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Enterovirus infections in early childhood and the risk of atopic disease —
a nested case-control study
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Summary

Background Enterovirus infections in childhood have been associated with a reduced risk
of atopy in cross-sectional studies.

Objective To study the relation between enterovirus infections in the first 2 years of life
and atopic disease with IgE sensitization in a prospective study setting.

Methods This was a nested case-control study among children who had been followed
from birth. Neutralizing antibodies against 12 enterovirus serotypes were analysed at the
age of 2 years from 71 atopic children and 142 non-atopic control children. Atopy was
defined as having an atopic disease and IgE antibodies against at least one aeroallergen
by the age of 5 years.

Results Cumulative exposure to different enterovirus serotypes was inversely associated
with atopy [odds ratio (OR) 0.73; 95% confidence interval (CI): 0.56-0.96]. The most pro-
nounced protection was seen when echoviruses were analysed as a separate group (OR
0.63; 95%CI: 0.46-0.88).

Conclusions and Clinical Relevance We propose that exposure to several different entero-
viruses in early childhood is inversely associated with atopic diseases. Our results support
the hypothesis that repeated microbial infections in early life may protect from atopic
sensitization and atopic diseases.
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Introduction

dance in daycare [8] have been shown to be associated
with protection from allergy. It has also been reported

The prevalence of atopic diseases in childhood is high
in most Western industrialized countries and the
increasing trend is still continuing [1]. Also in Finland,
the prevalence of atopic diseases, such as asthma and
allergic rhinitis, as well as IgE sensitization has
increased manifold in recent decades [2, 3]. According
to the “hygiene hypothesis” this increase is related to a
reduced microbial load in early childhood [4]. Numer-
ous studies have provided indirect evidence to support
the hypothesis, as growing up on a farm [5, 6], having
one or more older siblings [4, 5, 7] and early atten-

that geographically adjacent but socioeconomically
contrasting countries differ markedly in the prevalence
of allergic sensitization [9—-11]. However, direct obser-
vations of the role of microbial infections in the devel-

opment of atopic diseases have been somewhat
controversial [12].
Viruses could theoretically be highly effective

microbes in preventing atopy, as they induce a strong T
helper (Th) 1 type immune response, which might sup-
press the excessive Th2 immune response often seen in
atopic diseases. In fact, certain viral infections, such as
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hepatitis A virus, Epstein Barr virus, varicella zoster
virus, and measles [13—16], have been associated with
lower risk of atopic diseases and allergic sensitization.
However, there are also studies reporting conflicting
results [17-20].

The possible protective effect conferred by infections
may depend on their timing [12]. Early life has been
proposed as an especially favourable period for protec-
tive microbial contacts [6, 14, 15, 21]. The route of
exposure to microbial antigens may also be critical. The
gut is believed to be an important organ in the early
development of immunological tolerance and accord-
ingly, previous studies suggest that orofecally transmit-
ted infections are especially potent in protecting from
allergic sensitization [22-24].

Enteroviruses are small RNA viruses comprising
almost 100 serotypes. They are traditionally classified
into echoviruses, coxsackie A and B viruses, and poli-
oviruses. Vaccination against polio serotypes has almost
eradicated wild-type polioviruses, while other enterovi-
rus serotypes are common world-wide. Enterovirus
infections are frequent from early infancy onwards.
They are mainly subclinical or cause only mild upper
respiratory tract infections, gastroenteritis or non-spe-
cific febrile illnesses, although severe manifestations,
such as meningitis and myocarditis, also occasionally
occur. Enteroviruses are transmitted mainly orofecally
and replicate primarily in the gut. They have also been
linked to the pathogenesis of type 1 diabetes [25],
another disease with a rapidly increasing incidence over
recent decades [26]. As the concept of hygiene hypothe-
sis has recently been extended from allergies to other
immune-mediated disorders including autoimmune dis-
eases such as type 1 diabetes [27], we hypothesized that
enteroviruses might also modulate the risk of atopic
diseases. This presumption has recently been reinforced
by our own studies showing an association between
enterovirus infections and a lower prevalence of atopy
in a cross-sectional setting [11, 28].

In this study, we wanted to investigate the relation
between enteroviruses and atopic diseases in a nested
case-control setting based on the prospective Diabetes
Prediction and Prevention (DIPP) Study. Furthermore,
we set out to study the importance of different entero-
virus serotypes in atopic diseases.

