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Theriogenology is the branch of veterinary medicine con-
cerned with reproduction, including the physiology and
pathology of male and female reproductive systems of
animals and the clinical practice of veterinary obstetrics,
gynecology, and andrology. Clinical small animal therio-
genology primarily revolves around the production of
healthy purebred puppies and kittens from privately owned
breeding stock. Less commonly, veterinary participation in
large-scale commercial breeding programs is sought. Gener-
ally, small animal theriogenology is a rewarding subspecialty
in veterinary internal medicine. Although demanding of the
clinician’s time and expertise, the breeder client tends to be
very loyal and compliant. A good reproductive practice gen-
erates its own referrals and usually is quite busy. Obstetrics
and pediatrics are undeniably rewarding parts of the spe-
cialty for veterinarians and their staff. Reproductive practice
incorporates the fields of physiology, endocrinology, embry-
ology, genetics, metabolism, nutrition, pediatric and mater-
nal critical care, anesthesia, pharmacology, and anatomy. The
field is uniquely both medical and surgical, and involves both
intact and neutered dogs and cats (Boxes 54.1 and 54.2).

THE PREBREEDING CONSULTATION

Veterinary participation benefits dog and cat breeding pro-
grams not only by providing medical and surgical interven-
tion when indicated but also by promoting good animal
husbandry with preventive medicine. Proper genetic coun-
seling and screening for selection of breeders minimizes
inherited defects. Optimizing the prebreeding condition of
the dam and sire involves health and reproductive system
examinations, nutrition evaluation, parasite control, and
infectious disease prevention. Ovulation timing and breed-
ing management improve conception rates and litter size.
Obstetrics promotes eutocia and improves neonatal sur-
vival. Postpartum preventive medicine minimizes morbidity
and mortality of both the dam and her offspring. Periodic

physical examination and semen evaluation is advised in the
valuable stud dog.

Breeding soundness consultations for canine or feline
breeding animals should include evaluation of the tempera-
ment, physical condition, health and breeding history, infec-
tious disease status (canine brucellosis, herpes virus; feline
leukemia virus [FeLV], feline immunodeficiency virus [FIV],
feline infectious peritonitis [FIP], and feline toxoplasmosis),
vaccination status, diet, current medications, and any sup-
plements, as well as available genetic screening appropriate
for the breed (Box 54.3). A review of kennel or cattery hus-
bandry should be completed (canine: housing, parasite
control, diet, supplements, medications; feline: light cycles,
housing, cat density, diet, parasite control, supplements,
medications). Proper perinatal nutrition and body condition
for the prospective dam should be addressed. In bitches, a
change from an adult diet to a diet formulated for pregnancy
and lactation (usually labeled as nutritionally complete for
all life stages or complete nutrition for growth, pregnancy,
and lactation) should occur at the fourth to sixth week of
gestation and continue through weaning. Bitches’ energy
requirements during pregnancy increase in the last trimester.
A change to a diet high in essential fatty acids at the time of
breeding has been advocated to improve litter size and neo-
natal viability (Kelley et al., 2004). The amount fed must be
managed to maintain proper body condition, because obesity
negatively impacts labor. Supplements should be discour-
aged because they generally unbalance a commercially pre-
pared diet. The pregnancy and lactation diet should be one
previously tested and found to be adequate by the Associa-
tion of American Feed Control Officials (AAFCO) stan-
dards, not one simply “formulated to meet AAFCO
standards”” A protein level of 27% to 34% dry matter (prefer-
ably animal-based sources), at least 18% fat with a balanced
supply of both n-6 and n-3 fatty acids, and 20% to 30%
carbohydrates with optimum vitamins and minerals (avoid-
ing deficiencies and excesses) is advisable. Queens uniquely
experience linear weight gain during pregnancy; they should
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BOX 54.1

Basic Reproductive Practice Job Tasks

Reproductive System Disorders

Canine ovulation timing

Canine semen collection and evaluation

Chilled canine semen collection and processing

Canine artificial insemination, vaginal and transcervical;
fresh and chilled semen

Ultrasonographic pregnancy diagnosis in the bitch and
queen

Obstetrics

Elective cesarean section (timing and performance)

Emergency cesarean section

Neonatal resuscitation

Pediatrics

Infertility evaluation/management

Diagnosis and therapy of disorders of the reproductive
tract (canine, feline, male and female) while
preserving breeding potential

Estrus induction

Pregnancy termination

BOX 54.2

Advanced Reproductive Practice Job Tasks

Canine cryopreservation

Frozen semen insemination (transcervical, surgical)
Feline semen collection and evaluation

Feline artificial insemination

Transcervical diagnostics (intrauterine cytology, biopsy)

BOX 54.3

Infectious Disease Screening

Canine

Brucella canis
Screen: Rapid slide/tube agglutination (RSAT, RTAT),
2-mercaptoethanol modified RSAT or TAT
Confirmatory: Agar Gel Immunodiffusion (AGID),
culture, PCR
+ Herpes canis serology (to guide quarantine)

Feline

FelV, FIV serology
(FIP real time PCR on tissue or body fluids of abortions)
Toxoplasmosis IgM, IgG serology/PCR

be placed on a diet designed to support gestation and lacta-
tion before breeding and continue through weaning, and
queens should be fed free choice. Stud dogs and toms should
be fed AAFCO-tested commercial maintenance diets and be
kept in good body condition.

Veterinarians should not be hesitant to advise against
breeding individuals with undesirable temperament, physical

BOX 54.4

Veterinary Resources for Genetic Disease and Genetic
Variability Screening

http://www.caninehealthinfo.org/

https://www.ofa.org/breedtests.
html2btnSearch=Tests+by-+Breed

http://www.fabcats.org/breeders/inherited_disorders/
index.php

http://omia.angis.org.au

www.vet.cam.ac.uk/idid/

https://www.vetgen.com/

FIG 54.1
Vaginoscopy performed in a proestrual bitch with a
pediatric proctoscope.

conditions, or genetic traits. To increase access to informa-
tion on diagnosing hereditary diseases in dogs and cats, a
web application has been developed to collect, organize,
and display information on available DNA tests and other
supporting information, including gene and chromosomal
locations, mutations, primary research citations, and disease
descriptions. There are currently 131 molecular genetic tests
available for hereditary diseases in dogs and cats offered by
43 laboratories worldwide (Box 54.4).

The physical examination should pay specific attention to
the external genitalia. Bitches and queens should be evalu-
ated for vestibule-vaginal malformations that could interfere
with copulation or whelping, either via digital or vagino-
scopic examination (Fig. 54.1). Abnormalities of the devel-
opment of the miillerian duct or with the normal fusion
between the miillerian duct and the urogenital sinus during
embryogenesis can result in atresia of the tubular genitalia
or formation of septa. Septa can be circumferential (hymen-
like) or dorsoventral bands, both usually located just cranial
to the urethral papilla. Dorsoventral bands, if narrow, can
usually be easily resected with vaginoscopy before breeding
and whelping, even during proestrus (Fig. 54.2). Sedation
of a short general anesthetic is sometimes required. Thicker
bands and circumferential strictures are difficult to resolve


http://www.caninehealthinfo.org/
https://www.ofa.org/breedtests.html?btnSearch=Tests+by+Breed
https://www.ofa.org/breedtests.html?btnSearch=Tests+by+Breed
http://www.fabcats.org/breeders/inherited_disorders/index.php
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https://www.vetgen.com/

FIG 54.2
Endoscopic-guided revision of a vaginal septum.

surgically because they require an episiotomy and com-
monly reform and restrict. Artificial insemination and elec-
tive cesarean section are usually advised. Rarely anomalous
uterine structures (agenesis, duplication) accompany vaginal
septa and preclude breeding. The heritability of these septa
is not known. Both bitches and queens should be evaluated
for mammary gland normalcy and nipple duct patency. Dogs
and toms should be evaluated for normal testicular descent
into the scrotum, lack of a persistent penile frenulum, or
penile hair ring (tom) (see Chapter 56), and normal tes-
ticular, epididymal, and prostatic (dog) palpation. In both
species the prepuce should be retracted to inspect the penile
mucosa. Semen evaluation should be performed in the dog
(see later).

ESTROUS CYCLE OF THE BITCH

Puberty occurs between 6 and 24 months in the bitch, later
in large breeds. The normal canine reproductive cycle can be
categorized into four phases: anestrus, proestrus, estrus, and
diestrus, each having characteristic behavioral, physical, and
endocrinologic patterns (Table 54.1). The interestrous inter-
val is normally 4 to 13 months, with 7 months as the average.
The anestrus phase of the estrous cycle is marked by uterine
involution and endometrial repair. The normal bitch is not
attractive or receptive to male dogs. No overt vulvar dis-
charge is present, and the vulva is small. Vaginal cytology is
predominated by small parabasal cells, with occasional neu-
trophils and small numbers of mixed bacteria (Fig. 54.3). The
endoscopic appearance of vaginal mucosal folds is flat, thin,
and red. The physiologic controls terminating anestrus are
still under investigation but involve spontaneous deteriora-
tion of luteal function and decline of prolactin secretion. It
has been shown that the administration of dopamine
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Anestrus vaginal cytology showing scant cellularity,
parabasal cells, and occasional neutrophils.
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agonists shortens the interestrous interval, which in some
instances is associated with inhibition of prolactin release
(prolactin is luteotrophic). The natural termination of anes-
trus is induced by an increase in the pulsatile gonadotropin-
releasing hormone (GnRH)-induced secretion of pituitary
gonadotropins, follicle-stimulating hormone (FSH), and
luteinizing hormone (LH). Hypothalamic GnRH secretion
is itself pulsatile, its intermittent secretion a physiologic
requirement of gonadotropin release. Mean concentrations
of FSH are moderately elevated and those of LH slightly
elevated during anestrus. At late anestrus, the pulsatile
release of FSH increases, causing proestrus folliculogenesis.
Estrogen concentration is basal (2-10 pg/mL) and progester-
one at nadir (<1 ng/mL) at late anestrus. Anestrus normally
lasts from 1 to 6 months.

During proestrus, the bitch becomes attractive to male
dogs but is still not receptive to breeding, although she may
become more playful. A serosanguineous to hemorrhagic
vulvar discharge of uterine origin is present, and the vulva is
mildly enlarged. Vaginal cytology shows a progressive shift
from small parabasal cells to small and large intermediate
cells, superficial-intermediate cells, and finally superficial
(cornified) epithelial cells, reflecting the degree of estrogen
influence (Fig. 54.4). Red blood cells (RBCs) are usually but
not invariably present. The vaginal mucosal folds appear
edematous, pink, and round (Fig. 54.5). FSH and LH are low
during most of proestrus, rising during the preovulatory
surge. Estrogen rises from basal anestrus concentration
(2-10 pg/mL) to a peak (50-100 pg/mL) at late proestrus,
whereas progesterone remains basal (<1 ng/mL) until rising
at the LH surge (1.5-4 ng/mL). Proestrus lasts from 3 days
to 3 weeks, with a 9-day average. The follicular phase of the
ovarian cycle coincides with proestrus and very early estrus.

During estrus, the normal bitch displays receptive or
passive behavior, enabling breeding. This behavior correlates
with decreasing estrogen and increasing progesterone con-
centrations. Serosanguineous to hemorrhagic vulvar dis-
charge may diminish to variable degrees. Vulvar edema
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FIG 54.4

Proestrus vaginal cytology, showing intermediate cells and
red blood cells, with numerous extracellular opportunistic
bacteria.

FIG 54.5
Vaginoscopic appearance of edematous vaginal folds
during proestrus.

tends to be maximal (Fig. 54.6). Vaginal cytology remains
predominated by superficial cells; RBCs tend to decrease but
may persist throughout (Fig. 54.7). Vaginal mucosal folds
become progressively wrinkled (crenulated) in conjunction
with ovulation and oocyte maturation (Fig. 54.8). Estrogen
concentrations reduce markedly after the LH peak, while
progesterone concentrations steadily increase (usually
4-10 ng/mL at ovulation), marking the luteal phase of the
ovarian cycle. Estrus lasts 3 days to 3 weeks, with an average
of 9 days. Estrous behavior may precede or follow the LH
surge; its duration is variable and may not coincide precisely
with the fertile period. Ovulation of primary oocytes occurs
2 days after the LH surge; oocyte maturation occurs 2 to 3
days later. The life span of secondary oocytes is 2 to 3 days.

During diestrus, the normal bitch becomes refractory to
breeding, with diminishing attraction of male dogs. Vulvar
discharge diminishes and edema slowly resolves. Vaginal
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FIG 54.6
Vulvar appearance, estrus.

FIG 54.7
Estrus vaginal cytology, showing superficial cells with both
pyknotic nuclei and anuclear cells.

cytology is abruptly altered by the reappearance of parabasal
epithelial cells and frequently neutrophils (Fig. 54.9). The
appearance of vaginal mucosal folds becomes flattened and
flaccid. Estrogen concentrations are variably low, and pro-
gesterone concentrations steadily rise to a peak of 15 to
80 ng/mL before progressively declining in late diestrus.
Progesterone secretion is dependent on both pituitary LH
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FIG 54.8
Vaginoscopic appearance of crenulated vaginal mucosal
folds during estrus.
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FIG 54.9
Diestrus vaginal cytology showing parabasal and
infermediate cells and neutrophils.

and prolactin secretion. Proliferation of the endometrium
and quiescence of the myometrium occur under the influ-
ence of elevated progesterone. Diestrus usually lasts 2 to 3
months in the absence of pregnancy. Parturition terminates
pregnancy 64 to 66 days after the LH peak. Prolactin con-
centrations increase in a reciprocal fashion to falling proges-
terone at the termination of diestrus or gestation, reaching
much higher values in the pregnant state. Mammary ductal
and glandular tissues increase in response to prolactin levels.

CANINE OVULATION TIMING:
EVALUATION OF THE ESTROUS CYCLE
TO IDENTIFY THE OPTIMAL TIME

TO BREED

Individual bitches can have nonproblematic variations of the
normal estrous cycle, be presented at variable times during

e

ischiocavernosus muscle

malé bladd

FIG 54.10
Schematic of the canine copulatory lock.

their estrous cycle for evaluation, or exhibit pathologic varia-
tions in their cycle. Each of these scenarios requires veteri-
nary interpretation. Considerable variation exists within the
normal range of events in the reproductive cycle. The clini-
cian must differentiate between bitches with normal estrous
cycles but unexpected patterns and those with true abnor-
malities. This usually entails monitoring a bitch during an
entire estrous cycle. Detection of individual variation within
the normal range of events in a fertile bitch can be crucial to
providing effective counseling concerning breeding manage-
ment. Evaluation of the estrous cycle for true abnormalities
is an important part of the workup of the apparently infertile
bitch (see Chapter 55).

SERUM HORMONE INTERPRETATION
Estrogen

During the follicular phase of the ovarian cycle, increasing
estrogen causes an increased turnover rate of vaginal epithe-
lial cells, resulting in the progressive cornification seen on
vaginal cytology and thickening of the vaginal wall in prepa-
ration for copulation with an interlocking tie (Fig. 54.10).
Also seen is progressive edema of the vaginal mucosa, seen
with endoscopic examination. Estrogen assays are performed
by many commercial laboratories. However, the information
given is of little value for ovulation timing, because peak
estrogen levels are variable from bitch to bitch, and even
relative changes do not correlate to ovulation or the fertile
period. Estrogen is best assessed by serial vaginal cytologies
and vaginoscopy. Estrogen levels do not indicate the fertile
period, because ovulation is triggered by the LH surge, not
an estrogen peak. Examination of the cells on the surface of
the vaginal epithelium will give information about the stage
of the estrous cycle, primarily by showing the presence or
absence of an estrogen effect. It is important to always begin
ovulation timing with vaginal cytologic evaluation to confirm
the bitch is actually in heat and to identify the proper time
to initiate cost-effective serial progesterone testing. Serum
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CHAPTER

Clinical Conditions of the
Bitch and Quee

5

NORMAL VARIATIONS OF THE
ESTROUS CYCLE

LATER THAN TYPICAL PUBERTY

The onset of the first estrous cycle occurs after a bitch attains
70% of her adult height and body weight. Small breeds gen-
erally begin their first estrous cycle between 6 and 10 months
of age; large breeds can begin as late as 18 to 24 months,
which causes owner concerns. Family histories (dam and
female siblings) can help predict the anticipated onset of
reproductive cycling. Efforts at differentiating delayed
puberty (as perceived by an owner) from an actual failure to
have reproductive cycles should be postponed until a bitch
is at least 2 to 2.5 years old. Bitches with delayed puberty
generally have normal reproductive cycles once initiated.
Housing such a bitch with another cycling bitch can promote
her proestrus secondary to the pheromone-related “dormi-
tory effect” Estrous induction protocols (later in this chapter)
can be attempted if the bitch is mature (i.e., at least 24-30
months of age) and breeding is desired.

