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Introduction
More than 80% of children experience at least one episode of acute otitis 

media (AOM) by the age of 3 years, and 46% experience 3 episodes or more.1 
Suppurative complications of AOM such as meningitis, brain abscess and lateral 
sinus thrombosis are relatively uncommon in developed countries due to ready 
availability of antibiotics and surgical interventions. Nonetheless, the disease 
burden due to AOM in developed countries is substantial. In Australia there 
were 793,535 cases of AOM in 2003 that affected children between 0 and 14 
years of age,2 and 73% of Australian children experience AOM by the age of 12 
months.3 In 2008 temporary hearing loss affected 354,457 children and tympanic 
membrane (TM) perforation affected 87,655 children.3 Indigenous Australians 
are disproportionately affected and have the highest recorded rates of severe otitis 
media (OM), including chronic suppurative otitis media (CSOM), in the world. 4 

Identification of AOM aetiology is frequently difficult to establish. Direct 
sampling of middle ear fluid (MEF) is not usually indicated, and while 
nasopharyngeal samples are more readily available, it is not always clear if 
detected pathogens represent true aetiology or asymptomatic carriage. When an 
aetiology is identified, Streptococcus pneumoniae, Haemophilus influenzae and 
Moraxella catarrhalis are the most frequent bacteria observed. 5-7 

AOM is frequently self-limiting but around 50% of children will experience 
another episode within 1 to 3 months.8 Recurrent AOM (rAOM) is generally 
defined as the occurrence of 3 episodes in 6 months or 4 episodes or more in 12 
months, and may be accompanied by middle ear effusion (OME). Complications 
of rAOM and chronic OME (cOME) include TM perforation, hearing loss 
and delays in speech and language development.8 Why some children develop 
recurrent or chronic OM is not well understood, but it is increasingly recognised 
that genetic, environmental, developmental and microbiological factors may all 
play a role. 9,10 

A multidisciplinary team at our institutions undertake research into the 
microbiological, immunological and genetic aspects of rAOM and cOME in 
children. 
Evidence for a genetic predisposition for severe otitis media (OM)

Studies in twins reveal a substantial heritable component to rAOM or 
OME. 11-13 To delineate this genetic component of rAOM susceptibility we have 
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undertaken a candidate gene association study focusing on genes identified from 
two mouse models of severe, spontaneous OM identified by researchers in the 
United Kingdom.14-15 The mutations underlying these mouse models mapped to 
the Evi1 gene and the Fbxo11 gene. Our group evaluated an association between 
polymorphisms in the human homologues, EVI1 and FBXO11, and susceptibility 
to rAOM or cOME in a cohort of families treated by the authors (The Western 
Australian Family Study of OM),16 and in a unique cohort of children followed 
longitudinally since birth for 20 years (the Western Australian Pregnancy Cohort 
Study, or ‘Raine study’).17 

DNA samples were collected from 561 affected children and their parents, 
representing 434 families. Affected children had ³ 3 physician-diagnosed episodes 
of AOM or ventilation tube insertion for rAOM/cOME. Directed analysis of 
genome-wide SNP-chip data from 1198 individuals (253 children with severe OM 
based on medical record review and 866 controls) participating in the Raine Study 
was also undertaken. 

We found a significant association between single-nucleotide polymorphisms 
at FBXO11 and severe OM or rAOM in both cohorts (p£0.009), but no 
consistent association for any of the EVI1 variants we evaluated.16 Multivariate 
analyses showed that the association at FBXO11 was independent of associated 
environmental risk factors for OM (i.e. day care attendance, allergy). As both 
EVI1 and FBXO11 proteins appear to interact in the transforming growth factor b 
(TGFb) signalling pathway, These data confirm a genetic basis for susceptibility 
to severe OM and suggest this might be mediated by variants at FBXO11 that 
result in inflammatory dysfunction by altering regulation of the TGFb pathway. 
It is noteworthy that the FBXO11 polymorphisms associated with severe OM in 
our study were not the same as those identified by a US study of 142 families 
with severe OM.17 Further studies are needed to assess possible variations in 
geographic distribution of FBXO11 variants, to investigate the mechanism by 
which FBXO11 variants increases the risk of severe OM, and to consider the 
implications for identification and treatment of children with a genetic propensity 
to develop severe middle ear disease
The GROMIT Study: evaluating the microbiology and immunology of 
children with rAOM 

