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Abstract

Purpose of Review Recent studies have attempted to identify
interactions among the causes of otitis media with effusion
(OME). This review discusses the interaction between allergy
and infection with regard to host and environmental factors in
terms of the development of OME.

Recent Findings Protection of the upper airway against mi-
crobial invasion requires active interaction between the de-
fense mechanisms of the respiratory epithelium, including in-
nate and adaptive immunity, and mechanical factors. The im-
pairment of these defenses due to allergy and/or increased
bacterial resistance may lead to increased susceptibility to in-
fectious organisms in the respiratory tract and middle ear mu-
cosa. Recent genetic studies have provided valuable informa-
tion about the association of Toll-like receptor signaling vari-
ations with clinical phenotypes and the risk of infection in the
middle ear.

This article is part of the Topical Collection on Otitis

P4 Jeong-Hoon Oh
ojhent@catholic.ac.kr

Woo Jin Kim
kwjent@catholic.ac.kr

Department of Otorhinolaryngology-Head and Neck Surgery,
College of Medicine, St. Paul’s Hospital, The Catholic University of
Korea, 180 Wangsan-ro, Dongdaemun-gu, Seoul 02559, Republic of
Korea

Department of Otorhinolaryngology-Head and Neck Surgery,
College of Medicine, Seoul St. Mary’s Hospital, The Catholic
University of Korea, 222 Banpo-daero, Seocho-gu, Seoul 06591,
Republic of Korea

Summary Among the causal factors of OME, allergy not only
induces an inflammatory reaction in the middle ear cavity but
also facilitates the invasion of infectious pathogens. There is
also evidence that allergy can affect the susceptibility of pa-
tients to infection of the upper respiratory tract, including the
middle ear cavity.
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Introduction

Otitis media, one of the most common disorders of childhood,
can cause conductive hearing loss, which potentially has ad-
verse effects on speech and language development. Its esti-
mated economic burden exceeds US$5 billion annually. Acute
otitis media (AOM) is defined as an acute infectious (bacterial
and/or viral) process, whereas otitis media with effusion
(OME) is a chronic inflammatory condition that is character-
ized by the presence of middle ear effusion (MEE) and several
mediators in the absence of symptoms and signs of acute
inflammation [1, 2].

Because OME is a multifactorial disease arising from com-
plex interactions among viral and/or bacterial pathogens, en-
vironmental risk factors (e.g., parental smoking), and host
genetic factors (e.g., presence of allergy), it is particularly
important to understand the mechanisms by which these fac-
tors regulate the inflammatory responses in the middle ear,
either alone or in combination. However, the precise relation-
ships among the causal contributors to OME remain unclear,
although each factor has been proven to individually contrib-
ute to the development of this condition. Most epidemiologi-
cal studies have shown that OME patients have an increased
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prevalence of atopic conditions, including eczema, asthma,
and allergic rhinitis compared with non-OME controls [3].

Recently, many studies have attempted to reveal the inter-
actions among the individual causal factors of OME. In par-
ticular, allergy not only induces an inflammatory reaction in
the middle ear cavity but also facilitates the invasion of infec-
tious pathogens. There is also evidence that allergy can affect
the susceptibility of patients to infection at different sites in the
upper respiratory tract. For example, a significantly increased
risk of pneumococcal diseases has been reported in patients
with asthma compared with those without asthma [4, 5]. Even
without apparent infection, asthma has been found to be asso-
ciated with increased colonization by Streptococcus
pneumoniae and Staphylococcus aureus in the nasopharynx
[6, 7]. A similar increase in colonization of the skin in patients
with atopic dermatitis has also been reported [8, 9].

Epidemiologically, the prevalence of allergic rhinitis in pa-
tients with OME is higher than that in the general population
[10], but it varies widely, ranging from 16.3 to 89 %, depend-
ing on the cohort and diagnostic criteria considered [11, 12¢].
One potential reason for the wide range of prevalence is un-
controlled study designs, including the criteria used for diag-
nosing allergy and the different populations studied [13-15].
Bentdal et al. found that atopic eczema early in life was sig-
nificantly associated with the risk of AOM at 10 years of age
[16]. This study showed that a predisposition to atopic eczema
might contribute to subsequent infection in the middle ear. It
has also been reported that children with asthma or other atop-
ic conditions had higher rates of ventilation tube insertion than
non-asthmatics [17]. Because ventilation tube insertion is one
of the most common procedures for the treatment of OME,
this finding may suggest that the presence of an allergy can
affect the natural course of chronic inflammation in the middle
ear.

