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Background:  The  goal  of  this  study  was  to evaluate  whether  a  live  attenuated  poliovirus  vaccine  (OPV)
has clinically  relevant  interfering  effect  with  non-polio  infections  causing  otitis  media  in  young  children.
Methods:  Open  trial  in which  the intervention  group  (64 children)  received  OPV  at  the  age  of 2,  3, 6  and
12  months.  The  control  group  (250  children)  received  IPV  (inactivated  polio  vaccine)  at  the age  of  6  and
12  months.  Clinical  symptoms  were  recorded  by  a questionnaire  at the  age  of 3,  6,  12,  18  and  24  months.
eywords:
PV
titis media
aycare
hildren

Results:  Otitis  media  episodes  were  less  frequent  in  the  OPV than  in  the  control  group.  A significant  dif-
ference  was  seen  at  the  age  of 6–18  months  (IRR =  0.76  [95%  CI  0.59–0.94],  P = 0.011)  and  was  particularly
clear  among  children,  who  attended  daycare  (IRR  0.37  [95%  CI  0.19–0.71],  P =  0.003).
Conclusions:  OPV  provides  some  protection  against  otitis  media.  This  effect  may  be  mediated  by viral
interference  with  non-polio  viruses.
accine

. Introduction

Acute upper respiratory infections (URIs), like common cold,
re prominent acute diseases in children and picornaviruses are
he causal agent in the majority of the cases [1]. URIs and acute
titis media (AOM) are closely linked; 29–61% of all cases of URI
re complicated by AOM [2]. Otitis media can be caused by viruses
nd bacteria, and mixed infections are common. The most com-
on  viruses found in AOM are rhino- and enteroviruses, which

oth belong to the enterovirus genus [3].
Vaccines against the most well-known enteroviruses,
olioviruses, are routinely used in almost all countries, while
accines are not available for other enteroviruses. In Finland, as
ell as in an increasing number of other countries, children are

Abbreviations: OPV, oral polio vaccine; IPV, inactivated polio vaccine; DIPP,
iabetes Prediction and Prevention study; OM,  otitis media.
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iokatu 10, 33520 Tampere, Finland. Tel.: +358 50 5168480; fax: +358 33 5518450.
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routinely vaccinated against poliomyelitis with the inactivated
poliovirus vaccine (IPV, Salk vaccine). The other type of polio vac-
cine, oral live vaccine (OPV, Sabin vaccine), is also used widely. In
contrast to IPV, OPV induces a strong local immune response in the
gastrointestinal tract and a strong systemic cell-mediated immune
response [4]. Previous studies have shown that cell-mediated
immune responses to polioviruses cross-react with non-polio
enteroviruses due to their structural similarities [5–7]. However,
it is not clear if this cross-reactivity can provide cross-protection
against non-polio enteroviruses [8].  In addition, the replication
of OPV strains for prolonged periods leads to long-lasting type
1 interferon response and an antiviral state, which can further
improve the resistance to other viruses. In contrast to OPV, IPV
lacks these properties. IPV induces mainly antibodies, and the
antibody-mediated protection is poliovirus specific. In addition,
IPV is considered to induce much weaker and shorter type 1
interferon secretion.
Viral interference has been reported in a number of studies.
Recently Wang et al. noticed a negative association between the
presence of rhinovirus (HRV) and adenovirus (HAdV) in military
recruits, suggesting viral interference between HRV and HAdV [9].

dx.doi.org/10.1016/j.vaccine.2011.09.015
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:elina.m.seppala@uta.fi
dx.doi.org/10.1016/j.vaccine.2011.09.015
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Table 1
Demographic characteristics of the study subjects.

Oral polio
vaccine

Inactivated
polio vaccine

P

No. of children vaccinated 64 250
Males (%) 34 (53.1) 122 (48.8) NS
No.  of subjects in daycare at

the age of 12 months (%)
11 (17.2) 56 (22.6) NS

No.  of siblings (mean) 1.09 0.88 NS
No.  of subjects with pets (%) 17 (26.6) 75 (30.5) NS
No.  of subjects breastfed at the

age of 6 months (%)
45 (72.6) 137 (56.1) 0.014
Age (months)

Fig. 1. Vaccination schedule in the intervention (OPV) and control groups (IPV).

n addition, the start of the influenza pandemic was delayed at the
eginning of the autumn in 2009 in France, possibly due to viral

nterference between rhinoviruses and influenza A (H1N1) viruses
10]. Such interference may  result from the non-specific innate
mmune response. The interferon response caused by HRV induces

 refractory state in the respiratory tract preventing infections by
ther respiratory viruses. A study assessing the factors affecting
mmunogenicity of the first two doses of OPV among unimmunized

ayan infants revealed viral interference also between Sabin type 2
nd Sabin type 3 polioviruses. In addition, concurrent enteric non-
olio enterovirus infections seemed to lead to reduced antibody
esponses to Sabin types 1 and 2 [11].

