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Introduction

Otitis media (OM) is the most common diagno-
sis for medical visits in preschool-age children 
[1] and the most frequent indication for outpa-
tient antibiotic use in the USA and the world, 
with estimated annual public health cost totaling 
US$ 2.8 billion annually [2, 3]. OM is character-
ized by signs and symptoms of middle-ear effu-
sion (MEE), by definition fluid collection in the 
middle ear. It may also include otorrhea (drain-
age of fluid from the middle ear), which occurs 
after perforation of the tympanic membrane™ or 
through ventilation tubes placed previously.

Even though the disease is characterized by a 
tremendously widespread prevalence, deep-root-
ed and significant controversies still exist regard-
ing its diagnosis, pathophysiology, and medical 
and surgical management. Medical literature on 
the subject is strewn across multiple medical dis-
ciplines; as such it is difficult to stay up-to-date 
on a majority of the reported advances. Impor-
tantly, over the past 13 years, there has been a 
modest but steady decrease in US pediatric en-
counter rates for OM, with 4.6 % fewer outpa-
tient encounters and 9.8 % fewer hospital dis-
charges [3]. This represents a reversal of a previ-
ously reported long-term increasing trend and is 

thought to be primarily attributable to decreased 
secondhand smoke exposure and to widespread 
bacterial and viral vaccination efforts.

Definitions

OM can be classified as: acute otitis media 
(AOM), otitis media with effusion (OME), re-
current AOM, and chronic suppurative OM 
(CSOM). Each will have a separate basis in its 
best course of treatment.

AOM is defined by the presence of middle-ear 
inflammation and fluid of sudden onset and often 
presents with constitutional symptoms consistent 
with infection, such as fever and pain. OME is 
characterized by MEE without otalgia, fever, and 
distinct signs of ongoing inflammation typical 
of AOM. Recurrent AOM is defined as three or 
more AOM episodes occurring in the previous 
6 months or four or more AOM episodes in the 
preceding 12 months. OME that persists beyond 
3 months is called chronic OM or chronic OME.

CSOM is different from chronic OME and is 
defined as purulent otorrhea associated with a 
chronic tympanic membrane™ perforation that 
persists for more than 6 weeks despite appropri-
ate treatment for AOM.
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Epidemiology and Risk Factors

Age

The incidence of OM decreases steadily as the 
age of a child increases. Epidemiologic studies 
reveal the peak rate of infections occurring in pa-
tients between 6 and 18 months [4]. This is likely 
reflective of increased maturity of the immune 
system and completion of childhood vaccina-
tions. A decrease is also observed as the anatomy 
of the eustachian tube changes with craniofacial 
maturation, which will be further discussed in an-
other section.

Risk factors for OM propensity include host, 
environmental, and pathogen-related factors. As 
such, OM is a multifactorial condition. Risk fac-
tors for OM susceptibility will be discussed in 
detail in a separate chapter.

Pathogenesis

Clearly a multifactorial disease process, risk pro-
file, and host-pathogen interactions have increas-
ingly become recognized as playing important 
roles in the pathogenesis of OM. Such events as 
alterations in mucociliary clearance through re-
peated viral exposure experienced in daycare set-
tings or through exposure to tobacco smoke may 
tip the balance of pathogenesis in less virulent 
OM pathogens in their favor, especially in chil-
dren with a unique host predisposition.

AOM typically occurs after an infection that 
results in increased congestion of the nasophar-
ynx and eustachian tube. When increased secre-
tions are present, the eustachian tube becomes ob-
structed and creates persistent negative pressures 
within the middle ear. Over time, the alteration in 
pressure can result in reflux of nasopharyngeal 
contents into the middle ear. Negative pressure 
also can cause increased vascular permeability 
and can lead to the development of an effusion. 
In AOM, the effusion contains microorganisms 
that proliferate in the middle ear and lead to clas-
sic acute symptomatology.

Eustachian Tube Anatomy

Studies of patients born with craniofacial abnor-
malities provide evidence to the role of Eusta-
chian Tube (ET) maturation in the pathogenesis 
of OM. Histologic studies of ET tissue from chil-
dren born with cleft lip or palate show evidence 
of immaturity of the cartilaginous tissue of the 
tube, which may explain the higher propensity 
toward infection in those children. Similarly, 
imaging studies demonstrate a more horizontal 
orientation of the tube, allowing for more direct 
entry of bacteria into the middle ear.

