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Prevalence and Antimicrobial Resistance of Bacteria in 
Children With Acute Otitis Media and Ear Discharge

A Systematic Review

Saskia Hullegie, MD, MSc,* Roderick P. Venekamp, MD, PhD,* Thijs M. A. van Dongen, MD, PhD,*  
Alastair D. Hay, MD, MRCP, MRCGP,† Michael V. Moore, MD, MRCP, FRCGP,‡  

Paul Little, MD, MRCP, FRCGP,‡ Anne G. M. Schilder, MD, PhD,*§ and Roger A. M. J. Damoiseaux, MD, PhD*    

Background: Of children with acute otitis media (AOM), 15%–20% pre-
sent with acute onset ear discharge due to a spontaneous perforation of the 
tympanic membrane (AOMd). This review aims to quantify the prevalence 
and antimicrobial resistance (AMR) status of bacteria in children with 
AOMd in the pneumococcal conjugate vaccine (PCV) era.
Methods: Systematic searches were performed in PubMed, EMBASE and 
Cochrane Library from inception to June 7, 2019. Two reviewers extracted 
relevant data and assessed risk of bias independently. All English studies 
reporting any prevalence and/or AMR data of bacterial middle ear isolates 
from children with AOMd were included. Risk of bias was assessed using 
the Joanna Briggs Institute Critical Appraisal checklist.
Results: Of 4088 unique records retrieved, 19 studies (10,560 children) 
were included. Overall quality was judged good. Streptococcus pneumo-
niae (median 26.1%, range 9.1%–47.9%), Haemophilus influenzae (median 
18.8%, range 3.9%–55.3%), Staphylococcus aureus (median 12.3%, 
range 2.3%–34.9%) and Streptococcus pyogenes (median 11.8%, range 
1.0%–30.9%) were the most prevalent bacteria. In 76.0% (median, range 
48.7%–100.0%, 19 studies, 1,429 children) any bacterium was identified. 
AMR data were sparse and mainly limited to S. pneumoniae. We found no 
evidence of a clear shift in the prevalence of bacteria and AMR over time.
Conclusions: In children with AOMd, S. pneumoniae and H. influenzae are the 
2 predominant bacteria, followed by S. aureus and S. pyogenes in the post-PCV 
era. AMR data are sparse and no clearly change over time was observed. Ongo-
ing surveillance of the microbiology profile in children with AOMd is warranted 
to guide antibiotic selection and to assess the impact of children’s PCV status.

Key Words: acute otitis media, ear discharge, otopathogens, antimicrobial 
resistance, review

(Pediatr Infect Dis J 2021;XX:00–00)

Acute otitis media (AOM) is one of the most common child-
hood infections and a leading cause of doctor consultations 

and antibiotic prescribing worldwide.1,2 Around 15%–20% of 
children with AOM present with acute onset ear discharge due to 
a spontaneous perforation of the tympanic membrane (AOMd).3,4 
In contrast to widespread beliefs, children with AOMd have simi-
lar levels of ear pain and feel less well at presentation than those 
without ear discharge (AOMwd). Also, children with AOMd 
have a higher disease burden with higher rates of ear pain and/
or fever at 3–7 days and more AOM recurrences and hearing 
problems at 3 months compared with children without ear dis-
charge.3,4 Antibiotics are more effective in children with AOMd 
than in those with AOMwd; number needed to treat to achieve 
resolution of ear pain and/or fever at days 3 to 7: 3 versus 8, 
respectively.3 AOM guidelines therefore recommend clinicians 
to consider immediate antibiotic prescribing in children with 
AOMd,5,6 in contrast to AOMwd, for which a watchful waiting 
approach is recommended for otherwise healthy children with 
nonsevere unilateral disease.5,6

