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Human adenoviruses (HAdVs) are ubiquitous double-stranded DNA viruses that cause a wide array of diseases in humans including
pharyngitis, pneumonia, gastroenteritis, hemorrhagic cystitis, and keratoconjunctivitis. They also cause life-threatening opportunistic
infections in immunocompromised individuals and are responsible for outbreaks in certain populations. Diagnosis is traditionally by
cell culture or antigen detection methods. However, some HAdVs can take up to 4 weeks to isolate, and diarrheagenic types 40 and 41
will not grow in routine cell culture. Therefore, the goal of this study was to design a rapid, real-time PCR assay to detect all known 57
HAdV types from multiple different specimen sources. Primers and fluorescence resonance energy transfer hybridization probes were
designed to target a 185-bp region of the penton base gene of HAdV. The analytical sensitivity was determined to be 10 copies/�l for
HAdV types showing exact primer/probe homology in specimen matrix. Using whole-virus strains, the analytical sensitivity for repre-
sentative HAdV types ranged from 10�1 to 103 50% tissue culture infective dose (TCID50)/ml. The assay demonstrated 100% sensitivity
and 99% specificity. This real-time PCR assay provides a rapid method for the detection of all 57 known HAdV types from respiratory
specimens, blood, stool, urine, and ocular swabs.

Human adenoviruses (HAdVs) are ubiquitous double-
stranded DNA viruses that cause a wide array of diseases in

humans, including pharyngitis, pneumonia, gastroenteritis, hem-
orrhagic cystitis, and keratoconjunctivitis (23). Adenoviruses may
also cause life-threatening opportunistic infections in immuno-
compromised individuals and are responsible for outbreaks in
certain populations such as day care attendees and military re-
cruits (23).

Adenoviruses are classified in the genus Mastadenovirus, which
contains 7 known HAdV species (HAdV-A to HAdV-G). Histor-
ically, HAdVs were further classified by hemagglutination and se-
rum neutralization reactions into 51 serotypes (29). New adeno-
virus types have since been identified by several authors based on
genomic data, including several emerging and recombinant vi-
ruses, for a total of 57 unique HAdV types (1, 14, 16–18, 27, 29, 32,
33). Most recently, a primate adenovirus from New World mon-
keys was detected which crossed the species barrier to infect hu-
mans (2).

Diagnosis is traditionally by cell culture or antigen detection
methods. Most HAdVs grow readily in cell culture and can be
detected in a variety of specimen types including nasopharyngeal,
throat and conjunctival swabs, urine, cerebrospinal fluid (CSF),
and stool. However, some types can take up to 4 weeks to isolate,
and diarrheagenic types 40 and 41 will not grow in routine cell
culture. Direct antigen detection from clinical specimens may be
used for diagnosis of acute infections but provides markedly low
sensitivity compared to culture (30). Less commonly, serology is
used to detect a rise in adenovirus-specific antibodies following
infection (23).

Real-time PCR offers a rapid and sensitive alternative to cul-
ture, antigen detection, and serology (31). Due to the limitations
of conventional diagnostic methods for HAdV, the aim of this
study was to develop and validate a real-time PCR assay for all 57
known HAdV types from multiple different specimen sources,
including respiratory specimens, blood, stool, urine, and conjunc-
tival swabs.

(This study was presented in part at the General Meeting of the
American Society of Microbiology, 2007, Toronto, Canada.)

MATERIALS AND METHODS
Clinical specimens. Selected patient specimens (n � 763) submitted to
the clinical virology laboratory for routine viral culture from January 2006
through December 2008 were concurrently tested by PCR, conventional
tube culture, and shell vial culture. Specimens included upper and lower
respiratory specimens (bronchoalveolar lavage [BAL], bronchial wash-
ings, tracheal secretions, induced or expectorated sputum, throat swabs,
nasal/nasopharyngeal swabs), body fluids (pleural fluid and peritoneal
fluid), fresh tissue, ocular swab specimens (conjunctival and corneal spec-
imens collected on a swab), urine, and stool. The Mayo Foundation insti-
tutional review board approved the use of all clinical specimens.

In addition to prospectively obtained specimens, 28 archived culture-
positive and -negative specimens (lower respiratory, nasal, and throat
swabs; unfixed tissue; ocular swab specimens; urine; and stool; �1 year
from date of collection; stored at �20°C) were tested by the PCR assay and
compared to the original culture result.

