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Improved knowledge of the genotypic characteristics of human rhinovirus (HRV) is required, as are nucleic
detection assays with the capacity to overcome both the similarities between members of the family Picorna-
viridae and the wide diversity of different HRV serotypes. The goal of the present study was to investigate the
variability and the genotypic diversity of clinical strains circulating in the community. Since most reverse
transcription (RT)-PCR assays available cannot differentiate HRV from other members of the family Picor-
naviridae, we also validated an assay specific for HRV detection. The 5’ noncoding regions of 87 different HRV
serotypes and clinical isolates were sequenced. On the basis of sequence analysis and phylogenetic determi-
nation, we first confirmed that all clinical isolates were HRV. We then validated a real-time RT-PCR assay that
was able not only to detect all HRV serotypes and all clinical isolates tested but also to accurately discriminate
between rhinovirus and other viruses from the family Picornaviridae. This assay was negative with isolates of
coxsackievirus (types A and B), echovirus, enterovirus, parechovirus, and poliovirus, as well as nonpicorna-
viruses. Among a series of bronchoalveolar lavage specimens, 4% (7 of 161) were positive by culture, whereas
13% (21 of 161) were positive by RT-PCR. In the present study we showed that to specifically identify HRV in
clinical specimens, diagnostic assays need to overcome both the diversities and the similarities of picornavi-
ruses. By sequencing the 5’ noncoding regions of rhinoviruses recovered from clinical specimens, we designed

probes that could specifically detect rhinovirus.

Human rhinoviruses (HRVs) are small, single-stranded,
positive RNA virions of approximately 7,200 bp that are
packed into a capsid of 30 nm (15) and that belong to the
family Picornaviridae. More than 100 serotypes of HRV have
been identified (41, 26), and HRV constitutes the most fre-
quent cause of respiratory infections (14, 30, 38). HRV repli-
cation is generally restricted to the upper respiratory tract (2),
leading to self-limited colds; but HRV infections are also as-
sociated with sinusitis (35), otitis media (36), and exacerba-
tions of asthma (27). HRV can also replicate in the lower
respiratory tract (34) and cause pneumonia in transplant re-
cipients (21, 31). To better understand the potential impact of
HRYV and other respiratory viruses, there is a need to imple-
ment rapid and specific tests. In clinical practice, such tests
could not only avoid unnecessary investigations and treatment
but also could differentiate the cause of the disease in special
epidemiological circumstances, such as influenza, respiratory
syncytial virus (RSV), or severe acute respiratory syndrome
(SARS) outbreaks.

Cell culture and evaluation for the appearance of a typical
cytopathic effect (CPE) are still the routine procedures used
for the identification of human picornaviruses in respiratory
samples. However, cell culture has several limitations, includ-
ing the need for expertise, the need to use different cell lines,
an intrinsic delay of several days, and a lack of sensitivity (3, §,
20). Most published PCR methods have used primers directed
to the 5’ noncoding region (5’ NCR), which is the most con-
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served region among human picornaviruses (1, 4, 6, 8, 9, 13, 18,
22, 24, 29). A few assays have also targeted the VP2 or VP4
capsid gene (12, 32, 33, 37). These assays have proved to be
sensitive but, unfortunately, are often in a nested format and
require hybridization probes and time-consuming post-PCR
handling. In addition, most are unable to fully differentiate
HRV from members of the genus Enterovirus, another large
genus of the family Picornaviridae (5, 7, 17, 23, 39, 40). Al-
though it is known that these viruses share substantial homol-
ogies, very few data exist on the genotypic characteristics of
rhinoviral strains that cause disease in humans.

We have analyzed the 5" NCR sequences of HRV isolates of
known serotypes and the sequences of clinical isolates and
have compared these sequences with those of known entero-
viruses. Following this, our investigation focused on the devel-
opment of internal probes highly specific for HRV identifica-
tion.

