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ABSTRACT It is unknown why respiratory syncytial virus (RSV) causes mild disease in some children

and severe disease, requiring hospitalisation, in others. We aimed to assess whether diminished premorbid

lung function in healthy term infants predisposes to hospitalisation during RSV bronchiolitis, and to post-

RSV wheeze.

In a prospective birth cohort study of unselected term healthy children, neonatal lung function was

measured before the age of 2 months (n52133). From birth through the first year of life, respiratory

symptoms were recorded in a diary, and general practitioner consultations and hospitalisations were

documented. In a subgroup (n5417) repeated nose and throat swabs were collected for PCR to detect

RSV infections.

Median neonatal respiratory system compliance (Crs) was significantly lower (41.2 versus 47.4 mL?kPa-1,

p50.03) and resistance (Rrs) was higher (8.2 versus 6.3 kPa?s?L-1, p50.10) in hospitalised RSV patients

(n518) compared with nonhospitalised RSV-positive infants (n584). Every 10 mL?kPa-1 increase in Crs

was associated with 55% less post-RSV wheeze (OR 0.56, 95% CI 0.35–0.90), and each kPa?s?L-1 increase in

Rrs was associated with 42% more post-RSV wheeze, which was only marginally explained by pre-RSV

wheeze or severity of the RSV disease.

This unselected birth cohort study shows for the first time that decreased lung function at birth

predisposes to severe RSV disease, and to post-RSV wheeze.
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Introduction
Respiratory syncytial virus (RSV) is the most common cause of lower respiratory tract infection (LRTI) in

children in the first year of life [1], and the most frequent cause for hospitalisation in infancy [2]. By 2 years

of age almost all children have been infected with RSV [3]; however, mechanisms underlying the variability

in the severity of RSV infections are unclear.

Several risk factors, including premature birth [1, 4], have been identified; however, the largest number of

RSV infections occur in otherwise healthy infants without any known risk factors. Lower levels of lung

function shortly after birth are associated with the occurrence of respiratory illness during the first year of

life [5–8]. STEIN et al. [9] found that school age children who had suffered from RSV LRTI before the age of

3 years had lower levels of lung function than children without such history. Based on this finding, they

hypothesised that RSV lower respiratory tract illnesses might be associated with pre-existing lower lung

function [9]. The latter association has been found in prematurely born infants [10] and in a high risk

population [11]; however, these associations have never been studied in term infants.

To our knowledge, no prospective study has assessed the association between neonatal lung function and

subsequent RSV infection severity and post-RSV wheeze in term infants. We questioned whether

diminished neonatal lung function was associated with subsequently increased severity of RSV infection. It

was recently shown that palivizumab treatment for RSV prevention in otherwise healthy preterm infants

reduced recurrent wheeze in the first year of life [12]. This implies that RSV infection plays a causal role in

post-infection recurrent wheeze. It does not preclude the possibility that other factors predispose children

for both the severity of RSV infection and post-RSV wheeze. Therefore, our second question was whether

neonatal lung function was associated with the presence of post-RSV wheeze. We conducted a community-

based birth cohort study, investigating the role of neonatal lung function on the severity of RSV infection

and on post-RSV wheeze in the first year of life.

Methods
Study population
All infants participated in the Wheezing Illnesses Study Leidsche Rijn (WHISTLER), an ongoing,

population-based, prospective birth cohort study on determinants of wheezing illnesses in children [13],

which started in December 2001. Exclusion criteria are gestational age ,36 weeks, major congenital

abnormalities and neonatal respiratory disease. Information about pre- and post-natal risk factors and

about the health status of the parents was obtained by questionnaires. The medical ethics committee of the

University Medical Centre Utrecht (Utrecht, the Netherlands) approved the study (project approval

number 01/176) and all parents gave written informed consent.

Lung function measurement and respiratory symptoms
From our cohort, we selected all children who had a successful lung function measurement shortly after

birth. Lung function measurement was performed in healthy neonates before the age of 2 months during

natural sleep. Lung function was assessed from measurement of passive respiratory mechanics (resistance

(Rrs) and compliance (Crs) of the total respiratory system) using the single occlusion technique. Lung

function measurements were performed in the health centre in the Leidsche Rijn district (Utrecht, the

Netherlands) where all the children lived, consistently using the same device on all participants. Further

details about lung function measurements have been previously reported [14]. In all children from the birth

cohort, respiratory symptoms in the first year of life were documented on a daily basis, using diaries

completed by the parents.