It has been suggested that the differences in clinical pic-
ture and disease course between AOMwd and AOMd might be 
attributed to differences in causative pathogens. A 2016 system-
atic review including 38 published reports of microbiology of 
children with AOMwd found that Streptococcus pneumoniae 
(average detection rate of 27.8%), Haemophilus influenzae 
(23.1%) and Moraxella catarrhalis (7.0%) are the most com-
mon bacteria associated with AOMwd globally.7 Streptococ-
cus pyogenes is thought to be more prevalent in children with 
AOMd,8–10 but data are conflicting.9–11 The routine administra-
tion of pneumococcal conjugate vaccines (PCVs) during infancy 
has led to a change in childhood AOM epidemiology.12–14 This 
review aims to provide an overview of the prevalence and anti-
microbial resistance (AMR) of bacteria in children with AOMd 
in the post-PCV era.

MATERIAL AND METHODS
Our review protocol was published on PROSPERO 

(CRD42018100523).15 The review was reported according to the 
most recent PRISMA statement.16

Primary Objective
To provide an up-to-date overview of the prevalence of bacte-

ria and their AMR profile in children with AOMd in the post-PCV era.

Secondary Objectives
To explore, in children with AOMd, (1) whether the preva-

lence and AMR rates of bacteria varied over time; (2) PCV sta-
tus of participating children impacted our results; and (3) how the 
definition of AMR as applied in the individual studies impacted 
our results.
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Data Sources and Search Strategy
Systematic searches of PubMed, EMBASE and the 

Cochrane Library were performed from inception to June 7, 2019. 
A broad search strategy was designed using a combination of any 
key word relevant to “acute otitis media” and “antibiotic resistance 
or resistant bacteria or individual pathogens” as well as “acute otitis 
media” and “antibiotics,” with database-specific syntaxes (Table, 
Supplemental Digital Content 1, http://links.lww.com/INF/E354).

Patient and Public Involvement
Patients were not involved in the development or conduct 

of this review.

Study Selection
Two reviewers (S.H. and R.P.V.) independently screened 

titles and abstracts of unique records for eligibility using pre-
specified criteria. The same reviewers independently reviewed the 
full texts of potentially eligible papers. Any disagreements were 
resolved by discussion.

All studies reporting any prevalence or AMR data of bac-
terial middle ear isolates from children (0–16 years) with AOMd 
were included. Non-English studies, animal studies, studies con-
ducted before the year 2000 (ie, before routine implementation of 
PCV in infancy), studies focusing on complicated AOM (>25% of 
sample consisting of otitis prone children, children with recurrent 
AOM, treatment failure or hospitalized children) and those from 
which the full text could not be retrieved were excluded. To extent 
the yield of relevant studies, the reference lists of included studies 
were reviewed to identify any additional articles.

Data Extraction and Quality Appraisal
Two review authors (S.H. and R.P.V.) independently extracted 

the following data from the included studies using a standardized 
data extraction form: year of conduction, study design, study pop-
ulation (country, age and the number of participants), prevalence 
and AMR data for the following bacterial isolates: S. pneumoniae, 
nontypeable H. influenzae, M. catarrhalis, S. pyogenes, Staphylo-
coccus aureus and Pseudomonas aeruginosa, methods of sampling 
and antibiotic sensitivity testing and participants’ PCV status.

AMR was primarily defined as nonsusceptibility to antibiot-
ics (resistant and intermediate resistant strains combined).

Quality of included studies was assessed by 2 reviewers 
(S.H. and R.P.V.) independently using the Joanna Briggs Institute 
Critical Appraisal checklist.17 Any disagreements were resolved by 
discussion.

Data Synthesis and Analysis
All statistical analysis were conducted with Rothman’s 

Episheet.18 In descriptive analysis, the prevalence (median and 
range) of bacterial middle ear isolates and their AMR rates to most 
commonly prescribed antibiotics for AOM (penicillin, amoxicillin, 
amoxicillin-clavulanic acid, trimethoprim/sulfamethoxazole, eryth-
romycin, cephalosporin, quinolones and ampicillin). Forrest plots 
were used to summarize these findings. The total prevalence rates 
of individual bacteria were calculated by combining cultures where 
the bacterium was identified as a single isolate and those where 
the bacterium was identified together with other bacteria (mixed 
infection).

