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Abstract
Previous data about the role of viruses in the development of allergic IgE sensitization
are contradictory. The aim of this study was to determine the possible associations
between exposure to different viruses (rhinovirus, enterovirus, norovirus and
parechovirus) during the first year of life and IgE sensitization. Viruses were analyzed
from stool samples collected monthly from infants participating in a prospective birth
cohort study. From that study, 244 IgE sensitized case children and 244 non-sensitized
control children were identified based on their allergen specific IgE antibody levels at the
age of 6, 18 and 36 months. Stool samples (n=4576) from case and control children were
screened for the presence of rhinovirus, enterovirus, norovirus and parechovirus RNA by
RT-qPCR. The study showed that rhinovirus was the most prevalent virus detected,
present in 921 (20%) samples. None of the viruses were associated with IgE sensitization
in the full cohort but after stratifying by sex, the number of rhinovirus positive samples
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was inversely associated with IgE sensitization in boys [odds ratio (OR): 0.81; 95%
confidence interval (CI): 0.69-0.94; p=0.006]. There was also a temporal relation
between rhinoviruses and IgE sensitization, as rhinovirus exposure during the first 6
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months of life was associated with a reduced risk of subsequent IgE sensitization in boys
(OR, 0.76; 95% CI, 0.6-0.94; p=0.016). In conclusion, early exposure to rhinoviruses
was inversely associated with IgE sensitization but this protective association was
restricted to boys.
Keywords: Allergy, atopy, gender, sex, stool, virus
Introduction
The rapid increase in the prevalence of atopic diseases during the last decades highlights
the role of environmental factors in the pathogenesis of these diseases.1 IgE sensitization
is a marker of atopic constitution and is often associated with atopic disease, such as
asthma, allergic rhinoconjuctivitis and atopic eczema. Viral infections are among the
potentially interesting environmental exposures affecting IgE sensitization but current
data on the associations between viruses and IgE sensitization are conflicting. Some
studies have shown virus infections to associate with a lower risk of IgE sensitization,2,3
whereas others have observed no associations4,5 or an increased risk.6-8 There are also
indications that viruses may differ in their ability to modulate the risk of IgE
sensitization.3,6,7
The aim of this study was to evaluate the associations between viral infections in infancy
and IgE sensitization. The gut immune system is important in the development of
immunological tolerance in early childhood and gastrointestinal viruses have been
suggested to be of special significance with regard to atopic sensitization.9-11 Therefore,
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viruses known to replicate in the gastrointestinal tract were selected for the present study:
Enteroviruses (family Picornaviridae, genus Enterovirus, species Enterovirus A-D),
noroviruses (family Caliciviridae, genus Norovirus) and parechoviruses (family
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Picornaviridae, genus Parechovirus, species Parechovirus A). Rhinoviruses (RVs)
belong to the Enterovirus genus of the Picornaviridae family, and they are classified into
three species: Rhinovirus A-C. Wheezing RV-infections have been shown to increase the
risk of childhood asthma,12,13 and they have been reported to be present in fecal
samples.14-17 Thereby, also RVs were included in the present study, even though there is
no evidence that they could replicate in the intestinal mucosa, but are rather passively
transmitted from their replication site in the respiratory mucosa into the gastrointestinal
tract. In this study, RV, enterovirus (EV), norovirus (NoV) and parechovirus (HPeV)
RNA was analyzed by RT-qPCR from stool samples collected monthly during the first
year of life from IgE sensitized and non-sensitized children. To our knowledge, there are
no previous studies about the associations between viruses detected in stool and risk of
IgE sensitization.
Materials and Methods
Subjects
The study was carried out as a part of the Diabimmune study aimed at delineating
environmental factors predisposing to immune-mediated diseases such as allergies and
type 1 diabetes (T1D).18 HLA DR-DQ genotypes associated with T1D were screened
from the cord blood of 5819 newborns in Finland and Estonia, as described earlier.18 All
children with designated T1D-related HLA DR-DQ genotypes (n=1139) were invited to
participate in the Diabimmune birth cohort study. Infants were categorized as having