Culture of clinical specimens. Adenovirus was isolated in conven-
tional tube culture using rhesus monkey kidney and MRC-5 cell lines and
in shell vial (MRC-5) culture (LabCorp, Viromed, Minneapolis, MN).
Virus identification was confirmed by the presence of characteristic cyto-
pathic effects (CPEs) and characteristic staining patterns with specific
monoclonal antibodies (Millipore, Light Diagnostics, Billerica, MA).

Specimen processing and nucleic acid extraction. Specimens col-
lected on a swab were agitated and expressed into a tube containing 3 ml
of M5 viral transport medium (Remel, Lenexa, KS) for subsequent extrac-
tion. Given the potential viscous nature of liquid respiratory specimens
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and body fluids, these were first processed by adding 500 �l of raw spec-
imen and 100 �l of proteinase K (Roche Applied Sciences, Indianapolis,
IN) into a 2.0-ml tube containing 0.1-mm silica glass beads and 2.4-mm
zirconia beads (Biospec Products, Bartlesville, OK), followed by incuba-
tion at 55°C for 15 min on a Thermomixer instrument (Eppendorf, Ham-
burg, Germany) for mixing at 1,400 rpm and subsequent heating on a
95°C heat block for 5 min.

To process soft or formed stools for DNA extraction, a sterile cotton-
tipped swab was dipped into various locations of the specimen and then
agitated and expressed into a 2.0-ml tube containing 1 ml of sterile water.
For liquid stools, 100 �l of specimen was placed directly into 1 ml of sterile
water. Tubes were then briefly vortexed and subjected to DNA extraction.

Fresh tissue specimens were processed by placing a small piece of
tissue (approximately 0.5 cm3) into a 1.5-ml tube containing 400 �l of 1�
Tris-EDTA (Sigma-Aldrich, St. Louis, MO), 100 �l of proteinase K
(Roche Applied Sciences), and 50 �l of 10% sodium dodecyl sulfate
(Sigma-Aldrich). The samples were vortexed briefly and placed on the
Thermomixer for at least 4 h at 55°C with a mixing speed of 500 rpm.

Following the processing steps above, 200 �l of each specimen under-
went extraction on the MagNA Pure Compact or 1.2 instrument (Roche
Applied Sciences) using the total nucleic acid isolation kit, with a final
elution volume of 100 �l.

Real-time PCR. The real-time PCR assay was developed on the Light-
Cycler (LC) 2.0 instrument (Roche Applied Sciences). Primers and fluo-
rescence resonance energy transfer (FRET) hybridization probes were de-
signed to target a 185-bp region of the penton base gene. Primers and
probes were synthesized by TIB MolBiol (primer-probe set 261; Adelphia,
NJ), and their sequences are provided in Table 1. Chosen primer se-
quences had complete homology with 41 of 46 HAdV-type targeted gene
sequences examined and 2 mutations in the remaining 5 target gene se-
quences examined (types 6, 57, 2, 1, and 5). The donor probe was labeled
with fluorescein, and the acceptor probe was labeled with Red 640. The

probes were designed to anneal to the targeted nucleotide sequences with
2 bases between donor and acceptor probes, across which energy transfer
occurred. The probes had 0 to 3 mutations in the targeted region, resulting
in differences in the melting temperatures produced (Table 2). The PCR
assay was performed using the LC FastStart DNA master hybridization
probe kit (Roche Applied Sciences) with reaction mixtures consisting of 2
mM MgCl2, 1� LightCycler FastStart mix, 0.7 �M each primer, 0.2 �M
fluorescein-labeled probe, and 0.4 �M LC Red 640-labeled probe. The
total reaction volume was 20 �l (15 �l master mix plus 5 �l extracted
nucleic acid). PCR amplification with real-time detection was performed
using the following cycling parameters: template denaturing (1 cycle) at
95°C for 10 min, followed by 45 amplification cycles of 95°C for 10 s, 55°C
for 15 s, and 72°C for 15 s. Following amplification, melting temperature
(Tm) analysis was performed by measuring the fluorescent signal during
the following cycling profile: 95°C for 0 s, 59°C for 20 s, 45°C for 20 s with
a 0.2°C/s transition, and 85°C for 0 s with a 0.2°C/s transition. Generation
of an acceptable melting peak (demonstrating �0.02 fluorescent height)
was used for the determination of a positive or negative result.

