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Rhinovirus (RV) is a frequent pathogen in young children, eliciting symptoms ranging from common
colds to wheezing illnesses and lower respiratory tract infections. The recently identified RV-C seems to
be associated with asthma exacerbations and more severe disease, but results vary. We studied the
prevalence and severity of infection with RV in an unselected birth cohort. Children with respiratory
symptoms entered the symptomatic arm of the cohort and were compared with asymptomatic children.
Severity of wheezing and other respiratory symptoms was registered. Respiratory viruses were evaluated
using throat and nasopharyngeal swabs on first presentation and after recovery (wheezing children). RV
genotyping was performed on RV-PCR positive samples. RV was the most prevalent respiratory virus and
was found in 58/140 symptomatic children (41%), 24/96 (25%) control children and 19/74 (26%) wheezing
symptomatic children after recovery (p <0.05) and did not differ between wheezing and non-wheezing
symptomatic childrendrespectively, 42% (38/90) and 40% (20/50). RV-A was the most commonly
detected species (40/68, 59%), followed by RV-C (22/68, 32%) and RV-B (6/68, 9%). RV-B was more
frequently detected in asymptomatic children (5/6, p <0.05). There was no significant difference in the
frequency of RV species between wheezing and non-wheezing symptomatic children. Children with RV
mono-infection had more severe symptoms, but no association between RV species and severity of
disease was seen. In an unselected birth cohort from the Netherlands with mild respiratory disease RV
was the most prevalent respiratory virus. RV(-C) infection was not associated with more severe disease
or wheezing. J.G. Wildenbeest, CMI 2016;22:736.e9e736.e15
© 2016 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

Rhinovirus (RV) infections account for most respiratory in-
fections in early life, being a major contributing factor to childhood
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morbidity (reviewed in Kieninger et al. [1]). Furthermore, episodes
of RV-induced wheezing are strongly associated with the subse-
quent development of asthma in high-risk children [2].

Rhinovirus belongs to the genus Enterovirus in the family
Picornaviridae. There are over 160 genotypes and serotypes, which
are classified into three species; A, B and C [3]. RV infections in
childhood cause a variety of clinical presentations ranging from
mild ‘common cold’ symptoms to life-threatening lower respira-
tory tract infections [3]. Using novel molecular detection tech-
niques, RVs were identified as a common cause of bronchiolitis [4],
wheezing [5] and pneumonia [6,7].

The variation in clinical presentation is the subject of ongoing
research. Evidence suggests that symptomatic RV infections
blished by Elsevier Ltd. All rights reserved.
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accentuate an underlying predisposition for the development of
asthma, whichmay bemodulated by genetic host factors [8]. On the
other hand, RV may also play a causal role in the development of
asthma through promoting exaggerated inflammation and airway
hyper-responsiveness [9]. The recently identified RV-C [10] was
found to be present in the majority of children admitted with
wheezing or acute asthma exacerbations and was associated with
increased severity of those exacerbations [11e13]. By contrast,
asymptomatic RV-C infections have also been reported in healthy
controls [14].

In this study, we studied the presence of RV in symptomatic pre-
school children from an unselected birth cohort and compared this
with asymptomatic controls and symptomatic children after re-
covery from wheezing respiratory illnesses of the same birth
cohort. This recovered group of wheezing children is of specific
interest because they have a high-risk phenotype for the develop-
ment of asthma later in life [2].

Methods

Participants

This study is part of the EUROPA-trial (Early Unbiased Risk
Assessment of Paediatric Asthma), a prospective cohort study in the
Netherlands, focusing on prediction of early signs of asthma. Par-
ticipants were recruited by targeted mailing from an unselected
birth cohort of 12 033 infants born in greater Amsterdam and aged
between 3 and 20 months at inclusion. Exclusion criteria were a
gestational age of <31 weeks or the presence of anymanifest illness
at inclusion, specifically any pulmonary disorder. A total of 1216
infants were included in the trial after both parents provided
consent (Fig. 1). At inclusion a structured baseline questionnaire
was obtained.