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high (DR3-DQ2/DR4-DQ8 genotype), moderate (DR4-DQ8/X genotype; X = nonprotective allele but not DR3-DQ2) or slightly increased (DR3-DQ2/Y genotype; Y =
non-protective allele but not DR4-DQ8) risk for T1D. The study was approved by the
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local Ethics Committees (228/13/03/03/2008 and 172/T-15; 20.08.2008) and the parents
gave their written informed consent.
Altogether 717 out of the 1139 HLA-eligible newborns participated in the birth cohort
study and 563 children continued until the end of the follow-up at 36 months. For the
present study, children were selected according to their IgE levels among these 563
children. In the Diabimmune study, allergen specific IgE levels were measured at 6, 18
and 36 months of age. Altogether 244 (43%) children had positive IgE values against at
least one allergen at the age of 18 and/or 36 months. These 244 children comprised the
case group. Next, 244 non-IgE sensitized control children were selected, i.e. control
children had negative allergen specific IgE levels at 6, 18 and 36 months. Case and
control children were matched for the country of birth, 304 children from Finland and
184 children from Estonia, but otherwise control children were selected randomly. All
children were born between September 2008 and May 2010. Demographic characteristics
of the case and control groups are presented in Table 1.
Virus analyses
Stool samples collected during the first 12 months of life were systematically screened
for the presence of RV, EV, NoV and HPeV RNA using RT-qPCR. Viral RNA was
extracted from 10% stool suspension in HANK’s solution with Qiagen Viral RNA kit
(Qiagen, Germany) according to manufacturer’s instructions. Viral RNA was reversetranscribed and amplified according to manufacturer’s protocol with QuantiTect Probe
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kit (Qiagen, Germany) using primers and labelled probes (Thermo Fisher Scientific,
USA). RV was detected by forward primer 5’-CYA* GCC T*GC GTG GC -3’ (A* and
T* locked nucleic acid primer by Exiqon); reverse primer GAA ACA CGG ACA CCC
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AAA GTA and probe VIC-TCC TCC GGC CCC TGA ATG YGG C –TAMRA.19 For
EV, the primers and probes applied were: forward primer: CGG CCC CTG AAT GCG
GCT AA, reverse primer: GAA ACA CGG ACA CCC AAA GTA, probe 1: FAM-TCT
GTG GCG GAA CCG ACT A-TAMRA, probe 2: FAM-TCT GCA GCG GAA CCG
ACT A-TAMRA.20 Primers and probes for NoV and HPeV detection were applied as
described earlier.21 All samples were tested in three reactions and if any of the reactions
was positive that sample was interpreted as positive for tested virus. The samples were
analyzed blind to case-control status of the child.
IgE antibodies
Serum samples taken at the age of 6, 18 and 36 months were analyzed by ImmunoCAP®
enzyme immunoassay (Thermo Fisher Scientific, Uppsala, Sweden) for IgE antibodies
against cat, dust mite, birch, timothy, egg, milk and wheat. IgE antibodies against peanut
were analyzed at the age of 18 and 36 months and antibodies against dog at 36 months.
All analyses were carried out blind to clinical information. Values ≥ 0.35 kU/L were
considered positive.
Statistical methods
Logistic regression analysis was applied to estimate odds ratios (ORs) and corresponding
95% confidence intervals (CIs) for IgE sensitization. The association between virus
exposure and IgE sensitization was evaluated by calculating the number of virus positive
stool samples in each child during the follow-up and comparing the number of positive
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samples in case and control children. After stratification by sex, this comparison was
made between male cases and controls and accordingly, between female cases and
controls. OR value expresses an estimation of how much each virus positive sample
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affects the risk to become IgE sensitized. This estimate was calculated for each virus
separately. Additionally, the number of case and control children having at least one
virus positive sample during the follow-up was calculated for each of the four viruses and
logistic regression analysis was applied to estimate the ORs and 95% CIs for IgE
sensitization.
IgE values were measured at 6, 18 and 36 months of age and viruses were analyzed from
stool samples collected monthly during the first year of life (Figure 1). To observe
temporal relations between virus exposure and IgE sensitization, case children were
divided into two groups; late sensitized (n=162) and early sensitized (n=57) (IgE values
at 6 months were missing from 25 cases and 10 controls). The late sensitized group
comprised of case children who were IgE negative at 6 months but became IgE positive
later during the follow-up, and the early sensitized children were case children who were
