawpharyngeal swab technique, 145 
Necrobacillosis 

interdigital, 309-310 
oral (necrotic stanatitis), 2 

Necrosis 
abdominal fat, 67-68 
cerebral cortical 

lpolioernxphalornalacia, 
PEM), 251-252 

Necrotic hinitis, in m ine  (bullnose), 
117 

Necrotic m a t i t i s  (oral 
necrobacillosis), 2 

Nernatodiasis, cerebrospinal, 268-269 
Nmtodirus, 63-64 
Neomycin, in hepatic encephalopathy, 

96 

N e ~ h m m i c  diabetes insioidus. 234 
~&hrohhiasis, 365-370 ' ' 

Nephrotoxic medications, 357, 358, 
362 

Navous mccidiosis, 256 
Nerwxls svstem bovine Ieukoris. 66 

Nutritional cardiac myodegmeration 
(white muscle d sease, 

suprascapular paralysis (weeny)), 
276-277 

~romuscu la r  di-, 271-275 

mulberry heart disease), 
206-207, 301-302 

Nutrit iml deficiency anemia, 
339-340 (see also spgific 
deficiencies) 

Nutritional dennatoses, 381-383 (see 
also under Diet-related 
disorders) 

Nutritional dianheas, in foals, 30-31 
Nutritional secondary 

hyperparathymidim (NSH, 
oneodymophia fibmsa, big 
head disease, bran disease, 
Miliefs disease), 240-241 

Nutritional support, in premature foals, 
438-439 

Neuritis, &uda equina @olyneu~ritis 
equi), 277-278 

Neurologic disorders, 247-283 

botulism, 272-274 
equine momr neuron d i m ,  274 
periodic spasticity of canle (barn 

cramps), 274 
stringhalt, lathyrism, and 

shivering. 274-275 
tetanus 271 -272 

of spinal cord, 264-271 
equine, 264-269 

cerebrospinal nematodiasis, 
268-269 

m i c a 1  vertebral malformation 
(CVM, wobbler disease, 
c e ~ ~ a l  S t e d C  
m);elopathy), 264-265 

eauine denenerative 

of brain 
with behavioralkemnalitv 

changer, 'E5-262 ' 
brain abscess, 258 cerebrospinal nematodiaris, 

268-269 
arcidiosis, 64-65 

equine viral encephalitis, 
260-261 

hv~ovitaminork A. 262 nervous, 256 
colonic impaction In, 22 
oypoqaridiosis, 32 
demodectic mange, 397 
dermatologic helmlnth infestltion, 

401-404 
bovine stephanofilariark, 

403-404 
habronemiasis (summer &, 

401402 

' di- i i l i , l29,  
258-259 

rabii, 259-260 
thr~mboembol~ 

meningoencephalitir 
ITEUO, 255-256 

yellow star thistle or Russian 
knapweed toxicity, 
261 -262 

mngenital, 250 
of mature and gmwing animals, 

250-264 
with multiorgan involvnnenZ 

263-284 

' myel&ncephalapathy 
(EDM), 265-266 

equine herpesvirus 1 (EW-1) 
myeloencephalltls, 120, 
268 

Neonatal disorders 
of brain 

bacterial meningitis 
(rneningoemephalitls), 
249-250.458 

cerebellar disease, 248-249 
hydranencephaly (mormotensive 

hydrocephalus), 247 
hydkephalus (hypertensive 

hydrocephalus), 247-248 

Obel grades for Lamems, 314 
Obstruction 

cblestatic versus hepatocellular 
disease. 93 

onchocerciasis, 4 0 2 4  
oxyuriasis (pinwmm, 

equine protozoal 
myeloencephalitis (EPM), 
266-267 

in food anlmals, 269-271 
caprlne anhritlr-enccphalltls 

(CAR, 269,317, 429 

threadworm), 403 
epe~rozoonosis of wine, 

338-339 
equine 

cryptorporidIOSb, 32.71 
ehrlichios~s, 343-344 

phe<ng&l, 10-1 1 
strangulating versus nonstrangulating 

intestinal, 23-24 

- 
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in nursing foals, 32 
pneumonia, 150-151 
protozoal myeloencephalitis, 

266-267 
Srrongyloides Weueri, 3 1 
in weanlings and yearlings, 33 

fawioliasis (IIW fluke infestation), 
103-105 

fly-related, 399-401 
cutaneous myiasis (blowtlies), 401 
Hypoderma infmation (warbles, 

grubs), 399-400 
screwworm infestation, 400-401 

ked, louse, and tick infestations, 
397-398 

lice (pediculosis), 398 
sheep keds, 397-398 
ticks, 398-399 

leplospirosis, 334 
of lower respiratory tract, 150-1 54 
mange, 394-397 

chorioptic (leg man= symbiiic 
scab, scmtal mange, fool 
mange), 396 

psorergatic lAustralian itch, itch 
mite). 396-397 

prorop(ic (sheep scab, ear mange), 
394-395 

sarmptic (bam itch, scabies), 
395-396 

in myocarditis, 203 
Onchocem cervicalis, 290 
wine and caprine 

intestinal heiminthiiis, 86-87 
pneumonia, 153-1 54 

heumocystis carinii pneumonia. 
140-141 

porcine, 84 
Ascaris sum (mundworms), M. 

105109 
H m ~ r u ~  mbidus, 84 
Oerophagosfomum, 84 
pneumonia, 154 
Trichuris wis, 84 

weitis in, 290 
weight loss in, 35-36 

Parathyroid gland disorders, 239-242 
nutritional secondary 

hyperparathymidism (NSH, 
oneodystrophia fibrosa, big 
head disease, bran disease, 
Miller's disease). 240-241 

Index 1 507 

Pasteurella multocida, 11 6-1 17, 141, 
144, 147-148 

Pastwrella sp., 155-156, 453 
PasIure foot mt. 309-310 

bovine, 123-128 
bovine adenoviws, 126 

Pituitary tumors, 231 
Placentitis, 458-459 (see also 

Neonatal disorders) 
Plant toxicities (see also Diet-related 

disorders; Feed; Toxicity; 
Toxicosis) 

cardiomyopathy, 203 
hemoglobinuria, 216-217 
hypercaicemia, 241 

Plasma ammonia concentration test, 
96 

Plasma cell myeloma. 349 
Plasma creatine phosphokinase (CPK) 

lest, 302 
Pleural effusion, 155-1 57 
Pleuritis, 13, 55, 155-157 

versus pericarditis, 201 
Pneumccysris carinii, 140-141 
Pneumonia 

aspiration, 13, 154-155 
as complication of strangler, 129 
in diaphragmatic perforation, 55 
in growing and mature animals, 

143-150 

diffuse aseptic (laminitis, founder, 
inflammation of corium), 
312-313 

infectious, 309-310 
Points (sharp moth edges), 8 
Poisoning (see Toxiciw; Toxicosis) 
Polloencephalomalacia (PEM, cerebral 

conical necrosis), 251 -252 
Polychromasia (basophilic stippling), 

322, 323 
Polydipsia, 232, 233, 234, 359 

psychogenic, 234 
Polyneuritis equi (cauda equine 

neuritis), 277-278 
Polyuria, 233, 234, 359 

psychogenic, 234 
Porc~ne endemic abortion and 

respiratory syndrome, 
142-143 

Porcine mastita, 429430 
Porcine proliferative enteropathy (PPO, 

83-84 
Porcine reproductive and respiratmy 

syndrome (PRRS), 142-143 
Porphyrla, 381 

bovine, 41 1 
congenital inherited, 337 

Porphyrinuria, 7 
Portosystemic anomalies, in ruminants, 

107 

Protazoal myeloencephalltis, equine 
(EPM), 266-267 

Proximal (anterior) enteritis, 24-25 
PRRS (tmrcine reomductive and 

bov~ne malignant catarrh (BMC), 
60, 125, 128 

bovine respiratory syncytial virus 
(BRSW, 127-1 28, 141 

bovine virus dianhea (pestivirus, 
BVD), 58-60, 126,141 

infectious bovine rhinotracheitis 
(IBR). 124-126 

Patent ductus arteriosus (PDA), 175, 
176-1 77 

Patent infundibulum. 8-9 

' respiratory syndrome), 
142-143 

Pruritus. 93 (see also Dennatolmic 
Patent urachus, 365,'438,439, 

460461 
PDA (patent ductus arteriosus), 175, 

176-1 77 
Pectoral absces in horrer (piaeon 

~seudohy&r~arath~roidism (Pm, 
241 -242 

Pseudomonas mastitis, bovine, 428 
Pseudomonas sp., 453 
Pseudorabies (Aujeszl$s disease), 117, 

