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1. Introduction 

The ability of the virology laboratory to document infec
tion with viral agents has increased dramatically over the 
past decade. Standard virological techniques, such as the 
propagation of viruses in animals and determination of 
antibody using complement fixation, have been important 
historically in the study of the epidemiology, pathology; 
and assessment of clinical disease associated with viral 
infection. Improvements in cell culture techniques and 
antibody assays now permit the study of viruses and viral 
disease in many laboratories, not only specialized re
search laboratories. Viral cultivation techniques utilizing 
cytokines and other stimulating substances and genet
ically engineered cell lines or animal strains have en
hanced the ability to isolate viruses that were previously 
unknown or only suspected on clinical grounds. Viruses 
such as human immunodeficiency virus (HIV), human 
herpes viruses types 6 and 7, and parvovirus have been 
better recognized and studied because of these innova
tions in viral cultivation. 

Advances in molecular biotechnology and detection 
of nucleic acid sequences and gene products have revolu
tionized the ability to detect viral agents and to document 
infection more conclusively. The ability to trace the 
spread of viruses by "fingerprinting" or to sequence viral 
genomes directly has resulted in important new epidemi-
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ologic observations. Commercially available supplies of 
monoclonal antibodies, cytokines, growth factors, and 
other reagents, as well as the widespread clinical use of 
specific antiviral therapy, have created new opportunities 
and demands in viral laboratories to provide rapid, sensi
tive, and specific diagnostic tests. The development of 
simple, rapid, and often relatively inexpensive antigen 
detection test kits has revolutionized both clinical care and 
laboratory practice. An understanding of various detec
tion methods is increasingly important in the design and 
interpretation of epidemiologic studies. The vast array of 
laboratory tests now permits enhanced detection of viral 
antigens, although the clarification of the classic issue of 
"causation" of disease remains blurred. 

The significance of detection or lack of detection of a 
virus or viral antigen remains difficult to interpret. Isola
tion of a virus from a normally sterile site, such as tissue, 
cerebrospinal fluid (CSF), or blood, is generally highly 
significant and usually establishes the etiology of the 
infection. The isolation of certain viruses, such as influ
enza or respiratory syncytial virus (RSV) in respiratory 
specimens, also is diagnostic because an asymptomatic 
carrier state has not been shown to exist. However, pro
longed and generally asymptomatic excretion or shedding 
of other viruses makes the determination of the effect of a 
particular virus on the disease process very difficult. Vi
ruses such as cytomegalovirus (CMV), adenoviruses, and 
enteroviruses are shed in disease states but also may be 
shed asymptomatically for prolonged periods of apparent 
good health. An additional complicating factor is the 
differentiation of primary infection from reactivation of 
disease, a problem common to the study of infections with 
viruses such as herpes simplex (HSV) or CMV, especially 
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in immunocompromised hosts such as transplant recip
ients or patients infected with HIV. Interpretation of labo
ratory results in such situations requires a thorough under
standing of the pathogenesis and epidemiology of the virus. 

Failure to detect a virus or viral antigen does not 
necessarily mean that the virus was not present previously 
or did not cause disease. Although failure to detect a virus 
may be a result of inappropriate or inadequate specimen 
collection and handling, it may also be a function of the 
time course of the disease, the age or antibody status of 
the patient, and the technical resources available to de
tect or cultivate the virus. The investigator today has 
many options to diagnose the presence or past presence of 
a viral infection, but careful epidemiologic and laboratory 
studies are still required to ultimately link the viral agent 
to a specific disease process. 

2. Diagnosis of Viral Diseases 

Epidemiologic studies continue to rely on basic pre
cepts of the causation of infectious diseases established at 
the turn of the century and on careful correlation of labora
tory findings and clinical findings now well established in 
the field of virology (see Chapter 1). The determination of 
a viral etiology for a disease process usually requires 
evidence obtained from laboratory tests to definitively 
confirm the current or prior presence of the viral agent. 
However, a probable causative agent often can be sug
gested on clinical or epidemiologic grounds without labo
ratory confirmation. There are four circumstances in 
which a probable causative agent is suggested on clinical 
or epidemiologic grounds. First, some viral infections 
have distinctive clinical features that enable the recogni
tion of disease if symptoms occur in the right geographic 
area, season, and/or age group. Such infections include 
varicella and herpes zoster, herpes simplex infection, 
measles, mumps, paralytic poliomyelitis, rabies, rubella, 
and viral hepatitis. Second, if an epidemic has occurred 
in which an etiologic agent has been isolated, then most 
clinical syndromes of the same type are usually caused 
by the epidemic virus; universal documentation of the 
virus in all cases is probably unnecessary. Examples in
clude outbreaks of influenza, arbovirus infections, entero
viral exanthems, epidemic pleurodynia, and pharyngeal
conjunctival fever. Third, unique or special epidemiologic 
circumstances may indicate the probable diagnosis. Ex
amples include bronchiolitis in an infant during the winter 
months being suggestive of RSV infection, or croup in a 
toddler representing parainfluenza virus infection. Fi-

nally, the site of organ involvement may be helpful in 
establishing the diagnosis; i.e., 80-90% of common respi
ratory infections are viral in origin, and nonpurulent infec
tions of the central nervous system (CNS) in the normal 
host are likely to be viral, with the most likely candidates 
being enteroviruses, HSV, mumps virus, and arboviruses. 

There are some common, but not pathognomonic, 
features of viral diseases: viral infections are usually non
purulent and associated with mononuclear rather than 
polymorphonuclear infiltrates; the onset is more likely to 
be insidious than with a bacterial infection; prodromal 
symptoms occur frequently; and retrobulbar headache is 
common. In the clinical laboratory, the presence of a 
normal or low white count is suggestive of viral infection, 
although typhoid, tuberculosis, brucellosis, malaria, his
toplasmosis, and overwhelming bacterial infections also 
produce leukopenia. The presence of absolute lympho
cytosis and atypical lymphocytes also suggests a viral 
infection. Lymphocytosis of 50% or more and atypical 
lymphocytosis of 20% or more may be seen following 
infection by Epstein-Barr virus (EBV), CMV, and HIV, 
but also following infection with Bordetella pertussis and 
Toxoplasma gondii; drugs such as p-aminosalicylate (PAS), 
phenytoin, and tetrachloroethylene also may evoke lym
phocytosis. Less intense lymphocyte responses are seen in 
a variety of viral infections such as rubella, hepatitis A, 
adenovirus, mumps, herpes simplex, and varicella infec
tions. They may occasionally occur in tuberculosis, histo
plasmosis, and other nonviral infections. Reversal of the 
typical CD4: CDS lymphocyte ratio or low absolute CD4+ 
cell counts may indicate infection with HIV, but similar 
findings are seen in patients with congenital immunodefi
ciencies and following viral infections, particularly with 
viruses from the herpes family, such as varicella or CMV. 

The diagnostic procedures used for evaluation of 
specific viral infections are presented in individual chap
ters of this book. However, certain common aspects of 
specimen collection, laboratory evaluation, and inter
pretation oflaboratory data are widely used and important 
for the design and implementation of epidemiologic 
studies. These general issues are addressed below. 

3. Interpretation of Laboratory Tests 

The classic criteria for the diagnosis of a viral infec
tion require virus isolation or a fourfold or greater rise in 
antibody titer to the specific virus between the acute and 
convalescent sera. For some viral infections, isolation of 
the virus first and a subsequent test for a serological rise 



against that isolate are required. This is true of virus 
groups in which there are too many antigenically distinct 
strains to carry out a battery of serological tests, such as 
the echovirus, coxsackievirus, and rhinovirus groups. For 
viruses that have common group antigens, such as the 
adenoviruses and influenza A viruses, a single assay, 
particularly the complement-fixation test, may indicate a 
recent infection caused by one of the members of that viral 
group. 

Difficulties arise in interpretation of serological tests 
when only a single convalescent serum sample is obtained 
and a high antibody titer is found, or if high titers are 
present in both acute and convalescent sera without a 
fourfold rise. These results can reflect either current infec
tion or persistently high antibody levels from a previous 
infection. Significance may be attached to these findings if 
the disease is a rare one in which the presence of antibody 
is unique, if the test reflects a short-lasting antibody, or if 
specific immunoglobulin M (lgM) antibody can be dem
onstrated. A rapid drop in antibody titer in a subsequent 
specimen is also suggestive of a recent infection. Sequen
tial testing of other family members also may be useful, 
since they may be in different stages of apparent or inap
parent infection with the same virus. In an epidemic 
setting, comparison of the geometric mean antibody titer 
of sera collected early in illness from one group of patients 
with that from another group of patients convalescing 
from the same illness may permit rapid identification of 
the outbreak. 

At times, a virus may be isolated or an antibody rise 
demonstrated that is not, in fact, causally related to the 
illness. Sometimes dual infections with two viruses, or 
with a virus and a bacterium, occur, and the interpretation 
of the role of an individual viral pathogen in the disease 
process may be very difficult. On other occasions, no virus 
is isolated or the serological rise is not sufficient to dem
onstrate whether a specific virus is the real cause of the 
illness. A list of common causes for false-positive and 
false-negative results is given in Table 1. 

4. Specimen Collection 

The appropriate collection of specimens is of the 
utmost importance for the successful identification of 
viruses in clinical samples. The source of the specimen, 
the timing of collection in relation to onset of symptoms, 
the rapidity and method of delivery to the laboratory, and 
the clinical and epidemiologic data provided to the labora
tory all are important variables that relate to the likelihood 

Chapter 2 • Laboratory Methods 61 

Table 1. Viral Diagnosis: 
Some Causes of False-Positive and False-Negative Tests 

False-positive 
Virus isolation 

1. Persistent or reactivated virus from prior and unrelated infection. 
2. A viral contaminant is present in the tissue culture or other 

isolation system. 
3. Nonspecific cytopathic effects occur because of toxicity of spec

imen or presence of bacteria or other causes and are mistaken for 
a virus. 

4. Two microbial agents are present, and the one isolated is not the 
cause of the disease. 

Serological rise 
1. Cross-reacting antigens. 
2. Nonspecific inhibitors. 
3. Double infection with only one agent producing the illness. 
4. Rise to vaccination rather than natural infection. 

False-negative 
Virus isolation 

1. Viral specimen taken too late or too early in illness. 
2. Wrong site of multiplication sampled, e.g., throat rather than 

rectal swab. 
3. Improper transport or storage of specimen, e.g., not kept frozen. 
4. Wrong laboratory animal or tissue culture system selected for 

isolation. 
5. Toxicity of specimen kills the tissue culture, obscuring the 

presence of virus. 
Serological rise 

1. Specimens not taken at proper time, i.e., too late in illness or too 
close together to show antibody rise. 

2. Poor antibody response-low antigenicity of the virus or removal 
of antibody by immune-complex formation. 

3. Wrong virus or wrong virus strain used in the test. 
4. Nonspecific inhibitor obscures true antibody rise. 
5. Wrong test used for the timing of the serum specimens. 

of successful isolation and/or identification of a viral 
pathogen. 

4.1. Source 

The clinical syndrome caused by a virus and its 
pathogenesis of infection determine the specimen(s) that 
is most appropriate for virus identification. Viruses that 
primarily cause disease at a mucosal surface or cause 
vesicular skin lesions generally can be identified in speci
mens taken from those sites. However, viruses causing 
generalized or congenital disease or causing symptoms in 
an internal organ (e.g., central nervous system) often can 
be identified in specimens taken from multiple different 
sites. Viruses that cause respiratory tract disease such as 
influenza viruses, RSV, and rhinoviruses are most fre
quently identified in samples of respiratory secretions; 
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viruses that cause gastroenteritis, such as rota viruses, cal
iciviruses, and astroviruses, are identified in fecal speci
mens; and viruses that cause generalized or congenital 
diseases, such as measles, CMV, and mumps, are identi
fied from respiratory secretions, urine, and blood. 

Specimens may be obtained from an infected site by 
several methods. For example, the upper respiratory tract 
may be sampled by nasopharyngeal aspirate, nasal wash, 
nasopharyngeal swab, throat wash, pharyngeal swab, or 
by a combination of these methods. The selection of a 
sampling method may be influenced by the virus(es) tar
geted for identification and the identification method.<153) 

RSV is more likely to be identified in a nasopharyngeal 
specimen than from a pharyngeal swab, while adeno
viruses are more likely to be identified from a pharyngeal 
swab.<110l A combination of sampling methods, such as 
nasopharyngeal aspirate or wash plus a pharyngeal swab, 
provides the greatest likelihood of detecting the broadest 
range of the more common respiratory viruses by culture. 
When swabs are used for sample collection, calcium algi
nate swabs should be avoided because they may decrease 

the recovery of HSV and may also be responsible for de
creased rates of recovery of RSV from the naso
pharynx. (2,28,53) 

Specimens for viral diagnosis can be obtained from 
many sites. The lower respiratory tract is sampled using 
sputum specimens or bronchoalveolar lavage fluid, with 
the latter being particularly useful in immunocompro
mised hosts. <72l The gastrointestinal tract is generally sam
pled using fecal samples or rectal swabs. Fecal specimens 
have yielded a higher rate of recovery of enteroviruses 
than have rectal swabs, but rectal swabs are easier to 
obtain.<114l Cerebrospinal fluid can be useful in the diag
nosis of a viral etiology for aseptic meningitis, and urine 
and blood specimens have been used to identify a number 
of systemic viral infections. Viruses also can be identified 
from samples taken from skin lesions and conjunctivitis. 
Tissue biopsy specimens may be essential for the diag
nosis of certain diseases, such as CMV organ disease in 
the immunocompromised host or herpes encephalitis. Ta
ble 2 lists clinical specimens from which viruses may be 
identified. 