MATERIALS AND METHODS

Virus strains and clinical isolates. Picornaviruses and respiratory viruses were
obtained from the American Type Culture Collection (from the Laboratory of
the Government Chemist, Teddington, United Kingdom) or from clinical iso-
lates typed in the Central Laboratory of Virology, University Hospitals of Ge-
neva. These strains were used to assess both the sensitivity and the specificity of
the real-time HRV reverse transcription (RT)-PCR assay. We tested 29 different
HRYV serotypes (serotypes 1A, 1B, 2,3,5,7, 8,9, 12, 14, 15, 16, 17, 18, 21, 22, 29,
32, 37, 39, 45, 53, 58, 62, 72, 82, 87, 89, and 90) and 58 different HRV-positive
clinical isolates. Apart from one member, all members of the Enterovirus-Pare-
chovirus genus (19) known to infect humans were also tested: coxsackievirus
types Al to A21 (except type A12) and coxsackievirus types B1 to B6; echovirus
types 1 to 33 (except types 10 and 28); enterovirus types 68 to 71; parechovirus
types 1 and 2; and poliovirus types 1, 2, and 3. In addition, the following
heterologous viruses, selected because they are commonly recovered in respira-
tory samples, were tested: adenovirus; coronavirus types OC43 and E229 and
SARS-associated coronavirus; herpes simplex virus type 1; human cytomeg-
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alovirus; human metapneumovirus; influenza virus types A and B; parainflu-
enza virus types 1, 2, 3, and 4; and RSV types A and B.

Human metapneumovirus controls were made of plasmid DNA and were
kindly provided by R. A. Fouchier and A. Osterhaus, Department of Virology,
Erasmus Medical Center, Rotterdam, The Netherlands. SARS coronavirus con-
trols were kindly provided by C. Drosten, Bernhard-Nocht Institute of Tropical
Medicine, Hamburg, Germany, as lyophilized in vitro-transcribed RNA contain-
ing the target polymerase gene and also as inactivated whole virus. Human
coronavirus types OC43 and E229 were obtained from the American Type
Culture Collection. When the controls were used to assess the specificity of our
assay, all controls were tested in parallel with their appropriate primers and
probes.

Stocks of HRV have been constituted by inoculation of monolayers of HeLa
Ohio cells and human embryonic (HE) fibroblasts, while coxsackievirus, echovi-
rus, enterovirus, parechovirus, and poliovirus were inoculated on HE, A549, or
Vero cells. The culture tubes were continuously rolled at 33°C for HRV and at
37°C for the other picornaviruses and were examined for 10 days. When a CPE
was observed, supernatants were harvested, stored in aliquots, and frozen at
—80°C. Clinical isolates were inoculated on appropriate cell lines (HE, A549,
LLCMK,, MDCK, Rita [Cercopithecus sp.], or Vero cells), and the type of virus
was identified on the basis of the CPE confirmed by immunofluorescence with
specific monoclonal antibodies directed against the various viruses (Chemicon,
Temecula, Calif.). HRV isolates from clinical specimens have been also identi-
fied on the basis of their acid labilities (16, 28).

Clinical specimens. During a 1-year period, 161 randomly selected bronchoal-
veolar lavage (BAL) specimens sent to our laboratory for viral culture were
analyzed. All specimens were inoculated at two different temperatures (33 and
37°C) on four different cell lines (HE, A549, MDCK, and LLC-MK?2 cells) for
respiratory virus detection.

Viral RNA extraction. RNA was extracted from 200 pl of each specimen by
using 400 wl of lysis mixture (HCV Amplicor Specimen Preparation kit; Roche
Diagnostics Corporation, Indianapolis, Ind.) and kept at room temperature for
10 min. Six hundred fifty microliters of propanol was added, and the tubes were
centrifuged at 5,000 X g for 15 min. The resulting pellet was washed with 1 ml of
ethanol (70%), followed by another centrifugation at 5,000 X g for 5 min. The
ethanol was then removed and the pellet was dried at room temperature for 15
min. RNA was dissolved in 30 pl of nuclease-free water (a Promega product;
Catalys AG, Wallisellen, Switzerland) and immediately processed for RT.

RT. RT was performed with Superscript II RNase H™ reverse transcriptase
(Invitrogen, Life Technologies, Basel, Switzerland) in a reaction mixture con-
taining 5 ul of extracted RNA, 4 pl of 5X first-strand buffer (250 mM Tris-HCl
[pH 8.3], 375 mM KCl, 15 mM MgCl,), 2 ul of dithiothreitol (0.1 M), 100 U of
Superscript II RNase H™ reverse transcriptase, 2 pl of deoxynucleoside triphos-
phate (1.5 mM; Amersham Biosciences Europe GmbH, Freiburg, Switzerland),
20 U of RNase inhibitor (Roche Diagnostics GmbH, Mannheim, Germany), 1.5
pl of random primer p(dN), (Roche Diagnostics GmbH), and 4 ul of nuclease-
free water. RT was carried out for 60 min at 42°C, immediately followed by
incubation at 95°C for 10 min. The tubes were put on ice and were immediately
frozen at —80°C if they were not used immediately. All the different extraction
and RT steps were conducted in parallel with a supernatant known to be positive
for HRV-infected cells and negative controls.

