
https://helda.helsinki.fi

Human enterovirus and rhinovirus infections are associated

with otitis media in a prospective birth cohort study

Seppala, Elina

2016-12

Seppala , E , Sillanpaa , S , Nurminen , N , Huhtala , H , Toppari , J , Ilonen , J , Veijola , R ,

Knip , M , Sipila , M , Laranne , J , Oikarinen , S & Hyoty , H 2016 , ' Human enterovirus and

rhinovirus infections are associated with otitis media in a prospective birth cohort study ' ,

Journal of Clinical Virology , vol. 85 , pp. 1-6 . https://doi.org/10.1016/j.jcv.2016.10.010

http://hdl.handle.net/10138/229848

https://doi.org/10.1016/j.jcv.2016.10.010

publishedVersion

Downloaded from Helda, University of Helsinki institutional repository.

This is an electronic reprint of the original article.

This reprint may differ from the original in pagination and typographic detail.

Please cite the original version.



H
o

E
J
S
a

b

c

d

e

f

g

h

i

j

k

l

m

a

A
R
R
A

K
P
A
C

1

R

L

h
1

Journal of Clinical Virology 85 (2016) 1–6

Contents lists available at ScienceDirect

Journal  of  Clinical  Virology

jou rn al hom epage: www.elsev ier .com/ locate / j cv

uman  enterovirus  and  rhinovirus  infections  are  associated  with
titis  media  in  a  prospective  birth  cohort  study

lina  Seppäläa,∗, Saara  Sillanpääb,c, Noora  Nurminena,  Heini  Huhtalad,  Jorma  Topparie,f,
orma  Iloneng, Riitta  Veijolah,  Mikael  Knip i,j,k,l,  Markku  Sipiläc,  Jussi  Larannec,
ami  Oikarinena,  Heikki  Hyötya,m

School of Medicine, University of Tampere, Lääkärinkatu 1, FIN-33520, Tampere, Finland
Department of Anatomy, School of Medicine, University of Tampere, Finland
Department of Otorhinolaryngology, Head and Neck Surgery, Tampere University Hospital and School of Medicine, University of Tampere, Finland
School of Health Sciences, University of Tampere, Tampere, Finland
Department of Physiology, University of Turku, Turku, Finland
Department of Pediatrics, Turku University Hospital, Turku, Finland
Immunogenetics Laboratory, University of Turku and Turku University Hospital, Turku, Finland
Department of Pediatrics, PEDEGO Research Unit, Medical Research Center, Oulu University Hospital and University of Oulu, Oulu, Finland
Children’s Hospital, University of Helsinki and Helsinki University Hospital, Helsinki, Finland
Research Programs Unit, Diabetes and Obesity, University of Helsinki, Helsinki, Finland
Folkhälsan Research Center, Helsinki, Finland
Tampere Center for Child Health Research, Tampere University Hospital, Tampere, Finland
Fimlab Laboratories, Pirkanmaa Hospital District, Tampere, Finland

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 5 July 2016
eceived in revised form 16 October 2016
ccepted 19 October 2016

eywords:
icornaviruses
cute otitis media
hildren

a  b  s  t  r  a  c  t

Background:  Human  enteroviruses  (HEVs)  and  rhinoviruses  (HRVs)  have  been  linked  to acute  otitis  media
(AOM).
Objectives:  The  present  study  evaluates  the  aforementioned  association  in  a  birth  cohort  setting.
Study  design:  The  cohort  included  286  healthy  infants  (191  boys)  followed  from  birth  up  to the  age of  2
years  in  the  Type  1 Diabetes  Prediction  and  Prevention  study  in Finland.  Stool  samples  were  collected
monthly  and  analyzed  for the presence  of  HRV  and  HEV  RNA  using  RT-PCR.  Clinical  symptoms  were
recorded  by  a questionnaire  every  3–6  months.
Results: Altogether  610 AOM  episodes  were  reported  during  the follow-up.  9.8%  of  the  stool  samples  were
positive for  HRV  and  6.8%  for HEV.  HRV  positivity  peaked  at the  age  of 3–6 months  declining  gradually
after  this  age,  whereas  HEV  positivity  peaked  later,  at  the  age  of 12–24  months.  The  risk  of  AOM  was
increased  in  children  who  were  HEV  positive  at least  once  at the age  of 6–12  months  (OR  2.2  [95%CI
1.1–4.2], P = 0.023)  or  who  were  HRV  positive  at least  once  at the  age  of  18–24  months  (OR  2.3  [95%CI