Design

This study was designed as a prospective caseecontrol follow-
up study. Participating parents were instructed and reminded
throughout the study period to contact the study team whenever
their infant experienced respiratory tract symptoms from
November 2009 until December 2012. The presence of symptoms
was assessed using a standardized telephone interview. Infants
experiencing cough, wheezing, laboured breathing and/or dysp-
noea sufficiently severe for parents to warrant a visit to their gen-
eral practitioner entered the symptomatic arm of the study and
were visited by the study team within 8 hours after establishing
these symptoms. If parents refrained from contacting the study
team or contacted the study team after visiting the general prac-
titioner and obtaining medical treatment, these children were not
included. During the visit, the presence and severity of acute res-
piratory symptoms were assessed by both parents and the on-site
researcher. The researchers were well trained to recognize
wheezing. The intra-class correlation was validated by means of
evaluation of tracheal sound recordings by five paediatric pulmo-
nologists in the first 30 patients, which reached a Crohnbachs a of
0.75. The study team assessed symptom severity (physician
symptom score) by scoring the presence of suprasternal retractions,
scalenemuscle contraction, air entry andwheezing by auscultation,
all part of the Paediatric Respiratory Assessment Measure [15].
Values of the physician symptom score range from 0 to 10 with
increasing values indicating increased severity. Parents self-
assessed the severity by Asthma Control Questionnaire [15]
modified for by-proxy use, although it has not been validated for
this application. If wheezing could not be confirmed during the first
visit, children were revisited and re-assessed when symptoms
recurred. For each child only one symptomatic visit was included in
the study.

For our secondary aim we assessed the prevalence of RV infec-
tion in asymptomatic children by recruiting controls randomly
from the same cohort, who had never experienced lower respira-
tory tract symptoms severe enough to contact their family physi-
cian. The aim was to recruit a control for every included child with
confirmed wheezing within 1 month. If lower respiratory tract
symptoms still occurred after being visited as a control a novel
control was recruited.

Furthermore, children who were evaluated for an episode of
respiratory symptoms in this study and were found to have
wheezing illness were re-assessed after a symptom-free period of
at least 1 week, minimally 6 weeks after their initial presentation.
Symptom-free was defined as a physician and parent (Asthma
Control Questionnaire-based) severity score of 0.

In addition, regardless of symptoms, parents were asked to fill in
bi-annual questionnaires about respiratory symptoms and hospi-
talizations in the previous months.

This study was approved by the Medical Ethical Committee of
the Academic Medical Centre Amsterdam (09/066) and the parents
gave written informed consent. The EUROPA study is registered in
the Dutch Trial Register (NTR-1955).
Virological analysis

At each visit the study team obtained nasopharyngeal and
oropharyngeal swabs (Copan Swabs, Brescia, Italy). The collected
nasopharyngeal and oropharyngeal samples were assessed within
1 day after sampling for the presence of respiratory-associated vi-
ruses (RV, human enterovirus (EV), human parechovirus, influenza
virus A and B, parainfluenzavirus 1, 2, 3 and 4, human bocavirus,
human coronavirus, respiratory syncytial virus, adenovirus and
human metapneumovirus) using a multiplex PCR as described
previously by Jansen et al. [16] with adapted primers for RV (see
Supplementary material, Table S1). A Ct-value of 40 or more was
considered to be negative [17]. Remaining samples were stored
at e80�C and were used for RV typing.
RV typing

RV RNAwas extracted from 200 mL RV-positive sample with the
MagnaPure LC instrument® using the total nucleic acid isolation kit
(Roche Diagnostics). Genotyping was performed by amplifying a
540-base pair fragment spanning part of the 5'- untranslated re-
gion, capsid protein VP4 and part of VP2 (VP4/VP2) of the RV-
genome using a two-step semi-nested protocol [18].