RSV positivity
In two periods of the cohort study (2003–2005 and 2006–2007) we collected respiratory virus samples on a

regular basis in children aged ,1 year.

In the first period respiratory virus samples were collected on the second day of each episode with wheeze or

cough (n5311), with the aim of assessing whether neonatal lung function predisposes to wheezing during

viral respiratory tract infections [15]. In the second period samples were collected at the start of every

month regardless of respiratory symptoms (n5166), with the aim of describing the occurrence and clinical

impact of respiratory pathogens in infants with and without a LRTI episode [16]. Viral samples were

collected by the parents, using a cotton-tipped swab, from both the nose and posterior oropharynx. Both

swabs were collected into a single vial containing GLY medium with 0.1 mg?mL-1 pimaricin as the viral

transport medium and sent to our laboratory via standard mail. Samples were stored at -20uC until analysis

[17]. RSV positivity was defined as having a RSV PCR-positive swab in the first year of life. Of the 477
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children sampled in both study periods, 417 had a successful lung function test. Of these 417 children, 84

children were positive for RSV but did not require hospitalisation (fig. 1).

Outcome variable: RSV hospitalisation
We selected all infants from the complete cohort with a successful lung function measurement (n52133)

that had been hospitalised for bronchiolitis at any point during the first year of life. 26 infants were

hospitalised for viral bronchiolitis. In eight of those 26 patients, the immunofluorescence test or PCR was

negative for RSV, while the remaining 18 patients had a positive test result. Other reasons for hospital

admission in the remaining patients were pneumonia (n51), pertussis (n51), bronchial hyperreactivity

(n53) and laryngomalacia/bronchitis (n53). 18 patients, with a proven RSV bronchiolitis were selected for

further analyses (fig. 1).

Outcome variable: post-RSV wheeze
Days with respiratory symptoms were obtained from the diaries, which were filled in during the first year of

life. The total number of days with wheeze was calculated before and after the occurrence of the RSV

infection up to 1 year of age, with exclusion of the month in which the RSV infection occurred. Post-RSV

wheeze was expressed as the median number of days with wheeze per month following the documented

RSV infection.

Analysis
Missing values for birth length (9.1%), birth weight (0.2%) and weight and length at measurement (5.5%

and 7.0%) were imputed by their mean values, as these values did not differ from the multiple imputations.

For our first research question, we selected all RSV-positive infants, both hospitalised and nonhospitalised.

Absolute (unadjusted) values of Crs and Rrs were compared using the Mann–Whitney U-test. We used

logistic regression analysis to explore the relationship between neonatal lung function and the severity of

RSV (defined as hospitalisation: ‘‘yes’’ or ‘‘no’’). Each factor was added separately to the model to

investigate its influence on the association. We made a distinction between possible confounding factors

(sex, season of birth, siblings, breast feeding, daycare, maternal allergy, ethnicity, educational level and study

year, as strains of RSV may differ in virulence between years [18–20]) and factors that may be in the causal

chain, for example birth weight and maternal smoking [21]. We studied the effect of those intermediates in

order to understand whether they explain the association between neonatal lung function and RSV

hospitalisation for preventive purposes. Possible confounders, affecting the odds ratio by o5%, were added

to the multivariable model for both Crs and Rrs.

For our second research question the association between lung function and the development of post-RSV

wheeze was investigated. Again, each possible confounding factor was added separately to the model to

 
2689 WHISTLER participants

18 hospitalised RSV patients

84 RSV positive swabs

2133 WHISTLER participants

with valid lung function 

measurement 

417 infants with 

collected viral swabs 

in 2003–2005 or 2006–2007  

84 nonhospitalised RSV 

positive infants 

FIGURE 1 Flow chart of the infants
included in this study. In total, 102
infants were included in the analysis
with a positive respiratory syncytial
virus (RSV) test and valid neonatal
lung function. WHISTLER: Wheezing
Illnesses Study Leidsche Rijn.
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investigate its influence on the association. In addition to the aforementioned factors, we also added the

intermediates pre-RSV wheeze and RSV bronchiolitis hospitalisation to the model separately, to study

whether lung function was associated with post-RSV wheeze, independent of the presence of pre-RSV

wheeze and RSV bronchiolitis hospitalisation. These factors may explain any association between neonatal

lung function and post-RSV wheeze. Poisson regression was used to analyse the difference in number of

days with wheeze between hospitalised patients and nonhospitalised RSV-positive infants. Results are

presented as odds ratios, 95% confidence intervals and p-values. Statistical analysis was performed using

SPSS statistics version 20.0 (IBM Corp., Armonk, NY, USA).