129, 258-259 
Psoergatic mange (Ausbaiian itch, itch 

mite), 396-397 
M o p t i c  mange (sheep scab, ear 

mange), 394-395 
PSS [porcine stress syndrome, pale sof~ 

exudative (PSO wrk, 

parainfluenza4 (PI-3), 126-1 27, 
141,145 

chronic, 123 
equine, 117-123 

viral arteritis (EVA), 121-122, 294 
follicular (lymphoid hyperplasia), 

177 

brast, ~ y o m i n g  strangles), 
387 

Pedunculosis, 398 
Pemphigus folia-, 406 
PEM (polioencephalomalacia, cerebral 

conical necrosis), 251 -252 
Pentazoclne, 22 
Percutaneous liver biopsy, 96, 98, 99 
Perforation 

corneal, 289 
dia~hramatlc. 55 

. -- 
~vine, caprlne, and porcine, 129 
traumatic, 129 

Phenamidine, 333 
Phenothiazine. 87 
Phenothiazine toxicoris, in horses, 

329-331 
F'henoxvbenzamine. 31 5 

malignant hypekhermia], 
304-305 

F'svchoaenic wlvdirnla. 234 esiphaieal, 13.14 
Pergolide, in Cushing's disease, 234 
Pericardial disease 

~henylbutazone, t&icity, 29 
Pheochromocvtoma, equine, 235-236 bovine respiratory complex 

(shippins fever, pneumonia 
&hogenic blkr' ia, 234 
Pulmonary disorders (see Resointow cardiac tampmade, 199 

rnerothelioma, 201 
pathogenesis and princlples, 199 
pericardial effusion, 199 
pericarditis 

in cattle, 200-201 
in horses, 201 -202 
in swine. 202 

Phlegmon 
interdigital, 309-310 
pharyngeal, 10 

Phosphows abnormalities, 309.337 
(see also 
Hyperphosphatemla; 
Hypocalcernia; 
Hypophosphatemla) 

Phosphorus supplementation, 216, 217 
Photodenatitis, 93 
Photosensitization 

hepatogenous, 381 
porphyria, 381 
orimarv. 380. 380t 

pasteureilosis), 125, 
143-146 

equine bacterial pneumonia, 143 
ovine and caprine, 146-148 

other bacterial, 147-148 
pasteurellosis, 146-147 

porcine, 148-150 
contaglous pleumpneumonia, 

149-150 
enzootic pneumonia, 148-149 

disorders and e i f i c  ' 

disorders) 
Pulmonary hemorrhage, exercise- 

induced (EIPH), 162-1 63 
Pulmonary osteoarthmpathy, 

hypertrophic, 308-309 
Pulmonary sIenosis, 178 
Pulmonary surfactant deficiency, 439 
Pulmonary valve insufficiency, 182 
Puimonic regurgitation, 181 
Pulmonic stenosis, 176 
Pulpy kidney disease (Clacedium 

perfringens type D 
infection), 85 

Pulse rate, In colic, 19, Mt 
Purpura hemorrhagica, 129,130 

equine (EPH), 341-342 
Pustular dermatitis, contagious 

(contagious edhyma, d, 
6-7.1 16,384 

P waves, 187, 187 
Pyelonephrltir 

in cattle, 363-364 
in horses, 360-361 

Pyogranulomatars bronchopneumonia, 
140 

w l i z i d i n e  alkaloid (PA) tmiccsis, 
98-99,107 

Pyihimis (phycomycais, Florida horse 
leech). 393-394 

Posterior weitis, 289 
Pon-exercise rhabdomyolyris in 

horses, 303-304 
Postparturient hernoglobinuria, 

216-217.337 
Postweaning coliform gastroenteritis 

(ETEC subwoe). 82-83 Pedb ketona, 162 
Perinatal asphyxia, acute, 441-445 
Periocular sarcoids, equine, 291-292 
Periodic ophthalmia (equine recurrent 

uveitis, moon bl indm),  
289-291 

Periodic spasticity of cattle (bam 
cramps), 274 

Periodontitis, 7-9 
Peripheral nerve dirorderr (see also 

Neumrnuvular disorders) 

metastatic (v&a cam syndrome), 
157-158 

neonatal. 454 (see also Nmata l  

Potassium =hloride chiilenge ten, 
225-226 

Potassium disorders (see 
Hvperkalemia; 
Hypokalernia) 

Potassium hydroxide (KOH) skin 
testing preparations, 376, 
247 

'disorders: septicemia and 
focal infection) 

parasitic, 15&154 
bovine, 151-153 
equine 

lung worms, 150-151 
parascarid migration in foals, 

151 
ovine and caprine, 153-154 
porcine, 154 

pyogranulanamus 
bronchcpneumonia, 140 

vr. pericarditis, 201 
in ywng animals, 137-143 

calves. 141-142 
bacterial agents, 142 
viral agenb, 141 

foals, 137-141 
bacterial pneumonias, 137-1 38 

bf un&n mechanism, 381 
Phycomycos~s (whiosb, Flonda hone 

leech). 393-394 
Piaxnaviruses, Aphthovimr, 4 
Pigeon breastlpigmn fever (equine 

pectoral abscess, Wyoming 
nrangles), 387 

Piglea (see also Porcine; Swine) 
diarrhea in, 79-84 

feeder pigs, 82-84 
neonates. 79-82 

->-  

Potassium Potomac how therapy, fever 28 (equine 

monocytic ehrlichiosis), 
27-28 

cauda equina neuritis (polyneuritis 
equi), 277-278 

faciovestibular nerve disease in 
horses, 276 

obcuntor-uiatlc paralysis, 277 
radial nerve ~aralvsis. 276 

PPE (porcine proliferative entempathy), 
83-84 

Pregnancy (see also Nwnalal 
disorders) 

bovine 
abomasal impaction In, 45 
hyperresonance in, 49 

equine, conditions armcialed wlth 
hiah-risk, 435, 436t 

neonatal metabolic disorders in, 
226-227 

nutritional mwoalhv in. 301-302 primary hyperparathyroidism, 
239-240 

pseudohyperparathyroidism (PHT), 
241 -242 

Parathvmii hormone. 309 

Sorghum &itis bnd 'ataxia. 
275-276 

roastic oarsis (Elso heel. bovine 
orteodymopl;i& in,.30i) 
pneumonia in, 142-143 

norcine endemic abomon and 
. . 

spasti; para~Fib, 275 
suprascapular paralysis (weeny), 

276-277 
respiratory nlndmme. 
142-143 

porcine repmdudhR and 
respiratory syndrome 
(PRRS), 142-1 43 

viral, 142 
Pigs (see Porcine; Swine) 
Pinging on auscultation, 48-52, 57 

(see abo Hypenesonance) 
Pinkeye (infectiws bovine 

keratoconjunctivitir). 
287-288 

Pinworms (oxyurlasis), 403 
Piperazine, 87 (see also Anthelmintics) 
Pimplasmoris (babesiosis), 326, 

