
Rapid Diagnosis of Viral Infection 

J.e. HIERHOLZER! 

Introduction 

Rapid diagnosis of viral infections has been a major area of concern for the past 20 
years. This area of research is still critically important for many reasons. 

1. Aborting Epidemics. Epidemics can often be abrogated once the etiologic agent 
is known and the appropriate epidemiologic tools and control measures are 
brought to bear. In particular, proper advice can be given to prevent spread within 
the household, classroom, or workplace. 

2. Treatment. Antiviral therapy is available for a few virus infections, and is under 
study for other infections (such as ribavirin aerosol for RSV pneumonia in infants, 
and gancyclovir for cytomegalovirus and adenovirus infections in immunocom
promised patients). Even though treatment is not possible at the present time for 
most virus infections, the indiscriminate use of antibiotics can be avoided if the 
patient can be shown to have a virus infection. 

3. Simplicity. Rapid diagnostic tests are simpler to carry out than the full-scale 
culturing and identification systems now in use, and thus require less training 
for the laboratory personnel. Most tests are carried out in the simplest of 
laboratory environments, requiring no incubators, water baths, or elaborate 
equipment. Also, the reduced time and handling of the specimen results in 
lessened risk of cross-contamination between specimens and the confusion 
that problem causes. 

4. Safety. Rapid tests demand little handling of the specimen, which minimizes the 
technician's exposure to live virus. 

5. Short Turnaround Time. Large numbers of specimens can be tested and 
reported out in a single day by rapid techniques, compared to an average of 3-6 
weeks for a smaller number of specimens by conventional methods. A short turn
around time has obvious benefits for patient and physician alike. 
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be easily broken off to leave the cotton tip in the medium. Eye swabs are collected 
with cotton swabs in a manner similar to throat swabs. Nasopharyngeal aspirates 
are collected with a neonatal mucus extractor and mucus trap to which transport 
medium is added. Swabs or scrapings of vesicular lesions are likewise obtained 
carefully and placed in transport medium. Urine, stool specimens, blood, and tis
sue samples obtained by biopsy or autopsy are collected as for any pathogen. Which 
specimen to collect can be determined from sites exhibiting clinical symptoms 
and from reference works (Forghani et al. 1983; Gallo 1988; Lennette et al. 1988; 
Shah and Gissmann 1989). 

Specimens should be placed on wet ice and transported to the laboratory for 
immediate testing. This is particularly critical for specimens for fluorescent an
tibody tests because the epithelial cells must remain intact for a reliable test result. 
If testing is not possible within 5 days after collection, the specimens should be 
frozen on dry ice and stored at -70°C until processed, although this will decrease 
the amount of viable virus in some cases should this be a consideration. 

Specimens for serodiagnosis are collected as an acute-phase and convalescent
phase serum pair obtained at an interval of 2 to 4 weeks. The timing for collection 
of the convalescent-phase serum is not critical provided the acute-phase sample 
was taken early in the illness. In general, the convalescent serum should be col
lected 3-4 weeks after onset to allow time for the development of type-specific 
IgG antibodies, which can be as long as 4 weeks for some viruses. Classical virology 
requires seroconversion involving a fourfold or greater rise in antibody titer be
tween acute- and convalescent-phase sera to document infection with a particular 
agent, and immunoglobulin G (IgG) is the predominant antibody class measured 
in most classical tests. Newer tests for genus-reactive IgM antibody can be carried 
out on single (acute) serum specimens, and rapid IgG and IgM antibody tests are 
now available for measles, mumps, RSV, rubella, rotavirus, the herpes viruses, the 
hepatitis viruses, and retroviruses, HIV and HTLY. 

Rapid Tests for Virus, Antigen, or DNA 

Immunofluorescence Assay (IFA) 

Upon receipt of a fresh, cold specimen in the laboratory, swab specimens (of eye, 
nose, or throat secretions or of lesion fluids) are processed by removing the swab 
while expressing it against the wall of the tube, transferring the specimen to a 
centrifuge tube, and then recovering the cells at 1000 x g for 3 min in a tabletop 
centrifuge, preferably at 4 °C (Table 1). The supernatant fluid should be saved for 
other direct antigen tests (EIA, TR-PIA) or virus isolation, as desired. NPA or 
other aspirate specimens are processed by removing the aspirate fluid from the 
suction trap, transferring to a centrifuge tube, and aspirating with a Pasteur pipette 
to break up clumps. The epithelial cells are then concentrated by centrifugation at 
1000 x g for 6 min at 4°C. As above, the supernatant should be saved for other 
tests. Epithelial cells in urine, such as might be infected with adenovirus or cyto
megalovirus, are recovered also by centrifugation. 



