SECTION 1

Isolation in Cell Culture
Jane E. Sykes and Shelley C. Rankin

D KEY POINTS

«  With the increasing availability of nucleic acid-based testing,
cell culture is decreasingly used for diagnosis of infections
caused by obligate intracellular pathogens in dogs and cats.

«  Cell culture remains an important technique for (a) confirma-
tion of a diagnosis when the results of molecular testing or
serology are unavailable or equivocal; (b) pathogen discovery;
and (c) vaccine manufacture. For some pathogens, cell cul-
ture is the most sensitive and specific method for organism
detection.

- Before collection of specimens, veterinary clinicians should
communicate with the laboratory that is to perform the culture
to discuss the patient signalment, history, immune status, travel
history, nature of the suspected infection, and number of ani-
mals affected.
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« Specimens are inoculated onto monolayers, and the infecting
organism is identified based on the presence of characteristic
cytopathic effect after a predictable incubation period, with or
without confirmatory antigen staining, electron microscopy, or
nucleic acid testing.

- False-negative results may occur as a result of inadequate spec-
imen collection, deterioration of organisms during transport, or
culture contamination with bacteria or fungi.

+ Positive results do not imply that the organism detected is the
cause of an animal’s signs, because some organisms can be
present without causing disease. This is especially the case for
animals with respiratory or gastrointestinal disease.

INTRODUCTION

Cell culture refers to the culture of nucleated (eukaryotic) cells
under controlled conditions within the laboratory. Infectious
agents that require living host cells for replication can only be
isolated in cell culture. With the advent of molecular diagnostic
assays based on nucleic acid detection, cell culture is being used
less often for routine clinical diagnostic purposes, because of the
long turnaround times (days to weeks), cost, and requirement for
significant technical expertise to perform cell culture and interpret
results (Table 1-1). Nevertheless, isolation of viral and intracellu-
lar bacterial and protozoal pathogens in cell culture remains an
important technique for the discovery of new pathogens, iden-
tification of organisms involved in disease when the results of
molecular testing or serology are unavailable or equivocal, the
propagation of isolates for research purposes, the generation of
organisms for vaccination purposes, and the establishment of
the efficacy of novel antimicrobial drugs. Vaccines for dogs and
cats that are propagated in cell culture include those for canine

2

distemper, canine adenovirus infections, parvovirus infections,
rabies, and feline viral and chlamydial respiratory tract disease.
Veterinary clinicians should remain aware of situations where cell
culture may be the best technique to identify the presence of an
infectious agent and the optimum methods for collection and
submission of specimens. Knowledge of cell culture methods can
help veterinary clinicians to submit the optimum specimens and
to understand laboratory turnaround times, potential complica-
tions, and how to interpret results.

Specimen Collection and Transport

Although cell culture can be used to propagate intracellular
bacteria and protozoa, it is most often used by clinicians for
the diagnosis of viral infections. Active communication between
the clinician and the laboratory that performs viral isolation is
recommended. Successful detection of viruses is highly depen-
dent on (a) collecting the appropriate specimens, (b) the tim-
ing of specimen collection, and (c) rapid and proper specimen



TABLE 1-1

Alternatives to Cell Culture for Diagnosis of Obligate
Intracellular Pathogens That Infect Dogs and Cats

System Affected and Most Other Diagnostic Tests
Common Agents Available
Respiratory Tract
Canine respiratory coronavirus RT-PCR
Canine adenovirus-2 PCR
Influenza viruses RT-PCR, antibody
Canine parainfluenza virus detection
Canine distemper virus RT-PCR
Canine herpesvirus RT-PCR, antigen detection
Feline herpesvirus-1 using IFA
Feline calicivirus PCR
PCR, IHC
RT-PCR, IHC
Eye
Chlamydia felis PCR
Central Nervous System

RT-PCR, direct I[FA, CSF
antibody detection

RT-PCR

RT-PCR

Canine distemper virus
West Nile virus
Encephalitis viruses

Gastrointestinal Tract
Coronaviruses PCR
Canine distemper virus PCR, direct IFA/IHC

Canine and feline parvovirus PCR, IHC
Genital

Canine herpesvirus PCR
Congenital and Perinatal

Canine herpesvirus PCR
Feline herpesvirus-1 PCR

Blood

Feline leukemia virus

Feline immunodeficiency virus
Anaplasma phagocytophilum
Rickettsia rickettsii

Ebrlichia canis

PCR, antigen detection

PCR, antibody detection

PCR, antibody detection

PCR, direct IFA on skin
biopsies, antibody detec-
tion

PCR, antibody detection

CSF, Cerebrospinal fluid; IFA, fluorescent antibody; IHC, immunohis-
tochemistry; PCR, polymerase chain reaction; RT, reverse transcriptase.

transport and processing. Thus the actions of the veterinary cli-
nician play a critical role in ensuring positive test results when
a virus is present.

The clinician should discuss with the laboratory what types
of viruses are suspected in light of the animal’s clinical presen-
tation. The patient signalment, history, clinical signs, immune
status, travel history, and number of animals affected should
be discussed to generate conclusions regarding the nature of
the suspected infection (Box 1-1). Some viruses, such as feline
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Factors That Should Be Discussed with the Laboratory
before Collection of Specimens for Pathogen Isolation in
Cell Culture

Patient species, breed, age, and environment

Number of animals affected

History and clinical signs

Immune status of the patient

Geographic location and travel history

Suspected infectious agents

Timing of specimen collection

Type and amount of specimen to be collected

Transport conditions, including timing and method of
transportation

coronavirus (FCoV), are difficult to isolate in cell culture or
grow slowly, whereas others, such as feline calicivirus (FCV),
replicate readily and rapidly in cell culture, and the sensitivity of
cell culture is high. Viruses differ in respect to the cell type they
prefer to replicate within. As a result, specimens should be sent
to the laboratory with information on the specific viruses that
are suspected.

The timing of specimen collection is particularly important
for viral infections. Specimens should be collected as early as
possible following the onset of clinical signs, optimally within
the first week, because viral shedding may commence before
the onset of signs and continue for only a few days. The dura-
tion of viral shedding depends on the type of virus and the
anatomic site sampled. When multiple animals are affected,
collection of specimens from more than one animal may
increase the chance that an isolate will be obtained. If possible,
antibody testing using acute and convalescent phase serology
should be performed concurrently to help confirm the diagno-
sis (see Chapter 2).

Selection of the best specimen and collection site for culture
is optimized based on knowledge of the pathogenesis of the
infectious agent involved, because the optimum specimen col-
lection site may not be the site where clinical signs are most
severe. Attempts should be made during specimen collection
to prevent contamination of the specimen with normal flora,
although this is not always possible. Specimen size should also
be maximized (for example, at least 5 mL of blood, body flu-
ids, or lavage specimens, and ideally 8 to 10 mL of blood) to
increase the chance of a positive isolation. In general, nasal or
nasopharyngeal washes have been preferred over nasal swabs
in human patients for isolation of respiratory viruses, but one
study showed that nasal swab specimens were just as sensitive
as nasopharyngeal washes for isolation of most respiratory
viruses.! Nasal or oropharyngeal swab specimens are collected
by placing a long-shafted swab in the area to be sampled, rotat-
ing the swab against the mucosa, and allowing the secretions to
be absorbed for approximately 5 to 10 seconds.