332-333 
Pitch (frequency), of k a r t  sounds, 172 
Pitresin tannate, 235 
Pituitary gland disorders, 232-235 

d i a b m  insipidus, 234-235 
equine Cushing's disease, 232-234 

ovine, toxemia of prqnancy in, 
219-220 

primary protein enngl  malnubltion 
(starvationl in. 221-222 

paratuberculosis Uohne's disease) 
in cattle, 65-66 
in sheep and goats, 87-88 

Paresis 
parturient (hypocalcemia, milk 

fever), in ruminants, 
21 3-215 

spastic (Elso heel, bovine spastic 
paresis), 275 

Parmt mouth (brachygnathism), 9 
Parturient paresis (hypocalcemia, milk 

fever), in ruminants, 
213-215 

Panem dermatitis, equine (greasy heel, 
scratches, mud fever, 
vermcous dermatitis), 
407-408, 485 

Pastem folliculitis (greasy heel 
complex), 385, 407-408 

Pasteurella haemolytica, 141, 144, 146 

Pentonedl fluid Lamination (see 
Abdominocenteris) 

QRS mm~lexa ,  187. 187 Pehnitis 
in abomasal ulceraion, 56-57 
acute d i i e  55 

Prelambing ;hearing, 147 
PrernaNriry, 436441.4371 (see a h  

Neonatal disorders1 

Kkbsiella pneumoniae, 137 
Rhodoaccus eaui, 137, 

duality of heart sou& 172 
Quarter horres (see Bred 

bovine, 54-56 
chronic, 55, 57 

Permax (0.P-DDDl. in Cushinds 

138-140 
sbepmoccus 

zooepidemicus, 137.138 
Pneumaysfis carinii, 140-141 
viral pneumonia, 137 

lambs and kids, 142 
neonates, 137 
~laiets. 142-1 43 

predilections) 
Queensland itch (equine inred 

hypersensitivityl, 405 
Quinidine, in cardiac arrhythmias, 

192,193-194,195t 197, 
1 99 

Quinidine mxicosis, 194-195, 196t 

Primary Primary contact hyperparathymidism, dermatitis, 379 239-240 

Primam ~rotein enerav malnutrition . . 
d i i , - 2 3 4  - 

MIUS (see Bovine vim dianhea 
(BVD)) 

Petechial hemorrhage, 341 -344 
pH (see also Metabolic d i~n le r r )  

in abornasal volvulus, 50-51 
in bloat, 47 

Pharyngeal paralyrls,.ll 
Pharyngeal phlegmon, 10 
Pharyngitis, 9-1 0, 117-129 (see also 

DysphagiaY- 

. . 
(starvation; emaciation), 
22 1 -222 

P-R interval. 187 
Pmmrrmgylus n&cem, 153-1 54 
Prowlnuria, 359. 362 (see alro Renal 

~neu'rnonitk, hyp~sensitivity (extrinsic 
alveolitis. fanners' luna), Pmtoporphyna. bovine, 412 

Pmrotheca zopfil, 427-428 
Protozoal infections (see Parasitic 

16S161 
Pneumnhorax, 164-1 65 
Pcdodermatitis 

circumspeda (sole ulcers), 311 

Rabies, 9, 11,259-260 
pseudo- (Aujeszkfs 129,255259 disease), 11 7, infections and specific 

disorder3 



EZZ-ZZZ 'AuW J!-M~ 
JO YapJos!P 3!lOqW 

6ZP 'U! S!l!lseU 
LLE-SLE 

'XX IWJ SnOPjU! 'U! 
09 'u! smpsadraq 

~OL-LOL 'sque~ JO 
LOL-7.01 'alnpe JO 

(M!P 
hll!WqoledaH osie am) 

m~-ZOL 'u! -!p he!l!qa+ 
(queugm u! :e!waue 

~MIW~H ass) u! e!waue ~#lnuaq 
L8 '53!1!3!XOI 

S# 's!sollauowles 
~8-98 's!sellpu!ulaq leu!lslu! 

LB 'pa]ela~-la!p 
98-59 

'(AmqJ wn3,udas wn!piJfsqD 

.- 0s 's!= uauna 
w-ZP 'PW" wna 

~t 'w 'Awo*llawna 
USL 's!z!uana 

EL 'wqu!lp uana 
zf 's2!loxeuauna 
LBL 'IeN-u! 88 

60L-BOL 'W 
'auw u! (wnm s.um summpq 

PZE 'xnea~w 
08 'anms lelW0aU U! 

OL 'ZE '~N!AQW 
f LZ 'OS-6f 'Bu!llQl 
f6E-L6E 'u&u!ll 

19-09 'lda~u!~ 
6~ L 'e!sqe Rlnwua I~%!M 

WL 'e~uauwwaq 
snolewolnwBoAd u! 'u!dwqy 

(--'!P 
acuOq-V!l !NO!WJU! 

*Fed aas) NOWU! PlWW 
H-EE 'ea(ve!p!nb rraoapoyh- 
OPL-QEL 'LEL :mb 5-x 

nr 'ha31 au!nba 'snl!nou!q?j 
EZL 'au!nba sno!ua)u!wu 

EL 'aU!Aq SllO!PeJU! 
sgraqxuw!~ 

SL L 'r!=!p!l-!W 
LZLQZL 

'(1 pue f~m) I"!." au!nba 
ZZL-OZL 'L pup L wnba 

sg!uownaudw!qa 
LL L '(aswllnq) 3!lcu=~ 

L L 1-91 L 'au!~lod 
9 11-5 LL 'au!~d~ pue aupo 

s L L '-wu! I~~UY u! 
s L L 'an= 

SL L 'aufnba 
LLL 'ELL '=JU!.q 

L L 1-91 L 'J!lldo4e 
~LL 'SLL 'qaatle 

l!u!qa 
E 'hW 

snw 1qn3!= 'srm!rropqqa 
+~)C-EOE 'au!nba (x!wxa 

-wdl puo!vaxa 's!sAldumpqeqa 
~9-99 'e!wqnal wroq 'snu!nonaa 

f6Z 'Ir?!Ua8Un 
(Yaprn!P Y!~WIWlldg 

osle aas) uaplos~p IW!W 
9s-f S 

'SP '(-P uempleq 
'dau 3!1ewneq 's!l!uol!mdo~~ 

EZE 'nW=~m!laa 
IZZE 'ZZE ?urn -ln>!taa 

9s-s 'St '(==!P 
aempmq) ~~~ewnen 'q!~rum 

z~t '=oq JO e!lp!no?nal melm!wa 
8 'qlaa~ snonp!w q,!w 

LtL '821-LZL 'h98) 
au!iroq 'sm!~ le!d3uAs hole~!dsaa 

61 'nlm u! 'alm holel!d~ 
9~ L 'weuoau 

p auolpuhs ssas!p hau{dsaa 
L L 1-9 L L 

9 L L-s LL 'au!~de> pue au!m 
s LL 'aulnba 
s L L 'W!~oq 

LLL-SLL 
'w!l3nlsqo leseu pue s!l!u!q~ 

ZE L 
'au!~lod pue 'auixln 'w!m 

LEL-~ZL '=I~U")S au!nba . ZEL-LEl '=J!Aoq 
ZEL-~ZL 'uo!~nnrqo leaauhel 

62 L 
'au!3lod pue 'w!lde> 'au!no 

EZ I-LL L 'au!nb 
BZ L-EZ L '=!Aoq 

62 L-L L L 'Sn!a(JW 
pve 'q!Buhl 'sg!Buheqd arnx 
SE L-s L L hPll l0qm!dra1 laddn JO 

1 'xe~qaunaud 
P~L-~9 L %!way ~!~ewmlqde!p 

WL-E9L 'mqlp 
WLW '6E+ 'SlVOj ansewad U! 

