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ABSTRACT

Background: Several studies have been published regarding the epidemiology and clinical 

significance of the different rhinovirus (RV) species (-A, -B and -C). However, data on RV types 

and the associations with clinical outcome in young children are limited.  Here, we investigated 

the clinical, virological and epidemiological characteristics of RV infections in young children 

with mild or asymptomatic infection (non-hospitalised children) and in symptomatic young 

children admitted to the hospital. 

Objectives: The aim of this study was to evaluate associations between different characteristics 

of RV infections and clinical outcome in young children. 

Study design: RV-infected children were retrospectively selected from a Dutch birth cohort 

(EUROPA-study) and from hospitalised children admitted to the hospital because of respiratory 

symptoms. In total 120 RV-typed samples could be selected from 65 non-hospitalised and 49 

hospitalised children between November 2009 and December 2012.

Results: RV-A was the predominant species in both study populations, followed closely by RV-

C. RV-B was observed only sporadically. The distribution of the RV species was comparable in 

non-hospitalised and hospitalised children. In children with respiratory distress who required 

ICU-admission the distribution of RV species did not differ significantly from the non-

hospitalised children. No predominant RV type was present in non-hospitalised nor hospitalised 

children. However, hospitalised children were younger, had more often an underlying illness, a 

higher RV load and more frequently a bacterial co-infection.

Conclusions: Clinical outcome of RV infected young children was not related to RV species or 

types, but may more likely be influenced by multiple (host-specific) factors. 
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INTRODUCTION

Rhinoviruses (RVs) are causative agents of frequently and recurrently occurring respiratory 

tract infections in young children. Symptoms range from a mild common cold to severe life-

threatening pneumonia and about 1/3 of RV infections are asymptomatic (1). RVs are classified 

phylogenetically into three species: RV-A, RV-B, and RV-C, and are further divided into > 150 

types (2).

Recently, several studies have been published regarding the molecular epidemiology and clinical 

significance of RVs, suggesting the infecting species might influence the clinical outcome (3, 4).  

RV-A and RV-B have been associated with mild disease, whereas RV-C may cause more severe 

disease (5). Particularly in children, RV-C seems to be associated with asthma exacerbations, 

acute lower respiratory tract infections, bronchiolitis, and pneumonia (6) (7). 

However, RV species may not be the sole determinant of clinical outcome of an RV infection. 

Given the wide diversity of RV types within RV species, the RV type rather than the species 

may relate to severity of disease (8). Together with host susceptibility, the RV type and the 

cellular tropism, as partly determined by the virus receptor used, may be important factors 

contributing to disease and clinical outcome in young children (9). Up to date, data on the 

relation between RV types and clinical symptoms combined with the occurrence of RV types 

during various seasons in one year and circulation patterns are limited and often available either 

for hospitalised or asymptomatic children. 

OBJECTIVES

This study describes the clinical, virological and epidemiological characteristics of RV infections 

in young children with mild or asymptomatic infection who do not need hospitalisation for their 

respiratory tract symptoms, as compared to young children in need of admittance to the hospital 

because of their respiratory tract disease. By comparing these groups associations between the 

different characteristics of RV infections, i.e. the infecting species and types, viral load, viral and 

bacterial co-infections, and seasonality, in relation to clinical outcome are studied.
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STUDY DESIGN

Study population and sample selection

This retrospective study consisted of successfully sequenced RV-positive respiratory samples 

(naso- or oropharyngeal swabs and washes) from young children with mild or asymptomatic 

RV infection (non-hospitalised children) and  from hospitalised children. For this study we 

selected children that met the following criteria: (i) date of birth between May 2008 and May 

2010, (ii) sampling date between November 2009 and December 2012, (iii) a  respiratory sample 

positive for RV in the 5’UTR multiplex PCR and successfully VP4/VP2 sequenced. 