Real-time PCR. (i) Rhinovirus-specific primers and probes. We selected con-
sensus primers directed to the most conserved region in the 5’ NCR. With this
set of primers, 20 rhinoviral isolates were initially amplified, sequenced, and
aligned with 120 enteroviral and rhinoviral sequences available in the GenBank
database (the database of the National Center for Biotechnology Information,
Bethesda, Md.) by use of the Multalin program (10) to identify probes specific
for HRV. Due to the heterogeneity of HRV, two internal probes that potentially
do not anneal with other enteroviruses were selected. One probe was labeled at
the 5" end with the reporter dye 6-carboxyfluorescein (FAM) and at the 3" end
with the quencher dye 6-carboxytetramethylrhodamine (TAMRA), and the
other probe was labeled at the 5’ end with the reporter dye VIC (Applied
Biosystems, PE Europe B.V., Basel, Switzerland) and at the 3’ end with the
quencher dye TAMRA. The sensitivity and specificity of this RT-PCR assay and
the two probes were evaluated by using known HRV and enterovirus serotypes
as well as clinical samples. At the same time, we also tested all strains using
primers and probes designed to specifically detect members of the genus Entero-
virus. All experiments were conducted with appropriate positive and negative
controls.

(ii) Enterovirus-specific primers and probes. The specific primers and probes
directed to the 5" NCR region and used for the specific detection of members of
the genus Enterovirus were forward primer 5-CCC CTG AAT GCG GCT
AAT-3" and reverse primer 5'-CAA TTG TCA CCA TAA GCA GCC A-3,
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together with the following two detection probes: probe A (5'-GGA CAC CCA
AAG TAG TCG GTT CCG CTG C-3') and probe B (5'-GAG TTG CCC GTT
ACG ACA CAT GCC C-3' (A. H. Brandenburg, G. T. Noordhoek, E. A.
Poelstra, S. Mulder, and A. van Elsacker-Niele, Abstr. 102nd Gen. Meet. Am.
Soc. Microbiol., abstr. C-225, p. 140, 2002). The probes were labeled with the 5’
reporter dye FAM and the 3" quencher dye TAMRA.

(iii) Tagman PCR. PCR was performed with 5 wl of cDNA, Tagman Universal
Mastermix containing a 6-carboxy-x-rhodamine passive reference marker (Ap-
plied Biosystems, PE Europe B.V.), 900 nM forward primer, 600 nM reverse
primer, and 200 nM rhinovirus-specific probes (total PCR volume, 25 ul per
well). Amplification and detection were performed with an ABI Prism 7900HT
sequence detection system (Applied Biosystems, PE Europe B.V.) under the
following conditions: 2 min at 50°C, 10 min at 95°C, and 55 cycles (cycle thresh-
old [C]) of 15 s at 95°C and 1 min at 55°C. Samples were considered positive if
the C for amplicon production was less than 45. The real-time PCR for detec-
tion of members of the genus Enterovirus was performed under the conditions
described above, except that the primer concentrations were 300 nM and slightly
different cycling conditions were used (55 cycles of 15 s at 95°C and 1 min at
60°C).

Sequencing and phylogenetic analysis. All amplicons recovered from the
HRV RT-PCR were sequenced in order to confirm the specificity of the assay
and to build phylogenetic trees. Sequencing was performed with 5 pl of the
diluted amplicons, 1 pmol of each primer (the forward and reverse primers used
for the HRV RT-PCR) per pl, and the DYEnamic ET Terminator Cycle Se-
quencing kit (Amersham Biosciences) on an ABI Prism 377 DNA Sequencer
(Applied Biosystems, PE Europe B.V.), according to the manufacturer’s instruc-
tions (25 cycles of 10 s at 95°C and 3 min at 60°C, with the reaction mixture then
held at 4°C). Sequence alignment was performed with the ClustalW program,
and phylogenetic analyses were carried out with the Phylip package by using the
Seqboot (100 replicates), the Dnadist, and the neighbor-joining programs (11).