Swabs and small tissue specimens for virus isolation should
be placed in buffered virus transport medium, which contains
antibiotics and protein. This can be obtained from the labora-
tory or purchased from other commercial sources. It is impor-
tant that the medium used has not reached its expiry date.
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TABLE 1-2

Specimen Collection Guide for Diagnosis of Viral and Intracellular Bacterial Infections of Companion Animals

System Affected Possible Agents Specimen Type
Respiratory Dogs: coronaviruses, canine adenovirus, Oropharyngeal swabs
tract influenza viruses, parainfluenza virus, Nasal flushes, transtracheal wash or bronchoalveolar lavage speci-
CDV, canine herpesvirus mens: ideally 5 to 10 mL of fluid
Cats: FHV-1, FCV, influenza viruses, Lung tissue obtained at biopsy or necropsy, including an area adja-
FCoV cent to affected tissue
Eye Dogs: canine herpesvirus, canine Conjunctival swab, scraping or biopsy
adenovirus

Cats: FHV-1, FCV, Chlamydia felis

Central nervous  Dogs: CDV, West Nile virus,

Cerebrospinal fluid: ideally at least 0.5 to 1 mL

system arboviruses Blood: 8 to 10 mL
Brain at necropsy
Gastrointestinal ~ Dogs: CDV, CPV, rotaviruses, canine Feces: ideally an olive-sized portion of formed feces or 10 mL of
tract coronavirus liquid stool
Cats: FCoV, FCV, FeLV, rotaviruses, Intestinal biopsies obtained using endoscopy or surgery, or intesti-
toroviruses nal tissue obtained at necropsy
Genital Dogs: canine herpesvirus Vesicle scrapings, vaginal swabs

Cats: Chlamydia felis

Dogs: canine herpesvirus
Cats: FHV-1, FeLV

Congenital and
perinatal

Blood, tissues obtained at necropsy

Blood Dogs: Anaplasma phagocytophilum,
Rickettsia rickettsii, Ebrlichia canis

Cats: FeLV, FIV, FCoV

Blood: ideally 8 to 10 mL

CDV, Canine distemper virus; CPV, canine parvovirus; FCoV, feline coronavirus; FCV, feline calicivirus; FeLV, feline leukemia virus; FHV-1, feline

herpesvirus-1; FIV, feline immunodeficiency virus.

Liquid specimens such as blood, cerebrospinal fluid, and
bronchoalveolar lavage fluid do not need to be placed in trans-
port media. Blood samples should be collected using sterile tech-
nique, with antiseptic preparation of the site of venipuncture,
and can be submitted in EDTA anticoagulant tubes.

All specimens should be refrigerated on collection and trans-
ported as quickly as possible (preferably within 24 hours) to the
laboratory, because delayed transport can lead to loss of organ-
ism viability. If delays in excess of 2 to 3 days are anticipated,
the specimen can be frozen. Freezing should be avoided when-
ever possible, as it may lead to dramatic loss of virus viability.
If freezing is unavoidable, freezing at -70° C is preferable to
freezing at -20° C, and shipping on dry ice is preferable, if pos-
sible. The laboratory’s submission guide should be checked for
specimen handling recommendations.

Table 1-2 provides a guide to the recommended specimen
types for isolation of viruses or obligate intracellular bacteria
from companion animals. Specimens should be labeled with the
patient data, the site(s) from which the specimen(s) was collected,
specific organisms suspected, and the time and date of specimen
collection. Contained specimens should be placed inside leak-
proof triple packaging and transported on wet ice or cold packs
to the laboratory, especially if transport is expected to take lon-
ger than 1 hour. Absorbent materials should be placed within the
secondary container in order to absorb any spills. If specimens are
to be shipped, the specimen must be labeled and handled accord-
ing to governmental and International Air Transport Associa-
tion (IATA) regulations for shipping materials known to contain
infectious substances, which are categorized as Category A or

Category B. Category A infectious substances are those capa-
ble of causing permanent disability or life-threatening or fatal
disease in otherwise healthy animals and humans.2 Most speci-
mens submitted by veterinarians fall under Category B, which
are those that do not fall under the criteria for inclusion in Cat-
egory A. Updated documents providing guidance on regulations
for the transport of infectious substances are provided online by
the World Health Organization (WHO).2 Import permits may be
required for interstate and international transportation.

Diagnostic Methods

Maintenance of Cell Cultures in the Laboratory

In general, cells are grown as a monolayer on a plastic plate. The
cells in the monolayer can be derived directly from an animal
(primary cell culture), which tend to have a limited life span, or
they may be immortalized (continuous cell lines). Primary cell
cultures are needed for the isolation of some viruses, because
the cells more closely resemble those present in vivo, and the
replication of these viruses occurs more efficiently in primary
cell lines than in continuous cell lines. Further subculture of pri-
mary cell lines often reduces their sensitivity to viral infection.
Primary cell cultures are generated by placing tissues in cell cul-
ture media, often after treatment of the tissue with an enzyme
such as trypsin or collagenase. Primary white blood cell cultures
(such as peripheral blood mononuclear cell cultures) are gen-
erated by separation of the white cells from the other cellular
elements using density gradient centrifugation, and adding them
to a culture medium. Ficoll, a highly branched polysaccharide,



TABLE 1-3

Examples of Continuous Cell Lines Used for Isolation of Viruses
and Intracellular Bacteria That Infect Dogs and Cats

Cell Line Cell Origin Pathogen(s)

Vero cells; African Green CDhV1L,12
recombinant monkey renal  Rickettsia rickettsii3
Vero-SLAM epithelial cells  Toxoplasma gondii'*
cells

CDVS15

Canine adenovirus®:!
Canine herpesvirus-18:15
Parvoviruses®:1¢

Canine parainfluenza

Madin-Darby
canine kidney
cells (MDCK)

Kidney

virus®
Canine calicivirus*
Rotaviruses!”
Influenza viruses!$
FeL V!
Neospora caninum?0
Crandell-Reese  Fetal kidney FHV-121
feline kidney FCV21,22
cells FCoV23
Parvoviruses2*
FIV2S
HL-60 Human leukemia  Anaplasma phagocyto-
philum?6
A-72 Canine fibroma Canine adenovirus?’
Canine coronavirus2’
Canine parainfluenza
virus?”
Canine herpesvirus2’
McCoy Mouse fibroblast  Chlamydia felis*8
FCWF Felis catus whole ~ FCoV?%?
fetus, has FHV-130
characteristics
of macrophages
DH-82 Monocyte/macro-  Ehbrlichia canis3!
phage

CDV, Canine distemper virus; FCoV, feline coronavirus; FCV, feline
calicivirus; FeLV, feline leukemia virus; FHV-1, feline herpesvirus-1;
FIV, feline immunodeficiency virus.

is an example of a medium used commonly for density gradient
centrifugation. Primary cell cultures have been used widely for
the isolation of intracellular pathogens of dogs and cats.3-¢
Low-passage cell lines remain viable and sensitive to viral
infections for 20 to 50 passages. Continuous cell lines are the type
of cell line used most commonly for diagnostic, research, and
commercial purposes. These are derived from cancer cells (such as
the widely used HeLa cell line, derived from human cervical can-
cer cells of a patient named Henrietta Lacks),” or they result from
experimental induction of cellular mutations (for example, using
a carcinogen). Continuous cell lines representing a wide variety
of cell types are available from commercial suppliers (Table 1-3).
Laboratories that perform virus isolation for disease diagnosis
may need to simultaneously inoculate multiple cell lines, because
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FIGURE 1-1 A, Plastic flask that contains cell culture medium. B, A confluent cell
monolayer is present on the bottom of the flask and can be visualized through the top of
the flask using a binocular inverted microscope.

different viruses prefer to replicate in differing cell types. Mixed
cell cultures are also now available commercially to simultane-
ously facilitate isolation of multiple different viral pathogens.

Cells for cell culture are stored in the laboratory in liquid
nitrogen tanks. The cells are thawed, dispersed in cell culture
medium, and allowed to settle on the bottom of a plastic flask
(Figure 1-1). The cell culture medium keeps the cells moist and
provides the cells with nutrients. Minimum essential medium
(MEM), also known as Eagle’s minimum essential medium, and
Dulbecco’s medium are examples of widely used synthetic cell
culture media. The cell culture medium contains a balanced salt
solution, essential amino acids, glucose, vitamins, and a bicar-
bonate buffering system. Variations of MEM are available, some
of which contain nonessential amino acids, the pH indicator phe-
nol red, and the pH buffering agent HEPES (4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid), which helps to maintain a
physiologic pH despite an increasing concentration of CO, that
is produced as a result of cellular respiration. The medium often
requires supplementation with animal serum, most commonly
fetal calf serum, which helps the cells to attach to and spread
on the plate, although serum-free medium has also been used
successfully for culture of canine and feline viruses.® Media for
cell culture growth differ from media for maintenance of cells in
culture, the former generally containing a higher concentration
of animal serum (10% versus 2% for maintenance medium).
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To prevent bacterial or fungal contamination when viral
pathogens are cultured, careful attention to sterile technique is
required. Manipulation of cells in the flask is performed in a
laminar flow hood, and the culture medium is sometimes sup-
plemented with antibiotics (generally ampicillin or an amino-
glycoside), with or without an antifungal agent (amphotericin B
or nystatin). Cell culture flasks are placed in a humidified incu-
bator that maintains temperature usually at 37°C, and a gas
mixture that typically contains 5% CO,.