Puberty in the queen usually occurs at 9 to 10 months of
age. Puberty can occur as early as 4 months or as late as 2
years; because cats are seasonal breeders, the season in which
the kitten was born influences the age at which puberty
occurs. Cyclicity is dependent on the photoperiod, with
queens requiring 12 hours or more of light to maintain
normal cycling.

SILENT HEAT CYCLES

The occurrence of a silent heat cycle must be ruled out
during evaluation of a bitch suspected of failing to have
estrous cycles. Fastidious bitches with minimal vulvar swell-
ing, scant vulvar discharge, and few behavioral changes can
have proestrus/estrus that escapes human detection (“silent”),
especially in the absence of an intact male dog. Diestrus
normally lacks clinical signs. Proestrus and estrus tend to
become more apparent as the bitch ages. Performing weekly
vaginal smears to detect cytologic proestrus, housing the
bitch near an intact male, or using white bedding can aid in
prospective detection of a silent heat, permitting proactive

ovulation timing and breeding (see Chapter 54). Intact male
dogs typically note pheromones produced days to weeks
before the onset of proestrus and spend more time sniffing
the bitch or her urine. Performing monthly progesterone
assays permits retrospective identification of estrus but will
not facilitate breeding in that cycle unless acquired before
diestrus. Silent heat cycles must be differentiated from true
primary anestrus. True primary anestrus in the bitch that
fails to experience an estrous cycle is most likely due to a
disorder of sexual development and is uncommon.

SPLIT HEAT CYCLES

Bitches with split heat cycles, in which proestrus and possi-
bly early estrus occur without ovulation or progression to
diestrus, can be thought to have abnormally short cycles,
lack of sexual receptivity, or infertility if breedings were
forced or artificial insemination performed without con-
firming ovulation. Waves of folliculogenesis with increased
estrogen production but without ovulation occur in split
heats. Follicular atresia follows, no luteal phase with proges-
terone production occurs, and normal sexual receptivity fails
to develop. These cycles typically occur in young bitches and
are characterized by periods of hemorrhagic vulvar dis-
charge typical of proestrus, attractiveness to males, and
usually no receptivity. In young bitches, split cycles are
thought to be due to immaturity. These cycles can also occur
in mature bitches with a history of normal past cycles, usually
in association with stress. Increased endogenous cortisol
levels associated with stress (travel, shipping, kenneling) may
inhibit the luteinizing hormone (LH) surge and associated
ovulation. Two to 10 weeks after a split cycle, another pro-
estrus typically begins and could proceed to ovulation. Even-
tually most young bitches with split heats progress through
a normal estrus to diestrus. The condition is not associated
with reproductive pathology in the young or stressed bitch,
and no treatment is recommended. Breeding a bitch in sur-
roundings familiar to her is advised if stress might have
altered a previous cycle. Delaying shipping of a bitch for
breeding until after the LH surge (progesterone initial rise)
has occurred is optimal. Using shipped semen (chilled,
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CRYPTORCHIDISM

Cryptorchidism, a common congenital genital defect in
male dogs (uncommonly tomcats), is diagnosed if either
or both testes are not present in the scrotum at puberty;
testes normally descend into the canine scrotum by 6 to
16 weeks of age. In the author’s experience, descent can
occur as late as 10 months of age, but these dogs should
not be considered normal; late descent is a heritable defect
as well as nondescent. Cats have prenatal testicular descent;
however palpation of scrotal testes in neonatal kittens is
difficult due to their small size. The testicular hormone
insulin-like factor 3 (also called relaxin-like factor), pro-
duced by pre- and postnatal Leydig cells, mediates the
transabdominal testicular descent from the caudal pole of
the kidney to the inguinal canal. It induces growth and dif-
ferentiation of the gubernaculum from the caudal suspen-
sory ligament. The transabdominal migration of the fetal
testis is independent of androgens, whereas the inguino-
scrotal descent is subsequently mediated by testosterone,
which causes regression of the cranial suspensory liga-
ment. During the inguino-scrotal phase of migration, there
is shortening of the gubernaculum and eversion of the
cremaster muscle.

Unilateral cryptorchidism does not result in infertility
due to the scrotal testis. Bilaterally cryptorchid dogs and
cats are infertile due to the lack of normal spermatogen-
esis resulting from their intraabdominal temperature (~5°
> scrotal). In both cases, because interstitial cells continue
to produce testosterone, libido and secondary sex charac-
teristics are normal. Cryptorchidism in dogs is inherited as
a sex-limited autosomal recessive trait; cryptorchidism in
cats is assumed to be heritable as well (Zhao, 2010). Uni-
laterally affected animals should not be bred. Both parents
of affected individuals should be implicated as carriers.
Because of the heritability, and the fact that intraabdominal
testes have a higher incidence of neoplasia (9-14x) and sub-
sequent torsion, bilateral orchiectomy is recommended.
Bilateral orchiectomy is required to reduce testosterone-
mediated behaviors. Attempts at medical therapy to induce
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testicular descent with gonadotropins or testosterone have
been unsuccessful and are not ethical. Orchiopexy is also
considered unethical in veterinary medicine; the American
Kennel Club bans any dog with orchiopexy from competi-
tion. In humans, the increased incidence of neoplasia in the
formerly intraabdominal cryptorchid testis persists postor-
chiopexy, making the procedure contraindicated medically
in veterinary patients as well as being unethical. Failure of
one testis to develop (true monorchidism) can occur in dogs
but is rare.

In a cryptorchid cat, examination of the penis for pres-
ence of spines is an excellent diagnostic technique. Penile
spines are testosterone-dependent, becoming atrophied 6
weeks postcastration. Cryptorchidism in the dog is best con-
firmed with appropriate hormonal testing and ultrasonogra-
phy. Baseline serum testosterone levels vary normally; single
levels are not diagnostic. Serum testosterone before and 48
hours after human chorionic gonadotropin (hCG) injection
(250 TU IM) has been used to support complete castration if
<20 pg/mL (0.0693 nmol/L); a twofold increase suggests the
presence of testicular tissue; the test results are variable and
not always reliable. hCG is of human origin, therefore the
potential for hypersensitivity exists. Gonadotropic-releasing
hormone (GnRH) stimulation testing using commercial
bovine GnRH products is based on inducing a measurable
testosterone increase. GnRH is administered at 2 pg/kg IM,
with blood sampling pre- and 2-3 hours postinjection; cas-
trated dogs have testosterone concentrations <0.1 ng/mL
(0.3467 nmol/L) and should not stimulate, but test results
are variable and not always reliable. The luteinizing hormone
(LH) test is not marketed for evaluating cryptorchidism in
the dog or tom; however, it can be reliable in the author’s
experience. A high LH (>1 ng/mL) suggests the dog or tom
is castrated. A low LH (<1 ng/mL) suggests the dog or tom
is intact, with testosterone providing negative feedback to
GnRH, FSH, and LH (Wheeler and Kutzler, 2010). Recently
marketed, the qualitative Anti-Miillerian Hormone (AMH)
test for dogs and cats is meant to distinguish between intact
(cryptorchid) neutered males after they have reached the age
of sexual maturity. A negative AMH test is consistent with
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FIG 56.35
Cranially displaced and malformed vulva in a female puppy
exposed in utero to progestins.

Defects in the development of the internal tubular genital
tract of females can also result from developmental abnor-
malities during embryogenesis. Ovaries, testes, or ovotestes
can be present. A definitive diagnosis is based on karyotyp-
ing and histopathology of the reproductive tract. Most of
these animals are sterile.

Neutering is still indicated to avoid behavioral and para-
neoplastic conditions associated with hormone produc-
tion. Iatrogenic causes of disorders of sexual differentiation
include therapy with progestagens during pregnancy (Fig.
56.35).

In males, congenital causes of infertility should be con-
sidered in aspermic animals that have no history of siring a
litter. Abnormalities of the hypothalamic-pituitary-gonadal
axis, such as hypogonadotropic hypogonadism, and disor-
ders of sexual differentiation, such as intersex, are possible
causes. Males with hypogonadism have abnormally small
testes with diminished (or absent) spermatogenesis and tes-
tosterone production. The secretory capacity of pituitary
gonadotropins can be assessed by determining LH levels
(Status-LH [Synbiotics/Pfizer]) before and 1 hour after
administration of GnRH (1-2.2 pg/kg intramuscularly);
normal intact male dogs have a serum LH from 0.20 to less
than 20.0 ng/mL. Evaluation of resting and post-hCG or
GnRH stimulation testosterone levels is often hampered by
reference range variation among laboratories and the overlap
between normal basal testosterone levels and hypotestoster-
onism. Examination of the libido of the dog or the penile
spines in the tomcat can be more informative regarding the
presence of testosterone.
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@ BOX 58.8

Causes of Neck Pain

Muscle

Polymyositis (immune, infectious)
Muscle injury

Bone

Fracture/luxation

Atlantoaxial instability/subluxation
Diskospondylitis/osteomyelitis
Wobbler syndrome

Neoplasia

Joint (Facetal Joints)

Polyarthritis (immune, infectious)
Degenerative joint disease (osteoarthritis)

Nerve Root

Neoplasia
Compression (by disk, tumor, fibrous tissue, arachnoid
cysts)

Meninges

Neoplasia

Infectious meningitis/meningomyelitis
Meningoencephalitis of unknown etiology (MUE)
Granulomatous meningoencephalitis (GME)

Steroid responsive meningitis arteritis (aseptic meningitis)
Hemorrhage-induced inflammation

Brain

Mass lesion (neoplasia, inflammatory)
Chiari malformation with syringomyelia

examination of each individual cranial nerve can be under-
taken (Table 58.6; also see Suggested Readings).

Evaluation of Menace Response, Vision,
and Pupils

The optic nerve (CN2) is an important component of the
afferent pathways for the menace response, vision, and the
pupillary light reflex. To test the menace response, the exam-
iner covers one of the animal’s eyes and advances the hand
in a menacing way toward the opposite eye, taking care to
avoid touching the eyelid or whiskers or generating an air
current that will stimulate the cornea, which is innervated
by the sensory portion of the trigeminal nerve (CN5). (Fig.
58.22, A) It is a good idea to lightly stimulate the face before
assessing the menace response to get the animal’s attention
and make certain there is an intact palpebral reflex (CN7)
and the animal is able to blink. The menace response is a
cortically mediated learned response and will not be present
until 10 to 12 weeks of age in puppies and kittens. In addition
to the menace response, vision can be assessed by observing
the animal’s response to its environment by making sudden
movements and dropping cotton balls to see if the animal
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follows the movement. It may be necessary to set up a maze
of objects to assess vision in each eye.

The parasympathetic axons of the oculomotor nerve
(CN3) are responsible for pupil constriction. Pupil size
should be examined at rest in a well-lit room and then in a
dimly lit room and the two eyes compared. The examiner
evaluates the ability of each pupil to constrict (parasympa-
thetic function) and dilate (sympathetic function) by shining
a bright light in one eye, then swinging the light into the
other eye to observe the response, and then swinging it back
again (Fig. 58.22, B). Loss of vision and pupillary abnormali-
ties are discussed in Chapter 61.

Examine for Strabismus, Nystagmus, and
Head Tilt

To check for strabismus and nystagmus, the examiner must
determine whether the eyes are normally positioned in the
orbits and whether there is any spontaneous nystagmus
when the head is stationary. Spontaneous nystagmus at rest
is always abnormal and indicates a central vestibular (medul-
lary) lesion, a lesion of the vestibular portion of CN8, or a
lesion of the cerebellum. A head tilt is common with a lesion
in any of these locations. Abnormal eye position (strabis-
mus) may occur when there is a vestibular disorder or
damage to the innervation of the extraocular muscles (inner-
vated by CN3, 4, 6) (Figs. 58.23 and 58.24). Oculomotor
nerve (CN3) dysfunction can result in a ventrolateral stra-
bismus and an inability to rotate the eye dorsally, ventrally,
or medially. Lesions of the abducent (CN6) nerve cause a
medial strabismus and an inability to look laterally, and
lesions of the trochlear nerve (CN4) cause a dorsolateral
rotation of the eye. Lesions of these nerves (CN3, 4, 6) often
occur together, producing complete external ophthalmople-
gia, usually due to a mass in the region of the paired cavern-
ous sinuses on the floor of the calvarium (cavernous sinus
syndrome).

Vestibular disorders may cause a ventral strabismus (eye
drop) on the side of the lesion that is only evident during
head and neck extension (positional strabismus). A quick
assessment of the function of all these nerves can be accom-
plished by moving the head from side to side and eliciting
the vestibulo-ocular reflex (Fig. 58.25). As the head is turned
slowly to the right, the gaze of both eyes should slowly drift
left before jerking to the right to resume a central position.
The examiner assesses these normal vestibular eye move-
ments (physiologic nystagmus, oculocephalic reflex) while
moving the head in each direction.

In addition to moving the head from side to side to deter-
mine whether the eye movements are normal, the examiner
should hold the animal’s head still in each lateral position
to determine whether an abnormal (positional) nystag-
mus develops. The head and neck should then be extended
and held in that position while the eyes are evaluated for a
ventral strabismus and development of nystagmus. When
the head of a normal animal is held still in any position,
there should be no nystagmus. In most animals with severe
or acute central or peripheral vestibular lesions, a resting
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Cranial Nerve Function

CRANIAL NERVE
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SIGNS OF LOSS OF FUNCTION

| (olfactory)
Il (optic)

Il (oculomotor)

IV (trochlear)
V (trigeminal)

VI (abducent)
VIl (facial)

VIII (vestibulocochlear)
IX (glossopharyngeal)
X (vagus)

Xl (accessory)

XIl' (hypoglossal)

Loss of ability to smell

Loss of vision, dilated pupil, loss of pupillary light reflex (direct and consensual when light shone
in affected eye)

Loss of pupillary light reflex on affected side (even if light shone in opposite eye), dilated pupil,
ventrolateral strabismus

Slight dorsomedial eye rotation

Atrophy of temporalis and masseter muscles, loss of jaw tone and strength, dropped jaw (if
bilateral), analgesia of innervated areas (face, eyelids, cornea, nasal mucosa)

Medial strabismus, impaired lateral gaze, poor retraction of globe

Lip, eyelid, and ear droop; loss of ability to blink; loss of ability to retract lip; possibly decreased
tear production

Ataxia, head tilt, nystagmus, deafness

Loss of gag reflex, dysphagia

Loss of gag reflex, laryngeal paralysis, dysphagia

Atrophy of trapezius, sternocephalicus, and brachiocephalicus muscles

Loss of tongue strength

FIG 58.23
Head tilt (A) and ventrolateral strabismus (B) in a 2-year-old Dachshund after needle
trauma to the brainstem during cervical myelography.

(spontaneous) nystagmus will be detected. In less severe or
compensated vestibular disorders the examiner will only be
able to elicit a few beats of abnormal nystagmus when the
animal’s head is held in a certain position; this is called posi-
tional nystagmus, and it is abnormal. Positional nystagmus
is most likely to become evident when the animal is sud-
denly placed in dorsal recumbency with the head and neck
extended (Fig. 58.26). The direction of nystagmus is defined
as the direction of the fast phase of eye movements.

Evaluation of Trigeminal (CN5) Nerves

The trigeminal nerve supplies sensory innervation to the
skin of the ipsilateral face, the cornea, the mucosa of the
nasal septum, the nasopharyngeal mucous membranes, and

the teeth and gingiva of the upper and lower jaw while pro-
viding motor function to the muscles of mastication. Sensory
function is tested by assessing the ipsilateral palpebral
reflexes (sensory CN5, motor CN7) sensation in the skin of
the face, and response to stimulation of the nasal septal
mucosa (Fig. 58.27, A, B, C). The behavioral response is
mediated by the contralateral forebrain so both sides should
be carefully assessed. Occasionally decreased facial sensation
(hypoalgesia) can be observed in animals with contralateral
forebrain lesions. Motor function is assessed by evaluating
the masticatory muscles for atrophy and testing the resis-
tance of the jaw when opening the mouth. Bilateral trigemi-
nal motor paralysis results in a dropped jaw and inability to
close the mouth (Fig. 58.28). Loss of corneal sensation in
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FIG 58.24

(A) Functional anatomy of the
extraocular muscles. Directions of
strabismus after paralysis of the
oculomotor neurons (B), paralysis of
the abducent neurons (C), and
paralysis of the trochlear neurons (D).
CN3, oculomotor nerve; CN4,
trochlear nerve; CN6, abducent nerve.
(From Delahunta A, Glass E:
Veterinary neuroanatomy and clinical
neurology, ed 3, St Louis, 2009,
Elsevier.)

