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Background. A novel human rhinovirus (HRV) species, HRV-C, was recently discovered, but its clinical features
and epidemiology, compared with HRV-A and HRV-B, remains poorly understood, especially in adults.

Methods. One thousand two hundred nasopharyngeal aspirate samples obtained from hospitalized children
and adults during a 1-year period were subject to reverse-transcriptase polymerase chain reaction to detect HRV.
The clinical and molecular epidemiology of the 3 HRV species was analyzed.

Results. HRVs were detected in 178 (29.7%) of 600 nasopharyngeal aspirate samples from children and 42
(7%) of 600 nasopharyngeal aspirate samples from adults. HRV-A was most prevalent (n = 111), followed by
HRV-C (n = 91) and HRV-B (n = 18). Although upper respiratory tract infection was the most common pre-
sentation in children, 8 (62%) of the 13 adults with HRV-C infection had pneumonia, compared with 6 (27%)
of the 22 adults with HRV-A infection (P<.05). Wheezing episodes were also more common among individuals
with HRV-C (37%) and HRV-A (20%) infection than among those with HRV-B (0%) infection (P < .05). Clinical
and molecular data analysis revealed HRV-C as a frequent cause of community and institutionalized outbreaks.
A diverse set of HRV-C genotypes was circulating throughout the year, among which a potential distinct subgroup
of strains was observed.

Conclusion. HRV-C is associated with pneumonia in adults and outbreaks of respiratory infections requiring
hospitalization. A potential novel HRV-C subgroup was identified.

Respiratory tract infection is one of the most com- discovery of novel respiratory pathogens. Apart from

mon and important infectious diseases. However, the severe acute respiratory syndrome coronavirus [3], a

etiological agents remain unknown in a significant pro- number of novel respiratory viruses have been identi-

portion of cases [1) 2] The severe acute respiratory fied since then, including human coronavirus NL63 [4,

syndrome epidemic in 2003 has boosted interest in the 5] human coronavirus HKU1 [6-9], and human bo-
cavirus [9-11].

Human rhinoviruses (HRVs) are the most frequent

causes of acute respiratory tract infections. Although
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ratory tract infections (URTIs), they are increasingly shown to
be associated with more severe diseases such as pneumonia,
especially in infants and elderly and immunocompromised pa-
tients [12—14]. HRVs, which consist of >100 distinct serotypes,
have been classified according to several parameters, including
receptor specificity, antiviral susceptibility, and nucleotide se-
quence identities [15]. On the basis of gene sequence analysis,
all but 1 HRV serotype were classified into 2 species, HRV-A
and HRV-B [16-19].

Recently, several groups have reported the finding of novel
HRYV genotypes in respiratory tract samples obtained from pa-
tients in the United States, Australia, and Hong Kong [20-23].
Analysis of the complete genome sequences suggested that these
newly identified HRV genotypes belonged to a potentially novel
HRYV species, HRV-C, with genome features distinct from HRV-
A and HRV-B [22, 24]. Subsequently, HRVs closely related to
HRV-C were also identified in more clinical samples worldwide,
especially in those obtained from children with respiratory ill-
ness [25-28]. However, most of these studies only focused on
the molecular identification of HRV-C from clinical samples.
No systematic study has been carried out to examine the ep-
idemiology and clinical features of HRV-C, compared with
those of HRV-A and HRV-B. In particular, the importance of
HRV-C in adult respiratory illness still remains poorly under-
stood. In this study, we describe the clinical and molecular
epidemiology of HRV-C in hospitalized children and adults
during a 1-year period. The clinical and epidemiological char-
acteristics of HRV-C infection were also compared with those
of HRV-A and HRV-B infection.

