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TOPICAL REVIEW
Infectious Disease Diagnostic Assays

Michael R. Lappin, DVM, PhD, DACVIM (Internal Medicine)

Dogs and cats are commonly exposed to infectious disease agents. The following article is an update on the
most common infectious disease assays used in small animal practice. In some situations, results of pathogen-
specific molecular diagnostic assays can be used to assist the practicing veterinarian in the management of
patients with infectious diseases. However, with some infectious disease agents, the assays are positive in
healthy and ill animals and can be falsely negative and so the predictive values of the assays vary.
© 2009 Elsevier Inc. All rights reserved.
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nfectious disease agents capable of inducing clinical illness
are common in dogs and cats around the world. A combi-

ation of signalment, history, and physical examination find-
ngs are used to develop a list of differential diagnoses, rank-
ng the most likely infectious agents involved. For example,
oung, unvaccinated puppies with bloody diarrhea and neu-
ropenia are generally infected by canine parvovirus. Kittens
ith conjunctivitis and a dendritic ulcer are usually infected
y feline herpesvirus 1 (FHV-1). Results of a complete blood
ell count, serum biochemical panel, urinalysis, radiographs,
r ultrasonography can also suggest infectious diseases. For
xample, an outdoor dog with acute onset of clinical illness
ith renal azotemia, pyuria but no bacteriuria, and normal
idneys on radiographs likely has leptospirosis. After the
entative diagnosis is made, the clinician and owner decide
hether to treat empirically or perform further diagnostic

ests to confirm the diagnosis. When possible, gathering in-
ormation via diagnostic test results is preferred, so that
reatment, prevention, prognosis, and zoonotic issues can be
ddressed optimally.
There are 2 major groups of infectious disease assays: as-

ays that confirm the continued presence of the organism
cytology, culture, fecal examination techniques, antigen as-
ays, immunohistochemical stains, molecular diagnostic as-
ays), and antibody assays. Documenting that an infectious
gent is still present is generally the best way to make a
efinitive diagnosis. However, certain organism demonstra-
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ion techniques have low sensitivity, are expensive, are inva-
ive, are not adequately validated, or require specialized
quipment. Antibody detection assays are commonly used to
id in the diagnosis of specific infectious diseases in these
ituations. However, when used alone, antibody detection is
enerally inferior to organism demonstration for several rea-
ons:
antibodies can persist long after an infectious agent has
been eliminated;
positive antibody assay results do not confirm that the
clinical disease was induced by the infectious agent;
results of serum antibody assays can be negative in per-
acute infections if humoral immune responses have not had
time to develop; and
some immune-compromised animals may not be able to
mount a humoral immune response.

In some situations, the use of both organism demonstra-
ion techniques and antibody assays concurrently (ie, ehrli-
hiosis in dogs) may give the most useful information using a
ingle clinical sample.

Sensitivity is the ability of an assay to detect a positive
ample, and specificity is the ability of an assay to detect a
egative sample. Positive predictive value (PPV) is the ability
f an assay result to predict presence of disease; negative
redictive value (NPV) is the ability of an assay result to
redict absence of disease. Sensitivity, specificity, PPV, and
PV vary with each test and infectious agent and must be

actored into the interpretation of infectious disease assay
esults.1

rganism Demonstration Assays

ytology

There are cytologic findings associated with many bacte-
ial, rickettsial, fungal, and parasitic organisms of dogs and
ats that may lead to a presumptive or definitive diagnosis.
ytologic evaluation of exudates, bone marrow aspirates,
lood smears, synovial fluid, gastric brushings, duodenal se-

retions, urine, prostatic washings, airway washings, fecal
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200 Topics in Companion Animal Medicine
mears, tissue imprints, skin scrapings, and aspiration biop-
ies is inexpensive and is considered a primary diagnostic
rocedure for many clinical infectious diseases. Stains rou-
inely used for the diagnosis of infectious agents in small
nimal practice include Wright’s-Giemsa, Diff-Quik, acid-
ast, and Gram stains. The laboratory should be contacted
or specific specimen handling information based on the sus-
ected organism.
Cytological findings can be used to achieve a definitive

iagnosis for some infectious agents. For example, identifi-
ation of Cryptococcus spp organisms on cytological eval-
ation of a lymph node aspirate from a cat with rhinitis
onfirms the diagnosis. Detection of a hemoplasma on
ytological examination of a thin blood smear from an ane-
ic cat or dog confirms the diagnosis. Polymerase chain re-

ction (PCR) assays can then be used to determine whether
he organism is Mycoplasma hemofelis, M. hemocanis, or
nother one of the agents in the genus.
Some infectious agents can be present in small numbers, so

ailure to document an organism cytologically does not to-
ally exclude the diagnosis (low NPV). Ehrlichia spp infec-
ions are examples of common infectious agents rarely doc-
mented cytologically. These agents generally require results
f serology and PCR to confirm exposure or current infec-
ion. Some organisms like respiratory Mycoplasma spp are
arely documented cytologically because of their small size,
hereas other organisms require special stains for optimal
isualization. For example, Mycobacterium spp are not
eadily stained by rapid stains used in small animal practices,
nd if macrophages or neutrophils are detected, acid-fast
taining is indicated to assess for the organisms within the
ytoplasm of infected cells. Bacterial culture of all samples
ith increased numbers of neutrophils or macrophages

hould always be considered.