Table 2. Sites from Which Selected Viruses May Be Identifieda 

Respiratory 
Virus Group Blood CSF Feces tract Skinb Tissue Urine 

Adenovirus + + + + + 
Arbovirus + + 
Coronavirus + 
Cytomegalovirus + + + + + + 
Enterovirus + + + + + + 
Epstein-Barr virus + + 
Hepatitis A virus + 
Hepatitis B virus + 
Hepatitis C virus + + 
Herpes simplex virus + + + + 
Influenza virus + + 
Measles virus + + + + + + 
Mumps virus + + + + + 
Norwalk virus + 
Papilloma virus + 
Parainfluenza virus + + 
Parvovirus + + 
Rabies virus + + + 
Respiratory syncytial virus + + 
Retrovirus + + + + + 
Rhinovirus + + 
Rota virus + + 
Rubella virus + + + + + 
Varicella-zoster virus + + + + + 

•Does not include sites from which identification is rare. 
bJncludes conjunctiva. 



4.2. Timing of Collection 

Specimens to be used for virus identification should 
be obtained early in the course of the illness. For many 
viral infections, viral shedding begins before the onset 
of symptoms, peaks during the illness, and disappears 
around the time that symptoms resolve. There are notable 
exceptions; enteroviruses and adenoviruses may be shed 
in the feces for weeks to months, and congenitally ac
quired CMV is shed in the urine for prolonged periods. 
Some factors that influence the likelihood of successful 
virus identification include the type of virus, the site from 
which the sample was obtained, the test being used, the 
age of the patient being sampled (e.g., younger children 
shed influenza viruses longer than adults), and the im
mune competence of the patient (e.g., immunocompro
mised hosts shed HSV from genital lesions longer than do 
immunocompetent adults). (26) 

A serum sample should be collected early in the 
course of illness for potential use in identification of a 
viral infection. For some viral infections, the identifica
tion of lgM antibody or the presence of high titers of 
antibody is sufficient to confirm a virus infection. A sec
ond, or convalescent, serum sample should be obtained 2-
4 weeks later to look for a rise in virus-specific antibody 
titer. 

4.3. Transport to the Laboratory 

4.3.1. Transport Conditions. Once a clinical 
specimen has been collected, it should be transported to 
the virus laboratory as soon as is possible. A higher 
diagnostic yield can often be obtained when a specimen is 
processed expeditiously because virus viability decreases 
with time. Several steps may be taken to enhance the 
likelihood of preserving viruses during the transportation 
of a specimen to the laboratory. 

1. Place the specimen on wet ice or in a refrigerator (at 4°C). A 
decline in infectivity for most viruses has been demonstrated to 
be temperature dependent so that Gooling of the specimen im
proves virus stability. (68) 

2. Use a good viral transport medium. A suitable transport medium 
generally contains protein, antibiotics to prevent bacterial 
growth, and a buffer to control the pH.<87l Many different viral 
transport media have been described and used successfully, but 
several studies have shown that charcoal-containing media may 
reduce virus recovery.(79,87.145) Some clinical specimens, such as 

CSF, urine, and feces, can be transported without the use of a 
viral transport medium. (87) 

3. Avoid freezing the specimen unless the specimen will not be 
examined within 2-5 days of collection. <21·145·152) Baxter et at. OOJ 
showed no loss of influenza virus or parainfluenza virus infec-
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tivity after storage of specimens for up to 5 days at 4°C. The 
freeze-thaw cycle is harmful to some viruses, particularly enve
loped viruses. For example, a single freeze-thaw of a laboratory 
strain of HSV held at - 20°C for 1-3 days resulted in decreases 
in virus titer of 100-fold or more, while little loss in infectivity 
was seen in most specimens held at 4°C for the same period of 
time. (21) If specimens must be frozen, storage at .;; -70°C is 
usually advised, since warmer temperatures (e.g., -20°C) may 
lead to the rapid loss of infectivity.<87.189J Quick freezing a 
specimen in a dry ice-ethanol bath may enhance recovery of 
some labile viruses such as RSV. 

4.3.2. Transportation Regulations. Regulations 
governing the shipping of specimens have been published 
by the U.S. Public Health Service [Fed. Register 45(141): 
July 21, 1980] and can also be found in the Department of 
Transportation and Interstate Quarantine regulations ( 49 
CFR, Section 173.386.388, and 42 CFR, Section 72.25, 
Etiologic Agents). Copies of these regulations may be 
obtained from the Biohazards Control Officer, Centers for 
Disease Control, Atlanta, GA. The regulations stipulate 
that the specimen should be wrapped in an absorbent 
material that can absorb all of the contents in case of a 
spill. This material must be placed in a watertight con
tainer that is secured in a second container using shock
absorbent material or tape.(63) 

4.4. Storage of Specimens 

Virus recovery from stored specimens can be opti
mized by using appropriate storage temperatures and 
cryoprotectants. As noted above, -70°C is a better stor
age temperature for many viruses than is - 20°C, although 
the latter is adequate for the recovery of enteroviruses 
from stool specimens. <145l Cryoprotectants used to en
hance virus recovery after freezing of a specimen have 
included dimethylsulfoxide (DMSO), serum, skim milk, 
other proteins, sucrose, glycerol, and sorbitol. (87) 

4.5. Clinical Data 

Clinical information may be useful in helping one 
choose the types of diagnostic assays that should be per
formed on a clinical specimen. The time of year and age 
of the patient are examples of epidemiologic information 
that will influence the likelihood of identifying certain 
viral infections. For example, rotavirus infections occur 
seasonally and are more common in young children, while 
Norwalk and Norwalk-like virus infections often occur in 
outbreaks and are more common in older individuals. 
Enteroviruses are the most common cause of viral men
ingitis and tend to occur seasonally in epidemics, whereas 
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HSV type 1 is the most common cause of sporadic viral 
meningoencephalitis. Knowledge of the pertinent epide
miologic information will permit use of appropriate tissue 
culture lines, enzyme immunoassays (EIA), immunofluo
rescence assays, and other diagnostic methods to identify 
a potential viral pathogen in the clinical specimen. 

5. Laboratory Methods for Viral Detection 

The detection of viruses or viral components is the 
foundation of diagnostic virology. Although the detection 
of antibodies to specific viral proteins remains an impor
tant element of viral epidemiology, the ability to isolate 
and/or characterize viral pathogens initially is critically 
important. The performance of any diagnostic test in a 
reproducible, sensitive, and specific manner is crucial in 
the study of viral diseases. Combinations of various tech
niques, including centrifugation-enhanced tissue culture, 
antibody -antigen detection, and detection of viral nucleic 
acid, can be used to supplement classic tissue culture 

methods. A brief general description of commonly used 
laboratory techniques is outlined below (see also Table 3). 
Advantages of using a particular method or combination 
of methods to optimize results must be considered in 
designing any study, but the choice ofmethod(s) remains 
highly dependent on the specific goal of a study, the viral 
agent, the patient population, and the available resources 
(Table 4). 

5.1. Direct Visualization 

5.1.1. Electron Microscopy. Viral diagnosis by 
direct or indirect visualization using electron microscopy 
relies on the identification of viruses based on typical 
morphological characteristics. The use of electron micros
copy to differentiate one virus from another began in the 
late 1940s with the comparison of very different viral 
agents: the large smallpox virus and the small, round 
varicella-zoster virus. <119•176) Eventually, negative stain
ing techniques were used to enhance viral resolution and 
reveal viral ultrastructure.04l Further refinements using 

Table 3. Laboratory Methods Used to Detect Selected Viruses 

Virus 

Adenoviruses 
Arbovirusesb 
Corona viruses 
Cytomegalovirus 
Enterovirusesb 
EBVc 
Hepatitis B and C 
HSV 
HHV-6,7C 
Influenza 
Measles 
Mumps 

Direct 
visualization 

++ 

+++ 

+++ 

Norwalk/Rotavirus + + 
Papillomaviruses + + 
++ 
Parainfluenza 
Parvovirus 
Rabiesb 
RSV 
Retrovirusesc 
Rhinoviruses 
Rubella 

+++ 

Varicella-zoster virus + + + 

Diagnostic methoda 

Ag detection Nucleic acid 
Culture (EIA, IF, RIA) detection 

+++ + + 
++ (+) 
+ + + 

+++ +++ + 
+++ + + 

+ ++ + 
+++ + 

+++ +++ + 
+++ ++ + 
+++ ++ + 
++ + + 
+ 

(Rota+) +++ + 

+++ ++ + 
+ + + 

++ + 
+++ +++ + 
++ +++ ++ 

+++ + + 
++ 

+++ ++ + 

"+ Method mainly used in research setting; + + method available in specialized reference laborato
ries; + + + method readily available and frequently used in many virology laboratories. 

hSuckling mice are often necessary or desirable to use for isolation of these viruses. 
cHuman lymphocytes may be required to isolate the virus. 
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Table 4. Comparison of Laboratory Methods Used in the Diagnosis of Viral Infections 

Method Sensitivity" Specificity" 

Electron microscopy + + 
Direct cytology + + 
Tissue culture ++!+++ +++ 
Animal culture ++ + 
Immunofluorescence ++ ++ 
Immunocytology ++ ++ 
Radioimmunoassay ++ ++ 
Enzyme immunoassay ++ ++ 
Dot blot hybridization ++ ++ 
Southern hybridization ++ ++ 
In situ hybridization ++ ++ 
Polymerase chain reaction +++ ++!+++ 
Branched DNA amplification ++ ++ 

•+, Relatively low; ++,moderate; +++,high. 

immunologic tagging, ultracentrifugation, and other 
methods of enhancement have been utilized for the study 
of a number of different viruses. 

Major advantages to the use of electron microscopy 
include the ability to visualize a virus quickly without the 
need for replication to take place. Using typical methodol
ogy for negative staining, for example, a clinical specimen 
can be prepared within minutes and a virus identified 
rapidly thereafter. <36J Furthermore, viruses can be detected 
without a preconceived idea of the agent, a factor fre
quently required with viral probes or cell culture. Because 
identification, at least to the family level, is based on 
morphology alone, there is no need to ensure specimen 
collection appropriate to maintain viral or host cell via
bility, and inactivated viruses or those difficult to culture, 
such as hepatitis B virus, Norwalk-like viruses, and ro
taviruses, may be promptly Identified. Advances in the 
design of various types of electron microscopes, including 
transmission electron microscopes, scanning electron mi
croscopes, and high-voltage microscopes, now permit 
higher resolution and better discrimination of viral parti
cles. Immune electron microscopic techniques, relying on 
the reactions between viruses and virus-specific anti
bodies coupled with electron-dense material, have re
sulted in the specific identification of smaller numbers of 
viral particles. Computer-enhanced imaging permits the 
resolution of virus particles at very high levels and, cou
pled with specific immunologic reagents, offers the ad
vantage of high-resolution discrimination of various viral 
particles and their structural components.<BO) 

Limitations of diagnosis by electron microscopy in
clude the need to have a relatively high concentration of 

Cost Time to Dx Availability 

Moderate <l day Reference lab 
Least <l day Clinical lab 
Expensive >3 days Clinical lab 
Expensive >3 days Reference lab 
Moderate <I day Clinical lab 
Moderate <l day Clinical lab 
Moderate 1-3 days Reference lab 
Least <l day Clinical lab 
Expensive l-3 days Reference lab 
Expensive 1-3 days Reference lab 
Expensive 1-3 days Reference lab 
Moderate/expensive <1 day Reference lab 
Moderate/expensive <1 day Reference lab 

viral particles, with a titer of approximately 106-107 
particles/ml generally required. (llO) This problem can be 
partially overcome by the use of physical measures to 
enhance viral concentrations such as ultracentrifugation, 
agar gel diffusion, cell culture amplification, and immune 
enhancement. Access to an electron microscope and the 
expertise of an experienced microscopist are essential to 
the successful use of any of these techniques. The cost and 
processing of multiple specimens is appreciable, and the 
processed specimens utilized for microscopy are not gen
erally suitable for further evaluation using other methods. 
Finally, when a virus particle is identified by electron 
microscopy from a patient specimen, the determination of 
the virus beyond the family classification is generally not 
possible. This lack of specific identification is problem
atic, for example, in differentiating disease due to various 
paramyxoviruses. 