Rapid Diagnosis of Viral Infection 559 

Table 1. Outline of a typical indirect IFA test 

1. Recover cells from specimen by low-speed centrifugation (1000 x g,3 min, 4 0c) and wash 
in 2 mI of PBS twice 

2. Add 1-2 ml of PBS to cell pellet and resuspend to slightly opaque density 
3. Place 1 drop (0.05 ml) of smooth suspension onto each spot on a well-cleaned slide 

(number of spots depends on number of antisera to be used) 
4. Dry slides at room temperature under a hood; fIx with cold acetone (10 min, 4°C) 
5. Air dry, and (a) proceed immediately with IFA test, (b) store in refrigerator for up to 2-3 

days, or (c) store in an airtight plastic bag at -70 (C for up to 3-6 years, all depending on 
need 

6. Add 1 drop per spot (0.05 m1) of specifIc antiserum or monoclonal antibody, appropriately 
diluted in PBS as previously determined by titrations; incubate 30-60 min at 37°C in moist 
chamber. Be careful not to cross-contaminate spots 

7. Rinse quickly with PBS 
8. Add 1 drop per spot (- 0.05 ml) of appropriately diluted anti-species IgG-FITC conjugate 

(such as goat anti-mouse IgG-FITC for the monoclonals), incubate 30-45 min at 37°C in a 
moist chamber, and wash thoroughly as above 

9. If desired, immerse slide in Evan's Blue counterstain (1:30 000 dilution) for 5 min, or 
naphthalene black (1 mg/ml), both diluted in PBS 

10. Rinse slides briefly in distilled water; add 2 drop of mounting medium (90% glycero1l10% 
PBS) to each spot; apply small cover slip; examine 

The cells from any of these specimens are washed two times in 0.01 M phos
phate-buffered saline, pH 7.2 (PBS), resuspended in 1-2 ml of PBS to a homoge
neous and slightly opalescent mixture, and added to slides at a rate of one drop per 
spot on the slide. (Regular glass slides can be used if they are cleaned well and 
marked with wax pencil to create small spots, or slides can be purchased already 
precleaned and painted with circles to contain the drop.) Prepare as many spots per 
specimen as needed for all the antisera to be used, preferably testing each an
tiserum in duplicate. Dry the slides under a hood, and fix the cells in cold acetone 
(4°C) for 10 min. Air dry the slides and proceed with the FA staining, or store at 
-70°C in an airtight box for later use. 

IFA may be performed as a direct test, in which a virus-specific antiserum is 
labeled with fluorescein-isothiocyanate (FITC), and the directly tagged antibody is 
added to the slides; or as an indirect test, in which a virus-specific antiserum is 
added, followed by anti-species IgG which is labeled with FITC (Gardner and 
McQuillin 1968, 1980; Gray et al. 1968; Lyerla and Hierholzer 1975; McIntosh 
et al. 1978; Anestad et al. 1983; Grandien et aI. 1985; Popow-Kraupp et al. 1986; 
Ahluwalia et al. 1987; Hughes et al. 1988). The direct IFA test (generally called 
DFA) is utilized in most commercial kits because of its simplicity. The indirect 
IFA test (called IFA) is used in laboratories that assemble their own diagnostic 
reagents, and has greater versatility in that any antiserum can be used so long as the 
appropriate anti-species FITC-tagged antibody is also available. Dilutions of all 
reactants and stains in DFA and IFA tests are made in PBS. 

The test has straightforward steps, as outlined in Table 1. The slides, which should 
be at room temperature and dry before use (avoid condensation when bringing slides 
out of a freezer), are reacted with 0.05 ml/spot of a low dilution of virus-specific 
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antiserum (1:5-1:80, as determined by prior titrations and experience) for 30-60 
min at 37°C in a covered moist dish. Monoclonal antibodies are generally used at 
much higher dilutions (1:1000-1:100,000). The serum is gently washed off with 
PBS, and the slides are immersed in three changes of PBS with agitation at room 
temperature, 10 min each, to effect a thorough removal of unbound antibody. (No 
more than two slides should be washed in the same PBS; generous use of fresh PBS 
will greatly curtail background fluorescence.) Drain and air-dry the slides, then add 
0.05 ml of anti-species FITC conjugate, freshly diluted to the optimal dilution 
(usually, 1 :20-1 :80) in PBS. After incubation for 30-45 min at 37°C in a moist chamber, 
gently wash off the conjugate and rinse in three changes of PBS as above. 

If a counterstain is desired, drain the slides without drying and add the stain, 
such as 0.01 mg/ml Evan's Blue or 1 mg/ml naphthalene black, for 5 min at ambient 
temperature. Rinse briefly in distilled water, drain, air-dry, and mount with a 
coverslip over buffered glycerol saline (90% glycerol/10% PBS), and examine 
under an FA microscope at 400x. 

Biopsy and autopsy specimens are prepared for IFA by making contact 
smears on slides, air-drying, and fixing in cold acetone as above. The slides are 
then ready for DFA or IFA tests in the usual fashion. 

Positive and negative controls are important elements in any IFA procedure. 
To test the specificity of the system, cell cultures infected with different viruses, plus 
uninfected cell cultures, are scraped after 1-3 days of incubation (or when ca. 25% 
of the cells are infected), and the resulting cell suspensions washed and prepared 
for IFA in the same manner as specimen cells. The negative cell preparations 
should be read first, and should be free of all fluorescence; the positive preparations 
should give bright fluorescence with their virus-specific antisera but be negative 
with heterologous antisera. A good built-in control is to mix uninoculated cells 
50:50 with inoculated cells, so that specific fluorescence is more easily identified. 

The type of fluorescence and its location within the cytoplasm or nucleus 
are important characteristics of viral IFA. A brief description of these observa
tions is given in Table 2, and may serve as a guide in reading IFA tests for different 
viruses. 