IgE positive already at 6 months. In the late and early sensitized groups, the associations
between virus exposure and IgE sensitization were determined by calculating the number
of virus positive samples during the first 6 months of follow-up.
Children were also classified according to the nature of their IgE sensitization: children
sensitized against at least one aeroallergen (cat, dog, dust mite, birch, timothy) were
classified as “aeroallergen sensitized” (n=104) and children sensitized against at least one
dietary allergen (egg, milk, wheat, peanut) comprised the group of “dietary sensitized”
(n=214). Depending on their sensitization profile, case children could belong to one or
both of these groups (Supplement Table 1).
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Demographic characteristics of the study population are shown in Table 1. These data
included: T1D-related HLA risk classes, parental atopy (having at least one of the
following: asthma, hay fever/allergic rhinitis or atopic dermatitis), having older siblings,
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smoking inside, place of residence (“urban”: city center or residential areas, “rural” :
population centers/sparsely populated areas and “both”: change between the categories
during the follow-up), type of housing, having furry pets at home, child’s age at the
beginning of daycare, duration of breastfeeding (including partial breastfeeding), route of
delivery, duration of pregnancy and birth weight. These factors were also addressed as
possible confounding factors. Univariate logistic regression analysis was applied to
estimate the ORs and 95% CIs for each factor (Table 1). When a significant effect on IgE
sensitization was observed, logistic regression analysis was used to adjust for this factor.
Unadjusted p values are presented in the text.
The Bonferroni correction was applied to counteract the problem of multiple
comparisons. As the association between virus exposure and IgE sensitization was
analyzed for 4 different viruses, the Bonferroni correction to control type I error was
justified. After Bonferroni correction, p < 0.013 was considered statistically significant.
Analyses were performed by using R version 3.3.3 (2017-03-06, The R Foundation for
Statistical Computing, https://www.R-project.org).
Results
Altogether 4576 stool samples were analyzed, 2258 from case children and 2318 from
control children. The number of stool samples available for analysis each month is
presented in Supplement Table 2. RV was the most prevalent virus detected during the
first year of life, with 921/4576 (20%) positive samples. The number of positive samples
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for EV, NoV and HPeV was 203 (4%), 243 (5%) and 194 (4%), respectively. RVs were
prominent already during the first 6 months of life, whereas the prevalence of EVs, NoVs
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and HPeVs started to increase later (Figure 2).
The number of children having at least one virus positive sample during the follow-up
did not differ between case and control children for any of the viruses. For RVs: 184
(75%) case children vs. 187 (77%) control children had at least one positive sample (OR:
0.93, 95% CI: 0.62-1.42, p=0.75), for EVs: 57 (23%) case children vs. 51 (21%) control
children (OR: 1.15; 95% CI: 0.75-1.77, p= 0.51), for NoVs: 69 (28%) case children vs.
83 (34%) control children (OR: 0.76; 95% CI: 0.52-1.12, p=0.17) and for HPeVs: 62
(25%) case children vs. 66 (27%) control children (OR: 0.92; 95% CI: 0.61-1.38,
p=0.68).
The number of virus positive stool samples during the follow-up did not differ between
case and control children for any of the viruses in the full cohort (Table 2). However,
after stratifying the study cohort by sex, the number of RV positive samples was
inversely associated with IgE sensitization in boys (OR: 0.81; 95% CI: 0.69-0.94;
p=0.006) but not in girls (OR: 1.02; 95% CI: 0.87-1.19; p=0.83). In boys, 104 (74%) case
children had at least one RV positive stool sample vs. 89 (84%) control children. In girls,
80 (77%) case children had at least one RV positive samples vs. 98 (71%) in control
children. Sex did not influence the overall prevalence of RV infections, as the number of
RV positive samples did not differ between boys and girls: 485 (21%) vs. 436 (19%),
respectively. Stratification by sex did not have an effect on the associations observed
with EV, NoV or HPeV (Table 2). The demographic characteristics stratified by sex are
presented in Supplement Tables 3 and 4. The number of case and control children with
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positive paternal history of atopy differed statistically significantly in the full cohort and
among girls. Adjusting for this confounder did not affect the results.

