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Among 55 children with cultures positive for acute otitis media with spontaneous otorrhea, 28 (51%) had cultures positive for
aural Streptococcus pneumoniae, and in 10 of these, two distinct strains were detected, in which 5 had pairs of strains that were
both capsule-bearing serotypes. Such cases were more likely to have cultures positive for other otopathogens than those with
only one pneumococcus present.

The most common bacteria causing acute otitis media (AOM)
in children are Streptococcus pneumoniae, Haemophilus influ-

enzae, Moraxella catarrhalis, and Streptococcus pyogenes. Sponta-
neous otorrhea can complicate AOM, and S. pyogenes may be
found in higher percentages and H. influenzae and M. catarrhalis
in lower percentages among such patients than among those with
AOM and intact tympanic membranes (1).

Nasopharyngeal colonization by potential middle-ear patho-
gens is presumed to precede AOM. There is an association be-
tween nasal bacterial load and the presence and severity of ear
disease (2), and aural S. pneumoniae shows a close genetic relat-
edness with its nasopharyngeal counterpart (3).

Understanding of the etiopathogenesis of AOM is increasing.
Viral and bacterial causation are no longer seen as alternatives.
Intercurrent respiratory viral infections may render the middle
ear susceptible to symptomatic infection with bacteria that nor-
mally colonize the nasopharynx. Ruohola et al. suggest that the
majority of acute middle-ear infections in children are due to bac-
terial and viral coinfection (4).

More than one bacterial species can simultaneously infect the
middle ear in AOM (1, 4). Multibacterial species biofilm forma-
tion may be involved in chronic recurrent otitis media pathogen-
esis, perhaps explaining the demonstrated effectiveness of conju-
gate pneumococcal vaccines against AOM but not recurrent
disease (5).

Conventional S. pneumoniae culture and serotyping method-
ologies underestimate multiple-serotype carriage. Molecular se-
rotyping improves detection of multiple serotypes and determines
the relative abundance of each (6, 7) but has not previously been
applied to the middle ear.

The pneumococcal conjugate vaccine (PCV) became available in
Portugal in 2001 but has not been included in the national immuni-
zation program. Coverage from private market sales data was around
65% in 2011, following a peak of around 79% in 2007 (oral commu-
nication, Pfizer). Since 2010, 13-valent PCV (PCV13) has been used
predominantly.

Tympanocentesis is not routinely performed in the investiga-
tion and management of AOM in Portugal. To obtain data on the
etiology of AOM, we studied children with AOM with spontane-

ous otorrhea (AOMSO). We hypothesized that just as simultane-
ous nasal colonization with multiple pneumococcal serotypes and
strains occurs (7), this may also be the case in the ear.

The study was conducted at Coimbra Children’s Hospital, a
120-bed tertiary care center in central Portugal, with more than
60,000 emergency service (ES) visits each year. It was approved by
the hospital ethics committee. Parents or guardians provided
written informed consent.

Children (0 to 13 years old) with AOMSO, defined as a history
of acute onset signs and symptoms of middle-ear inflammation,
with the presence of spontaneous otorrhea not due to acute otitis
externa, who visited ES between December 2010 and July 2011
were studied prospectively. Disease onset was defined as the time
of first symptom (fever and/or ear pain and/or otorrhea). Chil-
dren with recurrent AOM or previous ear, nose, and throat sur-
gery were included. Demographic and clinical data were recorded,
and paired swabs were taken from the nasopharynx and aural
discharge. No prior external ear canal toilet or aspiration through
the perforation was performed. Swabs were stored at �80°C in
skim-milk tryptone glucose glycerol (STGG) (Oxoid, Basing-
stoke, United Kingdom) broth until batched analysis by semi-
quantitative bacterial culture within 18 months. No routine cul-
tures were performed.

S. pneumoniae, H. influenzae, M. catarrhalis, and S. pyogenes
were considered true AOM pathogens. Staphylococcus aureus was
excluded, as it may be a contaminant from the skin or external ear
canal. Standard microbiological techniques were used for isola-
tion and identification of S. pneumoniae and H. influenzae, as de-
scribed previously (8). Additionally M. catarrhalis and S. pyogenes
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were cultured and identified using standard procedures (briefly,
using Columbia blood agar supplemented with 5% defibrinated
horse blood and streptococcal selective plates with colistin sulfate
and oxolinic acid [COBA; Oxoid Limited, Basingstoke, United
Kingdom], respectively). M. catarrhalis identity was confirmed by
the cytochrome c oxidase test (Pro-Lab Diagnostics, Merseyside,
United Kingdom) and the presence of acetate esterase activity (In-
doxyl strip test; Sigma-Aldrich, Dorset, United Kingdom). S. pyo-
genes identity was based on �-hemolysis and detection of pyrrol-
idonyl peptidase activity (Pyrase strip test; Sigma-Aldrich).

Molecular serotyping was undertaken on all S. pneumoniae
culture-positive aural samples and nasal samples from the same
patients, using a microarray-based method to determine the sero-
type from cps gene content from genomic DNA hybridization (6).
Detection of nontypeables, in the presence of one or more other S.
pneumoniae serotypes, represented either true unencapsulated S.
pneumoniae and/or closely related Streptococcus spp.

We used a chi-square test to check for significance of associa-
tions with STATA 12.0.