1.0–5.2],  P =  0.042).  Having  an  older  sibling,  short  breast-feeding  and  maternal  smoking  during  pregnancy
were  also  significantly  associated  with  AOM.
Conclusions:  HRV  and HEV  infections  are  frequent  during  the  first months  of  life. The  observed  trend  for
increased  risk  of  AOM  in HRV  and  HEV  positive  children  is in line  with  the  results  from  hospital  series
suggesting  that  these  viruses  may  play  an  independent  role  in the pathogenesis  of AOM.

©  2016  Elsevier  B.V.  All  rights  reserved.
. Background
Human rhinoviruses (HRV) and human enteroviruses (HEV) are
NA viruses which belong to the Enterovirus genus of the Picor-
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naviridae family. HRVs, classified in three groups of HRV-A, HRV-B
and HRV-C, are the most common viruses causing upper respira-
tory tract infections (URI) in man, and they have also been linked to
lower respiratory tract infections, particularly in infants and elderly
patients as well as in patients with asthma or immunodeficiencies.

HEVs are classified in four groups (HEV-A to HEV-D) and are also a
common cause of respiratory infections [1–3]. Both HRVs and HEVs
have been linked with acute otitis media (AOM) in several stud-
ies. In one Finnish study, picornaviruses, mainly HRVs and HEVs,
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ccounted for 60% of all the viral findings in children with AOM
4]. HRVs were detected in 24–41% of middle ear or nasopharyn-
eal specimens in children with AOM, whereas enteroviruses were
ound in 25% of these samples [5,6]. In a recent study by Chon-

aitree et al. AOM occurred in about one-third of those children
ith URI caused by rhino- and enteroviruses [7]. However, the clin-

cal relevance of virus-positive PCR-findings has been questioned
ecause of the high sensitivity of PCR methods and because these
iruses have also been frequently found in asymptomatic children
8,9]. Thus, it would be important to carry out studies where the
verall frequency of HRV and HEV infections is evaluated in children
ho develop AOM and control children who do not. Such studies
ould not suffer from selection bias, which is typical for hospital

eries and would help to generate information about the etiological
raction of these viruses in AOM.

. Objectives

The aim of this study was to evaluate the epidemiology of HRVs
nd HEVs in a cohort of children who were followed from birth
o the age of 2 years. Stool samples were collected regularly from
he children and samples were analyzed for the presence of HRVs
nd HEVs using sensitive RT-PCR methods. AOM episodes were
ecorded during the follow-up, which made it possible to correlate
irus-positive episodes to AOM episodes in an unbiased way.

. Study design

.1. Subjects

The study population comprised 286 healthy infants, 191 boys
nd 95 girls, who were recruited to the prospective Type 1 Diabetes
rediction and Prevention study (DIPP) at Tampere University Hos-
ital (n = 105) and Turku University Hospital (n = 181) in Finland.
ccording to the DIPP study protocol all newborn infants whose

amilies gave informed consent to the study were first screened
sing cord blood for HLA-DQ conferring susceptibility to type 1 dia-
etes, and those with increased risk were recruited to prospective
ollow-up to detect the possible appearance of diabetes-associated
utoantibodies. The children carried the DQB1*02/DQB1*0302 or
he DQB1*0302/x genotype, where x refers to alleles other than
02, *0301, or *0602/03 [10,11]. The children received vaccina-
ions, including the inactivated polio vaccine (IPV), according to
he National Immunization Program at well-baby clinics. The Ethics
ommittees of participating university hospitals approved the pro-
ocol of the DIPP study. A written informed consent was  obtained
rom the parents of all study children.

.2. Recording of AOM episodes

The study subjects living in the Tampere University Hospital
rea visited the DIPP study center at the age of 3, 6, 12, 18 and 24
onths, and the subjects living in the Turku University Hospital at

he ages of 3, 6, 9, 12, 15, 18, 21 and 24 months. The children in
he current study had altogether 1876 visits to the DIPP study clin-
cs. During each visit a study nurse interviewed the parents using

 standard questionnaire. The number of AOM episodes, which
he child had encountered since their last visit to the clinic, was
ecorded. AOM included all parent-reported otitis media episodes
hat had been diagnosed by a physician (prolonged OM such as otitis

edia with effusion was counted only once when first diagnosed in

he acute phase). Information about the diet and the type of daycare
care at home, family care, day care center, other) was  also docu-

ented in the context of each visit. The number of siblings was
ecorded as well. In Tampere, information about mothers’ smoking
al Virology 85 (2016) 1–6

during pregnancy was gathered from the medical birth register in
Finland. In Turku, this information was acquired through parental
interviews.