~f L-LE L 'slw!ue Bud u! 
fi1-0~~ 'e!w~unaud 3g!med 

051-EPL 
'spqup armmu pue Bu!ma0 u! 
ss L+SL 'quownaud uo!lel!dse 

e!uownaud 
LSL-SSL 

'cmsw luna!d pup sguvd 
8s L-LS L '(=~~o~puAs 

warr) e!ununaud qrnmaw 
L~L-W L 'pun1 

,uwuq 'sypenle J!su!llxa) 
sg!uownaud Al!~!~!suauadr(q 

f9L-Z9L 
'(~d13) aeqwaq . hwlnd pnpu!-as!m 

09 1-85 L 

SZf 'OZtB Lf 
'WlW 'WW lP-s 

UUE 'ZLf-LLE 

vz 'uogmqu! pu!balu! Bu!lejnBuea~ 
LUE 'Wq -8!d '1-J 

uoaB!d 'me lmollad) Bu!lua(~ 
6Z L '(~I~U~US PJW) YPWEWU 

LEL-6z L 'wnb 
L L '=lsueqs 

OLE-WE '-1q pe bup!q 'sauols 
m  ID ~XWS 

W 90 dsdAl l-!A 
s '& 'ewq]uexa mln3!sa 

n 't-z 'm~m!" 
s f 'aseas!p mln>!ran au!ms 

z '(s!rollneqol=J luo) >!IOA~W 
E 'J!IOJA~ 

IZ 'p ssnP sno!vaJu! 
S-). 'W -!P W Pue 1008 

12 '1 'p ABolo!la 
6 'U! e@eqdsAp 

WE '9 L L 'L -9 
'Wo 'sp!~wap lelrurnd 
mq.%uo>) euhp sno!.%uoa 

f,'(~dfl) lelnded w!noq 
9-5 'anBunanlq 

E-Z 
'(an8Wl WpOOM) S!SOll!JeqOIJ!Ve 

SgHmuolS 
6 Wnow *S 

MP-SOP 'au!~oq 's!se!~elgoueqdals 
L# L 'lelnAleA 

9~ L '~!uaulnd 
s!souas 

ZZZ-LZZ '(wwlnulew 
Aawa u!aad hewuQ uoge~ers 

EOZ 'ans sm3010(Aqdms 
98f "ds ar~mwiAqdqs 

L6E-06E '5nnAq m3='JJOlAqdqS 
coz 's!qpemAu u! 

f sf 'LZWZ~ 'sname snrcawlAqdw 
SZP-PZf 'ZZWZP 

'au!rroq 's!lww ~e~xnolAqdos 
98s-S8f '?mlmuNY I"xnofiqdq~ 

98E-SEE '~!1!1n3!119 le330w1Aqdas 
LLE-OLE 

'(al- unrrapun) la lory alqms 
osf 'm (&!p!qlw alejlns wn!porl ISS 

OLlr60C "J!F JO 
E~Z-Z~Z 'leIn3o 

wou!m 1la3 mowenbs 

E9Z *!duT 
96f-S6E '(m Wj'JJJa) s!qq 

961-S6E 
't=!~ '~pl! weq) aaum rydouq 

262: L6Z '~plnJO!d 
LLWLC 'au!nb 'sP!mrq 

HZ '(uope~!ldap laem) Bu!uos!od 115 
sg 'am0 pue daaqs u! 

ZL- LL 'SA(D Iaeuoau U! 
E# '@!d Japaal U! 

LZ-91 'au!nba 
59 'a!Uaq> 

29- 19 'alum u! 
EE 'LE 's!=llauauleS 

58 
'ZL '19 'CE 'wnununyd~~ ~II-IPS 

ESP "dr ~II-IPS 
5'8 ~8 'ZL 's!wa~oq3 'I9 'U!NnP ellaU'J'"l5 qlauowles 

6 ~~nau MO~ 

LZZ-9zz 'eu&q mos 
~LZ-SLZ 'e~me pup ~!IP* wny- 

~fz 'w/Axoxrew umuelq 
OSP 7sl USS) &!P!WI alqlm wn!pos 

(*Uu!qa s 1 L 'Bu!+aaus 
9EE 'ap!xqlns au!aIsb ~Aqlawj 

SLE %u!delx u!qs 
(SsRas~ =Y!&S 

PC W!P 3!%1oleuaa 
osre ~L~SLE 'QMP urn 

(uapla!p JepmnwolnaN 
!~eplos!p lmalaqso(nxnw 

rssauawel aas) yaplonp lesl* 
16 1-06 L 'wie snu!s 

rrans!p A~ole~!dsa~ ay~e 

~9 L-LSL 'sa-!p mo!vaju!uou 
(e!UWnaUd G5le -) 

E9L-LC L -4 ho~e~!dsl JWMl p 
6 'Us qsrydaP 

qw-1~ 'eldudre lereullad ame 

292- L9Z 'Nlrxo) 
(.wada~ mJnmua3) paemdeul ue!ssna 

89E 'I"W" 
WE 'Wal U! 