The objective of this study was to assess whether the above-
entioned properties of live attenuated poliovirus vaccine (OPV)

an lead to clinically relevant interference with non-polio viruses.
herefore, we carried out a vaccine trial to study the effect of OPV
n the occurrence otitis media in children younger than 2 years of
ge. As enteroviruses, including also rhinoviruses, are a common
ause of otitis media, we hypothesized that OPV would reduce the
ncidence of otitis media.

. Materials and methods

.1. Subjects

In this open trial the intervention group (64 children; 34 boys
nd 30 girls) was vaccinated with the oral polio vaccine (OPV) at the
ge of 2, 3, 6, and 12 months during the years 1999–2001 (Fig. 1).
he control group comprising 250 children (122 boys and 128 girls)
eceived inactivated poliovirus vaccine (IPV) at the age of 6, 12,
nd 24 months according to the standard immunization protocol
n Finland at that time. The intervention and control groups were

atched for gender, date of birth (±2 months) and HLA type, thus
ontrolling for possible confounding effect of the season on the
umber of infections and that of HLA on infection immunity.

All children were healthy newborns who were recruited to the
rospective Type 1 Diabetes Prediction and Prevention study (DIPP)
t Tampere University Hospital in Finland. In the DIPP study all
ewborn infants whose families gave informed consent to the study
ere first screened using cord blood for HLA class II alleles con-

erring susceptibility to type 1 diabetes, and those with increased
isk were recruited to prospective follow-up [12]. This set-up made
t possible to match the intervention and control groups for their
LA alleles; they all carried the DQB1*02/0302 or the DQB1*0302/x
enotype, where x refers to alleles other than *02, *0301, or *0602-
3 [13].

OPV was given to all DIPP children whose parents consented
o OPV vaccination during the recruitment period and who  did not

ave immunodeficiency, malignant disease or immunosuppressive
reatment. Maximally five control children were then selected for
ach OPV-vaccinated child from the large cohort of all DIPP chil-
ren (randomly from all children who fulfilled matching criteria
No.  of mothers who  smoked
during pregnancy

9 (14.3) 22 (9.0) NS

NS, not significant.

described above). Allocation ratio of 1:2–5 was  chosen to maximize
the number of participants (IPV group followed the normal Finnish
vaccination schedule which made it possible to have more IPV
vaccinated children). Table 1 compares some of the demographic
features of the groups. The only significant difference was  in the
proportion of children who  were breastfed at the age of 6 months,
which was  higher in the OPV group.

The local Ethics committee and the National Agency for
Medicine in Finland approved the study. A written informed con-
sent was  obtained from the parents of all study children.

2.2. Recording of infections

The subjects visited the study center at the age of 2, 3, 6, 12,
18, and 24 months. The parents were interviewed by a study nurse
using a standard questionnaire during each visit. The number of
AOM episodes which the child had encountered since their last
visit to the clinic were recorded and stored in the study database.
All AOM episodes which were reported by parents and diagnosed
by a physician were counted. Thus, all episodes were diagnosed by
a doctor. Prolonged otitis media such as secretory otitis media was
counted only once when first diagnosed in the acute phase. Infor-
mation on the diet and the type of daycare (such as care at home,
family care, daycare center, other) was also documented in the con-
text of each visit. The number of siblings and pets were recorded as
well.

2.3. Statistical methods

Poisson regression model was  used as a multivariate anal-
ysis comparing the effects of vaccination type, gender, starting
age of daycare, duration of breastfeeding, number of siblings and
pets to the number of infections recorded in the 1:2–5 matched
case–control groups in this cohort study. Results are presented as
incidence rate ratios (IRR). The �2-test was used to analyze the sta-
tistical significance of differences observed between the smoking
habits during pregnancy of the mothers of OPV and IPV vaccinated
children. The software packages used were SPSS, version 15.0 (SPSS,
Chicago, IL, USA) and Stata, version 8.2 (StataCorp, 4905 College Sta-
tion, TX, USA). Differences were considered significant at P < 0.05.