Non-hospitalised children were selected from the EUROPA-trial (Early Unbiased Risk 

Assessment of Paediatric Asthma), a prospective cohort study in Amsterdam, the Netherlands, 

which focused on the prediction of early signs of asthma (10). In this study, samples were 

obtained from children visiting the family physician with respiratory tract symptoms and from 

asymptomatic children. The population of hospitalised children consisted of retrospectively 

selected samples from children admitted to the Academic Medical Center (AMC), Amsterdam, 

because of respiratory tract disease (defined as a combination of one or more of the following 

symptoms: fever, rhinitis, cough, dyspnoea, tachypnoea, and/or wheezing). To investigate 

circulation of RV species and types in children with more severe illness we performed a 

subgroup analysis within the hospitalised population of children admitted to the Intensive Care 

Unit (ICU) due to respiratory distress. 

Information about the children from the EUROPA-study was obtained from study report forms 

and all children with mild or asymptomatic infection were monitored for the development 

of severe disease that required hospitalisation at a later time point. The EUROPA-study was 

approved by the Medical Ethical Committee of the AMC (09/066) and the parents gave written 

informed consent. The EUROPA study is registered in the Dutch Trial Register (NTR-1955). 

The samples taken from the hospitalised children were part of routine diagnostic tests and were 

processed according to hospital ethical guidelines and the Dutch code of conduct for responsible 

use of human tissue and medical research in 2011. A standardized record form was designed 

to obtain the patients’ information from medical records, including demographic and clinical 

characteristics. 

Virological and bacterial assessments 

All respiratory samples were assessed within 24h after collection at the Laboratory of Clinical 

Virology of the AMC according to standard operating procedures for the presence of respiratory 
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tract associated viruses (enterovirus (EV), human parechovirus (HPeV), influenzavirus A and 

B, para-influenzavirus 1-4, human bocavirus (HBoV), human coronavirus, respiratory syncytial 

virus (RSV), adenovirus and human metapneumovirus), using a multiplex polymerase chain 

reaction (PCR) as described previously by Jansen et al (11) with adapted RV primers published 

elsewhere (12). A Ct-value of 40 or more was considered to be negative. The complete protocol 

for RV typing is provided as supplementary data (see Supplementary file). All RVs were divided 

in (i) the major group (which bind to the intercellular adhesion molecule 1 (ICAM-1)), (ii) 

the minor group (which use the low-density lipoprotein receptor (LDL-R) as a receptor), and 

(iii) the RV-C group which most probably uses the human cadherin-related family member 

3 (CDHR3) receptor (13, 14).  Information on bacterial co-infection was included in case a 

bacteriological culture was performed on the same day, or one day before or after virological 

sampling.

Data analysis

An infection was classified as a new infection in the event of a first RV-positive sample from a 

patient. If multiple samples were available from the same patient, infections were defined as a 

new infection when the sample yielded a different type than the previous sample, and/or when 

the time between the two samples was at least three months.

For data analysis, all infections were considered statistically independent. To avoid 

overrepresentation of data only the first RNA positive sample from a new infection was 

included. Data were analysed using SPSS statistical software (version 21.0, SPPS Inc, Chicago. 

IL). Categorical variables were compared by means of chi-squared test.  Differences between 

continuous variables were determined using Student’s t test or ANOVA if normally distributed 

and non-parametric tests if not normally distributed. A two-sided p-value <0.05 was considered 

statistically significant.

RESULTS

Patient characteristics

Following our selection criteria we were able to include 120 RV-positive respiratory 

tract samples. A total of 68 RV-positive samples were included from children with mild or 

asymptomatic infection (non-hospitalised children) and 52 RV-positive samples were included 

from children who needed hospitalisation because of respiratory symptoms. Patient and 

virological characteristics are summarized in Table 1.  
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In the hospitalised group, 26 children were admitted to a general ward and 26 to the Intensive 

Care Unit (ICU) due to respiratory distress. Of the ICU-admitted children, 57.7% (n=15) had an 

underlying illness, most frequently prematurity (n=7), which is comparable with the hospitalised 

children who were not ICU-admitted (underlying illness: 46.2% (n=12)), of which seven were 

premature. No manifest underlying illness was present in the non-hospitalised children at 

inclusion. At the time of RV infection the hospitalised children were younger (median 0.8 years, 

interquartile range (IQR) 0.5 – 1.8) than the non-hospitalised children (median 1.5 years, IQR 

1.0 – 2.2) (p<0.001).