FIG 58.25

Evaluate eye position and movement as the head is moved
into different positions. (From Taylor S: Small animal clinical

techniques, ed 2, St Louis, 2016, Elsevier.)

Medial rectus i
Dorsal oblique Dorsal oblique (CN4)

Dorsal rectus (CN3)

Dorsal rectus

Ventral rectus (CN3)
Ventral oblique (CN3)

FIG 58.26
Placing an animal in dorsal recumbency can reveal
positional nystagmus or strabismus.
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FIG 58.27
The sensory distribution of the trigeminal nerve (CN5) can be
assessed by inducing the palpebral reflex (A), pinching the
skin of the maxilla (B), and by stimulating the nasal septal
mucosa (C€) with a hemostat.

FIG 58.28

Bilateral motor paralysis of the trigeminal nerve results in an
inability of this 6-year-old Labrador Retriever to close its
mouth.

dogs with trigeminal paralysis may decrease reflex release of
tears and trophic factors, leading to keratitis (neurotrophic
keratitis) and corneal ulceration in some dogs.

Evaluation of the Facial (CN7) Nerves

The facial nerve provides motor innervation to the muscles
of the face and sensory innervation to the rostral two thirds

of the tongue (for taste) and palate. Parasympathetic fibers
innervate the lacrimal glands and the mandibular and sub-
lingual salivary glands. Motor function is assessed by exam-
ining the face for symmetry and observing spontaneous
blinking and ear movements, as well as by eliciting the pal-
pebral reflex, the blink induced by the menace response, and
the ability to twitch the face in response to a pinch (sensory
CNS5, motor CN7) (Fig. 58.29, A, B, C). Because the facial
nerve courses through the middle ear before distribution to
the muscles of the face, middle ear lesions can cause facial
nerve dysfunction. The Schirmer tear test should be used to
evaluate tear production in animals with facial paresis or
paralysis.

Evaluation of the Glossopharyngeal (CN9),
Vagus (CN10), and Hypoglossal (CN12)
Nerves

The glossopharyngeal, vagus, and hypoglossal nerves are
usually evaluated together as components of the gag reflex
and normal eating and drinking. The glossopharyngeal
nerve (CN9) provides motor innervation to the pharynx and
palate and sensory innervation to the caudal third of the
tongue and pharynx (providing the sense of taste). It also
provides parasympathetic stimulation to the parotid and
zygomatic salivary glands. The vagus nerve (CN10) provides
motor and sensory innervation to the larynx, pharynx, and
esophagus and sensory innervation to the thoracic and
abdominal viscera. The parasympathetic portion of the
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vagus provides motor innervation to most thoracic and
abdominal viscera. The hypoglossal nerve (CN12) provides
motor innervation to the tongue.

The swallowing or gag reflex (CN9 and CN10) can be
evaluated by applying external pressure in the hyoid region
to induce swallowing or by stimulating the pharynx with a
finger to induce the gag reflex. It may be more practical to
simply watch the animal eat and drink. The parasympathetic
portion of CN10 can be tested by measuring the reflex bra-
dycardia that normally occurs when digital pressure is
applied to both eyeballs (oculocardiac reflex). The hypoglos-
sal nerve (CN12) can be evaluated by inspecting the tongue
for atrophy or asymmetry (Fig. 58.30) and observing tongue
movement during eating and drinking or when licking food
paste placed on the nose. Acute unilateral lesions of CN12
can result in deviation of the tongue to either direction, but
chronic unilateral lesions result in ipsilateral atrophy and
protrusion of the tongue towards the side of the lesion.

FIG 58.29

Motor function of the muscles of facial expression can be
checked by inducing the palpebral reflex (A) and evaluating
the ability of the lip to twitch in response to a pinch (B). This
dog (€) has rightsided facial paralysis causing a lip droop
and inability to blink the right eye.

FIG 58.30
Deviation and atrophy of the tongue caused by left-sided
hypoglossal nerve (CN12) paralysis.
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GENERAL CONSIDERATIONS

Bacterial, viral, protozoal, mycotic, rickettsial, and parasitic
pathogens are all recognized as etiologic agents of infectious
inflammatory central nervous system (CNS) disease in dogs
and cats. More common than the known infectious menin-
gitis and encephalitis disorders in dogs are a group of CNS
disorders that have no known identifiable cause but are pre-
sumed to have an immunologic basis. Some of these disor-
ders, such as steroid-responsive meningitis arteritis (SRMA)
and eosinophilic meningoencephalitis, have very character-
istic clinical and laboratory features and are recognizable as
specific disorders. Some of the other noninfectious inflam-
matory disorders are collectively known as meningoencepha-
litis of unknown etiology (MUE), with distinctions between
the individual disorders less defined and often presumptive
unless brain biopsies or postmortem examinations are
available.

The clinical signs of CNS inflammation vary and depend
on both anatomic location and severity of inflammation.
Cervical pain and rigidity are common in dogs with menin-
gitis of any etiology, causing a reluctance to walk, an arched
spine, and resistance to passive manipulation of the head and
neck (Fig. 64.1). Fever may occur with any disorder causing
severe meningitis. Inflammation of the spinal cord (myelitis)
will cause associated upper motor neuron (UMN) or lower
motor neuron (LMN) deficits in the limbs, depending on the
spinal cord region involved. Animals with inflammation in
the brain (encephalitis) can experience vestibular dysfunc-
tion, seizures, hypermetria, or disorders of consciousness
reflecting the distribution of intracranial lesions.

Diagnosis of inflammatory CNS disease involves a process
of confirming the presence of inflammation, performing
appropriate tests to look for infectious causes, and looking
for characteristic lesions via diagnostic imaging. A thorough
physical and ophthalmologic examination and searching for
systemic abnormalities using laboratory tests and imaging
should always be performed. Dogs and cats with bacterial
meningitis/meningoencephalitis usually have an infected
site from which the infection has spread to the CNS. Animals

with viral, protozoal, fungal, or rickettsial meningitis/
meningoencephalitis may have involvement of other organs
(e.g., lung, liver, muscle, eye), which may aid in diagnosis.
Cerebrospinal fluid (CSF) analysis is necessary to confirm a
suspected diagnosis of CNS inflammatory disease. Analysis
of the cells found in the CSFE, together with the clinical and
neurologic findings, may aid in determining the etiology of
the inflammation in an individual case (see Box 59.3). Anal-
ysis of CSF protein, CSF culture, immunohistochemistry on
CSF cytology, measurement of serum and CSF antibody
titers for likely infectious agents, and CSF polymerase chain
reaction (PCR) analysis may also be of diagnostic value.
These results, together with other ancillary diagnostic tests,
may allow diagnosis of a specific disorder and the initiation
of prompt appropriate treatment (Table 64.1).

NECK PAIN

Neck pain is a sign commonly associated with compressive
or inflammatory diseases of the cervical spinal cord. Animals
with neck pain typically have a guarded horizontal neck car-
riage and are unwilling to turn their neck to look to the side;
they will instead pivot the entire body. As part of every
routine neurologic examination, the presence or absence of
cervical hyperesthesia should be assessed by deep palpation
of the vertebrae and cervical spinal epaxial muscles and by
resistance to flexion, hyperextension, and lateral flexion of
the neck (see Fig. 58.21). The spinal cord itself does not have
pain receptors, so cervical pain is related to inflammation or
compression of or traction on surrounding tissues or struc-
tures. Anatomic structures that can cause neck pain include
the meninges, nerve roots, joints, bones, and muscles. Neck
pain has also been recognized as a clinical symptom of
increased intracranial pressure, particularly as a result of
forebrain mass lesions (Box 64.1; see also Box 58.8).

The diagnostic approach to the patient with neck pain is
fairly standardized. First, confirm and localize the site of
painfulness using physical and neurologic examination, and
then look for the cause of pain. Clinicopathologic testing
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FIG 64.1

(A) Pain causes this young Bernese Mountain dog with
steroid-responsive meningitis arteritis to stand with an
arched spine and be reluctant to walk. (B) Cerebrospinal
fluid from this dog is inflammatory, with a dramatic
neutrophilic pleocytosis. (From Meric S et al: Necrotizing
vasculitis of the spinal pachyleptomeningeal arteries in three

Bernese Mountain Dog littermates, J Am Anim Hosp Assoc
22:463, 1986.)

BOX 64.1

Causes of Neck Pain in the Dog

MUSCLE: Myositis (immune, infectious), muscle injury

BONE: Fracture/luxation, diskospondylitis, vertebral
osteomyelitis, neoplasia

JOINT (facetal joints): Polyarthritis (immune, infectious),
degenerative joint disease (osteoarthritis)

NERVE ROOT: Neoplasia, compression (by disk, tumor,
fibrous tissue, perineural cysts)

MENINGES: Neoplasia, inflammation (immune,
infectious), compression/traction (synovial cysts, disk
prolapse, atlanto-axial instability, cervical
spondylomyelopathy, syringomyelia)

BRAIN: Mass lesion (neoplasia, inflammatory)

TABIE 64.1

Ancillary Tests in Diagnosis of Infectious Inflammatory
Central Nervous System Disease

DISORDER
SUSPECTED

ANCILLARY DIAGNOSTICS

Acute distemper
(D)

Bacterial (D, C)

Toxoplasmosis

(. Q)

Neosporosis (D)

Feline infectious
peritonitis (C)

Cryptococcosis

(O, C)

Rocky Mountain
spotted fever
(D)

Ehrlichiosis (D)

Conjunctival scrapings
Ophthalmic exam

Thoracic radiographs

Skin biopsy immunohistochemistry
RT-PCR on blood, CSF

CSF antibody titer

Ear/throat/eye exam

Thoracic radiographs

Cardiac and abdominal ultrasound
Spinal radiographs or CT

Skull CT or MRI

Blood/urine cultures

CSF culture

Ophthalmic exam

ALT, AST, CK activities

CSF, serum titers

PCR on CSF, aqueous humor, blood,
tissues

AST, CK activities
CSF, serum titers
Muscle immunohistochemistry

PCR on CSF

Ophthalmic exam

Serum globulin

Abdominal palpation/ultrasound

Coronavirus antibody in CSF, serum

Coronavirus immunohistochemistry on
tissues

Coronavirus PCR on CSF, affected
tissues

Ophthalmic exam

Thoracic radiographs

Skull/brain MRI

Nasal swab cytology

Lymph node aspirates

Test for capsular antigen in serum,
CSF

CSF culture

Thoracic radiographs

CBC, platelet count

Serum globulin

Skin biopsy: IFA

Serum titer (demonstrate rise)
CBC, platelet count

Serum titer

Ophthalmic examination

ALT, Alanine aminotransferase; AST, aspartate aminotransferase; C,
cat; CBC, complete blood count; CK, creatine kinase; CSF,
cerebrospinal fluid; CT, computed tomography; D, dog; IFA,
immunofluorescent antibody analysis; MRI, magnetic resonance
imaging; PCR, polymerase chain reaction; RT-PCR, reverse
transcriptase-polymerase chain reaction.
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not adversely affect cell morphology. The cotton swab is
rolled on a microscope slide gently multiple times to give
areas with varying smear thickness (Fig. 91.1). After air-
drying, the slide can be stained. White blood cells and bac-
teria morphologically consistent with Campylobacter spp.
(spirochetes) or Clostridium perfringens (spore-forming
rods; Fig. 91.2) can be observed after staining with Diff-Quik
or Wright or Giemsa stains (see Cytology section). However,
these findings do not confirm the diagnosis as there are
many spirochetes in feces and cytologic detection of sus-
pected C. perfringens spores that do not always correlate to
the presence of enterotoxins. Histoplasma capsulatum or Pro-
totheca may be observed in the cytoplasm of mononuclear
cells. Methylene blue in acetate buffer (pH 3.6) stains tropho-
zoites of the enteric protozoans. Iodine and acid methyl
green stains are also used for the demonstration of protozo-
ans. Modified acid-fast staining of a thin fecal smear can be
performed in dogs and cats with diarrhea to aid in the diag-
nosis of cryptosporidiosis. Cryptosporidium spp. are the only
enteric organisms of approximately 4 to 6 um in diameter
that will stain pink to red with acid-fast stain (Fig. 91.3).

Fecal Flotation

Cysts, oocysts, and eggs in feces can be concentrated to
increase the sensitivity of detection. A variety of techniques

FIG 91.1
Diff-Quik-stained fecal smear showing appropriate smear
thickness.

FIG 91.2
Wrightstained, thin fecal smear. A neutrophil and spore-
forming rods are present in the center of the field.

are available for use in veterinary clinics. Centrifugation
techniques are more sensitive than passive flotation tech-
niques. Most eggs, oocysts, and cysts are easily identified
after centrifugation in zinc sulfate solution (Box 91.1) or
Sheather sugar solution. These procedures are superior to
passive flotation techniques for the demonstration of proto-
zoan cysts (particularly Giardia spp.; Fig. 91.4). Many clini-
cians are now using big service laboratories for this service,
but in one study, a smaller university laboratory had a greater
sensitivity than a commercial laboratory for detection of
Giardia cysts (Hascall etal., 2016). Fecal sedimentation
recovers most cysts and ova but also contains debris.

Baermann Technique

This technique is used to concentrate motile larvae from
feces. The feces are diluted in water, placed in a funnel
clamped at the ventral end, and the larva concentrate by
gravity. Some respiratory parasites are passed as larvated
eggs but release larvae shortly after being passed in feces.
Eggs or larvae from respiratory parasites can also be detected
by cytologic evaluation of airway washings (Fig. 91.5).

FIG 91.3
Cryptosporidium parvum oocysts stained with a modified
acidast stain. The oocysts are approximately 4 x 6 um.

BOXQH

Zinc Sulfate Centrifugation Procedure

1. Place 1 g fecal material in a 15-mL conical centrifuge
tube.
2. Add 8 drops of Lugol iodine and mix well.
3. Add 7 to 8 mL of zinc sulfate (1.18 specific gravity)*
and mix well.
. Add zinc sulfate until there is a slight positive
meniscus.
. Cover the top of the tube with a coverslip.
. Centrifuge at 1500 to 2000 rpm for 5 minutes.
. Remove the coverslip and place on a clean
microscope slide for microscopic examination.
8. Examine the entire area under the coverslip for the
presence of ova, oocysts, or larvae at x100.

N

N O O

*Add 330 g zinc sulfate to 670 mL distilled water.



FIG 91.4
Giardia cysts after zinc sulfate flotation. The cysts are
approximately 10 x 8 pm.

FIG 91.5

Aelurostrongylus abstrusus larvae in an airway washing
collected by bronchoalveolar lavage. (Courtesy Dr. Timothy
Hackett, Colorado State University, Fort Collins.)

Preservation of Feces

Feces should be refrigerated, not frozen, until assayed. If
present, refrigerated Toxoplasma gondii oocysts will not
likely sporulate and become infectious. In addition, refriger-
ated feces have less overgrowth of yeast, leading to fewer
false-positive results. If a fecal sample is to be sent to a diag-
nostic laboratory for further analysis and will not be evalu-
ated within 48 hours, it should be preserved. Polyvinyl
alcohol, merthiolate-iodine-formalin, and 10% formalin
preservation can be used. Ten percent formalin is commonly
used because of its routine availability; the clinician should
add 1 part feces to 9 parts formalin and mix well.

CYTOLOGY

Cytologic evaluation of exudates, bone marrow aspiration,
blood smears, synovial fluid, gastric brushings, duodenal
secretions, urine, prostatic washings, airway washings, fecal
smears, tissue imprints, and aspiration biopsies is an inex-
pensive and extremely valuable tool for the documentation of
infectious agents; see individual chapters for cytologic find-
ings for select infectious agents. Cytologic demonstration of
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some infectious agents constitutes a definitive diagnosis. It
is no longer recommended to use morphologic appearance
and Gram stain of bacteria to aid in the selection of empiric
antibiotics while waiting for results of culture and antimi-
crobial susceptibility testing as the results are not accurate
(Lappin et al., 2017).