Results
The complete cohort consisted of 2689 infants, from which a successful lung function measurement was

obtained in 2133 (79.3%) infants. Of the complete cohort with a successful lung function measurement, 18

(0.84%) infants were hospitalised for RSV bronchiolitis (fig. 1). Of the infants with a successful lung

function measurement 417 (19.5%) infants were sampled for viral infections during one of the two

sampling periods. In 84 (20.1%) infants a positive RSV sample was detected; 52 (61.9%) of the infants were

sampled during an episode with wheeze or cough, and 32 (38.1) were sampled randomly at the start of every

month. Of those, 22 (68.8%) infants did have respiratory symptoms at the time of sampling. Baseline

characteristics for the three groups are presented in table 1. The virus sampling group was representative for

the complete study group (data not shown).

Infants with and without a successful lung function were compared. Except for a higher birth weight in the

group without successful lung function, no significant differences between groups were found (table S1).

We did not find differences between children with and without a successful lung function measurement in

the cohort with swabs (data not shown).

Neonatal lung function in RSV-positive infants
Children who were hospitalised for RSV bronchiolitis had significantly lower median (interquartile range

(IQR)) Crs (41.2 (33.2–45.8) versus 47.4 (40.1–52.6) mL?kPa-1, p50.03) and higher median (IQR) Rrs (8.2

(5.8–9.1) versus 6.3 (5.2–7.6) kPa?s?L-1, p50.10) (fig. 2). Table 2 shows the odds ratios for the association

between lung function and RSV hospitalisation. In the univariable model, each 10 mL?kPa-1 increase in Crs

was associated with 45% lower odds for hospitalisation. After adjustment for potential confounders this

association strengthened: each 10 mL?kPa-1 increase in Crs was associated with 66% lower odds for

hospitalisation. Adding intermediate factors to the model slightly weakened the association between Crs and

RSV hospitalisation, but it remained statistically significant.

Each kPa?s?L-1 increase in Rrs was associated with 20% higher odds of RSV hospitalisation. After adjustment

for study year, this association attenuated (OR 1.30, 95% CI 1.02–1.66).

TABLE 1 General characteristics of the study population

Total cohort Hospitalised RSV
patients

Nonhospitalised
RSV-positive infants

p-value#

Subjects n 2133 18 84
Males 1033 (48.4) 10 (55.6) 48 (57.1) 0.903
Birth weight g 3519¡509 3538¡620 3596¡529 0.688
Birth length cm 51 (49–52) 51 (49–53) 51 (50–52) 0.263
Gestational age weeks 39.9 (39.0–40.9) 40.2 (39.1–40.5) 40.0 (39.0–41.0) 0.696
Age at bronchiolitis weeks NA 29.9 (18.1–48.8) 30.4 (20.7–38.9) 0.719
Siblings 1133/2103 (53.9) 10/17 (58.8) 43/83 (51.8) 0.602
Breastfed in first 3 months of life 1395/1994 (70.0) 13/17 (76.5) 63 (75.0) 0.899
Daycare in first 3 months of life 895/2000 (44.8) 11/17 (64.7) 44 (52.4) 0.357
Maternal allergy 147/1797 (8.2) 1/17 (5.9) 3/79 (3.8) 0.548
Maternal smoking during pregnancy 130/2126 (6.1) 1 (5.6) 3/83 (3.6) 0.546
Western mother 1852 (79.7) 15/17 (88.2) 66/80 (82.5) 0.568
Highly educated mother 1221/1782 (68.5) 15/17 (88.2) 74/80 (92.5) 0.566

Data are presented as n (%), n/N (%), mean¡SD or median (interquartile range), unless otherwise stated. RSV: respiratory syncytial virus; NA: not
applicable. #: p-value for differences between the two RSV groups.
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Neonatal lung function and post-RSV wheeze
Data about days with wheeze prior to the RSV infection were available in 15 hospitalised infants and 80

nonhospitalised infants. As diaries were filled in up to the age of 12 months, information about post-RSV

wheeze was not available for four infants that were hospitalised at or after the age of 12 months, and for five

nonhospitalised infants with a RSV-positive swab at the age of 12 months. In two hospitalised infants and

one nonhospitalised infant this information was missing. No differences were found between children who

were and were not included in the analysis (data not shown). A total of 34 out of 90 children experienced

post-RSV wheeze for o1 day: 10 (83.3%) out of 12 hospitalised RSV patients versus 24 (30.8%) out of 78

RSV-positive nonhospitalised infants, p,0.001.

