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Abstract Otitis media (OM) is one of the commonest infections in childhood and a
frequent reason for prescribing antibacterials in infancy. However, the increase
in prevalence of antibacterial-resistant respiratory bacterial pathogens has not
been matched by the development of new antibacterial agents. Bacterial vaccine
strategies aim to prevent OM directly and to reduce nasopharyngeal carriage of
pneumococci, thereby reducing the likelihood of developing acute OM. Complete
protection against OM would require an approach targeting both bacterial and
viral agents.

Immunisation with a pneumococcal conjugate vaccine provides protection
against acute OM caused by pneumococcal serotypes included in the vaccine,
reduces serotype-specific pneumococcal carriage, and reduces carriage of peni-
cillin-resistant pneumococci. However, an increase in non-vaccine serotype OM
has been observed in vaccinated children, which may limit the overall effective-
ness of this vaccine. New vaccines targeting non-typable Haemophilus influenzae
and Mycoplasma catarrhalis are in the early stages of development. Efficacy
studies with influenza vaccine have shown the most promising results to date in
terms of overall reduction in OM episodes.

A more substantial reduction in the burden of OM in childhood would require
a combination of vaccines that are effective against the bacterial and viral patho-
gens involved and that can be administered early in infancy.
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Otitis media (OM) is one of the commonest in-
fections in childhood. Long-term sequelae include
hearing loss that may accompany acute and
chronic OM. This in turn may result in language
delay and subsequent difficulties in school.[1,2] OM
is a common reason for prescribing antibacterials
in infancy. However, the increase in prevalence of
antibacterial-resistant respiratory bacterial patho-
gens has been accompanied by only modest gains
in the development of new antibacterial agents.

Consequently, there is growing emphasis on the
prevention of OM rather than treatment.[3] Poten-
tial bacterial vaccine strategies to prevent OM aim

both to prevent disease directly and to reduce
pneumococcal nasopharyngeal carriage, thereby
reducing the likelihood of developing OM. Viral
respiratory infections, such as influenzae and re-
spiratory syncytial virus can alter eustachian tube
function and thereby predispose to OM. Recent de-
velopments in respiratory viral vaccines, in partic-
ular the influenza vaccine, have shown promising
results in terms of OM prevention.

1. Epidemiology

A recent study in the US found that 90% of chil-
dren have experienced one or more episodes of



symptomatic or asymptomatic middle ear effu-
sions by 2 years of age.[4,5] The peak incidence of
OM is between 6 and 18 months of age. In the US,
approximately 50% of infants experience their first
episode by 6 months of age and recurrent episodes
are common. Early onset of OM is associated with
increased risk of recurrent OM and persistent mid-
dle ear effusions.

In developing countries where access to medi-
cal care is limited, untreated OM may lead to per-
sistent perforation of the tympanic membrane
(TM) and disarticulation of the ossicles which may
lead to permanent conductive hearing loss.[6] A re-
view of ten studies in developing countries indi-
cates high rates of TM perforation, persistent
otorrhoea and mastoiditis.[6] In Australian Aborig-
inal infants, OM develops in the first months of life
and persists throughout childhood.[7] The timing of
colonisation with respiratory pathogens was found
to predict the onset of persistent OM.[7]

2. Aetiology

Fluid cultured from tympanocentesis has found
a bacterial cause of acute OM (AOM) in 70% of
episodes. Streptococcus pneumoniae, nontypeable
Haemophilus influenzae, Mycoplasma catarrhalis,
and Streptococcus pyogenes are the most common
bacterial pathogens worldwide, with S. pneu-
moniae the commonest cause. H. influenzae type b
(Hib) has been shown to cause OM but it is an
infrequent cause.

Respiratory viruses have been considered pri-
marily as cofactors in the pathogenesis of AOM,
although they have been isolated alone from the
middle ear fluid in children with this condition.[8]

Respiratory syncytial virus (RSV), rhinovirus, in-
fluenza virus, adenovirus and parainfluenza virus
are recovered frequently from either the middle ear
or the nasopharynx in children with AOM.[8,9]

Viral infections have been shown to promote
the development of bacterial OM. Influenza virus
has been shown to cause disruption to eustachian
tube function, impair recovery from infection and
facilitate the attachment of bacterial pathogens to
respiratory epithelial cells, supporting the com-

monly held view that viral infections precede bacte-
rial OM.