METHODS

Patients and microbiological methods. All nasopharyngeal
aspirate (NPA) samples in this study were collected from hos-
pitalized patients at 2 acute regional hospitals in Hong Kong
during a 1-year period (April 2004 through March 2005) and
had negative test results for influenza A and B viruses, parain-
fluenza viruses types 1, 2, and 3, respiratory syncytial virus and
adenovirus by direct immunofluorescence, and human meta-
pneumovirus, human coronavirus 229E, human coronavirus
OC43, human coronavirus NL63, and human coronavirus
HKUI by reverse-transcriptase polymerase chain reaction (RT-
PCR) [6, 7, 29, 30]. For each month, 50 NPA samples from
children aged <18 years and 50 NPA samples from adults were
randomly selected and subjected to RT-PCR to detect HRV.
The clinical features, laboratory results, and outcome of patients
with positive results for HRV were analyzed.

RT-PCR for HRV and sequencing. Viral RNA was extracted
from NPA samples with use of the QIAamp Viral RNA Mini
Kit (QIAgen). RT was performed using random hexamers and
the SuperScript III kit (Invitrogen) as described elsewhere [7,
8]. PCR to detect HRV was performed according to protocols

described elsewhere with use of conserved primers targeting
the VP4 region [19, 22]. The amplified products were detected
by agarose gel electrophoresis. Both strands of PCR products
were sequenced twice with an ABI Prism 3700 DNA Analyzer
(Applied Biosystems) with use of the PCR primers. The nu-
cleotide sequences of the VP4 regions were compared with
those of HRV-A, HRV-B, and HRV-C strains with sequences
available in GenBank. Phylogenetic tree construction was per-
formed using neighbor-joining method with GrowTree using
Kimura’s 2-parameter correction, with bootstrap values cal-
culated from 1000 trees (Genetics Computer Group).
Statistical analysis.
was performed using the x’ test (SPSS, version 11.5). P<.05

Comparison between different groups

was considered to be statistically significant.
The VP4 nucleo-
tide sequences of the HRV-C strains have been entered into

Nucleotide sequence accession number.

the GenBank sequence database under accession no. FJ937360—
FJ937450.

RESULTS

Detection of HRV in NPA samples from hospitalized patients.
Among the 1200 tested NPA samples, 220 (18.3%) had positive
results for HRV by RT-PCR. These 220 NPA samples were from
210 patients (male:female ratio, 133:87; median age, 3 years;
age range, 19 days to 89 years), and 8 patients had >1 NPA
sample with positive results for HRV. HRV was detected in 178
(29.7%) of the 600 tested NPA samples from children and 42
(7%) of the 600 tested NPA samples from adults. Sequencing
and phylogenetic analysis of the VP4 genes of viruses isolated
from these 220 NPA samples showed that 111 were HRV-A
viruses, 18 were HRV-B viruses (data not shown), and 91 were
HRV-C viruses. The age distribution of infection due to the 3
HRYV species is shown in Table 1. HRV-A and HRV-C had a
higher detection rate in NPA samples from children than in
those from adults. HRV infection occurred throughout the year
during the study period, although a higher incidence was ob-

Table 1. Age Distribution of Nasopharyngeal Aspirates Positive
for Human Rhinoviruses (HRVs)

No (%) of positive samples

Age, No. of

years samples HRV-A HRV-B HRV-C Any HRV
<1 168 30 (17.9) 3(1.8) 23(13.7) 56 (33.3)
1-4 270 33 (12.2) 5(1.9) 37(13.7) 75 (27.8)
5-9 107 21 (19.6) 1(0.9 13(12.2) 35 (32.7)
10-17 55 5(9.1) 2 (3.6) 5 (9.1) 12 (21.8)
18-39 130 7 (5.4) 1(0.8) 2 (1.5) 10 (7.7)
40-59 112 5 (4.5) 1(0.9) 3(2.7) 9 (8.0)
=60 358 10 (2.8) 5 (1.4) 8(2.2) 23 (6.4)

Total 1200 111 (9.3) 18 (1.5) 91 (7.6) 220 (18.3)
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served during the fall and winter months for all 3 HRV species
(Figure 1).