Table 2. Staining patterns in IFA tests with different viruses 

Virus group 

Adenovirus 

Influenza 
Measles 
Mumps/Parainfluenza 
RSV 
Enterovirus 
Cytomegalovirus 
Herpes 1,2 
Varicella zoster 

Appearance of fluorescence in infected cells 

Abundant nuclear staining of virus, plus cytoplasmic and 
extracellular stipule-like staining of hexon and other antigens 
Nuclear, cytoplasmic, or both 
Cytoplasmic, nuclear, or both 
Cytoplasmic, with fine, coarse, and strand-like particles 
Cytoplasmic only, with large inclusions and fine particles 
Diffuse cytoplasmic aggregates 
Nuclear and cytoplasmic inclusions 
Nuclear nd cytoplasmic 
Nuclear and cytoplasmic 



Rapid Diagnosis of Viral Infection 561 

Enzyme Immunoassays (EIA) 

EIA tests can be carried out with a multitude of variations in capture phase, anti
gen treatments, buffer compositions, detector antibody, enzymes, and substrates. 
Complete details of these variable parameters can be found in selected works 
reviewing the tests for specific viruses (Sarkkinen et al. 1981; Anderson et al. 1983; 
Macnaughton et al. 1983; Grandien et al. 1985; Pereira et al. 1985; Popow-Kraupp 
et al. 1986; Hierholzer et al. 1987, 1989; Hornsleth et al. 1988; Hughes et at. 1988; 
Lennette et al.1988; Yolken and Viscidi 1989). The following formats work well 
in our laboratory with respiratory viruses. 

EIAs are performed in flat-bottomed polystyrene microtiter plates. The buffer 
used throughout for component dilutions is 0.01 M PBS, pH 7.2, containing 0.5% 
gelatin and 0.15% Tween-20 (PBS-GT). The wash solution throughout is PBS 
with 0.15% Tween-20 only (PBS-T). Polyclonal capture antibodies are used as 
IgG purified by 50% ammonium sulfate precipitation, dialyzed and reconstituted 
in PBS, and diluted in pH 9.6 carbonate buffer to the optimal working dilution. 
Monoclonal capture antibodies (as mouse ascitic fluids) are purified by 40% am
monium sulfate precipitation or by DEAE-Sephacel column chromatography 
(Hierholzer et al. 1987). The optimal (or endpoint) dilution of each reactant used 
in EIA is chosen by checkerboard titrations to give the best signal-to-background 
ratio. Washing steps are done with an automated plate washer; incubation steps are 
done in a humidified chamber. 

The horseradish peroxidase-TMB system is a highly sensitive and chemically 
safe detection scheme (Hancock and Tsang 1986). Although the peroxidase con
jugate will vary, the substrate uniformly is 0.1 mg/ml of 3,3', 5,5'-tetramethyl-ben
zidine with 2% DMSO in 0.1 M acetate/citrate buffer, pH 5.5, to which 0.005% 
H202 (final concentration) is added when used. To conclude the test, 25 /-11 of 2 M 
H2S04 is added per well and the plates are read at 450 nm in an EIA plate reader. 

The steps for a generally configured EIA test are outlined in Table 3. The 
capture antibody as purified IgG is diluted in carbonate buffer and adsorbed at 75 
/-II/well overnight at 4 dc. After washing three times, specimens at 1:10 or 1:20 
dilutions (in PBS-GT) are added at 75 /-II/well and incubated 1.5 h at 37°C. The 
plates are again washed three times, and biotinylated detector MAb, diluted in 
PBS-GT, is added at 75 /-II/well and incubated for 1 h at 37°C. The plates are 
washed, and streptavidin-peroxidase conjugate diluted in PBS-GT is added at 75 
/-II/well and incubated for 10 min at ambient temperature. After a final (six times) 
wash step, 125 /-II/well of the TMB substrate is added and incubated 20 min at 
ambient temperature. Finally, 2 M H2S04 is added to stop the color reaction, and 
the plates are read without delay. 

Time-Resolved Fluoroimmunoassays (TR-FIA) 

TR-FIA procedures are currently under active study because they combine the best 
aspects of IFA and EIA (Siitari et al. 1983; Halonen et al. 1985; Brown et al. 1990; 
Hierholzer et al. 1990). The TR-FIA includes a fluorophore that is excited at one 
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Table 3. The all-monoclonal capture EIA test 

1. Solid phase is a 96-well flat-bottom polystyrene micro titer plate 
2. Add 75 Illlwell of specific monoclonal antibody (MAb) (as capture antibody) as purified 

IgG diluted in carbonate buffer, pH 9.6; incubate overnight at 4°C; was 3x with 0.01 M 
PBS, pH 7.2, containing 0.15% 1\veen-20 

3. Add 751lllwell of specimen (NPA, etc.) at a low dilution (e.g., 1:5, 1:10, 1:20) in wash buffer 
containing 0.5% gekatubn; incubate 1.5h at 37°C; wash 3 x as in step 2 

4. Add 75 Illlwell of same or different MAb-biotin (as biotinylated detector antibody), diluted 
in 0.01 M PBS, pH 7.2, with 0.5% gelatin and 0.15% 1\veen-20 (2% normal goat serum can 
be added if necessary to reduce background); incubate 1 h at 37°C; wash 3x as in step 2 

5. Add 751lllwell of streptavidinJperoxidase (as conjugate), diluted in the diluent used for step 
4; incubate 10 min at room temperature; wash 6x as in step 2 