ulture Techniques

Bacteria, fungi, viruses, and some protozoans can be cul-
ured. In general, a positive culture can be used to establish a
efinitive diagnosis, particularly if there is clinical illness and
oncurrent evidence of inflammation. If the organism is easy
o grow (primarily bacteria), culture is preferred over cytol-
gy or molecular diagnostic assays because culture may be
ombined with antimicrobial susceptibility testing to deter-
ine optimal antibiotic therapy. Successful culture is depen-
ent on the collection of optimal materials without contam-

nation and on transportation of materials in the most
ppropriate culture medium to the laboratory as quickly as
ossible to minimize organism death and nonpathogen over-
rowth.
Culture results of body systems with normal bacterial and

ungal flora, including the skin, ears, mouth, nasal cavity,
rachea, feces, and vagina, are the most difficult to interpret.
ositive-culture results coupled with cytological evidence of

nflammation suggest the organism is inducing disease. Cul-
ure of a single agent, particularly if the organism is relatively

esistant to antimicrobials, is more consistent with a disease- M
nducing infection than if multiple, antibiotic-susceptible
acteria are cultured.
For some organisms, culture is difficult or has never been

ccomplished. For example, the hemoplasmas of dogs and
ats (previously Hemobartonella felis and H. canis) can be
etected on the surface of red blood cells but have never been
uccessfully cultured. For other organisms, culture takes sev-
ral weeks to become positive (ie, Bartonella spp), or the
echniques are cumbersome and not so widely available (ie,
hrlichia spp). In these situations, molecular diagnostic as-
ays may be the optimal way to prove current infection.

ecal Examination

Examination of feces can be used to identify bacteria,
ungi, and parasites that can be associated with diseases of
he gastrointestinal (Table 1) and respiratory (Table 2) tracts.
he techniques used most frequently include direct, saline
olution, and stained smears, fecal flotation, and the Baer-
ann technique. The American Association of Feline Practi-

ioners (www.catvets.com) recommends performing at least
fecal flotation, fecal or rectal cytology, and direct smear on

eces from cats with potentially infectious diarrhea.2 These
ssays can easily be performed in the veterinary clinic. The
ompanion Animal Parasite Council is an excellent source of

nformation concerning these assays and the parasites that
nfest dog and cats (www.capcvet.org).

mmunologic Techniques

Infectious agents or their antigens can be detected in body
uids, feces, cells, or tissues with immunologic techniques. In
eneral, polyclonal or monoclonal antibodies against the
gent in question are used in a variety of different test meth-
dologies, including direct fluorescent antibody assay with
ells or tissue, agglutination assays, and enzyme-linked im-
unosorbent assay (ELISA). The sensitivity and specificity
ill vary among tests but are generally high for most assays.
he NPV of most assays is high if performed on appropriate
amples (ie, pretreatment). Positive results with these tests
enerally confirm infection; however, the PPV for disease
aries by the agent and the assay. For example, many normal
ogs and cats are positive for Giardia antigen in feces, and so
positive assay result in an animal with diarrhea does not

rove disease causation.
In the United States, commercially available antigen assays

sed most frequently for the detection of antigens in serum or
lasma include Blastomyces dermatitidis, Cryptococcus neo-
ormans, Dirofilaria immitis, and feline leukemia virus
FeLV). The Cryptococcus neoformans latex agglutination
rocedure can also be performed on aqueous humor, vitreous
umor, and cerebrospinal fluid (CSF). Cryptosporidium par-
um antigen, Giardia spp antigen, parvovirus antigen, and
lostridium perfringens and C. difficile enterotoxin assays
re available for use with feces. Parvovirus assays detect both
anine and feline parvovirus antigen and may be positive
ransiently after administration of modified live vaccines.3,4
ost Giardia antigen tests marketed for use with human

http://www.catvets.com
http://www.capcvet.org
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eces and the test labeled for use with dog or cat feces detect
he Giardia assemblages that infect dogs or cats.5 Occasion-
lly, samples will be antigen-positive but cyst-negative on
ecal flotation. In this situation, it is unknown whether the
ntigen test is falsely positive or the fecal flotation is falsely
egative. None of the currently available C. parvum antigen

Table 1. Demonstration Techniques for Canine and Feline

Organism Form in Stool Spe

Cestodes
Dipylidium caninum Egg B
Echinococcus granulosa Egg D
Echinococcus multilocularis Egg B
Taenia spp Egg B

Protozoans
Balantidium coli Trophozoite B

Cyst D
Cryptosporidium parvum Oocyst B
Entamoeba histolytica Trophozoite B

Cyst D
Giardia spp Trophozoite B

Cyst B
Cystoisospora spp Oocyst B
Tritrichomonas foetus Trophozoite B

Cyst D
Toxoplasma gondii Oocyst B

Flukes
Eurytrema procyonis Egg C
Nanophyetus salmincola Egg D
Platynosonum fastosum Egg C

Helminths
Ancylostoma spp Egg B
Ollulanus tricuspis Egg C
Physaloptera spp Egg B
Spirocerca lupi Egg D
Strongyloides stercoralis Larvae B
Toxocara spp Egg B
Toxascaris spp Egg B
Trichuris vulpis Egg D
Uncinaria stenocephala Egg B

Abbreviations: D, dog; C, cat; B, dog and cat.