OME involves two different mechanisms leading to the
accumulation of fluid in the middle ear cavity: (1) transduction
from the mucosal capillaries and (2) active secretion
(exudation) from the middle ear mucosa. Inflammatory cells
and molecules in the fluid have been used to evaluate the
pathogenesis of OME. Elevated levels of eosinophil and neu-
trophil mediators have been identified in middle ear fluid,
which suggests that middle ear inflammation is the result of
infection, allergy, or both [18, 19]. Interleukin (IL)-2 appears
to be involved in T cell proliferation and induces other cyto-
kines, including IL-4, IL-5, IL-13, and granulocyte macro-
phage colony-stimulating factor [12]. These cytokines partic-
ipate in the regulation of molecular and cellular immunity
involved in different types of chronic inflammation. Thus,
the causal relationships between allergic conditions and infec-
tion or colonization have been studied.

The aim of this review is to summarize the roles of infec-
tion and allergy in the pathogenesis of OME and to discuss the
effects of allergy on the risk of infection. This will focus on
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reports of studies that evaluated interactions among the risk
factors of otitis media.

Role of Bacterial Infection in the Pathogenesis of OME

OME often occurs after AOM; however, it may also arise
without preceding symptomatic infection. The pathophysio-
logical mechanism of OME without preceding symptomatic
infection is still not fully understood. Most studies using con-
ventional culture have identified bacteria in less than half the
effusions from OME patients, and commonly used antibiotics
have had limited treatment effects on this condition.
Specifically, bacteria have been cultured from 20 to 40 % of
the effusions from OME patients, with Streptococcus
pneumoniae, Haemophilus influenzae, and Moraxella
catarrhalis as the most frequently detected pathogens [20,
21]. However, recent studies have identified bacterial DNA
in more than 80 % of effusions using polymerase chain reac-
tion (PCR) [22-24]. Furthermore, in children recovering from
acute pneumococcal otitis media, pneumolysin DNA was per-
sistently detected in MEE by PCR months after the original
infection [25]. These studies suggest that latent bacterial in-
fection may be present even without any signs of infection in
the middle ear. However, the presence of bacterial nucleic
acids does not necessarily mean that the bacteria are viable;
rather, it reflects the mere existence of bacterial RNA or DNA
[26].

One possible explanation for the discrepancy between high
PCR-positive and culture-negative rates in OME is the in-
volvement of biofilms [27-29]. Biofilms are structured, spe-
cialized communities of adherent micro-organisms encased in
a complex extracellular polymeric substance [30]. Bacteria in
biofilms are more resistant to host defenses because the extra-
cellular matrix of a biofilm serves to protect the bacteria
against antibodies, phagocytosis, antibiotic penetration, and
complement binding. There is also a decreased need for oxy-
gen and nutrients when bacteria exist in a biofilm, further
reducing their susceptibility to certain antimicrobials [31].
The enhanced persistence associated with biofilms also corre-
lates well with the delayed emergence of opaque colony var-
iants within the bacterial population and a decrease in system-
ic infection [32]. Another possible explanation for the persis-
tent infection in OME is the intracellular persistence of bacte-
ria in the middle ear mucosa [33]. For example, using trans-
mission electron microscopy, Coates et al. found gram-
positive cocci in the middle ear mucosal epithelial cells of
36 % of 11 children with OME [20].

Although single pathogen infection is typical, coinfections
involving more than one type of bacterial pathogen, as well as
bacterial and viral coinfections, also commonly occur [34].
Bacterial pathogens can also act synergistically to induce host
responses in several ways. For example, Streptococcus
pneumoniae synergistically enhances non-typeable
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Haemophilus influenzae (NTHi)-induced inflammation by
upregulating TLR2 expression, one of the major host recep-
tors for the NTHi pathogen [35], and Moraxella catarrhalis
can increase the incidence of otitis media by Streptococcus
pneumoniae [36]. Additionally, it has been shown that coin-
fection with NTHi facilitates pneumococcal biofilm formation
and increases its persistence on middle ear mucosa.

Kania et al. used double staining to visualize both the bac-
terial matrix and bacterial cells, which demonstrated the pres-
ence of mucosal biofilm in adenoid tissue. Among adenoids
from children with chronic and/or recurrent otitis media, 54 %
showed evidence of mucosal biofilms [37].