6. Add 125 Illlwell of substrate system: 0.1 mglml of 3,3', 5,5'-tetramethylbenzidine (TMB) in 
2% DMSO in 0.1 M acetate/citrate buffer, pH 5.5, with 0.005% hydrogen peroxide added 
when used; incubate 20 min at ambient temperature; stop color reaction with 2 M sulfuric 
acid; read at 450 nm in an automated EIA reader 

wavelength and detected at another, as in IFA, and includes antibody-captured, 
specific antigens which are then immunologically bound to a quantifiable labeled 
antibody, as in EIA. The TR-FIA is inherently highly sensitive because it is based 
on metal chelate chemistry and time-lapse fluorometry. In the all-monoclonal test 
we have been using, the fluorescent label is constructed as a europium chelate 
(N'-diethylene triaminopentaacetic acid-europium) conjugated to purified IgG at 
the protein's free amino groups (Lovgren et a1. 1985). The labeled antibody and 
the capture antibody, which is also a purified monoclonal IgG, are both optimized 
by checkerboard titrations. 

The test is then set up as outlined in Table 4 (Hierholzer et a1. 1987, 1989). 
Purified monoclonal IgG, diluted to an optimal concentration in pH 9.6 carbonate 
buffer, is added to the wells of 12-well strips in 250-,.ti volumes and adsorbed 
overnight at ambient temperature in a moist chamber. The wells are washed three 
times with aqueous 0.9% NaCI/0.05% Tween-20 and saturated with 250 III of 0.1 % 
gelatin in 0.05 M Tris, 0.9% NaCl, 0.05% NaN3 buffer, pH 7.75, again with 
overnight incubation at ambient temperature. As in EIA, the wash steps are critical 
and are performed with care. 

The wells are washed three times, and 100 III each of antigen and Eu-detector 
antibody were added to appropriate wells. The antigen (NPA or cell culture har
vest) is diluted 1:10 or 1:20 in specimen diluent, consisting of 50 mM Tris, pH 7.75, 
0.9% NaCl, 0.01 % NaN3, 0.5% gelatin, 0.01 % Tween-40, 20 IlM DTPA, and 2% 
BSA. The Eu-detector antibody is diluted to the appropriate concentration in the 
same diluent. Because the antigen (virus specimen) and europium-labeled detec
tor antibody are added at the same time, this TR-FIA configuration is termed a 
"one-incubation" test. After the antigen and antibody are added, the strips are 
incubated for 1 h at 37°C in a moist chamber. 

The strips are carefully washed ten times, and 200 III per well of enhancement 
solution is added. The plates are gently agitated on a shaker for 10 min at ambient 
temperature and the reaction quantitated in a fluorometer. In our system, the 
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Table 4. Outline of the all-monoclonal, one-incubation TR-FIA test 

1. Solid phase is a 12-well flat micro titer strip 
2. Add 250 )lllwell of specific monoclonal (as capture antibody) as purified IgG diluted in 

carbonate buffer, pH 9.6; adsorb overnight at room temperature; wash 3x with aqueous 
0.9% NaClIO.05% 1\veen-20 

563 

3. Add 250 )lllwell of 0.1 % gelatin in 0.05 M Tris/0.9% NaClIO.05 NaN3 buffer, pH 7.75; 
incubate overnight at room temperature to saturate wells with gelatin; wash 3x as in step 2. 
Strips can be stored at this point for up to 1.5 years at 4 °C in a slightly moist bag with no 
loss of activity 

4. Add 100 )ll/well of specimen (antigen) at a low dilution (e.g., 1:5, 1:10, 1:20) in TR-FIA 
antigen buffer, + 100 )ll/well of purified Eu3 +-labeled monoclonal IgG (as detector 
antibody) also diluted in antigen buffer; incubate 1 h at 37°C; wash lOx (see step 2) 

5. Add 200 )lllwell of enhancement solution; agitate on a shaker for 10 min at room 
temperature; count in fluorometer 

fluorometer is programmed to start the counting cycle by exciting the europium 
with a lOllS light pulse from a xenon lamp at a wavelength of 340 nm. The fluorome
ter then measures a 400-lls delay time, during which the autofluorescence of the 
reagents and the background fluorescence in the plastic wells and specimens have 
time to disappear. Then, the longer-lived specific fluorescence is measured for 400 
lIs at an emission wavelength of 613 nm. After a 200-lls pause, the xenon lamp 
again excites the probe, and the cycle is repeated. There are ca. 1000 cycles during 
the total counting time of 1 s; these are averaged by the fluorometer, and the mean 
counts per second is printed out. Thus, the test is called "time-resolved" fluoroim
munoassay because it is an immunoassay in which the specific fluorescence is 
measured after all background fluorescence has disappeared. 

Latex Agglutination Tests (LA) 

LA tests are passive agglutination procedures and are simple to perform, but are 
also less sensitive than other rapid diagnostic tests. They use latex particles or 
beads, which can be obtained in various diameters and colors, as the carrier to 
which specific antibodies are bound by simple chemistry (Hughes et al. 1984). The 
coated beads are then mixed with a suspension of specimen for 5-25 min, the 
beads are washed once in the centrifuge (or the specimen can be diluted or cleared 
by centrifugation before being added to the latex beads), and the beads are exam
ined macroscopically for evidence of agglutination caused by the specific virus-an
tibody interaction. These tests are particularly useful for stool and other particulate 
specimens (Sanekata et al. 1990). 