First, 6 mL of RNAwas reverse transcribed and amplifiedwith the
SuperScript III one-step RT/Platinum Taq polymerase kit (Invi-
trogen, Carlsbad, CA, USA) according to the manufacturer's in-
structions using primers adapted from Savolainen et al. [19] (see
Supplementary material, Table S1) and cycling conditions
described by Harvala et al. [20].

One microlitre of the combined RT-PCR product was then used
as input for the second semi-nested PCR amplification. The reaction
mix contained 1� PCR buffer, 2.5 mM MgCl2, 0.5 mM of each primer,
200 mM of each dNTP, 0.1 mg/L bovine serum albumin and 0.05 U of
FastStart Taq polymerase (Roche, Basel, Switzerland) in a 20-mL
reaction volume. Cycling conditions were as follows: 94�C for 2 min
and 30 cycles each consisting of 94�C (18 seconds), 55�C (21 sec-
onds) and 72�C (90 seconds). Amplicons were sequenced using
primers used for the second step of the semi-nested protocol with
the BigDye Terminator reaction kit (Applied Biosystems, Foster City,
CA, USA). Species were determined by phylogenetically comparing



Unselected birth cohort of 12.033 children born in greater Amsterdam
Age: 0-12 months

1216 children included and prospectively followed up
November 2009 till December 2012

Symptomatic: Control:
Respiratory symptoms with Asymptomatic; no respiratory symptoms

dyspnea and/or wheezing, severe enough at visit and no history of wheezing
to be seen by a general practitioner N=96 (45 F, 51 M)

N=140 (56 F, 84 M)

Wheezing confirmed by researcher Wheezing not confirmed by researcher
N=90 (32 F, 58 M) N=50 (24 F, 26 M)

Recovered:
Visit minimum 6 weeks after wheezing

episode and asymptomatic
N=74 (26 F, 48 M)

Fig. 1. Selection process of children of the EUROPA birth cohort.
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sequences with published reference sequences as proposed and
provided by McIntyre et al. [18].

Cross-reactivity of EV with RV was suspected when both EV and
RV PCR were positive and typing resulted in an EV type (nine
samples) or when only RV PCR was positive and typing resulted in
an EV type (two samples). These samples were considered to be EV-
positive and RV-negative.
Bacterial co-infection

At each visit a throat swabwas collected, which was cultured for
respiratory bacterial pathogens according to standard care
procedures.
Data analysis

Data were analysed using SPSS for Windows, version 20. Cate-
gorical variables were compared by means of chi-square test. Dif-
ferences between continuous variables were analysed using
Student's t-test and one-way analysis of variance test (if normally
distributed) or ManneWhitney U test and KruskalleWallis test and
for paired continuous variables Wilcoxon signed rank test. A two-
sided p-value <0.05 was considered to be significant.
Results

Participant characteristics

A total of 140 symptomatic and 96 asymptomatic children were
included in the study (Fig. 1). The median age at inclusion was
9 months (range 3e20 months). Baseline characteristics of all
included children are described in Table 1. Of the 140 symptomatic
children, wheezing was confirmed by the study team in 90 chil-
dren. The median age of the control group (28 months) was
significantly higher than of the symptomatic group both during
symptoms (15 months, p <0.001) and after recovery (22 months, p
<0.001).

Prevalence and seasonality of RV infections

Overall, in 86% of the symptomatic children a respiratory virus
could be detected, compared with 40% in the control group (p
<0.001) and 53% in the recovered group (p <0.001, Table 2). RV was
the most prevalent virus in symptomatic (41%) as well as control
(25%) children, and was found significantly more often in symp-
tomatic children (p 0.009, Fig. 2). There was no difference in
prevalence of RV infections between wheezing (42%) and non-
wheezing (40%) symptomatic children. In the recovered group
human bocavirus (35%) was the most prevalent virus, followed by
RV (26%).