3.3. Collection and preparation of stool samples

Parents collected stool samples from the study subjects at home
every month and sent them to the laboratory by mail. We  have
previously shown that viral RNA preserves well in such shipment
conditions [12]. The samples were stored at −20 ◦C or −70 ◦C until
analyzed. The collection of stool samples was started at the age of
3 months.

3.4. Detection of rhino-and enteroviruses

Total RNA was extracted from 140 �l of 10% stool suspension
in HANKS solution using QIAamp viral RNA kit (Qiagen, Hilden,
Germany) according to manufacturer’s protocol. HEV and HRV RNA
was amplified using reverse transcriptase (RT) reaction followed by
PCR as described by Lönnrot et al. The PCR amplicons were detected
by liquid-phase hybridization assay based on probes labeled with
lanthanide chelates of europium and samarium [13]. This method
allows the specific detection of HEVs and HRVs. We  and others
have previously shown that both HEV and HRVs can be frequently
detected from stools using these methods [13–15]. The probes used
in this assay differentiate HEVs from HRVs very well [12], but it is
possible that the HRV probe does not bind well to all HRV C species
[16].

3.5. Statistical methods

Binary logistic regression model was used as a multivariable
analysis comparing the association of HRV and HEV positivity
in stool samples with AOM episodes, taking into account the
smoking habits of the mother during pregnancy as a confound-
ing factor. Fisher’s exact test was used to analyze differences
between two  groups of children: those who  had not experienced
any AOM episodes during the follow-up period vs. those who had
encountered at least one AOM episode. The characteristics analyzed
included gender, number of siblings, autoantibody status, starting
age of daycare, duration of breastfeeding and maternal smoking
habits during pregnancy. Mann-Whitney U test was  used to ana-
lyze the effect of the factors mentioned above to the amount of
AOM episodes recorded during the follow-up period. The software
package used was  SPSS, version 21.0 (IBM Corp. Released 2012. IBM
SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp.).
Differences were considered significant at P < 0.05.

4. Results

The basic demographics of the children are shown in Table 1.
The total duration of follow-up was 566 child-years and the
median duration 24.2 months. Altogether 610 AOM episodes (1.1
episodes/child-year) were recorded. When analyzing AOM as a cat-
egorized variable (no AOM versus at least 1 AOM episode during
the follow-up), having an older sibling was  statistically significantly
associated with AOM. As shown in Table 2, having an older sibling or
a short period of exclusive breastfeeding increased significantly the
average number of AOM episodes during the study period. In addi-
tion, children of mothers who  smoked during pregnancy tended
to have more AOM episodes compared to children of nonsmok-

ing mothers. Other factors such as sex, the starting age of daycare
and islet autoantibody status (used for the identification of children
with increased risk for type 1 diabetes) were not associated with
the frequency of AOM episodes (Table 3).
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Table  1
Demographic characteristics of the study subjects (N = 286).

Data n (%) No AOM ≥1 AOM P

available n = 82 n = 204

n % n %
Median  duration of follow-up (mo) 24.1 24.2 0.488
Islet  autoantibody-positive 286 82 (28.7) 24 29.3 58 28.4 0.886
First-born subjects 286 147 (51.4) 50 70.0 97 47.5 0.040
Daycare at the age of 12 mo 256 21 (9.0) 6.0 7.3 15 7.4 0.797
Exclusively breastfed at the age of 3 mo 255 220 (86.3) 63 85.1 157 86.7 0.735
Breastfed at the age of 6 mo  273 175 (64.1) 56 68.3 119 58.3 0.214
Mother smoked during pregnancy 265 17 (6.4) 3.0 3.7 14 6.7 0.410

Table 2
The association between different background factors and the frequency of AOM episodes.

