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of 242 children aged 1.0–8.6 years, the frequency 
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ABSTRACT

• Otitis media typically presents as either acute otitis media 
(AOM), with symptoms including fever, otalgia, otorrhoea or 
irritability and short duration; or as otitis media with effusion 
(OME), which is often asymptomatic and characterised by 
accumulation of fluid in the middle ear.

• Diagnostic certainty of otitis media is challenging, given the 
young age of patients and variability of symptoms.

• Otitis media predominantly occurs as coincident to viral 
upper respiratory tract infections and/or bacterial infections.

• Common viruses that cause upper respiratory tract infection 
are frequently associated with AOM and new-onset OME. 
These include respiratory syncytial virus, rhinovirus, 
adenovirus, parainfluenza and coronavirus.

• Predominant bacteria that cause otitis media are 
Streptococcus pneumoniae, Moraxella catarrhalis, and non-
typeable Haemophilus influenzae.

• Antibiotic therapy does not significantly benefit most patients 
with AOM, but long-term prophylactic antibiotic therapy can 
reduce the risk of otitis media recurrence among children at 
high risk.

• In Australia, 84% of AOM is treated with antibiotic therapy, 
which contributes to development of antibiotic resistance.

• Vaccine development is a key future direction for reducing 
the world burden of otitis media, but requires polymicrobial 
formulation and ongoing monitoring and modification to 
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ensure sustained reduction in disease burden.
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 is media is inflammation of the middle ear, and may

esent as either acute otitis media (AOM) or otitis media
th effusion (OME). AOM exhibits rapid-onset middle

ear effusion and signs and symptoms of middle ear inflammation,
including fever, otalgia, otorrhoea, or irritability,1 whereas OME is
middle ear effusion in the absence of symptoms of acute infection.2

On the basis of likelihood of presentation for treatment in non-
Indigenous children, AOM may be over-reported by 22%–50%,3,4

whereas OME maybe under-reported. In a recent prospective
M episodes is
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ren, the fre-
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his finding is
consistent with previous data, which indicated that 50% of OME
cases occurred subsequent to AOM.7

Diagnostic challenge
Otitis media and upper respiratory tract infections (URTIs) share
many common symptoms and are often coincident, increasing the
variability of diagnosis for AOM. AOM is temporally associated
with URTIs or cold-like illnesses in 50%–70% of all new AOM
cases,8,9 and between 29% and 61% of all cases of URTI may
develop into otitis media.5,10,11 In clinical practice, URTI symp-
toms and either rhinitis or cough were observed by French general
practitioners in almost 90% of patients with suspected or diag-
nosed AOM.3

Otitis media can be difficult to confirm, as otoscopic observation
of tympanic membrane changes — including bulging, erythema or
opacity of the tympanic membrane12,13 — are not always charac-
teristic of AOM. Successful otoscopic examination of very young,
distressed children, often on repeated occasions, further increases
the diagnostic challenge for clinicians, as the peak incidence for
AOM is between 6 and 18 months of age.14,15

The uncertainty of clinical diagnosis of AOM is demonstrated by
a study in the United States, in which GPs stated certainty of their
diagnosis for AOM in only 58% of cases among infants, 66% of
cases among toddlers, and 73% of cases among older children.16

Furthermore, although 78% of diagnoses of AOM in children 1–4
years of age were shown to be consistent between the GP and
otolaryngologists, up to one-third of the incorrect diagnoses were
identified as normal ears by the otolaryngologists.3

Otitis media: a polymicrobial disease
Otitis media is a multifactorial disease17 with an extensive causal
basis, including demographic, social, environmental, immunologi-
cal and microbial risk factors.18 The development and growth of
the eustachian tube in the first 2 years favours episodes of tubal
blockage, often exacerbated by pollutants, allergies and viral
infections.19 Abnormality of the eustachian tube is a contributing
factor to children’s susceptibility to recurrent episodes of AOM and
OME.20 Equalisation of middle ear pressure by reopening the

eustachian tube insufflates nasopharyngeal bacteria into the tym-
panic cavity. It is important to note that clinically healthy middle
ears may also contain bacteria or evidence of bacterial biofilms,21

possibly resulting from transfer from the nasopharynx during
normal events, such as sniffing.22 Otitis media occurs when viruses
and bacteria evade the host mucociliary and immune responses
and inflammation is established within the middle ear. Complex
interactions occur between the otopathogens that are thought to
modify the colonisation dynamics of the nasopharynx and increase
susceptibility for otitis media.

Role of viruses
AOM is solely associated with viruses that cause URTI in up to
30% of cases.23,24 The extent of this association has been recently
strengthened by two 12-month prospective research studies of
healthy children, incorporating comprehensive clinical examina-
tion and improved viral detection techniques.5,25 US researchers
reported that 97% of children aged 6 months to 3 years
experienced one or more URTIs per year, with a mean of 5.4
infections over the 12-month study period, and nearly 10% of
children aged under 3 years suffered more than 10 URTIs per
year.5 Otitis media was identified in 61% of URTIs reported in
these children; AOM was present in almost one-third of these
er 9 • 2 November 2009
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children and OME was present in almost a quarter of these
children. Children in the study experienced a mean of 1.7 episodes
of AOM per child per year, and child age was the strongest
predictor of AOM development after URTI, after controlling for sex
and ethnicity.5