Electron microscopy is widely utilized for the diag
nosis of viruses associated with gastroenteritis, including 
rotavirus, enteric adenoviruses, and Norwalk virus, and 
remains a commonly used method for the identification of 
viruses that are generally not cultivated in the laboratory, 
such as small round viruses (SRVs) including Norwalk 
virus, other caliciviruses, and astroviruses. Another com
mon use of electron microscopy is the rapid detection of 
virus particles within biopsy specimens obtained from 
patients with suspected viral encephalitis or pneumohia. 
Generally, glutaraldehyde fixation of the selected sample 
at the time the sample is obtained may adequately pre
serve tissue and viral architecture. Because thin-section 
specimens can be prepared from formalin-fixed and even 
paraffin-embedded tissue such as those routinely prepared 
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in many pathology laboratories, the use of electron micro
scopic techniques can even be performed retrospectively 
on selected tissues, revealing such pathogens as her
pesviruses, the human polyoma virus JC associated with 
progressive multifocal leukoencephalopathy, and the 
measleslike virus associated with subacute sclerosing 
panencephalitis. <36l 

5.1.2. Cytology and Histopathology. Cellular 
changes induced by viruses have long been appreciated to 
be a reliable indicator of infection with certain viruses or 
virus families. Virus-infected cells obtained from skin, 
eyes, or mucous membranes, for example, may contain 
pathognomonic features that permit rapid diagnosis of a 
viral agent; changes in other tissues may be useful in 
suggesting viral infection or supporting the diagnosis of a 
viral etiology. Cytological detection can be extremely 
useful in the clinical setting because, in the hands of 
experienced laboratory personnel, this method offers 
prompt and clinically useful information. Histopathologic 
diagnosis, commonly based on small biopsy samples, also 
may prove diagnostic of a viral infection. Common sam
ples include those obtained by direct scraping or aspira
tion of vesicles, exfoliative scraping of the genital tract or 
mucous membranes, direct smears of respiratory or other 
secretions, and cytocentrifugation of specimens obtained 
from endoscopy, urine, or stool. More invasive techniques 
such as biopsy of the respiratory or gastrointestinal tract 
can also provide useful information. Specific viral agents 
can be identified by the relatively viral-specific intra
nuclear inclusions seen in specimens obtained during ac
tive infection with CMV, HSV, and adenovirus; intra
cytoplasmic inclusions may be seen in multinucleated 
cells during measles and RSV infection and in uninucleate 
cells in parainfluenza virus infection. 

The availability of semi-invasive procedures to ob
tain clinical specimens, such as bronchoalveolar lavage or 
endoscopy, has led to more demands for the rapid detec
tion of viral infections from these specimens. Histological 
or cytological techniques may be combined with antigen 
or nucleic acid detection to obtain a diagnosis rapidly, 
with identification potentially at the level of viral subtype 
or strain. The high sensitivity of some nucleic acid or 
antigen detection techniques must be taken into account in 
the interpretation of results, particularly with latent vi
ruses such as CMV and EBV, because these viruses may 
or may not be responsible for the disease process in the 
patient. In some settings (e.g., CMV pneumonitis), histo
pathologic examination combined with antigen detection 
may correlate better with disease than viral culture or viral 
nucleic acid detection because of increased specific
ity. (39,44,137) 

5.2. Propagation of Viruses 

Tissue culture remains the "gold standard" for much 
of clinical virology. Viruses are routinely detected by 
virus isolation in many diagnostic virology laboratories 
around the world. Isolation of a virus by culture confirms 
the presence of a complete infectious unit capable of 
further multiplication. Positive results may be obtained 
with as little as a single infectious virion. More than one 
virus can be detected in a single specimen, permitting the 
detection of unexpected viruses. The advantages of cul
ture compared with the detection of viral antigens, genes, 
or gene products are numerous, but some viruses such as 
EBV, hepatitis B and C, rotaviruses, Norwalk virus, en
teric adenoviruses, papillomaviruses, and parvoviruses 
cannot be or are not easily isolated in cell culture. Major 
limitations of viral isolation include the dependence on 
biological systems that may vary in quality and availabil
ity, the time, expense, and expertise required to isolate the 
virus, and the inability to propagate some viruses in vitro. 

5.2.1. Isolation of Viruses in Animals. The 
transmission of viral disease by inoculation of a clinical 
specimen from one host to another has been the classical 
method used to document disease causation and pathol
ogy for centuries. Detection of viral agents in modem 
times began with the inoculation of filtered specimens into 
monkeys, ferrets, and mice in the late 19th and early 20th 
centuries; these animal models remain useful today. The 
direct inoculation of specimens from human to human, 
begun in the smallpox era in the 1700s (see Chapter 28) 
and used throughout the past two centuries to document 
the pathogenesis of many viruses, including yellow fever, 
EBV, varicella-zoster virus (VZV), and many respiratory 
viruses, is practiced today only under well-controlled 
clinical conditions. 

The development of the embryonated hen's egg 
model for the isolation of influenza virus by Francis<52l in 
1937 represented a breakthrough in viral propagation be
cause the method was reproducible, practical, and sensi
tive. With this method, inoculation of clinical specimens 
or viral strains into the allantoic cavity, the amniotic 
cavity, or the chorioallantoic membrane is utilized for 
viral propagation, with virus replication recognized by the 
development of pocks of varying sizes on the chorioallan
toic membrane, by the detection of hemagglutinins in the 
allantoic or amniotic fluid, or death of the embryo_<t45) 
Embryonated eggs are still used today, although the ad
vent of primary and continuous cell culture lines has 
supplanted this model in most clinical laboratories (see 
Chapter 16). It should be recognized, however, that sev
eral viruses or strains of the same virus, or a virus and a 



bacterium, may be involved in the same outbreak. An 
example is the occurrence of several strains of influenza A 
and influenza B in the same epidemic. 

Intracerebral inoculation of suckling mice, a method 
introduced to document infections with enterovirus in 
1948,<31) continues to be an important method in the detec
tion of many arboviruses, rabies, and certain group A 
coxsackieviruses. Although specific cell culture systems 
are as sensitive for the isolation of some arboviruses and 
more readily adapted to routine virology laboratories, the 
suckling mouse model is used today because of certain 
advantages that are unlikely to change (Chapter 6). These 
advantages include the sensitive detection of a wide range 
of viral species from a limited amount of patient tissue or 
serum and the fact that many outbreaks occur in remote 
areas where tissue culture lines are less readily available. 

The use of mammals and primates for the study of 
viral disease continues to be important in research but is 
generally not useful in epidemiologic studies. For exam
ple, the study of HIV in chimpanzees and other primates 
has been important in the study of the immunology of this 
infection because of the similarity of primates to the 
human host. However, limited availability of most pri
mates, concern over the use of primates in research, and 
the expense involved in such research limit this practice 
substantially. 

5.2.2. Isolation of Viruses by Cell Culture. Cell 
cultures were introduced during the late 1920s and ex
panded in the 1940s to meet the chailenge of studying 
encephalitis, culminating with the important work on pol
iovirus by Enders et al.<41> in 1949. Cell cultures can be 
divided into three general types: primary cultures, semi
continuous cell cultures, and continuous cell lines. Pri
mary cultures, or those derived directly from animal tis
sue, such as monkey kidneys or guinea pig embryos, were 
used for the routine isolation of viruses in the past but are 
used less commonly today because of the time and ex
pense involved in preparation, as well as a general lack of 
availability. Disadvantages of primary cultures are that 
they can only be subcultured for a further one or two 
passages and they may be contaminated with adventitious 
viruses that are difficult to recognize and may be dan
gerous to the laboratory worker. The main role of primary 
cultures currently includes the use of human monocytes 
for the isolation of human viral pathogens such as EBV 
and HIV. 

For routine virology laboratory studies, cell cultures 
are either semicontinuous (diploid), with the capacity for 
20-50 passages, or continuous (heteroploid), with the 
capacity for indefinite passaging. Advantages of contin
uous or semicontinuous cell lines include ease and cost of 
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preparation, general availability, and the ability to detect 
viruses or contaminants endogenous to the cell line prior 
to its use. The semicontinuous cell strains most commonly 
used in virology laboratories are those obtained from 
human foreskin, human embryonic kidney, and human 
embryonic lung fibroblasts (e.g., MRC-5 and WI-38). 
These cell lines are important for the recovery of HSV, 
CMV, VZV, adenovirus, and enterovirus. Continuous cell 
lines are often derived from an epithelial malignancy 
source [e.g., laryngeal (HEp-2 cells), lung (A549 cells), 
and cervical (HeLa) carcinoma] and vary significantly in 
their susceptibility to different viruses. The sensitivity of 
some continuous cell lines such as HEp-2 and Vero cell 
lines to various viruses such as RSV and arboviruses may 
change after serial passages so that careful quality control 
is required. The typical laboratory must use several differ
ent cell types in order to isolate different, clinically signifi
cant viruses. For example, cytomegalovirus can only be 
cultivated in diploid cultures, while influenza viruses are 
usually isolated in a heteroploid cell line such as the 
Madin-Darby canine kidney (MDCK) cell line. 

5.2.2a. Cytopathic Effect. The presence of viral 
replication in cell cultures is traditionally detected in three 
ways: (1) by the observation of typical changes in the 
cultured cells (cytopathic effect), (2) by hemadsorption, 
and (3) by interference. The most common method used to 
identify virus isolates in the laboratory requires evaluation 
of the inoculated cell culture under light microscopy. 
Many viruses can be readily identified by the characteris
tic changes they produce in susceptible cell cultures, gen
erally referred to as "cytopathic effect" (CPE). 

When dealing with certain fastidious viruses or spec
imens with low viral inoculum, "blind passage" of a 
sample of the inoculated culture into a fresh cell culture 
may be advantageous for detecting a virus. For certain 
cell-associated viruses such as CMV or VZV, trypsiniza
tion and subsequent passage of the putative infected cell 
culture enhances viral recovery.<167) Subculture after 
freeze-thawing has been beneficial for the detection of 
adenovirus. <96> 

5.2.2b. Hemadsorption. A variety of viruses, in
cluding influenza, parainfluenza, measles, arboviruses, 
and some picomaviruses, can agglutinate the erythrocytes 
of certain animal species (e.g., guinea pigs, goats, or 
chickens). This property allows the adherence of red 
blood cells to virus-infected cells, or hemadsorption. The 
presence of hemadsorbing viruses can be detected prior to 
or, in some cases, in the absence of detectable CPE. In the 
laboratory, a suspension offresh RBCs (frequently guinea 
pig RBCs) is added at varying time points following 
inoculation of the clinical specimen into cell culture, and 
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adherence of the RBC to the cell membrane is evaluated, 

generally using light microscopy. When hemadsorption is 

found in a cultured specimen, the supernatant fluid may be 

subcultured onto fresh tissue or tested using specific anti

gen detection methods to determine virus identity (see 
Section 6.2). 

5.2.2c. Interference. Some viruses (e.g., rubella) 

do not cause easily detectable CPE and do not possess the 

property of hemagglutination, but they can be detected by 

their ability to interfere with the growth of a cytopathic 

virus inoculated into the same culture. This method of 

detection is called interference. In the typical assay for 

rubella virus, a standard dose of a challenge virus (com
monly, echovirus 11) is inoculated onto a control tube of 

African green monkey kidney cells as well as a tube 
previously inoculated with a clinical specimen. When the 

challenge virus is inhibited in the culture tube containing 

the clinical specimen, an "interfering virus" is present. <96> 

Further analysis using antigen detection or serotyping is 

required for definitive results. 
5.2.2d. Explant or Cocultivation Methods. Tis

sue specimens can be cultivated in the laboratory in the 
presence of established cell cultures (cocultivation) or as 

an explant culture. The tissue is minced, digested with 

trypsin, and inoculated directly onto cell culture mono

layers or suspended in tissue culture media (as an ex

plant). Cocultivation methods have been used for the 

detection of measleslike viruses in the brains of patients 
with subacute sclerosing panencephalitis.<76> This tech
nique also is utilized for the demonstration of latent virus, 
but is not routinely available in diagnostic laboratories. 