Methods

Study population

The study population was derived from the DIPP Study,
initiated in Finland in 1994. The basic design of the
DIPP study has been described in detail elsewhere [29].
Briefly, newborn infants at the University Hospitals in
Turku, Oulu and Tampere were screened at birth with

parental consent for type 1 diabetes associated HLA-
DQB1 alleles [30]. The designated HLA-DQB1 risk geno-
types are present in about 15% of the Finnish popula-
tion [31]. Infants with these designated HLA-DQB1 risk
alleles were invited to enter the DIPP study follow-up
with regular visits to the DIPP study clinic with an
interval of 3—6 months for the first 2 years of life and
thereafter with an interval of 6-12 months. At each
visit, the children underwent a comprehensive interview
and a clinical examination, and a venous blood sample
was taken. Serum samples were stored at —70°C in the
DIPP study biobank. Data about diagnosed atopic dis-
eases, parental education, attendance in daycare, pets at
home, and siblings were asked regularly and recorded
in the DIPP database.

For this study, a cohort of children was selected as
follows. In spring 2009, we screened all DIPP children
born in Tampere University Hospital between January
1, 1998 and December 31, 2003 for the physician-set
diagnosis of bronchial asthma, atopic dermatitis, or
allergic rhinitis. Age of the children at the time of the
screening ranged from 5 to 11 years. The diagnoses had
been made according to national guidelines and they
had been recorded in the DIPP database. Only children
with serum samples taken during the DIPP follow-up at
the ages of 1, 2, and 5 years were eligible for the study.
Children with type 1 diabetes associated autoantibodies
and/or type 1 diabetes were excluded. Eligible children
were then screened for IgE antibodies against a mixture
of aeroallergens from the serum samples taken at the
age of 5 years. The serum samples for IgE analyses
were obtained from the DIPP study biobank. Children
who had both an atopic disease and IgE antibodies
comprised the group of case children. For each case
child, two control children having neither a diagnosis
of an atopic disease or IgE antibodies against aeroaller-
gens were chosen. The case and control children were
matched for the time of birth, gender, and HLA-DQB1
alleles.

Information about parental education, pets at home,
number of older siblings, and child’s age at the begin-
ning of daycare was obtained from the DIPP database.
Data about maternal smoking during pregnancy were
received from the Finnish birth register.

This study was carried out within the DIPP cohort
born in Tampere University Hospital. The DIPP study
protocol has been approved by the ethical committee of
the Tampere University Hospital (Tampere University
Hospital approval number ETL 97193M).

IgE antibodies

IgE measurements were made from serum samples
taken at the age of 5 years. IgE antibodies against a
mixture of common airborne allergens [a multi-allergen
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test (Phadiatop®, Thermo Fisher Scientific, Uppsala,
Sweden) containing allergens of birch, timothy, mug-
wort, cat, dog, horse, Dermatophagoides pteronyssinus,
Cladosporium herbarum] were measured using the Im-
munoCAP® enzyme immunoassay (Thermo Fisher Sci-
entific, Uppsala, Sweden) according to manufacturer’s
protocol. Values of 0.35 kU/L or more against the aller-
gen mixture were considered positive.

Virus strains

The ATCC (American Type Culture Collection) reference
strains of enteroviruses [coxsackievirus B2 (CBV2), cox-
sackievirus B6 (CBV®6), echovirus 9 (EV9), echovirus 11
(EV11), echovirus 30 (EV30)] as well as wild-type
enterovirus isolates from Finland [coxsackievirus A9
(CAV9), coxsackievirus B1 (CBV1), coxsackievirus B3
(CBV3), echovirus 3 (EV3), echovirus 5 (EV5), echovirus
21 (EV21), echovirus 26 (EV26)] were used in this study.

Cell lines

A continuous cell line from African green monkey kid-
neys (GMK cells) was used for virus propagation. Cells
were grown in minimal essential medium supplemented
with foetal bovine serum (10% for cell growth, 1% for
virus propagation), 15 mM Hepes, pH 7.4 and 15 mM
MgCl,. A549 cell line from human alveolar adenocarci-
noma was used for EV30 virus propagation.