Microbiology

The three most common cultured bacteria re-
sponsible for infection are Streptococcus pneu-
moniae, Haemophilus influenzae, and Moraxella 
catarrhalis. Historically, the role of S. pneumoni-
ae is well established; it was first described as 
the cause of OM in 1888. These bacteria are not 
routine colonizers in the external auditory canal 
(EAC) but are frequently found in the nasophar-
ynx, which further supports the mechanism of in-
fection [5]. The majority of infections are caused 
by S. pneumoniae or H. influenzae, and there is 
regional variation in the most common pathogen. 
Clinical evidence indicates that S. pneumoniae is 
a more virulent pathogen in the middle ear and 
is more often recovered from recurrent cases of 
AOM or after treatment failures. Some studies 
have found that S. pneumoniae infection can lead 
to a higher fever and more toxic appearance of 
the patient [6]. However, there are no known oto-
scopic differences between those pathogens.

H. influenzae is frequently isolated from the 
nasopharynx. Faden et al. found that nearly half 
of studied children carried the bacteria [7]. Prior 
to the availability of the H. influenzae type b vac-
cine series, approximately 10 % of cases were 
due to typable Haemophilus b strains. Currently, 
non-typable H. influenzae (NTHi) is the most 
common pathogen isolated in AOM cases. Mo-
raxella species are also common colonizers of 
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the nasopharynx in children and infants. Interest-
ingly, cases of OM in which M. catarrhalis was 
isolated were rare until the 1980s.

Group A Streptococci, Staphylococcus aureus, 
and gram-negative bacilli are responsible for the 
minority of infections. Isolation of S. aureus or 
Pseudomonas aeruginosa in particular may indi-
cate an underlying systemic disease such as HIV 
or diabetes. Group A species, more often found 
in cases of pharyngitis, may cause OM through 
direct alteration of the eustachian tube function. 
However, it is currently not a significant patho-
gen.

Bacterial Resistance Patterns

Children < 2 years of age in regular contact with 
large groups of other children, especially in day-
care settings, or who recently have received an-
timicrobial treatment are at largest risk for har-
boring resistant bacteria in the nasopharynx and 
middle-ear space. Many strains of each of the 
abovementioned pathogenic bacteria that com-
monly cause AOM are resistant to commonly 
used antimicrobial drugs.

Although antimicrobial resistance rates vary 
across the globe, in the USA approximately 
40 % of strains of NTHi and a great majority of 
M. catarrhalis strains are resistant to aminope-
nicillins (e.g., ampicillin and amoxicillin). For 
these organisms, the resistance is attributable to 
production of β-lactamase against the penicillin 
molecule, which may be overcome by combining 
amoxicillin with a β-lactamase inhibitor (clavula-
nate) or by using a β-lactamase-stable antibiotic. 
It is worth noting that bacterial resistance rates 
in northern European countries where antibi-
otic usage is less are comparatively exceedingly 
lower (β -lactamase resistance in 6–10 % of iso-
lates) than in the US.

In the USA, approximately 50 % of strains of 
S. pneumoniae are penicillin-nonsusceptible, di-
vided approximately equally between penicillin-
intermediate and, even more difficult to treat, 
penicillin-resistant strains. As opposed to NTHi 
and M. catarrhalis, resistance by S. pneumoniae 
to the penicillins and other β-lactam antibiotics 

is mediated not by β-lactamase production, but 
almost exclusively due to alterations in penicil-
lin-binding proteins, which are overcome not by 
adding β-lactamase inhibitors, but by increasing 
the dosage of the penicillin-based antibiotic and 
increasing the local concentration of the drug in 
the middle-ear space. In general, as penicillin re-
sistance increases, so also does resistance to other 
antimicrobial classes. Resistance to macrolides, 
including azithromycin and clarithromycin, by S. 
pneumoniae has increased rapidly, rendering the-
ses antimicrobials minimally effective in AOM.