5.2.2e. Isolation of Viruses by Organ Culture. Cul
ture of certain fastidious viruses using pieces of organs or 

tissue in which the normal histological architecture is 
preserved has been called "organ culture." Such culture 
methods have been useful for the detection of certain 
coronavirus (OC43) and rotavirus strains that were previ
ously noncultivatable and for the detection of latent HSV 
in sensory ganglia. (106,159,172,187) With this method, pieces 

of tissue such as tracheal rings, embryonic intestine, or 

ganglia are placed intact into cell culture medium and the 

clinical specimen inoculated directly onto the tissue. De
tection of viral replication is accomplished using a variety 

of techniques, including antigen detection, electron mi

croscopy, serological tests, loss of ciliary function, or 

changes in histopathology. This technique is rarely used, 

however, because it is labor-intensive, time-consuming, 

and tissues are not readily available to most laboratories. 
5.2.2! Isolation of Viruses Using Physical and 

Chemical Refinements. Methods that enhance virus iso
lation or speed the detection of an agent are highly desir-

able for the virology laboratory. A variety of physical and 

chemical techniques may increase the speed and sensi
tivity of a viral diagnosis.<78> Roller culture methods, first 
introduced by Gey<58> in 1933, are known to increase rates 

of propagation of eukaryotic cells. This method also has 

been shown to increase both cellular RNA and viral RNA 
synthesis.<7S) Low-speed rolling, high-speed rolling, rock

ing, and orbital motion have all been found to be advan

tageous in certain culture conditions. 
Centrifugation of a clinical specimen or viral isolate 

onto a cell culture monolayer can enhance viral detection. 

The improved detection is probably not due to enhanced 
penetration of the virus into the cell but to stimulation of 
cell proliferation and activation of gene expression.(77,?8) 

Methods utilizing centrifugation of clinical samples, such 

as described by Smith and co-workers, <44•46·59> are used 
routinely in many clinical virology laboratories, fre
quently in conjunction with viral antigen detection to 

provide rapid diagnosis. The use of short-term centrifuga

tion oflO min to 2 hr at 500 to 15,000 x g has been reported 

to increase detection of a variety of viruses, including 

HSV, VZV, CMV, rotavirus, RSV, HIV, polyomavirus, 
and measles. Culture vessels commonly used in this 

method are either shell vials (cylindrical, flat-bottomed 

vials that may contain a removable round coverslip at the 
bottom on which tissue culture ceQs are attached), or 

multi well plates containing either 24, 48, or 96 wells. The 
centrifugation of viruses onto. tissue culture monolayers 
has been shown to enhance infection by 3- to 10,000-fold, 
to reduce the time to viral detection, to be essential for 

isolating certain viruses (e.g., rotavirus), and to increase 
plaque or foci formation by 2- to 100-fold.<7S) 

Chemical measures to enhance viral replication in
clude the use of DMSO and sodium butyrate.<146.164,165) 

The importance of these agents, however, in Qiagnostic 
settings requires further evaluation. The use of other 
agents, such as hormones, dexamethasone, and calcium 
may enhance cell growth, but these agents are not rou

tinely utilized in the diagno&tic laboratory. The addition of 
trypsin to culture medium is helpful in the isolation of 

certain influenza viruses, as well as rotaviruses, calici
viruses, and astroviruses, because the proteolytic cleavage 

of certain viral glycoproteins plays a role in cell fusion and 

enhances the initiation and spread of viral replication. <78> 

5.3. Detection of Viral Antigens 

Methods for the detection of virus-specific antigens 

have allowed rapid identification of a wide variety of 

viruses. Specific monoclonal antibodies conjugated to 

biochemical markers may provide high levels of sensi-



tivity and specificity. The key to the success of the assays 
outlined below is the use of reliable virus-specific anti
body. Molecular biological techniques that permit the 
production of relatively large quantities of avid monoclo
nal antibodies have facilitated viral antigen detection. 

5.3.1. Immunofluorescence Techniques. Viral
specific antibodies conjugated to a fluorescein-labeled 
moiety have been used to identify viral pathogens since 
the late 1950s.(99) Immunofluorescence (IF) assays are 
widely used for the rapid detection of viruses in clinical 
samples and for definitive identification of a virus in tissue 
culture that may allow viral antigens to be sought before 
or after CPE is evident. In the direct IF test, specific 
antibody labeled with a fluorescent dye such as fluores
cein isothiocyanate or, less commonly, rhodamine iso
thiocyanate, is allowed to react for a short time with cells 
obtained from a clinical specimen or from an inoculated 
cell culture. After allowing time for an antigen-antibody 
reaction to occur, the slides are washed and examined 
microscopically for direct visualization of the fluores
cence of the infected cells in the specimen. In the indirect 
IF test, two different antisera are used: an unlabeled virus
specific antibody capable of binding to a specific viral 
antigen is used first and is followed by a fluorescein
labeled, species-specific antibody directed against the 
species in which the first antibody was raised. If a reaction 
occurs between the first antiserum and the clinical speci
men, the second antibody will bind to the antigen
antibody complex and fluorescence of the virus-infected 
cells can be detected. 

The two IF methods each have advantages and disad
vantages. The indirect IF is usually more sensitive be
cause several fluorescein-conjugated molecules poten
tially are able to bind to each virus-specific antibody 
molecule attached to the viral antigen, resulting in ampli
fication of the fluorescence. The direct IF test may offer 
enhanced specificity due to lower background fluores
cence. The indirect IF method requires more reagents and 
more time to perform. Whether monoclonal or polyclonal 
antisera are optimal for use in either test method is still 
debated. The use of monoclonal antibodies generally pro
vides the lowest background, but may be limited by the 
high specificity of these reactions. This problem can usu
ally be overcome by using a pool of monoclonal anti
bodies. 

The use of IF for the direct detection of viral antigens 
in clinical samples and the confirmation of viral growth in 
cell cultures has increased with the widespread commer
cial availability of relatively inexpensive antibodies spe
cific for many of the herpesviruses and respiratory vi
ruses. The IF method has the advantage of allowing rapid 
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viral diagnosis in properly obtained specimens.<39,47,48,113) 
When working with large numbers of clinical specimens, 
the time required for sample collection, processing, and 
interpretation of the stained slide becomes substantial. 
The enthusiasm for this technique in clinical specimens 
has varied due to the time and degree of technical compe
tence required to read such samples, the availability of 
other, less labor-intensive antigen detection methods, and 
the frequency of false-negative results obtained because 
of the dependence of the assay on having a high degree of 
viral antigen expression in the clinical sample. Neverthe
less, the appropriate use of this test can result in reliable 
and sensitive rapid diagnosis from clinical samples. The 
use of IF for the detection of RSV in pediatric patients by 
an experienced laboratory can detect up to 90-95% of the 
samples positive by culture,<67·93l although many laborato
ries report rates of 70-80%.(37,163) 

The combination of IF techniques with cell culture 
has increased the sensitivity of cell culture while provid
ing a positive result in a shorter time period. With the use 
of centrifugation or other methods of enhancement of 
viral replication and pools of varying antibodies, cell 
cultures can be incubated between 1 and 3 days and then 
stained for a variety of virus antigens using indirect or 
direct IF methods. For some viruses, such as CMV or 
VZV, specific antibodies directed toward early or non
structural antigens permit the rapid diagnosis within 48 hr, 
well before CPE would be visualized under routine cell 
culture conditions. <59·152l Disadvantages of IF techniques 
include the need for fluorescent microscopes, difficulty in 
the interpretation of clinical specimens that have a high 
level of nonspecific fluorescence, and the fact that pre
pared slides are not generally stable over periods longer 
than 1 month.<ll3l 

Genetic engineering of cell culture systems to allow 
detection of a reporter gene after virus infection has al
lowed more rapid detection of viruses in clinical sam
ples.<74·125·183l The Escherichia coli lac Z gene has been 
placed behind an early HSV promoter (ICP6 promoter 
from the UL39 gene of HSV-1) in a baby hamster kidney 
cell line. If infected by HSV, the cells produce 13 galac
tosidase and will turn blue when stained for 13 galac
tosidase activity.<74·183l A similar system for Sindbis virus 
using luciferase as the reporter (under the control of a 
Sindbis virus subgenomic promoter) also has been de
scribed. <125l 

5.3.2. Immunocytochemical Staining. Immu
nocytochemical staining is a sensitive and specific method 
for detecting viral antigens with labeled antibodies. This 
technique, pioneered by Coons<24l in 1942, has been used 
to study the structure and function of a variety of viral 
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proteins and continues to be utilized in both the research 
and clinical laboratories. It has been used both for detec

tion of viral infection of a monolayer prior to the appear
ance of cytopathic effect and in rapid screening assays for 
drug resistance.<57·78l This method utilizes reagents simi
lar to those used in the IF assay except that the fluorescent 
marker is replaced by an enzyme. When enzyme-specific 
substrates are provided, a colored precipitate forms at the 
site of reaction. Typical enzymes used to detect viral 
antigens include alkaline phosphatase and horseradish 
peroxidase. A major drawback of alkaline phosphatase
based reagents is their lack of stability; a major drawback 
of peroxidase as a marker is the fact that this enzyme is 
endogenous to some mammalian tissue, thus requiring 
either elimination of the endogenous enzyme or use of a 
nonmarnmalian enzyme, glucose oxidase. (55) 

Advantages of immunoenzymatic staining compared 
to IF staining include the virtual permanence of stained 
preparations and the ability to view slides using an ordi
nary light microscope. Both direct and indirect staining 
with immunoperoxidase and other enzymes have been 
utilized to detect many viruses. Refinements have been 
developed that allow even greater sensitivity than that 
seen with indirect staining without the need to conjugate 
enzyme to an antibody. For example, a modification of 

these techniques has been a four-layer sandwich tech
nique involving (1) virus-specific antibody raised in spe
cies X, (2) an excess amount of a second antibody raised 
against the species X antibody, (3) a complex of perox
idase and antiperoxidase antibody (raised in species X), 
and ( 4) reducing substrate for peroxidase. 058l The second 
antibody acts as a bridge, binding to both the virus and the 
antiperoxidase antibody. Similar unlabeled assay methods 
have been described for alkaline phosphatase-antialka
line phosphatase and glucose oxidase-antiglucose oxi
dase.<22·25l Increasing commercial availability of perox
idase kits for the diagnosis of viral diseases indicates that 
immunocytochemical methods will remain an option for 
the rapid, specific, and nonisotopic detection of viruses. 

5.3.3. Radioimmunoassay. Radioimmunoassay 
(RIA) techniques have proven valuable for the detection 
of many compounds in laboratories and clinical medicine. 
Initially, the technique was developed for the determina
tion of endogenous human plasma insulin levels.<188l The 
first important use of RIA in diagnostic virology was for 
the detection of hepatitis B surface antigen.<75) The origi
nal RIA described by Yalow and Berson<188l was a com
petitive binding assay in which the competition between 
an unlabeled antigen and a radiolabeled antigen reacting 
with a limited amount of antibody over a short period of 
time was monitored. Variations in RIA methods have been 

developed, with the most common being the direct and 
indirect solid-phase RIA. In the direct solid-phase RIA, 

antigen or antibody are captured on a solid support and 
detected by radiolabeled (usually I25J) antibody or anti
gen, respectively. The amount of signal increases propor
tionally to the amount of antigen or antibody present in the 
sample. In indirect assays, the capture of antigen or anti
body to the solid phase prevents the binding of labeled 
antibody or antigen, respectively, so that the amount of 
signal detected is inversely proportional to the amount of 
antigen or antibody present. RIA methods currently are 
utilized mainly for the detection of antigens and anti
bodies of viral hepatitis. <116l The use of RIA for the detec
tion of various hepatitis markers has demonstrated the 
assay's high degree of sensitivity. For the most part, RIA 
methods have been replaced by EIA for routine diagnostic 
purposes due to the complexity of the assay, the use of 
radioisotopes, lack of standardized commercially avail
able reagents, and high equipment costs. 

5.3.4. EIA. Enzyme immunoassays, or EIAs, 
have gained widespread acceptance in virology laborato
ries for the detection of a variety of viral antigens and 
antibodies. The assays used in this method rely on anti
bodies directed against a specific virus or viral antigen that 
are adsorbed or directly linked to polystyrene wells in 

microtiter plates, plastic beads, or membrane-bound ma
terial. When viral antigen is present in a specimen, it binds 
to the immobilized antibody and a second "detecting" 
antibody conjugated to an enzyme such as horseradish 
peroxidase or alkaline phosphatase then attaches to the 
antigen, forming a three-layer "sandwich" consisting of 
the immobilized antibody, the antigen, and the detecting 
antibody with enzyme attached. A substrate specific for 
the enzyme is added and a color reaction occurs that can 
be monitored by spectrophotometry or by direct visualiza
tion. The test is quite simple to run, requiring only stan
dardization of reagents and techniques such as dilution, 
incubation, and washing. The principles involved in EIA 
are similar to those involved in immunofluorescence and 
RIA, but the EIA test has the distinct advantages of being 
simple to perform, utilizing reagents that have long shelf 
lives, are inexpensive, and do not require sophisticated 
technical evaluation to determine results. Advantages of the 
EIA technique also include sensitivity (less than 1 ng/ml), 
specificity, rapidity, safety, automation potential, and low 
cost, particularly when many specimens require evalu
ation. 