Role of Immunity in the Pathogenesis of OME

Allergic rhinitis may contribute to the development of OME.
Nasal challenge tests have shown that Eustachian tube (ET)
dysfunction may occur immediately after exposure to or with-
in a few hours of the late phase of this condition [38—41]. The
pathogenesis of OME is clearly related to ET dysfunction [15,
42, 43]. ET facilitates communication between the middle ear
cavity and the nasopharynx, nasal cavity, and nasal mucosa.
The basic functions of ET, which plays a pivotal role in some
middle ear diseases, are (1) protecting the middle ear from
nasopharyngeal secretions and sound pressure; (2) draining
the middle ear secretions into the nasopharynx; and (3) venti-
lating the middle ear cavity to regulate the air pressure there
with the atmospheric pressure, replenishing oxygen that has
been absorbed and allowing the gases produced in the middle
ear cavity to escape [44]. If the control of the opening and
closing of the ET is suboptimal, these basic functions may
be affected. Several mechanisms that explain ET dysfunction
due to an inflammatory process have been proposed: intrinsic
mechanical obstruction from the inflammatory swelling of the
ET mucosa, altered mucociliary activity, and hypersecretion
by seromucous glands. As a result, any condition affecting the
normal function of the ET can cause the retrograde invasion of
the nasopharyngeal flora into the middle ear. The respiratory
epithelium lining the mucosa of the ET, middle ear, and nasal
cavity has several types of defense mechanism, including me-
chanical (e.g., mucociliary apparatus), innate (e.g., inflamma-
tory mediators), and acquired (e.g., antigen-specific), against
viral or bacterial invasion [45]. When viruses or bacteria ad-
here to airway epithelial cells, antimicrobial agents, such as
interferons, lactoferrin, (3-defensins, and nitric oxide, and
chemical mediators, such as cytokines and chemokines, are
induced as part of the innate immune response and influence
the adaptive immune system [46, 47]. Although these defense
mechanisms are intended to facilitate rapid microbial clear-
ance, bacteria and viruses have evolved to evade these protec-
tive systems. The mucosal-associated lymphoid tissue of the
upper airways is arranged in a circular pattern around the
pharyngeal wall, known as Waldeyer’s ring. It consists of

the adenoid, the palatine, and the lingual tonsils. Adenoids
are organized in deep crypts lined with a specialized
lympho-epithelium, which consists not only of epithelial cells
but also of lymphocytes, macrophages, and dendritic cells.
Follicular germinal centers and inter-follicular areas are pres-
ent at a deeper level, and they are populated predominantly by
T lymphocytes [48]. The adenoids, which play an important
role in the generation of T helper (Th)1 and Th2 cells and IgA-
committed B cells, develop postnatally. They are not apparent
in early infancy but gradually become hypertrophic and
hyperplasic, acquiring their greatest dimensions between 2
and 5 years of age [49]. Recurrent adenoidal infection is usu-
ally secondary to adenoid hypertrophy due to lymphoid tissue
hyperplasia [50]. Adenoids may cause ET dysfunction due to
their proximity and may even do so in the middle ear through
the release of chemical mediators. Furthermore, adenoids and
ET may act as potential target organs of allergic inflammation,
inducing prolonged dysfunction of ET resulting in bacterial or
viral regurgitation and development of otitis media. Because
experiments with intranasal and intratympanic allergen chal-
lenges have induced allergic reaction in the cavity but not
OME, the middle ear is not regarded as an “allergic shock
organ” [51]. Zelazowska-Rutkowska et al. examined the pro-
portions of CD4", CD8", and CD19" cells with the Bcl-2
protein (anti-apoptotic protein) and CD95" antigen (acting in
apoptosis induction) in adenoid tissue in cases with or without
OME [52]. Children with adenoid hypertrophy and OME
were found to have lower rates of CD4"Bcl-2", CD8 Bcl-2",
and CD19"Bcl-2" lymphocytes but higher rates of CD4",
CD8", and CD19" cells with the CD95" antigen than children
with adenoid hypertrophy without OME. Lower proportions
of CD4" and CD8" lymphocytes with Bcl-2 expression in
hypertrophic adenoid in children with OME may indicate en-
hanced apoptosis of the naive and effector T cells in adenoid
tissue, which suggests that the adenoid plays an immunolog-
ical role in local immunological disorders. In another study,
the population of dendritic cells and the lymphocyte subpop-
ulations of adenoid and peripheral blood in patients with ade-
noid hypertrophy and OME showed differences between chil-
dren with adenoid hypertrophy with coexisting OME and
those without OME in the adenoids but not in the blood
[53]. Additionally, Bernstein et al. reported that lymphocytes
from the adenoids showed decreased Thl cytokine (IL-2 and
interferon-y) but normal Th2 cytokine (IL-4 and IL-5) secre-
tions compared with peripheral blood lymphocytes among
children with recurrent otitis media, suggesting that the under-
lying immune profile associated with atopy might play a role
in determining the risk of recurrent otitis media [54]. These
results suggest that the adenoids act as an “allergic shock
organ” in the development of atopy-related otitis media.