Nucleic Acid Detection Tests 

Tests for virus-specific nucleic acid are DNA or RNA hybridization a~says, in 
which the nucleic acid of a virus in a specimen is denatured by heating and then 
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exposed to similarly denatured nucleic acid in a known "probe". The probe is 
labeled for easy detection after the annealing of complementary base sequences 
between the specimen and probe nucleic acid chains (Ranki et al. 1988; Spector 
1989; Eisenstein 1990). Hybridization assays are specific, but are still rather cum
bersome procedures. The three examples of adenovirus probes given below suggest 
the types of assays that can be devised. 

In a spot hybridization study by Stalhandske et al. (1985), purified adenovirus 
2 DNA or cloned adenovirus 41 G fragment (by BamHI endonuclease) was 
labeled with 32p by nick translation and used as probe in the hybridizations. The 
specimen was extensively treated to extract the nucleic acids, which were then 
spotted onto nitrocellulose paper for the hybridization reaction. After a series of 
washing and incubation steps, the radioactivity was detected by autoradiography 
overnight. In a survey of 40 stool specimens, 18 were found positive for adenovirus 
by radioimmunoassay and 16 were found positive by adenovirus 2 spot hybridiza
tion test. 

Another dot-blot technique was a type-specific test using a portion of the 
genome common only to adenovirus types 40 and 41 (the enteric adenoviruses) 
rather than the portion of the genome coding for hexon antigen and common to all 
adenoviruses (Takiff et al. 1985). In this study, the probes were plasmid recom
binants containing the EcoRI endonuclease fragments of type 41, purified by cleav
ing the DNA with restriction endonucleases, separating on agarose slab gels, 
excising and eluting the appropriate bands from the gel, and precipitating the DNA 
fragment in ethanol. The DNA probe was labeled with 32p_dCTP by nick transla
tion. As in the previous procedure, the specimen, either stool suspension or cell 
culture supernatant, was extensively treated to obtain denatured DNA which was 
then spotted onto nitrocellulose for hybridization. The filters were dried and devel
oped by autoradiography. The results compared well with the detection of adeno
viruses by electron microscopy, cell culture, or EIA: 91 % of type 40- or 41-positive 
specimens by these other means were found positive by dot blots. There were no false 
negatives, but there were some false positives which were due to other adenovi
ruses. Another important finding in this study was that virus detection by dot blot 
was enhanced considerably by a brief passaging of the specimen in cell culture. 

The third example utilized labeling the probe with biotin to avoid the prob
lems associated with radioisotopes (Gomes et al. 1985). In this in situ hybrid
ization study, biotin-labeled dUTP in an adenovirus type 5 probe was used to 
detect virus in nasopharyngeal smears on glass slides. After the probe reaction, 
the slides were incubated, washed, air-dried, counter stained with fast green, 
dehydrated, mounted under Canada balsam, and then examined by light micros
copy. Positive cells appeared distinctly brown in sharp contrast to a background 
of green-staining negative cells. The test required about the same amount of time 
as an IFA test. The in situ hybridization results were perfectly correlated with the 
IFA results in this study, and all adenovirus serotypes were equally well detected. 
The test had the disadvantage of requiring well-made smears that contained 
intact cells, but had the advantages (over dot-blot hybridization techniques) of 
being much more specific, more sensitive, and workable with all kinds of spe
cimens. 
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Variations on this theme have been applied to rapid tests for papillomavirus 
genotypes (Shah and Gissmann 1989), herpes and hepatitis viruses (Lennette et al. 
1988), and retroviruses (Gallo 1988). An interesting development in RSV diagnosis 
utilized a DNA-RNA hybridization to detect virus in NPA specimens (van Dyke 
and Murphy-Corb 1989). And in a merger of techniques, viral DNA was identified 
by TR-FIA in which the DNA probe was labeled with europium and then 
hybridized with specimen DNA; the test could detect 100 pg of homologous DNA 
(Dahlen et al. 1988). Most of these techniques barely qualify as rapid diagnostics 
due to the number of washing and reacting steps, but they are powerful tdols and 
are sometimes the only tests possible. 

Western Blot Analyses 

Western blots or immunoblots are valuable adjuncts to other rapid diagnostic pro
cedures. They are not so rapid, but they allow specific identification of viral 
proteins after gel electrophoresis by transferring the separated proteins onto 
nitrocellulose paper and then reacting the paper with antiserum, followed by an 
enzyme immunoassay with peroxidase-labeled anti-species antibody. The developed 
bands can be inspected visually or quantitated spectrophotometrically (Hierholzer 
et al. 1984a). Hybridization and Western blot assays have been particularly valu
able for viruses with low or no growth potential in the laboratory, such as 
rotavirus, the enteric adenoviruses, parvovirus B19, the papillomaviruses, and the 
retroviruses. 

Rapid Tests for IGG and IGM Antibodies 

Traditional serologic tests require paired acute- and convalescent-phase serum 
specimens from a patient to demonstrate a fourfold or greater rise in specific an
tibody titer. Because the sera are collected 2-4 weeks apart, the tests cannot be con
sidered "rapid" in terms of a patient's diagnosis, no matter how fast they can be carried 
out. Thus, IFA, EIA, TR-FIA, RIA, and immunofluorometric assays (IFMA) re
quiring paired sera are not described here, but are discussed elsewhere (Meurman 
et al. 1982; Hierholzer et al. 1984b; Rose et al. 1986; Lennette et al. 1988). 