For demonstration of most infectious agents, thin smears
are preferred. Blood can be prepared as follows: 1 drop of
blood approximately the size of a match head is placed at one
end of a clean microscope slide. The short edge of another
slide (i.e., spreader slide) is placed against the slide at a
30-degree angle and pulled back until the blood and the
spreader slide make contact. After the blood spreads across
the width of spreader slide, the slide is smoothly and quickly
pushed away from the blood across the length of the slide
(“push” smears). For materials other than blood, the spreader
slide is laid gently on top of the material; the slides are then
smoothly and rapidly pulled apart on parallel planes (“pull”
smears). Cells in airway washings, prostatic washings, urine,
aqueous humor, and cerebrospinal fluid (CSF) should be
pelleted by centrifugation at 2000 g for 5 minutes before
staining. Multiple slides should always be made, if possible.
After being placed on the microscope slide, the material is
air-dried at room temperature, fixed if indicated by the pro-
cedure used, and stained. Slides that are not stained imme-
diately should be fixed by dipping in 100% methanol and
air-dried.

Cytologic specimens can be stained with routine stains;
immunocytochemical techniques for certain pathogens are
available (see Immunologic Techniques, p. 1432). Stains rou-
tinely used for the diagnosis of infectious diseases in small
animal practice include Wright-Giemsa stain, Diff-Quik,
Gram stain, and acid-fast stain. Inmunocytochemical tech-
niques (e.g., fluorescent antibody staining of bone marrow
cells for feline leukemia virus) are only performed in refer-
ence or research laboratories (see Immunologic Techniques,
p. 1432). The laboratory should be contacted for specific
specimen handling information.

Bacterial Diseases

If bacterial disease is suspected, materials are collected
aseptically and handled initially for culture (see Culture
Techniques, p. 1431). After slides are prepared for cytologic
evaluation, one is generally stained initially with Wright-
Giemsa or Diff-Quik stain. If bacteria are noted, Gram stain
of another slide is performed to differentiate gram-positive
and gram-negative agents. If filamentous, gram-positive rods
are noted, acid-fast staining can help differentiate Actino-
myces (not acid fast) from Nocardia (generally acid fast).
If macrophages or neutrophils are detected, acid-fast stain-
ing is indicated to assess for Mycobacterium spp. within
the cytoplasm; Mycobacterium spp. can often be seen on
Dift-Quik or Wright-Giemsa stained slides (see Fig. 74.2).
Bacteria can be present in small numbers or can be intra-
cellular (Bartonella spp.), so failure to document organisms
cytologically does not totally exclude the diagnosis. Bacterial
culture of all samples with increased numbers of neutrophils



interpret if serum antibodies and inflammatory disease are
present, because serum antibodies leak into ocular fluids and
CSF in the face of inflammation. Detection of local produc-
tion of antibodies within the eye or CNS has been used to
aid in the diagnosis of canine distemper virus infection,
feline toxoplasmosis, and feline bartonellosis (see Chapters
94, 96, and 98). The following is a method to prove local
antibody production by the eye or CNS:

Aqueous humor or CSF-specific antibody

Serum-specific antibody
Serum total antibody

Aqueous humor or CSF total antibody

A ratio greater than 1 suggests that the antibody in the
aqueous humor or CSF was produced locally. This formula
has been used extensively in the evaluation of cats with
uveitis. Approximately 60% of cats with uveitis in the United
States have T. gondii-specific IgM, IgA, or IgG values greater
than 1 (see Chapter 98). The technique was also used to help
prove that FHV-1 and Bartonella henselae are causes of
uveitis in cats (Powell et al., 2010).

ANTEMORTEM DIAGNOSIS OF
INFECTIOUS DISEASES

As discussed, results of organism demonstration assays can
be used to prove an infectious agent is still present in the
body, and results of antibody assays can be used to prove
exposure to infectious agents. However, many of the infec-
tious agents of dogs and cats also colonize the host without
inducing illness. Thus the majority of assays discussed are
really “infectious agent tests” not “infectious disease tests.
The feline hemoplasmas are great examples of this; although
these agents can cause hemolytic anemia in cats and sensitive
and specific PCR assays are available to amplify hemoplasma
DNA, approximately 20% of healthy cats are PCR-positive.
Thus a positive PCR assay result does not document clinical
hemoplasmosis but merely documents current infection.
The clinical diagnosis of an infectious disease usually includes
the combination of the following:

o Clinical signs referable to the agent

« Serologic evidence of exposure to the agent or evidence
of infection by organism demonstration techniques

o Exclusion of other causes of the clinical syndrome

o Response to treatment

However, some clinical illnesses resolve spontaneously
and some antibodies can have antiinflammatory properties;
this combination of findings should only be considered a
tentative diagnosis rather than definitive diagnosis for an
infectious disease.
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Practical Antimicrobiz ™
Chemotherap

Antimicrobial drugs should only be administered if the
index of suspicion for an infection exists. The prescribing
veterinarian should also always be cognizant of the potential
for selecting for antimicrobial resistant strains of bacteria,
particularly when prescribing drugs also used in human
beings. Veterinarians should be familiar with judicious use
of antimicrobial guidelines for the species in question; the
following websites can be of benefit:

1. www.avma.org/KB/Policies/Pages/The-Role-of-the-
Veterinarian-in-Animal- Antimicrobial-Use.aspx

2. https://www.avma.org/KB/Policies/Pages/ AAFP-AAHA-
Basic-Guidelines-of-Judicious-Therapeutic-Use-of-
Antimicrobials.aspx

In small animal practice, decisions to institute antimicro-
bial chemotherapy are made initially without the benefit of
results of culture and antimicrobial susceptibility testing. In
simple, first-time bacterial infections (sporadic bacterial cys-
titis), culture and antimicrobial susceptibility testing is often
not performed, so logical empirical choices should be made.
Groups like the International Society for Companion Animal
Infectious Diseases (ISCAID; www.iscaid.org) and the
Swedish Veterinary Medical Association (http://www.sva.se/
en/antibiotics/use-for-animals-in-sweden) write and publish
specific guidelines that can help veterinarians decide when
to choose to use antibiotics and which to use. In life-
threatening bacterial infections, materials for culture should
be collected, but decisions on the choice of antimicrobials
must be made before obtaining the culture results; patient
survival may depend on the selection of optimal treatment
regimens. For many infectious agents such as Borrelia burg-
dorferi, Ehrlichia spp., hemoplasmas, Rickettsia rickettsii, and
the gastrointestinal (GI; e.g., Giardia) or systemic (e.g., Toxo-
plasma gondii) protozoans, the organisms are not readily
grown in culture, so empirical therapy is always used.

Recognition of the most common infectious agents asso-
ciated with infection of different organ systems or associ-
ated with different clinical syndromes is imperative in
the empirical selection of antimicrobials (Table 92.1). The
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antimicrobial selected must have an appropriate mechanism
of action against the suspected pathogen and must achieve
an adequate concentration in infected tissues. Bacterio-
static agents may be less effective for treatment of infections
in immunosuppressed animals because normal immune
responses are required for the drugs to have maximal effect.
The owner must be willing to administer the drug in the
appropriate interval, and the drug must be affordable.
Whether the antimicrobial has potential for toxicity is also
an important consideration (Table 92.2). In animals with
life-threatening infections, appropriate materials should be
submitted for culture and antimicrobial sensitivity testing,
if possible, and antibiotics administered parenterally ini-
tially. Parenteral antibiotic administration is also indicated
in animals with vomiting or regurgitation. Oral administra-
tion of antibiotics can be initiated when vomiting, regur-
gitation, or the life-threatening condition has resolved but
only if long-term treatment is needed. In life-threatening
infections, administration of antimicrobial agents to treat
gram-positive, gram-negative, aerobic, and anaerobic bacte-
ria (four-quadrant approach) is indicated initially, and then
therapy can be de-escalated based on clinical response and
antimicrobial susceptibility testing.

Most simple, first-time bacterial infections in immuno-
competent animals respond adequately to 5 to 7 days of
antibiotic therapy. Therapy is generally continued for no
more than 1 to 2 days past resolution of clinical signs.
Chronic infections, bone infections, infections in immuno-
suppressed animals, infections resulting in granulomatous
reactions, and those caused by intracellular pathogens are
generally treated for a minimum of 1 week beyond resolution
of clinical signs of disease. Please see specific sections for a
more in-depth discussion of duration of therapy.

If therapeutic response to an antibiotic in 72 hours is poor
and an antibiotic-responsive infectious disease is still likely,
an alternative treatment should be considered. Veterinarians
should always know at least two first-line drugs for each
common infectious agent or infectious disease syndrome
(Tables 92.3 to 92.8) and should have access to a current
formulary and the websites previously cited in this chapter.
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ROUTE OF
DRUG MECHANISM SPECIES DOSAGE ADMINISTRATION
Acetamides Protein synthesis inhibition
Chloramphenicol D 25-50 mg/kg, q8h PO
C 50 mg/cat q12h PO
Florfenicol D 20 mg/kg, q6h PO, IM
Aminoglycosides’ Protein synthesis inhibition
Amikacin D 15-30 mg/kg, q24h IV, IM, SC
C 10-14 mg/kg, q24h IV, IM, SC
Gentamicin D 9-14 mg/kg, q24h IV, IM, SC
C 5-8 mg/kg, q24h IV, IM, SC
Neomycin B 10-20 mg/kg, q6-12h PO
Carbapenems Cell wall synthesis
inhibition
Imipenem-cilastatin B 5 mg/kg, q6-8h IV, IM
Meropenem 8.5 mg/kg, IV, SC
q12h (SC) or g8h (IV)
Cephalosporins Cell wall synthesis
inhibition
Cefadroxil (first generation) D 22-30 mg/kg, q12h PO
C 22 mg/kg, q24h PO
Cefpodoxime (third B 5-10 mg/kg, q24h PO
generation)
Cephalexin (first generation) B 10-30 mg/kg, 98-12h PO
Cefazolin (first generation) B 20-35 mg/kg, q6-12h SC, IM, IV
Cefoxitin (second generation) B 15-30 mg/kg, q6-8h SC, IM, IV
Cefotaxime (third generation) B 20-80 mg/kg, 98-12h SC, IM, IV
Cefovecin B 8 mg/kg, once, can repeat  SC
in 7-14 days
Ceftiofur Naxcel B 2.2-4.4 mg/kg, q24h SC
Macrolides/lincosamides  Protein synthesis inhibition
Azithromycin D 5-10 mg/kg, on day 1 PO
then q3d
Clindamycin D 10 mg/kg, q12h PO, SC
C 5-15 mg/kg, q12h PO, SC
Erythromycin B 10-20 mg/kg, 98-12h PO
Lincomycin B 15-25 mg/kg, q12h PO
Tylosin B 5-15 mg/kg, q12-24h PO
Nitroimidazole Protein synthesis inhibition
Metronidazole® B 10-25 mg/kg, q12-24h PO
B 10 mg/kg, q8h \
Ronidazole B 30 mg/kg, q24h PO
Penicillins Cell wall synthesis
inhibition
Amoxicillin B 22 mg/kg, q12h PO
Amoxicillin and clavulanate D 11 mg/kg, 98-12h PO
C 62.5 mg, q8-12h PO

Continued
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TABLE 921

Antibiotics Used for the Treatment of Bacterial Infections in Dogs and Cats and General Dosing Guidelines*—contd

ROUTE OF
DRUG MECHANISM SPECIES DOSAGE ADMINISTRATION
Ampicillin sulbactam B 20 mg/kg, 98-12h IV, IM
Ampicillin sodium B 20-30 mg/kg, 98-12h SC, IM, IV
Oxacillin B 22-40 mg/kg, q8h PO
Penicillin G B 25,000- 40,000 U/kg, 1%
ql2h

Ticarcillin and clavulanate D 20-50 mg/kg, q6-8h IM, IV
Quinolones Nucleic acid inhibition
Enrofloxacin D 5-20 mg/kg, q12-24h PO, IM, SC, IV

C 5.0 mg/kg, q24h PO, IM, IV
Marbofloxacin B 2.75-5.5 mg/kg, q24h PO
Orbifloxacin D 2.5-7.5 mg/kg, q24h PO

C 7.5 mg/kg, q24h PO
Pradofloxacin D 5.0 mg/kg, q24h PO

C 7.5 mg/kg, q24hr PO
Potentiated sulfas Intermediary metabolism

inhibition
Ormetoprim-sulfadimethoxine D 27.5 mg/kg, q24h PO
Trimethoprim-sulfadiazine B 15 mg/kg, q12h PO
Tetracyclines Protein synthesis inhibition
Doxycycline B 5 mg/kg, q12h OR PO, IV
10 mg/kg, q24h

Minocycline D 5-10 mg/kg, q12h PO

C 50 mg/cat, q24h PO
Tetracycline B 22 mg/kg, 98-12h PO

B, Dog and cat; C, cat; D, dog; IM, Intramuscular; 1V, intravenous; PO, oral; SC, subcutaneous.
*The dose ranges and intervals in this table are general. Please see appropriate sections to determine the optimal dose for specific syndromes

or infections.

For parenterally administered aminoglycosides, giving the total daily dose at one time may lessen the potential for renal toxicity.

¥The maximal total daily dose should be 50 mg/kg.

The following is a brief discussion of the empirical anti-
microbial choices for treatment of infections of various body
systems or types of infections. The reader is referred to indi-
vidual chapters for further information concerning adjunct
treatments.

ANAEROBIC INFECTIONS

The anaerobic bacteria with the most clinical relevance in
dog and cats are Actinomyces spp., Bacteroides spp., Clos-
tridium spp., Eubacterium spp., Fusobacterium spp., Pepto-
streptococcus spp., and Porphyromonas spp. Actinomyces is a
facultative anaerobe; the other organisms are obligate anaer-
obes, which cannot use oxygen metabolically and die in its
presence. Anaerobic bacteria are part of the normal flora in
areas with low oxygen tension and low oxygen-reduction

potential, such as the mucous membranes of the oral cavity
and vagina. The origin of most anaerobic infections is the
animal’s own flora. Anaerobic infections are potentiated by
poor blood supply, tissue necrosis, prior infection, or immu-
nosuppression. Anaerobic bacteria produce a number of
enzymes and factors that induce tissue injury and promote
colonization. Most infections involving anaerobes usually
have coexisting aerobic bacterial infection, which should be
considered when selecting antimicrobial agents.

Anaerobic infections are commonly associated with
infections of the oropharynx, central nervous system (CNS),
subcutaneous space, musculoskeletal system, GI tract, liver,
and female genital tract, and can be associated with clinical
disease in animals with aspiration pneumonia or consoli-
dated lung lobes. Dogs and cats with gingivitis or stomatitis,
rhinitis, retrobulbar abscesses, retropharyngeal abscesses,
pyothorax, otitis media or interna, CNS infection, bite
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Potential Antibiotic Toxicities

TOXICITY ANTIBIOTIC EXAMPLES

Renal tubular disease
Neuromuscular blockade
Ototoxicity

Immune-mediated diseases
Vomiting or diarrhea

Aminoglycosides

Beta lactams
(penicillins and
cephalosporins)

Bone marrow/aplastic anemia

(predominantly cats and humans)
Inhibition of drug metabolism

Chloramphenicol

Doxycycline Esophagitis or strictures in cats given
tablets or capsules
Macrolides/ Vomiting or diarrhea
lincosamides Cholestasis

Esophagitis or strictures in cats given
clindamycin capsules

Neutropenia (metronidazole)

CNS toxicity (metronidazole and
ronidazole)

Nitroimidazoles

Failure of cartilage development in
young, growing animals

Retinal dysfunction in some cats with
some formulations (enrofloxacin in
particular)

Potentiation of seizures

Quinolones

Hepatic-cholestasis or acute hepatic
necrosis (rare)

Macrocytic anemia (long-term
administration in cats)

Thrombocytopenia

Suppurative, nonseptic polyarthritis
(predominantly Doberman)

Keratoconjunctivitis sicca

Renal crystalluria (rare)

Sulfonamides

Renal tubular disease

Cholestasis

Fever, particularly in cats

Inhibition of drug metabolism

Teeth browning in puppies and
kittens (not

doxycycline or minocycline)

Tetracyclines

CNS, Central nervous system.

wounds, open wounds, open fractures, osteomyelitis, peri-
tonitis, bacterial hepatitis, pyometra, vaginitis, bacteremia,
and valvular endocarditis should be suspected to be infected
with anaerobes (Fig. 92.1). Anaerobic infections also should
be considered in animals with a history of fighting, a foreign
body, recent surgery, recent dental procedures, a history
of immunosuppressive drugs or diseases, infections resis-
tant to aminoglycosides or fluoroquinolones, lesions with
a putrid odor or black discharge, a painful lesion with a
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Empirical Antibiotic Choices for Dogs and Cats With
Cutaneous and Soft Tissue Infections

INFECTIOUS AGENT FIRST CHOICE ANTIBIOTICS

Amoxicillin OR

Clindamycin OR

Metronidazole OR

First- or second-generation
cephalosporins

Penicillins OR
Clindamycin OR
Chloramphenical OR
Minocycline

Abscesses
(anaerobes)'?