A previous study analyzing the relationship between anti-
body levels and the presence of bacteria in MEE reported no
correlation between immunoglobulin concentrations in MEE
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and the presence of bacteria [55]. Instead, the presence of
effusion bacteria was found to be related to the serum immu-
noglobulin concentration. The higher serum antibody concen-
tration in bacterium-positive OME patients may be related to a
systemic immune reaction in response to a local infection in
the middle ear or vice versa. In our study evaluating the cor-
relation between the presence of bacteria in the middle ear and
the presence of allergy according to the results of multiple
allergosorbent tests, we could not find any difference between
allergic and non-allergic children [56]. Thus, the relationship
between systemic immune reaction and local infection in
MEE should be evaluated in further studies.

The impairment of the defense mechanisms of the respira-
tory epithelium due to an allergy and/or an increase in bacte-
rial resistance may lead to the colonization of the respiratory
mucosa by infectious organisms. Protection of the upper air-
way against microbial invasion requires active interaction be-
tween the defense systems of innate and adaptive immunity
and mechanical factors. The first step in the activation of the
defense mechanism against an infectious organism is the rec-
ognition of the pathogen by innate immunity. Many functions
of innate immunity in the respiratory mucosa are controlled by
pattern recognition receptors (PRRs), which can recognize
specific pathogen-associated molecular patterns of the micro-
organism. PRRs including Toll-like receptors (TLRs) have
been considered to perform a crucial immunologic function
in upper respiratory tract diseases. Recently, it has been re-
vealed that TLR signaling is involved in both innate immunity
in response to infection and the development of acquired im-
mune responses. Hirano et al. reported that TLR4 may play an
important role in enhancing mucosal and systemic immune
responses [57]. They showed that immune responses, includ-
ing the mucosal IgA, systemic IgG, and Thl cell responses
against the outer membrane protein from NTHi elicited in
both TLR4-mutant and wild-type mice, were reduced in the
former group compared with in the latter. This suggests that
TLR4 plays an important role related to Thl function for the
optimal development of acquired immune responses.
Additionally, Leichtle et al. demonstrated that TLR2™~ and
TLR4 ™" mice failed to induce tumor necrosis factor-o¢ after
NTHi challenge in the early phase of otitis media [58].
Moreover, TLR2 '~ mice showed an increase in IL-10 expres-
sion and impaired bacterial clearance. In TLR4 ™~ mice, loss
of TLR2 induction occurred in the early phase of otitis media.
It was concluded that TLR2 activation induced by TLR4 sig-
naling is critical for bacterial clearance and timely resolution
of otitis media. There is some evidence that allergy is associ-
ated with developmental variations in TLR-mediated immune
function. It has been suggested that TLR-mediated activation
of both innate and acquired immunity plays an important role
in reducing the risk of Th2-mediated allergic responses [59,
60]. Recent genetic studies have provided supporting evi-
dence that functional variations of TLR signaling are
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associated with clinical phenotypes and disease. For example,
studies of polymorphisms in the genes encoding TLR2,
TLR4, and CD14 demonstrated a possible relationship be-
tween the immunoresponse genes and middle ear infections
[61]. Various other genotypes are expected to interact with one
another and numerous environmental and host factors, and the
increasing availability of data on otitis media-related bacterial
and viral gene expression and activity is improving our under-
standing of the involvement of these interactions in the path-
ogenesis of otitis media.

Conclusion

Children with allergic rhinitis or other allergic conditions have
a significantly increased risk of OME. This association is
probably due to impairment in both innate and acquired im-
munity and alterations in the integrity of respiratory mucosa.
Protection of the upper airway against microbial invasion or
colonization requires active interaction among the defense
mechanisms. Therefore, additional studies are required to pro-
vide more in-depth information about interactions between the
host and environmental factors to develop treatment strategies
for otitis media.
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