Q~E 'Jappelq 
LOZ '3!UO= 

anldna 
(W!P =Y!& 

PR wap-!P ~!IWW 
ve 33s) JO uapl-!P lr~ul- 

ZSE 

I, 'u! asex~p tpnow pue 100) 
SEE 'xodd~ 

SEE 'slmeuuap an!]mln au!no 
ol 3g!& suo!~!puo~ 3!8olo1euuap 

8-L 'u! uapos!p louap 
9 'u! euqlx mo!aauo3 

(SJSPxIP 3yiXds 
pue aseas!p ~elnxe~o!pe-~ 

aas) u! m!p leln3seno!p 
WOE 'sqwel IIWS 
LW 'worn 

(i~aplor!~ reln&mjplq) 
osre aas) wapJos!p W!dsaa 

161-061 '13014 le!4-!S 
sof "ds wn!lnw!S 

(s!se!tn!lan 

ZSE- LSE 
'(av-tfll hJua13yap 

uo!rype *na! a!~oq 
09 'u! q11ae3 iued!lew ~u!A+ 

9 L L '9-5 'u! an8uolanlq 
(aueu!wna osle am) daaqs 
L~L %u!qwela~d %u!leaqs 

~LZ-ZLZ 'awapuhs (eo) JqeqS 
Uh-Lfi '(XeXlD 

S6E-6E 
'(a0umu apdo~osd) qw dam& 

fflf 'xoddmqs 
OLE-WE 'u! wwnnsqo heu!~n 

U6E-L6E 'spa7 bqs 
gut 'arees!p loom Adwnl 

z LV 'hm!pajaq 
LEE 'b-13) s!)!uapeqdwAl sn- 

01 >!#XIS slapms!p u!qs 
ZE 1 '62 L '5 L L 'Den ~addn 

w L 'xmotpounaud 
LPL-9f~ 's~solla~natsed 

BCL-LPL 
'w!uaunaud le!laveq 1-0 

UW hole1~dral lamol 
u! uaplos!p hotel!dw 

LCL 'jo Buueaqs Bu!qwelzud 
EEE UWMll/L&d3 

u! suo!uaju! 3!1!seled 
(uaplvp a!Bo~wle~lqdo 

JX) U! uaplos!p 3!8opu~lelpqdo 
6fZ-8PZ 'xeas!P 

lellaqam 'u! uaplos!p 3!8ololnau 
ZZZ- LZZ 

'(WI~NW) w!l!~lnuIew 
AWa u!ro~d hewyd 

022-612 'e!waxol A3ueu8a1d 
SLZ-ELZ '(la.-J II!~ 

'e!waqexdhq) s!saed lua!lnued 

801-LOL 
'auapuhs uosuqof-u!qna 

m L-LO L '1m!uaBuo3 
801-LO1 

'v!~ pie 'sqwel 'we= P 
LO 's!sm!xo~ 

(vd) P!olnlle au!p!z!~~Ad 
LO L '5!SO3!Xol Vd 

f 0 L 's!so~!xol aueqlo(eq 
LOL 's!so3!xo) laddo3 

LO L-W L 's!sm!xoleUe 
LO 1-901 '~!SO3!~010ledal 

901 's!sop!d!l 311edaq 
EOL-ZOL '=me ~!ledaq 

SO L-EOL '(uo!m=Ju! 
a1nlJ la!!) s!se!(o!xq 

f EE '90 1-50 L 
'(sulledau ~IXUMU 

ss 's!l!ualds 
BOE '~)al0!d u! Bu!AeldS 

28 '@!d lapaaJ U! 'Eylle!p leJaqw~!ds 
z8 'suamu! eiaeqm!d~ 

LLZ-OLZ 'Wxqe Apoq lelqam 
OLZ-692 

'(e!me 3pozua) 73eqAems 
62%'  'LLE '692 '(3b3) 
s!1!~eqdam6s!1!yue au!lde~ 

slw!ue pooj u! 
L9Z-992 

'(Wd3) sn!l+=ao(a~u 
leom~old au!nba 

892 
'OZL 's!l!(eqdaxaolaAw 

(1- AH^) L SN!A~HV w!nb 
992-s9z '(wa3) 

hqledolqda3uaolaAw 
a!lelaua&p au!nba 

60s 1 WUl 

~. 
8SP 'S!I!~U~UJ& 3/ldai 

~9 'aulms u! 
LVL 'LEL 'e!uounwd ut 

6SbESP 'Ir?euWu 
8Sf 'OSZ-6PZ 'U! S!1!8u!uau 

06E-6UE '=ld!*a u! 
62 L 'e! w=!~da~ 

9 'u! snl!A anauqanlq 'uaws 
EgE 's!so3!xo1 wn!ualq 

ZOE- LOE 
'LOZ-90z '601 'bua!q~ap wn!ualq 

kw '(wN) awolpuAs 
luaulm!pelew leleuoau u! 'salnz!aS 

PL ,sg8eqdb& xnpi 
fz 's!llse8 'xnljaa 

LCE-6ZE 's!m!xol leal Pa8 
IEZE 'm!Pu! Ila3 PWlq Pal 

ZZ 'uo!v~UJ! LS 'OZ 3!UOlOJ '3!PJ U! U! 

ES 'mlnnloA ~m/uo!~el!p lm u! 
1s-0s 'snlMloA ~esewoqe u! 

uo!teu!wexa lax8 
6z 'au!p!l!ua 

68E-WE '(s!~!lqlo~S 

LOL-ZOL 'nlnpe P 
801-ZOL 'u! sasex!p h!l!qoledaq 

(dwqs !saw3 
:alUeJ osle as) PZZ-ELZ 'nueu!wna 

gf-9f 'Auedwk leu!wn?j 
8sL 'WZC 's!sop!>e (>!Dell leu!wna 



WE 
's!weuuap apemln lel!n =!no 

WE 'xod=v 
,. . WE '~odrm8 

WE 
'spgsxuap lelnded lm!n au!nba 

EBE WmOJ 
WE '91 L 'L-9 

'fp 'ymau arm 's!lgewap 
le(wnd Iyn) dqva mo!8suo3 

WE '(2-AH8) 
ql!~~!ww ar\!leraln au~q 

n901weuuap 

WE 'me08 
bZt 'LIE '692 '(3'0) 
su!1eqda3ubs!l!lque w!dm 

19-09 %dvu!l 
WE-EUE 'Xodmo~opnA 

EBE YodmOJ 
Lt L 

'9ZL 'W '09-M '(m!~!aad 
'OAB) WWP sN!A a!- 

WE '(z-AHB) 
sp!l~!wwew a~!lua~ln au!noq' 

L 'rag) s!lpeuols ~elnded au!noq 
8Z L 'SZ L '09 

'Imq pperm lueuS!leur 
'm) q1~9m lueu8!leu au!q 

~9-99 's!roqnal w!noq 
='u!Aoq 

91 L '9 'afiuolan~q 
(-P 

3g!& os/e ax) SUO!VaJU! I"M 
ZE 'snww I"!A 

L~Z-09~ 'au!nba 's!l!leqdaJua lellA 

'(asd WPP ldas lelnqnuah 
661-L6L 

'swpeqelodap ainlewald relnqnuaA 
661 'uo!iell!rqy IelnJ!nuaA 

9s L-LS 'auolpuhs enea ewA 
KZ ha1 aSU0dsa1 u!ssldose~ 

EVE-ZH '(vA~) s!glave p!n au!nba 
ZfE-LPE '6ZL 

'(~d3) m18eq11owaq mn&nd ynba 
WE-EPE 's!roq~!l~qa w!nba 

wou UI 'SI~II~JS~A , . . . . . . 
Sf L-PL L 

'(aw wap pdar leln3!suan 
6L L-LL L 'SLL Wlle4 p hgole1lal 

U L-9L L 'SL L 
'Wad) mvlaue snunp luated 

9L 1-SL L 
'IaN) w#ap ledas lellle 

ffl L-~LL 'p!nbe 
asear!p veaq lelnn!eA 

pp 'au!noq 'uo!lsa81pu! (e8e~ 

68Z '~qlalrod 
tst 'Irleuoau 

L6Z-68Z '(ssa'JP'J!lq @ 

uow 'qwleqqdo 
~!pouad) iuaunm au!nba 

602 'lo(la)ue 
S!l!Mfl 

L6Z-68Z 'TP lmfl 
SOt-PW. 'Im '(sd~nq - 
paaj 'sdwnq rw 'san!q) qlm!un 
OLE-S9E 'iMlVWSq0 's!~!L(l!lOlfl 

n~ '-!p wlotuaq u! '10103 auun 
(-!P 

%!Jedr pre -!P 
IW mle =) WE-LEE 'Hn 

-. 9LZ-SLZ 

L9e09f 
'6~t 'act 'S~E 'snqJun 14 

OLE-S~E 's!se!q~!lo~n an!vrutsqo 
s9~ 'lawn ~!dow 

S9E-E 's!l!PhJ 
S9E 'mW U! aWdm JaPPelq 

OLE-WE 'Jam01 
uap~oslp pel] heuun 

59~ 'auau!quoJu! heu!Jn 
Of E-S9E '!InJlW hu!lfl 

gst 'aseas!p ~euar u! 
SZE-~ZE 'elwaue u! 

s!shleuun 
69E 'hUI0BOlql;un 

mf 'anldnl lelqlan 
S~E '~!doua 'lawn 

L+ 'eluseldean 
L9WW 

'6tt '8~t 'S~E '1u4ed 'snqxrn 
LEV 'SleoJ ..WJ!q JOJ ApeaJull,, 

L LC-OLE 
'om PJ alqss) aalm umapun 

09P-6Sf 
'w!wju! lueutual Im!l!qwn 

19-11 
'6~t '~CP 's9h 'snqmn lualed 

I 9c 'a8euuowau 

uo!re~a~lnpa~ln 
SBE '(Z 

ZOL- LO L '=e=!p spmhl 
BC-9P '9Z-SZ '(J!IOJ 

pu!m lmlq 'J!IOJ lualnley) Auedwhl 
6tL 'Ztl ' WJUPl  u!~lhl 

tL 1-EL L 
'hydm80!papa leuo!suau!poml 

OS-BP 'ou=me~ds!p 
Iffewe PI) qJeuna parc!ml 

f81 'LBL '%em1 
0~~60f 'ewou!xm lle~ smxuenb 

6tE 'I3Uo(aAUI ewseld 
LEZ 'A~l?!m!d 

f~z 'e!pwalu! sled jo 
E6Z-Z6Z 

'PUWW!U~J llaa swenbs ~e~nm 
L LtOLP '(P!OJ'" 

au!nba) slownl lewhlpuasau 
L LP '(muelau) 

slllseldoau J!Welau 
6PE*E 'ewm~mqddl 

WE-LVE 'ewoqddl 
~EZ 'p!o~Aqt autnba 

9EZ-SEZ 
'eudmwwqwaqd w!nba 

~6z-16~ 'sp~oxe~ lelnm!lad au!nba 
6EZ 

'p!whlp p (le!vuelqoW!lln) 11-3 
Wnl 

WE '-!p leu% le!l!lslatu!qnqnl 
8tZ ha1 zu* HSl 

9z-sz 'huedub6 u! 'uo!lez!lew>l 
8s L 'eluwnwd 

w!nba u! 'w!ze!peqd~w!ldqaw!11 
L8 1-09 L '(hua!J!Psu! 