3. Pneumococcal Vaccines

3.1 Pneumococcal 
Polysaccharide Vaccines

The pneumococcal polysaccharide (PS) vaccine
produces a T-cell–independent antibody response,
and is therefore poorly immunogenic in children
less than 2 years old. Studies of pneumococcal PS
vaccines indicate that antibodies provide some
serotype-specific protection against OM, however,
minimal reduction in overall episodes of AOM was
seen.[10,11]

Maternal immunisation with the pneumococcal
PS vaccine or with a conjugate vaccine has the po-
tential to provide enhanced immunity for both
mother and infant. This could result in protection
from pneumococcal carriage and hence develop-
ment of disease. Studies in Papua New Guinea,
Bangladesh and The Gambia have demonstrated
that maternal immunisation with the pneumococ-
cal PS vaccine appears to have good safety and be
immunogenic in pregnant women.[12-14] A short-
lived increase in neonatal antibodies has been ob-
served in the published trials, but the effects of
maternal immunisation on the development of
breast milk antibody, colonisation of the infant,
and the development of OM have not been fully
evaluated.[15]

3.2 Pneumococcal Conjugate Vaccines

The poor immunological response by infants to
the pneumococcal PS vaccine led to the develop-
ment of pneumococcal conjugate vaccines. Cou-
pling a purified capsular PS with a protein ‘carrier’
increases the immunogenicity of the vaccine and
creates a T-cell–dependent immune response.
Pneumococcal serotypes included in the vaccine
cover 60 to 95% of the serotypes that cause OM.

Recently two efficacy studies have demon-
strated a reduction of OM with the use of vaccine
serotypes of S. pneumoniae.[16,17] On the basis of
these two studies, it is estimated that up to 1.2 mil-
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lion of the 20 million yearly episodes of OM in the
US could be prevented.[17] The 7-valent pneumo-
coccal vaccine is now licensed in the US and Aus-
tralia. However, the production of this vaccine is
technically complex, limiting its mass production.
In addition, the vaccine is very expensive and is
unlikely to be affordable for universal use in most
countries within the next 5 years.

The first efficacy trial of a pneumococcal con-
jugate vaccine was conducted in northern Califor-
nia.[16] That study evaluated the impact of four
doses of the 7-valent pneumococcal conjugate vac-
cine given at 2, 4, 6 and 12 to 15 months of age on
invasive pneumococcal disease and OM.[16] There
was 97.4% vaccine efficacy for invasive disease
and an 8.9% reduction in clinic visits for OM in the
vaccine group. However, there was greater protec-
tion for bacteriologically confirmed vaccine sero-
type-specific pneumococcal OM (66.7% reduction
in episodes of OM with perforation that were cul-
ture positive for vaccine serotypes), frequent epi-
sodes (22.8% reduction), and severe OM (20.1%
reduction in ventilation tube placements). Among
the children with spontaneously draining ears, all
vaccine failures were caused by serotype 19F. This
is the same serotype observed in the one fully vac-
cinated invasive disease vaccine failure.[16]

In a Finnish study, infants were vaccinated at 2,
4, 6 and 12 months of age with the 7-valent pneu-
mococcal conjugate vaccine.[17] The vaccine re-
duced the overall number of episodes of OM by
6%, which is similar to the findings in the Califor-
nia study. Culture confirmed pneumococcal epi-
sodes were reduced by 34% (95% confidence in-
terval [CI] 21 to 45%), and the number of episodes
due to the serotypes contained in the vaccine was
reduced by 57% (95% CI 44 to 67%).[17] The num-
ber of episodes attributed to serotypes that are
cross reactive with those in the vaccine was re-
duced by 51% (95% CI 27 to 67%). However, the
number of episodes due to all other serotypes in-
creased by 33% (95% CI 1 to 80%). This indicates
that vaccination may increase the likelihood of dis-
ease due to serotypes not included in the vac-
cine.[17]

The impact of pneumococcal conjugate vaccine
on the development of OM for most children is
therefore likely to be minimal for acute OM, but
may be more substantial for severe or recurrent
disease.

3.2.1 Nasopharyngeal Carriage of Pneumococci
There is a strong relationship between the ac-

quisition and carriage of pneumococci and the de-
velopment of OM.[18] Therefore, reduction in car-
riage rates in infancy can be expected to impact on
OM rates. Furthermore, pneumococcal conjugate
vaccines could reduce the circulation of pneumo-
coccal strains that commonly cause disease and
that are resistant to antibacterials. Antibacterial re-
sistance in pneumococci is serotype specific, and
most resistant strains belong to serotypes that are
included in the 7-valent conjugate vaccine.[19]

Thus, large-scale vaccine use should lead to re-
duced carriage of these serotypes in vaccinees and
this in turn should reduce circulation of these
serotypes in the community.