Table 2. Demonstration Techniques for Common Canine

Organism Form in Stool

Aelurostrongylus abstrusus (lungworm) Larva
Andersonstrongylus milksi (lungworm) Larva
Eucoleus aerophila Egg
Crenosoma vulpis (lungworm) Egg
Eucoleus bohemi (nasal worm) Egg
Filaroides hirthi (lungworm) Larva
Oslerus osleri (tracheal nodular worm) Egg or larva

Paragonimus kellicotti (lung fluke) Egg
Pneumonyssoides caninum (nasal mite) None
Abbreviations: D, dog; C, cat; B, dog and cat.
ests marketed for use with human feces consistently detects
. felis or C. canis and so should not be used with feces from
ogs and cats. However, a direct fluorescent antibody assay
or human cryptosporidiosis and giardiasis detects dog and
at strains and is available at most commercial laborato-
ies. Clostridium spp enterotoxins can be detected in the

astrointestinal Parasites

s Infected Optimal Fecal Examination Technique

Identification of adult
Zinc sulfate centrifugation; other flotations
Zinc sulfate centrifugation; other flotations
Identification of adult

Direct or saline smear
Zinc sulfate centrifugation; other flotations
Acid-fast or monoclonal antibody stain
Direct or saline solution smear
Zinc sulfate centrifugation; other flotations
Direct or saline solution smear
Zinc sulfate centrifugation; other flotations
Sugar or zinc sulfate centrifugation
Direct or saline solution smear
Zinc sulfate centrifugation; other flotations
Sugar or zinc sulfate centrifugation

Fecal sedimentation
Fecal sedimentation
Fecal sedimentation

Zinc sulfate centrifugation; other flotations
Zinc sulfate centrifugation; other flotations
Zinc sulfate centrifugation; other flotations
Zinc sulfate centrifugation; other flotations
Baermann technique
Zinc sulfate centrifugation; other flotations
Zinc sulfate centrifugation; other flotations
Zinc sulfate centrifugation; other flotations
Zinc sulfate centrifugation; other flotations

Feline Respiratory Tract Parasites

pecies Infected Optimal Fecal Examination Technique

Baermann technique
Baermann technique
Zinc sulate or other flotation
Zinc sulfate or other flotation
Zinc sulfate or other flotation
Baermann technique
Zinc sulfate or other flotation and

Baermann technique
Fecal sedimentation
None, visualization of adults
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202 Topics in Companion Animal Medicine
tool of healthy dogs and dogs with diarrhea, and so the
PV is �100%.6

Immunocytochemical and immunohistochemical tech-
iques are commercially available for the documentation of a
ariety of infectious disease agents. These procedures are
articularly valuable for the detection of viral diseases, de-
ection of agents present in small numbers, and differentia-
ion among agents with similar morphologic features. Tis-
ues collected from animals with suspected infectious
iseases can be evaluated by several different techniques. For
xample, focal feline infectious peritonitis granulomatous
isease can be documented by immunohistochemical stain-

ng.7 Tissue samples should be aseptically placed in appro-
riate transport media for culture procedures or inoculated

nto laboratory animals, if indicated, before further handling.
ently blotting the cut edge of the tissue on a paper towel to

emove excess blood and then lightly touching the tissue
ultiple times to a microscope slide make tissue impressions

or cytological or immunocytological examination. Tissue
pecimens can then be frozen, placed into 10% buffered for-
alin solution, or placed into glutaraldehyde-containing so-

utions. Frozen specimens are generally superior for immu-
ohistochemical staining and PCR. Routine histopathologic
valuation is performed on formalin-fixed tissues. Special
tains can be used to maximize the identification of some
nfectious agents. The clinician should alert the histopathol-
gy laboratory to the infectious agents most suspected to
llow for appropriate stain selection. Glutaraldehyde-con-
aining fixatives are superior to other fixatives for electron
icroscopic examination of tissues, and this technique can be
ore sensitive than other procedures for demonstration of

iral particles.

olecular Diagnostic Assays

Assays to amplify DNA and RNA of infectious agents are
mong the newest organism demonstration techniques now
ommonly available to veterinary practitioners. PCR assays
re used to amplify small quantities of DNA to detectable
evels. By use of a reverse transcriptase (RT) step, RNA is
onverted to DNA, therefore the technique can also be used
o detect RNA (RT-PCR). In general, PCR is more sensitive
han cytologic or histopathologic techniques and is compa-
able with culture and laboratory animal inoculation. PCR
ssays are of great benefit for documentation of infections,
articularly if the organism in question is difficult to culture
eg, respiratory Mycoplasma spp) or cannot be cultured (eg,
emoplasmas). Specificity can be very high, depending on the
rimers used in the reaction. For example, primers can be
esigned to detect one genus but not others. Primers can also
e designed to identify only one species. For example, a PCR
ssay can be developed to detect all Ehrlichia spp or just one
pecies, such as E. canis.

Because of the inherent sensitivity of the reaction, PCR can
ive false-positive results if sample contamination occurs
uring collection or at the laboratory performing the proce-

ure. False-negative results can occur if the sample is handled s
nappropriately; this is of particular importance for detection
f some RNA viruses by RT-PCR. Results may also be af-
ected by treatment, and it is therefore best to collect samples
efore administration of antimicrobial agents. Another po-
ential problem is that minimal standardization exists among
ommercial laboratories offering PCR techniques, and re-
ults may therefore vary between laboratories. In addition,
inimal external quality control exists and so the veterinary
ractitioner must trust that the laboratory providing the as-
ay is using appropriate controls.