Generation of a positive control plasmid. Human adenovirus type 9
(VR1086; American Type Culture Collection [ATCC]) was used to con-
struct a positive control plasmid using the pCR2.1-TOPO TA cloning kit
(Invitrogen Corporation, Carlsbad, CA) following the manufacturer’s in-
structions. The plasmid construct was then purified using the High Pure
plasmid isolation kit (Roche Applied Sciences) according to the manufac-
turer’s instructions. The expected size of the recombinant plasmid was
confirmed with 2% agarose gel electrophoresis. Subsequent Sanger se-
quencing confirmed the insert to be the targeted region of the penton base
gene derived from HAdV type 9.

Analytical sensitivity and specificity. The analytical sensitivity of the
assay was determined by testing a dilution series of the HAdV positive
control plasmid. A 10-fold dilution (104 copies/�l serially diluted to 100

copies/�l) of the plasmid was performed in Tris-EDTA (TE) buffer, and
each dilution was then tested in triplicate. The limit of detection (LoD) in
buffer was determined to be the highest dilution whereby all three repli-
cates were positive. This LoD was then confirmed in each specimen matrix
group to by spiking 30 analyte-negative specimens from each specimen
group at the approximate LoD determined in TE buffer. The specimen
matrices tested were upper and lower respiratory specimens (bronchoal-
veolar lavage, bronchial washings, tracheal secretions, induced or expec-
torated sputum, throat swabs, nasal/nasopharyngeal swabs), body fluids
(pleural, peritoneal, and synovial), fresh tissue, ocular swab specimens
(conjunctival and corneal), urine, and stool. After spiking, specimens un-
derwent extraction and amplification with the novel HAdV PCR. The

TABLE 1 Primer-probe sequences used in experiments for the detection
of the penton base gene of HAdVa

Name Sequence (5= to 3=)
ADV 1 CGT CTT CAA YCG CTT
ADV 2 TGT AGA CGT AGG GAC AGG
ADV 3 CCG TCA GTG AAA ACG TGC-FL
ADV 4 Red 640-GCT CTC ACA GAT CAC GGG-P
a Kit no. 261 (TIB MolBiol).

TABLE 2 HAdV types with corresponding LoD, Tm range, and mutations in probe region

HAdV typeb

LoD for representative type
of whole virus
(TCID50/ml)b Tm range Fluorescein probe areaa LC Red 640 probe areaa

8, 9, 10, 13, 15, 17, 19, 20,
22, 23, 25-30, 32, 33,
36-39, 42-47, 49, 51,
53, 56

10�1 (type 19), 100 (type 9) 61.1–62.0 CCG TCA GTG AAA ACG TGC GCT CTC ACA GAT CAC GGG

24 Not performed 58.2 CGG TCA GTG AAA ACG TGC GCT CTC ACA GAT CAC GGG
31 Not performed 56.4 CCG GCA GTG AAA ACG TTC GCT CTC ACA GAT CAC GGG
1, 2, 3, 4-7, 11, 14, 21, 34,

35, 50, 55, 57
100 (type 4), 101 (types 1, 3) 55.3–56.7 CCG TCA GTG AAA ACG TTC GCT CTC ACA GAT CAC GGG

18, 40, 41, 52 10�1 55.9–56.6 CCG TCA GTG AAA ACG TTC GCC CTC ACA GAT CAC GGA
48, 54 Not performed 52.0 CCG TTA GTG AAA ACG TGC GCT CTC ACA GAT CAC GGG
16 10�1 50.9 CCA TCA GTG AAA ACG TTC GCT CTC ACA GAT CAC GGG
12 103 49.9 CCG TCA GTG AAA ACG TTC GCC CTT ACA GAT CAC GGG
a Mutations in the region targeted by the probes are in bold. There are 2 intervening nucleotides between the donor (fluorescein) probe and acceptor (LC Red 640) probe across
which energy transfer occurs.
b Bolded HAdV types were used to determine the limit of detection for each Tm-based grouping shown above (see Table S3 in the supplemental material for virus strains used).
Whole-virus strains were quantitated using the 50% tissue culture infective dose (TCID50).
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limit of detection was also obtained for representative HAdV types by
making serial dilutions of quantitated whole virus and testing each dilu-
tion in triplicate.