Symptomatic children with RV infection were significantly
younger (median 13.5months, interquartile range (IQR) 8e20) than
symptomatic children who had a negative RV PCR (median
17 months, IQR 13e27, p 0.005). This was also significant in the
recovered group (RV PCR-positive children, median 19 months, IQR
16e20, versus RV PCR-negative children, median 24 months, IQR
18e30, p 0.003).

RV was seen all year round (see Supplementary material,
Fig. S1A) with a peak during autumn and winter. In the summer
>80% of symptomatic children were RV positive compared with
only 17% during the winter. The percentage of asymptomatic chil-
dren (control and recovered) who were RV positive was relatively
constant between seasons ranging from 17% to 31%.

Co-infection

In the symptomatic group 44% of the children were infected
with two or more viruses, significantly more than children in the
control group (2%, p <0.001) and recovered children (26%, p 0.010).
In addition, the number of recovered children with two or more
viruses was significant higher than in the control group (p <0.001),
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which was also reflected by a significantly higher total number of
viruses detected (mean number of viruses 0.89) in recovered chil-
dren comparedwith children in the control group (mean number of
viruses 0.42, p <0.001). Co-infection of RV with other viruses was
found in 36 of 58 (62%) symptomatic children compared with one
out of 24 controls (4%, p <0.001; see Supplementary material,
Table S2). For wheezing infants who had recovered from their
symptoms, the rate of RV co-infections was similar to that of
symptomatic infants (63%).

Prevalence of RV species

Of the RV PCR-positive samples, 68 (67%) could be genotyped
(Table 3). RV-A and RV-C were equally detected in symptomatic
wheezing and non-wheezing children, control and recovered
children. RV-B was detected significantly more often in control
children (31%) compared with symptomatic children (2%, p 0.001).

In the subgroup of symptomatic wheezing children, children
with RV-C infection were older (median 20 months, IQR 15e27)
than children with RV-A infection (median 12 months IQR 8e19, p
0.01).

RV-A infection occurred most frequently in the summer and
autumn, and RV-C in winter. RV-A, B and C were evenly distributed
across the years studied (see Supplementary material, Fig. S1B).

Symptoms

RV and severity of symptoms

Overall, physician symptom scores were low (range 0e7),
indicating that symptoms were generally mild in this unselected
cohort. There were no differences in these scores between RV PCR-
positive and RV PCR-negative children. In RV PCR-positive children
a significantly higher physician symptom score was seen in chil-
dren with an RV mono-infection compared with RV PCR-positive
children co-infected with other viruses (see Supplementary
material, Table S3). The physician symptom scores of children
infected with different RV species were comparable.

Parental assessment of symptoms (modified Asthma Control
Questionnaire) did not agree with the physician symptom score
and showed a significantly lower score in RV PCR-positive children
compared with RV PCR-negative children (see Supplementary
material, Table S3, p 0.02). The modified Asthma Control Ques-
tionnaire assessed general symptoms of illness (like fever and
intake) and upper respiratory tract symptoms whereas physician
symptom-score only assessed the severity of lower respiratory tract
symptoms.
Table 1
Characteristics of included children

Symptomatic

RTI with confirmed wheezing

Number of children 90
Median age (months, IQR) 15 (10e25)
Sex (male:female) 1.8:1
Bacterial co-infection 2 (2%)
Use of inhaled corticosteroids 18 (20%)
Use of inhaled b2-mimetics 55 (61%)b

Use of antibiotics 9 (10%)
Hospitalization during visit period 10/88 (11%)
Physician symptom-score, median (IQR) 2 (1e4)b

mACQ parents, median (IQR) 15.5 (10e21)b

Abbreviations: IQR, interquartile range; mACQ, modified Asthma Control Questionnaire;
a Significant (p <0.05) for symptomatic versus control and control versus recovered.
b Significant (p <0.05) for RTI with confirmed wheezing versus RTI without wheezing
Ct-value and severity