Accepted Article

The sex-based difference in the association between RV exposure and IgE sensitization
was observed also in the late and early sensitized groups (definitions in Supplement
Table 1). In boys, the number of RV positive samples during the first 6 months of life
was inversely associated with subsequent IgE sensitization (late sensitized group): OR:
0.76; 95% CI: 0.6-0.94; p=0.016, and simultaneous IgE sensitization (early sensitized
group): OR: 0.6; 95% CI: 0.39-0.85; p=0.008. In girls, no associations were observed. In
addition, an inverse association between RV positivity and IgE sensitization was detected
in both aeroallergen and dietary sensitized boys (OR: 0.78; 95% CI: 0.63-0.94; p=0.014
and OR: 0.82; 95% CI: 0.69-0.95; p=0.012, respectively), whereas no association was
observed in girls (Figure 3). The number of samples positive for EV, NoV or HPeV was
not associated with IgE sensitization in any of the case categories (data not shown).
Discussion
The results from this prospective birth cohort study reinforce previous data that RVs are
frequent in stool in infancy. The study demonstrates for the first time that RVs detected
in stool are inversely associated with IgE sensitization. The study also reports a novel
sex-based difference, as the inverse association between RV exposure and IgE
sensitization was only observed in boys. Furthermore, RV detection during the first 6
months of life was inversely associated with subsequent IgE sensitization in boys. This
temporal order, i.e. RV exposure preceding IgE sensitization, suggests that RV infections
in early life may act as protective environmental factors against IgE sensitization, but the
effect seems to be associated with sex.
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Previous studies have shown that RVs, although considered respiratory pathogens, are
detected frequently in stool in childhood.14-17 The reasons for this phenomenon are not
clear. RVs infect primarily nasopharyngeal epithelia, and RVs passing through the
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gastrointestinal tract is the most plausible explanation for detecting RV in stool. RVs are
also acid sensitive and thereby thought to degrade in the acidic gastric environment. One
explanation for the high detection rate of RVs in stool in early life might lie in the
relatively high gastric pH in infancy that might lead to diminished degradation of RV
RNA in the stomach.22 The prospective study setting in the present study allowed also
detecting temporal changes in the virus prevalence; the number of RV positive stool
samples was high in early infancy and gradually decreased during the first year of life.
The observed decreasing RV prevalence with age may well be explained by a steep
decrease in gastric pH during first year of life, observed by Nagita et al.22 There is also
an in vitro study showing that acidic environment selects rapidly RV strains carrying a
point mutation in the capsid protein conferring resistance to inactivation in low pH.23 In
addition to acid sensitivity, RVs have been thought to replicate optimally at temperatures
of 33-34ºC equaling that of the upper airways. However, Papadopoulos et al reported
only minimal differences in the replication capacity of some RVs between temperatures
of 33ºC and 37ºC.24 Even though not addressed in the current study, it may therefore be
that some RV types also retain their viability in the gut, as suggested by the results
showing RVs replicating upon cultivation after isolation from stool.15,16
RV-induced wheezing has been shown to increase the risk of childhood asthma25 but
there are much less data about the role of RVs in IgE sensitization.4,7,26 Jartti et al
reported a positive association between wheezing RV infection and IgE sensitization in a
cross-sectional study setting.7 Later, a prospective study showed that aeroallergen
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sensitization predisposed children to RV-induced wheezing, but the opposite was not
seen.4 It might also be important to notice, that most previous studies have relied on
samples taken during symptomatic RV infections, especially RV-induced wheezing, with
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less data derived from systematic sample collection regardless of symptoms.13,27 In fact,
there are indications that asymptomatic or mild RV infections might differ from severe
ones in relation to atopy. Jackson et al reported severe wheezing RV infections to
increase the risk of asthma but found no association between asthma and RVs detected
from nasal samples during prescheduled visits.13 In accordance, picornaviruses, including
RVs, detected from routine nasal samples taken at four distinct time points during the
first year of life, were shown not to associate with atopic sensitization.27 Thus, it is
possible that the association between RVs and wheezing episodes is characteristic for
children who already have airway hyper reactivity, while RV infections that occur in
early infancy may reduce the risk of IgE sensitization. The latter association may be
more difficult to detect since it requires prospective birth cohort studies and depends on
the sex of the child.
The sex-based difference observed is interesting, since susceptibility to a wide range of
infections and immune-mediated diseases is influenced by sex. In general, boys have
increased susceptibility to many virus infections whereas girls often develop stronger
immune responses resulting in lower prevalence and intensity of infections.28,29 There are
not much prior data about possible sex-based differences in RV infections. Boys were
shown to have more moderate-to-severe RV illnesses during early childhood as well as
higher IFN-γ responses than girls did.30 In addition, an animal study showed that early
RV infections contributed to the development of allergen induced lung disease in female,
but not in male mice.31 On the other hand, there is a well-known sex-based difference in
