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Abstract

Background—Human rhinoviruses (HRV) are now considered major respiratory pathogens. We
sought to determine whether HRV are a cause of wheezing and/or hospitalization in children < 2
years old.

Methods—A PCR assay was used to screen for HRV infection in 4 categories of children < 2
years old: 1) with symptoms of respiratory tract disease without wheezing; 2) with wheezing with
or without other symptoms; 3) who were asymptomatic and; 4) who had a respiratory specimen
submitted to a diagnostic laboratory. All specimens were collected between January and
December, 2004. Phylogenetic analyses were performed on most HRV isolates.

Results—Twenty-eight (17%) of 165 children with symptoms of respiratory infection without
wheezing; 21 (26.3%) of 80 children with wheezing; 3 (3%) of 93 asymptomatic children and 47
(23.3%) of 202 children with specimens submitted to the diagnostic laboratory tested positive for
HRV. The difference between the rates of infection in the asymptomatic group and in each of the
three other categories was statistically significant (p<0.01). Among HRV-positive children with
samples submitted to the diagnostic laboratory, 55% were hospitalized which was similar to that
observed for respiratory syncytial virus (52.7%) among children of a similar age group and time
period (P=0.85). Diverse groups of HRV were circulating during the one-year study period.

Conclusions—HRYV are important pathogens among children < 2 years old and are responsible
for a significant proportion of wheezing this age group. The hospitalization rates of HRV-positive
children appear to be similar to that of RSV.
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INTRODUCTION

Respiratory tract infections are a major cause of morbidity and mortality worldwide (1).
Many viral pathogens have been associated with respiratory tract disease. Among the most
common of these pathogens are the human rhinoviruses (HRV) which, until recently, were
thought to cause mainly mild upper respiratory tract infection. HRV were found to be the
cause of 80% of cases of the common cold in adults who had self-diagnosed colds (2). HRV
belong to the picornavirus family of viruses that include the polioviruses, the enteroviruses
and hepatitis A virus, among others. The first HRV was isolated in 1956 (3, 4) and since that
time, more than 100 genotypically and serotypically diverse HRV have been identified. New
HRV continue to be discovered (5-11), suggesting that this genus may be even more diverse
than previously thought. The diversity of HRV and their slow growth in cell culture
hampered the study and detection of these viruses, when they were thought to be of minor
clinical significance. The development of more sensitive molecular diagnostic techniques
such as PCR assays(12, 13), capable of detecting multiple HRV with a single reaction, has
led to a greater appreciation of the clinical significance of these viruses (for review, see

(14)).

HRYV are now known to be associated with serious infections of the lower respiratory tract
(15-17), including bronchiolitis and pneumonia in young children (7, 15, 17-24), and these
viruses may be the cause of a small, but significant proportion of influenza-like illnesses (6).
Moreover, HRV have been implicated in exacerbations of asthma among school-aged
children (25, 26) and adults (27). Recently, Miller et al (28) reported an association between
HRYV infection and hospitalization in children < 5 years old. These studies suggest that HRV
infections are common and are likely the cause of a substantial proportion of respiratory
tract infections.

Young children may be particularly prone to HRV infection. In a cohort of 329 children,
79% had at least one HRV symptomatic infection by the age of 2 years (29). HRV was the
most common virus detected among children with acute respiratory illness in the first year
of life (30). Asymptomatic HRV infection occurs in infants (31), children(32-35) and
adults(32, 33, 36) raising the question as to whether HRV are a major cause of lower
respiratory tract infection.

To further investigate the association between HRV and lower respiratory tract disease,
including wheezing, among young children, we screened specimens obtained from children
< 2 years old between January and December 2004 for HRV and compared those results
with results from a group of asymptomatic controls whose specimens were obtained during
the same year. We also screened specimens submitted to a clinical diagnostic laboratory for
HRV. Lastly, we defined the molecular epidemiology of HRV during a 1 year period in New
Haven, Connecticut.
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MATERIALS AND METHODS