Plasmid production. We selected the partial sequence of the HRV type 2
(HRV-2) and HRV-14 5" NCRs corresponding to the amplicon detected by
real-time RT-PCR as the target and constructed a plasmid using the TA Cloning
kit (Invitrogen, Life Technologies). The 5" NCR gene was amplified by PCR
(with the primers used in the RT-PCR) and cloned into vector PCR2.1 according
to the manufacturer’s instructions. The successful clones were amplified and
sequenced.

Nucelotide sequence accession numbers. All sequences reported in this study
have been submitted to the GenBank database under accession numbers
AY371926 to AY371990.

RESULTS

Probe selection on the basis of sequence analysis. On the
basis of the analysis of the sequences available in GenBank, we
selected a set of primers that were found to be similar to those
published previously (4, 13, 24): forward primer (Amplimer 1)
5'-GCA CTT CTG TTT CCC C-3’ and reverse primer (Am-
plimer 2) 5'-AGC CTG CGT GGC TGC C-3' (Fig. 1). These
primers were used to amplify 20 known rhinoviral isolates as
well as other picornaviruses. Using nonspecific detection of the
PCR product on agarose gels after ethidium bromide staining,
we confirmed that these primers were not specific for HRV
only and could also amplify members of the genus Enterovirus.
All amplicons were then sequenced, aligned, and analyzed on
a phylogenetic tree enhanced by the available sequences from
GenBank. Although the 5’ NCR region is considered the most
conserved among the family Picornaviridae, there is a wide
diversity and high degree of variability in the sequence of the
region among the members of a given genus. This variability is
easily observed in Fig. 2, which compares the sequences of
HRYV isolates of known serotypes to the HRV-2 sequence. A
similar variability was observed for clinical isolates (data not
shown). Variations in the sequences of the HRV amplicons
showed that at least two probes were required for the detection
of all available rhinoviral sequences: RHP1 (5'-AGC CTC
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FIG. 1. Schematic representation of the rhinovirus genome. The locations and orientations (arrows) of the primers and the two probes used
in the real-time RT-PCR are indicated. Initiation and cleavage sites are defined by the vertical bars, their positions, and the proteins coded for
by the reference HRV-2 isolate. The gray bar represents the 5" NCR from which the consensus sequence, the primers, and the probes were defined.

ATC TGC CAG GTC TA-3') and RHP2 (5'-AGCCTC ATC
GAC CAA ACT A-3') (Fig. 1 and 2).

By using these two probes, 29 HRV serotypes as well as 48
culture-positive clinical specimens tested positive by the Tag-
man RT-PCR. Neither of these probes detected the amplicons
that clustered as enterovirus. A subsequent phylogenetic anal-
ysis showed that each of these probes (RHP1 and RHP2)
detected different clusters of serotypes and isolates (Fig. 3).
One group consisted of HRV types 3, 14, 17, 37, and 72, and
some clinical isolates (GU0202, MF 1201, AE1101, and
RJ0700) were detected with probe RHP2, while all other se-
rotypes and clinical isolates were detected by probe RHP1.

Assay specificity. As the primers were not strictly specific for
rhinovirus and had the ability to detect other enteroviruses, we
then confirmed the specificity of the probes by testing nucleic
acid extracts of coxsackievirus types Al to A21 (but not A12)
and B1 to B6; echovirus types 1 to 33; enterovirus types 68 to
71; parechovirus types 1 and 2; and poliovirus types 1, 2, and 3.
None of these viruses were detected (Table 1). HRV-87, re-
cently classified as a member of the genus Enterovirus (7, 23,
39), was not detected either. All nonpicornaviruses commonly
found in BAL specimens—such as adenovirus; coronavirus
types OC43 and E229; SARS-associated coronavirus; herpes
simplex virus type 1; human cytomegalovirus; human metap-
neumovirus; influenza types A and B; parainfluenza types 1, 2,
3, and 4; and RSV types A and B—tested negative by assays
with both rhinovirus-specific probes as well as the enterovirus-
specific probes (Table 1).