Actinomyces

Gram-negative or Quinolones

resistant pyoderma

Penicillins (high dose) OR
Minocycline OR
Trimethoprim-sulfonamide OR
Amikacin OR

Imipenem cilastatin

Nocardia

Clindamycin or lincomycin OR

First-generation cephalosporins
OR

Amoxicillin-clavulanate OR

Trimethoprim-sulfonamide

Staphylococcal
pyoderma

'Cefovecin can be considered if the cat is impossible to medicate
orally.

2Amoxicillinclavulanate is not generally required for simple cat bite
abscesses and should be considered as a second choice drug if the
need is approved by culture.

FIG 92.1
Caudal stomatitis in a cat with suspected secondary
anaerobic bacterial infection.

serosanguineous discharge, neutrophilic inflammation with
cytologically evident bacteria but negative aerobic culture,
and the presence of “sulfur granules” on cytology. Flaccid
paralysis (Clostridium botulinum), rigid paralysis and trismus
(Clostridium tetani), and subcutaneous gas production occur
in association with some anaerobic infections.
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Prevention c ™
Infectious Disease

Preventing infections is always preferred over treating infec-
tions. Avoiding exposure is the most effective way to prevent
infections. Most infectious agents of dogs and cats are trans-
mitted in fecal material, respiratory secretions, reproductive
tract secretions, or urine; by bites or scratches; or by contact
with vectors or reservoirs. Some infectious agents such as
feline herpesvirus 1 (FHV-1), Bordetella bronchiseptica, and
influenza viruses can be transmitted by direct contact with
clinically normal, infected animals. Many infectious agents
are environmentally resistant and can be transmitted by
contact with a contaminated environment (fomites). The
avoidance of zoonotic transfer of infectious agents is
extremely important because some zoonotic diseases, such
as plague and rabies, are life-threatening (see Chapter 99).
Recognition of risk factors associated with infectious agents
is the initial step in the prevention of infectious diseases.
Veterinarians should strive to understand the biology of each
infectious agent so that they can counsel clients and staff on
the best strategies for prevention.

There are many parasitic diseases that are of importance
to pets as well as their owners due to risk of zoonotic transfer,
like ascarids and hookworms. There are also multiple vector-
borne diseases of importance in dogs and cats, with those
associated with fleas or ticks being most common in most
countries. Thus one of the most important parts of any infec-
tious disease prevention program is to provide parasite
control. As discussed in Chapter 99, routine deworming and
vector control are indicated for both indoor and outdoor
pets. Use of the Companion Animal Parasite Council guide-
lines is an easy and effective way to help avoid internal and
external parasitic diseases (www.capcvet.org).

Vaccines available for some infectious agents can either
prevent infection (canine distemper, canine parvovirus,
feline panleukopenia) or lessen clinical illness (respiratory
agents) when infection occurs. Use of vaccine guidelines
from the American Association of Feline Practitioners
(AAFP; www.catvets.com), the American Animal Hospital
Association (www.aahanet.org), and the World Small Animal
Veterinary Association (www.wsava.org) can help practicing
veterinarians made logical vaccination protocols for individ-
ual pets. However, in most countries a significant proportion
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of dogs and cats are not vaccinated. For example, in a recent
study in Great Britain, only 77.9% of dogs, cats, and rabbits
seen at veterinary clinics were vaccinated (Sanchez-Vizcaino,
2018). The veterinary industry needs to continue to strive
to increase vaccine compliance, particularly for rabies. In
addition, vaccines are not uniformly effective, are not avail-
able for all pathogens, and sometimes induce serious adverse
effects. Therefore the development of sound biosecurity pro-
cedures is also paramount to avoid exposure to infectious
agents when developing a preventive medicine program.

BIOSECURITY PROCEDURES FOR SMALL
ANIMAL HOSPITALS

Most hospital-borne infections (nosocomial) can be pre-
vented by following simple biosecurity guidelines (Box
93.1). The following general guidelines to consider were
adapted from those used at the Veterinary Medical Center
at Colorado State University (http://csuvets.colostate.edu/
biosecurity). A number of excellent reviews are also avail-
able (Stull et al., 2015; Stull and Weese, 2015).

GENERAL BIOSECURITY GUIDELINES

Contaminated hands are the most common source of infec-
tious agent transmission in the hospital environment. Fin-
gernails of personnel having patient contact should be cut
short. Hands should be washed before and after attending to
each individual animal as follows. Collect clean paper towels
and use to turn on water faucets; wash hands for 30 seconds
with antiseptic soap, being sure to clean under fingernails;
rinse hands thoroughly; use the paper towel to dry hands;
and use the paper towel to turn off the water faucets. Use of
antiseptic lotion should be encouraged. Personnel should
not touch patients, clients, food, doorknobs, drawer or
cabinet handles or contents, equipment, or medical records
with soiled hands or gloves.

All employees should wear an outer garment such as a
smock or scrub suit when attending to patients. Footwear
should be protective, clean, and cleanable. A minimum of
two sets of outer garments should always be available, and
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BOX 93.1

General Hospital Biosecurity Guidelines

® Wash hands before and affer each patient contact.

® Wear gloves when handling patients when zoonotic
diseases are on the list of differential diagnoses.

® Minimize contact with hospital materials (instruments,
records, door handles, etc.) while hands or gloves are
contaminated.

® Always wear an outer garment, such as a smock or
scrub shirt, when handling patients.

® Change outer garments when soiled by feces,
secretions, or exudates.

® Clean and disinfect equipment (stethoscopes,
thermometers, bandage scissors, etc.) after each use
with animals likely to have an infectious disease.

® Examination tables, cages, and runs should be
cleaned and disinfected after each use.

® Litter boxes and dishes should be cleaned and
disinfected after each use.

® Place animals with suspected infectious diseases into
an examination room or an isolation area immediately
on admission into the hospital.

® Treat animals with suspected infectious diseases as
outpatients if possible.

® Procedures that use general hospital facilities, such as
surgery and radiology, should be postponed until the
end of the day if possible.

® Do not consume fluids or drink in areas where patient
care is provided.

they should be changed immediately after contamination
with feces, secretions, or exudates. Equipment such as
stethoscopes, pen lights, thermometers, bandage scissors,
lead ropes, percussion hammers, and clipper blades are sus-
pected to serve as fomites and should be cleaned and disin-
fected after each use with animals likely to have a transmissible
infectious disease (Haun et al., 2016). Disposable thermom-
eter covers or thermometers should be used.

To avoid zoonotic transfer of infectious diseases, food or
drink should not be consumed in areas where animal care is
provided. All areas where animals are examined or treated
should be cleaned and disinfected immediately after use,
irrespective of infectious disease status of the individual
animal.

PATIENT EVALUATION

Prevention of infectious diseases starts with the front desk
personnel. Staft should be trained to recognize the present-
ing complaints for the infectious agents in the geographic
area of the hospital. Animals with gastrointestinal signs,
respiratory signs, or ectoparasites are the most likely to be
contagious. Infectious gastrointestinal disease should be sus-
pected in all dogs and cats with small- or large-bowel diar-
rhea whether the syndrome is acute or chronic. Infectious
respiratory disease should be suspected in all dogs and cats
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with sneezing or coughing (Lappin et al., 2017). The index
of suspicion for infectious diseases is increased for dogs or
cats with acute disease and fever, particularly if the animal
is from a crowded environment such as a breeding facility,
boarding facility, or shelter.

Front desk personnel should indicate clearly on the hos-
pital record that gastrointestinal signs, respiratory signs,
or ectoparasites are present. If the presenting complaint
is known before admission into the hospital, an optimal
method would be to meet the client in the parking area to
determine the infectious disease risk before the pet enters
the hospital. If an infectious gastrointestinal or respiratory
disease is suspected, the animal should be transported (i.e.,
not allowed to walk on the premises) to an examination
room or the isolation facility. If a patient with acute gastro-
intestinal or respiratory disease or ectoparasites is presented
directly to the reception desk, the receptionist should contact
the receiving clinician, technician, or student immediately
and coordinate placement of the animal in an examination
room to minimize hospital contamination. Animals with
suspected infectious diseases should be treated as outpa-
tients if possible. If hospitalization is required, the animal
should be transported to the appropriate housing area by
the shortest route possible, preferably with a gurney to
lessen hospital contamination. The gurney and any hos-
pital materials in contact with potentially contaminated
employees (including examination tables and doorknobs)
should be immediately cleaned and disinfected as previously
mentioned.

HOSPITALIZED PATIENTS

If possible, all animals with suspected infectious diseases,
such as Salmonella spp., Campylobacter spp., parvovirus
infection, canine infectious respiratory disease complex
(CIRDC), acute feline upper respiratory disease syndrome,
rabies, or plague, should be housed in an isolated area of the
hospital. The number of staff members entering the isola-
tion area should be kept to a minimum. On entry into the
isolation area, outerwear should be left outside, and surgical
booties or other disposable shoe covers should be placed
over the shoes. Alternatively, a foot bath filled with disinfec-
tant should be placed by the exit and used when leaving the
area. The room should be entered, and a disposable gown
(or smock designated for the patient) and latex gloves should
be put on. A surgical mask should be worn when attend-
ing dogs or cats with suspected plague or tularemia, and
extreme care should be taken to avoid being bitten. Separate
equipment and disinfectant supplies should be used in the
isolation area.

All biologic materials submitted to clinical pathology
laboratories or diagnostic laboratories from animals with
suspected or proven infectious diseases should be clearly
marked as such. Fecal material should be placed in a plastic,
screw-capped cup with a tongue depressor or while the cli-
nician is wearing gloves. Place the cup in a clean area and
place the lid on with a clean, gloved hand. Remove the used
gloves and place the cup in a second bag clearly marked
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CHAPTER

Polysystemic Bacteri
Disease

CANINE BARTONELLOSIS

Etiology and Epidemiology

Bartonella vinsonii subspecies berkhoffii was initially isolated
from a dog with endocarditis in North Carolina (Breitschw-
erdt et al., 1995). Bartonella vinsonii (berkhoffii) is thought to
be tick-borne but has also been amplified from fleas collected
from dogs (Yore et al., 2014). In a recent seroprevalence
study of 15,451 dogs, 3.26% of dogs were Bartonella spp.
seroreactive with B. henselae (2.13%), B. koehlerae (2.39%),
or B. vinsonii subsp. berkhoffii (1.42%, P < 0.0001) organisms
(Lashnits et al., 2018). Bartonella henselae and B. koehlerae
are transmitted by fleas. In the seroprevalence study, Barton-
ella spp. antibodies were detected more often in intact males
(5.04%) than neutered males (2.87%, P < 0.0001) or intact
or spayed females (3.22%, P = 0.0003). This result and the
documentation of Bartonella spp. infections in dogs in areas
where vector-borne diseases are uncommon like Colorado
and Wyoming suggest direct transmission may also occur
(Fenimore et al., 2011). Many other Bartonella species have
been isolated from dogs from which DNA has been ampli-
fied from blood or tissues, and include B. clarridgeiae, B.
washoensis, B. quintana, B. rochalimae, and B. elizabethae.
Each of these organisms can potentially induce illness in
dogs. Dogs infected with a Bartonella species are commonly
co-infected with other agents such as Anaplasma spp. or
Ehrlichia spp., which may play a role in the pathogenesis of
disease.

Clinical Features

Bartonella henselae and B. vinsonii (berkhoffii) seem to be
the most likely species to be associated with clinical disease
in dogs. Clinical findings or syndromes most frequently
attributed to Bartonella spp. infections of dogs include
endocarditis, fever, arrhythmias, hepatitis, granulomatous
lymphadenitis, cutaneous vasculitis, rhinitis, polyarthri-
tis, meningoencephalitis, thrombocytopenia, eosinophilia,
monocytosis, immune-mediated hemolytic anemia, epi-
staxis, idiopathic cavitary eftusions, and uveitis. Bartonella
spp. infection should be considered in all dogs, cats, and

human beings with evidence of infective endocarditis (Fig.
94.1) particularly if culture negative using routine media
(Okaro et al., 2017; Fenimore et al., 2011; Sykes et al., 2006).
Recently, ineffective erythropoiesis was detected in a dog
positive for B. henselae that subsequently responded to anti-
biotics (Randell et al., 2018). In one study of valvular endo-
carditis, all dogs with Bartonella spp.—associated disease were
also seropositive for Anaplasma phagocytophilum (MacDon-
ald et al., 2004). Whether the co-infection potentiated the
Bartonella-associated disease is unknown.

Diagnosis

Serum antibodies can be detected in both healthy and clini-
cally ill dogs, so the presence of antibodies does not always
correlate to illness. However, because approximately 50% of
dogs with bartonellosis are seronegative, serum antibodies
should never be used as the sole diagnostic method in
suspect cases (www.galaxydx.com). Bartonella spp. can be
difficult to amplify from dogs because the organism is fre-
quently present in low numbers. Thus amplification of DNA
by polymerase chain reaction (PCR) assay with or without
culture is often necessary to confirm infection; blood or
affected tissues may also be used for PCR (Duncan et al,,
2007; www.galaxydx.com). If positive test results are detected
in a clinically ill dog and no other explanation for the illness
is obvious, treatment is indicated.

Treatment

Dogs with suspected bartonellosis have failed treatment
with doxycycline alone; thus failure to respond to this drug
should not exclude the diagnosis. Azithromycin therapy has
been successful in some dogs, but it is now recognized that
B. henselae can become resistant to this drug more quickly
than fluoroquinolones (Biswas et al., 2010). Dual therapy
is believed to be more effective than monotherapy by some
veterinarians, but more information is necessary. Doxycy-
cline at 5 to 10 mg/kg, orally (PO), q12h combined with a
veterinary fluoroquinolone like enrofloxacin at 5 mg/kg, PO,
q24h is used by most veterinarians working with Bartonella
spp. infected dogs (Breitschwerdt, 2017). Rifampin used with
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FIG 94.1
Bacterial endocarditis in a dog positive for B. henselae
DNA in the heart value.

another drug may be required for resistant cases. Dogs with
endocarditis should be given an aminoglycoside parenter-
ally for the first week of therapy; amikacin at 20 mg/kg,
intravenous (IV), q24h is commonly recommended while
evaluating for renal toxicity. No matter which drug is used,
a minimum of 4 to 6 weeks of treatment is usually necessary.
In one study, successfully treated dogs became seronegative
(Breitschwerdt et al., 2004). However, because so many dogs
are initially seronegative and the organism can be difficult
to grow or amplify from dogs, it is difficult to make defini-
tive recommendations concerning use of diagnostic tests
to confirm response to therapy. Thus, resolution of clinical
signs and clinicopathologic abnormalities are of paramount
importance, and flea and tick control should be maintained
to attempt to avoid reinfection.

Zoonotic Aspects and Prevention

Many of the Bartonella spp. that have been detected in dogs
also infect humans, in particular B. henselae and B. vinsonii
(berkhoffii). Bartonella henselae has been detected in dog
saliva, and the cat scratch disease syndrome has been docu-
mented in human beings after exposure to dogs. Care should
be taken to avoid bites, scratches, or contaminated needle
sticks while handling or treating infected dogs. Flea and tick
control is likely to lessen transmission of Bartonella species
between dogs and perhaps from dogs to people. See the
Zoonotic Aspects and Prevention section for feline bartonel-
losis for additional information.

FELINE BARTONELLOSIS

Etiology and Epidemiology

Cats have been proven to be infected by B. henselae, B. clar-
ridgeiae, B. koehlerae, B. quintana, and B. bovis by culture or
DNA amplification (Brunt et al., 2006; Breitschwerdt, 2017).
Cats are the main reservoir hosts for B. henselae and B.