Variations in the methodology for EIA testing in
clude the materials used, the procedures for incubation 
and detection, and the interpretation of results. Many 
different test kits are commercially available and in wide-



spread clinical use for the detection of common viral 
pathogens such as RSV, HSV, VZV, adenovirus, HIV, and 
rotavirus; EIA tests have been devised and reported for 
nearly all virus groups and continue to be used widely for 
clinical and research purposes.<I23l 

5.4. Detection of Viral Nucleic Acid 

The detection of viral nucleic acid is another strategy 
for the identification of viruses in clinical samples. Use of 
these methodologies may add to and increase the diagnos
tic yield of antigen detection and tissue culture methods. 
The detection of viral nucleic acid may provide informa
tion that cannot otherwise be obtained.<121l In some in
stances, the virus cannot be isolated in tissue culture due 
to virus inactivation during collection, transport, or stor
age; contamination with other microbes, particularly 
other viruses; the lack of an available in vitro culture 
system; or slow growth of the virus. In other cases, no 
antigen detection assay is available or antigenic variation 
precludes the development of a broadly reactive antigen 
detection assay. Nucleic acid detection is also useful if 
evidence of a chronic carrier state is being sought, or if it 
is desirable to identify cells containing viral nucleic acids 
within a tissue sample. 

5.4.1. Hybridization Assays. Nucleic hybrid: 
ization assays rely on the detection of a signal generated 
after the interaction of a labeled probe with the target 
nucleic acid. Hybridization occurs when the sequence of 
the nucleic probe is sufficiently similar to that of the target 
nucleic acid that a duplex is formed and held together by 
hydrogen bonds from nucleotide pairing. The specificity 
of the reaction is determined primarily by the sequence of 
the probe used, but is also affected by the temperature at 
which hybridization and subsequent washes take place, 
the salt concentration used in the hybridization mix and 
the washes, and the concentration of formamide used in 
the hybridization mix. These latter factors affect the sta
bility of the duplex, with increased temperature and for
mamide concentration destabilizing less perfectly matched 
duplexes (increasing the stringency of the hybridization 
conditions) and increased salt concentrations stabilizing 
less well-matched duplexes (decreasing the stringency). 
More detailed description of hybridization conditions and 
procedures have been published.<69,142l 

The target nucleic acid may be DNA or RNA and 
may be single- or double-stranded. All target nucleic acids 
must undergo a denaturing step before undergoing hybrid
ization. This step ensures adequate binding with the probe 
because even single-stranded nucleic acids are in part 
double-stranded as a result of self-annealing. Heat and/or 
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strong alkali are sufficient for denuaturation when the 
target nucleic acid is DNA, but DMSO, methyl mercuric 
hydroxide, glyoxal, or formaldehyde are required for 
RNA.(3) 

The probe also may be single-stranded or double
stranded RNA or DNA. Double-stranded probes may be 
made from vectors (plasmids, bacteriophages, cosmids) 
into which a virus-specific sequence has been cloned. The 
virus-specific sequence can be separated from the vector 
by digestion with a restriction endonuclease and gel puri
fication before being labeled. Single-stranded bacterio
phage vectors related to M13 also have been used but are 
limited by the size of the DNA that can be cloned into 
it.<I56) Single-stranded RNA probes can be made by in 
vitro transcription using one of several DNA-dependent 
RNA polymerases.<4,17,l42l Single-stranded DNA or RNA 
oligonucleotides, 20-40 bases in length, can now be made 
or obtained easily and at only minimal expense. In gen
eral, single-stranded probes are preferable to double
stranded probes because annealing of the probe to itself is 
less likely to occur. Single-stranded RNA probes offer the 
additional advantage of increased stability of RNA -RNA 
and RNA-DNA duplexes and the removal of vector se
quences that may cause nonspecific hybridization if bacte
rial DNA is present in the sample.<ll2,135) 

The probe must be labeled in order to detect its 
hybridization to the target nucleic acid. A number of 
different strategies for probe detection have been devel
oped. Early assays relied on the use of radioisotopes (32P, 
35S, 3H), which are still among the most sensitive labels 
available. Nonisotopic methods have improved such that 
they approach the level of detection obtained with radio
isotopes without the inherent hazards. The probe is linked 
to biotin, digoxigenin, or some other hapten. The biotin 
can then interact with avidin or streptavidin, or the hapten 
with a hapten-specific antibody, to which an enzyme (like 
alkaline phosphatase or 13-galactosidase) is attached. A 
substrate is added and the test is interpreted based on the 
intensity of the resulting colorimetric or chemilumines
cent reaction.<81l 

Several hybridization strategies have been used for 
virus detection. The most common are dot (or slot) blot, 
Southern and Northern blot, and in situ hybridization. 
Solution hybridization methods also are being developed. 

5.4.la. Dot Blot Hybridization. In standard dot 
and slot blot hybridization assays, the target nucleic acid is 
immobilized on a solid substrate. Nitrocellulose, nylon, 
and chemically activated papers are the most common 
filters used for this purpose. <3l Although nucleic acid must 
be denatured to bind to the filter, the optimal conditions 
for binding the nucleic acid differ for the different types of 
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filter. In sandwich hybridization assays, a virus-specific 
probe is attached to nitrocellulose to capture viral nucleic 
acids and a second probe (nonoverlapping with the first) is 
used to detect the captured nucleic acid.<177l This method 
has the advantage of high specificity, but is 10- to 100-fold 
less sensitive than standard methods. (145) 

In some situations, dot blot hybridization assays can 
be performed on crude clinical specimens. (101) More fre

quently, partial purification of the nucleic acid is required, 
usually with phenol and chloroform followed by precipi
tation in ethanol or isopropanol. If known amounts of a 
virus standard are included in the test, the amount of target 
nucleic acid in an unknown sample can be semiquantitated 
using a densitometer or a liquid scintillation counter.<3l 

The greatest success in the application of dot blot 
hybridization assays for viral diagnosis has been for DNA 
viruses such as papillomavirus, cytomegalovirus, HSV, 
parvovirus, and hepatitis B virus. <30,88,132·155,180) The use of 

RNase inhibitors allowed the development of assays for 
several RNA viruses, including rotavirus, hepatitis A virus, 
enterovirus, RSV, and coronavirus.(51,80,85,118,135,136,169,175) 

The sensitivity of these assays generally has been similar 
to that of antigen detection<112l enzyme-linked immuno
sorbent assays (ELISAs). Dot blot hybridization assays 
are now frequently used as an adjunct for detection of 
target nucleic aCids after they have undergone an ampli
fication procedure (see Section 5.4.2a). 

5.4.1b. Southern and Northern Blot Hybridization. 
These hybridization procedures are very similar to dot 
blot hybridization except that fragments of the target 
nucleic acid are separated by size using gel electro
phoresis before being transferred to a filter. First described 
by Southern<154l for the detection of DNA fragments, the 
method has since carried his name. The detection of RNA 
is called Northern blot hybridization. Such assays in
crease the specificity of a nucleic acid hybridization assay 
because they allow the recognition of fragments of spe
cific size. However, the procedures are time consuming, 
often taking several days, and require a greater level of 
skill than the dot blot assay. 

5.4.1c. In Situ Hybridization. In situ hybridiza
tion assays allow the detection of viral DNA or RNA 
within cells while preserving the histological detail of a 
sample. Specimens to be used should be frozen or fixed as 
soon as possible after collection so that degradation of the 
nucleic acid is minimized. If a specimen has been fixed 
and embedded in paraffin, it must be deparaffinized and 
rehydrated prior to hybridization. Target nucleic acid can 
be detected using a photographic emulsion to cover the 
slide for radiolabeled (3H or 35S) probes or by developing 
an enzyme-catalyzed, colorimetric reaction for noniso-

topically labeled probes (biotin, digoxigenin). These 
methods can be technically difficult, but have yielded 
valuable information about the pathogenesis of many dif
ferent viral infections, including enteroviral myocarditis, 
papillomavirus-associated genital neoplasia, HSV and 
VZV latency, and EBV replication.<B.29,89,150,160) Mod

ifications of in situ hybridization assays such as in situ 
transcription and in situ polymerase chain reaction (PCR) 
have been described in which new labeled nucleic acid is 
made using the virus-specific nucleic acid in the tissue as a 
template. (18,122,168) 

5.4.2. Nucleic Acid Amplification Techniques. 
Many nucleic acid hybridization assays have a sensi

tivity of 105-106 molecules, and even the most sensitive 
have a limit of detection of 103-104 molecules. (122,128) This 

level of detection is inadequate for many clinical situa
tions. Thus, strategies to amplify the target (viral) nucleic 
acid have been developed. After amplification of the viral 

nucleic acid, many of these assays then rely on nucleic 
acid hybridization assays for detection of the virus
specific products. PCR is the most developed of the nu
cleic acid techniques, but the ligation chain reaction 
(LCR), transcript amplification system, the Qbeta repli
case system, and signal amplification with compound 
probes have also been used successfully.(9,128,186) 

5.4.2a. Polymerase Chain Reaction. PCR has 
revolutionized the detection of small amounts of nucleic 
acid. First described in 1985, PCR became much less 
cumbersome with the use of a thermostable DNA poly
merase, Taq (from Thermus aquaticus) polymerase, and 
an automated thermocycler apparatus.(140,141l The use of a 

reverse transcription step to make a complementary DNA 
from RNA has allowed the detection of small quantities of 
RNA.(6,54) New innovations continue to broaden the po
tential applications for this method for the detection and 
characterization of viral nucleic acid. 

PCR consists of three basic steps that, when re
peated, result in exponential amplification of the target 
DNA. The first step is denaturation of the target, double
stranded DNA, and generally is carried out at 92-95°C. 

The second step is primer annealing; the reaction mix is 
cooled to 50-70°C to allow virus-specific oligonucleotide 
primers to anneal to the target nucleic acid. The third step 
is primer extension and usually occurs at 70-75°C. Every 
ten times these three steps are repeated, the amplified 
DNA can theoretically increase 1000-fold (210-fold). In 
practice, PCR is less efficient, but a million- to a billion
fold amplification of target DNA can be achieved.<65l 

For standard reactions, two primers complementary 
to regions on opposite strands of the target DNA are used. 
The regions complementary to the primers are usually 



200-500 base pairs apart. Hybridization of the primers to 
the denatured DNA is favored over that of the opposite 
strand because the primers are present in tremendous 
molar excess of the target DNA. The primers give PCR its 
specificity, and this specificity can be increased by using 
higher annealing temperatures in the reaction. The opti
mal annealing temperature for maximum sensitivity and 
specificity is approximately 5°C below the temperature 
(Tm) at which the primers are 50% dissociated from the 
target DNA. 

PCR, as originally described, will amplify only 
DNA. Various modifications have been made that allow 
the detection of RNA. The first modification described 
was the synthesis of a complementary DNA (eDNA) from 
RNA using reverse transcriptase.<54·91> Using this meth
odology, less than one infectious dose of virus can be 
detected.<6> Another thermostable DNA polymerase that 
also has reverse transcriptase activity, the Tth polymerase, 
also has been described for RNA amplification.(Jl7) 

PCR products, or amplicons, are detected by visual
ization of silver- or ethidium bromide-stained gels after 
electrophoresis or by detection of a hybridization signal 
(e.g., dot blot, Southern blot, or liquid hybridization). 
Because nonspecifically amplified DNA may occasion
ally be the same length as the desired amplicon, the use of 
an additional test of specificity, such as by probe hybridiz
ation of restriction enzyme digestion of the amplicon, may 
be of value.<65) The hybridization assay may use a DNA 
probe in a standard dot blot or Southern hybridization 
assay, or it may use an RNA probe with biotinylation of 
one of the PCR primers so that detection of RNA-DNA 
hybrids can be accomplished with a monoclonal antibody 
in an enzyme immunoassay format. <27·90·174> If a restriction 
enzyme is used in a confirmation assay, one should be 
chosen that will cut the virus-specific amplicons into two 
fragments that can be detected by gel electrophoresis. 