Table 1. Patient and virological characteristics at time of infection

New infections in 

non-hospitalised 

children (n=68), n (%)

Non-hospitalised 
children (n=65)

New infections in all 

hospitalised children 

(n=52), n (%)

Hospitalised children 
(n=49)

New infections in ICU 

admitted children 

(n=26), n (%)

RV infected hospitalised 
children (ICU) (n = 26)

Median age in years (IQR) 1.5 (1.0-2.2) 0.8 (0.5-1.8) 0.7 (0.3-1.9)

Gender

Male
Female

40 (58.8)
28 (41.2)

30 (57.7)
22 (42.3)

16 (61.5)
10 (38.5)

Underlying illness

No underlying illness
> 1 underlying illness
Prematurity
Immunodeficiency
Malignancy
Cardial
Metabolic
Pulmonary
Renal
Genetic disorder

68 (100.0)
-
-
-
-
-
-
-
-
-

24 (46.2)
7 (13.5)
14 (26.9)
-
2 (3.8)
2 (3.8)
-
2 (3.8)
2 (3.8)
8 (15.4)

11 (42.3)
3 (11.5)
7 (26.9)
-
1 (3.8)
1 (3.8)
-
1 (3.8)
1 (3.8)
6 (23.1)

Co-infection

Viral coinfection
Bacterial coinfection  (32 
samples unknown)

34 (50.0)
1 (1.5)

23 (44.2)
14 (70.0)

9 (34.6)
12 (66.7)

Mean Ct-value (SD) 28.3 (2.3) 26.0 (2.9) 25.7 (3.3)

RV, rhinovirus; ICU, Intensive Care Unit; IQR, interquartile range;
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RV species and types

The prevalence of RV species, stratified by study group, is illustrated in Fig. 1. In both groups 

the most dominant species was RV-A, followed by RV-C and RV-B. The distribution of RV 

species was comparable between non-hospitalised and hospitalised children (p=0.41). Also, 

the distribution of RV species in the ICU-admitted children from the hospitalised group did 

not differ significantly from the non-hospitalised children (p=0.84).  When dividing the RVs 

according to their receptor usage (ICAM-1,  LDL-R and most probably CDHR3), Table 2 shows 

that the receptor use was comparable among the non-hospitalised and the hospitalised children, 

as well as among the ICU-admitted children.

When we further analysed the study groups for the occurrence of RV types, we did not observe 

skewing towards one type in either the hospitalised or non-hospitalised group (Fig. 2). We 

observed 19 RV types in both populations, while the other 48 RV types were detected in 

either hospitalised or non-hospitalised children. RV-A78 was the most prevalent type in non-

hospitalised children, whereas in the hospitalised children these were RV-A78 and RV-A12. 

Within the RV-B species, RV-B6 and RV-102 were only seen in hospitalised children and RV-

B27 solely in non-hospitalised children. Provisionally assigned type B4 (Bpat4), B5 (Bpat5) and 

B7 (Bpat7) were detected in both populations. For RV-C, the most prevalent type was RV-C2 in 

hospitalised children and RV-C43 in non-hospitalised children. The most commonly detected 

types in ICU-admitted children (RV-A12, RV-A28, RV-A89, and RV-C6) were all detected in 

non-hospitalised children as well. 