Serologic tests on a single, acute serum can be done in a rapid diagnostic fash
ion, however, and such tests generally measure the amount of virus-specific IgM 
(early) antibody. Thus, IFA tests can be carried out on dilutions of the patient's 
acute serum and fixed slides of antigen. The slides are generally prepared ahead as 
cell culture-grown virus, fixed and stored at -70°C until needed. For the test, the 
serum dilutions (as fourfold dilutions in microtiter plates) are transferred onto the 
fixed slides, reacted for 30-60 min, washed thoroughly in PBS, reacted with an
tihuman IgM-FITC, washed again, and examined under a fluorescent microscope. 
A positive reaction at a significant dilution, which must be determined for each 
virus, suggests current infection with the agent. Similar tests have been configured 
for EIA, LA, and RIA procedures (Forghani et al. 1983; Rose et al. 1986; Lennette 
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et a1.1988). The highly sensitive TR-FIA test for rubella antibody in a single serum 
required only 3.5 h to run (Meurman et al. 1982). 

Other serologic assays have been devised which measure the presence or 
amount of IgG antibody in a single serum specimen which is assumed not to be in 
the acute phase. Such tests are valuable for retroviruses, in which onset is insidious 
and the presence of IgG antibodies is a valuable indicator of infection (Gallo 1988). 

Commercially Available Rapid Diagnostic Kits and Reagents 

In the late 1980s and continuing through 1990, diagnostic products expanded from 
a standard collection of antigens and hyperimmune antisera (such as used for 
complement-fixation, hemagglutination-inhibition, and serum-neutralization tests) 
to rapid, kit-formatted products that can be used in minimal laboratory settings to 
screen for specific viruses. Most of these new products utilize IFA-, EIA-, and 
LA-based reactions, and are constructed to employ dilutions, extractions, filters, 
and prepared slides or tubes to minimize problems with turbid or contaminated 
specimens. The reactions are read as a color within 1-4 h or an agglutination within 
7-30 min, and positive reactions are compared with negative specimens in the same 
slide or other solid base to assure specificity. Other new tests are specific for newly 
discovered viruses, such as herpes 6, parvovirus B 19, human retroviruses, and papil
lomaviruses, and are often based on protein or nucleic acid assays. 

Indicator lists of rapid diagnostic products commercially available for viruses 
are presented in a series of tables. It is not feasible to describe the details of so 
many diverse tests - these can be obtained from specific companies - nor to at
tempt to list the companies offering such products because the list could never be 
complete in such a fast-changing field. 

Products available for the respiratory viruses, including parvovirus, measles, 
and rubella, are indicated in Table 5. Adenovirus and RSV have the most products 

Table 5. Rapid diagnostic products available for respiratory viruses 

Detection of virus or antigen( s) Detection of 
Virus DFA IFA EIA LA Probe WB antibodies 

Adenovirus x x x x x 

Coronavirus x x 

Influenza A,B x x x 

Measles x x x 

Mumps x x x 

Parainfluenza 1-3 x x x 

Resp. syn. (RSV) x x x x 

Rhinovirus 
Parvovirus B19 x x x 

Rubella x x x 

Cost/specimen (US $) 4-6 5-6 4-17 2-3 10 5 2-5 
Time for test (h) 1-2 3-4 1-6 >1 28 48 1-3 
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available, followed by influenza and parainfluenza viruses, because these are 
highly pathogenic viruses for which vaccines are not routinely available. Seven 
direct FA products are available for detecting adenovirus; all employ monoclonal 
antibodies directed to the group-specific hexon component. The same monoclonals 
are used in EIA-based tests. Some companies offer monoclonal or polyclonal sera 
with the appropriate anti-species-FITC conjugate, and these are noted under the 
IFA column. A commercial LA test with a polyclona\ antiserum is rapid and 
specific. One commercial DNA probe for adenovirus is available. These tests can 
generally be carried out in a few hours, ranging from ca. 30 min for the LA test to 1.5 
days for the probe test. The human coronaviruses, influenza, parainfluenza, and 
RSV have similarly-designed tests, as indicated in the Table 5. 

Rapid tests for several agents focus more on serology than antigen detection. 
In addition to IFA and EIA tests for measles, four commercial serologic tests are 
available which utilize IFA, EIA, and TR-PIA to measure IgG and IgM antibodies. 
Three serologic products are available for mumps serology, one for parvovirus, 
and six for rubella. 

Diagnostic products for the enteric viruses are still under intense develop
ment. In addition to the tests for adenovirus group antigen listed in Table 5, only 
tests for rotavirus are presently available (Table 6). The various EIA and LA kits 
available are of high specificity and sensitivity, and are easier to perform with stool 
specimens than IFA tests. In addition to the antigen tests, two rotavirus serol
ogy tests are available. As with the rhinoviruses (ca. 125 serotypes) in Table 5; the 
coxsackie A and B viruses, echoviruses, and polioviruses comprise many serotypes 
(72) and are not identifiable by rapid tests at the present time. 