The extreme sensitivity of the PCR reaction has led 
to the recognition of problems of false-positives due to 
carryover contamination. Because the method can detect 
less than ten copies of DNA and generates millions to 
billions of copies of amplicons, the generation of aerosols 
containing amplified products can result in contamination 
of samples that originally did not contain viral nucleic 
acid. Several precautions have been used to overcome this 
problem. Physical separation of pre- and post-PCR areas, 
the use of positive displacement pipettes, the use of dis
posable gloves, and premixing and aliquotting reagents 
have been advocated to minimize false-positives. <95> UV 
irradiation of the PCR reaction mix after amplification and 
the use of dUTP in place of dTTP, allowing the degrada
tion of contaminating, uracil-containing DNA with the 

Chapter 2 • Laboratory Methods 73 

enzyme uracil-N-glycosylase, are other methods that have 
been used to decrease false-positive reactions.000.143) Use 
of the Tth polymerase and uracil-N-glycolase enzyme in a 
single-step assay may get around problems of carryover 
when RNA viruses are amplified by PCR.<191) 

5.4.2b. Other Amplification Methods. The LCR 
utilizes many of the same principles as PCR. DNA is 
denatured at a high temperature, primers hybridize to the 
target DNA, and a heat-stable enzyme acts on the primers, 
resulting in an exponential increase in the LCR product. 
However, the LCR product is the result of the ligation of 
the primers, with the product length being the sum of the 
length of the ligated primers. Four primers must be used 
for exponential amplification to occur; the use of only two 
primers results in linear amplification.<9.186) 

The transcript amplification system can detect RNA 
or DNA. A primer containing a promoter sequence for a 
DNA-dependent, RNA polymerase followed by a target
specific sequence is used for the synthesis of a eDNA for 
each target strand of RNA or DNA. After second-strand 
synthesis using a second target-specific primer, multiple 
copies of RNA per target strand are generated, using the 
appropriate RNA polymerase. The target nucleic acid may 
be amplified more than a million-fold in a short period of 
time. (66,94) More work needs to be done to determine the 
general applicability of this method, but it has been ap
plied to the diagnosis of HIV infection. (92) 

The Qbeta replicase system is a probe amplification 
system. Qbeta replicase is an RNA polymerase that will 
replicate RNA that has the secondary structure of the 
genomic RNA of the bacteriophage Qbeta. A small, 
target-specific insert can be made into the genomic RNA 
that allows its hybridization to a specific target. After a 
wash step, the Qbeta replicase will amplify the probe up 
to a billionfold. This method has the advantage of speed, 
high sensitivity, and the ability to quantify the amount of 
target nucleic acid; however, problems with background 
still exist. <128) 

Branched DNA (bDNA) amplification is another 
amplification system in which the signal is amplified 
instead of the target nucleic acid. This is accomplished 
through a series of hybridization steps. Viral nucleic acid 
is captured by hybridization with an oligonucleotide an
chored to a solid substrate. A second virus-specific probe 
containing a sequence complementary to a bDNA ampli
fier sequence then is hybridized to the viral nucleic acid. 
The bDNA amplifier has multiple chains branching in a 
treelike fashion and on each of the branches are multiple 
sites for hybridization with an enzyme-labeled probe. The 
enzyme reacts with a substrate to allow colorimetric or 
chemiluminescent detection. Assays for HCV, HIV, CMV, 
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and hepatitis B virus have been described.<173> The assay 
has been used to monitor serum viral RNA levels after the 
administration of antiviral chemotherapy in HCV and 
HIV infections.<32·35> 

6. Laboratory Methods for Virus Characterization 

Further characterization of a virus obtained from a 
clinical specimen is frequently desirable once an agent has 
been isolated. This can be done in a variety of ways, 
depending on what is known about the virus and what 
additional information is being sought. For example, if a 
previously unrecognized virus is recovered, characteriza
tion of its physicochemical as well as biological, anti
genic, and genomic properties would be useful. 

6.1. Physicochemical Methods 

Virus classification originally depended on the deter
mination of physicochemical properties. When viruses 
were first discovered at the tum of the century, filterability 
was the only physical property that could be measured. <115> 

Since that time, additional physicochemical properties 
used for virus characterization include virion size and 
shape, virus stability at different pHs and temperatures, 
and virus stability in the presence of cations (magnesium 
and manganese), solvents, vital dyes, detergents, and radi
ation. Though virion size and shape are still used to 
initially classify viruses, other physicochemical proper
ties are rarely used to characterize human viruses. An 
exception is the classification of human picomaviruses as 
rhinoviruses or enteroviruses, with rhinoviruses being 
distinguished from enteroviruses by their lability at low pH. 

6.2. Immunologic Methods 

The presence of a virus may be detected by changes 
in tissue culture, but further steps can be taken to identify 
the virus. This is important because more than one type of 
virus can produce similar changes (e.g., hemadsorption 
for influenza and parainfluenza viruses and similar CPE 
for CMV and adenovirus) and nonviral agents can produce 
viruslike CPE (Trichomonas vaginalis and herpes sim
plex, Clostridium dif.ficile toxin and enteric viruses).<145) 

Various immunologic methods can be used for this purpose 
because of the general availability of immune reagents for 
most human viruses. Immunofluorescence, radioimmuno
assay, and enzyme immunoassay formats may be used in a 
fashion similar to that described for the virus detection in 
clinical specimens (Section 5.3). Other methods for virus 

identification and characterization include virus neutral
ization assays, hemagglutination-inhibition assays, and 
epitope-blocking enzyme immunoassays using monoclo
nal antibodies. 

6.2.1. Neutralization Assays. Virus neutraliza
tion assays detect the loss of virus infectivity that results 
from the interaction of virus with specific antibody. Un
known viruses may be identified using virus-specific anti
sera, and antibody to a specific virus present in a serum 
sample can be detected or quantitated (see Section 7.1). 
The loss of infectivity can be measured in a number of 
ways, depending on the biological systems capable of 
supporting virus growth, the types of viruses being 
sought, and the capabilities of the laboratory performing 
the studies. The principal biological systems used for 
neutralization assays are tissue culture, embryonated 
chicken eggs, and adult and suckling mice. <8> Cell culture 
systems are used most commonly because they support 
the growth of a large number of viruses, are widely avail
able, are easier to work with than the other two systems, 
and lack an immune system (that may influence test re
sults). Embryonated hen's eggs and mice are used as for 
primary isolation (Section 5.2.1). Neutralization cannot be 
measured for some viruses (e.g., Norwalk-like viruses) 
because their infectivity cannot be measured in currently 
available culture systems. 

Pools of virus-specific antisera have been used to 
decrease the number of neutralization assays needed to 
serotype enteroviruses.<98> Each serum pool contains anti
sera to a discrete number of enteroviruses, and antiserum 
to a given enterovirus is present in one to three pools. 
Thus, the pattern of neutralization obtained from the use 
of only eight intersecting serum pools allows the identi
fication of 42 different enteroviruses.<108> Methods for the 
production of intersecting serum pools have been pub
lished. (109) 

6.2.2. Hemagglutination and Hemagglutination
Inhibition Assays. The ability to agglutinate erythro
cytes, a property shared by many viruses, can be used for 
the identification of some of these viruses. The differential 
hemagglutination of rat, human group 0, and monkey 
erythrocytes by different adenovirus serotypes allows 
their separation into groups so that fewer type-specific 
sera need to be used in neutralization or hemagglutination
inhibition assays.<73> Type-specific antisera can be used to 
prevent hemagglutination (hemagglutination-inhibition) 
and permit the identification of influenza A and B viruses, 
parainfluenza viruses, and adenoviruses. 

6.2.3. Agar Gel Immunodiffusion. Agar gel 
immunodiffusion, or agar gel precipitation, has been used 
for the characterization of a variety of viral antigens using 



standard, or reference, antisera. A thin layer of agarose is 
made in a plate or on a slide, and small wells are cut into 
the agarose. The unknown antigen and known antiserum 
are placed in separate wells, and the proteins in the wells 
diffuse through the agarose. If the antiserum reacts with 
the virus antigen, a precipitation band appears. Though 
less sensitive than other methods, this method offers high 
specificity and is simple to perform. It has been used for 
the identification of orthopoxviruses, typing of influenza 
viruses, and subtyping of hepatitis B viruses.<38.49.I20) It 
also has been used to characterize unknown sera with 
known virus antigens.<19l 

6.2.4. Antigenic Characterization. The anti
genic differences or similarities between vaccine and 
wild-type strains or among virus strains that have been 
isolated from different geographic locations or at different 
times may be examined in a number of ways. The availabil
ity of monoclonal antibodies permits the examination of 
these relationships and may detect differences or sim
ilarities that cannot be detected by polyclonal anti
sera.<182·190l These assays examine the ability of a given 
monoclonal antibody to interact with a particular virus 
strain and are performed using the same formats used for 
polyclonal antisera: RIA or EIA, neutralization (if anti
body is neutralizing), immunoprecipitation, hemagglu
tination-inhibition (if the virus has hemagglutination ac
tivity), and so forth. 

Monoclonal antibodies also have been used to map 
antigenic sites on virus proteins. When a virus is grown in 
the presence of a monoclonal antibody that normally 
neutralizes it, the only progeny virus will be escape mu
tants, or viruses that are no longer neutralized by the 
antibody. Frequently, escape mutants arise after substitu
tion of a single nucleotide, resulting in a single amino acid 
change, and the location of the change can be determined 
by sequencing the virus gene(s) encoding the viral pro
tein(s) important in neutralization (e.g., rotavirus).002,I66) 
A less precise map of antigenic sites can be obtained 
through the use of a panel of monoclonal antibodies by 
determining whether an individual monoclonal antibody 
competes with other monoclones for an antigenic site and 
whether the antibody has activity against the escape mu
tants raised by a different monoclonal antibody.061 l 

6.3. Genomic Characterization 

The identification and characterization of viruses has 
been enhanced greatly by advances in molecular biology. 
PCR has had the greatest impact of all the newer tech
nologies. Advances in the characterization of the viral 
genome have been made possible or greatly simplified by 
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this technology. Evaluation of the total genomic nucleic 
acid of some viruses by restriction enzyme digestion, 
hybridization studies, or polyacrylamide electrophoresis 
still may provide useful information, but similar evalua
tions can often be made using amplified portions of the 
viral genome. This section will review some approaches 
used for characterization of the viral genome in epidemi
ologic studies. 

6.3.1. Restriction Enzyme Digestion. Restric
tion enzymes are bacterial endonucleases that cut double
stranded DNA at defined sites based on the nucleotide 
sequence. The recognized nucleotide sequence may be 4, 
6, or more bases in length, and there is usually an axis of 
symmetry to the recognized sequence (i.e., the two oppo
site strands have the same nucleotide sequence for the 
recognized site). For example, the restriction enzyme 
BamHI recognizes the following DNA sequence: 

5'-GGATCC-3' 
I I I I I I 

3'-CCTAGG-5' 

After digestion, the DNA fragments are separated by gel 
electrophoresis and the size and pattern of the fragments 
are determined. Restriction enzymes have been applied to 
total genomic DNA in epidemiologic studies of adeno
virus outbreaks to identify the epidemic strain.(l5,I29,178) 
They also have been applied to amplicons, the specific 
products resulting from PCR amplification, to document 
the specificity of a reaction or to examine the relatedness 
of virus strains.<6.65· 162l 

6.3.2. Hybridization Assays. The principles of 
hybridization are elaborated in Section 5.4.1. In addition, 
application for viral nucleic acid detection and as a test of 
amplicon specificity, hybridization studies also can be 
performed to determine the homology between different 
viruses. For this method, a portion of the genome of one 
virus is labeled and used to probe the genome of other 
virus strains. A greater homology between two viruses is 
shown when a more intense signal is obtained from a 
labeled probe after hybridization. This methodology has 
been used, for example, to examine the homologies of 
several different enterovirus strains and to differentiate 
wild-type from vaccine strains of poliovirus_<7.33,I70) 

6.3.3. PCR Assays. PCR technology can be used 
in a number of ways to identify and characterize viral 
nucleic acids. Nested PCR is the performance of two 
sequential PCR reactions, with the second reaction using 
two primers located between the two used in the first 
reaction. Nested PCR serves to increase the sensitivity of 
the PCR assay, and it also has been used as another test of 
specificity of the PCR assay (e.g., hepatitis C).<64,65) AI-
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though sensitivity is increased by the nested PCR assay, 
the potential for carryover contamination also is increased 
and may limit the usefulness of this methodology. 

Multiplex PCR is used to detect several viruses or 
virus types in a single PCR assay. It utilizes several 
different primers or primer sets in the reaction mix, and a 
virus type is identified by the size of the amplicon detected 
after amplification. Such an assay has been used to iden
tify different VP7 and VP4 serotypes of rotaviruses and 
for the identification of different serotypes of hanta
viruses.<56·61·131> Unfortunately, the use of several different 
primer sets may adversely affect the efficiency of the 
nucleic acid amplification and decrease the overall sensi
tivity of a PCR assay. 