3. Results

All the participants received polio vaccines as planned. The total
duration of follow-up was 614 person-years and the median dura-
tion 24.3 months. Altogether 89.8% of the children (92.2% of the OPV
vaccinated and 89.2% of the IPV vaccinated) completed the entire
follow-up. In the OPV group 3.1% and 4.7% of the subjects dropped

out at the ages of 12 and 18 months, and in the IPV group 0.4%, 6.0%
and 4.4% dropped out at the ages of 6, 12 and 18 months, respec-
tively. A total number of 854 OM episodes were recorded with an
average of 2.72 per child during the follow-up.
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t  the age of 12 months: P = 0.003; daycare begun after the age of 12 months: P = NS.
ossible confounding factors, i.e. daycare, pets, breastfeeding and number of siblings,
ave been taken in to account in statistical analyses.

The average number of OM episodes was lower among girls
han boys (2.33 vs. 3.12 per child, IRR = 0.71 [95% CI 0.55–0.92],

 = 0.010). Being in daycare outside home at the age of 12 months
ignificantly increased the average number of OM episodes dur-
ng the first 24 months of life (3.64 vs. 2.49 per child, IRR = 1.61
95% CI 1.36–1.92], P < 0.001). Having one or more siblings increased
lso the number of OM episodes (2.97 vs. 2.48 per child, IRR = 1.19
95% CI 1.09–1.30], P < 0.001). The average number of OM was lower
mong subjects with one or more pets compared to subjects with
o pets (2.45 vs. 2.86, IRR = 0.78 [95% CI 0.66–0.94], P = 0.007). The
uration of breastfeeding for more than 6 months did not have a
ignificant effect on the rate of OM or other recorded infections.

The OPV vaccinated children had slightly less OM episodes dur-
ng the first 2 years of life than the IPV vaccinated controls (average
umber 2.59 vs. 2.75 per child, IRR = 0.87 [95% CI 0.72–1.04]), but
he difference was not statistically significant (P = 0.121). Since the
rotecting effect of OPV probably occurred at the age when vac-
ine viruses were actively replicating in the gut mucosa (at the age
f 2–18 months) and when the incidence of OM peaks (at the age
f 6–18 months), the numbers of OM episodes were further ana-
yzed between the age of 6 and 18 months. A significant difference

as seen between the OPV and IPV groups in the number of OM
pisodes during this age period (1.58 vs. 1.88 episodes per child,
RR = 0.76 [95% CI 0.59–0.94], P = 0.011). The protective effect of OPV

as even stronger among subjects who had started daycare already
t the age of 12 months or earlier (P = 0.003; Fig. 2). All these analy-
es were adjusted for the effect of possible confounding factors, i.e.
or daycare, pets, breastfeeding and number of siblings.

. Discussion

Acute OM episodes are one of the most common reasons for a
hild to visit a doctor under the age of 3 years being the most fre-
uent indication for the prescription of antibiotics. Furthermore,
M causes significant economical losses to the families and to the

ociety [14,15].  Viruses play an important role in the etiology of OM
nd predispose to bacterial invasion to the middle ear leading to
urulent infection. It has also been estimated that 20–50% of acute
M cases are due to virus infections without bacterial co-infection

1,16]. Picornaviruses (including rhino- and enteroviruses) are the

ost common viruses in acute OM in children followed closely

y other viruses such as influenza virus, parainfluenza virus, RSV,
denovirus, human bocavirus, human metapneumovirus and coro-
avirus [17,18]. Moreover, rhinoviruses have been shown to be the
9 (2011) 8615– 8618 8617

most prevalent pathogens in lower respiratory infections in infants
[19,20].  Recent studies have shown that particularly the C-type
rhinoviruses are able to cause severe infections in young children
[21].

As a virus infection often initiates bacterial OM,  it would be
highly beneficial to prevent the initial viral infection. In fact, the
influenza A vaccine has been observed to decrease OM episodes
by 32–71% during the influenza seasons [22,23].  The efficacy is
so better than that of the pneumococcal conjugate vaccine, but
the type of vaccine may  also be important for this protection
[24]. Conjugated polysaccharide vaccines, like the heptavalent
pneumococcal conjugate vaccine, are serotype-specific and do
not protect from infections caused by serotypes not included in
the vaccine [25]. In contrast, live attenuated virus vaccines can
often induce viral-interference and immunological cross-reactivity
against other genetically related agents.