Both of the recent prospective studies of healthy children in the
US confirmed that a range of respiratory viruses, causal for URTI,
are highly coincident with new episodes of otitis media, with
20%–73% of AOM and new-onset OME cases being coincident
with infection with one or more upper respiratory tract viruses.5,25

The viruses most commonly coincident with otitis media were
adenovirus (70%), influenza virus types A and B (65.5%), respir-
atory syncytial virus (RSV; 63.2%), enterovirus (62.5%), corona-
virus (55.6%), rhinovirus (55.6%) and parainfluenza virus (types
1, 2 and 3; 55.3%).5 Interestingly, AOM and OME were associated
with different viruses, with AOM most frequently associated with
coronavirus (50%), RSV (47.4%) and adenovirus (46.5%),
whereas new-onset OME occurred with influenza virus (34.5%)
and enterovirus (34.4%).5 US researchers also confirmed a high
frequency of association of otitis media with rhinovirus (44%) and
RSV (56%).25 Among unwell children attending hospital for AOM,
viruses common in URTI were detected in 35% of patients acutely
ill with AOM. Among these children, the most commonly identi-
fied viruses (using viral culture) were RSV (41%), influenza (types
A, B and C combined; 23%) and adenovirus (17%).24

Improved viral detection has also resulted in identification of a
broader range of respiratory viruses, including human meta-
pneumonia virus,26 coronavirus (HCoV-NL63),27 and bocavirus,28

as causal for either URTIs or otitis media, although their relative
contribution to otitis media is yet to be determined. Caution
regarding these viruses and their potential association with otitis
media and URTIs is necessary, as these viruses can also be detected

in children without symptoms,8 or, in the case of rhinovirus, over
a prolonged period.10

The failure to detect URTI symptoms in only 2%–3% of AOM
episodes in otherwise healthy children may potentially indicate
that the AOM arose through bacterial or other inflammatory
pathogenesis. The association of OME and URTIs is reflected in the
observation that only 0.6% of new-onset OME episodes were
diagnosed 30 days before URTI establishment.5

The Box provides a summary of the contribution of viral
infections to AOM.

Role of bacteria

Bacterial co-infection with upper respiratory tract viruses, rather
than viral or bacterial pathogenesis alone, predominates and is
reported to range from 28% to 70% in the middle ear and
nasopharynx.23,24,29 The three most commonly recovered bacteria
associated with otitis media are Streptococcus pneumoniae, Haem-
ophilus influenzae and Moraxella catarrhalis, which are all commen-
sal within the nasopharynx; most H. influenzae isolated is non-
typeable.29-31

In a hospital-based study, bacteria were cultured in up to 90% of
nasopharyngeal secretions and 43% of middle ear fluid obtained
from patients with AOM. S. pneumoniae, H. influenzae and M.
catarrhalis were identified in 57%, 52% and 56% of nasopharyn-
geal secretions respectively, and less frequently in middle ear fluid
(22%, 21% and 4% respectively).24 Non-cultivable forms of S.
pneumoniae and H. influenzae can also stimulate an immune
response and result in OME,32 and can occur in up to 36% of
nasopharyngeal secretion samples.33 Nasopharyngeal colonisation
with S. pneumoniae, H. influenzae and M. catarrhalis and early onset
of otitis media are closely correlated.33-35 The nasopharynges of
Indigenous Australian children, who are at high risk of otitis
media, are colonised by these bacteria and by Staphylococcus aureus
by 3 weeks of age.36 For children at low risk of otitis media, first
episodes of AOM, involving S. pneumoniae, H. influenzae and M.
catarrhalis, peak in the first year of life, and AOM from all causes
has a peak incidence between 6 and 12 months of age, as
determined from culture of middle ear fluid.37 In contrast,
Indigenous Australian children at high risk of otitis media experi-
ence high rates of AOM between 3 and 6 weeks of age, with
tympanic membrane perforation occurring in about two of 10
children in the study.36 Overall, nine of 10 Indigenous children
aged 6–30 months had clinical signs of otitis media, and tympanic
membrane perforation had occurred in four of 10 children by 18
months of age.36 Unfortunately, among these older children, AOM
is often asymptomatic until discharge from the ear is visible.38-40

Otitis media has a high rate of recurrence, with three or more
episodes of AOM reported among 50% of children aged 3 years;
this rises to 65% for children aged 5 years of age, whereas OME
recurs in 50% of children within 24 months.14 For Indigenous
children at high risk of otitis media, the rate of recurrence of AOM
and OME is better described as persistent AOM. For these
children, despite antibiotic treatment, AOM episodes do not
typically present as acute in onset or short in duration. Indeed,
persistent suppuration remained present for 77% of children for
up to 14 days after initial diagnosis.41

In the first few years of life, about 20% of cases of AOM do not
respond to antibiotic therapy,42,43 and among such children, AOM
may continue to either persist or recur.42 There is ongoing
controversy as to whether this ongoing AOM results from persist-

Microbiology of acute otitis media

* Proportions reflect those reported in a number of studies.
† Predominantly non-typeable H. influenzae. ◆