Plaque neutralization assay

Serum samples taken at 1 and 2 years of age were
available from each case and control child to be used
for the classical plaque neutralization assay [32]. This
method measures antibodies in a serotype-specific man-
ner against the enterovirus serotypes included in the
assay. Neutralizing antibodies remain elevated for sev-
eral years or decades reflecting the past infection his-
tory of the child. The serum samples taken at 2 years of
age were analysed for the presence of neutralizing anti-
bodies against each of the 12 enterovirus serotypes
studied. The 1-year samples were analysed for echovi-
rus serotypes 3, 5, 9, 11, and 30. In the assay, a four-
fold dilution of serum was mixed with an equal volume
of pretitrated virus (~100 plaque-forming units in 6 pL)
and allowed to react for 1 h at 36°C followed by an
overnight incubation at room temperature. After addi-
tion of the virus propagation medium, the sample was
placed on monolayers of GMK cells or A549 cells on
six well plates, density of ~0.8 x 10° cells per well.
After 30 min incubation at 36°C, 2 mL of plaquing
overlay (cellulose in the virus propagation medium)
was added. The amount of infectious virus was detected
by counting the plaques after 2 days of incubation at
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36°C. The serum was considered antibody positive if it
blocked more than 80% of the virus infectivity.

Statistical methods

Conditional logistic regression analysis was used to
determine the association between enterovirus infections
and atopic diseases in the matched data. The results are
presented as odds ratios (OR) and 95% confidence inter-
vals (CI) for atopic diseases. Conditional logistic regres-
sion analysis was applied when comparing the
association for each serotype individually, for having
antibodies against at least one enterovirus serotype, for
the cumulative prevalence of enterovirus antibodies and
for confounding factors. Categorized variables were used
for confounding factors: pets at home (no pets vs. at
least one indoor pet of any kind), maternal education
(no professional training or lower secondary training vs.
higher secondary or tertiary training), paternal education
(no professional training or lower secondary training vs.
higher secondary or tertiary training), maternal tobacco
smoking during pregnancy (no vs. yes), and having older
siblings (no older siblings vs. at least one older sibling).
A continuous variable was used for the attendance in
daycare (number of months in daycare before the diag-
nosis of an atopic disease was recorded in the DIPP data-
base). Conditional logistic regression analysis was
applied when determining the association between indi-
vidual confounders and atopic diseases. All analyses
were performed using STATA 8.2 (Statacorp, College
Station, TX, USA).

Results

A total of 2942 infants born in Tampere between Janu-
ary 1, 1998 and December 31, 2003 entered the DIPP
study and 1852 (63%) stayed in the follow-up for at
least until the age of 5 years. One hundred eighty-three
children had a diagnosis code for an atopic disease and
blood samples taken at the ages of 1, 2, and 5 years. 71
(39%) of them were IgE positive for aeroallergens at the
age of 5 years. The case children having both a diag-
nosed atopic disease and IgE sensitization (n = 71)
included 28 (39%) girls and 43 (61%) boys. Thirty-
seven (52%) of the case children had atopic dermatitis,
29 (41%) bronchial asthma, and 5 (7%) allergic rhinitis.
The median age when the atopic disease was recorded
in the DIPP database was 22 months (range 2-
102 month). There were 142 control children matched
for age, gender, and HLA-DQB1 genotype. The median
age difference between cases and controls was 9 days
(range 0-64 days) and 14% of them had the HLA-DQB1
*02/*0302 genotype and 86% had the *0302/x geno-
type (x referring to other alleles than *02, *0301 or
*0602).
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Data about pets were available from 209 (98%),
maternal tobacco smoking from 204 (96%), maternal
education from 206 (97%), paternal education from 194
(919%), older siblings from 209 (98%), and attendance in
daycare from 194 (91%) children. There were no statis-
tically significant associations between the confounders
analysed and atopy.

Neutralizing antibodies against 12 different enterovi-
rus serotypes were measured from the serum samples
taken at the age of 2 years. The prevalence of neutraliz-
ing antibodies against different enterovirus serotypes
varied greatly (Fig. 1). Sixty-one (85.9%) case children
and 119 (83.8%) control children had neutralizing anti-
bodies against one or more enterovirus serotypes
(p = ns). However, the control children were seroposi-
tive against a higher number of different enterovirus
serotypes as compared with the cases (OR: 0.73; 95%CI:
0.56-0.96; p = 0.025) (Fig. 2a).

For subgroup analyses, the enteroviruses were
divided into echovirus and coxsackievirus groups.
Fifty-three (74.7%) case children and 111 (78.2%) con-
trol children had neutralizing antibodies against one or
more echovirus serotypes (p = ns). The control children
were seropositive against a higher number of different
echovirus serotypes as compared with cases (OR: 0.63;
950%CI: 0.46-0.88; p = 0.006) (Fig. 2b). In the coxsac-
kievirus group, 25 (35.2%) and 45 (31.7%) of case and
control children, respectively, had antibodies against at
least one serotype (p = ns). The number of neutralizing
antibodies against different coxsackievirus serotypes
did not differ between cases and controls.