Although PCR assays can be one of the most sensitive for
ocumentation of infections, positive test results do not al-
ays prove that the infection is resulting in clinical illness

low PPV). For example, because the technique detects DNA
f both live and dead organisms, positive test results may be
chieved even if the infection has been controlled. Interpre-
ation of test results for a single animal can be difficult if the
argeted organism commonly infects the background popu-
ation of healthy animals. For example, “Candidatus Myco-
lasma haemominutum” DNA can be amplified from ap-
roximately 15% of all cats, whether anemic or healthy.8,9

hus, although PCR is the most sensitive way to document
nfection by this agent, the PPV is actually very low. In addi-
ion, currently available PCR assays cannot discriminate be-
ween vaccine and field strains for some agents. For example,
urrently available PCR assays for FHV-1 also amplify mod-
fied live vaccine strains, so a positive result does not even
ndicate presence of a pathogenic strain.10 Real-time PCR can
e used to determine the amount of microbial DNA in a
ample. It is possible that the DNA load will correlate to the
resence of disease for some agents. Based on these findings,
t is very important that small animal practitioners carefully
ssess the predictive values of currently available PCR assays
s well as the expertise and reliability of the laboratory that
ill be performing the assays. New PCR assays are being
eveloped frequently, but may not be required or optimal
xcept for many canine and feline infectious disease agents.
he clinical use of commonly available PCR assays will be
iscussed throughout this article.

ntibody Detection

erum

A variety of different methods exist for detecting serum
ntibodies against infectious agents, including complement
xation, hemagglutination inhibition, serum neutralization,
gglutination, agar gel immunodiffusion, indirect fluorescent
ntibody (IFA), ELISA, and Western blot assays. Comple-
ent fixation, hemagglutination inhibition, serum neutral-

zation, and agglutination assays generally detect all anti-
ody classes in a serum sample. Western blot immunoassay,
FA, and ELISA can be adapted to detect specific immuno-
lobulin (Ig) M, IgG, or IgA responses.
Comparison of IgM, IgA, and IgG antibody responses

gainst an infectious agent can be used to attempt to demon-

trate recent or active infection. In general, IgM is the first
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ntibody produced after antigenic exposure, with antibody
lass shift to IgG occurring in days to weeks. Serum and
ucosal IgA immune responses have also been studied for

ome infectious agents, including Toxoplasma gondii, feline
oronaviruses, and Helicobacter felis.

Timing of antibody testing is important. In general, serum
ntibody tests in puppies and kittens cannot be interpreted as
pecific responses until at least 8 to 12 weeks of age because
f the presence of antibodies from the dam passed to the
uppy or kitten in the colostrum. Most infectious agents can

nduce disease within 3 to 10 days after initial exposure; with
he use of many assays, serum IgG antibodies are usually not
etected until 1 to 2 weeks after initial exposure. Based on
hese facts, falsely negative serum antibody tests during acute
isease can be common in small animal practice. If specific
erum antibody testing is initially negative in an animal with
cute disease, repeat antibody testing should be performed in
to 3 weeks to assess for seroconversion. Documentation of

ncreasing antibody titers is consistent with recent or active
nfection. It is preferable to assess both the acute and conva-
escent sera in the same assay on the same day to avoid
nterassay variation.

Diagnostic use of some serologic tests are also limited be-
ause of the presence of antibodies induced by vaccination.
xamples include feline coronaviruses, some Borrelia burg-
orferi assays, FHV-1, parvoviruses, calicivirus, and canine
istemper virus.
The clinician should interpret positive results in serum an-

ibody tests only as evidence of present or prior infection by
he agent in question. Recent or active infection is suggested
y the presence of IgM, an increasing antibody titer over 2 to
weeks, or seroconversion (negative antibody result on the

rst test and positive antibody result on convalescent testing).
owever, detection of recent infection based on antibody

esting does not always prove disease because of the agent in
uestion. Conversely, failure to document recent or active

nfection based on serologic testing does not exclude a diag-
osis of clinical disease. For example, many cats with toxo-
lasmosis develop clinical signs of disease after serum anti-
ody titers have reached their plateau. The magnitude of
ntibody titer does not always correlate with active or clini-
al disease; for example, many cats with clinical toxoplasmo-
is have IgM and IgG titers that are at the low end of the titer
cale. Conversely, many healthy cats have IgG titers greater
han 1:16,384 years after infection with Toxoplasma gondii.

ody Fluids

Some infectious agents induce disease of the eyes or central
ervous system (CNS). Documentation of agent-specific an-
ibodies in aqueous humor, vitreous humor, or CSF can be
sed to support the diagnosis of infection of these tissues.
uantification of ocular and CSF antibodies is difficult to

nterpret if serum antibodies and inflammatory disease are
resent; serum antibodies leak into ocular fluids and CSF in
he face of inflammation. Detection of local production of

ntibodies within the eye or CNS has been used to aid in a t
umber of infectious agents including canine distemper virus
nfection, feline toxoplasmosis, and feline bartonellosis.11,12

onclusions

n summary, there are organism demonstration techniques or
ntibody assays available for many infectious disease agents
n pets with variable predictive values. Results of infectious
gent assays should not be interpreted alone, but should be
ombined with other parameters to document a clinical in-
ectious disease, including:

appropriate signalment, history, and physical examination
findings;
clinical signs referable to the agent;
positive cytology, culture, antigen assay, PCR assay or se-
rologic evidence of exposure to the agent;
exclusion of other causes of the clinical syndrome; and
response to treatment.