Figure 1. Distribution of RV species in non-hospitalised, hospitalised and ICU-admitted children. 
Distribution of RV species was comparable in all populations.
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Table 2. RV receptor

New infections in non-

hospitalised children (n 

=68), n (%)

New infections in all 

hospitalised children 

(n=52), n (%)

New infections in ICU 

admitted children 

(n=26), n (%)

ICAM-1a (%) 38 (55.9) 24 (46.2) 13 (50.0)

LDL-Rb (%) 2 (2.9) 1 (1.9) 0 (0.0)

CDHR3c (%) 22 (32.4) 21 (40.4) 9 (34.6)

Receptor to be determined 6 (10.3) 6 (11.5) 4 (15.4)
a ICAM, intercellular adhesion molecule 1. 
b LDL-R, low-density lipoprotein receptor.
c CDHR3, human cadherin-related family member 3.

Figure 2. Frequency of RV types. For each species the prevalence of detected types in both populations 
is illustrated. White bars indicate non-hospitalised children and shaded bars indicate hospitalised 
children. 
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Viral load

Ct value is a well-established semi-quantitative measurement of viral load (15). The mean Ct-

value of RV infections in children was significantly lower than the mean Ct-value of the samples 

from the non-hospitalised children (Ct-value 26.0 versus 28.3, p<0.001) (Table 1), implying a 

higher viral load in symptomatic children. 

Viral and bacterial co-infections

In the non-hospitalised and hospitalised children, a viral co- or triple-infection was detected in 

50.0% (n=34) and 44.2% (n=23) of the samples respectively. The most frequently detected co-

infecting viruses in the non-hospitalised group were HBoV (30.9%, n=21), adenovirus (13.2%, 

n=9), and RSV (13.2%, n=9). In the hospitalised children, RSV was the most common viral co-

pathogen (19.2%, n=10). A viral co-infection was detected in 34.6% (n=9) of the ICU-samples, 

five of which were with RSV. There were no significant differences between the study groups 

regarding the number of viral co-infections and there was no significant difference in the 

number of viral co-infections detected in children infected with RV-A, -B, or –C.

A bacterial co-infection (as diagnosed by a positive bacterial throat or sputum culture) was 

present in only one of the non-hospitalised children, while positive bacterial cultures were 

detected in 14 (70.0%) of the 20 hospitalised children. From the remaining hospitalised children 

there was no information available on bacterial co-infections. The most frequently detected 

pathogens were Moraxella catarrhalis (n=6) and Haemophilus influenzae (n=5). Although the 

numbers of children with bacterial co-infections were small there was no skewing towards one 

RV species (p=0.26). In ICU children a bacterial co-infection was present in at least 66.7% of 

the samples. The most frequently detected pathogens were M. catarrhalis (n=5) and H. influenzae 

(n=5). 

Seasonal distribution of RV species and types

Combining both populations, RV infections were seen all year round with a peak in incidence 

in the autumn and winter of 2010 (Figure 3). Figure 4 shows that there is no distinct circulation 

pattern for the different RV types in time. Some trends could be observed. Type RV-A78, 

which was the most prevalent strain in the hospitalised population, was found only between 

July 2010 and July 2011. The second most prevalent type, RV-A12, was detected in the spring 

of 2010 and was sporadically detected again, but only in non-hospitalised children in the winter 

of 2011-2012. RV-C2, the most prevalent RV-C, was mainly observed during the autumn and 

the beginning of winter 2010-2011. In conclusion, despite small numbers no season-specific 

types could be observed.
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Figure 3. Seasonal distribution of RV species. Stacked bars indicate the seasonal distribution of RV 
species.

Figure 4. Circulation of RV types in non-hospitalised and hospitalised children. The x-axis indicates 
the study period and the y-axis indicates the detected types from corresponding species detected 
during study period. White diamonds indicate non-hospitalised patients and black circles indicate 
hospitalised patients.
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DISCUSSION

Here we described for the first time the clinical, virological and epidemiological characteristics 

of RV infections in young children with mild or no symptoms compared to symptomatic 

children hospitalised due to respiratory tract disease.  