Assay sensitivity. To determine the lower limit of detection
of HRYV by real-time RT-PCR, a 10-fold dilution series (from
107" to 10™'%) of HRV-2 supernatants was inoculated onto
HE cells and, in parallel, was processed for extraction by RT
and Tagman PCR. With probe RHPI1, the RT-PCR assay
detected HRV-2 nucleic acid at dilutions from 10~ 'to 10~¢
and was negative for the subsequent dilutions, thus demon-
strating that the dynamic range of the assay spans at least 10°
log dilutions of an initial inoculum corresponding to 10° 50%

tissue culture infective doses. Similar results were obtained by
the assay with HRV-14 and the RHP2 probe.

A plasmid was also produced in order to assess the analytical
sensitivity of our PCR assay with the two probes and to obtain
an inhibition control in the routine assays. On the basis of five
different experiments with DNA plasmid (at dilutions ranging
from 10~ ! to 10~ '#), we were able to estimate that the limit of
detection with probe RHP1 was 1 copy/5 pl of reaction mix-
ture, since positive detection results were obtained up to dilu-
tions of 107! and negative results were obtained for the sub-
sequent dilutions (Fig. 4). Similar results were obtained with
the probe RHP2 (data not shown).

Validation with clinical specimens. Of 161 randomly se-
lected specimens analyzed, 7 (4%) were HRV culture positive,
whereas 21 (14%) were positive by the RT-PCR assay. All
culture-positive samples were positive for rhinovirus by the
RT-PCR assay (100% sensitivity compared to the results of
culture). Eighteen samples were positive with probe RHP1,
including the seven culture-positive specimens, and three cul-
ture-negative specimens were positive with probe RHP2.

DISCUSSION

In the present investigation we showed that the wide diver-
sity that exists among HRYV isolates is a limiting factor in the
development of diagnostic assays specific for the detection of
viral RNA. Based on the analysis of the 5" NCR sequences, we
demonstrated that there are limited homologies between the
different serotypes tested. We also sequenced isolates circulat-
ing in the community and, in a similar manner, observed a
large degree of diversity among these viruses. This, together
with the known propensity of RNA viruses to mutate, under-
lines the need for carefully designed molecular diagnostic tools
with the capacity to specifically identify each member of the
family Picornaviridae. All these observations suggest that con-
tinuous surveillance for circulating strains is necessary to en-
sure that the detection probes designed for use in diagnostic
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FIG. 2. Comparison of the sequences of a 180-bp nucleotide region of the 5" NCRs of 29 different HRV serotypes. The double-headed arrows
represent the locations of the two probes.
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FIG. 3. Phylogenetic tree based on the sequence alignment of a 180-bp nucleotide region of the 5" NCRs of 107 rhinoviruses. HRV 87 was
defined as an outgroup for the classification. The strains of rhinovirus isolates serotyped (n = 30) are in red, clinical rhinovirus isolates (n = 48)
are in blue, and nonserotyped isolates obtained from GenBank (n = 29) are in black.
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TABLE 1. Picornavirus strains and heterologous viruses
tested by the RT-PCR assay”

Result by real-time
RT-PCR for:

Virus and type Rhinovirus

with probes Entero-

RHPI/RHP2 "'

Rhinovirus
Types 1A, 1B, 2, 5,7, 8, 9, 12, 15, 16, 18, 21, Pos/Neg Neg

22,29, 32, 39, 45, 53, 58, 62, 82, 89, 90

Types 3, 14, 17, 37, 72 Neg/Pos Neg
Types 87 Neg/Neg Pos
Adenovirus Neg/Neg Neg
Human cytomegalovirus Neg/Neg Neg
Herpes simplex virus type 1 Neg/Neg Neg
Influenza virus types A and B Neg/Neg Neg
Parainfluenza virus types 1, 2, 3, and 4 Neg/Neg Neg
RSV types A and B Neg/Neg Neg
Coronavirus types OC43, E229, and SARS Neg/Neg Neg
Coxsackievirus A types 1 to All, Al13 to 21 Neg/Neg Pos
Coxsackievirus B types 1, 2, 3, 4, 5, 6 Neg/Neg Pos
Echovirus types 1 to 9, 11 to 21, 24 to 27, Neg/Neg Pos

29 to 33
Parechovirus types 1 and 2 Neg/Neg Neg
Enterovirus types 68, 69, 70, and 71 Neg/Neg Pos
Poliovirus types 1, 2, and 3 Neg/Neg Pos