Quantitative PCR measures the amount of a specific 
nucleic acid that is present in a sample; in viral studies 
such information might be used to correlate the amount of 
virus present with the degree of clinical illness or to 
measure the clinical response to an antiviral agent. Quan
tative PCR can be accomplished by several approaches.<23l 

The simplest is a dilution series until an endpoint is 
reached; this method only provides semiquantitative 
data. <S6l Another approach is the generation of a standard 
curve using known quantities of a cloned DNA or in vitro 
transcribed RNA followed by the comparison of the 
amount of amplicon produced in an unknown sample to 
that in the standard curve (by densitometry or by incor
poration of radioactivity into the amplicon).047l This 
method is still subject to errors produced by variability of 
tube-to-tube or sample-to-sample variation. The ideal 
method for nucleic acid quantitation utilizes an internal 
standard in each tube that is amplified by the same primers 
as those used for the target nucleic acid. Amplification of 
the internal standard produces an amplicon that has a 
unique restriction site not present or measurably different 
sized than that produced by the target.<103·111> Serial dilu
tions of the unknown sample are amplified in the presence 
of a known amount of the internal standard, and the 
dilution at which the same amount of amplicons are pro
duced for both target and internal standard is used to 
calculate the amount of target present in the sample. 
Methods for the production of internal standards have 

been described.<103·111l 
A single primer set can sometimes be designed to 

allow the differentiation of virus strains based on ampli
con size. This has been done for the two major genera of 
human picornaviruses. (124> Rhinoviruses and most entero

viruses can be separated into their respective genera using 
a primer set derived from conserved regions of the 5' end 
of their genome. Although this method does not amplify 
echovirus-22-like strains, it has compared favorably to the 

more traditional acid lability assay for differentiating rhi
noviruses from enteroviruses isolated from the respiratory 
tract. (5,124) 

6.3.4. Sequence Analysis. PCR technology has 
greatly simplified the sequencing of portions of the viral 
genome. The viral nucleic acid can be amplified and then 
cloned and sequenced or the sequence can be determined 
by directly sequencing the amplicons. This technology 
has been useful in many epidemiologic studies, including 
the investigation of HIV transmission in a dental practice 
and the identification of a hantavirus as the cause of a 
previously unrecognized respiratory illness with a high 
mortality rate. <20·126> 

6.3.5. Other Methods of Viral Detection. Other 
methods of viral detection are being developed and re
fined for clinical use. The use of molecular viral detection 
methods to detect virus in stored paraffin or frozen sec
tions is a useful tool for retrospective studies evaluating 
causal association such as between viruses and cancer. An 
example of such a method is the EBER probe for EBV. 
This test is useful on paraffin-fixed and frozen tissues and 
detects the EBV genome in about 50% of Reed-Sternberg 
cells in Hodgkin's disease. 027) 

6.4. Antiviral Susceptibility 

The development of clinical resistance to antiviral 
agents has been documented in a variety of viruses, includ
ing influenza, HSV, VZV, CMV, and HIV.<II.42,43,84,138,139) 

As the use of antiviral therapy becomes more widespread, 
the importance of antiviral resistance for the host and for 
the community increases. <42> Laboratory documentation 
of antiviral susceptibility may be useful for both clinical 
and epidemiologic reasons. The emergence of antiviral 
resistance is important since resistant forms of virus may 
be transmitted from person to person, as has been demon
strated with zidovudine-resistant strains of HIV.<45) Such 
documentation is also valuable when evaluating the ef
fects of antiviral therapy on the virus and the host, as well 
as individuals subsequently infected. 

A viral isolate or clinical specimen from an infected 

patient is required prior to determination of antiviral sus
ceptibility. Frequently used methods of assessing viral 
replication in the presence of varying concentrations of 
antiviral drugs include plaque reduction, DNA or RNA 
hybridization, immunofluorescence, and dye uptake. Other 
methods include the detection by PCR of a genetic muta
tion responsible for resistance to an antiviral agent, such 
as that seen in the reverse transcriptase gene of HIV 
associated with resistance to zidovudine, the thymidine 
kinase or DNA polymerase genes associated with resis-



tance to acyclovir, or the M2 gene in influenza A strains 
associated with resistance to amantadine and riman
tadine.02,7t,134,138) Sensitivity testing systems for viruses 
are not standardized, and results may depend on multiple 
factors, including the assay system, cell line used, viral 
inoculum, and laboratory. <34l Results from different labo
ratories, in general, are not comparable. Inconsistent re
sults may be seen with systems relying on either culture or 
nucleic acid detection because of differences in the num
bers of passages of virus prior to analysis, concentrations 
of virus or drugs used, incubation times, and statistical 
analysis (i.e., 50% vs. 90% endpoint). 

7. Serological Diagnosis 

The detection of newly developed, virus-specific an
tibody or the detection of an increase in titer of preexisting 
antibody is important in viral diagnosis and is one of the 
most commonly used methods in epidemiologic studies of 
viruses. Most primary infections or reinfections result in 
the production of specific antibodies. In addition, viruses 
such as EBV, HIV, rubella, hepatitis A and B viruses, and 
arboviruses are difficult to detect directly and the serologi
cal diagnosis may be the only practical means of identify
ing the particular agent. 

The detection of specific IgM antibody may be used 
to suggest a recent infection in a single serum specimen. 
Detection of specific IgM antibody in the neonate is useful 
to diagnose congenital infections, because maternal IgM 
antibody does not cross the placenta. IgM antibody also is 
useful to detect acute disease in a variety of other clinical 
situations, including infection with CMV, rubella, hepa
titis A and B, and EBV. Limitations to the use of IgM 
detection include (1) IgM-specific antibody is not re
stricted to primary infection and may be seen with reacti
vated disease, particularly with herpesviruses such as 
HSV or varicella-zoster; (2) false-positive responses may 
occur in the presence of rheumatoid factor or false
negative results from competition by IgG antibody for 
binding sites on the antigen; and (3) heterotypic reactiva
tion of IgM may be found with some infections (such as 
CMV or EBV). For example, removal of Coombs anti
body from sera is necessary for the EBV-VCA-IgM test; 
otherwise, false-positive results may arise. Methods use
ful for the detection of viral-specific IgM will be described 
below, but, in general, diagnosis using a single IgM sam
ple needs to be carefully controlled to exclude the detec
tion of IgG or other interfering substances. 

Many different serological techniques have been 
used in the diagnosis of viral infections (Table 5). Factors 
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involved in the selection of a specific antibody assay 
include specificity, sensitivity, speed, technical complex
ity, cost, and availability of reagents (Table 6). All anti
body assays rely on the proper collection and storage of 
sera and, ideally, the comparison of acute and convales
cent specimens collected at an interval of at least 2 weeks. 
The development of newer techniques, such as EIA, for 
antibody determination is replacing some of the older 
methods, such as complement fixation, but an understand
ing of the available methods is important prior to choosing 
a laboratory test to evaluate a specific question. 

Problems specific to serodiagnosis of a viral infec
tion include the broad cross-reactivity among some virus 
groups, such as the coxsackie A viruses that cross-react 
with antibodies to coxsackie B and echoviruses. Another 
serious limitation of this approach to diagnosis is the 
failure of some individuals, particularly young children or 
immunocompromised patients, to mount a detectable an
tibody response to a specific infection. However, serologi
cal methods remain extremely important in epidemiologic 
studies because results are not dependent on obtaining a 
specimen at the peak of illness, tests can be performed 
retrospectively for a variety of agents simultaneously, and 
large-scale studies can be conducted in a timely and cost
effective manner. 

7 .1. Neutralization 

Serum specimens may be assayed for neutralizing 
antibody against a given virus by testing serial dilutions of 
the serum against a standard dose of the virus. The anti
body titer is expressed as the highest serum dilution that 
neutralizes the test dose of virus. As a bioassay, neutral
ization assays are highly specific and quite sensitive. For 
many viral agents, the neutralizing antibody level is di
rectly correlated with immunity, an important clinical and 
epidemiologic endpoint. Disadvantages of the assay in
clude the time required to obtain a result and the relatively 
high cost, due to the labor intensity and requirement for 
cell culture and titered viral stocks. Neutralization assays 
may be carried out in a variety of systems and the endpoint 
measured by a number of different procedures. Different 
neutralization systems include plaque reduction neutral
ization, sometimes using complement enhancement, 
where the number of virus plaques in control wells are 
compared with the number seen in cultures inoculated 
with the virus-serum mixture; microneutralization, an 
assay performed in microtiter plates requiring small 
amounts of sera; and colorimetric assays. Colorimetric 
assays rely on markers indicating metabolic inhibition of 
the virus in cell cultures or on antigen-antibody reactions 
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Table 5. Serological Diagnosis of Selected Viruses 

Serological method0 

Complement Hemagglutination- Immunoassay 

Virus Neutralization fixation inhibition (EIA, IF) 

Adenoviruses + ++ + 
Arboviruses + ++ + + 
Corona viruses + + + 
Cytomegalovirus + ++b ++ 
Enteroviruses + 
EBVc ++ 
Hepatitis B and C ++ 
HSV + ++b ++ 
Influenza + ++b ++ + 
Measles + ++b + ++ 
Mumps + ++ 
Norwalk/Rotavirus ++ 
Parainfluenza + ++b ++ + 
Parvovirus + 
Rabies + 
RSV + ++b ++ 
Retroviruses + ++d 

Rhino viruses + + 
Rubella + ++ 
vzv +b ++ 

"+ Method used in research setting; + + Method in use and readily available in virology laboratories. 
bComplement fixation method may lack sensitivity for these viruses. 
•The absorbed heterophile test is commonly used for infectious mononucleosis, with the EBV-VCA-IgM 

needed if that test is negative. 
dWestem blot commonly used as confirmatory test. 

with antibody tagged or reacted with enzyme-linked anti
bodies. Colorimetric assays are generally analyzed by 
measurement of optical density and have the advantage of 
being less time-consuming and costly to set up and an
alyze than other assays. Colorimetric assays often are 
more sensitive than assays relying on inhibition of CPE. 044l 

The type of assay used to assess antibody is very 
important, particularly in the evaluation of susceptibility 
to vaccine-preventable or epidemic viruses such as mea
sles or rubella, where low levels of antibody may be 
predictive of protection. Oirect comparison of various 

laboratory methods used for the detection of virus-specific 
antibody may be important in designing studies or eval
uating study results. For example, analysis of CMV anti
body using neutralization by plaque reduction has shown 
poor correlation with CMV antibody using EIA. <50l Dif
ferent neutralization methods also may give differing re
sults, as has been shown in the analysis of antibody to 
RSV, where microneutralization assays appear to be more 
indicative of biological protection than either direct or 
competitive ELISA methods or complement-enhanced 
plaque reduction. <149l 

Table 6. Comparison of Serological Methods Used to Detect Viral Antibodies 

Method Sensitivity• Specificity Cost Time to Dx Availability 

Neutralization +++ ++ Expensive >1 week Research 

Complement fixation + +!++ Inexpensive <1 day Widely available 

Hemagglutination inhibition ++ ++ Inexpensive <1 day Research/reference labs 

Enzyme immunoassay +++ ++ Inexpensive <1 day Widely available 

Immunofluorescence ++!+++ ++ Moderate <1 day Research/reference labs 

Radioimmunoassay +++ ++ Expensive 1-3 day Research 

Western blot ++!+++ +++ Expensive <1-3 day Research/reference labs 

•+, Relatively low;++, moderate;+++, high. 



In general, measurement of neutralizing antibody is 
the most specific method that reflects immunity, although 
other tests for some viruses may be surrogate markers for 
this. However, neutralization tests are rather expensive 
since a demonstration of inhibition of viral replication in 
cell culture, embryonated egg, or laboratory animal (such 
as the suckling mouse) is required. 

7 .2. Complement Fixation 

The complement fixation (CF) test is a relatively 
simple technique that may be used successfully with a 
large variety of viral antigens. First developed in 1909 by 
Wasserman and co-workers<t5?,tSt) for the detection of 
syphilis antibodies, CF has been adapted to test for anti
bodies to many bacterial and fungal pathogens of animals 
and man. The CF test relies on competition between two 
antigen-antibody systems for a fixed amount of comple
ment, with the result ultimately demonstrated by the lysis 
of erythrocytes. The serum is heated at 50°C for 30 min to 
inactivate any complement that may be present. Antigen 
and a known amount of complement are added to dilutions 
of serum. The complexes formed between the initial anti
gen and antibody bind the available free complement, thus 
preventing further reaction of the complement in the sec
ond step of the assay. In the second step, a hemolytic 
indicator system using red blood cells (RBC), which have 
been reacted with hemolysin to sensitize them to comple
ment, is used to detect the free complement. The RBCs are 
reacted with hemolysin, or antibody to the RBC, and 
added to the assay. Lysis of the RBCs occurs if free 
complement is present. Thus, the presence of hemolysis at 
the conclusion of the assay is indicative of the absence of 
specific antibody, whereas the formation of clumped RBC 
(often referred to as a "RBC button") indicates a positive 
test reaction. Antibody titers can be calculated using stan
dard endpoint determinations. Antibodies detected by CF 
are primarily of the lgG class and develop during the 
convalescent stages of illness. The greatest application of 
the CF test lies in the demonstration of a rise in antibody in 
convalescent compared with acute sera. The CF test has 
been widely used for the serodiagnosis of many human 
viral pathogens because of its broad reactivity and effec
tiveness in detecting changes in antibody titers and it is 
often the standard against which new methods are com
pared. The CF test continues to maintain its usefulness 
because reagents are relatively inexpensive and readily 
available and the test is rapid, reliable, and relatively easy 
to perform. The CF method may be the only method 
available for detecting antibody to less prevalent viruses 
or those with many serotypes (e.g., arboviruses, cox
sackieviruses) (see Table 5).<83> Another advantage of this 
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assay is that many antigens can be easily tested in the same 
sera samples simply by changing the antigen but keeping 
all other reagents and conditions the same. The CF test is 
also adaptable to microtiter and automated methods. 