Clinical characteristics of patients with HRV-C infection.
The clinical characteristics of patients with HRV-A, HRV-B,
and HRV-C infection are summarized and compared in Table
2. Of the 91 HRV-C isolates, 78 were detected in children, and
13 were detected in adults. Sixty-two (68%) infections occurred
in patients with underlying diseases, with asthma or other
chronic lung diseases being the most common. Although URTI
was the most common diagnosis in children with HRV-C in-
fection (47%), lower respiratory tract infection was particularly
common among adults, where 8 (62%) of the 13 adults with
HRV-C infection had pneumonia. Fever, cough, and shortness
of breath were common symptoms in both children and adults
with pneumonia associated with HRV-C infection. Although
chest radiographs often showed increased haziness in perihilar
or lower zone regions in these children, consolidation and pleu-
ral effusion were present in 3 and 2 of the adults, respectively.
Wheezing episodes in the form of exacerbations of asthma or
chronic obstructive pulmonary disease or febrile wheeze were
common among individuals with HRV-C (37%) and HRV-A
(20%) infection. In particular, 33 (42%) of the 78 children with
HRV-C infection experienced asthmatic exacerbations or febrile
wheeze. Acute otitis media and croup each occurred in 1 child
with HRV-C infection. Although our study included only NPA
samples with negative results for common respiratory viruses,
respiratory bacterial coinfecting pathogens were occasionally
observed. Gastroenteritis, with or without coinfecting patho-
gens, occurred in 9% of patients with HRV-A and HRV-C
infection and in 17% of patients with HRV-B infection.

Reports of contacts or household members with respirato-
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ry symptoms were not uncommon among patients with HRV
infection. A significant proportion of patients (8%—-12%)
acquired HRV infection at their resident institutions or dur-
ing prolonged hospital stay. Three patients were institutional-
ized in a baby care center that reported staff members or other
children who had similar illness. Three percent of patients with
HRV-A infection and 8% of patients with HRV-C infection had
recent travel histories to mainland China, the Philippines, Ma-
laysia, or Pakistan. Although 2 patients with HRV-A infection
died (one 70-year-old receiving immunosuppressants with
concomitant active pulmonary tuberculosis and one 51-year-
old intravenous drug user with severe community-acquired
pneumonia complicated by acute renal failure), all patients
with HRV-B or HRV-C infection survived.

Molecular epidemiology of HRV-C infection. The VP4 se-
quences of the HRV-C isolates showed diverse genetic varia-
tions, with 67.2%-82.1% nucleotide identity to HRV-C strain
024 (GenBank accession no. NC_009996), suggesting that di-
verse genotypes among the species were circulating throughout
the year (Figure 2). Among these diverse HRV-C genotypes, a
subgroup of strains were found to form a distinct cluster with
a high bootstrap value of 997 (Figure 2). A similar phenomenon
was also observed when VP4 sequences of other HRV-C or related
strains available from GenBank were included in the analysis
(data not shown). No temporal pattern among the diverse HRV-
C genotypes and no apparent genetic difference between isolates
from children and adults were observed (Figure 2).

Analysis of clinical data for HRV-C isolates with identical
VP4 sequences revealed a cluster of 5 community-acquired
cases admitted to the hospital within 3 days in infants or young
children presenting with respiratory illness (Figure 2). One of

Nov
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Jan2005 Feb

Seasonality of the 3 human rhinovirus (HRV) species in the present study.
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Table 2. Comparison of Clinical Characteristics of Patients with Human Rhinovirus (HRV) A, HRV-B, and HRV-C Infection