To study the early encounters with enteroviruses,
additional measurements of neutralizing antibodies
against five echovirus serotypes (EV3, 5, 9, 11 and 30)
were carried out from serum samples obtained at the
age of 1 year. For most of these serotypes, antibody
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Fig. 1. The prevalence of neutralizing antibodies against different
enterovirus serotypes. The percentage of case children (n = 71) and
control children (n = 142) having neutralizing antibodies against indi-
vidual enterovirus serotypes at the age of 2 years is shown.

positivity was slightly more frequent among the control
children, but no statistically significant difference was
seen in any individual serotype (Fig. 3a). When the
number of neutralizing antibodies in each child was
analysed at the age of 1 year, we did not observe any
association between the accumulation of infections by
different echovirus serotypes and protection from atopy
(OR: 0.77; 95%CI: 0.54-1.10; p = ns), although this
protective effect was seen at 2 years of age (Fig. 2b).
However, 98 (69.0%) control children but only 39
(54.99%) case children had neutralizing antibodies
against any echovirus serotype (OR: 0.52; 95%CI: 0.28—
0.96; p = 0.038)(Fig. 3b).

Discussion

In this study, we found an inverse association between
the cumulative exposure to enteroviruses and atopic
diseases with IgE sensitization. More specifically, this
finding seemed to be related to echoviruses only.
Already at the age of 1 year, case children had a lower
prevalence of echovirus antibodies and by the age of
2 years they were seropositive against a lower number
of echovirus serotypes. This suggests that exposure to a

(a) 60
— O Case
e\i 507 W Control
2
z 97
2 304
a
=)
S 20 4
2
s |

0 -

0 1 2 3 4 5 6

Number of different enterovirus antibodies

60 -
O Case

50 1 W Control

40
30 -

20 1

Antibody positivity (%) T

0 1 2 3 4 5 6
Number of different echovirus antibodies

Fig. 2. The number of positive antibody test results against different
enterovirus serotypes at the age of 2 years. The proportion of case
(n=71) and control (n = 142) children falling into each category
(antibodies against 0-6 different serotypes) is presented as a percent-
age. Altogether 12 serotypes were analysed. Panel (a) shows the
results for all enterovirus serotypes (echoviruses and coxsackieviruses)
and panel (b) for the seven echovirus serotypes.
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Fig. 3. The prevalence of neutralizing antibodies against echoviruses
at the age of 1 year. The percentage of case (n = 71) and control chil-
dren (n = 142) having neutralizing antibodies against individual echo-
virus serotypes is shown in the panel (a). Panel (b) shows the
proportion of case and control children having neutralizing antibodies
against one or more echovirus serotypes.

high number of different echoviruses during the first
years of life might protect from atopic diseases.

There are only a few previous reports on the role of
enteroviruses in atopy [11, 28, 33, 34], and to our
knowledge, no earlier studies have been carried out in a
prospective setting. In a cross-sectional study, seroposi-
tivity against enteroviruses protected from atopic sensi-
tization in Russian Karelia but not in Finland [11].
However, in that study enterovirus antibodies were
measured from older children using an EIA assay, a
method known to lack serotype specificity. In a more
recent study from the Russian Karelia, the presence of
neutralizing antibodies against echoviruses was associ-
ated with a reduced risk of IgE sensitization in school-
children [28]. This is in line with our results from this
study carried out among very young children, suggest-
ing that enterovirus infections are associated with lower
risk of atopy and that enterovirus serotypes differ in
terms of their effect on atopic diseases. These findings
further emphasize the advantages of serotype-specific
assays in studies evaluating the possible role of entero-
viruses in atopic sensitization and atopic diseases.

Enteroviruses are transmitted principally orofecally, a
feature suggested to be an important determinant of the

© 2012 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 625-632

protection provided by certain microbes against atopic
diseases. In adults, seropositivity to orofecal microbes
has been shown to be associated with a reduced preva-
lence of atopic diseases and IgE sensitization [13, 22,
23]. Matricardi et al. reported that Italian atopic adults
had a lower prevalence of hepatitis A virus antibodies
than non-atopic controls, and that the risk of atopy
decreased with a gradient of exposure to foodborne
microbes but not with cumulative exposure to viruses
transmitted via other routes [23]. However, in a nested
case-control study from Scotland, seropositivity to hep-
atitis A was unrelated to the atopic status in adults
[17]. In young children, it has been shown in a longitu-
dinal study that children with salmonellosis had a lower
prevalence of allergic rhinoconjunctivitis and asthma
than children with enteritis due to other microbes [24].
It was also recently reported from a prospective birth
cohort study, that seropositivity to rota- or norovirus
did not protect from IgE sensitization [20].