0.5 um

FIG 94.2
Electron micrograph of a feline erythrocyte showing

intracellular Bartonella henselae. (Courtesy Dr. Dorsey
Kordick.)

clarridgeiae, and are likely the reservoir for B. koehlerae.
Ctenocephalides felis plays a role in the transmission of these
three species among cats. Bartonella henselae is the most
common cause of cat scratch disease, as well as bacillary
angiomatosis and peliosis hepatis, common disorders in
human beings with acquired immunodeficiency syndrome
(Breitschwerdt, 2017). However, multiple other Bartonella
spp. disease associations have now been recognized, and vet-
erinarian healthcare providers are occupationally at risk (see
the Zoonoses subsection). Bartonella species have both
intraendothelial and intraerythrocytic phases of infection
(Fig. 94.2). The intracellular location may relate to the dif-
ficulties in permanently eliminating bacteremia and pro-
motes C. felis taking up the organism in the blood meal.
However, feline Bartonella spp. have not been associated
with hemolytic anemia in cats, suggesting that this phase of
infection is a host evasion mechanism (Ishak et al., 2007).
On the basis of results of seroprevalence studies, culture,
or PCR assay, cats are commonly exposed to or infected by
Bartonella species. Because feline Bartonella spp. are mainly
transmitted by C. felis, prevalence is greatest in cats from
regions where fleas are common. For example, although Bar-
tonella spp. DNA was not amplified from any sample from
cats in Colorado where fleas are rare due to the dry environ-
ment, it was commonly amplified from blood (56.9%), skin
(31.4%), claws (17.6%), and gingiva (17.6%) of 51 cats
housed in Alabama and Florida, where C. felis infestation is
common (Lappin and Hawley, 2009). Results have been
similar in other studies performed around the world.
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doxycycline at 10 mg/kg, PO, daily for 7 days as the initial
therapeutic trial (Brunt et al., 2006). In the United States,
doxycycline should be formulated into a flavored suspension
or given with water to avoid esophagitis leading to esopha-
geal strictures. Using the drug twice daily is also acceptable
and may increase the chance of eliminating bacteremia. If
a positive response is achieved, continue treatment for 2
weeks past clinical resolution of disease or for a minimum
of 28 days. If a poor response is achieved by day 7 or doxy-
cycline is not tolerated and bartonellosis is still considered
a valid differential diagnosis, fluoroquinolones should be
used as second choices. Enrofloxacin at 5 mg/kg, PO, daily
was used in one study of cats infected by exposure to fleas
(Bradley and Lappin, 2010). Recently, enrofloxacin has been
used less frequently in cats due to the risk of retinal degen-
eration. Fever suspected to be due to Bartonella spp. in one
field study seemingly resolved after the administration of
doxycycline or orbifloxacin (Lappin et al., 2012). Bartonella
henselae isolates from people or cats were shown to rapidly
develop resistance to azithromycin, so this drug should not
be used to treat feline bartonellosis (Biswas et al., 2010).
Pradofloxacin is a newer generation quinolone available
for use in cats in some countries, and unpublished data
suggest that use of the United States formulation of this
drug at 7.5 mg/kg, PO, daily may be the preferred drug to
treat bartonellosis in cats. Bartonella spp.—positive cats that
have failed to respond after administration of two differ-
ent drugs with presumed anti-Bartonella activity generally
have another cause of the clinical syndrome. There is no
clinical utility in rechecking Bartonella serologic test or
PCR test results in cats after clinical signs resolve because
infection is difficult to clear and reinfection is common.
Thus, successfully treated cats should have strict flea control
maintained.

Zoonotic Aspects and Prevention

The clinical manifestations of bartonellosis in people are
more extensive than just cat scratch disease, peliosis hepatis,
bacillary angiomatosis, and valvular endocarditis. It is now
apparent that immune-competent individuals can develop a
number of Bartonella spp.—associated chronic inflammatory
syndromes, and Bartonella spp. infections are an occupa-
tional risk for veterinary healthcare providers (Breitschwerdt
et al., 2007; Breitschwerdt et al., 2011; Oteo et al., 2017). For
example, Bartonella spp. infection was commonly confirmed
in people with rheumatic symptoms in a Lyme disease-
endemic region (Maggi et al., 2012). Bartonella henselae may
have contributed to the death of two veterinarians (Bre-
itschwerdt et al., 2015).

Veterinarians or others commonly exposed to cats or fleas
that develop chronic inflammatory diseases should have
Bartonella spp. on the list of differential diagnoses. To lessen
the likelihood of acquiring a Bartonella species infection
from a cat, the following adaptations of recommendations to
HIV-infected people and other cat owners by the Centers for
Disease Control and Prevention and the AAFP have been
developed:

o Flea control should be initiated and maintained year
round.

o If a family member is immunocompromised and a new
cat is to be acquired, adopt a healthy cat older than 1 year
and free of fleas.

o Immunocompromised individuals should avoid contact
with cats of unknown health status.

« Declawing of cats is generally not required, but claws
should be trimmed regularly.

o Bites and scratches should be avoided (including rough
play with cats).

 Cat-associated wounds should be washed promptly and
thoroughly with soap and water and medical advice
sought.

 Although Bartonella species have not been shown to be
transmitted by saliva, cats should not be allowed to lick
open wounds.

o Keep cats indoors to minimize hunting and exposure to
fleas and other possible vectors.

 Avoid needle sticks contaminated with blood from poten-
tially infected cats or dogs.

FELINE PLAGUE

Etiology and Epidemiology

Yersinia pestis is the facultatively anaerobic gram-negative
coccobacillus that causes plague. The organism is main-
tained in a sylvan life cycle between rodent fleas and
infected rodents, including rock squirrels, ground squirrels,
and prairie dogs. However, it has been shown that C. felis
can be a competent vector, but transmission was less effi-
cient than by a rodent flea in one experimental study (Eisen
et al,, 2008). Both cats and dogs are susceptible to infec-
tion. Antibodies against Y. pestis have also been detected
in serum of nondomestic felids. Clinical disease is recog-
nized most frequently from spring through early fall, when
rodents and rodent fleas are most active. However, a recent
unpublished case in Colorado was diagnosed in December
of a mild winter. Most of the cases in human beings and
cats in the United States have been documented in Colo-
rado, New Mexico, Arizona, California, and Texas. Of the
cases of human plague diagnosed from 1977 to 1998, 23
(7.7%) resulted from contact with infected cats (Gage et al.,
2000).

Cats and dogs are infected after being bitten by infected
rodent fleas, after ingestion of bacteremic rodents, or after
inhalation of the organism. After ingestion, the organism
replicates in the tonsils and pharyngeal lymph nodes, dis-
seminates in the blood, and results in a neutrophilic inflam-
matory response and abscess formation in infected tissues.
The incubation period is 2 to 6 days after a flea bite and 1 to
3 days after ingestion or inhalation of the organism. Out-
comes in experimentally infected cats include death (6 of 16
cats; 38%), transient febrile illness with lymphadenopathy (7
of 16 cats; 44%), or inapparent infection (3 of 16 cats; 19%)
(Gasper et al., 1993).
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the transport time is expected to be longer than 24 hours.
Most Mycoplasma spp. require special media, but in one
report M. canis grew on regular blood agar plates (LAbee-
Lund et al., 2003). Because the organisms are part of the
normal flora, culture of the mucous membranes of healthy
animals is never indicated.

Because Mycoplasma spp. or Ureaplasma spp. can be cul-
tured from healthy animals, interpretation of positive culture
results in sick animals is difficult. Most laboratories do not
report results of antibiotic susceptibility testing. The disease
association is strong if Mycoplasma spp. or Ureaplasma spp.
are isolated in pure culture from tissues from which isolation
is unusual (lower airway, uterus, joints). Response to treat-
ment with drugs with known activity against Mycoplasma
spp. or Ureaplasma spp. may help support the diagnosis of
disease induced by these agents.

PCR assays are now available for amplification of myco-
plasmal DNA (Johnson et al., 2004; Chalker et al., 2004; Low
et al., 2007; Zirofsky et al., 2018) in multiple diagnostic labo-
ratories, but they have the same diagnostic limitations as
cultures as positive results do not correlate to the presence
of disease or response to therapy. Some laboratories use M.
felis or M. cynos specific primers in the PCR assays, which
will result in failure to detect other potentially pathogenic
species.

Treatment

Tylosin, erythromycin, clindamycin, lincomycin, tetra-
cyclines, chloramphenicol, aminoglycosides, and fluoro-
quinolones are effective for treatment of Mycoplasma spp.
or Ureaplasma spp. infections (see Chapter 92). Doxycy-
cline administered orally at 10 mg/kg q24h or at 5 mg/kg
ql2h is generally effective in animals with a competent
immune system or without life-threatening disease (Lappin
et al., 2017). In animals with mixed infections with gram-
negative organisms, life-threatening disease, or suspected
tetracycline-resistant strains, fluoroquinolones or azithro-
mycin are good alternate antibiotic choices. One cat with a
non-healing bite wound was positive for M. equigenitalium
or M. elephantis DNA and ultimately responded to enro-
floxacin and clindamycin (Torres-Henderson et al., 2014).
In one study of shelter cats with suspected bacterial upper
respiratory infections, the new veterinary fluoroquinolone,
pradofloxacin, gave numerically higher response rates than
amoxicillin (Spindel et al., 2008). Treatment for 4 to 6 weeks
is usually required for lower airway, subcutaneous, or joint
infections.

Zoonotic Aspects and Prevention

Although risk of zoonotic transfer is likely minimal, bite
wound transmission of Mycoplasma spp. from an infected
cat to the hand of a human being has been reported (McCabe
etal, 1987). Most Mycoplasma spp. or Ureaplasma spp.
infections in dogs and cats are opportunistic and associated
with other causes of inflammation; thus they are not likely
to be directly contagious from animal to animal unless a
pathogenic strain exists. Mycoplasma spp. appear to have

been associated with respiratory tract disease in dogs and
cats as primary pathogens and may be spread from animal
to animal, as with M. pneumoniae in human beings. Animals
with conjunctivitis or respiratory tract disease should be iso-
lated from other animals until clinical signs of disease have
resolved (see Chapter 93). Mycoplasma spp. and Ureaplasma
spp. are susceptible to routine disinfectants and rapidly die
outside the host.
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CHAPTER

Polysystemic Vire
Disease

¢

Many viruses infect dogs and cats. Several, including canine
distemper virus (CDV), some feline coronaviruses, feline
immunodeficiency virus (FIV), and feline leukemia virus
(FeLV) can cause systemic signs of disease. See other chap-
ters for discussions of viral diseases primarily associated with
disease of specific organ systems.

CANINE DISTEMPER VIRUS

Etiology and Epidemiology

CDV induces disease predominantly in terrestrial carni-
vores, but many other species, including seals, ferrets, skunks,
badgers, porpoises, and exotic Felidae, have been infected by
either CDV or related morbilliviruses. Virulence of the CDV
strains varies by genetic lineage. Strains of CDV occurring
in dogs in North America now vary genetically from isolates
evaluated in the 1900s, and there are now antigenic variants
that may affect current vaccine efficacy (Anis et al., 2018;
Kapil et al., 2008). In addition, more than one strain of CDV
can be present in the same area (Wostenberg et al., 2018).
The virus replicates in lymphoid, nervous, and epithelial
tissues, and is shed in respiratory exudates, feces, saliva,
urine, and conjunctival exudates for up to 60 to 90 days after
natural infection. After inhalation, the virus is engulfed by
macrophages and within 24 hours is carried by the lymphat-
ics to tonsillar, pharyngeal, and bronchial lymph nodes,
where replication occurs. Central nervous system (CNS) and
epithelial tissues are infected approximately 8 to 9 days after
initial infection.

The degree of clinical illness and the tissues involved vary
depending on the strain of the virus and the immune status
of the host. Nonimmune dogs of any age are susceptible, but
the disease is most common in puppies between 3 and 6
months of age. Massive replication of the virus in the epithe-
lial cells of the respiratory tract, gastrointestinal system, and
genitourinary system occurs in dogs with poor immune
responses by postinfection days 9 to 14; these dogs usually
die from polysystemic disease. In dogs with moderate
immune responses by postinfection days 9 to 14, the virus

replicates in epithelial tissues and may result in clinical signs
of disease. Dogs with good cell-mediated responses and
virus-neutralizing antibody titers by postinfection day 14
clear the virus from most tissues and may not be clinically
affected. Most infected dogs develop CNS infection, but
clinical signs of CNS disease occur only in dogs with low or
no antibody response. Acute demyelination results from
restrictive infection of oligodendrogliocytes and subsequent
necrosis; chronic demyelination is caused by immune-
mediated mechanisms, including antimyelin antibodies and
CDV immune complex formation and removal.

Clinical Features

Many clinically affected dogs are unvaccinated, failed to
receive colostrum from an immune bitch, were inappropri-
ately vaccinated, or are immunosuppressed and also have a
history of exposure to infected animals. Owners generally
present affected dogs for evaluation of depression, malaise,
oculonasal discharge, cough, vomiting, diarrhea, or CNS
signs. Dogs with poor immune responses generally have the
most severe signs and progress rapidly to life-threatening
disease. Some partially immune dogs have only mild respi-
ratory disease, presumptively diagnosed as canine infec-
tious respiratory disease complex. Tonsillar enlargement,
fever, and mucopurulent ocular discharge are common
physical examination findings. Increased bronchial sounds,
crackles, and wheezes are usually auscultated in dogs with
bronchopneumonia.

Hyperesthesia, seizures, cerebellar or vestibular disease,
paresis, and chorea myoclonus are common CNS signs that
generally develop within 21 days of recovery from systemic
disease (Table 96.1). CNS disease is generally progressive and
carries a poor prognosis; it can develop in some dogs that
never had systemic signs of disease recognized. Old dog
encephalitis is a chronic, progressive panencephalitis in dogs
older than 6 years thought to be attributable to CDV infec-
tion in which microglial proliferation and neuronal degen-
eration in the cerebral cortex result in depression, circling,
head pressing, and visual deficits (see Chapter 64 for more
information on CNS distemper).
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TABLE 96.1

Infectious Diseases

Clinical Manifestations of CDV Infection

In utero infection

Gastrointestinal tract
disease

Respiratory tract

Stillbirth

Abortion

Fading puppy syndrome in the
neonatal period

CNS signs at birth

Vomiting

Small-bowel diarrhea

Mucoid to mucopurulent nasal

disease discharge

Sneezing

Coughing with increased
bronchovesicular sounds or
crackles on auscultation

Dyspnea

Ocular disease Retinochoroiditis, medallion lesions
(see Fig. 96.1), optic neuritis

Keratoconjunctivitis sicca

Mucopurulent ocular discharge
Neurologic Disease
Spinal cord disease  Paresis and ataxia

Central vestibular
disease

Head tilt, nystagmus, other cranial
nerve and conscious
proprioception deficits

Ataxia, head bobbing,

hypermetria

Cerebellar disease

Cerebral disease Generalized or partial seizures
(“chewing gum fits")
Depression

Unilateral or bilateral blindness

Rhythmic jerking of single muscles
or muscle groups

Chorea myoclonus

Miscellaneous Fever
Anorexia
Tonsillar enlargement
Dehydration
Pustular dermatosis
Hyperkeratosis of the nose and

footpads

Enamel hypoplasia in surviving

puppies

CDV, Canine distemper virus; CNS, central nervous system.

Ocular abnormalities associated with CDV infection
include anterior uveitis, optic neuritis with resultant blind-
ness and dilated pupils, and retinochoroiditis. The combina-
tion of retinochoroiditis and encephalitis is detected in
approximately 40% of affected dogs. Keratoconjunctivitis
sicca and hyperreflective retinal scars called medallion lesions
occur in some dogs with chronic infection (Fig. 96.1).

Other less common syndromes have been attributed
to CDV infection. Dogs infected before the development
of permanent dentition usually have enamel hypoplasia.

FIG 96.1

Medallion lesions resulting from canine distemper virus
infection. (Courtesy Dr. Cynthia Powell, Colorado State
University, Fort Collins.)

Hyperkeratosis of the nose and footpads and pustular der-
matitis are the most common dermatologic abnormalities.
Puppies infected transplacentally can be stillborn, aborted,
or born with CNS disease.

Diagnosis

The combination of clinical findings and routine clinico-
pathologic and radiographic evaluation usually leads to a
presumptive diagnosis of CDV infection. Lymphopenia
and mild thrombocytopenia are consistent hematologic
abnormalities. Interstitial and alveolar pulmonary infiltrates
are common radiographic findings in dogs with respira-
tory disease. Although some dogs with CNS infection
have normal cerebrospinal fluid (CSF) analyses, most have
mononuclear cell pleocytosis and increased protein concen-
trations. The ratio of serum/CSF immunoglobulin G (IgG)
and albumin is commonly high in dogs with encephalitis,
but this only documents inflammation of the CNS, not CDV
infection.