In order to evaluate aspects of bacterial and viral nasopharyngeal carriage 
and the aetiology of middle ear infection in Western Australian children with 
rAOM, 201 children less than 36 months of age with a history of rAOM who 
were undergoing insertion of ventilation tubes (cases) were recruited into the 
GROMIT Study.18 Good health was a pre-requisite for surgery so all children 
were minimally symptomatic at the time of examination. We concurrently 
enrolled a cohort of healthy children <36 months of age without OM who were 
undergoing surgery for other reasons (controls, n=81). Nasopharyngeal swabs 
and blood samples were collected while the children were anaesthetised and MEF 
samples were collected from cases following myringotomy prior to insertion of 
ventilation tubes. Nasopharyngeal and MEF samples were cultured for bacteria 
(S. pneumoniae, NTHi, M. catarrhalis, Pseudomonas aeruginosa, Staphylococcus 
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aureus	and	β-haemolytic	streptococci)	using	standard	methods.	Samples	were	also	
assessed using multiplex real-time PCR assays for the presence of 10 respiratory 
viruses. 

Nasopharyngeal carriage prevalence of one or more of the bacteria of 
interest was significantly higher among children with a history of rAOM (79%) 
compared to healthy control children (53%, p<0.0001), and was significantly 
higher in cases than controls across all age groups. Furthermore, the distribution 
of bacterial carriage differed significantly between cases and controls; NTHi 
was the most frequently identified pathogen in cases, whereas M. catarrhalis 
was most common in healthy controls. NTHi and S. pneumoniae were identified 
significantly more frequently in cases than controls (56% versus 19%, p<0.001 for 
NTHi and 41% versus 26%, p=0.002 for S. pneumoniae). 18 S. pneumoniae PCV7-
vaccine serotypes were infrequently detected (3% in each group). Consistent with 
US post-PCV7 carriage data,18 pneumococcal serotype 19A was the serotype 
most frequently isolated from the nasopharynx of children with rAOM (13% of 
children). 

Cases also had a higher prevalence of nasopharyngeal colonisation with 
6 of the 10 tested viruses (rhinovirus, respiratory syncytial virus, bocavirus, 
adenovirus, parainfluenza virus and polyomavirus WU/KI. 19

Significantly more children with rAOM (76.7%) than healthy children 
(25.8%) were infected with more than one virus (p<0.001). In MEF samples 
collected from 143 children, rhinovirus was the most frequently detected (66/143, 
46.2%, Figure 2).19 Of 91 cases with rhinovirus detected in the nasopharynx, 61 
(67%) also had rhinovirus detected in MEF. 

Serum samples were 
also examined for IgG to 
four S. pneumoniae and 
three NTHi proteins that 
are candidates for protein-
based vaccines Investigation 
of serum IgG levels against 
pneumococcal and NTHi 
protein antigens showed 
that children with a history 
of rAOM had significantly 
higher levels of IgG against 
3 out of 4 pneumococcal 
proteins (PspA2, CbpA and 
Ply) and against all 3 of the NTHi proteins. Significantly higher IgG levels against 
specific proteins were observed in children colonised with the respective bacteria, 
but not when the pathogen was detected in the MEF. IgG levels against each of 
the proteins studied increased significantly with age.20

The ability to mount an immune response against specific bacterial protein 
antigens appears to be age-dependant and influenced by the route of exposure 
(AOM versus nasopharyngeal colonisation).21 Children who are prone to OM may 

Figure 2. In MEF samples collected from 143 children, rhinovirus 
was the most frequently detected (66/143, 46.2%).
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have subtle immunological abnormalities that affect aspects of the mucosal and/or 
systemic immune responses to infection.22 Some studies suggest reduced immune 
responses to specific proteins from NTHi and/or S. pneumoniae in otitis-prone 
children. 23-24 Insufficient responses to specific antigens from common pathogens 
such as NTHi and S. pneumoniae may favour bacterial persistence and increase 
the risk of recurrent infections. Examination of serum samples from cases and 
controls in our study suggest that children with rAOM do not have an impaired 
immune response in terms of IgG levels to specific NTHi or pneumococcal proteins. 
Whether circulating protein-specific IgG is capable of preventing or modulating 
future episodes of AOM, or whether natural immune response will reflect response 
to candidate protein vaccines is not known, but warrants further study. 25-28

Biofilms, intracellular pathogens and extracellular DNA in rAOM
Bacterial biofilms can be defined as clusters of bacteria embedded in a 

polymeric matrix Biofilms have been implicated in many infections in humans 29 

-31 with bacteria within biofilms showing increased resistance to antibiotics and 
host defence mechanisms when compared to their “planktonic” or “free floating” 
counterparts Biofilms are bacterial colonies of one or more species encased in 
a polysaccharide matrix that is attached to a tissue surface. The matrix acts a 
physical barrier to antibiotic activity and biofilms have been implicated in many 
infections in humans.29-31 Free DNA derived from host cells or bacteria facilitates 
biofilm formation and increases the viscosity of mucosal exudates. Intracellular 
sequestration is another means by which bacteria avoid antibiotic activity and the 
host immune system. 