Proportion of cases

Microbe*

Bacteria only 35%–55%

Virus only 20%–30%

Bacteria and virus 28%–70%

Bacteria*

Streptococcus pneumoniae 25%–50%

Haemophilus influenzae† 15%–30%

Moraxella catarrhalis 3%–20%

Group A streptococcus 1%–5%

Virus5,24,25

Respiratory syncytial virus 41%–56%

Coronavirus 50%

Adenovirus 17%–46%

Rhinovirus 30%–44%

Influenza (all types) 23%–35%

Enterovirus 34%

Parainfluenza (all types) 33%
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ence of the original infection or establishment of new infection;
however, it has been reported that new infections may cause up to
54% of recurrent AOM episodes within 1 month of antibiotic
treatment, whereas bacterial relapse of the original infection
comprises about 28% of all cases.43

Early clinical recurrence of AOM within 3 weeks of initial
treatment is associated with nasopharyngeal carriage of S. pneumo-
niae,44 although H. influenzae is clearly associated with recurrent
AOM37 and was the most prevalent pathogen (42%) observed in
both bilateral and unilateral otitis media.45

Extensive geographical variation has been observed in bacterial
carriage46 and disease,47 as well as the pneumococcal serotypes48

and the relative proportions of S. pneumoniae, H. influenzae and M.
catarrhalis that are responsible for otitis media.45,49,50 This varia-
tion adds to the complexity of developing an efficacious vaccine
against otitis media.

The proportion of AOM cases attributable to bacteria is summar-
ised in the Box.

Biofilms

Bacterial biofilms are microbial communities that attach to the
mucosal surface and produce their own three-dimensional struc-
tures covered in an exopolysaccharide matrix. Biofilms are
involved with a number of otolaryngological conditions.51 Pneu-
mococcal biofilms have been visualised in 92% of middle ear
mucosal biopsy samples from children symptomatic for OME,52

and H. influenzae isolates obtained from patients with recurrent
AOM form biofilms in vitro.53 It is important to recognise that
middle ear biofilms may be present in up to 9% of healthy ears54

without provoking symptoms.
Biofilms are hypothesised to cause chronic suppurative otitis

media, and to explain the condition’s resistance to antibiotic
treatment.55 Recent evidence has demonstrated that pneumococcal
biofilms with a high biofilm-forming index exhibit greater resist-
ance to azithromycin.56 Effective eradication of biofilm infections
requires killing the bacteria and the destruction of the matrix to
minimise persistence of the viable organism.57 Thus, persistent
otitis media infections can arise from the failure to completely
eradicate the original bacterial infection,45 the presence of bio-
films,52 or intracellular bacterial infection of the middle ear
mucosal cells, particularly mucus-secreting cells.58

Host response

The immune response in the middle ear to infection is character-
ised predominantly by an inflammatory response, which normally
results in clearance of micro-organisms from the middle ear cavity
in the acute phase. The polymicrobial nature of the disease
explains,17 at least in part but not entirely, why recurrent acute
infection occurs. However, some children are at higher risk of
recurrent and chronic disease, but the immune mechanisms
important for protection against otitis media are poorly under-
stood. Some studies have suggested that children who are prone to
otitis media may have one of several immune perturbations,
although none of these studies are conclusive with respect to
causal linkage. It has also been suggested that the mucosal
immune response may be down-regulated by persistent high
nasopharyngeal carriage.59

Otitis media development is often preceded by a viral URTI,
which may predispose children to secondary bacterial infections

through mucosal epithelial damage, impaired mucociliary function
and up-regulated inflammatory cytokine responses.60

Adenoid mucosa-associated lymphoid tissue aids the local
immune protection against bacteria and viruses by local produc-
tion of secretory antibodies that inhibit antigen uptake and block
attachment and colonisation of microbes. Absence or lack of
secretory IgA increases bacterial adherence to epithelia and bac-
terial colonisation of the nasopharynx.61 Therefore, the observa-
tion that children who are prone to otitis media may have lower
levels of IgA and certain IgG subclasses, particularly IgG2, is not
unexpected.62-65 However, there does not appear to be any overall
deficit in the antibody response to routine paediatric vaccines.66

An effective immune response to viral URTIs is dependent on the
induction of a number of immunoregulatory cytokines, such as
interleukin (IL)-2, IL-10, transforming growth factor β and allergy-
associated cytokines, including IL-4, IL-5, and granulocyte-macro-
phage colony-stimulating factor.67 A recent study examining
cytokine polymorphisms demonstrated that high-production IL-
10 phenotypes were more frequent among children with new otitis
media episodes coincident with RSV and rhinovirus infection,
whereas low production of IL-6 and high production of tumour
necrosis factor α (TNF-α) phenotypes contribute to otitis media
risk during rhinovirus infection.68 The association of certain
genetic polymorphisms in TNFA, IL6, IL10, and TLR4 (toll-like
receptor 4) genotypes with increased susceptibility for otitis
media68-70 suggests that characteristics of the initial inflammatory
response to infection may be crucial in setting the course for
recurrent disease. Importantly, a number of environmental factors
such as exposure to cigarette smoke and breastfeeding may further
modify genetic risk.69

Management of otitis media and antimicrobial resistance

Australian therapeutic guidelines recommend antibiotics at initial
consultation for infants under 6 months of age who are diagnosed
with AOM and for all Indigenous children diagnosed with AOM.71