The infectious disease agent in question is the likely cause
f the clinical syndrome when these criteria are met. How-
ver, it is possible that the clinical syndrome may have spon-
aneously resolved during the treatment period. In addition,
any antimicrobial drugs have other nonspecific effects. For

xample, doxycycline has antiinflammatory properties, and
o some apparent clinical responses may not have been from
he antibiotic activity.13

The purpose of the remaining part of the article is to use
everal common infectious disease agents to emphasize im-
ortant points concerning use of molecular diagnostic assays
n practice.

se of Molecular Diagnostic Assays for Common
nfectious Disease Agents in Small Animal
ractice

lood-borne Agents

The new names for Hemobartonella felis are Mycoplasma
emofelis, “Candidatus Mycoplasma haemominutum,” and
Candidatus M. turicensis.” The new names for H. canis are
. hemocanis and “Candidatus M. hematoparvum.” In cats,
. hemofelis is apparently more pathogenic than “Candida-

us M. haemominutum” and “Candidatus M. turicensis.”
owever, fever and anemia have been documented in all 3

pecies. In dogs, the hemoplasmas are generally only associ-
ted with disease if the dog is immunosuppressed. Diagnosis
f hemoplasma infections in dogs and cats is based on dem-
nstration of the organism on the surface of erythrocytes on
xamination of a thin blood film or PCR assay. Organism
umbers fluctuate, and therefore blood film examination can
e falsely negative �50% of the time.8 The organism may be
ifficult to find cytologically, particularly in the chronic
hase. Thus, PCR assays are the tests of choice because of
ensitivity, particularly if the cytological examination is neg-
tive. Both conventional and quantitative PCR assays are
vailable and have similar sensitivity, specificity, and predic-

ive values. Unfortunately, DNA copy numbers do not cor-
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204 Topics in Companion Animal Medicine
elate to the presence of disease for the hemoplasmas. How-
ver, quantitative PCR assays can be used to monitor DNA
opy numbers during antimicrobial drug research studies.
amples should be obtained for PCR assays before antibiot-
cs. Treatment with doxycycline or a fluoroquinolone may be
ndicated if any of the agents are detected by PCR in cats or
ogs with fever or anemia. Additionally, the American Col-

ege of Veterinary Internal Medicine recommends screening
lood donor dogs or cats by hemoplasma PCR assays.14

here is minimal clinical utility after hemoplasma PCR assay
esults because most animals do not become negative with
reatment.

Dogs in the United States are known to be infected by
hrlichia canis, E. ewingii, E. chaffeensis, Anaplasma phago-
ytophilum, A. platys, and Neorickettsia risticii.15 Each of
hese agents can result in fever and cytopenias, and the clin-
cal syndrome is collectively known as ehrlichiosis. The pri-
ary agent in the United States is E. canis because of the
istribution of Rhipicephalus sanguineous, whereas the prev-
lence of the other agents varies geographically. Cats may be
nfected by E. canis-like organisms as well as by A. phagocy-
ophilum.16,17 Little is known about the other agents in these
enera in regards to cats; because the organisms are in differ-
nt genera, serological cross reactivity is variable. Thus, al-
hough the clinical syndromes can be similar, there is no
ingle serological test to document all the infections, and,
ther than the commercially available kit, there is no stan-
ardization among laboratories offering serology. In addi-
ion, some cats with E. canis-like infection do not serocon-
ert.16 Dogs and cats with ehrlichiosis can be clinically
ll before seroconversion. Cytological assessment of blood
mears is usually negative, and culture is expensive, has poor
ensitivity, and is not readily available. Thus, PCR assays for
hrlichia spp, Anaplasma spp, and perhaps N. risticii (atyp-

cal ehrlichiosis in dogs) should be performed on blood of
ogs and cats with acute fever or cytopenias before treat-
ent. PCR assays can be designed to amplify each individual
rganism and can be offered in panels. Alternately, primers
re available to amplify all of the organisms in a single reac-
ion, and subsequent sequencing can be used to determine the
nfective species. The predictive value of these PCR assays
s currently unknown. However, it seems prudent to treat
clinically ill, PCR-positive dog or cat. Dogs with ehrlichiosis

an be followed by PCR to prove cure; however, infection
an reoccur, and so tick control should be maintained.15

inimal information concerning the clinical use of repeated
CR testing of cats with these infections is available. Blood
onors should be screened for Ehrlichia/Anaplasma/Ne-
rickettsia and, if positive, excluded from the program even

f treated because of the difficulty in sterilizing the blood.14

Some dogs become clinically ill after exposure to Rickettsia
ickettsii, and there are an additional 4 spotted fever group
rganisms in the United States that induce cross-reacting anti-
odies. Therefore, antibodies against R. rickettsii do not prove
ocky Mountain spotted fever. Cats can be infected by R. felis
nd have demonstrated antibodies against R. rickettsii. We as-

ayed 92 pairs of cat blood and flea extracts from Alabama, s
aryland, and Texas in a recent study in our laboratory; we
sed PCR assays that amplify a region of the citrate synthase
ene and the outer membrane protein B gene.18 Of the 92
airs, 62 of 92 (67.4%) flea extracts and none of the cat
lood samples were positive for R. felis DNA. In another
tudy, we identified R. felis and R. rickettsii antibody prev-
lence rates in cats with fever to be 5.6% and 6.6%, re-
pectively; however, neither organism was amplified from
lood.19 These results proved that cats were sometimes ex-
osed, but further data are required to determine the signif-
cance of disease associations. Rickettsia spp DNA has been
mplified from healthy dogs, but the infective species are
urrently unknown.20 The predictive values of Rickettsia spp
CR assays in clinical syndromes in dogs and cats have not
een established.
Blood culture, PCR assay on blood, and serologic testing