Specimens

Nasopharyngeal aspirates were collected from children < 2 years old between January and
December 2004 according to standard protocols (37). Respiratory specimens were stored at
—20°C after addition of an equal volume of “viral freezing medium” (2X Dulbecco’s
modified Eagle medium, 200 mmol/L MgSO,4 and 100 mmol/L HEPES [pH 7.5]). (Both
magnesium and HEPES buffer has been shown to preserve the infectivity of RSV (38).)
Study subjects originated from four clinical categories. Categories 1-3 were patients
identified prospectively in the Yale-New Haven Hospital Primary Care Center Pediatric
Clinic (PC). Category 1 included children who had evidence of upper and/or lower
respiratory tract infection without wheezing (PC non-wheezing); Category 2 included
children who had evidence of wheezing (PC wheezing) with or without other symptoms of
respiratory tract disease or infection; Category 3 included asymptomatic children who were
seen for routine well-child visits and did not have any evidence of either upper or lower
respiratory tract infection on the day of enrollment or in the 15 days prior to enroliment
(Asymptomatic). Category 4 included children from whom a respiratory specimen was
submitted to the Yale-New Haven Hospital Clinical Virology Laboratory (Clinical
Virology) for testing for respiratory viruses. Specimens from patients in Category 4 were
submitted at the discretion of the medical team from the Emergency Department, inpatient
wards, intensive care units and hospital-affiliated outpatient urgent care clinics. Patients
were included in Category 4 only if the results of the tests on the specimens were negative
for adenovirus, parainfluenza virus 1-3, influenza A and B and respiratory syncytial virus
(RSV) by direct immunofluorescence assay (DFA). The specimens screened in this study
were not cultured for HRV. All of the specimens from Category 4 were screened for the
human bocavirus (HBoV) by PCR as previously described (39). Collection of specimens and
clinical data were approved by the Yale University Human Investigation Committee. Signed
informed consent was obtained for the enrolled of children in the Yale-New Haven Hospital
Primary Care Center.

RNA extraction, RT-PCR

RNA was extracted using a commercially-available nucleic acid purification kit (Qiagen,
Valencia, CA) according to manufacturer’s instructions. Reverse transcriptase (RT) was
performed using random hexamer primers and MuMLYV RT (New England Biolabs,
Beverly, MA), according to the manufacturer’s specifications. PCR amplification was
performed using the PICOF3 and PICO-R3 primers (40) which amplify a 115-bp region of
the picornavirus 5’-untranslated region (5’-UTR). For sequencing purposes, a larger (394
bp) portion of the picornavirus5’-UTR was amplified using the OL-26 and OL-27 primers
(41) PCR amplification was performed using HotStar Taq polymerase (Qiagen) according to
the manufacturer’s instructions. PCR amplification cycles were performed as follows: 95°C
for 15 minutes followed by 40 cycles of 94°C for 1 min, 58°C for 1 min, and 72°C for 1
min, and completed by a final extension cycle at 72°C for 10 minutes. Each set of PCR
included appropriate positive and negative controls. Amplicons were detected by agarose gel
electrophoresis. All primers used in this study were synthesized by the Oligonucleotide
Laboratory, Department of Pathology, Yale University School of Medicine.
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Sequencing and Phylogenetic Analysis

To verify the identification of HRV, amplicons were sequenced using an Applied
Biosystems 3730 XL DNA Analyzer at the W. M. Keck Biotechnology Resource
Laboratory, Yale University School of Medicine. Alignments and phylogenetic analysis
were performed using Lasergene MegAlign Software (version 5.05; DNAstar) with use of
the clustal W alignment method. GenBank accessions number assignments are pending.

Clinical data

The clinical data for patients in Categories 1-3 were collected on enrollment. The medical
records of all HRV-positive children from Category 4 (Clinical Virology) were reviewed.
Demographic and clinical characteristics were recorded on a standardized collection form.
Specimen collection and collection of clinical data were approved by the Yale University
Human Investigation Committee and collection of data was compliant with HIPAA
regulations.

Statistical analysis

Fisher’s exact tests were used to determine whether the differences in percentage of HRV-
positive specimens among different categories were statistically significant.

RESULTS

Overall, 447 symptomatic children (Categories 1, 2 and 4) and 93 asymptomatic controls
(Category 3) were screened for HRV (Table 1, Figure 1). Of the symptomatic children
screened, 245 (55%) were seen in the PC with symptoms of respiratory tract disease and 202
(45%) had specimens submitted to the Clinical Virology Laboratory. A total of 102 samples
tested positive for a picornavirus by initial PCR screening with the PICO-F3 and PICO-R3
primers. Based on sequence analysis, 3 of these isolates were non-HRV picornaviruses and
were not included in the analyses (see below).

In all, 28 of 165 children with respiratory symptoms without wheezing (17.0%) (Category
1), 21 of 80 children with wheezing (26.3%) (Category 2), 47 of 202 samples obtained from
the Clinical Virology Laboratory (23.3%) (Category 4) and 3 of 93 asymptomatic children
(3.2%) (Category 3) had HRV identified in the samples. The differences among each of the
three categories of symptomatic children (1, 2, 4) and the asymptomatic controls (Category
3) were statistically significant (p<0.01). The difference in the proportion with HRV
between the wheezing (Category 2) and non-wheezing (Category 1) (26.3% vs. 17.0) was
not statistically significant (p<0.09).