We assessed clinical and statistical heterogeneity across 
studies. When studies were sufficiently homogeneous, we aimed to 
calculate pooled prevalences as summary statistic.

In a sensitivity analysis, we excluded studies with <50 par-
ticipants to assess the robustness of research findings. In a further 
sensitivity analysis, we restricted our AMR definition by analyzing 

resistance strains only (instead of combining resistant and interme-
diate resistant strains).

RESULTS

Search Results
The literature search yielded 7335 records. Removing dupli-

cates left 4088 unique records. After title and abstract screening, 
302 potentially relevant articles remained (Fig. 1). Of these, 285 
were excluded for various reasons (Fig. 1), leaving 17 studies suit-
able for inclusion. A further 2 studies were retrieved from review-
ing reference lists; these were not identified in our initial search 
strategy because the term “acute” was not mentioned in the titles 
and abstracts. This left 19 studies,4,10,11,19–34 including 10,560 chil-
dren (range 16–5580) suitable for inclusion in this review (Fig. 1).

Study Characteristics
Main study characteristics are presented in Table 1: 9 were 

conducted in Europe,4,10,25,27–30,32,34 7 in Asia,19–21,23,24,26,33 2 in South 
America22,31 and 1 in North America.11 The studies were conducted 
from 2000 to 2017 with 5 studies conducted after 2011. All stud-
ies were observational and most (74%) had a prospective cohort 
design. Three studies reported both culture and polymerase chain 
reaction (PCR) results,19,32,34 while the remaining 16 studies reported 
culture results only. Seventeen studies used standard microbiologi-
cal techniques for isolation and identification, including the use of 
chocolate and blood agar, whereas methods were unclear in 2 stud-
ies.4,31 The prevalence and AMR rates of bacteria could be extracted 
from 18 (95%) and 12 (63%) studies, respectively. Most studies 
(10/19) included only children who did not receive previous antibi-
otic treatment. In 7 studies, no information about antibiotic use was 
reported. In 1 study, 23% of the children received antibiotics in the 
previous month,34 and in the remaining study, 12.4% of the children 
received antibiotics at the moment of swabbing.28

Eleven studies provided information about the PCV status of 
participants: 1 study reported prevaccination and postvaccination 
data10 and in 2 studies children were not vaccinated,23,27 whereas 
the PCV level of participants varied between 4.4% and 95% in 8 
studies.11,19,25,28–31,34

Quality Appraisal
Overall quality of included studies was judged good (Figure, 

Supplemental Digital Content 2, http://links.lww.com/INF/E355). 
However, data analysis was judged inadequate in 14 studies; in 
most of these studies, antimicrobial susceptibility was not reported 
for all isolates. Data reporting was unclear in 1 study.26

Prevalence of Bacteria
S. pneumoniae (median 26.1%, range 9.1%–47.9%; 18 

studies, 2191 children), H. influenzae (median 18.8%, range 3.9%–
55.3%; 17 studies, 2185 children) and S. aureus (median 12.3%, 
range 5.3%–34.9%; 13 studies, 592 children) were the 3 most 
prevalent bacteria, followed by S. pyogenes (median 11.8%, range 
1.0%–30.9%; 16 studies, 1053 children) (Table 2). The prevalence 
of positive cultures (any bacterium identified) was 76% (median, 
range 48.7%–100%, 17 studies, 3643 children). Pooled prevalences 
were not calculated due to substantial heterogeneity across studies.