an be used to assess dogs or cats for Bartonella spp infec-
ion.21 Bartonella vinsonii and B. henselae infections are
ost common in dogs, whereas B. henselae and B. clarridge-

ae are most common in cats. There are several other less
ommon species that infect dogs and cats, and not all of the
pecies induce cross-reacting antibodies. Thus, as for the Ehr-
ichia/Anaplasma/Neorickettsia group, PCR assays that am-
lify multiple Bartonella species can be superior to serology if
ollected before treatment. However, a combination of cul-
ure and PCR may be required to detect some infections in
ogs.22 Serologic testing can be used to determine whether an

ndividual dog or cat has been exposed; however, both sero-
ositive and seronegative animals can be bacteremic, limiting
he diagnostic use of serologic testing. Thus, testing healthy
ats or dogs for Bartonella species infection is not currently
ecommended and should be reserved for those with sus-
ected clinical bartonellosis. However, because Bartonella
pp infection is so common in healthy animals, even positive-
ulture or PCR results do not prove clinical bartonellosis. For
xample, although we detected Bartonella spp DNA in more
ats with fever than pair-matched cats without fever, the
ealthy cats were still commonly positive.23 Treatment usu-
lly does not permanently eliminate infection, and so there
ppears to be minimum clinical benefit to repeating PCR
ssays after successful treatment.
Cytauxzoon felis in clinically affected cats is usually easily

dentified on cytological examination of blood smears or
plenic aspirates. Serologic testing is not commercially avail-
ble. PCR can be used to amplify organismal DNA from
lood or splenic aspirates from cytologically negative cats.24

onpathogenic C. felis strains can be detected in the blood of
ealthy cats, and therefore the PPV of PCR assays is less than
00%. However, some strains of the organism are extremely
athogenic, and so it seems prudent to institute treatment in
linically ill, positive cats. Whether there is clinical benefit to
epeating PCR assays after successful treatment is unknown.

Babesia canis and B. gibsoni infections occur in dogs of the
nited States; there are no species that infect cats in this
ountry. Serological assays are available for both organisms,
ut positive test results do not prove anemia from Babesia

pp infection. PCR assays are now commercially available for
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oth organisms. These assays should be considered in high-
isk dogs with hemolytic anemia-like greyhounds, pit bull
erriers, or dogs exposed to pit bull terriers.25 The predictive
alues of Babesia spp PCR assays are unknown, but it seems
rudent to institute treatment in clinically ill, positive dogs. It

s unknown whether there are clinical benefits to repeating
CR assays after successful treatment.
Antibodies against feline immunodeficiency virus (FIV) are

etected in serum in clinical practice most frequently by
LISA. Comparisons between different tests have shown the
esults of most assays are comparable.26 It is believed that
nfection is incurable once established, thus presence of se-
um antibodies in unvaccinated cats indicates persistent in-
ection. Clinical signs can occur before seroconversion in
ome cats, and some infected cats never seroconvert, thus
alse-negative reactions can occur. Results of virus isolation
r RT-PCR on blood are positive in some antibody-negative
ats. Virus isolation or RT-PCR on blood can also be per-
ormed to confirm infection. However, FIV is not present in
he blood in high levels, and so false-negative results are
ommon.27 Thus, the assay is not very accurate for distin-
uishing a vaccinated cat from a naturally exposed cat.
Most cats with FeLV infection are antigenemic, and there-

ore molecular diagnostic assays are not usually necessary in
linical practice. However, the use of newer, sensitive RT-
CR assays have been used to accurately characterize the
tages of infection, although these assays do not have wide-
pread commercial availability.28

RNA of both feline infectious peritonitis (FIP) virus and
eline enteric coronavirus (FECV) can be amplified from the
lood and feces of cats, and so positive test results do not
lways correlate with the development of FIP. Amplification
f the mRNA of the M gene by RT-PCR has had mixed
esults in 2 studies performed to date. A study demonstrated
hat 13 of 26 apparently normal cats were positive for FECV
RNA in blood, suggesting that the PPV of this assay for the
iagnosis of FIP was low.29

astrointestinal Infectious Agents

The primary bacteria associated with gastrointestinal tract
isease in cats and dogs include Salmonella spp, Campy-
obacter spp, Clostridium spp, and Helicobacter spp. The
ptimal diagnostic test for Salmonella spp and Campy-
obacter spp is culture with antimicrobial susceptibility test-
ng rather than PCR. Although little information is available
n cats, it appears in dogs that it is optimal to perform a
ombination of both PCR and enterotoxin assays on feces
rom those suspected to have C. perfringens or C. difficile
nfections.30 However, some healthy dogs can also be positive
n all assays, and therefore the PPV is not 100%. Helico-
acter spp infection is suspected on cytological or his-
opathological detection of gastric spiral organisms and ure-
se-positive test results on tissue biopsies. PCR assays can be
sed to document the presence of Helicobacter spp DNA in
issues. However, Helicobacter spp can be detected in the

issues of many healthy dogs and cats, and therefore the PPV r
f assays for this organism group is low.31 Treatment usually
oes not permanently eliminate gastrointestinal bacterial in-
ections, resulting in minimum clinical benefit to repeating
CR assays after successful treatment.
The most common enteric protozoans in dogs and cats