The analytical specificity was determined by performing a BLAST
search of each primer, each probe, and the entire amplicon sequence using
the National Center for Biotechnology Information website (http://www
.ncbi.nlm.nih.gov). In addition, a panel of nucleic acid from 113 micro-
organisms, including fungi (n � 23), bacteria (n � 60), mycobacteria
(n � 10), viruses (n � 19), and human DNA (human diploid fibroblasts,
Medical Research Council-5 cells; Viromed, Minneapolis, MN) (n � 1)
was tested (see Tables S1 and S2 in the supplemental material). Panel
organisms were chosen based on their ability to cause similar diseases,
their potential for being found in the specimen source as a pathogen or
normal flora, and/or their genetic similarity to the HAdV penton base
target. Amplification and Sanger dideoxy sequencing of either 16S (bac-
terial) or D2 LSU (fungal) rRNA genes was utilized to confirm the pres-
ence of amplifiable nucleic acids in the specificity panel.

Accuracy/method comparison and testing for specimen matrix in-
hibition. PCR results were compared to viral tube and shell vial culture
results. Prospectively collected specimens were processed in parallel for
PCR and viral tube and shell vial cultures to allow for comparison, while
PCR results were compared to the original viral tube and shell vial culture
results for archived specimens.

Due to the low number of positive clinical specimens obtained by
prospective and retrospective testing, the plasmid positive control was
also spiked into negative clinical specimens at approximately 10 to 100
copies/�l to evaluate the sensitivity of the assay in these specimen sources
and to look for potential matrix-mediated inhibition. Spiked specimens
comprised 30 body fluid, 30 whole-blood, 30 plasma, 20 respiratory, 20
CSF, 20 ocular swab, 20 urine, and 20 stool specimens. Inhibition was also
assessed by spiking extracted stool and ocular swab specimens with plas-
mid positive control at an approximate concentration of 10 to 100 cop-
ies/�l and testing by real-time PCR. Extraction and/or PCR inhibition was
indicated by loss of positivity as measured by melting-curve analysis.

To test for assay inclusivity, HAdV types 1 to 52, including variant
strain 14a linked to a pneumonia outbreak in 2007 (8), were tested by the
HAdV assay. Virus strains were ordered from ATCC or obtained from the
California Department of Health or the Centers for Disease Control and
Prevention (CDC) (see Table S3 in the supplemental material).

Since we were unable to obtain virus isolates for HAdV types 53 to 57,
the oligonucleotide target region of each type was constructed by TIB
MolBiol (Berlin, Germany) by PCR followed by insertion into TOP 10 F=
cells via the pCR2.1 TOPO vector (Life Technologies Invitrogen, Carls-
bad, CA). Plasmids were extracted and purified, followed by confirmation
of the product by EcoRI restriction digest analysis. Positive clones were
sequenced using BigDye Terminator v 1.1 cycle sequencing kit and ana-
lyzed on an ABI Prism 310 genetic analyzer (Life Technologies Applied
Biosystems, Carlsbad, CA).

RESULTS
Analytical sensitivity and specificity. The established LoD of the
novel HAdV PCR assay using the positive control plasmid was
determined to be approximately 1 copy of target/�l in TE buffer
and 10 copies of target/�l in specimen matrices (upper and lower
respiratory, CSF, ocular, whole-blood, stool, urine, body fluid,
and plasma specimens). To supplement these data using virus
strains with one or more mutations under the targeted primer and
probe regions, studies were performed using representative quan-
titated whole-virus isolates. All representative virus strains except
HAdV 12 demonstrated LoDs of 10�1 to 101 TCID50/ml (strains 1,
3, 4, 9, 16, 19, and 41) (Table 2). Human adenovirus type 12
contained 3 mutations within the targeted primer/probe regions
(3 mutations in the nucleotide region targeted by the probes, and
0 mutations in the primer region) and also had the lowest melting

temperature of all 57 HAdV types, indicating the weakest affinity
between the probes and targeted sequence; the LoD for this type
was 103 TCID50/ml.

The BLAST search of the primer, probe, and target sequences
for the HAdV penton base gene did not yield any highly similar
sequences. In addition, testing of nucleic acids from 112 bacteria,
fungi, and viruses demonstrated no positive results with this assay
(see Tables S1 and S2 in the supplemental material).