The prevalence of bacteria did not clearly change over time 
(Figure, Supplemental Digital Content 3, http://links.lww.com/
INF/E356). Excluding the 3 studies with <50 participants revealed 
similar results as our main analysis. There was no clear evidence of 
a shift in pathogens when stratifying results according to PCV sta-
tus (Figure, Supplemental Digital Content 4, http://links.lww.com/
INF/E357).

http://links.lww.com/INF/E354
http://links.lww.com/INF/E355
http://links.lww.com/INF/E356
http://links.lww.com/INF/E356
http://links.lww.com/INF/E357
http://links.lww.com/INF/E357
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Antimicrobial Resistance
AMR data were mainly reported for S. pneumoniae with 

very limited data reported for the remaining bacteria (Table, Sup-
plemental Digital Content 5, http://links.lww.com/INF/E358). 
Nonsusceptibility rates of S. pneumoniae to commonly used anti-
biotics varied widely between countries. Nonsusceptibility rates 
of pneumococcus to penicillin ranged from 0% to 65.8% (median 
10.0%; 8 studies). Albeit being highly sensitive to quinolones 
(median nonsusceptibility rate 0.9%, range 0%–5.5%; median; 3 
studies), nonsusceptibility rates to other antibiotics varied widely; 
amoxicillin: median 16.7% (range 0%–64.8%; 4 studies), tri-
methoprim/sulfamethoxazole: median 27.3% (range 0%–93.5%; 
5 studies), erythromycin: median 36.5% (range 10.5%–99.1%; 6 
studies) and cephalosporins: median 5.4% (range 0%–63.0%; 6 
studies).

Nonsusceptibility rates of S. pneumoniae did not clearly 
change over time (Fig. 2). The limited data available did not permit 
us to assess the impact of children’s PCV status on AMR.

When restricting the AMR definition to resistance strains 
only, antibiotic resistance rates of S. pneumoniae to the various 
antibiotics were considerably lower (Table, Supplemental Digital 
Content 6, http://links.lww.com/INF/E359).

DISCUSSION
This systematic review of studies conducted in the post-

PCV era showed that, in children with AOMd, any bacterium is 
isolated in >3 quarter of middle ear fluid samples and that S. pneu-
monia, H. influenzae, S. aureus and S. pyogenes are the most preva-
lent bacteria.

A 2016 literature review found that S. pneumoniae (aver-
age detection rate: 27.8%) and H. influenzae (23.1%) are also the 
predominant bacteria in children with AOMwd globally7; S. aureus 
and S. pyogenes are, however, more common in AOMd than in 
AOMwd.7,35,36 Also, a bacterium is more frequently isolated in chil-
dren with AOMd than in those with AOMwd [any bacterium identi-
fied in 76% (range 48.7%–100%) versus 62% (range 25%–95%),7 

FIGURE 1.  Flow chart included studies.

http://links.lww.com/INF/E358
http://links.lww.com/INF/E359
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respectively]. These findings add to the growing body of evidence 
that AOMwd and AOMd might be regarded as different parts of the 
spectrum of the AOM disease entity.

Theoretically, prevalences of bacteria isolated in AOMd 
and AOMwd may differ due to the sampling technique; the mid-
dle ear fluid from children with AOMd is obtained from visible 

FIGURE 2.  Prevalence rates of Streptococcus pneumoniae, Haemophilus influenzae, Staphylococcus aureus and no bacterium 
according to year.
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ear discharge in the external ear canal and may be contaminated 
with commensal bacteria. In AOMwd, tympanocentesis is required 
to obtain a middle ear fluid sample from children, with this proce-
dure contamination with commensal bacteria is less likely. With 
S. aureus being a common component of the microbiota in the ear 
canal, one may argue that this leads to an overestimation of this 
bacterium in AOMd. There is, however, increasing evidence that S. 
aureus should be regarded as an important upper respiratory tract 
pathogen originating from the nasopharyngeal niche.37,38 This is 
further substantiated by a recent study in children with ventilation 
tubes who developed acute ear discharge; it found a high correla-
tion between the abundances of S. aureus in nasopharynx and otor-
rhoea samples.39,40