The monthly distribution of HRV-positive specimens is shown in figure 2. HRV-positive
specimens were detected throughout the year with the exception of July. HRV-positive
specimens were most frequently identified in the months of October—December and April—
May. The three cases of asymptomatic HRV-infection occurred in March and April. The
percentage of HRV-positive specimens for Categories 1, 2 and 4 (representing symptomatic
children), by month, is displayed in Table 3. The distribution of HRV-positive specimens by
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age is shown in figure 3. All children enrolled in the study were < 2 years old. The youngest
child from whom HRV was identified was 15 days old.

The clinical features of 40 of the 47 HRV-positive children in the Clinical Virology group
(Category 4) are shown in Table 3. Of the 7 children who were not included in the analyses,
2 were co-infected with HBoV and the medical records of the remaining 5 patients were not
available for review. Of the 40 HRV-paositive children in the Clinical Virology Category, 22
(55%) were hospitalized. In order to compare the rate of hospitalization associated with
HRYV with that caused by RSV in this age group, we reviewed the medical records of every
4™ child < 2 years old who tested positive for RSV during the study period. Of the 93 RSV-
positive children, 49 (52.7%) were hospitalized. The percentage of HRV-positive children
who were hospitalized and the percentage of RSV-infected children who were hospitalized
were not statistically significantly different (p=0.85).

All of the 102 picornavirus-positive specimens were screened with the HRV-specific
primers and the resulting amplicons were sequenced. Of these, 87 (85.2%) yielded a full
amplicon sequence that allowed for robust phylogenetic analyses (GenBank accession
numbers EU699943-EU700028). Among these 87 isolates, 84 (96.6%) had sequences that
matched known HRV sequences and 3 (3.4%) most closely resembled non-HRV
picornaviruses: the sequence of 2 of these isolates were consistent with a human Coxsackie
virus and the sequence of the third was consistent with a human enterovirus. As stated
above, these 3 specimens were excluded. Of the 15 picornavirus-positive specimens that
were not sequenced, it is likely that 3.4%, or about (less than) one isolate, was a non-HRV
picornavirus. Therefore, these 15 specimens were considered to represent HRV infection
and were included in further analyses. While it is possible, albeit unlikely, that one or more
of these 15 isolates were non-HRV, we performed the statistical analyses with these 15
isolates omitted from the data set (data not shown). The results of statistical comparisons
were unchanged.

Phylogenetic analysis of HRV-positive specimens indicated that a broad range of distinct
genotypes of HRV circulated in New Haven throughout 2004 (figure 4, on line only). Most
HRYV sequences from New Haven showed close identity to previously described HRV
serotypes and genotypes. Most isolates were HRV clade A, while a minority were HRV
clade B or the newly identified clade C (6, 10, 11). Five isolates appeared to be distinct from
other well-characterized HRV genotypes (figure 4, arrows). However, these isolates shared
high sequence identity with short fragments of HRV genomes available in GenBank and
may, in fact, be related to HRV genotypes which have not yet been fully characterized.

No association could be identified between particular genotypes and either specific clinical
categories or clinical features within children from Category 4. Specifically, genotypes were
not clustered among patients from the wheezing category or among patients with clinical
features of wheezing in the clinical virology category. Likewise, there appears to be no
association between particular genotypes and the month or season of specimen collection
(data not shown).
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DISCUSSION

We found a high rate of HRV infection (17-26%) among sick children in New Haven, CT
compared with asymptomatic control patients (3%). The data support recent findings that
HRYV are a major cause of morbidity among young children and suggest that the detection of
these viruses, at least in children < 2 years of age, does not simply represent asymptomatic
infection.

We detected HRV in the respiratory specimens of 23.3% of children who had samples
submitted to the Clinical Virology laboratory and who were negative for RSV, parainfluenza
virus 1-3, influenza A and B, adenovirus and HBoV. This rate of infection is higher than the
8% rate of human metapneumovirus (hMPV) infection previously detected in a similar
population in New Haven (42). Other researchers have found HRV to have a prevalence of
26% in sick children, higher than the prevalence of RSV, influenza, parainfluenza and
enteroviruses (28). That study and ours strongly suggest that HRV may be a more common
pathogen than other viruses traditionally associated with lower respiratory tract infection.
Furthermore, 55% of HRV-infected patients in the Clinical Virology Category were
hospitalized at the time of specimen collection, suggesting that HRV infection is a major
cause of hospitalization among young children which is consistent with other studies (15,
22, 43). Indeed, the percentage of HRV-infected children who were hospitalized was similar
to the percentage of RSV-infected children. The high prevalence of this pathogen, along
with considerable morbidity as evidenced by high rates of hospitalizations, suggests that
HRYV are of major clinical significance and that a rapid sensitive assay capable of detecting
most rhinovirus strains would be an important diagnostic tool.