p~ 's~m qmv>!Jl 
W-E9 'Sn/AmWsalJ!~l 

L6E-06C "ds UO~qdOC/J!ll 
gfz 'paq uo!lualu! 'SIOW~IL 

PL 's!l~8eqdora an!reraJln 3!lewnml 
9s-PS 

'st '(aseaslp aempeq 

LSE 'suo~~m!pau jo leua 
L 'seqdqdwe8lo 

9EE 'LEE 'uo!uo 
62 'OIVSN 

89 'wnuapqhpu 
80E 'HZ-ZSZ 'Peal 

L '(?my) ap!lonu 
ZOL '8u!uor!od atmewy snollaj 

Z9L-L9L 'WJ 
WE '60E 'LaddOJ 

Z9Z- L9Z '(aW!ql 
rm mqlaA) s!/e!~!~,syos em- 

mz- L~Z '(paamdeu? 
ue!ssna) suadar mn- 

9th-SEE 'ds ~.~JfJ 
4!>!xOl 

BSL 'WZt 
'(Ww!X 3!13W WW~!PI! >Im1 

e!waxol 
(Kt 'lZ4 LlSJJ U!d WNas 1-1 

LS-OS 'IPsetu09e 'uo!wol 
((aha) =we!p 

sm! =JW ale =) 6s 'aw!~hl 
E6E- L6E 'm!l 

m-EPE 's!~(~!IJF w!nb 
6EE-8EE 'au'MS p 

EEE 'sl-wada 
EEE-ZEE '9SE 's!W!Yeq 

ZEE-LEE 's~loruseldeue 

btl ,~!~nwn~ 
LC+ 'qeq) 10 'sws P!OJ~VL 

HZ '(hJua!~pp au!po!) la!& 
6m 'uwm pp~hql au!nba 

~R-LEZ 'ws~p!whlpodhq au!nba 
g~z 'urr!p!whqvadhq au!nba 

~EZ 'lownl IIP 
-3 P!~'R) le!q3uelqow!gn ww 

6n-LEZ 'waw!p PUP@ P!w~~J. 
BCZ-LEZ 'm uo!vunJ p!whql 

LE 'ewoqddl3!whu 
c '(gl!swos ~!mhw) ueunq 

FLF 'Wlnba 

ZLL '?e!pG '11uq1 
'(s!se!JnLxo) sw~ompea~ql 

LS L 'hwoime~ou 
LS 1-957 'sira~ua~o~e~oq~ 

LLL '~LL '~LL 'hqder8o!pel J!>elql 
59 L-w L 'xe~oq$wnaud 

WL-E~L 'e!tuaq ~!lewBe~qde!p 
(elUOUJWd 

os/e aas) SaseaSlP S!Ywoql 
'Su!uos!od pea! u! 'au!melql 

(ss!qlu!wlaqluv 
mle as) LW 'alompuaqe~ql 

~LE '(sulnq) sa!ln!u! leuuaql 
86-L6 '(s!l!ledaq 

wnlas au!nba) aseas~p s$a!!aql 
6~ L-LL L 'SL L 'lo!lej lo h801e~lal 

LEE 'P map =-Ape 
8Z 'au!l3hJellal 

'' EZZ %teal 
EZZ-Zn '¶UPU!lUN U! 

,nz '=~m ur 
JlwasuSeucdAq 

sn-vzz    hue la^ 
11- 'ysdruepa 'husa~ 
uqaeuell slew p 'a!uraqnodr(q 

Awl 
ZLZ 'CLVJJ ulmque ~UWL 

ZLZ-LLZ 'snu-1 
% 

'UaPloqP h!lnoledal U! '-1 
61 '3!1W U! 'JlIllerad~al 

952-ssz 
wwt+xaoau!uau 

~!loquaoq~lp) 3WU. 
8 aom 

8 'Wnwadm 
8 '(w!od) s8pa dleqs 
8 'snonp!xrp pau!~ 

8 '>!dOLW 
(waplos!~ 19uaa P '-!P osle =) wl 

'Rau pie mq U! 'SUo!Sl leal 
ZLZ '(u!xm!aue snuem) lvl 

~8-98 'uuomadel 
661 '3E!plm 'ap~~odluel 

661-L6 L '~0~~lelodaF' 
anleuad lepguan 

661 'uo!lell!'qy lelru!nuarr 
le~N!lIuarr 

26 L- 16 L h~dq3~ le!lle 

szz-PZZ '(qas) 
ua~y 3pdwqde!p snouo1lpuAs 

96E 
'(*m ~Wuv) qex WAUJ.~S 

s '~p 'a=!p lelnman aulms 
WE 'xodau!ms 

L 'pruanwu! au!mS 
z8 'ha~hp au!ms 

E 'U! 
W!W! NN q!l- Jqmlm 
OLE-WE 'u! ~apm!~ vw huun 

L6E-06E '(SPVUap 
a!lepnxa '-!p 

8!d hsea~S~ s!l!uuap!da anpepng 
ZLt 'suelaaan s!soleuuap 

01 ~!j!xds uaplwp uqs 
L L 1-9 L L *en ~addn 
L LL 'ezuanuu! au!m 
w L 'xemqwnaud 

LSL-SSL 
'uo!syp ~mnald pue s!l!lnald 

~SL 'e!mnaud ~!l!re~ed 
LLL '(asoullnq) s!l!u!ql J!IOIXU 

L LL 'S!I!U!~I hpcq uo!mpu! 
6~ 1-g~ L 'e!uownaud D!loozua 

051-6CL 
'e!uounaudolna[d sno!8am 

911 's!l!u!ql ydone 
SSL-PSL 'v!uorunaud uo!lel!dse 

u! s~apos!p ho~e~!dsl 
t9~ 'u! ar~as!~ par 

6bZ-8fZ '-!P 
1ellaqamJ 'u! uapmlp >!8op~nau 
Sot-POE '[e!wJaqVaq 

IUW8!leW 'YJod (3Sd) 
an!lepnxa ym a(ed 'ss~] 
wo~puhs ssam au!~lod 

'u! slapIm!p Ielalqso~nxnw 
OEP-~Z~ 'u! s!i!lsew 

rj(E-g~C .,jo +uwzw~a 
set 'xcdautms 

'ol3yoadr NO!I!PUOJ zy80p1euap 
(sreanp JB!~S 

pn m!p lelnxeno!pq 
aas) u! -!p lelmnapm 

wz 'a~!qqiu~ 'suo!val!pa~d pa4 
"!MS 

rot '(AwyHsuadAq 
mu! au!nba) ~JI! aam~ 

SH 
'OI paala htpedqnk 'mop Sams 

8 'I#W hmnruxlng 
08E 'mql"'S 

ZOb LOP 
'(s!se!urauolqq snx lauwns 

~8 Z!ro!p!~w3 u! 'au!reqIawejlnS 
L8 'u! WJT 
fesewoqe 'daaqs 1ws 

6z 'a,ql-ns 
9ez 'asmq lexlad~edqns 

ZOE- LOE 
'w-!p hallnu) 

AqdonsAp lelnxnu J!wozua an3pqnS 
EE 's!~d/nn snlA8uo& 
Of-SE '.dS Sn/z@UOJJs 

EE 'nlsuapa =I,@~JJS 

W L 'UO!lJJJU! 
w~mefl ellanabed pie 

st1 'sanlea u! Bupne3 suaaa 
ssans 

68E-88E '(Plmu!u 
's!sol!qdoleuuap) s!m!ylo~dans 

BE L 'LE L 'VOJ u! 
OZb 'EOZ 

'9~ 'snJ!uep!daoar sn~mmdws 
I~PureW 

aye =) ozt 'vagn m=daw 
zoz 's~!ple~u=J u! 