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the prevalence of IgE sensitization and childhood asthma with male gender predisposing
to both.30,32,33 The reasons for the male dominance in susceptibility to virus infections
and atopy are not known but diverse and widespread effects of sex hormones probably
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play a role.34
Most previous birth cohorts on atopy have included children genetically at high risk for
atopy. There is a strong and heterogeneous genetic component in childhood asthma35 and
maternal atopy has also been reported to increase the risk of severe RV bronchiolitis.36
Furthermore, variants at the 17q21 gene locus have been shown to associate with asthma
especially in children presenting with RV-associated wheezing illness.37 It is therefore
possible that in genetically selected cohorts, children are not only at higher risk for
asthma but also for severe RV infections, which could contribute to the previously
observed positive associations between RV infections and asthma. On the other hand, the
study population in the present study was selected for T1D-associated HLA types. There
are some data linking HLA-DQ region to asthma, and HLA-DRB1 has also been linked
to IgE sensitization.38 However, as the genetic background of atopy is highly
polymorphic and it has been estimated that HLA-DRB1 locus only accounts for 2-3% of
the variation in specific IgE titers,38 it is unlikely that the HLA selection would have
substantially influenced our results. Furthermore, the distribution of HLA-DR/DQ types
was similar in case and control groups.
RV infections are generally diagnosed by RT-PCR assays targeting the 5’ non-coding
region (5’-NCR) of the RV genome.39 Due to sequence similarities in the 5’NCR
between RVs and EVs, it is known that some RV PCR assays detect also EVs thereby
reducing the specificity of the assays. In a study by Lu et al, the RV RT-PCR assay
applied in the present study was shown to amplify all of the 100 RV prototype strains and
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85 field isolate strains included in their sensitivity and specificity analysis.19 The assay
did not amplify 34 of the 48 EV types included, while 14 EV types gave weakly positive
reactions when present in the sample in high titres.19 In addition, the RV RT-PCR
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primers and probes applied in the present study were included in the study by Faux et al
comparing the usefulness of different PCR primers in detecting RV infections.40 The RV
RT-PCR assay in question, amplified 20 out of the 29 RV types including types from all
RV species (Rhinovirus A-C) and most importantly, the assay did not amplify any of the
EVs included.40 These studies confirm that the RV RT-PCR primers and probes applied
in the current study are both sensitive and specific. However, the possibility that some
RVs might have been missed or that there might be some low-degree cross-detection
between RVs and EVs cannot be excluded.
In the current study, no genotyping of RVs was performed. Thereby, the results do not
indicate whether consecutive RV positive stool samples represent a single prolonged
infection or separate independent infections. However, in a former study by our group,
43 different RV types were identified among the 63 RV positive stool samples sequenced
and only once was the same genotype detected in two sequential samples.15 This finding
by Honkanen et al is an illustration of the high genetic diversity characteristic for RVs
and suggests that shedding of RVs in stool is short-term. These previous results support
the current interpretation that each RV positive sample represents individual exposure
and the high frequency of RVs in stool probably reflects the diversity of circulating RVs.
The allergen panel applied in the IgE analysis was defined according to local
sensitization patterns against dietary and aeroallergens.41 It includes majority of the
relevant allergens, and is thereby likely to detect most IgE sensitized children in this age
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group. However, some children sensitized only to some of the more uncommon allergens
might have been missed but the number of these children is estimated to be low.
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In conclusion, this study provides new insights into the role of different viruses,
especially RVs, in atopic sensitization. Data based on monthly collection of stool
samples demonstrated that RVs are commonly present in young infants’ gut and that this
RV exposure was associated with a reduced risk of IgE sensitization in boys. The
findings suggest that RVs might have a more versatile role in the development of atopy
than previously perceived. We hypothesize that early RV exposure could serve a
beneficial function in driving postnatal maturation of the immune competence, thereby
reducing the risk of allergic sensitization. In addition, the clear sex-based difference in
the effect of RVs observed emphasizes the importance of exploring the impact of sex
also in future studies aimed at elucidating the mechanisms of atopic disease.
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Figures
Figure 1 Time line of the study. Allergen specific IgE levels were measured at 6, 18 and 36
months (mo). Stool samples were collected monthly during the first year of follow-up.
Definition of an atopic case child was IgE sensitization at 18 and/or 36 mo. These case children
(n=244) were divided into early sensitized and late sensitized according to their IgE levels at 6
mo (data was missing from 25 case children). Control children were IgE negative at 6, 18 and
36 mo (data at 6mo was missing from 10 control children).
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Figure 2 The percentage of RT-qPCR positive stool samples for each virus during the 12month follow-up. The number of stool samples available for analysis each month is presented in
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Supplement Table 2.