Accuracy/method comparison and testing for specimen ma-
trix inhibition. Of the 791 clinical specimens tested by novel
HAdV PCR and culture (763 prospective and 28 archived speci-
mens), 75 specimens were positive for HAdV by both viral culture
and the novel PCR (7/221 respiratory nonswab, 28/288 swab
[comprising 279 respiratory swab, 8 anal-genital swab, and 1 der-
mal swab specimen], 29/125 ocular swab, 6/72 stool, 3/56 fresh
tissue, 2/5 urine, 0/9 body fluid, and 0/15 miscellaneous speci-
mens). Clinical sensitivity of the novel HAdV PCR was 100% with
no culture-positive, PCR-negative specimens. Seven specimens (1
bronchial, 1 throat swab, 1 liver biopsy, 1 ocular swab, 2 urine, 1
stool) were positive by the novel PCR and negative by culture,
while 709 specimens were negative by both culture and PCR (clin-
ical specificity 99%). Stools and urine specimens are considered
difficult sources to culture, which may explain 3 of the discrepant
results. One PCR-positive, culture-negative liver biopsy specimen
was obtained from a patient in which HAdV was grown from a
liver biopsy specimen obtained 2 days previously. The remaining 3
discrepant specimens had high crossing points (Cps; �35) indi-
cating low levels of virus which may not have been present in
sufficient quantities for detection by cell culture. The low levels
prevented confirmatory sequencing of the amplicon.

Additional studies using analyte-negative clinical specimens
spiked with the adenovirus-positive plasmid control at 10 to 100
copies/�l followed by extraction were positive in 30/30 blood
specimens, 30/30 body fluid specimens, 20/20 CSF specimens,
20/20 ocular specimens, 30/30 plasma specimens, 20/20 respira-
tory specimens, 20/20 stool specimens, and 20/20 urine speci-
mens. Spiking studies therefore demonstrated a sensitivity of
100% for HAdV in all specimen types.

By spiking clinical specimens within 1 log of the LoD prior to
extraction as described above, we were able to demonstrate that
PCR inhibitors were not present or were effectively removed dur-
ing the extraction process in representative specimens. In addi-
tion, spiking of 100 stool and 72 ocular swab specimens demon-
strated no amplification inhibition. These data were combined
with historic data for other PCR tests performed using similar
design, extraction platform, master mix components, and cycling
conditions, which demonstrated inhibition rates of �1%; specif-
ically, inhibition was seen in only 2 of 32,642 blood specimens
(0.01%), 6 of 851 body fluid specimens (0.71%), 3 of 1,946 CSF
specimens (0.15%), 0 of 18,245 plasma specimens (0%), 9 of
17,645 respiratory specimens (0.05%), 6 of 644 stool specimens
(0.93%), and 2 of 270 urine specimens (0.74%).

All 52 whole-virus strains and the 5 DNA constructs (HAdV
types 53 to 57) tested positive by the novel HAdV PCR assay. The
acceptable Tm peak range based on testing all confirmed HAdV
types was noted to be 49°C to 62°C (Fig. 1). The presence of a Tm

within this range that exceeded 0.02 fluorescence was used to de-
termine assay positivity. Table 2 shows the Tms of the 57 HAdV
types and amplified regions under the assay probes.
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DISCUSSION

We present a real-time PCR assay for qualitative detection of all 57
reported types of human adenovirus from multiple specimen
types. To our knowledge, ours is the only assay currently described
that will detect all 57 types, including recently described epidemic
strains. The described assay may be used for qualitative detection
from diverse specimen sources, including stool specimens, urine
specimens, lower respiratory specimens, and specimens collected
on a swab. Given the potential for multiple organ system involve-
ment by this virus and the organ tropism of some HAdV types, it
is desirable that a PCR assay be validated for multiple specimen
types. For example, HAdV is a known cause of pharyngoconjunc-
tival fever, and respiratory and ocular specimens are commonly
submitted for HAdV PCR. HAdV is also a common cause of gas-
trointestinal disease, and detection of HAdV DNA in stool may
precede viremia (20, 21). Finally, detection of HAdV DNA by PCR
in serum may also predict disseminated infection in severe disease
(6). Quantitative detection may be useful in some situations (21,
19), and additional studies may be performed to determine the
suitability of the currently described assay for monitoring HAdV
type viral load over time.