Due to the ubiquity of serious disease caused by the herpes and papilloma 
groups of viruses, many rapid antigen and serology tests are available for these 
agents (Table 7). Cytomegalovirus (CMV) can be identified by four direct FA 
tests, three EIAs, one DNA probe test, and eight different serologic assays. 
Epstein-Barr virus (EBV) is identified by these antigen procedures and by six 
serology tests. Herpes simplex types 1 and 2 and varicella-zoster (VZ) are iden
tified by a multitude of DFA, IFA, EIA, and serology tests, as well as an LA kit 
and DNA probe for herpes simplex. Herpes type 6, the newly discovered cause 

Table 6. Rapid diagnostic products available for enteric viruses 

Virus 

Adenovirus 
Astrovirus 
Calicivirus 
Coxsackie virus 
Echovirus 
Poliovirus 
Rotavirus 
Cost/specimen (US $) 
Time for test (h) 

Detection of virus or antigen(s) 
DFA IFA EIA LA Probe WB 

x 

x 

4-6 
1-3 

x 

5-6 
3-4 

x 

x 

3-6 
1-5 

x 

x 

3-6 
>1 

x 

10 
28 

Detection of 
antibodies 

x 

2-5 
1-3 
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Table 7. Rapid diagnostic products for the herpes- and papillomaviruses 

Detection of virus or antigen(s) Detection of 
Virus DFA IFA EIA LA Probe WB antibodies 

Cytomegalo. (CMV) x x x x x x 

Epstein-Barr (EBV) x x x x x 

Herpes simplex 1,2 x x x x x x 

Herpes type 6 x 

Varic. zoster (VZ) x x x x 

Papillomaviruses x x 

Polyomavirus JC, BK x 

Cost/specimen (US $) 4-6 5-6 2-7 3-5 10-23 5 2-6 
Time for test (h) 1-2 3-4 1-6 >1 30 48 1-3 

of roseola infantum (exanthem subitum), is already subject to a serology proce
dure. 

The papillomaviruses are not cultivable in the laboratory, nor are antigen or 
serology procedures available for them. Three DNA probe kits are available for 
selected papillomaviruses: (1) one test uses 32P-labeled probes for three groups of 
papillomavirus genotypes (6,11; 16,18; 31,33,35); the test is done in 1 day, with an 
additional 2-7 days required for developing the radiographic film. The test kit has 
a shelf life of about 2 weeks after receipt to maintain a strong radioactive signal, 
and costs $21.50 per test specimen. (2) Another test employs a biotin-avidin probe 
after Southern blotting the scraping, smear, or biopsy specimen; the test is read 
after the alkaline phosphatase developing system, takes 2 days to complete, and 
costs $12.50 per specimen. It has a further advantage of picking up more genotypes 
(6,11,16,18,31-37 inclusive, all as individual types). (3) A third test utilizes a non
radioactive DNA probe in in situ hybridization and can be done in less than 1 day; 
the cost is ca. $20 per specimen for detecting genotypes 6,11; 16,18; and 31,35,51. 
Finally, monoclonal antibodies are available for a few genotypes for use in Western 
blot analyses. 

Probes are also available for the relatively unknown human polyomaviruses, 
strains JC and BK, which have been associated with hemorrhagic cystitis, respira
tory disease, and other syndromes (Lennette et al. 1988). 

Commercial rapid diagnostic tests for the hepatitis viruses and retroviruses 
are fairly limited to EIA, probe, and serologic assays (Table 8). Because most 
of these viruses grow poorly in the laboratory, the tests are based on viruses purified 
from human blood and are therefore more expensive. HIV-l and -2 viruses are 
identified by DFA, EIA, probes, and Western blots, and types 1 and 2 antibodies 
are identified by at least four different serologies. HTLV-1 and -2 likewise are 
sought by DFA, EIA, and serology. Finally, one company offers IgG and IgM IFA 
tests for four encephalitis-causing arboviruses: California encephalitis, eastern 
and western equine encephalitis, and St. Louis encephalitis virus. 
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Table 8. Rapid diagnostic products for the hepatitis and retroviruses 

Detection of virus or antigen(s) 
Virus DFA 

Hepatitis A x x 

Hepatitis B x x 

Hepatitis C x 

Hepatitis D 
HIV-l,2 x x x 

HTLV-1,2 x x 

Arbovirus (CE,EEE,SLE,WEE) 
Cost/specimen (US $) 4-7 4-9 10-24 
Time for test (h) 1-2 1-6 8--28 

Discussion 

x 

6 
48 

569 

Detection of 
antibodies 

x 

x 

x 

x 

x 

x 

3-
<1-28 

Rapid diagnosis of viral infections has made enormous gains in recent years. Much 
of the success has followed from steady improvements in fluorescence- and en
zyme-based techniques, and some, particularly in rapid serologic tests, has directly 
resulted from the sudden infusion of AIDS experimentation. Thus, the 1990s open 
with high optimism that we will soon achieve our long-standing goal of rapidly 
identifying viruses with near 100% sensitivity and 100% specificity. 

The most useful rapid test is immunofluorescence, which can be carried out 
with simple laboratory materials and is thus convenient for field conditions (Gard
ner and McQuillin 1980). The test can be set up as a direct test, with the virus
specific antibody labeled with fluorescein (FITC), or as an indirect test, with the 
virus-specific antibody detected by an anti-species antibody which is tagged with 
FITC. The direct test is shorter and less expensive, averaging 2 hand $5 per speci
men to run. The indirect test requires the extra reagent, which increases it to an 
average of 3 hand $5.50 per specimen, but often has less background signal and is 
more versatile, and so has more appeal for research laboratories. 