Characteristic HRV-A HRV-B HRV-C
No. of positive samples 111 18 91
Ratio of male:female patients 67:44 10:8 56:35
Age, median (range) 3 (1 month to 89 years) 8 (4 months to 89 years) 3 (19 days to 85 years)
Ratio of child:adult patients 89:22 11:7 78:13
Underlying disease 67 (60) 11 (61) 62 (68)
Insititutional- or hospital-acquired cases 9 (8) 2(11) 11 (12)
Known contacts with respiratory symptoms 13 (12) 1 (6) 10 (11)
Travel history 3@3) 0 (0) 7 (8)
Diagnosis in children®
URTI 35 (39) 5 (45) 37 (47)
Pneumonia 23 (26) 2 (18) 8 (10)
Acute bronchitis 1(1) 0 (0) 1(1)
Acute otitis media 3(3) 1(9) 1(1)
Acute sinusitis 1(1) 0 (0) 0(0)
Acute conjunctivitis 3 (3) 0 (0) 0 (0)
Asthma/febrile wheeze 17 (19) 0 (0) 33 (42)
Croup 0 (0) 1(9) 1(1)
Febrile convulsion/epilepsy 7 (8) 1(9) 4 (5)
Gastritis/gastroenteritis 10 (11) 2 (18) 8 (10)
Kawasaki disease 1(1) 0 (0) 0 (0)
Henoch Shoenlein purpura 1(1) 0 (0) 1(1)
Nephrotic syndrome 0 (0) 0 (0) 1(1)
Diagnosis in adults®
URTI 11 (50) 3 (43) 4 (31)
Pneumonia 6 (27) 4 (57) 8 (62)
Asthma/COPD exacerbation 5 (23) 0 (0) 1(8)
Gastritis/gastroenteritis 0 (0) 1(14) 0 (0)
Coinfecting pathogens
Epstein-Barr virus 1(1) 0 (0) 0 (0)
Norovirus 0 (0) 0(0) 1(1)
Rotavirus 1(1) 0 (0) 1(1)
Aeromonas 1(1) 0 (0) 0 (0)
Haemophilus influenzae 3 @) 0 (0) 4 (4)
Moraxella catarrhalis 0 (0) 0 (0) 1(1)
Mlycobacterium tuberculosis 1(1) 0 (0) 0(0)
Salmonella 1(1) 0 (0) 0 (0)
Shigella 0 (0) 0 (0) 1(1)
Streptococcus pneumoniae 2 (2) 0 (0) 0 (0)
Deaths 2 (2) 0 (0) 0 (0)

NOTE. Data are no. (%) of patients, unless otherwise indicated. COPD, chronic obstructive pulmonary disorder; URTI, upper respiratory tract infection.

@ Percentages add up to >100% because some patients received >1 diagnosis.

the patients was a 5-month-old infant who was institutionalized
in a baby care center with staff members who also reported
respiratory illness. Two similar small clusters of HRV-C isolates
with identical sequences were also observed, though they were
detected over a longer period of time, one from July to Sep-
tember and the other from April to December (Figure 2).
Eight patients with HRV infection had >1 NPA sample pos-
itive for HRV, of whom 3 patients (patient 3 and patient 7 with

HRV-A infection and patient 8 with HRV-B infection) had 2
separate NPA samples with positive results for the same strain
during the same episode of illness (Figure 2). The other 5
patients had recurrent HRV infection due to different strains
of the same species or different species during the same year.
All 5 patients were young children with underlying illnesses.
For example, patient 6, an infant with underlying congenital
heart disease and laryngomalacia, was infected by 2 different
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Figure 2. Phylogenetic tree of the VP4 region of the 91 human rhinovirus (HRV) C strains and HRV strains detected in patients with >1 NPA samples
with positive results. Two hundred one nucleotide positions in each VP4 region were included in the analysis. All field strains in the present study
are indicated with dates of detection. Strains detected from adults are marked with asterisks. Strains associated with pneumonia are marked with
arrows. The 5 strains with the same nucleotide differences detected from 5 patients within 3 days are shaded. The 6 strains of 3 different clusters
(2 closely related strains from each cluster) associated with pneumonia are marked with a plus sign. The scale bar indicates the estimated number
of substitutions per 50 bases. The HRV-QPM strain was from Queensland. The GenBank accession numbers of the previously published sequences
are as follows: HRV-QPM, EF186077; HRV89, A10937; HRV14, NC_001490; HRV-C 024, NC_009996; HRV-C 025, EF582386; and HRV-C 026, EF582387.



HRV-C strains 3 months apart and subsequently an HRV-A
strain 1 month later.