The cell culture flasks are removed from the incubator and
examined daily using an inverted binocular tissue culture micro-
scope (see Figure 1-1), which allows examination of unstained
cells through the bottom of the flask. The medium is replaced
with fresh medium if the pH indicator suggests it is becoming
too acidic. Once the cells have multiplied sufficiently to form a
semiconfluent monolayer, the cells can either be passaged or be
allowed to reach confluence before inoculation with specimen.
In order to passage the cells, the medium is removed, and a small
volume of trypsin or EDTA solution is added to the monolayer.
The monolayer is incubated with the solution for several min-
utes, after which the cells detach from the flask and can be resus-
pended in medium, which is then added to new flasks.

Occasionally, cell lines become cross-contaminated with other
cell lines. The HeLa cell line is an example of a prolific and hardy
cell line that commonly contaminates other cultures. Major cell
line repositories such as the American Type Culture Collection
(ATCC) use genetic typing methods to verify the identity of the
cells in their collection. Cell lines can also become easily con-
taminated with Mycoplasma spp., which pass through filters
used to exclude other bacteria. The presence of contaminating
Mpycoplasma spp. can interfere with replication of other patho-
gens and cause alterations of cellular morphology. Mycoplasma
contamination is detected using stains such as Hoechst stain,
culture for Mycoplasma, and commercially available PCR assays
that specifically detect Mycoplasma DNA for the purpose of cell
culture quality assurance.’

Inoculation of Cell Cultures

Infection of a cell monolayer is accomplished by removal of
overlying medium and inoculation of the monolayer with a sus-
pension of viral or bacterial organisms. If tissue specimens are
provided for culture, the specimens are homogenized in culture
medium before they are inoculated onto the monolayer. Speci-
mens may first be centrifuged to remove cell debris and bacte-
ria. Passage through a filter can also be used before inoculation
to remove bacteria. The inoculum is added to the monolayer.
Organisms within the inoculum are then allowed to settle on
the monolayer for approximately 1 hour before the residual
inoculum is removed and fresh maintenance medium is added.

For isolation of virus, the monolayer is then examined daily
for evidence of cytopathic effect (CPE). Medium is replaced
weekly or biweekly. CPE refers to the cellular changes induced
by viral replication in the cell culture monolayer and includes
cell lysis or cell fusion (syncytium formation). The presence of a
particular viral pathogen is indicated by the appearance of char-
acteristic CPE for that pathogen after a predicted incubation
period (Figure 1-2). For example, CPE induced by FCV is char-
acterized by cell rounding and detachment that can occur within
24 hours, and within 16 hours for highly virulent strains.!0
The presence of CPE is confirmed through the comparison of
inoculated cultures to uninoculated (control) cultures. Exami-
nation of the cell monolayer using light microscopy after fixa-
tion and staining can reveal additional diagnostic features, such
as the presence of inclusion bodies and syncytium formation.
Some viruses are relatively noncytopathogenic. In some cases,
the presence of these viruses can be demonstrated by adding
washed erythrocytes to the monolayer and examination of
the monolayer for evidence of hemadsorption (see Figure 1-2,
B). Hemadsorption results from incorporation of viral surface
hemagglutinin molecules into the plasma membranes of the cell
culture monolayer. Examples of hemadsorbing viruses that pro-
duce minimal CPE include influenza and parainfluenza viruses.
Other, more sensitive and specific methods for identification of
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FIGURE 1-2 A, (ytopathic effects produced by a herpesvirus as viewed in the laboratory. Note the focal areas of rounded and detached cells. B, Hemadsorption: erythrocytes adsorb
to infected cells that have incorporated hemagglutinin into the plasma membrane. Magnification %<60. (Courtesy of Jack I; from MacLachlan NJ, Dubovi EJ eds. Fenner’s veterinary virology,
4ed. New York: Academic Press, 2011.)



Indirect fluorescent antibody detection of noncytopathic virus infected
cells. A cell monolayer exposed to virus for 72 hours was fixed with cold acetone. Fixed
cells were stained with a mouse monoclonal antibody specific for bovine viral diarrhea
virus (BVDV) followed by a goat anti-mouse serum tagged with fluorescein isothiocyanate.
(From Maclachlan NJ, Dubovi EJ. Fenner’s Veterinary Virology, 4 ed. New York: Academic
Press, 2011.)

Inoculate
with specimen

Coverslip with tissue
culture monolayer in shell vial

Centrifuge to enhance
infection of monolayer

Stain with antiviral
fluorescent monoclonal antibodies

@ Mount coverslip
on slide

Schematic of the shell vial virus isolation technique. (Modified from
Shelhamer JH, Gill VJ, Quinn TG, et al. The laboratory evaluation of opportunistic pulmo-
nary infections. Ann Intern Med 1996;124(6):585-599.)

-

b

an organism that has infected a cell culture monolayer include
fixation and staining of the monolayer with fluorescent anti-
bodies that are specific for certain viruses (Figure 1-3), use of
nucleic acid detection techniques such as PCR, or use of electron
microscopy.

For spin-amplified cell culture, the monolayer is centrifuged
at low speed after inoculation. This can enhance recovery of
certain viruses and intracellular bacterial pathogens such as
chlamydiae. Either an entire plate of cell culture wells can be
spun in a plate centrifuge, or shell vials can be used (also known
as the shell vial technique). Shell vials are small, flat-bottomed
bottles (Figure 1-4). A monolayer is grown on a glass coverslip
at the bottom of the vial, and after inoculation, the vials are
centrifuged at low speed. Using this method, fluorescent anti-
body staining for viral or chlamydial antigen is used to detect
the pathogen before CPE occurs. After 48 to 72 hours, the cov-
erslips are fixed, stained with virus-specific fluorescent-labeled
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Determination of the concentration of infectious virus using a plaque
assay. Vero cell monolayers were inoculated with serial 10-fold dilutions of vesicular sto-
matitis virus. After a 1-hour adsorption period, cultures were overlayed with 0.75% aga-
rose in cell culture medium containing 5% fetal bovine serum. Cultures were incubated for
3 days at 37°Cin a 5% humidified (0, atmosphere. The agarose overlay was removed and
cultures fixed and stained with 0.75% crystal violet in 10% buffered formalin. A, Control
culture. B-F, serial 10-fold dilution of virus: B, 10-3; C, 1074 D, 10>, E, 10~; F, 10~
(From Maclachlan NJ, Dubovi EJ. Fenner’s Veterinary Virology, 4 ed. New York: Academic
Press, 2011.)

antibodies, removed from the vials, and examined with a fluo-
rescence microscope.

Plaque Assays

Overlay of the monolayer with agar or methylcellulose after
inoculation with virus minimizes subsequent viral movement
through the monolayer and restricts damage by each replicating
viral particle to a small area. This results in the formation of
“holes” in the monolayer, or plagues (Figure 1-5). The mono-
layer can then be stained and the number of plaques can be
counted in order to obtain information regarding the amount
of virus in the inoculum. Plaque assays are commonly used by
researchers to assess the efficacy of antiviral treatments, through
reduction of plaque formation.

Laboratory Safety Concerns That Relate
to Cell Culture

The processing of specimens in a biological safety cabinet not
only serves to protect cultures from contamination but also
acts to protect the laboratory worker from laboratory-acquired
infections. Most viruses grown in veterinary diagnostic labora-
tories are classified as biosafety level 2 (BSL 2) agents. Biosafety
levels range from 1 through 4 (Table 1-4). In the United States,
the Centers for Disease Control and Prevention (CDC) assigns
these levels. It is important that veterinary clinicians be aware
that isolation of hazardous pathogens can only be conducted in
specially designed and accredited laboratories.

Interpretation of Results

Negative Results

Reasons for negative test results using virus isolation are numer-
ous, so the clinician should not assume that a virus is not pres-
ent when a negative test result is obtained (Box 1-2). Negative
test results can occur as a result of inadequate specimen size,
lack of viral shedding by the animal at the time of specimen col-
lection, the binding of antibodies to viruses within the specimen,
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TABLE 1-4

Biosafety Levels Set for Diagnosis of Laboratory Practices

Level Risk Examples

Example Precautions

BSL1  Minimal potential hazard to human Canine adenovirus-1  Gloves, facial protection. Standard microbiologic

health and the environment Nonpathogenic practices using bench-top techniques. Routine
Escherichia coli decontamination practices (hand washing, routine
bench disinfection, autoclaving of infectious waste).