However, given the high rate (80%) of self-resolving episodes and
the minimal benefit of antibiotic treatment72 for children who are
not at high risk of developing complications, prudent use of
antibiotics is proposed73 to minimise the rate of development of
antibiotic-resistant bacterial strains. Typically, a “wait and watch”
approach using analgesia to reduce acute pain is recommended for
children aged over 2 years who are at low risk,74 as 90% of
children with AOM treated with analgesia alone recover in a few
days.75 Middle ear effusion normally resolves within 7 days in 40%
of cases and 75%–90% resolution occurs within 4 weeks.6

Unfortunately, in practice, despite an overall reduction (24%) in
the use of antibiotics in Australian general practice between 1990–
1991 and 2002–2003, the overall rate of antibiotic prescription for
AOM in children increased, with antibiotics prescribed for 78% of
cases in 1990–1991, rising to 84.4% in 2002–2003.76

The continued high rate of antibiotic prescription is not justifia-
ble on the basis of prophylactic administration to reduce the
prevalence of OME, as only marginal improvement (4%) has been
observed in children at low risk.77 Children at high risk of OME,
such as Indigenous Australian children have benefited from proph-
ylaxis, showing increased return of normal middle ear function
(9.6%) and reduced risks of tympanic perforation (14%) and
pneumococcal carriage (12%).78 Over-prescription of antibiotics in
the general community increases development of antibiotic-resist-
ant S. pneumoniae. This was clearly demonstrated in a recent study,
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which showed that antibiotic resistance was highly correlated with
the use of antibiotics geographically across Europe.79 Increasing
antibacterial resistance has been demonstrated in all of the three
most common bacterial otitis media otopathogens, S. pneumoniae,
H. influenzae and M. catarrhalis,80 and indeed may negate the small
vaccination protective effect against otitis media that has been
observed with the pneumococcal conjugate vaccine.81

Vaccines, now and in the future

Otitis media is a polymicrobial disease, with four otopathogens
predominating — S. pneumoniae, H. influenzae, M. catarrhalis and
RSV. Hence, vaccine strategies should be initially directed at these
microbes. For S. pneumoniae, the vaccine will need to include the
major serotypes responsible for disease. Currently, three pneumo-
coccal vaccines are available: a 7-valent polysaccharide conjugated
vaccine that uses a non-toxic mutant of diphtheria toxin as a
carrier protein (Prevenar, Wyeth, Sydney, NSW); a 10-valent
polysaccharide conjugated vaccine that uses protein D as the main
carrier protein (Synflorix, GlaxoSmithKline, Melbourne, Vic); and
a 23-valent polysaccharide formulation (Pneumovax 23, Merck
Sharp & Dohme, Sydney, NSW). All these vaccines were primarily
developed for immunisation against invasive pneumococcal dis-
ease. Pneumovax 23 has been shown to be relatively efficacious
(56%–81%) in preventing invasive pneumococcal disease in indi-
viduals over 2 years of age,82 but has not been demonstrated to be
efficacious for use in children against recurrent AOM when used as
a booster to pneumococcal conjugate vaccination.83,84 Immunisa-
tion with the 7-valent pneumococcal vaccine reduces the occur-
rence of AOM episodes by 6%–7%,85 but performs better against
AOM due to vaccine-type pneumococci — the reduction of
episodes due to these serotypes is around 55%.17,85 Of concern is
the relative increase in the proportion of disease arising from non-
vaccine serotypes of S. pneumoniae86,87 and other bacterial patho-
gens.37

Newer vaccine formulations incorporating a greater number of
S. pneumoniae serotypes, particularly one incorporating a protein
antigen from H. influenzae, protein D (Synflorix), should improve
vaccine efficacy against otitis media. Indeed, studies of an earlier
vaccine formulation containing this protein, PCV11-HiD, con-
ferred protection against AOM caused by H. influenzae (approxi-
mately 35% of cases) in addition to that observed for the
pneumococcal serotypes (approximately 53% of cases) present in
the vaccine.49

Based on animal model studies,88 the possibility of developing a
tribacterial (S. pneumoniae, H. influenzae and M. catarrhalis) vaccine
in the future is not beyond reality.17 The inclusion of viral
components in a future polymicrobial vaccine will come later.17

Experience from studies to date suggests that the microbial
ecology of the nasopharynx may be altered by vaccination,50,90

particularly as the microbes targeted are often part of the commen-
sal flora. In addition, with the introduction of pneumococcal
conjugate vaccines and the consequent decrease in vaccine sero-
types — which were commonly resistant to antimicrobials — it is
generally accepted that there has been an overall reduction in the
rate of detection of antibiotic resistance.90 However, there is some
evidence of an increase in the antibiotic resistance of non-vaccine
pneumococcal serotypes, which could reduce the overall impact of
pneumococcal conjugate vaccination on antibiotic resistance.81

Hence, it will be necessary to establish ongoing surveillance

studies to monitor any changes in the otopathogen profile and to
continue to prescribe antibiotics cautiously for treatment of otitis
media.

Conclusion

Otitis media occurs frequently in young and very young children
and results from infection of the middle ear by bacteria, viruses or
both. Predominant bacteria causal for otitis media include S.
pneumoniae, H. influenzae and M. catarrhalis, whereas viruses most
commonly associated with otitis media include RSV, coronavirus,
adenovirus and influenza virus.