No. of AOM

Mean Median P-valuea

Sex Boy 2.21 2 0.347
Girl 1.97 1

Mother smoked during pregnancy Yes 3.24 4 0.048
No 2.04 1

Duration of breastfeeding ≥6 mo  Yes 2.01 1 0.067
No 2.35 2

Exclusive breastfeeding at the age of 3 mo Yes 1.75 1 0.006
No 2.41 2

First-born child Yes 1.73 1 0.003
No 2.55 2

In  daycare at the age of 12 mo  Yes 2.29 1 0.993
No 2.22 2

In  daycare at the age of 18 mo  Yes 2.52 2 0.257
No 2.11 1

In  daycare at the age of 24 mo Yes 2.45 2 0.393
No 2.19 2

Islet autoantibodies Yes 2.13 1 0.821
No 2.13 1

a Mann-Whitney U test.

Table 3
Proportion (%) of virus-positive stool samples during the follow-up (3–24 months of age).

HRV positivity HEV positivity HRV and/or HEV positivity

Mean Median P Mean Median P Mean Median P
Sex Boy 11.8 7.1 0.912 5.7 0 0.545 17.5 14.3 0.928

Girl  10.5 7.1 7.4 0 18.0 14.3

Mother smoked during
pregnancy

Yes 10.3 5.6 0.970 7.7 5.6 0.189 18.0 15.0 0.405
No  11.1 7.1 6.2 0 17.3 12.5

Duration of
breast-feeding ≥6 mo

Yes 11.8 8.3 0.121 6.5 0 0.766 18.0 14.3 0.351
No  9.8 5.0 6.4 0 16.2 11.5

Exclusive breastfeeding
at the age of 3 mo

Yes 11.6 9.1 0.419 6.5 0 0.424 18.1 14.3 0.466
No  11.2 5.9 5.8 0 17.0 11.8

First-born child Yes 7.8 5.0 <0.001 4.6 0 0.012 12.4 9.5 <0.001
No  15.1 10.0 8.1 0 23.3 20.0

In  daycare at the age of
12 mo

Yes 13.1 8.3 0.730 6.3 0 0.607 19.4 13.3 0.998
No  10.9 7.1 6.3 0 17.2 14.3

p
a
p
t
s
H
H
a

e

Autoantibodies Yes  11.7 8.4 0.937 

No  11.2 7.1 

Altogether 3,438 stool samples were collected (mean 12 sam-
les per child), and 337 (9.8%) of the samples were positive for HRV
nd 234 (6.8%) for HEV. The proportion of HRV- positive stool sam-
les was highest during the age of 3–6 months declining thereafter
owards the age of 24 months, while the proportion of HEV-positive
tool samples peaked later, at the age of 12–24 months (Fig. 1).
aving an older sibling increased the rate of positivity for both

EV and HRV, while day-care and breast-feeding showed no such
ssociation (Table 3).

The detection of HEV was associated with the diagnosis of AOM
pisode in the same follow-up visit interval in children aged from 6
6.7 0 0.887 18.5 14.3 0.706
6.1 0 17.3 13.3

to12 months (OR 2.2 [95% CI 1.1–2.4], P = 0.023) (Table 4). Detection
of HRV was also associated with the diagnosis of AOM  in the same
follow-up interval in children aged from 18 to 24 months (OR 2.3
[95% CI 1.0–5.2], P = 0.042). These trends remained, even if not sta-
tistically significant, when adjusted for maternal smoking during
pregnancy and having older siblings (Table 4).
5. Discussion

The present study confirms previous findings showing a risk
association between HRV and HEV infections and AOM [4–7]. Since
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Table 4
Association of OM (≥ 1) with virus-positivity (≥ 1 one virus-positive stool sample during the defined age period) compared to virus-negativity (univariate and adjusted
analysis).

Age period & virus No OM ≥1 OM Adjusted by mother’s smoking
and having older siblings

n (%) n (%) OR (95% CI) OR (95% CI)
3–6  mo  N = 235 N = 28

HRV 89 (37.9) 15 (53.6) 1.9 (0.9–4.2) 1.7 (0.7–4.0)
HEV  22 (9.4) 2 (7.1) 0.8 (0.2–3.4) 0.9 (0.2–4.1)
HRV  and/or HEV 99 (42.1) 15 (53.6) 1.6 (0.7–3.5) 1.3 (0.6–3.2)