BSL2  Moderate potential hazard to Most veterinary Access to the laboratory restricted when work is taking
human health and the environment.  viruses, including place; extreme precautions with sharp contaminated
Organisms cause mild disease or are  influenza viruses materials; use of appropriate biosafety cabinets
difficult to contract as laboratory when generation of aerosols possible. No require-
aerosols. ment for directional airflow into the laboratory.

BSL 3  Dangerous agents that can be West Nile virus Laboratory is located away from high-traffic areas.
transmitted by aerosol within the Equine encephalitis Restricted laboratory access when work in progress;
laboratory but for which effective viruses double door entry, ventilation providing airflow
vaccines or treatments exist. Rickettsia rickettsii into the room, exhaust air not recirculated; special

Coxiella burnetii practices and protective clothing for BSL 3, including
Mycobacterium tuber-  biosafety cabinet use; special floor and ceiling
culosis materials specified.
BSL 4  Dangerous and exotic agents that pose Ebola virus Hazmat suit and self-contained oxygen system, entrance

a high risk of aerosol-transmitted

Marburg virus

containing multiple showers, a vacuum room, an

laboratory infections, or which Smallpox ultraviolet light room, and multiple airlocked doors.
produce severe or fatal disease in Strict control of laboratory access to authorized
humans personnel.

V. Negative test results can also occur when the cell line inocu-

Reasons for Negative Test Results following Isolation
of Viruses in Cell Culture

Virus not causing the disease
Virus causing the disease, but:
Specimen size inadequate
No viral shedding at the time of sampling
No viral shedding at the site of sampling
Antibody interference with viral infectivity for cell
culture
Inadequate organism numbers at the anatomic site
of specimen collection
Loss of organism viability during transportation to
the laboratory
Overgrowth of one viral pathogen by another
Overgrowth by bacterial or fungal agents
Lack of cell sensitivity for the virus (wrong cell type
inoculated)
Laboratory inexperience with techniques required
for virus isolation and identification

inadequate organism numbers at the anatomic site of specimen
collection, or loss of organism viability during transportation
to the laboratory. Loss of viral viability is more likely to occur
with enveloped viruses such as canine distemper virus than with
non-enveloped, hardy viruses such as canine parvovirus or FCV.

lated is not sensitive to the virus present in the specimen. Low-
passage cells may also lose their infectivity for viral infection if
they have undergone multiple serial passages.

False negatives can also occur if the plates are overgrown by
bacteria or fungi. Although treatment of the viral transport and
culture media with antimicrobials can help prevent this, resis-
tant bacteria or fungi may still be present. Sometimes, multiple
viruses are present within a specimen, and one virus overgrows
another. For example, this can occur with mixed infections with
FCV and feline herpesvirus-1 (FHV-1) in cats with upper respi-
ratory tract disease. FCV rapidly infects Crandell-Reese feline
kidney cells and produces CPE, which obscures the concurrent
presence of FHV-1.

Positive Results

It is imperative that veterinary clinicians be aware that the
detection of a virus in a specimen does not always imply that
the organism is the cause of the animal’s clinical signs. This is
especially true for specimens collected from the respiratory or
gastrointestinal tracts, where multiple infectious agents may
be present concurrently, and in many cases, viruses can repli-
cate in these locations without causing clinical signs of illness.
In some animals, the development of severe clinical signs is
more likely when there is simultaneous presence of multiple
infectious agents. As noted previously for specimens that test
negative, the presence of one agent may also obscure the pres-
ence of another, more significant organism (such as with FCV
and FHV-1 co-infections), which could result in the incorrect
assumption that only one organism is the cause of an animal’s
disease.
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CHAPTER 2 i

Immunoassays
Jane E. Sykes and Shelley C. Rankin

D KEY POINTS

+ Immunoassays are commonly used in practice to detect anti-
gen or antibody in body fluids.

- The term serology is most often used to refer to assays that
detect antibody in serum.

« Immunoassays that detect antigen or antibody in dogs and cats
suspected to have infectious diseases include direct and indi-
rectimmunofluorescent antibody (IFA), immunohistochemistry
(IHC), ELISA, Western immunoblotting, agglutination tests, gel
immunodiffusion assays, and serum neutralization.

-+ Positive immunoassay results do not always imply infection,
and negative results do not rule out infection.

Q

« When interpreting the results of immunoassays, veterinarians
should consider what is being measured (antigen or antibody),
the likelihood of antigen or antibody being present in relation
to the onset of iliness, whether the positive test result is consis-
tent with the animal’s clinical signs, and the animal’s vaccina-
tion history and immune status. The possibility of false positives
due to immunologic cross-reactivity, as well as the analytical
sensitivity and specificity of the test used (i.e., the test’s perfor-
mance), must also be considered.

- Additional assays may be required to support immunoassay
test results.

INTRODUCTION

Serology refers to the measurement of antigen-antibody interac-
tions for diagnostic purposes, but is most often used to refer to
the detection of antibodies in serum. In general, a blood sample
is seroreactive (or seropositive) if it contains antibodies to a par-
ticular pathogen. Assays have been designed that detect differ-
ent classes of antibodies in serum, most commonly IgG or IgM.
Methods used to detect antibodies can also be applied to detect
antigen. They can also be used on body fluids other than serum,
such as urine, cerebrospinal fluid, and aqueous humor. Assays that
measure antigen-antibody interactions for diagnostic purposes
are most broadly referred to as immunoassays. Types of immu-
noassays include immunofluorescent antibody (IFA) tests, ELISAs,
agglutination tests, gel immunodiffusion tests (AGID or gel ID
tests), and Western blotting. Many of these assays involve the use
of polyclonal antibodies, or, more commonly, monoclonal antibod-
ies, which are commercially available. Polyclonal antibodies are
produced in animals (e.g., rabbits or horses) as a normal antibody
response to antigen exposure. Monoclonal antibodies are pro-
duced in almost unlimited amounts in tissue culture, and have a
higher degree of antigenic specificity.

Some immunoassays, such as ELISA and IFA, provide quantita-
tive results, expressed as optical density units (ODs) or titers (e.g.,
1:800, or reciprocal titer = 800). Exposure to an infectious agent
results in a rise in antibody titer over time (Figure 2-1). Usually, the
first antibody class to be produced by plasma cells is IgM, after
which 1gG synthesis by plasma cells occurs. When exposure to a
pathogen occurs for the first time, there is a lag phase of 5 to 7 days
before IgM antibodies can be detected in the blood (primary anti-
body response). The antibody titer increases, and if the infectious
agentis cleared, there is a progressive decline in the titer over weeks
to months. The speed and magnitude by which the antibody titer
rises depends on host factors and the infectious agent involved. For
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some diseases, such as leptospirosis, a significant rise occurs within
3 to 4 days of the onset of clinical signs. In secondary, or anamnes-
tic, immune responses, the lag phase is shorter, the antibody titer
increases more rapidly and to a greater magnitude, and antibodies
may persist for longer periods of time (months to years).

Serologic diagnosis of infectious diseases relies on an understand-
ing of the timing of the antibody response in relation to development
of clinical signs for different infectious diseases. The results of sero-
logic testing are interpreted differently for acute infections than
they are for chronic or persistent infections. For infections with a
short incubation period, such as leptospirosis or Rocky Mountain
spotted fever, antibody titers are often negative in the first week of
iliness. In general, an increase in antibody titers over a 2- to 4-week
period then occurs. Seroconversion is consistent with recent infec-
tion, and at least a fourfold increase in titer is required for the
change to be considered significant. Because serologic test results
can differ between laboratories that perform the same assay, the
same laboratory should be used to determine the acute and the
convalescent titer. Ideally, to minimize interassay variation, an ali-
quot of the acute specimen should be stored, frozen, and assayed
at the same time as the convalescent specimen, although in reality
this is often not done. A fourfold decline in antibody titer may also
be consistent with recent infection, depending on the stage of ill-
ness at which serologic testing is performed. For chronic, persistent
infections, such as FIV infection or canine leishmaniosis, a single,
positive antibody titer can indicate active infection. Titer increases
do not occur when infection persists beyond 1 to 2 months, and so
acute- and convalescent-phase serology is not useful for diagnosis
of chronic infections.