In our study, nonsusceptibility rates of S. pneumoniae to 
penicillin in AOMd varied between 0% and 65.8% (median 10.0%). 
A pooled analysis including 10 studies of children with AOMwd 
showed an average nonsusceptibility rate of 18.5%.36 We found no 
clear evidence of a shift in AMR over time in AOMd which is in 
agreement with a recent review of studies involving children with 
AOMwd,35 but the small sample means inferences must be cau-
tious. Besides that, AMR data should be interpreted in the context 
of PCV status, availability and adherence to local AOM guidelines 
and general antibiotic since this may substantially impact AMR.

To our knowledge, we are the first to systematically synthe-
size prevalences of bacteria and their AMR profile in children with 
AOMd. To capture only data relevant to our study population of inter-
est, that is, children with AOMd, and to avoid contamination with 
chronic suppurative otitis media cases, we excluded all studies that 
did not provide data for children with AOMd only or in which the 
diagnosis was not explicitly described. We prospectively registered 
our study protocol.15 While conducting this review, we broadened the 
scope of our review by also including data on the prevalence of bac-
teria in children with AOMd. Because we designed very broad litera-
ture search syntaxes—including the names of the individual bacteria 
of interest—and reviewed all reference lists of relevant studies, we 
consider it unlikely that we missed any relevant data.

Some important limitations deserve further attention. First, 
while large numbers of studies have been published on the preva-
lence of bacteria in children with AOMwd,7,41 relatively few studies 
have focused on children with AOMd. Large differences between 
studies (eg, number of participants, design, country and setting of 
conduct) resulted in substantial clinical and statistical heterogeneity 
across studies which did not allow us to calculate summary statis-
tics. Second, most studies relied on conventional culture to identify 
bacteria. This has likely resulted in an underestimation of the preva-
lence rate of bacteria because PCR techniques are more accurate 
than culture in detection of bacteria in middle ear fluid.7,36,42 Third, 
the absence of evidence of a shift in microbiology profiles over time 
in our review should be interpreted in the context of the limited 
available information on children’s PCV status and the few data of 
recent years. Previous studies of childhood AOMwd showed that the 
introduction of more-valent PCVs has led to a shift in otopathogens 
from vaccine-type pneumococci to nonvaccine-type pneumococci 
and other otopathogens including nontypeable H. Influenza and S. 
aureus and impacted AMR patterns.12–14,43 However, the data from 
included studies in this review are too limited to draw any meaning-
ful conclusion regarding the shift of bacteria from the early post-
PCV to the late post-PCV years. Fourth, this review did not focus 
on viruses. Virus alone can cause AOM (around 5% of middle ear 
fluid samples of children with AOMwd contain only viruses)44 and 
evidence is accumulating that the interplay between viruses and 
bacteria in the upper respiratory tract may play an important role.45 
In our sample of studies, no one did report data on viruses. Future 
studies should focus on the interplay between viruses and bacteria 

during upper respiratory tract infections and the progression to 
AOM to initiate new (preventive) interventions.

Finally, we excluded children with complicated AOM, 
including those with treatment failure, from our analysis to maxi-
mize generalizability of our review findings to children with AOMd 
presenting to primary care and limit the potential impact of previ-
ous antibiotic exposure to the microbiology profile as much as pos-
sible. As a consequence, we were unable to link the microbiology 
data to the risk of severe intracranial or extracranial suppurative 
complications and/or hospitalizations. Future research is needed to 
bridge this knowledge gap.

CONCLUSION
In children with AOMd S. pneumoniae and H. influenzae are 

the 2 predominant bacteria, followed by S. aureus and S. pyogenes, 
in the post-PCV era. Antimicrobial resistance data were sparse and 
mainly limited to S. pneumoniae. No clear change over time was 
observed. The limited data available did not permit us to assess the 
impact of children’s PCV status, and therefore ongoing surveillance 
of the microbiology profile is warranted.
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