Furthermore, the median (IQR) number of days with post-RSV wheeze per month was higher in the

hospitalised group as compared with the RSV-positive nonhospitalised infants (0.7 (0.2–4.1) versus 0.0

(0.0–0.4), p,0.001). Prior to the RSV infection hospitalised infants experienced more days with wheeze per

month compared with nonhospitalised infants (median (IQR) 0.5 (0.0–1.4) versus 0.0 (0.0–0.0), p50.002).

Table 3 shows the association between lung function and the presence of any days with post-RSV wheeze.

Each 10 mL?kPa-1 increase in Crs was associated with 44% lower odds for post-RSV wheeze. After

adjustment for potential confounders this association strengthened: each 10 mL?kPa-1 increase in Crs was

associated with 55% lower odds for post-RSV wheeze. Each kPa?s?L-1 increase in Rrs was associated with

34% higher odds of post-RSV wheeze. After adjustment for study year, this association attenuated (OR 1.42,

95% CI 1.11–1.82).

Adding pre-RSV wheeze to the model did slightly weaken the association between both Crs and Rrs and

post-RSV wheeze. Similar results were seen after addition of RSV hospitalisation to the model.

Discussion
This study showed that in term infants impaired neonatal lung function precedes a severe course of RSV infection.

There was no significant association between Rrs and hospitalisation, except after correction for study year.

However, increased Rrs and lower Crs were both associated with post-RSV wheeze, independent of the

severity of the disease and the presence of pre-RSV wheeze. Although the role of premorbid lung function in

the severity of RSV disease has been suggested in preterm and high risk infants, to our knowledge, this is the

first study confirming this effect in an unselected birth cohort of healthy term infants, which account for the

majority of hospitalisations for RSV bronchiolitis.

Several risk factors for a severe course of disease during RSV infection, including premature birth [1, 4],

have been identified. Two studies assessed the role of neonatal lung function in RSV bronchiolitis in

prematurely born infants [4, 10]. DRYSDALE et al. [10] prospectively studied 159 premature born infants that

were sampled at each episode of wheeze, cough or shortness of breath. They found impaired neonatal lung

function in patients that were hospitalised for a viral lower respiratory tract illness, including RSV,

compared with nonhospitalised patients. BROUGHTON et al. [4] prospectively studied 39 premature infants

and described significantly higher premorbid Rrs in symptomatic RSV patients compared with patients with

no lower respiratory tract illness. They concluded that in preterm infants abnormal airway function is
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FIGURE 2 Crude median a) compliance (Crs) and b) resistance (Rrs) of the respiratory system for 18 hospitalised
respiratory syncytial virus (RSV) patients and 84 nonhospitalised RSV-positive infants. #: p-values based on logistic
regression analysis.
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associated with subsequent symptomatic RSV lower respiratory tract illness. Recently, CHAWES et al. [11]

described airway hyperresponsiveness as a risk factor of acute severe bronchiolitis, including RSV

bronchiolitis, in children of atopic mothers.

The largest number of RSV infections occurs in otherwise healthy infants without any known risk factors.

Several studies have described the association between a pre-existent decreased lung function and the de-

velopment of wheezing illnesses during unspecified viral respiratory tract infections in term infants [5, 7, 22].

Until now, RSV specific data on unselected healthy children were lacking. Several prediction models for

RSV hospitalisation in infants have been published [18, 23, 24], but none incorporated neonatal lung

function measurements.

Both Crs and Rrs were associated with RSV, for Rrs this was after adjustment for study year. Although the

virulence of the RSV strain is not associated with neonatal lung function, we have previously shown that

lung functions have improved over the years in our cohort [25]. One important explanation for this

phenomenom may the smoke-free legislation. Previous studies have found an association between a

reduced airway calibre (reflected by maximal flow at functional residual capacity or Rrs) and wheezing

symptoms in the first years of life [5, 7, 8, 22]. Our results, showing an independent association between Rrs

and post-RSV wheeze, are in line with these findings.