Despite the widespread use of the CF assay over time 
and in many epidemiologic studies, the assay has some 
unique problems: (1) the test relies on a cascade of inter
actions involving multiple biological reagents that must 
be carefully monitored; (2) it is relatively insensitive 
because high concentrations of antigen are required to 
produce CF complexes and the assay is unable to detect 
small changes in antibody concentrations or low levels of 
antibody that may be predictive of protection in other 
assay systems (such as VZV or measles<60.t04); (3) sera 
containing antibodies to host cell components or anti
complementary sera will not give a valid result. Newer 
laboratory methods, such as EIA methods, are now avail
able commercially and are replacing CF tests for many 
viral pathogens because of their ability to discriminate 
between lgG and lgM antibody, increased sensitivity, and 
enhanced specificity at a similar cost. 

7 .3. Hemagglutination Inhibition 

The hemagglutination inhibition test (HAl) is based 
on the ability of some viruses to attach to receptors on 
certain species of erythrocytes and cause hemagglutina
tion (Section 6.2.2). While HAl may be used to identify an 
unknown virus with virus-specific antisera, it also is use
ful for the detection of virus-specific antibodies in the 
serum. HAl may be used to evaluate antibody titers of 
influenza viruses, parainfluenza viruses, adenoviruses, 
rubella, arboviruses, and some strains of picomaviruses. 
In this assay, serial dilutions of sera are allowed to react 
with a defined amount (4 HA units) of viral hemagglu
tinin. Subsequently, agglutinable RBCs are added and the 
ability of the virus to agglutinate the RBCs is measured. 
Properly treated sera containing antibody specific to the 
virus will prevent agglutination of the RBCs, resulting in 
formation of RBC buttons in the test wells; sera lacking 
specific antibody will result in RBC agglutination. Non
specific viral inhibitors can give rise to false-positive 
results in some systems, requiring that the sera be properly 
prepared prior to use. The specificity of the assay varies 
somewhat with the particular virus, with influenza and 
parainfluenza virus systems being more specific than the 
arbovirus system. <107l For example, the HAl test can iden
tify specific strains of influenza viruses, whereas it identi
fies only the group-specific antigens of the arboviruses 
(with neutralization tests required for strain identifica
tion). Advantages of the HAl assay are its simplicity, the 
low cost for reagents and equipment, and speed of the 
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assay. Disadvantages of this assay include the fact that the 

system only works with those viruses that cause hemag
glutination, and that nonviral-specific serum components 

may also inhibit hemagglutination, thereby invalidating 
the test results. 

The immune adherence hemagglutination method is 

another method well suited to the clinical laboratory. After 

an initial reaction between viral antigens and specific 

antibodies is allowed to occur, complement is added and 
binds to the antigen-antibody complex, if present. Human 
erythrocytes then are added and reaction to the antigen
antibody-complement complex with the C3b receptor 

causes hemagglutination. This method, commonly used 

as a rnicrotiter procedure, has a well-defined endpoint and 
is rapid, inexpensive, and more sensitive than CF. <97> Dis

advantages of this method include the inability to differ
entiate between different immunoglobulin subclasses and 

its difficulties with viruses that themselves agglutinate 
RBCs. 

The direct agglutination of sheep or horse RBCs by 

serum is a diagnostic test for the heterophile antibody of 

infectious mononucleosis. Removal of an inhibitory 
(Forssman) antibody by adsorption of the sera with guinea 

pig kidney extracts is required before testing. The hemo
lysis of beef cells by sera from patients with acute infec
tious mononucleosis due to EBV is another diagnostic test 

that does not require adsorption but is less sensitive (see 
Chapter 10). 

7 .4. Immunoassay Technique 

7.4.1. Enzyme Immunoassay. Enzyme-based 
immunoassays (EIA), sometimes called enzyme-linked 
immunosorbant assays or ELISA, are widely used for 
many purposes, including the detection of antigen
specific antibody. This methodology has replaced other 

methods in many laboratories in part due to the commer
cial availability of test materials and complete test kits. 
The most commonly used immunoassays employ a four

layer approach: antigen is bound directly to a surface, the 

unknown serum sample is then added, followed by an 

enzyme-conjugated antihuman IgG or IgM, and an indica

tor system used to determine the amount of reaction be

tween the enzyme-linked antibody and the antigen-serum 

reaction. As discussed in Section 5.3.4, this method has 

gained widespread use due to its sensitivity, specificity, 
safety, simplicity, low cost, and ability to be automated. 

The system lends itself to automation because of readily 
available microtiter diagnostic systems and because mul

tiple tests for different antigens may be run by varying only 

the initial antigen in the system. Clinical specimens from 

various sources besides serum or plasma, such as respira
tory secretions, cerebrospinal fluid, and breast milk, also 

may be tested in this system. The EIA test may also be 

read visually and so is useful in developing countries 

unable to afford the photometric reader used in developed 

countries to accurately quantitate the antibody content. 
Difficulties inherent in immunoassay techniques in

clude those associated with obtaining and standardizing 

purified, sensitive, and specific lgG and lgM reagents. 

Specific antibody subclasses can be purified directly from 

serum samples using techniques such as column chroma

tography, sucrose gradient ultracentrifugation, ion-exchange 

chromatography, or adsorption with material such as 
staphylococcal protein that causes insoluble matrices to 
form between the reagent and specific IgG subclasses.(83) 

However, such methods require significant time, sample 
volume, and expense. Some EIA techniques use adsorp
tion with anti-human IgG or aggregated human -y-globulin 

to decrease nonspecific IgM activity or false-negative lgG 

activity.<83> In general, results from different laboratories 

using different reagents are not directly comparable. Spe

cific analysis for subclasses, particularly lgM, requires 

careful standardization and quality control to assure re
liability and specificity of the assay. Attention to such 

detail is critically important in assays with life-threatening 

implications, such as the EIA assays currently used in 

blood banks to detect the presence of antibody to HIV or 

hepatitis B and C. <1•82> Evaluation and standardization of 
tests, including commercially available kits, and compari
son among different products prior to use in research and 
clinical settings remains an important part of EIA. 

Epitope-blocking assays using monoclonal anti
bodies have been used to examine serological responses to 

a number of viruses.06·62·70·105,l48·179> These assays mea
sure the ability of a test serum to block the binding of a 
monoclonal antibody to a virus antigen. They have been 

particularly useful in determining serotype-specific im
mune responses to multivalent vaccines and in determin
ing which of a number of cross-reactive virus strains is 

responsible for a natural infection in a given host. 

Other variations of the immunoassay include iso
electric focusing and affinity immunoblotting. These tech

niques are useful because of enhanced sensitivity, partic

ularly for diagnosis in the congenitally infected infant or 

for the differentiation of passively acquired antibody from 

endogenous antibody. Isoelectric focusing relies on the 

separation of serum antibody in thin-layer gels, with sub
sequent antibody detection by a reaction with antigen
coated membranes.051) Clonal-specific antibodies can be 



detected by this method, which may discriminate, for 
example, between unique maternal and fetal antibodies. 

Radioimmunoassay techniques for the sensitive de
tection of antibody to viral antigens, pioneered in the 
1970s for the serodiagnosis of hepatitis B, are used by 
research laboratories but otherwise are not widely uti
lized.(75) Immunoassays that do not require radioisotopes 
and require less technical expertise, such as the EIA and 
IF tests, are more commonly available. 

7.4.2. Immunohistochemical. The most com
monly used immunohistochemical technique to detect anti
body is the immunofluorescence technique (IF). Whereas 
direct techniques are used commonly to detect antigen in 
infected tissue or cells, indirect immunohistochemical 
techniques are used to detect antibody in sera or other 
bodily fluids. Variations on the indirect IF test, such as 
amplification immunoassay systems utilizing various 
sandwich techniques (double indirect IF or anticomple
ment IF) or chemical amplification systems utilizing 
biotin-avidin complexes are used in research settings.<83) 
Indirect IF methods are available in many laboratories for 
a variety of assays, although more automated techniques 
such as EIA are replacing IF techniques in many clinical 
settings. 

In the indirect IF test, tissue or cells containing viral 
antigen are fixed on a glass slide, a serum dilution is added, 
and a fluorochrome-conjugated antibody indicator system 
is used to detect the resulting reaction. The conjugated 
detector antibody can be varied to specifically measure the 
presence of antibody subclasses, such as IgG, IgM, and 
lgA. IF techniques provide sensitive methods to detect 
antibody that can be related to immunity to viruses, such 
as VZV, to detect congenital infections in newborns based 
on IgM-specific antibody, and to detect epitope-specific 
antibody. (83,184) In particular, the anticomplement-amplified 
indirect IF technique, utilizing a four-layer reaction in
cluding antigen, patient serum, complement, and fluoro
chrome-conjugated anti-C3 antibody, has been useful for 
the detection of the nuclear antigen of EBV, or EBNA.(83) 
The inclusion of standard positive and negative sera is 
needed in each test and independent reading by two ob
servers is recommended to minimize errors in interpre
tations. 

Advantages of indirect immunohistochemical methods 
include (1) the ability to use the system to detect antibody 
to many diverse viruses by varying only the initial step in 
the reaction; (2) the higher sensitivity and specificity 
compared with CF; (3) the simplicity and relative speed of 
an individual test; and ( 4) the reproducibility of the test by 
experienced personnel. Disadvantages of the test include 
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the technical complexity, the lack of automation, the re
quirement for specialized cells and reagents, and the need 
for special equipment, such as a fluorescence microscope 
and darkroom. 

7.4.3. Western Blot. Western blot (WB) is an
other widely used method for the detection of antibody to 
specific viral antigens. This technique relies on the incu
bation of patient serum with partially purified whole virus 
from which the viral proteins have been separated by 
electrophoresis in a polyacrylamide gel and transferred 
onto nitrocellulose paper.<171> The assay is based on the 
same principal as EIA but has the advantage of identifying 
antibodies specific for several antigens of the same virus 
simultaneously. Quantitation of the specific reactions can 
be determined by a densitometer. This assay is more 
sensitive than routine EIA by as much as 100-fold in the 
HIV system. <82> Difficulties of WB include the expense 
and time required for the test, the technical requirements 
for performing and interpreting the test, and the problems 
encountered with preparing reagents such as purified virus 
and radiolabeled antihuQl;m IgG. The time interval from 
virus acquisition and seroconversion by WB may vary for 
different patients, as well as different viruses, indicating 
that diagnosis of infection by WB analysis, while ex
tremely sensitive, is not always definitive.085) Further
more, analysis by WB will not differentiate maternal from 
fetal infection in many cases. Despite these problems, the 
WB assay is widely used today in laboratories around the 
world as the "definitive" confirmatory test for HIV, and 
many different commercially available kits and reagents 
are available. Current techniques do not require the use of 
radioisotopes or prolonged incubations. 

8. Safety Considerations 

Laboratory safety should be a concern for all who 
work in a virology laboratory. Technicians work with both 
potentially hazardous reagents and clinical material. Ex
posure to infectious agents in clinical specimens, tissue 
culture harvests, and stock reagents; to chemicals such as 
radioisotopes, solvents, and various organic chemicals; 
and to equipment such as needles, knives, glass, and 
autoclaves is common. Constant awareness of routine 
laboratory procedure, use of "universal precautions" with 
potentially infective materials, and strict attention to up
dating and maintaining laboratory standards are manda
tory for preventing accidents and minimizing the risks of 
working in the laboratory. Active or passive immuno
prophylaxis also may be indicated for individuals working 
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with certain viruses or under certain situations (e.g., ra
bies, hepatitis A and B, vaccinia). A serum sample should 
be obtained from each new employee who is working with 
infectious materials as a baseline for identifying a labora
tory infection. For some highly infectious agents, periodic 
testing is advised to ensure that safety precautions are 
adequate. Guidelines for the design and implementation 
of laboratory safety programs have been published. (40,133) 

9. Unresolved Problems 

Many problems still must be resolved in the area of 
viral diagnosis. Some viruses cannot be cultivated in 
tissue culture systems, making their identification by iso
lation problematic. This also may make the generation of 
diagnostic reagents more difficult, although cloning and 
expression of the viral genome has helped circumvent this 
(e.g., Norwalk virus and hepatitis C virus). Another prob
lem to be solved is the identification of the best manner 
in which newer molecular methods for viral diagnosis 
should be utilized. While molecular methodologies offer 
the potential for great sensitivity and specificity, they 
often require specialized equipment for their perfor
mance. Ultimately, the ideal diagnostic test will be rapid, 
easy to perform, inexpensive, sensitive, and specific, and 
will not require the use of specialized equipment. How
ever, even if such a test is developed, the significance of 
the identified virus to the observed disease process will 
remain in the hands of the epidemiologist, virologist, and 
clinician. 
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