Our study suggests that only a small percentage (3.3%) of isolates detected using
picornavirus-specific primers represent non-rhinovirus picornavirus infection. In this study,
we detected two cases of infection with coxsackie virus and one case of enterovirus
infection. Miller et al (28) identified enterovirus infection in 2% of their study population.
These data confirm that HRV are overwhelmingly the most common pathogen in the
picornavirus family of the respiratory tract in young children with respiratory symptoms.

Few other studies have included sequence data and phylogenetic analyses of HRV strains
collected from young children during a complete calendar year (11). Our phylogenetic
analysis confirms the broad genetic diversity of HRV circulating in Connecticut during a
one-year period. These viruses have a large number of nucleotide polymorphisms,
suggesting that our current understanding of the diversity within this genus may
underestimate the true genetic diversity of HRV strains in circulation. Many previously
unidentified variants of HRV have been recently detected with the use of genome
amplification technologies (5-11). Many of the New Haven isolates are closely related to
several of these newly identified strains(10) though some may represent HRV strains that
have yet to be fully characterized.

Based on our data, no particular HRV strains are more likely to cause wheezing and asthma
exacerbation than others. Likewise, it does not appear that certain isolates are more likely to
cause severe disease and hospitalization than others at least among those found in 2004. The
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previously-described seasonality of HRV infection, with peaks in spring and fall months
(44), is not supported by our data. There appears to be no association between particular
isolates and the seasonal distribution of this virus. While most cases of HRV infection
occurred during spring and fall-winter months, there does not appear to have been any
specific HRV isolates with peak activity during this period, suggesting that these viruses do
not have a true seasonal distribution and circulate throughout the year. This is consistent
with recent studies of HRV(22, 35).

We conclude that HRV are important pathogens among young children. The clinical
significance of HRV infection may have previously been underestimated, as HRV appear to
be more prevalent than other common respiratory viruses, such as hMPV, among children
seeking medical care. Rapid diagnostic assays with a high degree of sensitivity for detecting
this genotypically diverse group of viruses, as described by Lu et al (13), may prove to have
an important role in the diagnosis of respiratory tract infection and of the cause of asthma
exacerbations among young children.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Percent of HRV(+) specimens per category. P-values versus asymptomatic control are
indicated for each category. Fisher’s exact test was used for each pair-wise comparison.
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Figure2.
Monthly distribution of HRV(+) specimens. The breakdown by category is indicated for

each month.
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Figure 3.
Distribution of HRV(+) individuals by age at time of specimen collection. The breakdown

of each bar by study category is indicated.
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Table 1

Screening of children < 2 years of age for HRV, by Category

Category  Description HRV-positive specimens/
Total no. of specimens screened (%)
1 PC@Non-Wheezing ~ 28/165 (17.0)
2 PC2 Wheezing 21/80 (26.3)
3 Asymptomatic 3/93 (3.2)
4 Clinical Virology 47/202 (23.3)

aYaIe-New Haven Hospital Primary Care Center Pediatric Clinic (PC)
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HRV-positive specimens (percentage) for Categories 1, 2, and 4, by month

Table 2

Month HRV-positive Total screened HRV-positive (%)
January 6 63 9.5
February 10 72 13.9
March 6 45 13.3
April 11 51 21.6
May 11 34 324
June 4 19 21.1
July 0 10 0.0
August 4 8 50.0
September 7 20 35.0
October 11 34 324
November 11 44 25.0
December 15 47 319
Total 96(@) 447
@

included.
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Clinical features of HRV infection in the Clinical Virology Category

Clinical Feature

Patients, no. (%)@

Fever(b)
Cough
Rhinorrhea
Wheezing
Retractions

History of wheeze/asthma
Hypoxia(®)
Abnormal CXR (n=25)(d)

Comorbidity(®)
Hospitalized
Male

31 (77.5)

24 (60.0)
24 (60.0)
19 (47.5)
18 (45.0)
6 (15.0)
6 (15.0)
5 (20.0)
9 (22.5)
22 (55.0)
22 (55.0)

a .
Percent of total (40 patients)

bTemperature > 38.0°C (Range 38.0°C-40.3°C, mean 38.7°C).

COxygen saturation <90%.

dChest radiograph abnormalities included hyperinflation, infiltrates, peribronchial cuffing and atelectasis.

Table 3

Page 15

eComorbidities included prematurity, pulmonary abnormalities (hypoplastic left lung, primary pulmonary hypertension, bronchopulmonary

dysplasia) tracheostomy, congenital heart abnormalities (double aortic arch, aortic stenosis, patent foramen ovale, patent ductus arteriosis),
DiGeorge syndrome, Very Long Chain Acyl CoA Dehydrogenase Deficiency, and anoxic brain injury/seizure disorder.
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