nclude Cryptosporidium spp, Giardia spp, Isospora spp,
nd Tritrichomonas fetus. Although infection is common, it
s unusual to find C. felis or C. canis after fecal flotation in
ats because of the small size of the oocysts. Acid-fast stain-
ng of a thin fecal smear is cumbersome and insensitive, and
ntigen assays that are titrated for use with human feces are
naccurate when used with canine or feline feces. Immuno-
uorescent antibody staining of a thin fecal smear with a
ommercially available kit for the detection of C. parvum
nd G. lamblia in people appears to detect most Cryptospo-
idium spp and Giardia spp in dog and cat feces. This assay is
ommonly combined with fecal flotation by the author for
he initial screening of cats with small bowel diarrhea and
ogs with unexplained small bowel diarrhea that persists
fter routine therapeutic trials. PCR assays have been shown
o be more sensitive than IFA for detection of C. felis in cats,
ut little is known about sensitivity in the dog.32 However,
ecause of the inherent sensitivity, PCR assays are likely to
etect a number of subclinical carriers, and so the PPV will be
ess than 100%. Cryptosporidium felis and C. canis are not
onsidered to be significant zoonotic agents, therefore posi-
ive PCR assay results are only potentially significant when
etected in feces of dogs or cats with diarrhea.33 Cryptospo-
idium spp PCR assays are indicated in IFA-negative dogs or
ats with unexplained small bowel diarrhea and when the
enotype of Cryptosporidium is to be determined. Treatment
sually does not permanently eliminate infection, and so
here appears to be minimum clinical benefit to repeating
CR assays after successful treatment.
The diagnosis of Giardia spp infection is easy to achieve in

ogs or cats with small bowel diarrhea with the combination
f fecal flotation techniques and wet mount examination.
ecal antigen assays and the Giardia IFA are also accurate.
ecal PCR assays can be inaccurate because of the presence of
CR inhibitors and should only be used when the genotype of
iardia is to be determined.34 Treatment usually does not
ermanently eliminate Giardia infection, and reinfection can
ccur within days. Thus, there appears to be no clinical ben-
fit in testing healthy animals or repeating PCR assays after
esolution of diarrhea.

Some kittens and puppies with large bowel diarrhea are
nfected by Toxoplasma fetus (rare). Most clinically affected
nimals have cytological evidence of infection on wet mount
xamination. In addition, the organism is readily cultured
rom feces. However, PCR assays can be more sensitive than
ulture, and results return more quickly. Subclinical carriers
re common, and therefore amplification of T. fetus DNA
rom feces does not always prove that the agent is the cause of
he clinical disease (poor PPV).35 Treatment may not elimi-
ate infection, and reinfection is common. Thus, there ap-
ears to be little clinical benefit in testing healthy animals or

epeating PCR assays after resolution of diarrhea.
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The primary viral agents associated with gastrointestinal
isease in cats include feline coronaviruses, feline panleuko-
enia virus, FeLV, and FIV. In dogs, canine coronavirus,
anine distemper virus, and canine parvoviruses are most
ommon. FeLV and FIV assays are generally performed on
lood, not feces. Coronaviruses in dog and cat feces can be
ocumented by electron microscopy, virus isolation, or mo-

ecular assays. RT-PCR can be used to detect FECV and FIPV
NA in feces of cats and canine coronavirus in feces of dogs.
owever, positive results do not prove feline infectious peri-

onitis in cats but merely the presence of a coronavirus.36 In
ddition, RT-PCR assay results cannot distinguish a cat or
og that is merely colonized with a coronavirus from one
ith diarrhea induced by a coronavirus. Enteric coronavi-

uses are rarely a problem in puppies and kittens with good
usbandry and do not cause diarrhea in adults.6 Thus, there
ppears to be no reason to routinely perform coronavirus
T-PCR assay on the feces from a dog or cat. Feline panleu-
openia virus and canine parvoviruses can be detected in dog
nd cat feces by electron microscopy, virus isolation, canine
arvovirus antigen assays, and molecular diagnostic assays.
here appears to be no reason to routinely perform parvovi-
us PCR assays on canine and feline feces because fecal
ntigen assays are widely available, easy to use, and detect
urrent strains of canine and feline parvoviruses.4 Other
rganisms like astroviruses and reoviruses may infect some
nimals, but these agents have rarely been associated with
isease. Thus, whether specific diagnostic assays for these
gents are needed is unknown.

espiratory Infectious Agents

Of the bacteria that have been associated with respiratory
isease in dogs and cats, PCR assays are now routinely avail-
ble for Bordetella bronchiseptica, Mycoplasma spp, Strep-
ococcus zooepidemicus and Chlamydophila felis. Although
. bronchiseptica is a well-defined primary pathogen in dogs,

he organism can be isolated from many clinically normal
ats.37 Thus, the PPV of culture and PCR assay are low in
ats. Bordetella bronchiseptica is easily grown, and culture is
uperior to PCR for this agent because antimicrobial suscep-
ibility testing can be performed on isolates. The organism is
ot usually eliminated by treatment, and therefore postthera-
eutic follow-up culture or PCR assay has minimal benefits.
hlamydophila felis is a common differential diagnosis for

ats with clinical evidence of conjunctivitis and rhinitis, al-
hough it is not a common cause of lower airway disease. The
rganism is difficult to culture, and so detection of microbial
NA by PCR assays can be useful clinically. However, not all
CR-positive cats are clinically ill, and so the PPV can be low.
CR assays results can be used to prove a cattery has been
leared of the infection after treatment.38 Mycoplasma spp
rganisms are normal commensal organisms of the mucous
embranes of multiple species including dogs and cats. My-

oplasma felis has been associated primarily with conjuncti-
itis in cats but is suspected as a primary cause of rhinitis in