DISCUSSION

We report the first clinical and molecular epidemiology study
of HRV-C infection in comparison to HRV-A and HRV-B in-
fection in both children and adults. Because laboratory diagno-
sis of HRV infection is generally not available in clinical virology
laboratories, their impact on health is often ignored. Although
recent reports have implicated HRVs in more severe URTIs and
lower respiratory tract infections, especially in children, the el-
derly, and immunocompromised adults [12—14], the relative im-
portance and disease severity associated with the 2 pre-existing
species, HRV-A and HRV-B, and the newly described species,
HRV-C, are not well understood. In this study, HRVs, especially
HRV-A and HRV-C, are shown to be important causes of hos-
pitalizations due to respiratory illness in our locality. In other
studies that described the detection of HRV-A and HRV-B in
addition to the new genotypes, the results were often limited by
either the small number of samples with positive results or a lack
of clinical and epidemiological data [20, 23, 27, 28, 32]. In our
previous study, HRVs were detected in 26 (12.8%) of 203 NPA
samples obtained from hospitalized children, among which 21
were HRV-C and 5 were HRV-A viruses [22]. In this study, 18.3%
of the tested NPA samples had positive results for HRV, with
HRV-A being the most prevalent species (111 isolates), followed
by HRV-C (91 isolates) and HRV-B (18 isolates). These results
suggest that HRV-A and HRV-C may be more prevalent than
HRV-B in our population or that they are associated with higher
hospitalization rates. Interestingly, HRV-A and HRV-C appeared
to alternate as the most common HRV species at different times
during the peak seasons (Figure 1). Alternate disease activity has
been reported in human parainfluenza virus infection, where
human parainfluenza virus 3 activity also appeared to be greater
during years when human parainfluenza virus 1 was not cir-
culating, a phenomenon believed to be attributable to viral in-
terference or cross-serological protection [31]. It would be in-
teresting to investigate possible viral interference between HRV-
A and HRV-C.

HRV-C is likely a frequent cause of both community and in-
stitutionalized outbreaks of respiratory illness. In the present
study, 12% of cases of HRV-C infection were acquired during
institutionalization or hospitalization. Most of them were in
children with prolonged stay in pediatric wards or a baby care
center, whereas one was in an adult hospitalized in a psychiat-
ric ward for management of schizophrenia. For 1 infant, staff
members from the same baby care center were noted to have
similar illness. These suggest that HRV-C frequently circulates
among institutions. On the other hand, clusters of cases due
to the same strains of HRV-C and frequent reports of contacts
with similar illness were also observed in the community-ac-

quired cases, suggesting that these viruses are also common
causes of community outbreaks that lead to significant mor-
bidity and hospital admissions. Because 8% of patients reported
recent travel history to other Asian countries, some infections
may have also been acquired during travel.

In contrast to children, in whom URTI was the predominant
diagnosis, hospitalized adults with HRV-C infection most com-
monly presented with pneumonia. Although the detection rate
of HRV-C infection was higher among children in the present
study, adults with HRV-C infection appeared to present with
more-severe illness. HRV-C infection has been mostly described
in infants and young children with acute respiratory illness. In
line with our results reported elsewhere [22], children with
HRV-C infection in the present study commonly present with
URTI, febrile wheeze, and asthmatic exacerbations. One child
also presented with acute otitis media, which concurred with
the detection of HRV-C in middle ear fluid samples from pa-
tients with acute otitis media in another report [25]. On the
other hand, relatively little is known about the significance of
HRV-C infection in the adult population. In a study from Aus-
tralia, 2 of the 17 identified strains were from adults, of whom
1 experienced an exacerbation of chronic obstructive pulmo-
nary disease [21]. In 2 other studies that mentioned the de-
tection of novel HRVs, which corresponded to HRV-C, in re-
spiratory tract samples from adults, no further clinical details
were provided [23, 28]. In the present study, 8 (62%) of the
13 adults with HRV-C infection had pneumonia, compared
with 6 (27%) of the 22 adults with HRV-A infection (P < .05)
(Table 2). Although most of the adults with HRV-C infection
had underlying diseases or were of advanced age, 1 of the 8
patients with pneumonia was a 45-year-old healthy man who
presented with left upper lobe consolidation without identifi-
able coinfecting pathogens. Among the 16 cases of HRV-C-as-
sociated pneumonia, 6 were caused by viruses of 3 different
clusters (2 closely related strains from each cluster), respective-
ly (Figure 2). Wheezing episodes were also more common in
patients with HRV-C (37%) and HRV-A (20%) infection, com-
pared with that in patients with HRV-B (0%) infection (P<
.05). Although children with HRV-C infection most often pre-
sented with URTI, the disease course was not uncommonly
complicated by asthmatic exacerbations or febrile wheeze trig-
gered by the virus infection. Further clinical studies that involve
more patients with HRV infection are required to investigate
whether certain HRV species or strains may be more virulent
than others.