Crs and Rrs possibly reflect distinct tissue properties that are differently associated with wheezing

phenotypes later in life; impaired Rrs is associated with wheezing early in childhood and impaired Crs with

phenotypes that persist into later childhood [26, 27]. As hospitalised RSV patients have lower Crs, they are

likely to be more prone to a severe course of RSV, as well as to persistent respiratory complaints up until

school age. Although the underlying mechanisms whereby reduced Crs leads to RSV hospitalisation are

unknown, it is possible that reduced Crs reflects differences in lung characteristics leading to both a severe

RSV infection and childhood asthma.

Several prospective studies have described the association between RSV bronchiolitis and the development

of post-bronchiolitis wheeze [28–30]. Our data suggest that besides the severity of the RSV infection,

premorbid increased Rrs and decreased Crs also are independent determinants of post-RSV wheeze. Up to

40% of all children experience wheezing after an RSV infection [31]. Whether wheezing is also present in

these children before the occurrence of the RSV infection is unknown. Lower neonatal lung function is

associated with an increased risk of wheeze in the first years of life [26]. We have shown that the association

between both Crs and Rrs, and post-RSV wheeze is not dependent on the presence of pre-RSV wheeze or the

TABLE 2 Association between lung function and respiratory syncytial virus (RSV) hospitalisation in 102 RSV-positive infants

Crs 10 mL?kPa-1 Rrs kPa?s?L-1

OR (95% CI) p-value OR (95% CI) p-value

Crude 0.55 (0.31–0.96) 0.03 1.20 (0.97–1.49) 0.10
Adjusted for potential confounders

Males 0.55 (0.31–0.96) 0.04 1.20 (0.97–1.49) 0.10
Birth length cm 0.56 (0.31–1.02) 0.06 1.18 (0.94–1.47) 0.15
Gestational age weeks 0.54 (0.30–0.96) 0.04 1.20 (0.96–1.49) 0.11
Season of birth April to September 0.53 (0.30–0.94) 0.03 1.20 (0.97–1.49) 0.10
Siblings 0.60 (0.34–1.05) 0.07 1.17 (0.93–1.46) 0.18
Breastfed in first 3 months of life 0.49 (0.27–0.89) 0.02 1.18 (0.95–1.47) 0.14
Daycare in first 3 months of life 0.45 (0.24–0.84) 0.01 1.22 (0.97–1.53) 0.09
Maternal allergy 0.55 (0.31–0.97) 0.04 1.19 (0.95–1.48) 0.13
Western mother 0.53 (0.30–0.96) 0.04 1.19 (0.95–1.49) 0.13
Highly educated mother 0.55 (0.31–0.98) 0.04 1.18 (0.95–1.47) 0.14
Study year 0.50 (0.27–0.92) 0.03 1.30 (1.02–1.66) 0.03

Adjusted for intermediates
Maternal smoking during pregnancy 0.55 (0.31–0.97) 0.04 1.20 (0.97–1.49) 0.10
Birth weight g 0.50 (0.26–0.94) 0.03 1.20 (0.96–1.50) 0.11

Adjusted multivariable model# 0.34 (0.15–0.73) ,0.01 1.30 (1.02–1.66)" 0.03

Crs: compliance of the respiratory system; Rrs: resistance of the respiratory system. Each model consists of the crude model plus adjustment for
one single variable. Bold indicates odds ratios that are affected o5% by adjustment. #: adjusted for siblings, breastfeeding, daycare and study year;
": adjusted for study year.
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severity of the RSV infection, as the association between lung function and pre-RSV wheeze was only

marginally affected by pre-bronchiolitis wheeze or by hospitalisation for RSV itself.

Our findings, therefore, provide evidence for the statement that lower lung function in school-aged children

that were previously hospitalised for RSV bronchiolitis can not only be attributed to the RSV infection itself,

but might be partially pre-existent. The Tucson birth cohort study followed the natural course of lung

functions in children up until the age of 22 years and showed that lower lung function in childhood persists

into adulthood [32]. Whether RSV adds to this lung function impairment is unknown. Future research,

focusing on the prevention of RSV and long-term follow-up will provide more insight into this question.

The major strength of this study is the design and the techniques used. In an unselected birth cohort, lung

function was performed before the second month of life, before the occurrence of any respiratory

symptoms. Infants were prospectively followed up for respiratory symptoms, and swabs were collected on

the second day of each episode of wheeze or cough. Due to the large size of our birth cohort, we were able to

detect 18 confirmed RSV bronchiolitis patients within our cohort and to compare these patients with

nonhospitalised RSV-positive infants. All RSV diagnoses were confirmed using molecular techniques.