Ct-value was used as a semi-quantitative read-out for viral load.
RV PCR Ct-values were significantly lower (indicating a higher viral
load) in symptomatic children (throat median Ct-value 30.6, nose
median Ct-value 28.6), compared with asymptomatic children
(throat median Ct-value 31.7 (p 0.009), nose median Ct-value 29.7
(p 0.006)). Wheezing children had a significantly lower Ct-value
than non-wheezing symptomatic children (only nose, median Ct-
value 27.9 versus 29.1 p 0.024, throat median Ct-value 30.0
versus 30.9, p 0.28; see Supplementary material, Fig. S2). However,
a cut-off value for symptomatic disease could not be determined.

There was no correlation between Ct-value and severity of
symptoms in RV-infected symptomatic children.

Discussion

In this study we showed that RV infections were highly preva-
lent in symptomatic and asymptomatic young children from the
general population. RV was detected significantly more often in
respiratory swabs from symptomatic children compared with
asymptomatic children. Although RV mono-infections (in contrast
to co-infections) were associated with a greater clinical severity, RV
infections were equally detected in wheezing children compared
with non-wheezing symptomatic children in this study, suggesting
that other factors (e.g. genetic, immunological, anatomic) may play
a role in the pathogenesis of wheezing in young children. However,
wheezing RV-infected children had a significantly higher RV viral
load.

RV-A and RV-C were the most prevalent species detected in our
unselected population. This is in accordance with previous reports
[11,13,21e31].

RV-B seemed to be associated with asymptomatic infection in
our study, which is in accordancewith the findings of Lee et al., who
showed that RV-B is less virulent than RV-A and RV-C in a high-risk
cohort of young children [21].

The lack of association between wheezing or more severe dis-
ease and RV-C infections was shown in other studies of unselected
cohorts or non-hospitalized symptomatic children [30,32]. Other
studies, mainly in hospitalized patients, reported an association
between RV-C and more severe disease and/or more asthma ex-
acerbations [11,13,26,31,33]. However, this was not consistently
reproduced [14,22,27]. A possible explanation for these conflicting
studies could be that this association is only seen in susceptible
children above a certain age and that in young children other fac-
tors (e.g. genetic, immunological, anatomic) play a more important
role in the development of wheezing. This is supported by our
Control Recovered

RTI without wheezing

50 96 74
15 (10e24) 28 (26e31)a 22 (17e27)a

1.1:1 1.1:1 1.8:1
1 (2%) 2 (2%) 3 (4%)
10 (20%) d d

15 (30%)b d d

1 (2%) d d

3/49 (6%) 0/96
0 (0e0)b d d

11.5 (8e14)b d d

RTI, respiratory tract infection.

.



Table 2
Prevalence of respiratory viruses in symptomatic and asymptomatic (control and recovered) children

Virus Symptomatic Control Recovered

Total Wheeze No wheeze

Any virus 120 (86%) 79 (88%) 41 (82%) 38 (40%)a 39 (53%)a

Rhinovirus 58 (41%) 38 (42%) 20 (40%) 24 (25%)a 19 (26%)a

Human bocavirus 41 (29%) 30 (33%) 11 (22%) 7 (7%)a 26 (35%)b

Respiratory syncytial virus 33 (24%) 26 (29%) 7 (14%) 0a 2 (3%)a

Adenovirus 18 (13%) 11 (12%) 7 (14%) 0a 1 (1%)a

Para-influenza virus type 3 15 (11%) 11 (12%) 4 (8%) 1 (1%)a 2 (3%)a

Enterovirus 11 (8%) 6 (7%) 5 (10%) 3 (3%) 4 (5%)
Human coronavirus 9 (6%) 7 (8%) 2 (4%) 2 (2%)a 8 (11%)b