There are currently three FDA approved tests for qualitative

detection of HAdVs. However, these are approved for use with
nasopharyngeal swabs only in patients with signs and symptoms
of respiratory disease. The first assay to receive FDA approval was
the Luminex xTAG respiratory viral panel (RVP; Luminex Cor-
poration, Toronto, Canada) for simultaneous detection of multi-
ple respiratory viruses from a nasopharyngeal swab. This assay is
an “open” PCR system in that amplicon is first generated and then
must be manipulated via the addition of proprietary beads before
detection via the Luminex instrument. The original format of this
assay can amplify and detect viruses in 96 specimens from a pre-
viously extracted specimen in an 8-h shift. The newly FDA-
approved version (xTAG RVP Fast) is still an open system but
offers some decreased contamination risk and takes approxi-
mately 5 h from amplification to detection and reporting. How-
ever, some investigators have reported decreased sensitivity for
detection of some viruses by the new faster method (24).

Like the xTAG RVP, the FilmArray respiratory panel (RP;
Idaho Technology, Inc., Salt Lake City, UT) is a multiplex assay for
qualitative detection of multiple respiratory viruses including
HAdV. It consists of a self-contained pouch system that contains
all of the reagents needed for nucleic acid extraction and amplifi-
cation. While it provides sensitivity equal to or greater than that of

FIG 1 Melt peak analysis of the results of the LC PCR assay. Most of the HAdV types will melt at 62°C, but the melting point can range from 49°C to 62°C
depending on the type and number of mismatches under the probes.
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the xTAG RVP (26), it can test only a single patient specimen in 1
h. According to the package insert, testing of 17 HAdV types and
in silico analysis indicate that the FilmArray can detect HAdV
types 1 to 53 (12).

Finally, the Gen-Probe Prodesse ProAdeno� is a singleplex
assay for qualitative detection of HAdV DNA from extracted na-
sopharyngeal swab specimens. The package insert (7) states that it
can detect HAdV serotypes 1 to 51; additional types were not
tested.

In addition to the 2 FDA-approved tests, several qualitative
and quantitative PCR tests for HAdV types have been described
(3–5, 9–11, 15, 22, 25, 28, 34). The vast majority require nested,
multiplex, or multiple singleplex PCRs for the detection of multi-
ple virus types. Furthermore, it is unknown if any of these assays
are capable of detecting the newly described HAdV types 53 to 57,
responsible for human outbreaks in Japan (13, 16, 18), China (33),
France (27), and the United States (14).

We describe an assay that uses a single set of primers and
probes for detection of all reported HAdV types and allows sensi-
tive and specific detection of HAdVs from a wide range of clinical
specimens. Analytical sensitivity is excellent, with similar limits of
detection determined for all HAdV strains tested, except HAdV
12, which had the lowest Tm of all 57 HAdV types, indicating the
weakest bond between probes and the target sequence. It is there-
fore not surprising that the LoD was 2 dilutions lower for this type.
Fortunately, HAdV 12 is rarely described in human infection.

The straightforward specimen processing protocols, including
automated extraction, make this assay well suited for routine di-
agnostic applications. In addition, the closed-system, real-time
PCR design with single primer and probe set facilitates implemen-
tation as a laboratory-developed test.

Melting temperature analysis is the detection phase of the assay
and is performed at the end of the analysis after amplification has
occurred. The production of a distinct Tm occurs only if the 33-
base primer set has successfully amplified the targeted region and
the 36-base probe set has annealed to produce a detectable fluo-
rescent signal. The specificity of the assay is supported by the re-
sults of the BLAST search and the specificity studies which in-
cluded a wide range of pathogens, commensal organisms, and
other respiratory viruses. Polymorphisms in the region targeted
by the FRET probes results in a shift in Tm peak, so that the Tms of
known HAdV types range from 49°C to 62°C (Table 2; Fig. 1).
While not a specific goal of this investigation, further work could
be performed to determine if Tm differences could separate HAdV
genotypes into groups. This may be useful for epidemiological
purposes.

In summary, we present a highly sensitive and specific qualita-
tive real-time PCR assay using a single set of primers/probes for
detection of all 57 known HAdV types from a wide variety of
clinical specimens commonly submitted for viral culture.
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