EBL 'sll!pwa le!lweq u! 
'd5 ~~JxuoJ~~JJ~ 

OZt 'dd m3wwdaJs 
n7* 'aeruaunaud sn3wwJdaJF . 

EOZ 
'EB L 'OE L 'LZ L '9~ '!"ha sn-dws 

(s!l!lsew osle 
JX) OZt 'aepe(e8dp S~JWWJ~~IJS 

(s!tpew osle ass) 
6 leg LP 'ae!~>ele%e sn~mw~da~s 

gpl-~t~ 'e!uotunaud le~wwlda~ls 



b!tlliiams 4% bVilkiiras 
The Science of Review '" 

512 Index 

p s e u ~ x ,  383-384 
sheeppox, 384 
swinepox, 384 

equine 
equine herpesvirus 1 (EHV-I), 268 
equine infectious anemia (swamp 

fever), 326-327 
equine viral arteritis (EVA), 

342-343 
horsepox. 384 
respiratory, 11 7-123 
Theileh d i i  (equine serum 

hepatitis), 97-98 
viral papular dermatitis, 384 

foot and mouth disease 

Vitamin-Kdepndent lador inhibition. 
345-346 

by sweet clover, 345 
by warfarin, 346 

VLDLs. 100 
volvulus 

abomasal, 50-51 
cecal (cecal dilation), 52-53 

Vomiting and wasting disease of swine 
(HEW, 80-81 

VSD (ventricular septa1 defect), 
174-1 75 

Wenckebach (Mobitr type I) block, 
188-1 89 (see also Cardiac 
dysmythmias) 

White muscle disease, 206-207, 
301 -302 

Wildebeest, as carrier of alcelaphine 
BMC GNS, 60 

Wlnd colic (tympany, bloat, flatulent 
colic), 25-26 

Wlnter dysentery, 62 
Wobbles (CVM, cervical vertebral 

malformation, cervical WE'VE MADE A SCIENCE O F  REVIEW 

NVMS: The National Veterinary Medical Series 
Wolf teeth, 8 
Wooden tongue (actinobacillosls), 23, 

. . . . -. - 
(Aphthovi~s), 4 

hemagglutinating encephalomyeliiis 
virus (HEV, vomiting a d  
wasting disease), 80-81 

immune deficiency induced by, 352 
wine 

wine viral ulcerative dermatOSIs, 
384 

sheeppox, 384 
porcine, swinepox, 384 
mtavirus, 70,80 
stomatitis, 41 
vesicular exanth@ma, 5 
vesicular stomatitis W V  infection). 

3-4, 41 
M. pericarditis, 201 

Visceral casenus lymphadenitii (CLAI, 
88 

Vitamin A 
deficiency (hypovitaminoris A), 262, 

408 

Warbles (Hypoderma i-tbnh,, 
399-400 

Watfarin mxicosis, 346 
Warts, 408-409 

hairy heel ( s a w b m  foot rot 
digital dermatitis), 
311-312.388 

Water depiwation (sah poisoning), 254 
Water intoxication, 337-338 
Wave mouth, 9 
Weaning, 145 
Weight loss 

in Gushing's direase, 232 
equine, 34-36 

in abdominal a h ,  36 
chronic eosinophilic 

gastroenteritis, 34 
granulomatws enteritis 

(lymphocyt~cplasmacytic 
enteritis), 34 

11 
Wood's lamp examination, 376 
Wonm (see Parasitic infections) 

For students who need a concise, Small Animal lnkrnal Medicine 

dependable review for the veterinary Darcy 1997h30 H. Shaw. pa~ed-683-0767&1 DVM, MVSC and st~erri L. Ih1e;DVM , 

board exams, NVMS is the answer. 
Each title features current and clinically Animal lnterd hledicine 

i 
Management Test Booklet 

relevant infomiation for diagnosing and Darcy H. Shaw, DVM, MVSC and Sherri L. Ihle, DVM 

treating a wide variety of problems. 199711 18 paged-683-30348-1 
Yeast infectlorn 

bovine manitis, 427 
domatitis, 3 

Yellow lamb disease, 334-332 
Yellow star thistle (Cmtaurea Cytology and Microscopic Anatomy 

H.-Dieter Dellman. DVM, PhD and Jcanine R. Carithers, WD, 
19W406 paged-683-01467.6 

1 
Material is presented in a succinct 

outline format that makes specific points 
easy to find and reference. The chapters 
include a set of questions in the National 
Board Exam format with expanded 
answers highlighting critical points. 

sdstitialir) toxicity, 
261 -262 

Yorkrhire pigs, 248 

toxicity (hy)xrvitaminoris A), 262, lymphosarcoma, 3 4 3 5  
308 i n  parasitic disease, 35-36 

V i m i n  B,I In hepambiliary disorders, 94 
.in bovine ketosis, 21 8 in parasitic pneumonia, 152 

deficiency, 339-340 in primary protein energy 
Vitamin B,, in hepatic encephalopathy, malnutrition (stamtion), 

47 221 -222 

Pharmacology 
Franklin A. Ahrens. DVM. PhD 
199U313 pages /0-683-W5-3 Zinc detickrry, 382 

Zinc sulfate turbidity NT) test, 450 
Zoonotic potential 

fungal dermatoser, 390-391 
in giardiasis, 71 
ot Mpbacrerium bu ,  427 
of pseudocowpox (milkefs nodules), 

384-385 
d mepaxKca1 mastitis, 420 
of udder impetigo, 386-387 
of vesicular nomatitis, 3 

Toxicohagy 
Gary D. O!weiler. DVM. PhD, DABVT 
1996/491 pagCF/od83-06664-1 

Vitamin D, 309 in renal i&e, 359 
deficiency, 308 in sheep and goats. 87-88 
supplementation, 21 5 abomasal emptying defect in 
toxicity, 242 Suffolk sheep, 88 

Vitamin E deficiency, 109, 206-207, paratuberculosis Uohne's diuare), 
301 -302 87-88 

Students can count on the NVMS 
series for a consistently excellent review 
of the major topics they'll face on the 
boards and in practice. 