Recurrent infections in the same patient by different HRV
strains within a short period of time suggested that these young
children may be particularly susceptible to recurrent HRV in-
fection. This may be attributable to low cross-serological pro-
tection between different strains of HRV-C and between dif-
ferent HRV species, especially in the setting of a suboptimal
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level of neutralizing antibodies from previous infection in pa-
tients with underlying diseases. Together with the genetic di-
versity observed in VP4 sequence analysis throughout the year,
HRV-C probably represents a clade of diverse HRV genotypes
that can easily evade immune protection. However, successful
isolation of different HRV-C genotypes would be required to
study their cross-serological reactivity.

HRV-C has been proposed as a new HRV species within the
genus Enterovirus by the International Committee on Taxon-
omy of Viruses (http://talk.ictvonline.org/media/p/1035.aspx),
which may contain a distinct subgroup of strains. Since the
discovery of this new clade of HRYV, related viruses have been
identified from different countries from Africa, Asia, Australia,
Europe, and North America [20-28, 32]. Although these viruses
were referred to as novel genotypes or HRV-X in some studies,
they are now believed to represent a distinct species, HRV-C
[22, 24-26, 28, 32, 33]. First, these viruses formed a distinct
cluster separate from HRV-A and HRV-B on phylogenetic anal-
ysis of the 5 noncoding regions and predicted proteins [22,
24]. Second, they possessed genome features distinct from
HRV-A and HRV-B, namely, a different putative cleavage site
between VP4 and VP2 and major differences within the VP1
region. In particular, only a few of the conserved amino acid
residues within VPI1 that determine receptor binding of HRV-
A and HRV-B were found [22]. With use of structural ho-
mology modeling, the VP1 of HRV-C was also found to possess
structural disparities within sites for receptor binding, com-
pared with HRV-A and HRV-B [24]. These suggested that HRV-
C may use a different cellular receptor, which may reflect the
inability to successfully isolate HRV-C in traditional cell cul-
tures. By completing the genome sequences for all known HRV
serotypes, a recent study also confirmed species-specific se-
quence and RNA structure elements that differentiate HRV-A
and HRV-B from HRV-C [33]. The study also identified a
potential novel clade, clade D, which forms a separate cluster
within HRV-A. Interestingly, we also identified a potential dis-
tinct cluster of strains of HRV-C during phylogenetic analysis
in the present study. In fact, we found that a similar separate
cluster of strains was also present in our and several other
studies of HRV-C strains, although bootstrap values were not
shown in some studies [20, 22, 25, 27, 28]. When all available
VP4 sequences of HRV-C isolates were included in analysis,
these strains were clustered with high bootstrap values, sug-
gesting a possible distinct subgroup within HRV-C (analysis
was performed using available sequences published up to 15
March 2009; data not shown). The same tree topology was
obtained when a different method, UPGMA, was used for tree
construction (data not shown). However, the present data are
limited by the fact that only VP4 sequences were available for
analysis. Although additional studies are required to elucidate
the receptor(s) for HRV-C, the existing data support the clas-

sification of HRV-C as a separate species. Longer gene sequences
or complete genome sequences of the diverse HRV-C genotypes
should allow better delineation of their genetic variability and
allow ascertainment of the existence of distinct subgroups
within the species.
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