Figure 3 Associations between rhinovirus positive stool samples and IgE sensitization in
the full cohort and among boys and girls. Results are expressed as odds ratios (ORs) with 95%
confidence intervals (CIs) for IgE sensitization. Abbreviations: All=all case children, i.e.
children IgE sensitized at 18 and/or 36 months (mo), (n=244, 140 boys and 104 girls),
early=case children sensitized already 6 months, late=case children sensitized at 18 and/or 36
months but not at 6 months, aero=case children sensitized against aeroallergens, diet=case
children sensitized against dietary allergens.
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Table 1.
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Table Heading: Demographic characteristics of the study population. The association
between each factor and IgE sensitization was estimated by logistic regression analysis
(univariate analysis). The results are presented as odds ratio (OR) and 95% confidence
interval (CI) for IgE sensitization.

Case

Control

n=244 (%)

n=244 (%)

OR (95% CI)

140 (57)

106 (43)

1.75 (1.22-2.51)

DR3-DQ2/DR4-DQ8

25 (10)

20 (8)

ref

DR4-DQ8/x**

98 (40)

110 (45)

0.71 (0.37-1.36)

DR3-DQ2/y**

121 (50)

114 (47)

0.85 (0.45-1.61)

Maternal atopy (yes)

72 (30)

72 (30)

1 (0.68-1.48)

Paternal atopy (yes)

77 (32)

57 (23)

1.53 (1.02-2.29)

Neither

125 (52)

136 (56)

ref

Either or both

117 (48)

108 (44)

1.18 (0.82-1.68)

Older siblings (yes)

156 (64)

168 (69)

0.8 (0.55-1.17)

16 (7)

11 (5)

1.51 (0.69-3.34)

Urban

188 (79)

194 (81)

ref

Rural

41 (17)

39 (16)

1.08 (0.67-1.76)

Gender (male)
HLA risk class

Parental atopy

Smoking inside (yes)
Place of Residence
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Both

9 (4)

8 (3)

1.16 (0.44-3.07)

Apartment

82 (34)

93 (38)

ref

Farm

16 (7)

8 (3)

2.27 (0.92-5.57)

House or row house

118 (49)

127 (53)

1.05 (0.71-1.55)

More than one type

25 (10)

14 (6)

2.03 (0.99-4.15)

Pets at home (yes)

106 (44)

98 (41)

1.14 (0.79-1.63)

Entry in daycare § ¤

612 (463-799)

601 (441-836)

1

Cessation of breastfeeding § ¤

313 (154-392)

310 (148-382)

1

224 (92)

222 (91)

0.9 (0.48-1.7)

281 (274-286)

282 (274-287)

0.99 (0.97-1)
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Type of Housing

Vaginal delivery (yes)
Duration of pregnancy § #
Birth weight § ¶

3610 (3228-3910) 3570 (3295-3884)

1

Abbreviations: Case: A child with at least one positive allergen specific IgE level at 18
and/or 36 months, Control: A child with negative allergen specific IgE levels at 6, 18 and
36 months, x** not DR3-DQ2 or a haplotype associated with protection against type 1
diabetes (T1D), y** not DR4-DQ8 or a haplotype associated with protection against
T1D, § values are medians (interquartile range), ¤ age of the child in days, # presented in
days, ¶ presented in grams.
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Table 2.
Table Heading: The number of virus positive samples and associations with IgE
sensitization. Each virus was analyzed from stool samples collected during the first year
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of life (n=4576). The association between the number of virus positive samples and IgE
sensitization is presented as odds ratio (OR) and 95% confidence interval (CI).

Case

Control

n (%)

n (%)

OR (95% CI)

p value

Full cohort

429 (19)

492 (21)

0.91 (0.82-1.01)

0.09

Boys

239 (19)

246 (24)

0.81 (0.69-0.94)

0.006

Girls

190 (19)

246 (19)

1.02 (0.87-1.19)

0.83

Full cohort

103 (5)

100 (4)

1.01 (0.80-1.20)

0.89

Boys

52 (4)

42 (4)

0.97 (0.70-1.30)

0.83

Girls

51 (5)

58 (5)

1.07 (0.80-1.40)

0.60

Full cohort

111 (5)

132 (6)

0.90 (0.70-1.10)

0.29

Boys

58 (5)

59 (6)

0.80 (0.60-1.10)

0.19

Rhinovirus

Enterovirus

Norovirus
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Girls

53 (5)

73 (6)

1.00 (0.70-1.30)

0.88

Full cohort

92 (4)

102 (4)

0.90 (0.70-1.20)

0.55

Boys

56 (4)

51 (5)

0.90 (0.60-1.21)

0.43

Girls

36 (4)

51 (4)

1.00 (0.70-1.37)

0.80
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