6–12  mo N = 145 N = 116
HRV 46 (31.7) 35 (30.2) 0.9 (0.6–1.6) 0.8 (0.5–1.4)
HEV  17 (11.7) 26 (22.4) 2.2 (1.1–4.2) 1.8 (0.9–3.5)
HRV  and/or HEV 56 (38.6) 52 (44.8) 1.3 (0.8–2.1) 1.1 (0.6–1.8)

12–18  mo N = 129 N = 78
HRV 39 (30.2) 18 (23.1) 0.7 (0.4–1.3) 0.6 (0.3–1.3)
HEV  30 (23.2) 21 (26.9) 1.2 (0.6–2.3) 1.1 (0.6–2.3)
HRV  and/or HEV 58 (45.0) 34 (43.6) 1.0 (0.5–1.7) 0.8 (0.5–1.5)

18–24 mo N = 96 N = 64
HRV 13 (13.5) 17 (
HEV  23 (24.0) 16 (
HRV  and/or HEV 33 (34.4) 30 (
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been identified as some of the strongest risk factors associated with
ig. 1. Proportion of subjects with ≥1 episode of AOM, ≥1 positive rhinovirus sample
nd ≥1 positive enterovirus sample according to age.

he present study was based on a prospective follow-up of children
ho were not hospitalized or otherwise selected based on symp-

oms of respiratory infections or AOM, the study was not biased
y factors that could lead to an overestimation of the role of these
iruses in AOM. In addition, this study design made it possible to
ake into account the high frequency of these viruses in asymp-
omatic children including those who did not develop AOM. We
ndeed found that the frequency of these viruses was  high also in
hildren who did not report AOM. In addition, having older siblings
eems to be an important risk factor since it doubled the amount
f HRVs and HEVs in the child and significantly increased also the
isk of AOM.

The results support the concept that these viruses can contribute
o the development of AOM. However, the statistical significance of
he observed associations was relatively weak and disappear when
orrected by the number of comparisons (Bonferoni’s correction)
ndicating that these findings should be confirmed in further stud-
es in similar pediatric cohorts. This is important also because the
roportion of AOM cases attributable to HRV and HEV infections
ay  depend on age, and the circulation of these viruses in the given

opulation.
In the current study the youngest children (age of 3–6 months)

ere most frequently HRV positive. This finding is in agreement
ith recent studies showing that HRV infections occur very early

n life, the mean age of the first symptomatic HRV infection being
–6 months [17,18]. In one study carried out in Finland, approxi-

ately 30% of the 6–24 month-old subjects with HRV present in

heir nasopharynx developed AOM within 4 weeks after URI onset
19]. In our study the association between HRVs and AOM episodes
26.6) 2.3 (1.0–5.2) 1.8 (0.8–4.3)
25.0) 1.1 (0.5–2.2) 0.9 (0.4–2.0)
46.9) 1.7 (0.9–3.2) 1.4 (0.7–2.9)

was not seen until the age of 18–24 months. The reason for the lack
of this association in younger children is not known. Theoretically,
it could be at least partly explained by viral-bacterial interactions
in the nasopharynx. Multiple studies have shown that there is
a direct relationship between the frequency of nasopharyngeal
colonization by potential pathogenic respiratory bacteria (Strepto-
coccus pneumoniae, Moraxella catarrhalis,  Haemophilus influenzae)
and frequency of AOM. Two  studies conducted by Faden et al.
demonstrated the increase of colonization rates of these bacte-
ria with age, the rates for M. catarrhalis being 26% at the age of
6 months, 72% at the age of 12 months and 77% at the age of 24
months. This finding supports many other studies concluding that
bacterial colonization increases gradually and peaks at 2–3 years of
age. These pathogenic bacteria may  not cause symptoms until viral
URI causes changes in the nasopharynx by inducing inflammation,
changes in bacterial adherence properties and colonization, and
Eustachian tube dysfunction [20–23].

In addition, there are many other factors influencing the patho-
genesis of AOM. Maternal IgA and several other substances in
breast milk protect breastfed infants from AOM and many other
infections [24]. The preventive effect of breastfeeding has been doc-
umented in meta-analyses conducted by Uhari et al. and Bowatte
et al. [25,26]. According to the latter study, breastfeeding appears
to protect against AOM until the age of 2 years. The protective
effect was  observed to depend on the exclusiveness and duration
of breastfeeding: exclusive breastfeeding for the first 6 months was
associated with the strongest beneficial effect.