However, some limitations need to be discussed. First, for this study we only selected RSV-positive infants

with a successful lung function measurement, as lung function was the main focus of study. A successful

lung function measurement is dependent on natural sleep. The measurement was cancelled if the infant

woke up before or during the measurement. Because this is likely to occur randomly, it is unlikely that this

resulted in bias. However, we did find a higher birth weight in the group without successful lung function

measurements; no other significant differences between groups were found (table S1).

Secondly, for our control group, we used two different sampling cohorts within the WHISTLER cohort.

These cohorts have been recruited in two different time periods, and were sampled in different ways (during

an episode with lower respiratory tract symptoms or regardless of symptoms at the beginning of the

month). Correction for the study year did not affect the association between Crs and RSV hospitalisation,

but the association between Rrs and RSV hospitalisation became stronger, and statistically significant. We

might have missed controls with upper respiratory tract infections only, or those that carried RSV along

between two sample points.

TABLE 3 Association between lung function and the presence of post-respiratory syncytial virus (RSV) wheeze in 90 RSV-
positive infants

Crs 10 mL?kPa-1 Rrs kPa?s?L-1

OR (95% CI) p-value OR (95% CI) p-value

Crude 0.56 (0.35–0.90) 0.02 1.34 (1.07–1.68) 0.01
Adjusted for potential confounders

Males 0.55 (0.34–0.89) 0.02 1.35 (1.07–1.69) 0.01
Birth length cm 0.58 (0.35–0.97) 0.04 1.33 (1.05–1.67) 0.02
Gestational age weeks 0.57 (0.35–0.93) 0.02 1.33 (1.05–1.67) 0.02
Season of birth April to September 0.57 (0.35–0.93) 0.02 1.34 (1.07–1.69) 0.01
Siblings 0.56 (0.35–0.90) 0.02 1.33 (1.06–1.67) 0.01
Breastfed in first 3 months of life 0.54 (0.33–0.88) 0.01 1.36 (1.07–1.71) 0.01
Daycare in first 3 months of life 0.57 (0.36–0.91) 0.02 1.33 (1.06–1.67) 0.01
Maternal allergy 0.53 (0.33–0.87) 0.01 1.30 (1.03–1.63) 0.03
Western mother 0.52 (0.32–0.85) 0.01 1.34 (1.06–1.68) 0.01
Highly educated mother 0.54 (0.33–0.88) 0.02 1.32 (1.05–1.66) 0.02
Study year 0.52 (0.31–0.85) 0.01 1.42 (1.11–1.82) 0.01

Adjusted for intermediates
Maternal smoking during pregnancy 0.56 (0.35–0.90) 0.02 1.37 (1.08–1.73) 0.01
Birth weight g 0.59 (0.35–0.98) 0.04 1.32 (1.05–1.66) 0.02
Pre-RSV wheeze 0.63 (0.38–1.04) 0.07 1.31 (1.03–1.66) 0.03
RSV bronchiolitis hospitalisation 0.66 (0.41–1.07) 0.09 1.30 (1.03–1.63) 0.03

Adjusted multivariable model 0.45 (0.26–0.77)# ,0.01 1.42 (1.11–1.82)" ,0.01

Crs: compliance of the respiratory system; Rrs: resistance of the respiratory system. Bold indicates odds ratios that are affected o5% by
adjustment. #: adjusted for maternal allergy, Western mother and study year; ": adjusted for study year.
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Thirdly, as the first symptoms of a RSV infection may start before detection of the virus, this may have

influenced our definition of pre-RSV wheeze. Therefore, we have not included the days with wheeze during

the month in which the RSV infection occurred in our analysis, which in our view excludes this explanation.

Fourthly, viral strains may have been less virulent outside the years that the controls were sampled, but in

which some of the hospitalisations took place. Correction for study year did strengthen the association

between both Crs and RSV hospitalisation and Rrs and RSV hospitalisation, and the association between Rrs

and RSV hospitalisation also became statistically significant.

Finally, for this study we assessed patients that were RSV positive only. We were not able to analyse single

virus infections with RSV as this information was not present in the hospitalised patients. Therefore, we

cannot exclude the possibility that other viral agents may have contributed to the severity of the infection

leading to hospitalisation, or leading to post-RSV wheezing.

We conclude that both decreased Crs and increased Rrs in otherwise healthy infants are risk factors for

development of a severe course of RSV bronchiolitis, requiring hospitalisation during RSV infection.

Furthermore, decreased Crs and increased Rrs are both independent risk factors for post-RSV wheeze.
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