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Introduction
Upper respiratory tract infections (including otitis media) are the most 

common illnesses affecting children1. The term “otitis media” (OM) covers a wide 
spectrum of disease.  It is generally used to describe illnesses with predominantly 
middle ear symptoms. It includes otitis media with effusion (OME), acute otitis 
media without perforation (AOMwoP), acute otitis media with perforation 
(AOMwiP), and chronic suppurative otitis media (CSOM) 2.  Normal children can 
expect to experience around 6-8 upper respiratory infections (URTIs) each year 3.  
Nearly all children will experience at least one episode of OM during childhood.  
On average, they experience around 1 episode of AOM per year in the first 3 years 
of life 4. 

In developed countries, OM is the commonest indication for antibiotic 
prescribing and surgery in young children. In the United States, annual costs were 
estimated to be $3-5 billion in the 1990’s 5.  The costs per capita are likely to be 
considerably greater in high risk populations.
What	is	normal?	

The frequent occurrence of otitis media in many young children prompts us 
to ask “when should otitis media be considered to be a disease?”  In their clinical 
epidemiology textbook, David Sackett and colleagues considered the different 
approaches to the definition of illness 6.  The classification of “abnormality” can 
be based on: i) Gaussian distributions; ii) accepted percentiles; iii) the presence of 
risk factors; iv) a culturally undesirable symptom or sign; v) accepted diagnostic 
criteria;  or vi) the therapeutic response to an intervention.  For otitis media, using 
a “therapeutic” definition of abnormality allows us to identify children who will 
benefit from prompt and accurate identification.  
Randomized controlled trials provide the most valid assessment of the therapeutic 
effect of an intervention.  We are most interested in studies that measure the impact 
on clinically important outcomes.  For otitis media. such outcomes would include: 
i) presence of pain or discomfort; ii) poorer quality of life; iii) reduced hearing; iv) 
delays in development or education; v) additional costs; and vi) increased risk of 
complications.  Of all the ear states seen in otitis media, persistent infection with 
ear discharge is the one most closely associated with these outcomes. 
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Our local experience
The Northern Territory of Australia (NT) covers a large area (equivalent 

to France Spain and Italy combined) but is sparsely populated.  Our climate is 
tropical in the north and arid in the Centre.  The population of the NT is 220,000. 
Around 25% of NT residents are Aboriginal Australians.  Most NT Aborigines in 
the region live in rural and remote communities.  These communities are relatively 
disadvantaged.  Unemployment is high, educational outcomes are poor, housing 
is overcrowded, and life expectancy is short (by Australian standards).  Bacterial 
and parasitic diseases are still common.

The Menzies School of Health Research has been conducting ear health 
research in the NT since the 1980’s.  The research program has contributed to a 
large number of publications addressing the clinical course of OM in high risk 
populations 7.  Our largest OM surveys involved children aged between 6 and 
30 months and took place in 2001 and 2003 (see Table 1) 8-9. Otitis media is 
diagnosed by pneumatic otoscopy and tympanometry and confirmed through 
review of video otoscopy images.  We use diagnostic criteria consistent with 
evidence-based guidelines developed for this population 10.  In this 6-30 month 
age group, we have found that only 10% have aerated middle ears.  Around 20% 
have a perforated tympanic membrane and another 20% have acute otitis media 
without perforation.  Interestingly, most of these children had asymptomatic 
bulging eardrums.  
 
Table 1: The prevalence of different forms of otitis media in 1300 children aged 6-30 months living in rural 
and remote Aboriginal communities of the Northern Territory, Australia 9. 

Percent	of	1300	children	6-30m
[95%CI]

Normal 10%      [8, 11]

OME 42%      [39, 44]

AOMwoP 25%      [23, 28]

AOMwiP 5%      [4, 7]

CSOM 15%     [13, 17]

 
 Our high rates of severe disease are associated with early and dense 

nasopharyngeal colonization with bacterial respiratory pathogens (Streptococcus 
pneumoniae, Haemophilus influenzae, and Moraxella catarhalis) 11-12.  With this 
in mind, our current research program has focused on the impact of immunization, 
hygiene interventions, antibiotics, and more effective case management.  We 
believe that interventions that are effective in our high risk population should be 
able to be applied more broadly to other subgroups of high-risk children.
Estimates	of	global	burden	of	otitis	media