Over 5 months, 113 children with AOMSO were studied (113
aural swabs and 108 nasal swabs). The median age was 27 months
(range, 3 to 158 months), and 62 (54.8%) were boys. Fourteen

(12.4%) were receiving antibiotics at the time of swabbing, and 52
(46.0%) had received them in the previous month. Forty (35.4%)
had smoking parents, and 100 (88.5%) attended nursery or
school. The median/mean duration of disease was 1/2.5 days
(range, 0 to 14): 0 to 3 days in 89 children (78.8%), 4 to 7 days in
15 children (13.3%), and 8 to 14 days in 9 children (8.0%). Previ-
ous history of AOM and/or ear surgery was recorded in 17
(14.9%) cases. Regarding vaccination history, 85/112 (75.9%) had
received at least one dose of S. pneumoniae conjugate vaccine (Pre-
venar 7 or 13 and/or Synflorix).

Fifty-five (48.7%) children were culture positive for bacteria
from aural discharge, and among these cultures, S. pneumoniae
was present in 50.9% (28) (Fig. 1), S. pyogenes in 30.9% (17), M.
catarrhalis in 27.3% (15), and H. influenzae in 20.0% (11). Four-
teen children (25.4%) had two or more otopathogen species: S.
pneumoniae and M. catarrhalis in 5; S. pneumoniae and H. in-
fluenzae in 4; M. catarrhalis and S. pyogenes in 2; M. catarrhalis
and H. influenzae in 1; S. pneumoniae, H. influenzae, and S.
pyogenes in 1; and S. pneumoniae, H. influenzae, S. pyogenes,
and M. catarrhalis in 1.

Of the 28 children with S. pneumoniae-positive culture from
aural discharge (median age of 32.5 months, range of 5 to 125

FIG 1 Microbiological characteristics of 28 children with acute otitis media with spontaneous otorrhea that was culture positive for pneumococcus. Subject
numbers of children on antibiotics are left justified. Culture results are shown on the left and microarray serotyping results on the right. The percentage of
capsular locus DNA in the ear is shown to the right of the first of each pair of aural strains in subjects where two were detected. PCV13 serotypes are indicated with
an asterisk and PCV7/13 serotypes with two. Black box, ear and nose; patterned box, ear; gray box, nose.
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months), five had S. pneumoniae in the ear only and 23 had it both
in the ear and nose (one had nontypeable S. pneumoniae detected
in the nose by PCR and array only and not by culture). In 10 (36%)
cases, two distinct streptococcal strains were identified in the aural
sample, often with one predominating (Fig. 1). Five of these were
pairs of capsule-bearing serotypes (Fig. 1). Sixteen different sero-
types were found in the ear: 6 PCV13 vaccine types (the most
frequent being 19A and 14), and 10 nonvaccine types (the most
frequent being 10A) (Fig. 1).

In the 23 children who had S. pneumoniae in both sites, indi-
vidual serotypes could be found either in the ear or in the nose, but
all 23 had at least one serotype that was found simultaneously in
both places (Fig. 1). Cases with multiple aural streptococcal
strains did not differ noticeably in age from the group with a single
strain (median/mean ages of 37.5/35.9 and 32.5/38.6 months, re-
spectively).

Seven of the 10 cases who had multiple aural streptococcal
strains also had other bacterial species isolated from the ear: M.
catarrhalis in five and H. influenzae in three. This occurred in only
four of the 18 cases, with only a single aural streptococcal strain
(chi-square � 6.23, P � 0.0125) (Fig. 1).

This is the first report of the microbial etiology of AOMSO in
Portugal. Among this group of children, the duration of disease
from the first acute symptom or symptoms to enrollment in the
study lasted less than 3 days for the majority, and only four chil-
dren with aural S. pneumoniae had more than 7 days of illness. S.
pneumoniae was the predominant bacterium and, as reported by
others (1), we found that S. pyogenes was identified in a higher
percentage than usually reported in patients with AOM with in-
tact tympanic membranes.

The proportion of cases from whom aural bacteria were suc-
cessfully cultured in this study was relatively low. Brook and
Gober reported that by culturing both the otorrhea fluid and mid-
dle-ear fluid obtained by needle aspiration, 28% additional patho-
gens were identified (9). Use of PCR detection may also increase
bacterial detection rates (4), particularly in children who have
received antibiotics. We did not include S. aureus in our analysis,
as it is often assumed to be a contaminant in studies of AOMSO.
Nevertheless, it was frequently cultured both from ear and nose in
these children.

Although detection of more than one bacterial species in aural
samples was as frequent in this AOMSO series as in others, by
using molecular serotyping, we were also able to show that multi-
ple S. pneumoniae serotypes were sometimes present in the ear.
Although the clinical significance is uncertain, in such cases, sero-
types that are at relatively low density may be underrecognized as
otopathogens when conventional serotyping methods are used.

Children with multiple aural S. pneumoniae serotypes were
more likely to have multiple bacterial species present as well.
There is increasing evidence that AOM and recurrent AOM lie on
a spectrum of disease whose pathogenesis varies according to the
microenvironment that has developed in the middle ear with in-
creasing chronicity of disease. Initially AOM may represent pen-
etration of the middle ear by a single bacterial strain, facilitated by
preceding viral infection. However, this may evolve into a more
complex picture as other nose-colonizing bacterial strains and
species join the process, perhaps no longer necessarily virus driven
and more closely resembling the multibacterial environment of

the nasopharynx. One study suggests evolution over time with
different species detected in successive samples (10). Contribu-
tions from the flora of the external auditory canal may also be-
come relevant once the tympanic membrane has been breached. If
combinations of pneumococcal strains persist for longer in the ear
than the nose, this might provide additional opportunities for
horizontal gene exchange. Some of these hypotheses can be tested
in future studies in this patient group.
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