The excessive use of antibiotics for the treatment of AOM in
children who are not at risk of developing complications has
contributed to the development of antimicrobial resistance. How-
ever, early and prophylactic antibiotic use is of benefit to children
at high risk of developing complications from otitis media, such as
Indigenous Australian children.

Future development of vaccines, including a greater number of
pneumococcal serotypes and antigens from H. influenzae and M.
catarrhalis, is needed. The development of therapeutic prevention
strategies is complicated in that these bacteria may be able to evade
antimicrobial therapy and host immune responses through the
formation of biofilms and the capacity to reside intracellularly in
middle ear mucosal cells. The development of protein-based
vaccines with antigenic components from the three predominant
causative bacteria and common upper respiratory tract viruses is a
more distant possibility.

Acknowledgements
The financial support of the Foundation for Children for research on otitis
media at Griffith University is gratefully acknowledged.

Competing interests
Allan Cripps and Deborah Lehmann have been consultants to GlaxoSmith-
Kline.

Author details
Helen M Massa, PhD, Anatomist1

Allan W Cripps, PhD, Immunologist1

Deborah Lehmann, MB BS, MSc, Epidemiologist2

1 Griffith Health, Griffith University, Gold Coast, QLD.
2 Telethon Institute for Child Health Research, Centre for Child Health 

Research, University of Western Australia, Perth, WA.
Correspondence: allan.cripps@griffith.edu.au

References
1 American Academy of Pediatrics Subcommittee on Management of

Acute Otitis Media. Diagnosis and management of acute otitis media.
Pediatrics 2004; 113: 1451-1465.

2 Rosenfeld RM, Culpepper L, Doyle KJ, et al. Clinical practice guideline:
otitis media with effusion. Otolaryngol Head Neck Surg 2004; 130 (5
Suppl): S95-S118.

3 Legros JM, Hitoto H, Garnier F, et al. Clinical qualitative evaluation of the
diagnosis of acute otitis media in general practice. Int J Pediatr Oto-
rhinolaryngol 2008; 72: 23-30.

4 Pichichero ME. Preferred antibiotics for treatment of acute otitis media:
comparison of practicing pediatricians, general practitioners, and
otolaryngologists. Clin Pediatr (Phila) 2005; 44: 575-578.

5 Chonmaitree T, Revai K, Grady JJ, et al. Viral upper respiratory tract
infection and otitis media complication in young children. Clin Infect Dis
2008; 46: 815-823.
MJA • Volume 191 Number 9 • 2 November 2009 S47



SU PPLEMENT
6 Mandel EM, Doyle WJ, Winther B, Alper CM. The incidence, prevalence
and burden of OM in unselected children aged 1-8 years followed by
weekly otoscopy through the “common cold” season. Int J Pediatr
Otorhinolaryngol 2008; 72: 491-499.

7 Alho OP, Oja H, Koivu M, Sorri M. Chronic otitis media with effusion in
infancy. How frequent is it? How does it develop? Arch Otolaryngol Head
Neck Surg 1995; 121: 432-436.

8 Winther B, Alper CM, Mandel EM, et al. Temporal relationships between
colds, upper respiratory viruses detected by polymerase chain reaction,
and otitis media in young children followed through a typical cold
season. Pediatrics 2007; 119: 1069-1075.

9 Ruuskanen O, Arola M, Putto-Laurila A, et al. Acute otitis media and
respiratory virus infections. Pediatr Infect Dis J 1989; 8: 94-99.

10 Winther B, Doyle WJ, Alper CM. A high prevalence of new onset otitis
media during parent diagnosed common colds. Int J Pediatr Otorhino-
laryngol 2006; 70: 1725-1730.

11 Heikkinen T, Ruuskanen O. Temporal development of acute otitis media
during upper respiratory tract infection. Pediatr Infect Dis J 1994; 13: 659-
661.

12 Mackenzie GA, Carapetis JR, Leach AJ, Morris PS. Pneumococcal vac-
cination and otitis media in Australian Aboriginal infants: comparison of
two birth cohorts before and after introduction of vaccination. BMC
Pediatr 2009; 9: 14.

13 Pirozzo S, Del Mar C. Acute otitis media. West J Med 2001; 175: 402-407.
14 Teele D, Klein J, Rosner B, et al. Epidemiology of otitis media during the

first seven years of life in children in Boston: a prospective, cohort study.
J Infect Dis 1989; 160: 83-94.

15 Palmu A, Herva E, Savolainen H, et al. Association of clinical signs and
symptoms with bacterial findings in acute otitis media. Clin Infect Dis
2004; 38: 234-242.

16 Froom J, Culpepper L, Grob P, et al. Diagnosis and antibiotic treatment
of acute otitis media: report from International Primary Care Network.
BMJ 1990; 300: 582-586.

17 Cripps AW, Otczyk DC. Prospects for a vaccine against otitis media.
Expert Rev Vaccines 2006; 5: 517-534.

18 Lehmann D, Arumugaswamy A, Elsbury D, et al. The Kalgoorlie Otitis
Media Research Project: rationale, methods, population characteristics
and ethical considerations. Paediatr Perinat Epidemiol 2008; 22: 60-71.

19 Bernstein JM. Immunologic aspects of otitis media. Curr Allergy Asthma
Rep 2002; 2: 309-315.

20 Stenstrom C, Bylander-Groth A, Ingvarsson L. Eustachian tube function in
otitis-prone and healthy children. Int J Pediatr Otorhinolaryngol 1991; 21:
127-138.