Measurement of serum or CSF antibody titers can aid in
the diagnosis of CDV infection. Documentation of a four-
fold increase in the serum IgG titer over a 2- to 3-week
period or detection of IgM antibodies in serum is consistent
with recent infection or recent vaccination but does not
prove clinical disease. CSF antibody titers to CDV are
increased in some dogs with encephalitis. False-positive
results can occur in CSF samples contaminated with blood.
If CSF antibody titers are greater than those in serum, the
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FeLV-infected cats should be housed indoors to avoid
infecting other cats and avoid exposure to opportunistic
agents. Flea control should be maintained to avoid exposure
to hemoplasmas, and Bartonella spp. FeLV-infected cats
should not be allowed to hunt or be fed undercooked meats
to avoid infection by T. gondii, Cryptosporidium parvum,
Giardia spp., and other infectious agents carried by transport
hosts.

Antigens of FeLV have never been documented in the
serum of human beings, suggesting that the zoonotic risk is
minimal. However, FeLV-infected cats may be more likely
than FeLV-naive cats to pass other zoonotic agents, such as C.
parvum and Salmonella spp., into the human environment.
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BLASTOMYCOSIS

Etiology and Epidemiology

Blastomyces dermatitidis is a saprophytic yeast found primar-
ily in the Mississippi, Missouri, and Ohio River valleys; the
mid-Atlantic states; and southern Canada. An extracellular
yeast form (5-20 pm in diameter) with broad-based budding
develops in the vertebrate host (Table 97.1). The infectious
mycelial phase occurs in the soil and in culture.

Blastomycosis develops most frequently in areas exposed
to high humidity, fog, excavation sites, and sandy, acidic
soils near bodies of water. Potential for disease may vary
with the virulence of the field strain, the inoculum dose,
and the immune status of the host. Most clinical cases occur
from point source exposure; multiple cases are diagnosed
in an area, and clusters of infection in people and dogs
have been reported. Seasonal, weather, and environmental
variables influence prevalence rates. Transmission is from
inhalation or contamination of open wounds with spores
from the environment. Nasal culture failed to identify the
fungus on samples collected from 110 clinically normal dogs
living in an endemic area, suggesting colonization of this site
is not common (Varani et al., 2009). After inhalation, the
organism probably replicates in the lungs initially and then
spreads hematogenously to other tissues, including the skin
and subcutaneous tissues, eyes, bones, lymph nodes, external
nares, brain, testes, nasal passages, prostate, liver, mammary
glands, vulva, and heart. However, central nervous system
(CNS) disease may result from extension from the nasal
cavity. The organism can be swallowed and passed in feces.
Incomplete clearance of the organism by individuals with
poor cell-mediated immune responses results in pyogranu-
lomatous inflammation in affected organs, which can cause
clinical signs of disease. Subclinical infection is believed to
be uncommon in dogs and cats.

Clinical Features

Large-breed, young, male, sporting dogs are infected most
commonly by B. dermatitidis most likely because of an
increased chance for exposure to the organism. Anorexia,
cough, dyspnea, exercise intolerance, weight loss, ocular
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disease, skin disease, depression, lameness, and syncope are
the most common presenting complaints.

Fever occurs in approximately 40% of affected dogs.
Interstitial lung disease and hilar lymphadenopathy result
in cough, dry and harsh lung sounds, and dyspnea; hyper-
trophic osteopathy occurs in some dogs. Infection of the
nasal cavity, the nasopharynx, and the retrobulbar area
occurs rarely and can extend intracranially. Dyspnea from
chylothorax caused by cranial vena cava syndrome has
been described. Valvular endocarditis occurs as well, and
conduction disturbances from myocarditis are detected in
some dogs with cardiac blastomycosis. Lymphadenopathy
and cutaneous or subcutaneous nodules, abscesses, plaques,
or ulcers occur in 20% to 40% of infected dogs. Spleno-
megaly is common. Lameness from fungal osteomyelitis of
the spine or appendicular skeleton occurs in approximately
30% of dogs with blastomycosis. Infection of the testes, pros-
tate, urinary bladder, mammary glands, and kidneys occurs
rarely.

Ocular manifestations are recognized in approximately
30% of dogs with blastomycosis; anterior uveitis, end-
ophthalmitis, posterior segment disease, and optic neuritis
occur. Cataracts can result from chronic inflammation or
rupture of the lens capsule. Fungal infections of the CNS
were recently reviewed (Bentley et al., 2018). Blastomycosis
of the CNS often is an intracranial mass or a cause of ven-
triculitis. Depression and seizures from diffuse or multifocal
CNS involvement occur in some dogs.

Blastomycosis can occur in any cat but is most common
in young males. Both cats housed indoors and cats allowed
outdoors can develop disease. Infected cats develop respira-
tory tract disease, CNS disease, regional lymphadenopathy,
dermatologic disease, ocular disease, gastrointestinal tract
disease, and urinary tract disease. Pleural or peritoneal effu-
sion resulting in dyspnea or abdominal distension occurs
in some cats. Ocular disease usually involves the posterior
segment.

Diagnosis

Hematologic abnormalities commonly identified in dogs
or cats with blastomycosis are normocytic normochromic




TABLE 97.1

Morphologic Appearance of Systemic Canine and Feline
Fungal Agents

AGENT CYTOLOGIC APPEARANCE
Blastomyces Extracellular yeast, 5-20 um in
dermatitidis diameter; thick, refractile,

double-contoured wall; broad-
based bud; routine stains are
adequate

Extracellular yeast, 3.5-7.0 pum in
diameter; thick, unstained
capsule; thin-based bud; violet
color with lightred capsule with
Gram stain; unstained capsule
with India ink

Extracellular spherules (20-200 um
in diameter) containing
endospores; deep red to purple
double outer wall with bright red
endospores with PAS stain

Cryptococcus spp.

Coccidiodes spp.

Histoplasma Intracellular yeast in mononuclear

capsulatum phagocytes, 2-4 um in diameter,
basophilic center with lighter
body with Wright stain
Sporothrix Intracellular yeast in mononuclear
schenckii phagocytes, 2-3 um x 3-6 pum in

diameter; round, oval, or
cigar-shaped

PAS, Periodic acid-Schiff.

nonregenerative anemia, lymphopenia, neutrophilic leu-
kocytosis with or without a left shift, and monocytosis.
Hypoalbuminemia and hyperglobulinemia (i.e., polyclonal
gammopathy) caused by chronic inflammation are common
serum biochemical abnormalities; hypercalcemia occurs
rarely in dogs. Most infected dogs and cats with respiratory
disease have diffuse, miliary, or nodular interstitial lung pat-
terns and intrathoracic lymphadenopathy on thoracic radio-
graphs (Fig. 97.1); single masses and pleural effusion from
chylothorax sometimes occur. Alveolar lung disease occurs
in some cats. Bone lesions induced by blastomycosis are lytic
with a secondary periosteal reaction and soft tissue swell-
ing. Intracranial blastomycosis generally reveals evidence of
extension from the nasal cavity on diagnostic imaging but
solitary CNS granulomas do occur (Bentley et al., 2018).
Serum antibodies develop in some infected animals; agar
gel immunodiffusion (AGID) or a commercially available
canine assay (www.miravistalabs.com) is frequently used.
Because blastomycosis rarely causes subclinical infection,
positive serum antibody assay results combined with appro-
priate clinical signs and radiographic abnormalities allow
presumptive diagnosis if the organism cannot be demon-
strated. Antibody titers do not always revert to negative after
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FIG 97.1

Miliary inferstitial lung pattern consistent with blastomycosis
in a dog. (Courtesy Dr. Lynelle Johnson, College of
Veterinary Medicine, University of California, Davis.)
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FIG 97.2

Cytologic appearance of the budding yeast, Blastomyces
dermatitidis. The organism is 5 to 20 um in diameter with a
thick, refractile, double-contoured wall. (Courtesy Dr. Dennis
Macy, College of Veterinary Medicine and Biomedical
Sciences, Colorado State University.)

successful treatment. False-negative results can occur in
animals with peracute infection, immunosuppression, or
advanced infection that overwhelms the immune system;
many cats with blastomycosis are seronegative.

Detection of the organism in a clinically ill animal with
the appropriate presentation can give a definitive diagnosis
of blastomycosis. The organism can be demonstrated by
cytology, histopathology, culture, antigen test, or amplifica-
tion of specific DNA by polymerase chain reaction (PCR)
assay. Impression smears from skin lesions and aspirates
from enlarged lymph nodes and focal lung lesions usually
reveal pyogranulomatous inflammation and organisms that
can usually be seen at low power (Fig. 97.2). Recovery of
organisms from urine is less consistent. Bronchoalveolar
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Zoonotic diseases are defined as being common to, shared
by, or naturally transmitted between humans and other ver-
tebrates. Most of the agents discussed in this chapter can
infect and cause disease in immunocompetent people, but
disease is generally more prevalent or more severe in immu-
nodeficient people. Immunosuppression is common in
humans. People with acquired immunodeficiency syndrome
(AIDS) are discussed most frequently, but the population
also includes the very old, the very young, and those receiv-
ing chemotherapy for immune-mediated diseases, organ
transplantation, or neoplasia. Immunosuppressed people are
sometimes advised to give up their pets. However, humans
are unlikely to contract zoonotic diseases from contact with
their healthy pets, so in most cases this is not necessary. All
human and other animal healthcare providers should provide
accurate information to pet owners concerning the risks and
benefits of pet ownership so that an informed decision about
acquiring and keeping pets can be made. The Centers for
Disease Control and Prevention website “Healthy Pets Health
People” is an excellent source of information physicians, vet-
erinarians,and petowners (https://www.cdc.gov/healthypets/
index.html).

Many infectious agents can infect humans by direct
contact with pets, their exudates, or their excrement (Table
99.1). These agents are the most important to veterinary
healthcare providers and to dog and cat owners, and are
discussed in this chapter by likely route of exposure. For
some zoonoses, including Anaplasma spp. (ticks), Bartonella
spp. (fleas and possibly ticks), Borrelia burgdorferi (ticks),
Ehrlichia spp. (ticks), and Rickettsia spp. (fleas for R. felis;
ticks for R. rickettsii), the pet brings the vector of the organ-
ism into the environment, resulting in potential exposure
of the person. With some zoonoses, including Histoplasma
capsulatum, Coccidioides immitis, Blastomyces dermatitidis,
and Cryptococcus neoformans, the owner and pet are infected
by shared environmental exposure to the agent.

The following is a brief description of the more common
canine and feline zoonoses encountered in small animal
practice. General guidelines for the avoidance of zoonotic
transfer of disease for veterinarians and pet owners are listed
in Boxes 99.1 and 99.2, respectively.
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ENTERIC ZOONOSES

Multiple infectious agents of the gastrointestinal tract can be
shared between animals and humans. Many veterinarians in
United States now use commercial diagnostic laboratories
for fecal flotation, which has allowed for the publication of
results on large sample sizes (Little et al., 2009). For example,
results from 1,199,293 dog samples showed overall national
prevalence rates for ascarids (2.2%), hookworms (2.5%), and
Giardia (4.0%). Other manuscripts have shown high preva-
lence rates of enteric zoonotic agents in cats as well (De
Santis et al., 2006a; De Santis et al., 2006b). These findings
emphasize that diagnostic workups for enteric infections in
pets with gastrointestinal signs of disease are indicated
because of potential human health risks.

The minimal diagnostic plan to assess for enteric zoono-
ses in pets with diarrhea includes a fecal flotation and a
Giardia antigen test or fluorescent antibody assay. In one
study, a fecal polymerase chain reaction (PCR) assay was less
sensitive than other assays, likely due to fecal PCR inhibitors,
thus this technique should not be the screening procedure
for Giardia (Hascall et al., 2016). Fecal bacterial culture
should be considered if infection with Salmonella spp. or
Campylobacter spp. is on the list of differential diagnoses.

NEMATODES

Visceral larva migrans can be induced by infection of
humans with Toxocara cati, Toxocara canis, or Baylisascaris
procyonsis (see Table 99.1). In the United States, infection
of humans is still common; the age-adjusted seroprevalence
is approximately 14% (Won et al., 2008). These common
roundworms are passed as eggs in feces. The eggs larvate
and become infectious after 1 to 3 weeks and can survive
in the environment for months. Humans are infected after
ingesting embryonated eggs. Embryonated Toxocara spp.
eggs have been transmitted by earthworms, filth flies, and
cockroaches, and have been found on the fur of pets (Sasmal
et al,, 2008; Overgaauw et al., 2009). Dogs are considered
more of a significant problem than cats for the spread of
eggs. However, areas such as children’s sandboxes and veg-
etable gardens may be contaminated with T. cati because of
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TABLE 99.1

Common Zoonotic Infections of Dogs and Cats
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ROUTE OF EXPOSURE AGENT AFFECTED PRINCIPLE CLINICAL SYNDROMES
Bites, Scratches, Exudates
Bartonella spp.° Bacteria Cats and dogs  Subclinical, fever, hyperglobulinemia, uveitis,
lymphadenopathy, others
Humans Fever, malaise, lymphadenopathy, bacillary
angiomatosis, bacillary peliosis, others
Capnocytophaga canimorsus Bacterium Dogs and cats Subclinical oral carriage
Humans Bacteremia
Dermatophytes Fungi Cats and dogs  Superficial dermatologic disease
Humans Superficial dermatologic disease
Francisella tularensis® Bacterium Cats and dogs ~ Septicemia, pneumonia
Humans Ulceroglandular, oculoglandular, glandular,
pneumonic, or typhoidal (depending on route of
inoculation)
Rabies Virus Cats and dogs ~ Progressive central nervous system disease
Humans Progressive central nervous system disease
Sporothrix spp.” Fungal Cats Draining cutaneous tracts
Humans Draining cutaneous tracts
Yersinia pestis® Bacterium Cats and dogs ~ Bubonic, bacteremic, or pneumonic (depending on
route of inoculation)
Humans Bubonic, bacteremic, or pneumonic (depending on
route of inoculation)
Enteric Agents
Ancylostoma spp.© Hookworm Dogs and cats Blood loss anemia, diarrhea, unthrifty
Humans Cutaneous larva migrans; esosinophilic pain
Baylisascaris procyanosis Roundworm Dogs Failure to thrive
Humans Visceral larva migrans; CNS disease
Campylobacter jejuni and Bacteria Dogs and cats Diarrhea and vomiting
Campylobacter coli Humans Diarrhea and vomiting
Cryptosporidium spp.° Coccidian Dogs and cats Diarrhea and vomiting
Humans Diarrhea and vomiting
Escherichia coli Bacteria Dogs and cats Diarrhea and vomiting
Humans Diarrhea and vomiting
Echinococcus multilocularis Cestode Dogs and cats  Subclinical infection
Humans Polysystemic disease
Echinococcus granulosa Cestode Dogs and cats Diarrhea and vomiting
Humans Diarrhea and vomiting
Entamoeba histolytica® Amoeba Dogs Diarrhea and vomiting
Humans Diarrhea and vomiting
Giardia spp.’ Flagellate Dogs and cats Diarrhea and vomiting
Humans Diarrhea and vomiting
Helicobacter spp.° Bacterium Dogs and cats ~ Vomiting
Humans Reflux disease and vomiting
Salmonella spp. Bacteria Dogs and cats Diarrhea and vomiting
Humans Diarrhea and vomiting
Strongyloides stercoralis Hookworm Dogs and cats Blood loss anemia, failure to thrive

Humans

Cutaneous larva migrans

Continued



TABLE 99.1

Common Zoonotic Infections of Dogs and Cats—contd
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ROUTE OF EXPOSURE AGENT AFFECTED PRINCIPLE CLINICAL SYNDROMES
Borrelia burgdorferi Spirochete Dogs Subclinical infection, fever, polyarthritis,
nephropathy
Humans Polyarthropathy, cardiac and CNS disease
Ehrlichia spp. Rickettsia Dogs Subclinical infection, fever, polysystemic
Humans Fever, polysystemic
Rickettsia rickettsii Rickettsia Dogs Subclinical infection, fever, polysystemic
Humans Fever, polysystemic

°Bartonella henselae, Bartonella koehlerae, and Bartonella clarridgeaie are transmitted among cats and dogs by C. felis and are therefore
listed under flea-borne disease. Other Barfonella spp. have zoonotic implications. Cats generally develop a higher level of bacteremia than
dogs and are therefore epidemiologically linked more frequently to human disease. The vector is unknown for some Bartonella spp.