Diagnosis

Accurate diagnosis of OM presents a diagnostic 
challenge, yet, appropriate use of diagnostic cri-
teria is essential to prevent complications, while 
minimizing overuse of antibiotics. As opposed 
to the 2004 guidelines from the American Acad-
emy of Pediatrics and the American Academy of 
Family Practice, the 2013 guidelines now include 
diagnostic accuracy as an essential component of 
treatment approaches [8]. Typically, otoscopy may 
reveal loss of bony landmarks, bulging eardrum or 
poor mobility of the tympanic membrane (TM).

Current literature indicates that pneumatic 
otoscopy is the most accurate method of diag-
nosis when used by an experienced clinician. 
However, routine use in clinical practice is vari-
able, and the accuracy of the diagnosis may be 
dependent on the comfort of the examiner [9]. It 
is important to note that the sensitivity and speci-
ficity of this technique applies only to pneumatic 
otoscopy, not otoscopy alone. Commonly used 
diagnostic criteria such as erythema of the TM 
may be nonspecific signs of fever or crying.

Tympanometry

Tympanometry is a complementary exam to 
otoscopy that aims to determine the resistance 
(impedance) of the middle-ear system. A sound 
probe is inserted into the ear canal, and sound 
pressure (at 226 Hz typically) is presented into 
the ear canal while altering air pressure of the 
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external ear canal from + 200 to − 400 decapascal 
(daPa). Under normal conditions, there will be a 
peak that is elicited, with the ear drum “moving” 
upon the change in pressure. The volume of the 
ear canal can be directly inferred and automati-
cally recorded from the measured compliance of 
the middle-ear system. Tympanograms may be 
grouped into 1 of 3 categories. Tracings charac-
terized by a relatively steep gradient, sharp-an-
gled peak, and middle-ear air pressure (location 
of the peak in terms of air pressure) that approxi-
mates atmospheric pressure (type A curve) are 
assumed to indicate normal middle-ear status. 
Tracings characterized by a shallow peak or no 
peak and by negative or indeterminate middle-
ear air pressure are often termed “flat” or type 
B and are usually assumed to indicate the pres-
ence of a middle-ear abnormality that is causing 
decreased TM compliance. The most common 
such abnormality, by far, in infants and children 
is MEE. Tracings characterized by intermediate 
findings—somewhat shallow peak, often in as-
sociation with a gradual gradient (obtuse-angled 
peak) or negative middle-ear air pressure peak 
(often termed type ‘C’) or combinations of these 
features—may or may not be associated with 
MEE and must be considered nondiagnostic or 
equivocal. In general, the shallower the peak, the 
more gradual the gradient, and the more negative 
the middle-ear air pressure, the greater the likeli-
hood of MEE.

When reading a tympanogram, it is important 
to look at the volume measurement. The type 
B tympanometric response has to be analyzed 
within the context of the recorded volume. A flat, 
‘low’ volume (1 mL or less) tracing typically 
reflects the volume of the ear canal only, repre-
senting MEE, which impedes the movement of 
an intact ear drum. A flat, high volume (> 1 cc) 
tracing typically reflects the volume of the ear 
canal and middle-ear space, representing a perfo-
ration (or patent pressure equalization tube) in the 
tympanic membrane. A patient with a tympanic 
membrane perforation or patent tympanostomy 
tube will have a flat type B tympanogram and a 
“high volume.” The tympanometer measures and 
records the volume of the external auditory canal, 
and if a tympanic membrane perforation or a pat-

ent tympanostomy tube is present, the volume 
of the middle ear and mastoid air cells as well. 
A volume reading > 1.0 mL should suggest the 
presence of either a perforation or a patent tym-
panostomy tube. Therefore, in a child with a tym-
panostomy tube present, a flat tympanogram with 
a volume < 1.0 mL would suggest a plugged or 
nonfunctioning tube and middle-ear fluid, while a 
flat tympanogram with a volume > 1.0 mL would 
suggest a patent tympanostomy tube.

Tympanocentesis

Tympanocentesis confirms the presence of an 
effusion. Aspiration of fluid provides a sample 
for culture so that targeted therapy may be used. 
Still, tympanocentesis is not performed for rou-
tine AOM as empiric treatment or observation 
often result in improvement of symptoms. The 
procedure is indicated for treatment failure after 
two complete courses of empiric antibiotics, sep-
sis evaluation, mastoiditis, or for patients with 
immune deficiency. It is also performed in the 
research setting. Culture data from tympanocen-
tesis provided valuable information on the micro-
biology of middle-ear infection. In reality, pain 
and discomfort associated with the condition 
limit the use of this in routine clinical practice 
as well.