Specimen Collection and Transport

Blood collected for antibody testing should be allowed to clot,
and the serum separated immediately and then refrigerated or
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FIGURE 2-1 Time course of primary and secondary immune responses, showing rela-
tive amounts of IgM and IgG produced at different times after antigen exposure. (Modified
from Tizard IR. Veterinary Inmunology, 8 ed. St Louis: Saunders; 2008)

frozen. Specimens can be refrigerated for up to a week before
they are shipped to the laboratory. If testing is to be delayed for
longer than a week, specimens should be frozen at -20°C or
-80°C. Specimens can be stored frozen for years without loss of
antibody titer. For specimens collected for antigen testing, assay
results may be more susceptible to variation with specimen stor-
age. The laboratory should be contacted in order to determine
specimen storage and handling requirements.

Diagnostic Methods

Immunofluorescent and Immunoperoxidase
Antibody Assays

Direct IFA (also known as direct FA) detects antigen in clinical
specimens. IFA involves the use of an antibody that has been
tagged (conjugated) with a fluorescent label (such as fluores-
cein isothiocyanate) to detect the presence a specific antigen.
IFA is performed directly on a glass slide, and fluorescence is
detected by microscopy. The sensitivity of direct IFA is too
low to detect individual virus particles or soluble antigen, so
usually IFA detects antigen present in association with eukary-
otic or bacterial cells. If the antigen is intracellular, pretreat-
ment of the slide to permeabilize the cells may be necessary.
The glass slide is then incubated with a solution that contains
the fluorescent antibody, then washed to remove unbound
antibody, and the cells are examined using a fluorescence
microscope (Figure 2-2). Examples of the use of direct IFA
in veterinary medicine include detection of Giardia oocysts,
FeLV within monocytes in peripheral blood or bone marrow,
or canine distemper virus within epithelial cells from a con-
junctival scraping. Nonspecific fluorescence can result in false
positives using these methods, but this can be overcome with
the inclusion of proper controls and technical expertise. An
alternative to the use of a fluorescein-conjugated antibody is
the use of an antibody that has been conjugated to an enzyme
such as horseradish peroxidase (immunoperoxidase). A sub-
strate, most commonly 3,3’-diaminobenzidine (DAB), is then
added to the slides. In the presence of hydrogen peroxide, DAB
is converted to an insoluble brown precipitate, which can be
visualized using conventional light microscopy. This technique
is known as immunocytochemistry. The same method, when
applied to tissue sections, is known as immunohistochemistry
(IHC) (Figure 2-3).
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FIGURE 2-2 Direct fluorescent antibody stain of brain tissue for rabies virus.
Frozen tissue sections were stained with a commercial reagent that contains three mono-
clonal antibodies specific for the rabies virus nucleocapsid. Antibodies were labeled with
fluorescein. Positive staining is present in a Purkinje cell. (Courtesy of Galligan J. New York
State Department of Health. In Maclachlan NJ, Dubovi EJ. Fenner’s Veterinary Virology, 4
ed. New York: Elsevier; 2011.)

-
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FIGURE 2-3 Immunohistochemistry. A, Hematoxylin and eosin stained section of a
lingual ulcer from a cat infected with feline herpesvirus-1. B, The brown stained cells lining
the ulcer are positive using an immunohistochemical stain for feline herpesvirus-1. (Cour-
tesy of Dr. Patricia Pesavento, School of Veterinary Medicine, University of California, Davis.)

Indirect IFA (also known as IFA testing, or IFAT) is generally
used to establish a serum antibody titer to an infectious agent,
but it can also be used to detect antigen. When used to detect
antigen, it is more sensitive than direct IFA. For measurement of
antibody titers, patient serum is serially diluted in the laboratory
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FIGURE 2-4 Flow-through immunoassay device (IDEXX Laboratories, Inc.). Specific antigen (for example, a recombinant protein) or antibody is immobilized on a membrane in the
device in a spot or line. 1, Patient serum that may or may not contain target antigen or antibody is mixed with a solution that contains conjugated antibody or antigen. 2-3, The solution
is allowed to flow through the device, where it becomes captured on the membrane. 4, The device is activated (snapped), which releases wash and substrate reagents within the device.
A positive reaction appears as a colored bar, or in this case, a dot. Color development in designated spots on the membrane can indicate the presence of antibody to Anaplasma spp., Ehrlichia

canis, and Borrelia burgdorferi, or the antigen of Dirofilaria immitis.

and reacted with a known antigen that has been fixed to glass
slides. IFA slides are commercially manufactured for this pur-
pose. Slides are then washed to remove unbound antibody. A
secondary antibody, which is designed to react with the bound
patient antibodies (e.g., dog IgG or dog IgM), is applied to the
slides, which are then washed again. This secondary antibody
has been conjugated to a fluorescent label. The slides are then
examined using a fluorescence microscope. The highest dilution
of serum that results in specific fluorescence is reported to the
clinician as the antibody titer to the infectious agent of interest.
Examples of the use of indirect IFA for serologic testing in dogs
and cats include quantitative serology for some tick-borne infec-
tious diseases (e.g., Ebrlichia canis, Anaplasma spp.).

More recently, veterinary immunofluorescence assays have
been marketed that allow multiple antigen (or antibody) targets
to be mounted on novel platforms, such as fluorescent beads
or wells on the surface of a spinning silicon disc that resem-
bles a compact disc. Automated silicon disc-based assays allow
rapid and simultaneous analysis of hundreds of specimens, with
dramatic reduction in labor associated with traditional IFA or
ELISA assays, and reduced chance of false-positive or -negative
assay results due to human error. A bead-based assay is cur-
rently available in the United States for detection of antibody
to Borrelia burgdorferi (see Chapter 51). A silicon disc—based
assay is available in the United States for detection of antibodies
to B. burgdorferi, E. canis, and Anaplasma phagocytophilum
and antigen to Dirofilaria immitis (Accuplex 4, Antech Diag-
nostics, Irvine, Calif). The performance of these assays in the
field is under investigation.

Enzyme Linked Immunosorbent Assays

ELISA (also known as enzyme immunoassay) can be used to
detect either antigen or antibody. In the laboratory, it is usually
performed in a polystyrene microtiter plate. However, in-clinic
modifications of the test, such as flow-through or lateral-flow
ELISAs (e.g., SNAP, IDEXX Laboratories, Inc.), whereby anti-
gen or capture antibody is immobilized on a membrane filter, are
widely used in veterinary practices (e.g., for diagnosis of feline
retroviral, heartworm, Giardia, Leishmania, and tick-borne
infections) (Figure 2-4). For antigen detection, an unknown
quantity of antigen in a clinical specimen is immobilized in the

wells of the plate. The antigen is either bound directly to the
surface of the plate or is bound through the use of a capture
antibody, which is an antibody that is bound to the plate sur-
face that specifically binds to the antigen of interest (sandwich
ELISA). The antigen is then detected with an antibody that is
conjugated to an enzyme such as immunoperoxidase, and the
substrate is added. This results in a color change, which can be
read visually or using an ELISA plate reader (Figure 2-5). The
plate reader records optical density of the wells in comparison
to that of control wells, allowing assessment of the quantity of
antigen present. The plates are washed with a detergent solution
between steps, and this can be automated using an ELISA plate
washer. Sandwich ELISAs have been used widely for detection
of FeLV antigen in cat blood. In competitive ELISA, the test
specimen (e.g., dog serum), which contains an unknown amount
of antigen, is mixed with a known amount of labeled antigen.
The mixture is added to wells that contain known amounts of a
capture antibody, and the labeled and unlabeled antigens com-
pete for antibody binding. The more labeled antigen that binds,
the less antigen is present in the test specimen. Other variations
of competitive ELISAs also exist.

For antibody detection, serial dilutions of patient serum can
be added to a known amount of antigen fixed on a plate and
detected using a secondary antibody.