RV-A was the predominant species in both study populations, followed closely by RV-C. RV-B 

was observed only sporadically. These findings are in accordance with other studies (9, 16, 

17) in both non-hospitalised and hospitalised children and suggest that our populations are 

representative for larger populations. 

The distribution of the RV species was comparable in non-hospitalised and hospitalised 

children. Also in children with respiratory distress who required ICU-admission the distribution 

of RV species did not differ significantly from the non-hospitalised children. RV-C was not 

overrepresented in hospitalised children nor in ICU-admitted children suggesting that in our 

study populations an infection with RV-C alone might not be associated with more severe 

disease. Previous studies on disease severity showed that infection with RV-C was associated 

with more severe respiratory symptoms in children. However, these studies were mainly 

conducted in hospitalised patients where specific risk groups, such as immunocompromised 

patients, were overrepresented which might bias the results (5, 18). More recent studies are 

consistent with our findings (3, 19, 20). In addition, several studies in adults were in line with 

our results (21, 22).

We detected a large number of RV types by using the VP4/VP2 fragment for typing. A  

recent study by Martin et al. (2015) found that specific RV-A and RV-C types were associated 

with lower respiratory tract infections (8). We found several types in both populations and no 

predominant RV type could be found in severely ill children. However, due to the relatively 

small study population no definite conclusions can be made regarding specific RV types and 

clinical outcome. 

When comparing the mild or asymptomatic RV infected children with the hospitalised children 

several differences between the study groups that might be important determinants for clinical 

outcome emerged. When evaluating the patient characteristics we found a high percentage of 

the hospitalised children having an underlying illness. Prematurity was the most common and 

a probable risk factor for more serious RV disease. Secondly, the median age in the hospitalised 

children was significantly lower than the median age at sampling for non-hospitalised children. 

As younger children are more vulnerable for hospitalisation this was not an unexpected finding. 
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However, as our study is not a matched case-control study we cannot exclude an age-specific 

distribution of RV species and types. Ct-values differed significantly between non-hospitalised 

and hospitalised children. We found a higher viral load (indicated by lower Ct values) in 

hospitalised children, suggesting that a higher viral load might lead to more severe disease (15, 

23). This has been described in other studies as well (24). Another influencing factor might 

be infection with co-pathogens. The frequency of viral co-infections was comparable in both 

groups, but a bacterial co-infection was detected more often in severely ill children. Our study 

indicates that bacterial co-infection, and especially co-infection with respiratory pathogens such 

as M. catarrhalis and H. influenzae, might be an important contribution to disease severity.

Some  limitations of our study need to be considered.  First,  because of the retrospective study 

design  in combination with the relatively small sample size a matched case-control study was 

not possible.  By selecting children of comparable age and period of sample collection we made 

the study groups as comparable as possible.  A post hoc power analysis showed that with our 

sample size we would be able to detect large differences between the study groups indicating 

that our sample size  was sufficient to support our main finding that RV species were equally 

distributed among all study groups. Information on  bacterial co-infections was not available 

for all patients. Previous studies describing relations between molecular epidemiology of RV 

infections and clinical outcome did not take bacterial co-infections into account (8, 25). Based 

on the results from our study bacterial co-pathogens might be an important contributing factor 

to disease severity and justify the inclusion and analyses of influences of these bacterial co-

pathogens in future studies.  

In conclusion, our results support previous findings suggesting that clinical outcome is not 

related to RV species or types alone, but may more likely be influenced by multiple (host-specific) 

factors, such as age, chronic underlying illness, viral load and the presence of a bacterial co-

infection. A more detailed investigation of host-specific genetic factors, such as polymorphisms 

in susceptibility genes (e.g. CDHR3) and alterations in chemokine genes would contribute to 

an even better understanding in the relation between RV and clinical outcome. To further 

elucidate this association, large longitudinal cohorts of RV-infected patients and samples from 

both the acute period of infection as well as follow-up samples are needed.
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Supplementary material: RV typing

