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Introduction 
The etiology of otitis media (OM) is multifactorial, involving environmental as 
well as host factors. The frequency of a single episode of OM is so high that a 
genetic predisposition cannot be expected. However, a predisposition to chronic 
middle ear effusion (MEE) and recurrent episodes of OM may have a significant 
genetic component. A large number of genes may be involved, each contributing 
to a particular increase in disease risk.
The identification of OM susceptibility genes will allow for the development of 
molecular assays which can be used by physicians to assign relative OM risk for a 
given child and to modify follow-up and treatments accordingly.  Moreover, such 
knowledge will lay the foundation for a better understanding of OM pathogenesis 
that can be translated into better treatments to prevent or resolve the disease.
Twin  and triplets studies 
Twin and triplet studies have been used to assess the heritability of OM, as they are  
a powerful tool for assessing the genetic contribution to a disease by controlling 
for the effects of environmental factors 1,2,3. When compared with dizygotic twins, 
a higher concordance of disease rate in monozygotic twins–those with identical 
genotypes–evidences a significant genetic component 1. The estimated OM 
heritability in the retrospective study by Kvaerner et al 2  was 0.74 in females 
and 0.45 in males. In a prospective study of children followed from birth to five 
years of age by Casselbrant et al 1 the heritability estimate for proportion of time 
with MEE in the first 2 years of life was 0.73 (p<0.001).  The corresponding 
estimates for males and females separately were 0.64 and 0.79, respectively.  
The 5-year results from this study continued to support a strong genetic 
component to OM 3.
Single gene candidates
There are single gene disorders/syndromic conditions such as Crouzon’s disease4  
in which patients are predisposed to OM. However, for humans, the majority of 
Mendelian conditions expressing increased OM risk is characterized by generalized 
immunodeficiency or is associated with major craniofacial anomalies.  Because 
OM is a multifactorial disease with contributions from immunocompetence, 
inflammatory regulation ,and craniofacial abnormalities that could lead to 
Eustachian tube dysfunction, the underlying genetic determinants are likely to be 
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complex involving at least several loci with both known and unknown functions. 
The relationships between OM and various candidate genes such as HLA antigen, 
cytokine genes, and mannose-binding lectin have been assessed using case-control 
studies. The human FBXO11 gene is the human homolog of the gene mutated in 
the novel deaf mouse mutant jeff (Jf), a single gene model of OM 5 . Segade et 
al 6  evaluated the single nucleotide polymorphisms (SNPs) in the FBXO11 gene 
for association with chronic /recurrent OM in the Minnesota COME/ROM Family 
Study, a group of 142 families (619 subjects) with multiple affected individuals. 
The results indicated an association between polymorphism in human FBXO11 
gene and COME/ROM. The authors hypothesized that the susceptibility to OM in 
both the Jeff mouse and the study subjects may be due in part to subtle craniofacial 
abnormalities leading to Eustachian tube dysfunction.  
Genome-wide studies to identify gene-environment interactions
The twin and triplet studies assessed heritability, which is a population statistic 
to ascertain if a trait is heritable. Linkage and association analysis may identify 
genetic regions or candidate genes influencing a particular trait or disease. 
At present, we are aware of two large-scale studies using global genetic 
linkage analysis to identify candidate genes/gene markers associated with OM 
susceptibility.  Daly et al 7 conducted a genome-wide linkage analysis of 591 
subjects that included 238 affected informative relative pairs with chronic 
COME and/or ROM. Single-point nonparametric linkage analysis demonstrated 
evidence that regions of chromosomes 19q and 10q contain genes contributing 
to the susceptibility to COME/ROM. After  mapping of both regions subsequent 
multipoint linkage analysis further strengthened the evidence of this linkage 8. 
Some potential positional candidate genes in the 19q region of linkage are: Killer 
Cell Ig-like receptor (KIR) genes and Ig-like transcripts (ILT), while the 10q 
region contains a Disintegrin and Metalloproteinase Domain 8 (ADAM8). These 
results suggest that the regions of 19q and 10q contain genes that contribute to 
COME/ROM susceptibility. 
The second study has been conducted in the ENT-Research Center at the 
Children’s Hospital of Pittsburgh. The collection of DNA samples from 500 
sibling-pairs with a history of tympanostomy tube insertion, their parent(s) and 
unaffected siblings has been completed. The analysis of the data is in progress.  
Genes identified by expression analysis
The disease course of an episode of OM is orchestrated by the up-and down-
regulation of a large number of genes to yield a coordinated, feedback modulated 
immuno-inflammatory response. Many of the signaling molecules used in 
controlling this process are known to have polymorphic variants (e.g. cytokines). 
The functional polymorphisms in the various genes may lead to differing levels 
of control and regulation over the inflammatory process and it is reasonable to 
suggest that disease presentation may be affected by the individual’s genotypes 
and/or haplotypes for those  variants.
Emonts et al 9 obtained DNA samples from 348 children with  2 or more episodes of 
AOM who were participating in a randomized, controlled pneumococcal vaccination 
trial for AOM prevention, and 463 healthy adult controls. Polymorphisms in 
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TNFA, IL1B, IL4, IL6, IL10, IL8, NOS2A, C11NH, PARP, TLR2 and TLR4 were 
genotyped. The investigators then compared genotype distributions in children 
with recurrent AOM to those in controls and, within the patient group, the number 
of AOM episodes before immunization and the clinical and immunologic response 
to pneumococcal conjugate vaccine.  The results suggested that the variation in 
innate immunoresponse genes such as TNFA-863A, TNFA-376G, TNFA-238G, 
IL10-1082A and IL6-174G alleles in the promotor sequences may alter cytokine 
production which may contribute to an otitis-prone condition.  Also the authors 
reported an association between TNFA promoter polymorphisms and specific IgG 
production after pneumococcal vaccination.
The mannan-binding lectin (MBL) 10 is a C-type lectin that plays an important 
role in innate immune defense by binding to microorganisms and initiating the 
lectin pathway of complement activation. The range of MBL concentrations in 
serum varies widely in humans and a low concentration seems to be associated 
with an increased risk for infection. The differences in circulating serum MBL 
levels can, to a large extent, be explained by the seven common MBL2 haplotypes. 
However, Wiertsema et al 10  were able to demonstrate additional single nucleotide 
polymorphisms within the 7 common haplotypes that contributed to the variation 
in MBL levels in serum in a cohort of children with recurrent acute otitis media 
(AOM).  They were also able to show that MBL2 gene polymorphisms are of 
clinical importance for susceptibility to AOM in children younger than 2 years old 
when the adaptive immune responses are still immature.  
Further work on these pathways may serve to explain the role of candidate genes 
for OM susceptibility identified by the above described methods.
Conclusions
It is doubtful that polymorphic single genes will account for a large amount of 
the heritable component but single genes may contribute to disease susceptibility 
under specified conditions.   Genome-wide gene linkage studies hold the promise 
of identifying a large number of candidate susceptibility genes.  A mechanistic 
interpretation as to how those candidate genes may affect disease susceptibility 
and/or presentation can be gained from ongoing parallel studies focused on 
the role of gene expression in coordinating and orchestrating middle-ear 
mucosal inflammation.  Through improved understanding of gene-environmental 
interaction, medical science can identify new targets for possible intervention 
which will lead to better treatments and preventative methods. 
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