21 Tonnaer EL, Mylanus EA, Mulder JJ, Curfs JH. Detection of bacteria in
healthy middle ears during cochlear implantation. Arch Otolaryngol
Head Neck Surg 2009; 135: 232-237.

22 Falk B. Negative middle ear pressure induced by sniffing. A tympano-
metric study in persons with healthy ears. J Otolaryngol 1981; 10: 299-
305.

23 Heikkinen T, Chonmaitree T. Importance of respiratory viruses in acute
otitis media. Clin Microbiol Rev 2003; 16: 230-241.

24 Yano H, Okitsu N, Hori T, et al. Detection of respiratory viruses in
nasopharyngeal secretions and middle ear fluid from children with acute
otitis media. Acta Otolaryngol 2009; 129: 19-24.

25 Alper CM, Winther B, Mandel EM, et al. Rate of concurrent otitis media in
upper respiratory tract infections with specific viruses. Arch Otolaryngol
Head Neck Surg 2009; 135: 17-21.

26 Williams J, Tollefson S, Nair S, Chonmaitree T. Association of human
metapneumovirus with acute otitis media. Int J Pediatr Otorhinolaryngol
2006; 70: 1189-1193.

27 Fouchier R, Rimmelzwaan G, Kuiken T, Osterhaus A. Newer respiratory
virus infections: human metapneumovirus, avian influenza virus and
human corona viruses. Curr Opin Infect Dis 2005; 18: 141-146.

28 Kesebir D, Vazquez M, Weibel C, et al. Human bocavirus infection in
young children in the United States: molecular epidemiological profile
and clinical characteristics of a newly emerging respiratory virus. J Infect
Dis 2006; 194: 1276-1282.

29 Segal N, Leibovitz E, Dagan R, Lieberman A. Acute otitis media —
diagnosis and treatment in the era of antibiotic resistant organisms:
updated clinical practice guidelines. Int J Pediatr Otorhinolaryngol 2005;
69: 1311-1319.

30 Chi DH, Hendley JO, French P, et al. Nasopharyngeal reservoir of
bacterial otitis media and sinusitis pathogens in adults during wellness
and viral respiratory illness. Am J Rhinol 2003; 17: 209-214.

31 Vergison A. Microbiology of otitis media: a moving target. Vaccine 2008;
26 Suppl 7: G5-G10.

32 Stenfors LE, Räisänen S. Abundant attachment of bacteria to nasopha-
ryngeal epithelium in otitis-prone children. J Infect Dis 1992; 165: 1148-
1150.

33 Smith-Vaughan H, Byun R, Nadkarni M, et al. Measuring nasal bacterial
load and its association with otitis media. BMC Ear Nose Throat Disord
2006; 6: 10.

34 Faden H. Comparison of the local immune response to nontypable
Haemophilus influenzae (nHI) and Moraxella catarrhalis (MC) during otitis
media. Adv Exp Med Biol 1995; 371B: 733-736.

35 Leach AJ, Boswell JB, Asche V, et al. Bacterial colonisation of the
nasopharynx predicts very early onset and persistence of otitis media in
Australian Aboriginal infants. Pediatr Infect Dis J 1994; 13: 983-989.

36 Smith-Vaughan H, Byun R, Halpin S, et al. Interventions for prevention of
otitis media may be most effective if implemented in the first weeks of
life. Int J Pediatr Otorhinolaryngol 2008; 72: 57-61.

37 Kilpi T, Herva E, Kaijalainen T, et al. Bacteriology of acute otitis media in a
cohort of Finnish children followed for the first two years of life. Pediatr
Infect Dis J 2001; 20: 654-662.

38 Couzos S, Murray R. Aboriginal primary health care. An evidence-based
approach. Oxford: Oxford University Press, 1999.

39 Jeffries-Stokes C, Lehmann D, Johnston J, et al. Aboriginal perspective
on middle ear disease in the arid zone of Western Australia. J Paediatr
Child Health 2004; 40: 258-264.

40 Leach AJ, Boswell JB, Asche V, et al. Bacterial colonisation of the
nasopharynx predicts very early onset and persistence of otitis media in
Australian Aboriginal infants. Pediatr Infect Dis J 1994; 13: 983-989.

41 Gibney KB, Morris PS, Carapetis JR, et al. The clinical course of acute
otitis media in high-risk Australian Aboriginal children: a longitudinal
study. BMC Pediatr 2005; 5: 16.

42 Arrieta A, Singh J. Management of recurrent and persistent acute otitis
media: new options with familiar antibiotics. Pediatr Infect Dis J 2004; 23
(2 Suppl): S115-S124.

43 Leibovitz E, Greenberg D, Piglansky L, et al. Recurrent acute otitis media
occurring within one month from completion of antibiotic therapy:
relationship to the original pathogen. Pediatr Infect Dis J 2003; 22: 209-
216.

44 Libson S, Dagan R, Greenberg D, et al. Nasopharyngeal carriage of
Streptococcus pneumoniae at the completion of successful antibiotic
treatment of acute otitis media predisposes to early clinical recurrence. J
Infect Dis 2005; 191: 1869-1875.