Acoustic Reflexometry

This method measures changes in the TM that 
can be correlated with measurement of middle-
ear pressure and is useful in diagnosing effusion. 
The advantage of this technique is that a tight 
seal is not necessary for proper use. However, 
this method is currently used in research and is 
not available in routine clinical use.

Treatment

While the diagnosis of AOM can be complicated, 
the judicious use of antibiotics in this illness is 
difficult. Providers must weigh carefully the goal 
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of improved symptoms and prevention of poten-
tial complications against overprescribing antibi-
otics. In strains of S. pneumoniae, a number of 
resistant strains are colonizers in the nasophar-
ynx that circulate in the community. Additional-
ly, development of novel resistant strains is quite 
rapid [10].

Conservative Management and 
Observation

In efforts to reduce overuse of antibiotics and 
minimize unnecessary side effects, the role of 
careful observation is appealing. By 24 h after 
diagnosis, 61 % of children who have AOM have 
decreased symptoms, whether they receive pla-
cebo or antibiotics, and by 1 week, approximate-
ly 75 % have resolution of their symptoms [11], 
it is worthy to mention that younger children or 
those who demonstrate severe otalgia, bilateral 
infection, high or persistent fever should not be 
managed with observation, but should be treated 
with antibiotics [8]. The most accurate treatment 
paradigm for antibiotic therapy will be discussed 
in more detail in a separate chapter, but in gen-
eral high-dose Amoxicillin (90 mg/kg) remains 
the first-line option for a majority of cases. Oral 
cephalosporins such as cefdinir and cefuroxime 
are effective options for children with sensitiv-
ity to Amoxicillin. Amoxicillin-clavulanate also 
in high dose is recommended for treatment fail-
ures (no improvement in 72 h). Intramuscular 
ceftriaxone can also be given either only once or 
with a repeat injection 72 h later. Patients who 
have severe type I allergy to penicillin (PCN) 
antibiotics should receive a combination of 
clindamycin (30–40 mg/kg per day in three di-
vided doses) to cover S. pneumoniae and sulfi-
soxazole for non-typable H. influenzae. Those 
patients who have non-type I penicillin allergies 
should be prescribed oral cephalosporins such as 
cefdinir (14 mg/kg per day divided twice a day 
or daily, with twice-daily therapy approved for 
5–10 days), cefuroxime (30 mg/kg per day in two 
divided doses), cefpodoxime (10 mg/kg per day 
once daily), or intramuscular ceftriaxone (50 mg/
kg for 1–3 days). Overall, longer therapy duration 

is shown to be more effective at treating acute in-
fection, but does not show long-term benefit in 
preventing relapse [12]. Tympanocentesis should 
also be strongly considered for immunocompro-
mised patients, neonates younger than 2 weeks 
of age, and patients who have AOM that has been 
refractory to treatment or if AOM is present in 
infants within the first 2 months of birth to iden-
tify the causative organisms and target antibiotic 
therapy more accurately.

There is no role for the usage of antibiotics 
in the long-term clearance of chronic middle-ear 
fluid, and as such they are not indicated in pa-
tients with chronic OME.

Surgical Treatment

Myringotomy and Insertion of 
Tympanostomy Tubes
When AOM is recurrent, despite appropriate 
medical therapy, consideration of surgical man-
agement of AOM with tympanostomy tube in-
sertion is warranted, especially when there is 
persistent effusion at the time of otolaryngologic 
evaluation. This procedure has been shown to be 
highly effective in reducing the rate of AOM in 
patients with recurrent OM and to significantly 
improve the quality of life in patients with re-
current AOM. Individual patient factors includ-
ing risk-profile, severity of AOM episodes, the 
child’s development and age, the presence of a 
history of adverse drug reactions, concurrent 
medical problems, and the parental wishes influ-
ence decision making in this regard. Importantly, 
if there is no MEE present at the time of otolar-
yngologic evaluation, the latest set of guidelines 
state that surgical tympanostomy tube placement 
is not indicated.