®Dogs rarely shed enough organisms to be a public health risk.
“Larvation of eggs occurs after passage into the environment, so direct fransmission is less likely than exposure through environmental
contamination.
dMost dogs and cats are infected by Cryptosporidium canis or C. felis, respectively, and these host-adapted species are rarely associated with
disease in humans.

®Infection of dogs in the United States is thought to be rare.
Host-adapted and zoonotic assemblages exist. Dogs and cats can harbor zoonotic assemblages, but whether levels of infection result in
reinfection of humans is not established.
9Most Helicobacter spp. found in dogs and cats are host-adapted species. When Helicobacter pylori is detected in a dog or cat, it is likely
from reverse zoonotic tfransmission.
"Sporulation of oocysts occurs affer passage into the environment, so direct transmission is less likely than exposure through environmental
contamination.

'Also can be vector-borne.
iBartonella spp. DNA have been amplified from some ticks, but the extent of the role ticks play in the transmission of these agents has not
been fully ascertained.

BOX 99.1

General Guidelines for Veterinarians to Avoid Zoonotic Transfer of Disease

Veterinarians and their staff should familiarize
themselves with zoonotic issues and take an active role
in discussing the health risks and benefits of pet
ownership with clients so that logical decisions
concerning ownership and management of individual
animals can be made.

The veterinary clinic should communicate that the staff
understands conditions associated with immune
deficiency, is discreet, and is willing to help; signs or
posters can be effective for this purpose.

Pet owners should be provided information concerning
veterinary or public health aspects of zoonoses, but
veterinarians should not diagnose diseases in humans
or discuss specific treatments.

Clinically ill pet owners should always be referred to a
physician for additional information and treatment.
Veterinarians and physicians have different experiences
concerning zoonoses; veterinarians should volunteer to

speak to the pet owner’s physician to clarify zoonotic
issues when indicated.

When public health-related advice is offered, it should
be documented in the medical record.

When reportable zoonotic diseases are diagnosed,
appropriate public health officials should be contacted.
Diagnostic plans to assess for presence of organisms
with zoonotic potential should be offered, particularly
to owners with clinically ill pets.

All dogs and cats should be vaccinated for rabies.
Dogs and cats should be routinely administered drugs
that kill hookworms and roundworms.

Flea and tick control should be maintained at all times.
Veterinary clinic staff members should teach owners
techniques to avoid being bitten or scratched.

Avoid needle sticks contaminated with blood or
effusions.
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BOX 99.2

Infectious Diseases

General Guidelines for Pet Owners to Avoid Zoonotic Transfer of Disease

® |f a new pet is to be adopted, the dog or cat least
likely to be a zoonotic risk is a clinically normal,
arthropod-free, adult animal from a private family.

® Once the animal to be adopted is identified, it should
be quarantined from any immunocompromised person
until a thorough physical examination and zoonoses
risk assessment is performed by a veterinarian.

® Veterinary care should be sought for all clinically
ill pets.

® Physical examination and fecal examination should be
performed at least once or twice yearly.

® Fecal material produced in the home environment
should be removed daily, preferably by someone other
than an immunocompromised individual.

® Use litterbox liners and periodically clean the litterbox
with scalding water and detergent.

® Do not allow dogs or cats to drink from the toilet.

® Wear gloves when gardening and wash hands
thoroughly when finished.

® Filter or boil water from sources in the environment.

® Wash your hands after handling animals.

® Do not handle animals that you are unfamiliar with.

the defecation habits of cats. Human infection after direct
contact with dogs or cats is extremely unlikely because the
eggs are not immediately infectious.

Dogs and cats can be subclinically affected or may develop
poor haircoats, poor weight gain, and gastrointestinal signs.
In people, eosinophilic granulomatous reactions involving
the skin, lungs, central nervous system (CNS), or eyes then
occur, potentially leading to clinical signs of disease. Clini-
cal signs and physical examination abnormalities in affected
individuals include skin rash, fever, failure to thrive, CNS
signs, cough, pulmonary infiltrates, and hepatosplenomeg-
aly. Peripheral eosinophilia is common. Ocular larva migrans
most commonly involves the retina and can cause reduced
vision; uveitis and endophthalmitis can also occur. Visceral
larva migrans is most common in children between 1 and 4
years of age, whereas ocular larva migrans is most common
in older children. Diagnosis in human beings is confirmed
by biopsy or can be presumed in cases with classic clinical
manifestations, eosinophilia, and positive serology.

Ancylostoma caninum, Ancylostoma braziliense, Ancylos-
toma tubaeformis, Uncinaria stenocephala, and Strongyloides
stercoralis have been associated with cutaneous larva migrans
in the United States. Prevalence rates of hookworm infection
vary by the study and have changed over the years. In one
large study of more than 1 million dogs examined at 547
private veterinary hospitals in 44 U.S. states, 4.5% of samples
contained eggs of Ancyclostoma spp. (Little et al., 2009). In
high-risk areas and animals, infection rates can be much
higher. For example, A. tubaeforme and A. braziliense were
found in feces of 26 of 40 (65%) of the feral cats tested in one

® Clinically ill animals should not be handled by
immunocompromised people, if possible.

® Pets should be maintained within the home environment

to lessen exposure to other animals that may carry

zoonotic agents, exposure to excrement of other

animals, and exposure to fleas and ticks.

Pets should only be fed commercially processed food.

People should not share food utensils with pes.

Avoid being licked by animals.

Claws of cats should be clipped frequently to lessen the

risk of skin penetration.

® To lessen the risk of bites and scratches, do not tease
or physically restrain dogs and cats.

® |f bitten or scratched by a dog or cat, seek medical
attention.

® Control potential transport hosts, such as flies and
cockroaches, that may bring zoonotic agents into the
home.

® Cook meat for human consumption to 80° C for 15
minutes minimum (medium-well).

® Wear gloves when handling meat and wash hands
thoroughly with soap and water when finished.

study in Florida (Liotta et al., 2012). After the passage of
hookworm eggs into the environment in feces, infectious
larvae are released after incubating for 1 to 3 days; humans
are infected by skin penetration. In addition, eosinophilic
enteritis in humans was reported after ingestion of larvated
A. caninum eggs (Landmann and Prociv, 2003).

Animals are either subclinically ill or have nonspecific
signs such as poor haircoats, failure to gain weight, vomit-
ing, or diarrhea. Heavily infected puppies and kittens may
have pale mucous membranes from blood loss anemia. In
humans, the larvae cannot penetrate the dermoepidermal
junction and usually die in the epidermis. Clinical signs are
related to migration of the larvae, which results in an erythe-
matous, pruritic cutaneous tunnel. Cutaneous signs usually
resolve within several weeks. Abdominal pain is the most
common clinical sign in humans with A. caninum intestinal
infection.

Trichuris vulpis, the dog whipworm, is most commonly
associated with large-bowel diarrhea in dogs. The organism
is common in dogs of the United States (overall prevalence
= 1.2%; Little et al., 2009) and has been detected in feces in
some people (George et al., 2017).

Prevention of hookworms and roundworms is achieved
by control of animal excrement in human environments. All
puppies and kittens should have a fecal flotation performed
and should be routinely treated with an anthelmintic that has
efficacy against roundworms and hookworms. The Compan-
ion Animal Parasite Council (http://www.capcvet.org) main-
tains current guidelines on how to optimally control zoonotic
parasitic infections of dogs and cats.


http://www.capcvet.org/

commonly subclinically infected and pass the organism into
the environment in urine, feces, milk, and parturient dis-
charges. Seropositive dogs have been detected, but zoonotic
transfer to humans from dogs has not been documented.
Infection of cats most commonly occurs after tick exposure,
ingestion of contaminated carcasses, or aerosolization from
a contaminated environment. Fever, anorexia, and lethargy
developed in some experimentally infected cats. Infection
has been associated with abortion in cats, but the organism
can also be isolated from normal parturient cats. Infection
of cats appears to be common; 20% of cats from a shelter in
southern California and 20% of cats in Maritime Canada
were seropositive, the organism was grown from the vagina
of healthy cats in Japan, and DNA of the organism was
amplified from uterine tissues of cats in Colorado (Cairns
et al., 2007).

Human illness associated with direct contact with
infected cats occurs after aerosol exposure to the organism
passed by parturient or aborting cats; clinical signs develop
4 to 30 days after contact. Humans commonly develop acute
clinical signs similar to those associated with other rickettsial
diseases, including fever, malaise, headache, pneumonitis,
myalgia, and arthralgia (Marrie, 1995). After primary infec-
tion, chronic Q fever develops in approximately 1% and can
manifest as hepatic inflammation or valvular endocarditis.
Tetracyclines, chloramphenicol, and quinolones are usually
effective therapeutic agents in humans. Gloves and masks
should be worn when attending to parturient or aborting
cats. People who develop fever or respiratory tract disease
after exposure to parturient or aborting cats should seek
medical attention.

Leptospira spp. can be transmitted in urine from infected
dogs and cats to humans, resulting in clinical disease (Sykes
et al., 2010). Host-adapted species cause subclinical infec-
tion; infection by non-host-adapted species commonly
results in clinical illness. The organisms enter the body
through abraded skin or intact mucous membranes. (See
Chapter 94 for a detailed discussion of the clinical manifesta-
tions of this disease and its treatment in dogs and cats.)
Human clinical syndromes vary with the serovar but are
similar to those that occur in the dog. Animals with sus-
pected leptospirosis should be handled while wearing gloves.
Contaminated surfaces should be cleaned with detergents
and disinfected with iodine-containing products. Vaccines
containing four leptospire serovars should be considered
(see Chapter 93).

Brucella canis is a bacterium that preferentially infects
the testicles, prostate, uterus, and vagina of dogs (see Chap-
ters 55 and 56). The infection is maintained in dogs pri-
marily by venereal transmission. Humans can be infected
by direct contact with vaginal and preputial discharges
from dogs. Clinical syndromes in dogs are diverse but
commonly include abortion, stillbirth, failure to conceive,
orchitis, epididymitis, vaginal discharge, uveitis, discospon-
dylitis, and bacteremia. Intermittent fever, depression, and
malaise are common in infected people. Diagnosis is based
on serologic testing or demonstration of the organism by
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culture or PCR assay. Dogs with clinical signs of brucel-
losis should be evaluated serologically for Brucella infec-
tion with the 2-mercaptoethanol rapid slide agglutination
card test. Seronegative dogs are unlikely to harbor Brucella
unless the clinical syndrome is peracute. Seropositive dogs
should have results confirmed by tube agglutination or agar
gel immunodiffusion. Long-term antibiotic treatment (tet-
racyclines, aminoglycosides, quinolones) usually does not
clear the infection, thus some recommend euthanasia of
infected dogs. Ovariohysterectomy or castration will lessen
contamination of the environment. Genital tract secretions

should be avoided.

SHARED VECTOR ZOONOSES

Some zoonotic agents are transmitted between animals and
humans by shared vectors such as fleas, ticks, or mosquitoes.
Rickettsia rickettsii (ticks), Rickettsia felis (fleas), Ehrlichia
spp. (ticks), Anaplasma phagocytophilum (ticks), Borrelia
burgdorferi (ticks), Bartonella spp. (fleas and ticks), Dipy-
lidium caninum (fleas), Dirofilaria immitis (mosquitoes),
and West Nile virus (mosquitoes) are examples of vector-
borne zoonoses common in the United States. For the flea-
and tick-borne zoonoses, the pet brings the vector of the
organism into the environment, resulting in exposure of the
human being. Veterinary healthcare providers could have
a slightly increased risk of exposure because they handle
many animals infested with fleas and ticks. However, the
vector, not direct contact with the infested animal, results
in infection of the person. Flea and tick control should
always be maintained with animals, and infested animals
seen in the clinic should be treated immediately. See
other sections of this textbook for detailed discussions of
these agents.

SHARED ENVIRONMENT ZOONOSES

Some agents that infect both animals and man are not com-
monly transmitted between the pet and the owner by direct
contact but are acquired from the same environmental
source. Notable examples include Histoplasma capsulatum,
Coccidioides immitis, Blastomyces dermatitidis, Cryptococcus
neoformans, and Aspergillus spp. See Chapter 97 for detailed
discussions of these agents.
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Vision, 1055, 1056f
Vision evaluation, 1084
Vision loss, 1087-1089
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Horner syndrome, 1089-1091,
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optic chiasm lesions, 1088
optic disk lesions as cause of,
1087-1088
optic nerve lesions as cause of,
1087-1088
optic neuritis, 1087-1088, 1088b
papilledema, 1088
pupillary abnormalities and, 10841092
general considerations in, 1084
retinal lesions as cause of, 1087-1088
sudden acquired retinal degeneration,
1087
Vitamin B, third eyelid protrusion, 1091,
1091
Vitamin B,, (cobalamin), 515¢-517¢
Vitamin D, 759¢, 765-766, 896t-897t,
928b, 934t
Vitamin K
deficiency of, 1400
forms of, 1400
Vitamins, serum concentrations of,
423-424
Voiding urohydropropulsion (VUH),
713-714, 714f
Volvulus
gastric. see Gastric dilation/volvulus
partial or intermittent chronic gastric,
469, 469f

Vomiting, 394-397, 395f
acute, without hematemesis, 394-395
antiemetics for, 438
causes of, 394, 394b
chemotherapy-related, 1280
pancreatic disease and, 518
regurgitation versus, 391-392, 391t
von Willebrand disease, 1356
von Willebrand factor, 772, 1355-1356,
1387, 1398-1399, 1398f
von Willebrand syndrome, 1398-1399
Voriconazole, 472, 1128, 1504t, 1507

w

Wandering pacemaker, 37, 40f
Warfarin

arterial thromboembolism prophylaxis

using, 229
dosage of, 233, 233¢
Water deprivation test
dehydration during, 663
description of, 653-655
modified, for diabetes insipidus, 744,
744t
tubular function, 663
Weakness
esophageal
acquired, 454-455, 454f
congenital, 452-454, 453f
description of, 393, 393D
in heart failure, 1
intermittent, 2-3, 2b
Weight loss
in cats, 905¢-906¢
commercial foods for, 904t-906¢
diabetes mellitus in dogs managed
with, 816

Weight loss (Continued)
in dogs, 904t
gastrointestinal disorders, 405-407,
405b, 406f
polyphagia with, 898-899, 899¢
rate of, 902
Weight reduction programs, 906
Wenckebach block, 43-44, 44f
‘West Nile Virus, 153
Wheelbarrowing, 1048f
Wheezes, 285-286
Whipworms, 485-486, 485f, 1536
White blood cell cast, 668f
White blood cell count, 1371
‘White blood cells
in cerebrospinal fluid, 1071
in urinary sediment, 666, 666f
‘Wobbler syndrome, 1065, 1151-1153,
1152f-1153f
Wolbachia pipientis, 193, 198
Wolft-Parkinson-White preexcitation,
44-45
Wright-Giemsa stain, 1258
Wyeth-Ayerst. see Metoclopramide

X

Xanthine uroliths, 722
Xanthomas, 910
X-linked muscular dystrophy,
1179
Xylazine, 49b, 515¢t-517t, 1185t-1186t

Y

Yersinia enterocolitica, 1533t-1535t

Yersinia pestis, 1460, 1461b, 1533t-1535t,

1541
Yorkshire Terrier, liver of, 585f

z

Zantac. see Ranitidine
Zeniquin. see Marbofloxacin
Zinc sulfate, centrifugation, 1428
Zithromax. see Azithromycin
Zoetis. see PGF,,,
Zofran. see Ondansetron
Zonisamide, 1103, 1185¢-1186¢
Zoonoses, 1532-1545
amoeba, 1538-1539
bacteria, 1539
cestodes, 1537
ciliates, 1538-1539
coccidians, 1537-1538
definition of, 1532
enteric, 1532-1539, 15331-1535¢
flagellates, 1538-1539
fungi, 1541
genital tract, 15421543
guidelines for avoiding transfer of,
1535b
guidelines for pet owners to avoid
transfer of, 15360
nematodes, 1532-1536, 1533¢-1535¢
ocular, 1542
respiratory tract, 1542
shared environment, 1543
shared vector, 1543
urinary tract, 1542-1543
viruses, 1541-1542
Zyrtec. see Cetirizine