ats as well. There are multiple Mycoplasma spp of dogs and p
ats, and the pathogenic potential for most is unknown. If
ther primary diseases are present, even nonpathogenic My-
oplasma spp may be associated with the disease process.39,40

ycoplasma spp culture can be difficult, and antimicrobial
usceptibility is not provided by most laboratories. There-
ore, Mycoplasma spp PCR assays have at least moderate
linical utility. Genus-specific primers should probably be
sed because the pathogenic potential of all Mycoplasma spp
s not known. However, the PPV of the assays is likely to be
ow because Mycoplasma spp are common flora. The organ-
sm is not usually eliminated by treatment, and so postthera-
eutic follow-up culture or PCR assay has minimal benefit.
The most common viruses associated with feline respira-

ory disease are feline calicivirus (FCV) and feline herpesvirus
(FHV-1).40 Both viruses are extremely common in cats,

articularly those from crowded environments like pet
tores, catteries, and shelters. Adenovirus 2, parainfluenza,
nfluenza, respiratory coronavirus, canine distemper virus,
nd canine herpesvirus have the most potential to induce
espiratory disease in dogs. There are many FCV, and muta-
ions resulting in new strains are common.41 This organism is

common differential diagnosis for cats with clinical evi-
ence of rhinitis, stomatitis, and conjunctivitis. FCV is less
ommonly associated with polyarthritis, lower airway dis-
ase in kittens, and virulent systemic disease.42 Virus isola-
ion can be used to document current infection but takes at
east several days for results to return and is not performed by
ll laboratories. Because of widespread exposure and vacci-
ation, the PPV of serological tests is poor. RT-PCR assays
an be used to amplify calicivirus RNA with quick and rapid
eturn of results. However, these assays also amplify vaccine
trains of FCV. Accordingly, FCV RNA can be amplified
rom samples collected from normal carrier cats as well as
linically ill cats, and therefore FCV RT-PCR assays may
ave poor PPV. For example, the presence of FCV RNA
ailed to correlate to the presence or absence of stomatitis in
ats in a study from our laboratory.43 In addition, amplifica-
ion of FCV RNA cannot be used to prove virulent systemic
alicivirus infection. Results of FCV RT-PCR can also be
alsely negative, and so assays may have poor NPV. Treat-
ent does not eliminate FCV infection, and so there is no
enefit to follow-up culture or RT-PCR testing.
FHV-1 is a common differential diagnosis for cats with

linical evidence of rhinitis, stomatitis, conjunctivitis, kerati-
is, and facial dermatitis. The PPV of serological tests is poor
ecause of widespread exposure and vaccination. FHV-1 in-
ection can be documented by direct fluorescent staining of
onjunctival scrapings, virus isolation, or PCR. FHV-1 DNA
an be amplified from conjunctival cells of approximately
5% of healthy cats, and therefore the PPV of PCR assay for
his agent is low.44 Currently used PCR assays also detect
accine strains of FHV-1, further lessening the PPV.10 In one
tudy in the author’s laboratory, presence of FHV-1 DNA
ailed to correlate to the presence or absence of stomatitis in
ats.43 Quantitative PCR may ultimately prove to correlate to
he presence or absence of disease but failed to correlate to

resence of conjunctivitis in one study in the author’s labo-
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atory.45 The NPV of the FHV-1 PCR assays is also in ques-
ion because many cats that are likely to have FHV-1–asso-
iated disease are negative. This may relate to clearance of
HV-1 DNA from tissues by the immune reaction. Tissue
iopsies have greater sensitivity than conjunctival swabs.
HV-1 DNA can be amplified from aqueous humor of some
ats, but whether this indicates FHV-1 associated uveitis is
nknown.46 Treatment does not eliminate FHV-1 infection,
nd so there is no benefit to follow-up culture or PCR testing.
The viruses in dogs most commonly associated with respi-

atory disease (adenovirus 2, parainfluenza, influenza, respi-
atory coronavirus, canine distemper virus, and canine her-
esvirus) generally have an acute course of disease.47,48

herefore, the syndrome is often resolving before the return
f diagnostic test results from virus isolation or molecular
iagnostic assays. Results of molecular diagnostic assays can
lso be negative by the time clinical signs develop. In addi-
ion, there are no specific treatments for the viral respiratory
gents of dogs, and so a definitive diagnosis is not required to
ptimize the treatment plan. Thus, use of these assays has

ow clinical utility in individual dogs. However, when respi-
atory outbreaks occur in populations of dogs, determining
hether the primary agent is bacterial or viral may help in the
lanning of treatment (bacteria) or preventative programs.
Toxoplasma gondii (dogs and cats) or Neospora caninum

dogs) is associated with interstitial pneumonia that can
rogress to alveolar disease.49 Serological tests are available
or both organisms but have low PPV because of high sero-
revalence rates in normal animals. Dogs and cats with active
isease may have tachyzoites present on cytological exami-
ation of airway washings. However, the agents can also be
bscured by the inflammatory reaction. In these situations,
CR may be used to amplify the microbial DNA.50 PCR can
lso be used to differentiate T. gondii from N. caninum.
A variety of different serological assay and organism dem-

nstration assays are available to aid in the diagnosis of the
ost common fungal causes of respiratory disease in dogs

nd cats, including Aspergillus spp, Blastomyces dermatiti-
is, Coccidioides immits, Cryptococcus neoformans, and
istoplasma capsulatum.51 Although molecular diagnostic

ssays have been evaluated in limited numbers of research
tudies, there is minimal information concerning predictive
alues. Therefore, the majority of clinical cases are diagnosed
y other methods at this time.
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