Western Immunoblotting

Western immunoblotting, also known as Western blotting, is
also used to detect antibodies to an infectious agent in patient
serum. After physical and/or chemical disruption of an organ-
ism, the proteins are then separated on the basis of molecular
mass using vertical sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE). The protein bands are then trans-
ferred (blotted) to a nitrocellulose membrane using an electric
current. The membrane is cut into vertical strips, and each
strip is probed with serial dilutions of patient serum. If there
are antibodies in the serum to antigens from the organism of
interest, the antibodies bind to the antigens on the strip. The
antigen-antibody complexes can then be visualized as discrete
bands using immunoperoxidase detection methods. The pattern
of band reactivity is specific for an immune response to that
organism (Figure 2-6). Western blotting is offered commercially
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FIGURE 2-5 Sandwich ELISA. An antibody is immobilized in the plate, which binds antigen in a test specimen. The antigen is then detected using an antibody that is conjugated to an
enzyme such asimmunoperoxidase, and the substrate is added, which results in a color change. (Modified from Tizard IR. Veterinary Immunology, 8 ed. St Louis: Saunders; 2008.)
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FIGURE 2-6 Western blotting (immunoblotting). Purified viruses or bacteria are disrupted and subjected to electrophoresis along the length of a polyacrylamide gel, so that the
proteins are separated according to their molecular weight (A). The bands are then transferred to a nitrocellulose paper membrane (B) and probed with patient serum (C). The strip shown
on the right is a Western blot that shows antibody reactivity to the antigens of FIV (D). (Original blot courtesy of IDEXX Laboratories, Inc.)

for the diagnosis of FIV and B. burgdorferi infection and has
been used in research laboratories as the gold standard for the
detection of antibody responses to vector-borne pathogens such
as E. canis. In the case of FIV infection, Western blotting has
been used to confirm positive ELISA test results.! In the case of
B. burgdorferi infection, Western blotting has been evaluated
for its ability to differentiate between the response to vaccina-
tion and natural exposure.?

Agglutination Testing

Agglutination tests detect antibody or antigen and involve agglu-
tination of bacteria, red cells, or antigen- or antibody-coated

latex particles. They rely on the bivalent nature of antibodies,
which can cross-link particulate antigens. Serial dilutions of
serum are tested for their ability to cause or inhibit agglutination,
and the highest dilution that causes or inhibits agglutination is
reported as the antibody or antigen titer. IgM causes aggluti-
nation more effectively than IgG. If excess antibody is present,
particles may become so coated with antibody that agglutina-
tion is actually inhibited. This is called the prozone effect and
can result in false-negative test results if serum is not adequately
diluted. Examples of agglutination tests that are used to diag-
nose infectious diseases of dogs and cats include the microscopic
agglutination test (MAT) for serologic diagnosis of leptospirosis
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FIGURE 2-7 A, Gelimmunodiffusion (or double diffusion) system used for detection of
antibodies to Aspergillus fumigatus, Histoplasma capsulatum, Blastomyces dermatitidis, and
Coccidioides immitis (Meridian Bioscience, Inc.). The kit consists of an agar diffusion medium
in a small plastic tray that contains four arrays of six wells arranged around a central well.
An antigen preparation for each of the fungal species is placed in the central well of each
array. B, Positive gel immunodiffusion for Aspergillus fumigatus. The central well (Ag)
contains a purified carbohydrate preparation from mycelial phase cultures of Aspergillus
fumigatus, Aspergillus niger, and Aspergillus flavus. The top two wells (D7) and the bottom
two wells (D2) contain serum from 2 dogs (dog 1and dog 2) with nasal aspergillosis (per-
formed in duplicate for each dog). After the wells are loaded, the plate is incubated at room
temperature for 24 hours. Precipitin lines form when the antigen and antibody diffuse out
of each well and form immune complexes. A light box is used to illuminate the plate so the
precipitin bands are visible. Both dogs are positive for antibody to the Aspergillus species
tested (small arrows), although the reaction is strongest for dog 1. The arrowheads are the
precipitin lines generated by the positive control antibodies (in wells labeled ().

(agglutination of live leptospires) and the cryptococcal antigen
latex agglutination test (agglutination of antibody-coated latex
beads). Hemagglutination inhibition (HI) is used to determine
antibody titers to canine parvovirus and canine influenza virus,
and it evaluates the ability of serum to inhibit erythrocyte agglu-
tination by these viruses.

Agar Gel Immunodiffusion

For agar gel immunodiffusion (AGID, gel ID or double diffu-
sion) tests, round wells are cut in a layer of agar on a plastic plate
using a punch. One well, usually the central well, is filled with a
soluble antigen, and the other wells are filled with patient serum.
A positive antibody control specimen is included in each assay.
The reagents are allowed to diffuse into the agar, and when anti-
bodies and antigen meet in optimal proportions (the point of
equivalence), immune complexes form. This results in a visible
line of precipitate between the antigen well and wells that contain
positive serum (Figure 2-7). Immunodiffusion testing is most often
used to detect antibodies to fungal pathogens in dogs, such as
Aspergillus fumigatus,® Coccidioides immitis,* and Blastomyces
dermatitidis.’ It is also used to detect antibodies to Brucella canis.

Serum Neutralization

Serum neutralization is a technique used to determine the anti-
body titer to viruses. Serial dilutions of patient serum are mixed
with a known quantity of virus particles. The mixture is incu-
bated to allow the antibodies in the patient serum to bind to the
virus particles, and the mixture is then added to a confluent cell
monolayer. The highest dilution of patient serum that inhibits
viral replication in the monolayer (as determined by examination
for cytopathic effect or immunostaining) is the antibody titer
reported by the laboratory. Serum neutralization can be used to
detect antibodies to canine distemper virus and several respira-
tory viruses that infect dogs and cats.

Complement Fixation Testing

Complement fixation (CF) tests have largely been superseded by
the use of ELISA tests. The CF test detects antibodies in patient
serum. The serum is heat-treated to inactivate complement in the
test specimen. The test uses sheep RBCs, anti—sheep RBC anti-
body, and unheated guinea pig serum as a source of complement.
Under normal circumstances, when these three reagents are mixed,
the result is hemolysis. Hemolysis occurs when complement binds
to antibody-coated RBC and triggers formation of the membrane
attack complex, with resultant pore formation. In the CF test, a
known antigen is added to the heat-treated patient serum. When
antibodies are present in the serum, the addition of this antigen
leads to the formation of antigen-antibody complexes. Guinea pig
complement is then added to the mixture and is consumed by the
complexes. The resultant mixture is thus unable to lyse sensitized
sheep RBCs. A lack of hemolysis indicates a positive CF test.

Interpretation of Results

To interpret the results of serology or immunoassay tests, the
clinician first needs to consider whether the test was designed to
detect antibody or antigen (Tables 2-1 and 2-2), and, if designed
to detect antibody, whether it was IgM-specific (detects early
antibody responses). The results also have to be interpreted in
light of the pathogenesis of the infectious disease, specifically
the timing of antigen and antibody appearance in the body fluid
being tested. Finally, the sensitivity and specificity of the test
itself need to be considered (i.e., the analytical sensitivity and
specificity), which are determined during test validation (Table
2-3). For example, some immunoassays that detect antigen will
not generate a positive result unless a large amount of antigen
is present in the specimen provided (low analytical sensitivity).
Test analytical sensitivity and specificity should be available
from the laboratory that performs the test. False-positive test
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Guidelines for Interpretation of Test Results Using Inmunoassays That Detect Antigen

Antigen Test Result Possible Explanation Troubleshooting Suggestions
Negative Pathogen of interest not present Confirm with additional diagnostic test if necessary, (e.g.,
alternative antigen assay, antibody or PCR assay)
Antigen present, but quantity below Consider an antibody or PCR assay
limit of detection
Antigen present but complexed by Consider an antibody or PCR assay
antibody and not available for
detection
Technical error or reagent failure Identified with inclusion of appropriate laboratory controls
Positive Pathogen of interest present Confirm with additional diagnostic test if necessary, especially

Antigen present but viable microbe
absent
Vaccine antigen present

Cross-reactive antigen present
from another substance or
pathogen

Technical error

Poor assay analytical specificity
(prone to generate false-positives)

in regions with a low prevalence of infection. Antigen pres-
ence may not imply that the pathogen is the cause of disease
Confirm with additional diagnostic test

Obtain vaccination history and consider a test that discrimi-
nates between vaccine and wild-type organisms, if available

Obtain history and consider the likelihood of infection with
related agents

Identified with inclusion of appropriate controls by the
laboratory
Use alternative assay

TABLE 2-2

Guidelines for Interpretation of Test Results Using Imnmunoassays That Detect Antibody

Antibody Test Result

Possible Explanation

Troubleshooting Suggestions

Negative Exposure to pathogen of interest Confirm with additional diagnostic test if necessary
did not occur
Too early in course of infection/ Obtain convalescent titer; consider an antigen or PCR test for
illness early diagnosis
Severe immunosuppression Consider an antigen or PCR test
Technical error Identified with inclusion of appropriate controls by the
laboratory
Poor assay analytical sensitivity Use alternative assay
(prone to false-negatives)
Positive Previous natural exposure to the If infection is chronic and persistent, positive test results may

pathogen of interest
Previous immunization against

the pathogen of interest
Immunologic cross-reactivity

Technical error

Poor assay specificity (prone to
false-positives)

equal active infection.