45 Leibovitz E. The challenge of recalcitrant acute otitis media: pathogens,
resistance, and treatment strategy. Pediatr Infect Dis J 2007; 26 (10
Suppl): S8-S11.

46 Watson K, Carville K, Bowman J, et al. Upper respiratory tract bacterial
carriage in Aboriginal and non-Aboriginal children in a semi-arid area of
Western Australia. Pediatr Infect Dis J 2006; 25: 782-790.

47 Lehmann D, Weeks S, Jacoby P, et al. Absent otoacoustic emissions
predict otitis media in young Aboriginal children: a birth cohort study in
Aboriginal and non-Aboriginal children in an arid zone of Western
Australia. BMC Pediatr 2008; 8: 32.

48 Hausdorff W, Yothers G, Dagan R, et al. Multinational study of pneumo-
coccal serotypes causing acute otitis media in children. Pediatr Infect Dis
J 2002; 21: 1008-1016.

49 Prymula R, Peeters P, Chrobok V, et al. Pneumococcal capsular polysac-
charides conjugated to protein D for prevention of acute otitis media
caused by both Streptococcus pneumoniae and non-typable Haemo-
philus influenzae: a randomised double blind efficacy study. Lancet 2006;
367: 740-748.

50 Block SL, Hedrick J, Harrison CJ, et al. Community-wide vaccination with
the heptavalent pneumococcal conjugate significantly alters the microbi-
ology of acute otitis media. Pediatr Infect Dis J 2004; 23: 829-833.

51 Macassey E, Dawes P. Biofilms and their role in otorhinolaryngological
disease. J Laryngol Otol 2008; 122: 1273-1278.

52 Hall-Stoodley L, Hu FZ, Gieseke A, et al. Direct detection of bacterial
biofilms on the middle-ear mucosa of children with chronic otitis media.
JAMA 2006; 296: 202-211.

53 Moriyama S, Hotomi M, Shimada J, et al. Formation of biofilm by
Haemophilus influenzae isolated from pediatric intractable otitis media.
Auris Nasus Larynx 2009; 36: 525-531.

54 Tonnaer EL, Mylanus EA, Mulder JJ, et al. Detection of bacteria in healthy
middle ears during cochlear implantation. Arch Otolaryngol Head Neck
Surg 2009; 135: 232-237.
S48 MJA • Volume 191 Number 9 • 2 November 2009



O TIT IS  MEDIA 2009 :  AN UPDATE
55 Roland PS. Chronic suppurative otitis media: a clinical overview. Ear Nose
Throat J 2002; 81: 8-10.

56 Hall-Stoodley L, Nistico L, Sambanthamoorthy K, et al. Characterization
of biofilm matrix, degradation by DNase treatment and evidence of
capsule downregulation in Streptococcus pneumoniae clinical isolates.
BMC Microbiol 2008; 8: 173.

57 Tote K, Berghe DV, Deschacht M, et al. Inhibitory efficacy of various
antibiotics on matrix and viable mass of Staphylococcus aureus and
Pseudomonas aeruginosa biofilms. Int J Antimicrob Agents 2009; 33:
525-531.

58 Coates H, Thornton R, Langlands J, et al. The role of chronic infection in
children with otitis media with effusion: evidence for intracellular persist-
ence of bacteria. Otolaryngol Head Neck Surg 2008; 138: 778-781.

59 Clancy RL, Cripps AW, Yeung S, et al. Salivary and serum antibody
responses to Haemophilus influenzae infection in Papua New Guinea.
P N G Med J 1987; 30: 271-276.

60 Noah TL, Becker S. Chemokines in nasal secretions of normal adults
experimentally infected with respiratory syncytial virus. Clin Immunol
2000; 97: 43-49.

61 Kurono Y, Shimamura K, Shigemi H, Mogi G. Inhibition of bacterial
adherence by nasopharyngeal secretions. Ann Otol Rhinol Laryngol
1991; 100: 455-458.

62 Whelan MA, Hwan WH, Beausoleil J, et al. Infants presenting with
recurrent infections and low immunoglobulins: characteristics and analy-
sis of normalization. J Clin Immunol 2006; 26: 7-11.

63 Aghamohammadi A, Cheraghi T, Gharagoziou M, et al. IgA deficiency:
correlation between clinical and immunological phenotypes. J Clin
Immunol 2009; 29: 130-136.

64 Yamanaka N, Hotomi M, Shimada J, Togawa A. Immunological deficiency
in “otitis-prone” children. Ann N Y Acad Sci 1997; 830: 70-81.

65 Hotomi M, Yamanaka N, Saito T, et al. Antibody responses to the outer
membrane protein P6 of non-typeable Haemophilus influenzae and
pneumococcal capsular polysaccharides in otitis prone children. Acta
Otolaryngol 1999; 119: 703-707.

66 Wiertsema SP, Sanders EA, Veenhoven RH, et al. Antibody levels after
regular childhood vaccinations in the immunological screening of chil-
dren with recurrent otitis media. J Clin Immunol 2004; 24: 354-360.

67 Smirnova M, Birchall J, Pearson J. The immunoregulatory and allergy-
associated cytokines in the aetiology of the otitis media with effusion.
Mediators Inflamm 2004; 13: 75-88.

68 Alper C, Winther B, Owen Hendley J, Doyle W. Cytokine polymorphisms
predict the frequency of otitis media as a complication of rhinovirus and
RSV infections in children. Eur Arch Otorhinolaryngol 2009; 266: 199-205.