In Australia, 5-10% of childhood medical consultations are associated with 
a primary diagnosis of otitis media.  Other developed countries report similar 
rates.  At the population level, a large number of studies have assessed the burden 
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of otitis media in different settings 5.  To date, there has been little consistency in 
the conduct of these studies.  Appropriate interpretation requires consideration of 
whether the investigators are collecting prevalence or incidence data, the type(s) 
of OM being assessed, the age of the sample, and the method of diagnosis.  With 
these caveats in mind, rates of AOM documented in incidence studies vary from 
0.1 to 2 episodes per child per year.

At the more severe end, WHO estimates that there are 51,000 deaths of 
children <5 years old attributed to complications of AOM (~0.5%) and that 65 
– 330 million people have CSOM (~1-5%) 13.  There is substantial (geographic) 
variation in these estimates.  It has been recognized for some time that there are 
unusually high rates of severe disease in Indigenous populations 4. 

Recently, Hasantha Gunasekera completed a systematic review of over 100 
prevalence and incidence studies of OM as part of his PhD thesis 14.  While he 
found a large number of studies from Europe, some regions (like South America) 
contributed very few studies.  There was a marked lack of consistency in all 
regions where studies have been conducted (Americas, Europe, Asia, Middle East, 
Africa and Western Pacific).  Even in developed countries, the prevalence of OME 
ranged from less than 5% to almost 50%.  Nearly all the studies documenting 
high rates of perforation or CSOM had been conducted in Indigenous populations 
from different parts of the world (Australia, New Zealand, North America, and 
Northern Europe).  The reason for these very high rates of severe disease is 
currently unclear. 
Understanding	the	spectrum	of	disease

Our experience working with children in Darwin (low risk of persistent 
suppurative OM) and remote Aboriginal communities (high risk of persistent 
suppurative OM) has helped us understand the broad spectrum of disease 
associated with OM.  Currently, we consider young children who experience 
constant aeration, episodic OME, or episodic AOM to be normal.  In developed 
countries, around 5% of children will have frequent episodic AOM (recurrent 
AOM ie. >3 episodes of AOM within the last six months), chronic OME, or 
chronic OME with episodic AOM.  We consider these children to be abnormal and 
to have significant middle ear disease.  Finally, there is a group of children who 
have either chronic “AOM” (a persistent bulging tympanic membrane) or CSOM.  
These children have severe OM.  Unfortunately, many Australian Aboriginal 
children are in this group.
Interventions to improve outcomes

We have recently reviewed the literature describing intervention studies 
for the prevention and treatment of different forms of otitis media 2.  In order to 
minimize bias, we limited our review to randomized controlled trials (RCTs) and 
systematic reviews of RCTs. While we know that the adverse outcomes associated 
with OM in developed countries have reduced dramatically in the last 50-100 
years, this is not reflected in the clinical trials.  A large number of studies have 
assessed commonly used interventions and failed to find any beneficial effect 
on important clinical outcomes.  Even interventions that have been shown to be 
effective in clinical trials usually only demonstrate a modest benefit.
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For the prevention of otitis media, we found RCTs of pneumococcal vaccine 
and influenza vaccine (see Figures	1	and	Figure	2).  Immunization of infants 
to prevent OM is an attractive intervention because: i) OM is a highly prevalent 
condition; ii) OM is difficult to diagnose; and iii) adherence to vaccine schedules 
is generally good.  To date, only pneumococcal and influenza vaccines have been 
tested in rigorous studies.  While there are many research groups around the world 
working on potential dedicated OM vaccines, none of these are currently close to 
large scale clinical assessment.  

Figure	1:	The impact of pneumococcal conjugate vaccine on rates of acute otitis media per child year in 
randomized controlled trials 15-18. 

Episodes per child year
 

Figure	1 highlights some of the most important lessons from OM clinical 
trials.  Four well designed and conducted studies described very different rates of 
AOM in both the intervention and the control group. The study that demonstrated 
the largest beneficial effect (in terms of relative risk reduction) also described the 
lowest rates of AOM.  Overall, pneumococcal conjugate vaccine is effective in the 
prevention of AOM.  However, the benefits are modest.