Post-myringotomy Tube Otorrhea
Although tympanostomy tubes generally greatly 
reduce the incidence of AOM in most children, 
patients with tympanostomy tubes may still de-
velop AOM. A clear advantage of tympanos-
tomy tubes in children with recurrent AOM is 
that if they do develop an episode of AOM with 
a functioning tube in place, these patients will 
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manifest purulent drainage from the tube. By 
definition, children with functioning tympanos-
tomy tubes without otorrhea do not have AOM 
as a cause for a presentation of fever or behav-
ioral changes. If tympanostomy tube otorrhea 
develops, ototopical treatment should be con-
sidered as first-line therapy. With a functioning 
tube in place, the infection is able to drain, and 
the possibility of developing a serious complica-
tion from an episode of AOM is negligible. The 
current quinolone otic drops approved by the 
US Food and Drug Administration for use in the 
middle-ear space in children are formulated with 
ciprofloxacin/dexamethasone (Ciprodex) and 
ofloxacin (Floxin). The topical delivery of these 
otic drops allows them to utilize a higher concen-
tration than would be tolerated orally and have 
excellent coverage of even the most resistant 
strains of common middle-ear pathogens. Suc-
tioning and removal of the secretions, often done 
through referral to an otolaryngologist, may be 
quite helpful. When children with tube otorrhea 
fail to improve satisfactorily with conventional 
outpatient management, they may require tube 
removal or hospitalization to receive parenteral 
antibiotic treatment, or both.

Surgical Treatment for Chronic OME

A full audiological evaluation should be per-
formed for patients with effusions present for > 3 
months, as most cases of OME resolve without 
treatment within 3 months after an AOM spell. 
However, when MEE is present in a patient 
sporadically, without a clear history of AOM or 
upper respiratory tract infection, it may be less 
likely to clear over time [13]. When MEE per-
sists longer than 3 months, consideration of sur-
gical management with tympanostomy tubes is 
appropriate. In considering the decision to refer 
the patient for consultation, the clinician should 
attempt to determine the impact of the OME on 
the child. Although hearing loss may be of pri-
mary concern, OME causes a number of other 
difficulties in children that should also be consid-

ered. These include predisposition to recurring 
AOM, pain, disturbance of balance, and tinnitus. 
In addition, long-term sequelae that have been 
demonstrated to be associated with OME include 
pathologic middle-ear changes, atelectasis of the 
tympanic membrane and retraction pocket for-
mation, adhesive OM, cholesteatoma formation 
and ossicular discontinuity, and conductive and 
sensorineural hearing loss. Long-term adverse 
effects on speech, language, cognitive and psy-
chosocial development have also been demon-
strated, although some studies have demonstrat-
ed that the long-term adverse impact of OME on 
development may be small in otherwise healthy 
children. In considering the impact of OME on 
development, it is especially important to take 
into consideration the overall presentation of the 
child. Although it is unlikely that OME caus-
ing unilateral hearing loss in the mild range will 
have long-term negative effects on an otherwise 
healthy and developmentally normal child, even 
a mild hearing loss in a child with other develop-
mental or speech delays certainly has the poten-
tial to compound this child’s difficulties.

This book aims to elaborate on much of what 
has been mentioned above in this introductory 
chapter, while also clarifying areas of contro-
versy in OM. Two comprehensive reviews on 
basic science concepts, role of innate immunity 
and mucins, inflammatory regulation, and state-
of-the-art translational research is also included. 
Experts on vaccine development for OM preven-
tion also review the latest efforts in this regard. A 
thorough review of OM complications and of the 
treatment and management of CSOM will also 
be included in the second part of the book. Fi-
nally, best management paradigms for a unique 
subset of patients with OM, those with cochlear 
implants, will be included.
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Introduction

Otitis media (OM) is the most frequent reason for 
which children see a doctor and can be defined as 
a continuum of conditions that includes acute OM 
(AOM), OM with residual or persistent effusion, 
unresponsive OM, recurrent OM (ROM), OM 
with complications, and chronic OM. The patho-
genic mechanisms of OM involve interactions 
among host characteristics, virulence factors of 
viral and bacterial pathogens, and environmental 
factors. A statistical report from the US Agency 
for Healthcare Research and Quality [1] examined 
childhood ear infections using the Medical Expen-
diture Panel Survey 2006 Full Year Consolidated 
File and showed that the expenditures for outpa-
tient treatment and prescriptions totaled $ 2.8 bil-
lion in 2006. Annual hospital discharge rates for 
OM declined by 73 % as determined from the Na-
tional Hospital Discharge Survey (NHDS) [2, 3].