This is the first study to assess the effect of a live attenuated
enterovirus vaccine (OPV) on non-polio infections in childhood.
Picornaviruses comprise approximately 300 different serotypes
capable of infecting humans and causing symptoms. As polioviruses
belong to picornaviruses, which are the main causative group of
viruses causing acute OM,  our finding that OPV  can indeed reduce
acute OM episodes suggests that OPV may  interfere with other
picornaviruses which are causing OM.  Our finding is also indi-
rectly supported by some earlier studies. According to reports from
the 1960s, concurrent infection with other enteroviruses demon-
strated interference with the OPV vaccination, being infavourable
for the vaccine [26,27].  Epidemiological observations from South
America suggest that non-specific intestinal interference generated
by OPV strains reduced mortality from infantile diarrhea [28]. This
knowledge was  utilized in Bulgaria in 1975, when universal admin-
istration of OPV was applied to help terminate a non-poliovirus
epidemic [29]. Thus, this kind of viral interference seems to have a
clear biological effect. Such interference can be caused by at least
two different mechanisms: (1) cross-protection against genetically
related non-polio enteroviruses mediated by cross-reactive cellu-
lar immune responses or (2) induction of type 1 interferons and
other antiviral innate immune system responses which can protect
against many different viruses. Compared to many other viruses the
interfering effect of OPV may  be particularly strong, since the repli-
cation of vaccine virus strains lasts for longer periods than that of
many other viruses replicating for weeks and sometimes even for
months in vaccinated individuals and leading to long-lasting and
strong activation in both the innate and the adaptive immune sys-
tem. As enteroviruses (including also rhinoviruses) constitute the
most important virus group causing OM,  even a modest protective
effect may  have an important clinical impact.

It is known that approximately 70% of children have experienced
at least one episode of OM by the age of 24 months, with a peak inci-
dence between 6 and 18 months [14,30]. Several risk factors for OM
have been identified. Our findings that daycare, number of siblings
and male gender increase the incidence of OM are in line with pre-
vious observations [31]. The fact that the protective effect of OPV
was seen particularly among those children who  started daycare at
a young age is probably due to their strong exposure to viruses caus-
ing OM.  In addition, the protective effect was  strongest at the age
of 6–18 months when acute OM peaks. This fits also into the time
period when the interfering effect of OPV is expected to occur, if the
vaccine is given four times before age of 12 months. However, these
results should be interpreted with caution, since the number of the
study subjects was relatively small and certain possible confound-
ing factors, e.g. antibiotic treatments during the follow-up could

not be taken in to account. The possible confounding effect of other
vaccines is unlikely, since the coverage of the national vaccination
program was very high (93.3–95.2%) and additional vaccines were
rarely given (data not shown).
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Interestingly, pets at home had an independent protective effect
gainst OM, a phenomenon which has also been reported previ-
usly [32]. The reason to this is not known. It may  be related to the
voidance of pets by atopic families (atopy is a risk factor for OM)
r to possible booster effect of pets on immune protection against
nfections. A recent study suggests that furry pets can also reduce
he risk of recurrent acute respiratory illnesses [33].

The identification of OM episodes was based on information
iven by the parents during the interview. Both intervention and
ontrol groups were interviewed prospectively in a structured
anner using a standard questionnaire, which minimized possi-

le bias in recordings between the groups. In addition, acute OM
eads usually to a quite clear episode, and its diagnosis was  always

ade by a doctor. Our study has also the important advantage that
he symptoms were recorded during consecutive visits at the study
linic in a prospective follow-up where the maximum time period
rom the previous visit was only 6 months. Thus, it is very likely
hat the parents were able to recall OM episodes reliably over such a
hort period. In fact, the mean number of acute OM episodes parents
eported was 1.39 per child-year, similar to that found in previous
tudies, further suggesting that the reporting of these episodes was
uite reliable [3,34].

. Conclusions

This study suggests that a live attenuated enterovirus vaccine
ay  play a role in modulating immunity against other microbial

nfections. The protective effect of OPV against OM suggests that
uch interference may  provide important clinical benefit. Even
hough the safety profile of OPV may  not be optimal for the preven-
ion of OM in general, this study suggests that live virus vaccines

ay  have beneficial effects which are much wider than their orig-
nal indication. Therefore, the mechanisms of viral interference
nduced by live virus vaccines should be studied further. It is
ossible that such an interfering effect could be applied in the
evelopment of new vaccines against picornavirus-related diseases
uch as OM,  meningitis, myocarditis and type 1 diabetes.
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