The impact of influenza vaccine on rates of AOM is less clear.  While some 
studies have demonstrated a modest beneficial effect in the period immediately 
after vaccination19 , other well designed studies have not found any difference 20-21. 
Again, there were substantial differences in the rates of AOM described in the 
studies (see Figure	2).



206 IX IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY

Figure	 2:	 The impact of influenza vaccine on rates of acute otitis media per child year in selected 
randomized controlled trials 19-21.

Episodes per child year

For the prevention of further episodes of AOM in otitis prone children 
(generally with a history of recurrent AOM), we found trials of prophylactic 
antibiotics, adenoidectomy, and ventilation tubes 2.   While there is good evidence 
that prophylactic antibiotics will reduce episodes of AOM by 50% (from around 
three episodes per year to around 1.5 episodes), this intervention is associated 
with concerns about antibiotic resistance.  Of the surgical interventions, insertion 
of tympanostomy tubes was associated with a similar effect (in a smaller number 
of studies) and adenoidectomy was not effective.

For the treatment of a current episode of acute or chronic OM, we 
found RCTs of decongestants and antihistamines, antibiotics, ventilation tubes, 
adenoidectomy, autoinflation, combined antibiotics and steroids, myringotomy, 
and analgesics.  Decongestants and antihistamines have not been effective in 
RCTs (for AOM or OME) and myringotomy has been shown to be harmful.  Of 
the medical interventions, analgesics and antibiotics are effective treatments for 
AOM associated with pain or fever.  Again, the beneficial effects of antibiotics are 
modest.  Around 10-15 children needed to be treated to prevent one child having 
persistent pain or fever at 2-7 days.  An individual patient data meta-analysis 
has identified important subgroups who are likely to get a much greater benefit 
from antibiotic treatment 22.   This is illustrated in Figure	3.  Although only small 
numbers of children were randomized, children with otorrhoea are likely to get the 
greatest benefit (number needed to treat, NNT = 3).  Similarly, children <2 years 
old with bilateral AOM also benefit much more than average (NNT = 4). 
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The insertion of tympanostomy tubes will reduce hearing loss in children 
with OME.  Trials have not been able to show improvements in speech and 
language and the hearing benefits have not been shown to persist long-term.  
Adenoidectomy may reduce persistent OME but this is still unclear.  There 
is some evidence from RCTs of short term benefits (at two weeks) from both 
auto-inflation and steroids (with antibiotics) in the treatment of persistent OME.  
However, long term benefits have not been demonstrated.  

Figure	3:	The impact of antibiotics on the proportion of children with persistent pain and/or fever at 3-7 
days in sub-groups of children with acute otitis media (data extracted from the individual patient data meta-
analysis of randomized controlled trials in children) 23. 

Topical antibiotics have been shown to be an effective treatment of CSOM 24- 

25.  The evidence is strongest for quinolone antibiotic drops (like ciprofloaxacin).  
These drops have no known risk of ototoxicity.  Ear cleaning without antibiotic 
drops has not been shown to be effective.  

In the future, we will need to consider new RCTs of established interventions 
directed at specific subgroups of children, RCTs of new interventions, and RCTs 
of combinations of therapies. Cochrane systematic reviews and individual patient 
data meta-analyses will be used increasingly in the assessment of intervention 
effects. These studies are already having an enormous impact on clinical 
guidelines.  As more data become available, we should be able to agree on which 
children with OM should be considered to be “abnormal” and which interventions 
are most appropriate in their ongoing management.  With this in mind, OM 
researchers designing intervention studies should consider how their research 
study will contribute to the currently available information. Wherever possible, 
they should present their RCT data in a form that will allow inclusion in the 
updated systematic review.
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Conclusion
Otitis media is associated with a large burden of disease throughout the world.  

However, prevalence and incidence studies demonstrate substantial heterogeneity 
between studies.  Otitis media is also a complex condition.  It has many forms 
and can affect many outcomes.  Our understanding of the pathophysiology 
should be able to be applied globally.  To date, the benefits of interventions have 
been modest.  To address this, a greater focus on clinically important outcomes 
is needed.  At the end of the day, all populations will benefit from: i) efforts to 
prevent OM at the population level; and ii) more effective treatments that target 
children affected by the most severe disease.
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