EIA and RIA procedures are very useful because the reagents now available 
are of high quality and the antigen-antibody reaction is read quantitatively (Yolken 
and Viscidi 1989). Further, many of the tests are readable in the same or less time 
than IFA tests. EIA has the distinct advantage over RIA in being a safer and more 
convenient test; no radioactive materials need to be disposed of, and, if TMB 
rather than o-phenylenediamine is used for the substrate, no toxic chemicals are 
used. (Hydrogen peroxide and the acid stopper must of course be handled with 
caution.) The current EIA kits for various viruses are convenient to use, and some 
are quite adaptable to field conditions. In general, the simpler a kit is and the less 
time it requires for testing a specimen, the more it costs; this mayor may not be a 
deterrent to its use. But such tests are practical for a minimally equipped labora
tory because valuable clinical and epidemiological information can be obtained 
without the expense and expertise of a major laboratory effort. 

TR-FIA is the most sensitive rapid diagnostic test in our laboratory, being 
capable of directly identifying adenovirus, RSV, parainfluenza types 1,2,3,4A, and 
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4B, mumps virus, and coronavirus antigens in 85-100% of respiratory or stool 
specimens which yielded these viruses after extensive culturing. We also maintain 
a TR-FIA panel for outbreaks of epidemic keratoconjunctivitis and acute hemor
rhagic conjunctivitis; the test detects adenovirus in 92%, enterovirus type 70 in 
75%, and Coxsackie virus A24 variant in 68% of known positive specimens, more 
than enough to ensure rapid identification of the etiologic agent in an epidemic 
situation. Our TR-FIA tests utilize monoclonal antibodies in both capture and de
tector positions, so that we have an unlimited supply of well-characterized an
tibodies. We prepare strips with the capture antibody in batches, which we store at 
4 °C until needed. Then, a moderate size test - from thawing the specimens to reading 
the computer printout - can be performed in just 2 h. The TR -FIA was superior in 
sensitivity and specificity to most of the ErA tests we evaluated (Hierholzer et al. 
1990). With commercial products just now coming on the market (e.g., CyberFluor, 
Toronto, Ontario; Pharmacia Diagnostics, Fairfield, NJ; Whittaker Bioproducts, 
Walkersville, MD), the future ofTR-FIA still lies ahead. 

IFA, EIA, and TR-FIA can each be designed as a test for whole virus, for 
specific viral proteins, or for both, depending on the polyclonal antiserum or 
monoclonal antibody used. With polyclonal (hyperimmune) antisera, the antigen 
detected is usually not known and is assumed to be multiple, whereas in tests with 
monoclonals the protein specificity of the monoclone is known from im
munoprecipitation or Western blot studies, and thus the diagnostic tests can be 
tuned to specific viral antigens. This consideration has been helpful in under
standing vaccine efficacies in different populations and in delineating why some 
vaccines stimulate long-lasting protective immunity while others do not. 

LA, probe, and Western blot antigen detection tests have been developed for 
specific viruses, either out of convenience (e.g., adenovirus and rotavirus LA kits 
for stool specimens) or out of necessity for viruses that do not readily replicate in 
conventional cultures (e.g., the parvo-, papilloma-, polyoma-, hepatitis, and 
retorviruses). The newer probe and WB tests have been devised into many kit for
mats which require less than 2 days to perform and which are providing critical 
data on the association of these poorly cultivable viruses with human disease. 

The rapid serologic tests for IgG and/or IgM antibody utilize IFA, EIA, RIA, 
LA, TR-FIA, and WB assays. The tests have turnaround times of 1 h to 1.5 days 
and have a high degree of sensitivity. The results of these tests are useful for deter
mining the presence of ongoing infection, the status of immunity following vacci
nation or when deciding whether to immunize, the susceptibility to infection in 
household members, or the etiologic diagnosis of a recent illness, depending on the 
virus. When used in cohort with rapid antigen tests, these serologic assays provide 
the physician and epidemiologist with information that can be immediately used to 
benefit the patient, family, and community. 

In addition to the importance to the physician and patient, the economic con
siderations of rapid antigen and antibody tests are substantial. At the present time, 
isolating a virus in cell culture, where this is possible, requires 2-6 weeks of incu
bation time, 6-24 culture tubes, culture media, and ancillary pipetting, freezer, 
water bath, incubator, and microscope equipment. Not counting the ancillary 
equipment, much of which is also needed for rapid tests, the time, tubes, and 
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media cost $26-38 per specimen. This includes testing mUltiple specimens to
gether as efficiently as possible. Identifying a virus isolate by standard techniques 
such as HAlHI, SN, IFA, or EIA costs an additional $14-38 for time, blood cells, 
antisera, culture tubes, media, reagents, and buffers, depending on the virus and 
how easily it is identified. The total is now $40-76 per specimen for successful 
virus culturing and identification. By contrast, most rapid diagnostic tests cost 
about $5 per specimen; DNA probe test run higher, between $8 and $20 per spe
cimen. Because technician time to carry out the tests runs from less than 1 h to 1.5 
days, the labor cost is substantially less than that for culture operations. 

Thus, from the economic standpoint alone, rapid diagnosis should clearly be 
the aim of a busy virology laboratory. On balance, however, it must be noted that 
rapid diagnostic methods consume the specimen, usually with little consideration 
for aseptic techniques, and thus no virus isolate will be available for antigenic or 
genetic studies on the virus, serologic studies on the human antibody response, or 
future research which might not be anticipated at the present time. That is why, as 
we move into the 1990s, we are striving to identify all viruses by rapid detection 
techniques, to culture only the specimens which are antigen- or nucleic acid-posi
tive, and to limit the culturing to only that extent needed to preserve the virus for 
future use. 
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