¢ The real-time RT-PCR for the detection of rhinovirus is very specific. None
of the listed heterologous viruses commonly recovered in respiratory samples
were detected by the real-time RT-PCR for rhinovirus and enterovirus. Different
strains of picornaviruses tested negative by the rhinovirus RT-PCR, while they
scored positive by the enterovirus RT-PCR. These results showed the specificity
of the RT-PCR for rhinovirus. Pos, positive result; Neg, negative result.

assays are regularly updated. Recently, the sequences of major
capsid protein VP1 of all serotypes have been available from
GenBank and have confirmed the high degree of diversity
between each serotype. Analysis of these sequences showed
that a consensus region is unlikely to be identified in VPI.
Thus, compared to other genes, the 5" NCR remains a rela-
tively conserved target for diagnostic assays.

To improve our ability to diagnose rhinoviral infections, we
then developed a real-time RT-PCR that could overcome the
diversity that exists among picornaviruses and enteroviruses. In
order to achieve this goal we used the sequences of both iso-
lates of the different serotypes and clinical isolates and de-
signed a set of two probes highly specific for HRV detection.
Through extensive experiments, we have shown that these
probes detected only HRV and not other picornaviruses com-
monly recovered in respiratory specimens. In addition, phylo-
genetic analysis, enhanced by the inclusion of more than 90
sequences of members of the genus Enterovirus, confirmed that
all amplicons detected by these probes clustered in the HRV
family and were distinct from other picornaviruses. Phyloge-
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netic analysis also showed that each of the two probes clustered
in two different subgroups that included different serotypes.
The observation that genotypic subgroups could be observed is
important for vaccine or drug development. Of note, none of
the heterologous viruses that are commonly recovered in re-
spiratory samples were detected by the assay.

The high degree of specificity of the assay was also associ-
ated with good analytical and clinical sensitivities. This real-
time PCR could detect very low DNA concentrations (1 copy/5
wl) and was revealed to have a sensitivity much higher than
that of cell culture in vitro and with clinical specimens. The
latter point was demonstrated with BAL specimens; the RT-
PCR assay detected HRV 1in all culture-positive samples but a
large number of additional samples were RT-PCR positive and
culture negative.

The wide diversity of HRV is illustrated by the fact that
approximately 100 serotypes have been identified. Serotype
identification is based on consensus conferences dating from
the 1960s with sera of patients with proven infections (26). This
classification has been correlated to genetic analysis in a lim-
ited number of studies, and to our knowledge, complete rhino-
viral sequences are available for only approximately five rhi-
noviral strains. A potential limitation of our study is that we did
not analyze all known serotypes, but a large number of these
serotypes and carefully selected strains representative of the
various groups were included. In the presence of highly vari-
able targets, the use of other approaches such as microarray-
based detection should also be considered. This technology has
the potential to detect multiple viruses without the need for
sequence-specific primers (42). However, this technology has
not been validated in the clinical setting, does not avoid PCR
amplification, and requires highly specialized equipment. Giv-
en these limitations, real-time RT-PCR remains a reference
assay applicable for use in specialized laboratories.

Although HRYV replication is generally limited to the upper
respiratory tract in healthy subjects, experimental data from
studies with humans have shown that rhinovirus replicates in
the lower respiratory tract (33). Reports have shown that im-
munocompromised hosts, particularly hematopoietic stem cell
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FIG. 4. Sensitivity of HRV-2 plasmid DNA detection. Serial 10X
dilutions of plasmid DNA diluted from 107! to 1072 were tested in
duplicate and showed a limit of detection corresponding to 1 plasmid
copy /5 pl of reaction mixture.
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recipients, can develop severe rhinoviral pneumonia. This is
an important consideration, since specific antiviral treatment
might be considered in patients with severe illness. Pleconaril,
which is active against a wide range of picornaviruses, has been
shown to be effective against rhinoviral strains circulating in
the community (25); and additional compounds, including pro-
tease inhibitors, are also in advanced stages of development.
Given the possibility that effective antiviral drugs may be used,
there is a need to specifically identify HRV in respiratory
samples of high-risk subjects.

In the present study, we performed a detailed genotypic
analysis of the 5’ NCRs of HRV isolates of different serotypes
and clinical HRV isolates. This approach allowed us to validate
an HRV real-time RT-PCR assay that can overcome both the
wide degrees of similarity and diversity of members of the
family Picornaviridae that commonly infect humans.
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