On the other hand, impact on carriage may also
have some negative effects. It has already been
demonstrated that reduction in carriage of vaccine-
type pneumococci in recipients of conjugate vac-
cines is accompanied by an increase in the carriage
of serotypes not included in the vaccine. A Gam-
bian study in which infants were immunised with
a 5-valent pneumococcal conjugate vaccine, then
reimmunised with the 23-valent pneumococcal PS
vaccine at the age of 2 years, showed a reduction
in prevalence of nasopharyngeal carriage of pneu-
mococci of the vaccine serotypes. However, re-
placement with pneumococci of non-vaccine
serotypes occurred, so the overall prevalence of
pneumococcal carriage in vaccinated children was
little changed.[20] A second study of Gambian chil-
dren 1 to 4 months after completion of the primary
course of vaccination with the 9-valent conjugate
vaccine in infancy showed a similar trend but the
effect was smaller than in the initial study.[21] Stud-
ies from South Africa and Israel have shown sim-
ilar effects.[22,23] As noted in section 3.2, serotype
replacement has lead to a slight increase in OM due
to non-vaccine serotypes, although the overall ef-
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fect remained positive.[17] Concerns remain as to
whether this phenomenon will affect rates of inva-
sive disease.[20] This has not been observed in the
US but it remains a possibility in developing coun-
tries and other communities with high carriage
rates.[21]

3.3 Pneumococcal Protein Vaccines

The rise in non-vaccine pneumococcal serotypes
causing OM after immunisation with conjugate[17]

may offset the clinical value of these vaccines.[20]

Alternative potential vaccine strategies are being
developed. The possibility of using immunity to
pneumococcal surface proteins is currently being
explored. Protein vaccines could have a definite
advantage over PS-based vaccines because protec-
tion would be provided against all serotypes. In
addition, proteins can be expressed in recombinant
bacteria enabling large-scale production of vac-
cine antigens at a relatively low cost.

Initial results from animal studies appear prom-
ising. Pneumococcal Surface Protein A (PspA) has
been found to provide protection against OM in
rats.[24] Vaccination with a mixture of PspA and a
second pneumococcal protein, Pneumococcal Sur-
face Adhesin A (PsaA) has been observed to offer
better protection against nasal carriage in mice,
than vaccination with either protein alone.[25] PspA
and the modified pneumococcal toxin, pneu-
molysoid, have been shown to elicit protection
from invasive infections in animals.[26] A combi-
nation of these proteins may form a useful pneu-
mococcal vaccine, or the inclusion of a few of these
proteins into the pneumococcal conjugate vaccines
might enhance their efficacy and might constitute
a complete pneumococcal vaccine.[27]

4. Respiratory Syncytial Virus Vaccines

An effective RSV vaccine for infants and young
children could markedly decrease the occurrence
of OM. However, no successful vaccine has yet
been developed for RSV infection. Subunit RSV
vaccines based on the fusion protein (F protein)
have been developed but their evaluation has been
limited to previously infected persons. A live at-

tenuated vaccine has been developed and evalu-
ated in non-immune infants, but it resulted in re-
spiratory symptoms. Its effectiveness is unknown.

The feasibility of RSV immunisation has been
supported by the success of passive immunisation.
In a double-blind, placebo-controlled trial involv-
ing 1502 high-risk infants, the protective efficacy
of palivizumab, a RSV derived monoclonal anti-
body, demonstrated a reduction in lower respira-
tory disease; however, there was no reduction in
the development of AOM.[28]

5. Influenza Vaccine

Prevention of OM by influenza vaccination has
been demonstrated. A prospective cohort trial con-
ducted within daycare centres of 168 children aged
between 6 and 30 months documented a reduction
in cases of influenza A. Half the participants re-
ceived the trivalent subvirion influenza virus vac-
cine. There was a 31% decline (95% CI 2 to 51%)
in OM in the daycare centres during a community
outbreak of influenza.[29] In addition, there was a
25% reduction in OM with effusion; however, this
was not statistically significant.[29]

A multicentre, double-blind, placebo-controlled
trial of live attenuated, cold-adapted, trivalent in-
fluenza virus vaccine in children aged 15 to 71
months showed a similar reduction in episodes of
febrile OM.[30] Culture-positive influenza was sig-
nificantly less common in the vaccine group than
the placebo group. The vaccine efficacy was 93%
against culture-confirmed influenza. The vacci-
nated children had significantly fewer febrile
illnesses, including 30% fewer episodes of febrile
OM (95% CI 18 to 45%).[30]

The influenza virus vaccine is currently used in
the US and indications for its use are changing.
One indication for influenza virus vaccine is for
children with recurrent AOM.

6. Conclusion

Prevention of OM by immunisation will require
an approach targeting both bacterial and viral
pathogens. The available data suggest that pneu-
mococcal conjugate vaccines provide protection
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against serotype-specific AOM in children, reduce
serotype specific pneumococcal carriage, and re-
duce carriage of penicillin resistant pneumococci.
However, an increase in non-vaccine serotype OM
has been demonstrated in one study which may
limit the overall effectiveness of the vaccine. The
development of other candidate bacterial vaccines
targeting non-typable H. influenzae and M. catar-
rhalis are in the early stages of identifying prom-
ising antigens that maybe immunogenic. The most
promising vaccine in the prevention of OM to date
has been influenza virus vaccine. A more substan-
tial reduction in the burden of OM in childhood
would require vaccines that are effective against
the bacterial and viral pathogens beginning before
6 months of age.
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