Obtain vaccination history; consider use of assays that dis-
criminate between natural exposure and vaccine antibody, if
available

Obtain history and consider the likelihood of previous exposure
to related agents

Identified with inclusion of appropriate controls by the
laboratory

Use alternative assay. Consider the use of a confirmatory test,
especially in regions with low disease prevalence
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TABLE 2-3

Sensitivity, Specificity, Positive and Negative Predictive Value

Test Attribute Definition

Number of truly positive animals that are
identified as positive by the test, divided
by the total number of animals that are
truly positive (as determined by the gold
standard assay) (%). A test with low
sensitivity fails to detect many positive
animals (many false-negative results).

Sensitivity

Number of truly negative animals that are
identified as negative by the test, divided by
the total number of animals that are truly
negative (as determined by the gold stan-
dard assay) (%). A test with low specificity
generates many false-positive test results.

Specificity

The number of animals that are truly
positive divided by the total number of
animals that test positive (true positives
plus false positives).

Positive pre-
dictive value

The number of animals that are truly
negative divided by the total number of
animals that test negative (true negatives
plus false negatives).

Negative pre-
dictive value

The proportion of animals with positive test
results that truly have the disease of interest,
as opposed to carriage of an organism in
the absence of disease.

Etiologic pre-
dictive value*

*Gunnarson, RK, Lanke J. The predictive value of microbiologic
diagnostic tests if asymptomatic carriers are present. Statist Med 2002;
21:1773-178S.

results due to low analytical specificity are more likely when
testing animals from populations where the prevalence of true
positive test results is low. In this situation, a test has a low posi-
tive predictive value, and confirmatory testing may be required.
A quality assurance program should be in effect within the labo-
ratory to ensure that specimens submitted are of adequate qual-
ity, that sufficient technical expertise is present to perform the
tests, and that appropriate control assays are included with each
run to ensure proper assay performance.

Negative Results for Antigen Detection

Negative results for antigen will occur if the antigen is not present
in the specimen being tested. They may also occur if the amount
of antigen is below the limit of detection of the assay (e.g.,
low worm burden in heartworm disease). For some infectious
agents, such as FIV, antigen testing is not performed because
antigen levels during infection are typically extremely low. The
amount of antigen present can also vary over the course of a
particular infection. Finally, false-negative results may occur
when antibody present in the specimen complexes antigen and
makes it unavailable for detection by the immunoassay.

Positive Results for Antigen Detection

Positive results for antigen can indicate the presence of the sus-
pected pathogen in the specimen. They do not necessarily imply

that the pathogen is the cause of an animal’s clinical signs. Anti-
gen can also be present in the absence of intact, viable organisms.
Positive results can follow recent vaccination with the pathogen
of interest. For example, positive fecal parvovirus antigen tests
can occasionally occur in fecal specimens obtained several days
after attenuated live virus vaccination of kittens for feline panleu-
kopenia virus.® False positives can occur as a result of antigenic
cross-reactivity with some other substance or organism in the
specimen. An example is positive serum and urine antigen assays
for Aspergillus spp. in dogs treated with Plasmalyte infusions or
those infected with other molds such as Paecilomyces spp.”

Negative Results for Antibody Detection

Negative results for antibody will occur if the patient has not
been exposed to the infectious agent of interest. They may also
occur if the patient has not yet had time to develop antibod-
ies. For example, negative antibody tests early in the course of
illness are common with leptospirosis and canine granulocytic
anaplasmosis. In this situation, a convalescent titer is required
for diagnosis using serology. Negative antibody test results
can occur in severely immunosuppressed animals, such as in
cats with advanced FIV infection that no longer can mount an
immune response, or cats with advanced feline infectious peri-
tonitis. Negative results may also occur because the test lacks
sensitivity (i.e., low analytical sensitivity).

Positive Results for Antibody Detection

Positive results for IgG antibody suggest previous exposure
to a pathogen and do not necessarily indicate active infection.
Paired IgG titers are required to document recent infection.
Single positive results for IgM-specific assays may indicate a
recent infection or a chronic infection that continues to stimu-
late the immune system. Previous immunization may also result
in positive results. If the infection is chronic and persistent, such
as with FIV infection, positive results indicate active infection,
provided there has been no history of previous FIV vaccina-
tion. False-positive results for antibody may also occur when
antigenic cross-reactivity occurs. For example, dogs recovering
from Leptospira infection have been shown to test positive on
IFA for the related spirochete B. burgdorferi.
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Isolation and Identification of Aerobic

and Anaerobic Bacteria
Jane E. Sykes and Shelley C. Rankin

D KEY POINTS

+ Because of the increasing prevalence of antimicrobial drug
resistance among bacteria isolated from dogs and cats, culture
and susceptibility is always recommended when a bacterial
infection is suspected at a normally sterile anatomic site.

+ Successful isolation of aerobic and anaerobic bacteria from a
clinical specimen relies on collection of a sufficient quantity
of material, from the correct location, and appropriate storage
and transport of the specimen to the laboratory. Care should be
taken to prevent specimen contamination during collection.

« The laboratory should be provided with an appropriate history
if fastidious, anaerobic, or slow-growing bacterial organisms
are suspected.

« Concurrent examination of a Gram-stained smear by the labo-
ratory assists in assessment of specimen quality and interpreta-
tion of culture results.

« Antimicrobial susceptibility testing is most commonly per-
formed using broth microdilution or agar diffusion testing and
aims to determine the minimum concentration of an antimi-
crobial drug that inhibits growth of the organism in vitro (mini-
mum inhibitory concentration, or MIC). The laboratory uses
MIC breakpoints, which are established and revised regularly
by national standards agencies, to assess the susceptibility of
an organism to a particular antimicrobial drug.

INTRODUCTION

Factors that influence the detection of clinically relevant organ-

isms in specimens collected from dogs and cats are:

1. An appropriate level of suspicion for the presence of a bacterial
infection;

2. Development of a list of differential diagnoses that reflects

the types of bacterial pathogens that might be the cause of

clinical signs, because of the requirement of some bacteria for

special transport conditions, culture conditions, or prolonged

incubation;

Collection of a sufficient amount of specimen;

Collection of the correct type of specimen;

Specimen collection from the correct anatomic location; and

Proper handling, storage and transport of the specimen, which

should be sent with a request for culture to the laboratory

within acceptable time limits.

These factors cannot be overemphasized. Without them, time and

money invested in collection of specimens and culture is wasted.

Given the increasing prevalence of multidrug resistance among
bacteria that infect dogs and cats, veterinarians should make
attempts to confirm a bacterial infection at a normally sterile site
by requesting microscopic evaluation of direct smears and culture
by a laboratory whenever possible before the choice is made to
administer an antimicrobial drug.

The purpose of this chapter is to provide information in regard
to the correct way to collect and handle specimens for culture
before they are sent to the laboratory, and to outline bacteriologic
procedures performed in the microbiology laboratory that are of
relevance to the small animal clinician.

o AW

Specimen Collection and Transport

Veterinary clinicians should collect specimens for culture
using an appropriate method from the correct anatomic site.

Collection of a sufficient amount of specimen is very important.
Table 3-1 suggests optimal specimen types for detection of bac-
teria from specific anatomic sites. Attempts should always be
made to prevent contamination with commensal bacteria during
specimen collection. When anaerobes are suspected, aspirates or
biopsies should be obtained rather than swabs, and the speci-
men should be stored at room temperature and not refrigerated.
This is because oxygen diffuses into cold specimens more rap-
idly than specimens held at room temperature.

Specimens should be transported to the laboratory imme-
diately. As a general rule for aerobic culture, if transport
requires longer than 2 hours, appropriate transport medium
should be used or specimens should be refrigerated without
transport medium. Although specimens can be held for up to
72 hours, culture of specimens older than 24 hours should
be avoided, even if they have been refrigerated or placed
in transport media, because of increased likelihood of false
positive and false negative results with longer storage times.
Transport medium for bacterial culture is usually supplied in
a plastic tube with one or two swabs attached to the tube’s
cap (Figure 3-1). The medium is designed to maintain bac-
terial viability without causing significant growth. It usually
consists of a small amount of agar, reagents that maintain pH,
a colorimetric pH indicator that indicates whether oxidation
has occurred, and specific factors that maintain the viability
of certain pathogens. Some organisms, such as chlamydiae
and leptospires, have specific transport medium requirements.
Specimens that are placed in transport media should not be
refrigerated.