Human parechovirus 7 (5%) 5 (6%) 2 (4%) 0a 3 (4%)b

Human metapneumovirus 6 (4%) 3 (3%) 3 (6%) 1 (1%) 1 (1%)
Para-influenza virus type 4 5 (4%) 3 (3%) 2 (4%) 1 (1%) 1 (1%)
Para-influenza virus type 2 3 (2%) 2 (2%) 1 (2%) 0 0
Para-influenza virus type 1 2 (1%) 1 (1%) 1 (2%) 0 0
Influenza A virus 2 (1%) 0 2 (4%) 1 (1%) 0
Influenza B virus 1 (1%) 0 1 (2%) 0 0

a Significant (p <0.05) symptomatic versus control or symptomatic versus visit after recovery.
b Significant (p <0.05) control versus visit after recovery.
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observation, and those of others [31], that wheezing children with
RV-C infection were significantly older than RV-A-infected
wheezing children.

Our study indicated that a lower Ct-value (indicating a higher
viral load) was associated with symptomatic disease, and within
the symptomatic group, with wheezing. Kennedy et al. [34] found
no difference in viral load between outpatient wheezing and non-
wheezing children, whereas others found that a high viral load was
associated with symptomatic disease [16] and an increased risk of
lower respiratory tract infections [27], but not with more severe
symptoms [35].

A significantly higher number of (co-infecting) viruses was
found after recovery from symptoms compared with controls. It is
possible that wheezing children are more prone to (asymptomatic)
carriage of viruses, compared with non-wheezing children,
although the number of detected viruses during the symptomatic
visit was equal in wheezing and non-wheezing children. In our
study, control children were significantly older than recovered
children, making it impossible to draw conclusions from this
observation alone.

There are several limitations of this study: as a result of the
study design (a new control was recruited if a previous control
became symptomatic), the children in the control group were
significantly older than the symptomatic infants, which leads to a
possible bias in the comparison of prevalence between symptom-
atic and asymptomatic children.
Fig. 2. Prevalence of human rhinovirus and non-rhinoviruses in sym
Of the symptomatic infants, 44% were infected by multiple vi-
ruses. Although this is in accordance with previous studies
[13,22,29,36,37], it is likely to influence the analysis of associations
between RV species and clinical severity. Remarkably, we found
that children with an RV mono-infection had more severe symp-
toms compared with children with RV and a co-infection. Other
hospital-based studies found that co-infection with RSV is associ-
ated with an increased severity and/or a longer duration of hospi-
talization [13,37]. In our cohort the rate of co-infection with RSV
was low.

Another limitation of this study is the sample size. In this cohort,
which consists mainly of children with mild symptoms, small dif-
ferences could have been missed. As the inclusion of symptomatic
childrenwas dependent on the reporting of parents, some episodes
could have been missed because parents refrained from contacting
the study team. Therefore it is difficult to draw clear conclusions
from this study alone and larger studies are needed to confirm
these results.

In conclusion, in an unselected birth cohort from the
Netherlands with mild respiratory disease we found a high preva-
lence of (multiple) respiratory viruses with RV being the most
prevalent. We found no difference in prevalence of RV or RV-C
infection between wheezing and non-wheezing symptomatic
children, although a higher RV viral load was seen in wheezing
children. More studies in large populations are necessary to find
out the role of RV-C in unselected young children.
ptomatic and asymptomatic children (controls and recovered).



Table 3
Results of molecular typing of human rhinovirus PCR-positive samples

Rhinovirus species Species A Species B Species C Total typed/ RV PCR-positive

Symptomatic 25 (58%) 1 (2%)a 17 (40%) 43/58
Wheeze 17 (63%) 0 10 (37%) 27/38
No wheeze 8 (50%) 1 (6%) 7 (44%) 16/20

Control 8 (50%) 5 (31%)a 3 (19%) 16/24
Recovered 7 (78%) 0 2 (22%) 9/19
Total 40 (59%) 6 (9%) 22 (32%) 68/101

Note: % indicates percentage of typeable human rhinoviruses.
a p <0.05, symptomatic versus control.
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