In our study, the risk of childhood atopy decreased
along with the gradient of exposure to different entero-
virus serotypes, especially to echoviruses. This is in line
with the results from some previous reports showing
the importance of cumulative exposure to microbes [11,
23, 28]. In addition, atopic diseases have quite consis-
tently been observed to be less frequent in children
having several siblings, especially older siblings, most
likely reflecting the importance of repeated early micro-
bial contacts [4, 7, 35]. It has also been shown for ente-
roviruses that infants with one or more siblings had
stronger T cell responses to coxsackievirus B4 and poli-
oviruses than single infants [36].

As the immunological events resulting in the Th2-
skewed immune response characteristic for atopic dis-
eases are thought to begin already in neonates or even
in utero, microbial contacts very early in life can be
assumed to be of special importance. In a longitudinal
birth cohort study, children with recurrent episodes of
runny nose before the age of 1 year were less likely to
develop asthma and IgE sensitization than children
experiencing viral infections later in childhood [21].
The protective effect of early viral infections has been
reported from other studies as well [14, 15] but there is
also contradictory data suggesting that early viral
infections might in fact increase the risk for atopy [18,
37, 38]. These conflicting data might partly be due to
the heterogeneous nature of atopic diseases, perhaps
modulated by different environmental factors [39, 40].

Previous studies have often relied on parental
reported or physician diagnosed infections, thus detect-
ing only those microbial contacts resulting in a clinical
disease. However, viruses frequently cause subclinical
infections and there are some reports implying a poor
correlation between parental reported infections and
virus serology [7]. It is likely that focusing on clinically
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manifested infections misses a substantial proportion of
microbial contacts. Serological assays, such as the pla-
que neutralization assay, have the advantage of detect-
ing both subclinical and clinically overt infections and
therefore provide a more comprehensive picture of
microbial contacts. We were also able to measure neu-
tralizing antibodies at two distinct time points, thus
providing reliable information about the accumulation
of antibodies to different enterovirus serotypes over
time. In addition, atopy was defined as having both IgE
antibodies against common aeroallergens and a clini-
cally relevant atopic disease, a definition often used
also in clinical settings. This strict definition reduces
heterogeneity within the case group, thus facilitating a
more reliable evaluation of risk factors. However, this
also limits our conclusions to IgE positive atopic
patients.

The genetic background of atopic diseases is complex
and a significant number of susceptibility genes may be
involved [41]. Our study population was selected from
the cohort of DIPP study children carrying designated
HLA-DQB1 alleles. Sporadic studies have reported some
association between HLA-DQB1 alleles and atopic dis-
eases or IgE sensitization [42, 43] but in other reports,
no association has been observed [44, 45]. A recent
Finnish study found no association between type 1 dia-
betes associated HLA genotypes and atopic sensitization
[46]. Therefore, we do not suspect any bias due to the
genetic selection of the population in this study. Most
importantly, to further rule out the possibility of bias,
the case and control children were matched for their
HLA-DQB1 genotypes on study inclusion. They were
also matched on study inclusion for age and gender.
Other confounding factors analysed and possibly influ-
encing the infectious environment of a child showed no
independent association with atopic diseases.

The precise age of the case child at the time of the
diagnosis of the atopic disease or IgE sensitization was

not available and therefore any conclusions about cau-
sality should be made with caution. However, we did
show a dose-dependent like effect with exposure to dif-
ferent enterovirus serotypes, thus supporting true cau-
sality. Further studies are needed to find out whether
this effect is specific for enteroviruses or if they are
merely surrogate markers for the total burden of infec-
tions or some other environmental factors.

In conclusion, this study shows that cumulative
exposure to enterovirus infections in early childhood is
associated with a reduced risk of atopic diseases. As the
factors influencing the atopic outcome are still largely
unknown, measures aimed at eliciting the role of differ-
ent environmental factors are urgently needed. Entero-
viruses are suspected to play a role in the pathogenesis
of type 1 diabetes and our research brings new
insight into their possible role in atopic diseases as well.
However, larger prospective studies are needed to
further define their role in the pathogenesis of atopic
diseases.
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