RV RNA was extracted from 200 µl 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 region (UTR), capsid 

protein VP4 and part of VP2 (VP4/VP2) of the RV-genome using a two-step semi-nested 

protocol (1). First, 6 µl of RNA was reverse transcribed and amplified with the SuperScript 

III one-step RT/Platinum Taq polymerase kit (Invitrogen) according to the manufacturer’s 

instructions using primers adapted from Savolainen et al (2). One µl of the combined RT-PCR 

product was then used as input for the second semi-nested PCR amplification. The reaction mix 

contained 1x PCR buffer, 2.5 mM MgCl2, 0.5 μM of each primer, 200 μM of each dNTP, 0.1 µg/

ml BSA, and 0.05 U of FastStart Taq polymerase (Roche) in a 20 μl-reaction volume. Cycling 

conditions were as follows: 94°C for 2 min and 30 cycles each consisting of 94°C (18 sec), 55°C 

(21 sec) and 72°C (90 sec). Amplicons were sequenced using primers used for the second step of 

the semi-nested protocol with the BigDye Terminator reaction kit (Applied Biosystems). 

Species were determined by phylogenetically comparing VP4/VP2 sequences with published 

reference sequences as proposed and provided by Mclntyre et al (1).  Sequences were analysed 

using CodonCode Aligner version 3.7.1, aligned using Clustal X version 3.0.11 and edited using 

Genedoc version 2.7 software (3, 4). Phylogenetic trees were constructed using neighbour-

joining trees under a p-distance model as implemented in MEGA version 5.10 (5). Trees were 

unrooted and bootstrap values were determined from 100 bootstrap resamplings of the original 

data.

Cross-reactivity of EV with RV was suspected when both EV and RV PCR were positive and 

typing resulted in an EV type or when only RV PCR was positive and typing resulted in an EV 

type. These samples were considered to be EV positive and RV negative.

For a complete overview of the number of samples screened in both study groups and the 

number of successfully sequenced samples see Table 1. 

14436-bruning-layout.indd   142 27/03/2017   17:09



Rhinovirus infections in early childhood

143

8

Table 1.

Non-hospitalised children Hospitalised children

Number of samples screened for RV detection 236 548

Number of RV-positive samples 112 153

Number of RV-positive samples used in the typing assay 112 152

Outcome of the typing assay
-no RV (i.e. EV positive)
-successfully sequenced

11
68/101 (67.3%)

17
95/135 (70.4%)

- ‘new infection’ as defined in the Study Design 68 88

- Excluded because of absence of respiratory tract 
disease

n.a. 36

Included in final analyses 68 52

14436-bruning-layout.indd   143 27/03/2017   17:09



Chapter 8

144

1. McIntyre CL, Knowles NJ, Simmonds 
P. Proposals for the classification of 
human rhinovirus species A, B and C into 
genotypically assigned types. The Journal of 
general virology. 2013;94(Pt 8):1791-806.

2. Savolainen C, Mulders MN, Hovi T. 
Phylogenetic analysis of rhinovirus isolates 
collected during successive epidemic seasons. 
Virus research. 2002;85(1):41-6.

3. Larkin MA, Blackshields G, Brown NP, 
Chenna R, McGettigan PA, McWilliam 
H, et al. Clustal W and Clustal X version 
2.0. Bioinformatics (Oxford, England). 
2007;23(21):2947-8.

4. Nicholas KB, Nicholas HB, Deerfield DW. 
GeneDoc: Analysis and Visualization of 
Genetic Variation. EMBNEW NEWS. 
1997;4(14).

5. Tamura K, Peterson D, Peterson N, Stecher 
G, Nei M, Kumar S. MEGA5: molecular 
evolutionary genetics analysis using 
maximum likelihood, evolutionary distance, 
and maximum parsimony methods. Molecular 
biology and evolution. 2011;28(10):2731-9.

REFERENCES

14436-bruning-layout.indd   144 27/03/2017   17:09