69 Patel J, Nair S, Grady J, Revai K, et al. Systemic cytokine response
profiles associated with respiratory virus-induced acute otitis media.
Pediatr Infect Dis J 2009; 28: 407-411.

70 Emonts M, Veenhoven RH, Wiertsema SP, et al. Genetic polymorphisms
in immunoresponse genes TNFA, IL6, IL10, and TLR4 are associated with
recurrent acute otitis media. Pediatrics 2007; 120: 814-823.

71 Gunasekera H, Knox S, Morris P, et al. The spectrum and management of
otitis media in Australian indigenous and nonindigenous children: a
national study. Pediatr Infect Dis J 2007; 26: 689-692.

72 Glasziou PP, Del Mar CB, Sanders SL, Hayem M. Antibiotics for acute
otitis media in children. Cochrane Database Syst Rev 2004; (2):
CD000219.

73 Williamson I. The rocky road to rational prescribing. Vaccine 2008; 26
Suppl 7: G11-G15.

74 Rovers MM, Glasziou P, Appelman CL, et al. Antibiotics for acute otitis
media: a meta-analysis with individual patient data. Lancet 2006; 368:
1429-1435.

75 van Buchem FL, Peeters MF, van ’t Hof MA. Acute otitis media: a new
treatment strategy. BMJ 1985; 290: 1033-1037.

76 Pan Y, Henderson J, Britt H. Antibiotic prescribing in Australian general
practice: how has it changed from 1990–91 to 2002–03? Respir Med 2006;
100: 2004-2011.

77 Koopman L, Hoes AW, Glasziou PP, et al. Antibiotic therapy to prevent
the development of asymptomatic middle ear effusion in children with
acute otitis media: a meta-analysis of individual patient data. Arch
Otolaryngol Head Neck Surg 2008; 134: 128-132.

78 Leach AJ, Morris PS, Mathews JD; Chronic Otitis Media Intervention Trial
— One (COMIT1) group. Compared to placebo, long-term antibiotics
resolve otitis media with effusion (OME) and prevent acute otitis media
with perforation (AOMwiP) in a high-risk population: a randomized
controlled trial. BMC Pediatr 2008; 8: 23.

79 Goossens H. European status of resistance in nosocomial infections.
Chemotherapy 2005; 51: 177-181.

80 Beekmann SE, Heilmann KP, Richter SS, et al. Antimicrobial resistance in
Streptococcus pneumoniae, Haemophilus influenzae, Moraxella catarrh-
alis and group A beta-haemolytic streptococci in 2002-2003. Results of
the multinational GRASP Surveillance Program. Int J Antimicrob Agents
2005; 25: 148-156.

81 Dagan R, Klugman KP. Impact of conjugate pneumococcal vaccines on
antibiotic resistance. Lancet Infect Dis 2008; 8: 785-795.

82 Fedson DS, Musher DM, Eskola J. Pneumococcal vaccine. Vaccine 1999;
22: 553-607.

83 Veenhoven R, Bogaert D, Uiterwaal C, et al. Effect of conjugate pneumo-
coccal vaccine followed by polysaccharide pneumococcal vaccine on
recurrent acute otitis media: a randomised study. Lancet 2003; 361: 2189-
2195.

84 Van Kempen M, Vermeiren J, Vaneechoutte M, et al. Pneumococcal
conjugate vaccination in children with recurrent acute otitis media: a
therapeutic alternative? Int J Pediatr Otorhinolaryngol 2006; 70: 275-285.

85 Jansen A, Hak E, Veenhoven R, et al. Pneumococcal conjugate vaccines
for preventing otitis media. Cochrane Database Syst Rev 2009; (2):
CD001480.

86 Hicks LA, Harrison LH, Flannery B, et al. Incidence of pneumococcal
disease due to non-pneumococcal conjugate vaccine (PCV7) serotypes
in the United States during the era of widespread PCV7 vaccination,
1998-2004. J Infect Dis 2007; 196: 1346-1354.

87 Nigrovic LE, Kuppermann N, Malley R; Bacterial Meningitis Study Group
of the Pediatric Emergency Medicine Collaborative Research Committee
of the American Academy of Pediatrics. Children with bacterial menin-
gitis presenting to the emergency department during the pneumococcal
conjugate vaccine era. Acad Emerg Med 2008; 15: 522-528.

88 Cripps AW, Kyd JM. Bacterial otitis media: current vaccine development
strategies. Immunol Cell Biol 2003; 81: 46-51.

89 Casey J, Pichichero ME. Changes in frequency and pathogens causing
acute otitis media in 1995-2003. Pediatr Infect Dis J 2004; 23: 824-828.

90 Cohen R. The need for prudent use of antibiotics and routine use of
vaccines. Clin Microbiol Infect 2009; 15: 21-23.

(Received 1 May 2009, accepted 26 Aug 2009) ❏
MJA • Volume 191 Number 9 • 2 November 2009 S49


	Diagnostic challenge
	Otitis media: a polymicrobial disease
	Role of viruses
	Role of bacteria
	Biofilms
	Host response
	Management of otitis media and antimicrobial resistance
	Vaccines, now and in the future
	Conclusion
	Acknowledgements
	Competing interests
	Author details
	References