Small Animal Surgery 
Joseph Harari. DVM. M S  
19W353 pged483-03910-5 

Vitamin K, in hepatic encephalopathy, visceral caseous lymphadmitis 
97 (CLA). 88 

Large Animal Internal Medicine 
'Iimolhy H. Ogilvie. DVM. MSc. ACVIM 
199W600 pcrgedO-683-18033-9 

Comina Soon: 

Available at your local health 
science bookstore or call: 

U.S. & Canada 
Call:. 1-800-638-0672 
Fax: 1-800-447-8438 INTERNET 

Email: Custse~@wwilkins.wm 
Home page: http://www.wwillcins.wm 
Worldwide Vet http:l/www.wwilkins.com~~ 

I 

International Customers call: 
UK & Europe: 44- 171 -543-4800 
Southeast h ia :  852-61 0-2339 
All Other Countries: 41 0-528-4223 

Abdo
Rectangle



b!tlliiams 4% bVilkiiras 
The Science of Review '" 

512 Index 

p s e u ~ x ,  383-384 
sheeppox, 384 
swinepox, 384 

equine 
equine herpesvirus 1 (EHV-I), 268 
equine infectious anemia (swamp 

fever), 326-327 
equine viral arteritis (EVA), 

342-343 
horsepox. 384 
respiratory, 11 7-123 
Theileh d i i  (equine serum 

hepatitis), 97-98 
viral papular dermatitis, 384 

foot and mouth disease 

Vitamin-Kdepndent lador inhibition. 
345-346 

by sweet clover, 345 
by warfarin, 346 

VLDLs. 100 
volvulus 

abomasal, 50-51 
cecal (cecal dilation), 52-53 

Vomiting and wasting disease of swine 
(HEW, 80-81 

VSD (ventricular septa1 defect), 
174-1 75 

Wenckebach (Mobitr type I) block, 
188-1 89 (see also Cardiac 
dysmythmias) 

White muscle disease, 206-207, 
301 -302 

Wildebeest, as carrier of alcelaphine 
BMC GNS, 60 

Wlnd colic (tympany, bloat, flatulent 
colic), 25-26 

Wlnter dysentery, 62 
Wobbles (CVM, cervical vertebral 

malformation, cervical WE'VE MADE A SCIENCE O F  REVIEW 

NVMS: The National Veterinary Medical Series 
Wolf teeth, 8 
Wooden tongue (actinobacillosls), 23, 

. . . . -. - 
(Aphthovi~s), 4 

hemagglutinating encephalomyeliiis 
virus (HEV, vomiting a d  
wasting disease), 80-81 

immune deficiency induced by, 352 
wine 

wine viral ulcerative dermatOSIs, 
384 

sheeppox, 384 
porcine, swinepox, 384 
mtavirus, 70,80 
stomatitis, 41 
vesicular exanth@ma, 5 
vesicular stomatitis W V  infection). 

3-4, 41 
M. pericarditis, 201 

Visceral casenus lymphadenitii (CLAI, 
88 

Vitamin A 
deficiency (hypovitaminoris A), 262, 

408 

Warbles (Hypoderma i-tbnh,, 
399-400 

Watfarin mxicosis, 346 
Warts, 408-409 

hairy heel ( s a w b m  foot rot 
digital dermatitis), 
311-312.388 

Water depiwation (sah poisoning), 254 
Water intoxication, 337-338 
Wave mouth, 9 
Weaning, 145 
Weight loss 

in Gushing's direase, 232 
equine, 34-36 

in abdominal a h ,  36 
chronic eosinophilic 

gastroenteritis, 34 
granulomatws enteritis 

(lymphocyt~cplasmacytic 
enteritis), 34 

11 
Wood's lamp examination, 376 
Wonm (see Parasitic infections) 

For students who need a concise, Small Animal lnkrnal Medicine 

dependable review for the veterinary Darcy 1997h30 H. Shaw. pa~ed-683-0767&1 DVM, MVSC and st~erri L. Ih1e;DVM , 

board exams, NVMS is the answer. 
Each title features current and clinically Animal lnterd hledicine 

i 
Management Test Booklet 

relevant infomiation for diagnosing and Darcy H. Shaw, DVM, MVSC and Sherri L. Ihle, DVM 

treating a wide variety of problems. 199711 18 paged-683-30348-1 
Yeast infectlorn 

bovine manitis, 427 
domatitis, 3 

Yellow lamb disease, 334-332 
Yellow star thistle (Cmtaurea Cytology and Microscopic Anatomy 

H.-Dieter Dellman. DVM, PhD and Jcanine R. Carithers, WD, 
19W406 paged-683-01467.6 

1 
Material is presented in a succinct 

outline format that makes specific points 
easy to find and reference. The chapters 
include a set of questions in the National 
Board Exam format with expanded 
answers highlighting critical points. 

sdstitialir) toxicity, 
261 -262 

Yorkrhire pigs, 248 

toxicity (hy)xrvitaminoris A), 262, lymphosarcoma, 3 4 3 5  
308 i n  parasitic disease, 35-36 

V i m i n  B,I In hepambiliary disorders, 94 
.in bovine ketosis, 21 8 in parasitic pneumonia, 152 

deficiency, 339-340 in primary protein energy 
Vitamin B,, in hepatic encephalopathy, malnutrition (stamtion), 

47 221 -222 

Pharmacology 
Franklin A. Ahrens. DVM. PhD 
199U313 pages /0-683-W5-3 Zinc detickrry, 382 

Zinc sulfate turbidity NT) test, 450 
Zoonotic potential 

fungal dermatoser, 390-391 
in giardiasis, 71 
ot Mpbacrerium bu ,  427 
of pseudocowpox (milkefs nodules), 

384-385 
d mepaxKca1 mastitis, 420 
of udder impetigo, 386-387 
of vesicular nomatitis, 3 

Toxicohagy 
Gary D. O!weiler. DVM. PhD, DABVT 
1996/491 pagCF/od83-06664-1 

Vitamin D, 309 in renal i&e, 359 
deficiency, 308 in sheep and goats. 87-88 
supplementation, 21 5 abomasal emptying defect in 
toxicity, 242 Suffolk sheep, 88 

Vitamin E deficiency, 109, 206-207, paratuberculosis Uohne's diuare), 
301 -302 87-88 

Students can count on the NVMS 
series for a consistently excellent review 
of the major topics they'll face on the 
boards and in practice. 

Small Animal Surgery 
Joseph Harari. DVM. M S  
19W353 pged483-03910-5 

Vitamin K, in hepatic encephalopathy, visceral caseous lymphadmitis 
97 (CLA). 88 

Large Animal Internal Medicine 
'Iimolhy H. Ogilvie. DVM. MSc. ACVIM 
199W600 pcrgedO-683-18033-9 

Comina Soon: 

Available at your local health 
science bookstore or call: 

U.S. & Canada 
Call:. 1-800-638-0672 
Fax: 1-800-447-8438 INTERNET 

Email: Custse~@wwilkins.wm 
Home page: http://www.wwillcins.wm 
Worldwide Vet http:l/www.wwilkins.com~~ 

I 

International Customers call: 
UK & Europe: 44- 171 -543-4800 
Southeast h ia :  852-61 0-2339 
All Other Countries: 41 0-528-4223 


	000 - First Pages
	001 - Contents
	002 - Contributors
	003 - Preface
	004 - Acknowledgments
	Chapter 01 - Diseases of the Oral Cavity and Esophagus
	Chapter 02 - Diseases of the Equine Gastrointestinal Tract
	Chapter 03 - Diseases of the Bovine Gastrointestinal Tract
	Chapter 04 - Diseases of the Porcine, Ovine, and Caprine Gastrointestinal Tract
	Chapter 05 - Hepatobiliary Diseases
	Chapter 06 - Diseases of the Upper Respiratory Tract
	Chapter 07 - Diseases of the Lower Respiratory Tract and Thorax
	Chapter 08 - Cardiovascular Diseases
	Chapter 09 - Metabolic Disorders
	Chapter 10 - Endocrine Disorders
	Chapter 11 - Neurological Disorders
	Chapter 12 - Ophthalmologic Disorders
	Chapter 13 - Musculoskeletal Disorders
	Chapter 14 - Hematopoietic and Hemolymphatic Disorders
	Chapter 15 - Diseases of the Urinary Tract and Kidney
	Chapter 16 - Dermatologic Diseases
	Chapter 17 - Mastitis
	Chapter 18 - Neonatal Conditions, with Emphasis on the Equine
	Comperhensive exam
	Index
	Last Page