Specimens should be labeled with the patient’s name, patient
number, source of specimen, and the date and time of collection,
and should be labeled, packaged, and transported according to
regional and national regulations (see Chapter 1). Specimens
for anaerobic culture should preferably be transported in an
oxygen-free container.

17
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TABLE 3-1

Suggested Specimen Types for Bacterial Culture from Selected Anatomic Sites and Likely Pathogens Present

Specimen Type Suggested Volume for Culture

Likely Pathogens Present

Blood >10 mL for patients weighing >10 kg, or 1%

of patient blood volume

Gram-positive and gram-negative aerobes. Common contam-
inants are coagulase-negative staphylococci, Corynebacte-
rium, Bacillus spp., and propionibacteria (see Chapter 86)

CSF >0.5 mL Gram-positive and gram-negative aerobes, anaerobes,
Brucella spp. (dogs), Nocardia, Actinomyces,! Myco-
plasma spp. (cats)? (see Chapter 90)

Middle ear Aspirate of fluid or pus through tympanic Gram-positive and gram-negative aerobes, anaerobes,

membrane

Mycoplasma spp., Actinomyces spp.2> (see Chapter 84)

Skin Swab from epidermal collarette or ruptured pustule Gram-positive aerobes (especially staphylococci), rarely

(superficial pyoderma); biopsy from which dermis

has been removed (deep pyoderma)

Pseudomonas aeruginosa (see Chapter 84)

External ear

Swab ear canal after removing debris and crusts

Gram-positive aerobes, Pseudomonas aeruginosa (see

from the canal Chapter 84)
Cornea Scrape or swab exposed corneal stroma and inocu- Gram-positive aerobes, Mycoplasma spp., Pseudomonas
late directly onto media. Referral to veterinary aeruginosa*

ophthalmologist recommended

Abdominal fluid 1-5 mL

Gram-negative and gram-positive aerobes, anaerobes,
Actinomyces spp. (see Chapter 88)

Pleural fluid 1-5 mL Gram-negative and gram-positive aerobes, anaerobes,
Actinomyces spp., Nocardia spp., Mycoplasma spp.
(see Chapter 87)
Feces Fresh whole stools preferred. Avoid swabs or fecal  Escherichia coli, Salmonella, Clostridium perfringens,
loops containing fecal matter due to low specimen  Clostridium difficile, Campylobacter spp., Anaerobio-
size. Submit in clean, dry leak-proof container. spirillum (Chapters 45-49 and 88)
Urine 1-5 mL urine collected using cystocentesis Gram-negative and gram-positive aerobes, Corynebacterium

urealyticum (see Chapter 89)

Bronchoalveolar 1-5 mL
lavage
specimens

Gram-positive and gram-negative aerobes, anaerobes
(aspiration pneumonia), Mycoplasma spp., rarely Myco-
bacterium spp. (see Chapter 87)

FIGURE 3-1 Swab system containing transport media for aerobic bacterial culture.

Diagnostic Methods

Microscopic Examination of Direct Smears

A Gram stain prepared from the specimen can permit the rapid
preliminary diagnosis of infection and determine whether the
organism(s) present are gram-positive or gram-negative (Box
3-1; Figure 3-2). This helps guide the clinician to select an
appropriate empiric therapy, if necessary, while awaiting the

results of culture and susceptibility testing. If sufficient material
is available, examination of a direct smear also helps to deter-
mine whether a specimen is adequate for culture and aids inter-
pretation of culture results. For swab or aspirate specimens,
clinicians should consider providing a separate specimen for a
direct smear in addition to a specimen for culture.

Acid-fast stains can be used on smears to assist in the identifi-
cation of Nocardia and Mycobacterium spp., as well as on fecal
smears to detect some parasitic oocysts, such as those of Cryp-
tosporidium. These organisms stain magenta as a result of their
high cell wall mycolic acid content, which in turn results in their
resistance to decolorization after staining (which is often per-
formed using an acid-alcohol solvent, hence the term acid-fast).
Examples of acid-fast staining methods are the Ziehl-Neelsen,
Fite’s, and Kinyoun stains.

Other microscopic techniques used for bacterial identifica-
tion in specialized laboratories include darkfield microscopy,
phase-contrast microscopy, and fluorescence microscopy (see
Chapter 2). Darkfield and phase contrast microscopy allow visu-
alization of organisms without fixation and staining, so motility
as well as structure can be assessed. In darkfield microscopy, the
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Procedure for Gram Staining

Heat-fix specimen on the slide over a gentle flame or fix in
95% methanol for 2 min, and then air dry

Flood with crystal violet solution for 15 to 60 s (10 g of
90% dye in 500 mL absolute methanol)

Wash with water

Flood with iodine for 15 to 60 s (6 g of I, and 12 g of KI
in 1800 mL of water)

Decolorize with acetone-alcohol (400 mL of acetone in
1200 mL of 95% ethanol)

Wash immediately

Counterstain with safranin for 15 to 60 s (10 g of dye in
1L of water)

Wash, blot dry, and examine using light microscopy
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FIGURE 3-2 Gram-stained smear of gram-positive cocci (dark blue) and gram-
negative rods (red) (1600 oil magnification).

TABLE 3-2

Types of Media Used in Bacteriology

condenser only permits light that bounces off an object to pass
from below up into the objective, so the object appears bright
against a dark background. Darkfield microscopy is used pri-
marily for identification of fine spirochetes such as leptospires,
which cannot be visualized using conventional microscopy (see
Chapter 50). In phase-contrast microscopy, slowing and deflec-
tion of beams of light occur as they pass through an object.

Bacterial Culture
The performance of bacterial culture for diagnostic purposes
requires appropriate laboratory facilities, proper biosafety
level-2 containment, properly trained individuals, reference
strains for quality control testing, and the use of standard pro-
tocols.” Media used for bacterial culture may be categorized as
general-purpose, enriched, selective, differential, and specialized
media (Table 3-2). Some media belong to more than one of these
categories. For example, MacConkey agar is both a selective and
a differential medium (Figure 3-3). Media for culture contains a
nutrient source, most commonly peptones (hydrolyzed animal
or vegetable substances), and is adjusted to a specific pH. Solid
medium contains agar, which is derived from seaweed. Other
nutrients may be added based on specific organism requirements.
More than 100 different types of bacteriology media exist, most
of which can be purchased as preprepared plates or broth.
Blood culture media contain the anticoagulant sodium poly-
anethol sulfonate (SPS), which is less inhibitory to bacterial
growth than other anticoagulants. Some blood culture media
(e.g., BD BACTEC Plus) contain resin beads that bind antimicro-
bial drugs in the patient’s blood specimen, so they do not inhibit
bacterial growth (Figure 3-4). The detection of bacterial growth
in blood culture systems can be automated using instrumentation
that measures emission of fluorescence or a colorimetric change
in a sensor. The change occurs as CO, concentrations within
the bottle increase, which indicates the presence of bacterial
growth. Some instruments detect pressure changes in the head
of the bottle. The culture is monitored at regular intervals by
the instrument, to optimize early detection of bacterial growth.
Positive blood culture bottles are then evaluated by performing
a Gram stain of the broth, and subculture to appropriate media.

Medium Type

Attributes

Example

Transport

Nonnutritive liquid or semisolid medium. Promotes
organism viability without allowing significant
growth.

Amies transport medium

General-purpose

Allows growth of most aerobic and facultatively
anaerobic organisms

Sheep blood agar

Enriched Promotes growth of fastidious organisms that require Chocolate agar, which is enriched with heat-
specific nutrients, for example Francisella treated blood, which gives it a brown color

Selective Selects for growth of certain organisms while inhibiting MacConkey agar, which selects for gram-
others negative bacteria

Differential Aids in preliminary identification of organisms based MacConkey agar, which promotes pink colony
on colony appearance formation by organisms that ferment lactose

Specialized Selects for a specific pathogen through the addition of Anaerobic medium, which contains hemin,

specific nutrients

vitamin K, and reducing agents