HEV infections peaked at the age of 12–24 months, at a slightly
later age compared to that found in a surveillance study conducted
in France during 2000–2004 [1]. This is in line with previous studies
suggesting that HEV infections are less common in Finland than in
most other European countries [27]. An association between HEV
positivity of stool samples and AOM was  seen at the age of 6–12
months, when AOM starts to peak.

According to previous studies approximately 70% of children
experience at least one OM episode by the age of 24 months, with a
peak incidence between 6 and 18 months and the incidence of AOM
being 0.9–1.2 AOM episodes per child-year [28–31]. Our findings
are in line with these previous observations. Several risk factors
for AOM have been identified. Male gender and older siblings have
AOM [32,33]. Our finding that having older siblings increased the
incidence of AOM is well in line with these previous studies. In our
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tudy, the average number of AOM episodes encountered during
he follow-up was slightly higher among boys than girls, but the
ifference was  not statistically significant. Being in daycare at the
ge of 12 months did not have a significant impact on the amount
f AOM episodes in our study. In addition, maternal smoking has
een reported to be associated with AOM, and this trend was  also
een in the present study. It should be noted that the trend for
isk association of HRV and HEVs with AOM remained even when
djusted for mother’s smoking and having older siblings.

Stool sample is a classical sample type used for the diagnosis
f HEV infections. In addition, it has been recently reported that
lso HRV can be detected in feces during HRV infection in young
hildren [14,34]. It was also recently observed that HRVs and HEVs
an be detected simultaneously in middle ear and fecal specimens
uring AOM (Sillanpää et al., unpublished). In fact, HEVs and HRVs
re detected in almost identical frequency in respiratory and stool
pecimen [35]. Hence, we used the positive stool sample as a marker
f both HRV and HEV infection. However, one of the limitations of
he present study is that respiratory samples were not collected for
irus analyses. Further studies using a similar prospective cohort
esign accompanied by respiratory sample collection would be
elpful to get more information about the causative role of HRVs
nd HEVs in the pathogenesis of AOM.

One of the strengths of this study was the unique study design,
hich was based on an unbiased birth cohort study, in which the

emporal relationship of virus positivity of stool samples and AOM
pisodes could be assessed. The AOM diagnosis was  always made
y a doctor, and parents reported it on the regular visits. As already
oted, the clinical relevance of virus-positive PCR-findings has been
uestioned because of the high sensitivity of PCR methods and high
requency of viruses in asymptomatic children. Such asymptomatic
EV and HRV infections are common and the rate of virus positivity

n AOM patients should therefore be compared to that in matched
ontrol children who do not have AOM [8,9]. Shedding of HRV from
he nasopharynx may  also continue quite long, up to 5–6 weeks
fter the onset of the infection, and that of HEVs for up to 2–3
eeks from the nasopharynx and many weeks to months in the

eces [8]. In our prospective follow-up study, the relatively long
xcretion is actually an advantage, since it enabled the detection
hese infections using samples, which have been collected regu-
arly (monthly), irrespectively of the symptoms of acute infections.
hus, the fact that we found an association between AOM episodes
nd virus-positivity in this kind of case-control comparison where
he time-dependences of these two events could be evaluated dur-
ng prospective follow-up of children, support the role of HEVs and
RVs in the pathogenesis of AOM. However, the study focused on
EVs and HRVs, and further studies would be needed to evaluate

heir etiologic fraction in relation to other viruses previously linked
o AOM.

As a viral infection often initiates bacterial AOM and viruses
lone can also cause AOM, it would be beneficial to prevent the ini-
ial viral infection. This is demonstrated by the fact that influenza
accine has decreased AOM episodes during influenza seasons by
2–71% [36,37]. The findings of this study and previous reports
uggest that picornaviruses should be considered as targets when
iming at the prevention of AOM in children. Our previous study
uggested that the oral polio vaccine (OPV), a live attenuated
nterovirus vaccine, may  considerably reduce OM episodes pos-
ibly by interfering with these other picornaviruses which cause
OM [38]. Thus, antiviral strategies targeting HRVs and HEVs may

ead to a substantial reduction of AOM incidence in young children.
. Conclusions

The present study, which was based on a unique population–
ased approach, supports previous observations, suggesting that

[
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both HRVs and HEVs contribute to the pathogenesis of AOM  in
young children. This emphasizes the potential of antiviral strategies
in the prevention of AOM in this age group.
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