Limited studies conducted to date identified biofilm on middle ear mucosa 
in 95% of children (46/50) with OME,31 and in 80% of adults (8/10) with CSOM. 
32 Intracellular bacteria were identified in 36% (4/11) children with OME.31 
Although biofilms in the environment are often polymicrobial, we are aware of 
only one study examining multi-species biofilms within the middle ear. 31 We 
are not aware of any human studies investigating the role of DNA in middle ear 
effusions of children with severe OM. We therefore investigated the hypothesis 
that bacterial biofilm and intracellular infection is present in the middle ear mucosa 
of children with rAOM and chronic OME, that these biofilms are polymicrobial, 
and that extracellular DNA is associated with these infections. Middle ear mucosal 
biopsies were examined using fluorescent in situ hybridisation (FISH) and 
confocal laser scanning microscopy (CLSM). We also investigated MEF from 
children with rAOM for extracellular DNA and live bacteria. 

Seventeen children between 0 and 10 years of age undergoing ventilation 
tube insertion for cOME or rAOM were recruited, as well as one unaffected, 
healthy control (a child undergoing cochlear implantation surgery). During 
surgery, biopsies of middle ear mucosa were removed and evaluated using 
pathogen-specific probes. In addition, 36 middle ear effusions from 24 children 
with rAOM participating in the GROMIT study were assessed for the presence of 
extracellular DNA and live bacteria using nucleic acid staining and CLSM.

Biofilms were present in 65% (11/17) and intracellular bacteria were seen 
in 71% (12/17) of middle ear mucosal biopsies. The prevalence of biofilm and 



250 XII IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY!

intracellular bacteria was similar in children with rAOM and those with OME. 
Using FISH, NTHi was identified in 45% of samples tested (5/11), S. pneumoniae 
in 40% (4/10) and M. catarrhalis in 58% (7/12). S. pneumoniae and M. catarrhalis 
were present both intracellularly and in biofilm, while NTHi was mostly present 
intracellularly 33-34

Extensive extracellular DNA stranding and live bacteria in multicellular 
formations were observed in 92% (33/36) and 88% (32/36) respectively of MEF 
samples. This extensive DNA stranding was further characterised and proofed 
to be consistent with the presence of neutrophil extracellular traps. Addition of 
dexyribonuclease resulted in fragmentation of the entire DNA matrix 35-37

This was the first study to concurrently identify middle ear pathogens in 
both bacterial biofilm and intracellularly in the middle ear mucosa of children 
with severe OM, and to have identified extensive DNA stranding in MEF from 
children with rAOM. These findings have important clinical implications and 
additional studies are needed to assess the role of deoxyribonuclease in prevention 
or management of rAOM, and to identify means by which antibiotic penetration 
of biofilm and intracellular pathogens within the middle ear can be improved.
Conclusion

A series of unique studies conducted within a collaboration of a 
multidisciplinary team focused on delineating aspects of the pathogenesis of 
severe OM. Multiple interacting factors may increase the risk that children 
will develop severe middle ear disease. These factors are likely to differ from 
drivers of uncomplicated self-limiting AOM. We have confirmed a genetic basis 
for susceptibility to severe OM with association to polymorphisms at FBXO11, 
possibly mediated by disturbances in anti-inflammatory function. We did not 
find any evidence of an immunodeficiency in children with rAOM, who actually 
had higher serum IgG levels against pneumococcal and NTHi protein antigens 
compared with healthy controls. We showed that NTHi and rhinovirus are more 
frequently identified in the nasopharynx of children with rAOM compared with 
healthy controls and are also the predominant pathogens found in the middle 
ear. DNA stranding was identified for the first time in MEF from children with 
rAOM, and middle ear pathogens sequestered intracellularly and in biofilm were 
observed, possibly contributing to treatment failure and disease recurrence. These 
key findings will drive further research and have implications for identification, 
prevention and treatment of children with severe OM. 
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