The literature has continued to expand, in-
creasing understanding of the worldwide burden 
of OM in childhood. Population-based studies 
confirmed reductions in OM prevalence. Al-
though most studies concentrated on AOM or 

OM with effusion (OME), a few examined severe 
chronic suppurative OM (CSOM), a major public 
health problem in developing countries and for 
certain indigenous populations around the world.

For most children, progression to tympanic 
membrane perforation and CSOM is unusual (low-
risk populations). Yet in some communities, more 
than 4 % of the children are affected by chronic 
tympanic membrane perforation with chronic 
drainage (high-risk populations). In developing 
countries, where children have limited access to 
medical care, suppurative complications of OM 
are frequent with a high risk of permanent hear-
ing loss. In developed countries, the most common 
morbidity of OM is conductive hearing loss due to 
middle ear effusion. Infants with severe and ROM 
and persistent middle ear effusion are at risk for 
problems in behavior and development of speech, 
language, and cognitive abilities.

Selection and spread of multidrug resistant 
bacterial pathogens arising from extensive use 
of antimicrobial agents for OM is a problem for 
management of all diseases due to the pathogens. 
The careful use of strict diagnostic criteria cou-
pled with judicious use of antibiotic therapy will 
direct antibiotic treatment to only those patients 
likely to benefit from it. Parent stress is frequent. 
Evidence from a large number of randomized 
controlled trials can help when discussing treat-
ment options with families. Referral to an otolar-
yngologist should be considered if medical thera-
py for recurrent AOM or chronic OME (COME) 
has failed or been poorly tolerated, and if chronic 
disease or complications are present.
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Global Health Disparities

OM diagnoses in children and adolescents in the 
USA declined by 28 % between 1997 and 2007, 
from 345 to 247 per 1000 children younger than 
18 years [4]. The youngest children (younger 
than 3 years) had the highest rates of OM diag-
noses, and OM diagnosis rates declined by 38 % 
from 1160 per 1000 children in 1997 to 840 in 
2006 and 724 in 2007 [4]. From 1994 to 2009, the 
percentage of 2- to 3-year-old Canadian children 
with frequent OM (≥ 4 OM episodes) decreased 
from 26 % in 1994–1995 to 12.6 % in 2008–2009, 
a highly significant reduction ( p < 0.001). The 
percentage of 2- to 3-year-old children with at 
least one ear infection also declined significantly 
over this time period from 67 % in 1994–1995 to 
50 % in 2008–2009 ( p < 0.001) [5].

The introduction of pneumococcal conjugate 
vaccines and the guidelines encouraging primary 
care providers to use more stringent criteria in di-
agnosing AOM are probably important factors in 
the decline in OM incidence and prevalence. The 
declining rates of OM have been also associated 
with the increase in smoke-free homes.

In contrast to the youngest children (younger 
than 3 years), OM diagnosis rates among chil-
dren in the USA aged 3–5 years and 6–17 years 
increased (275–316 and 70–107, respectively) 
between 2006 and 2007. Males and non-Hispan-
ic (NH) whites had higher reported OM-related 
physician visit rates in all age groups [6].

All children born in Southwest British Colum-
bia, Canada, in 1999–2000 were followed until 
age 3 years. In this cohort of over 50,000 births, 
49 % had one or more OM diagnoses during the 
3-year period of follow-up, whereas 8 % had 
ROM, defined as four or more physician visits 
over 12 months or three or more visits during a 
6-month period [7].

A prospective birth cohort study in Quebec, 
Canada, conducted home interviews with moth-
ers of children from age 5 months annually until 
8 years of age to determine the frequency of 
OM and other infections. In this cohort of 1238 
families, children attending large group childcare 
centers had an increased OM incidence com-
pared with those in home care before the age of 

2.5 years (incidence rate ratio (IRR) = 1.62; 95 % 
confidence interval (CI), 1.19–2.20) [8].

In 2006, the incidence rate for AOM in a 
study of Taiwan’s pediatric population of chil-
dren younger than 12 years of age was 65 cases 
per 1000 children [9]. The incidence density 
rate (IDR) per 100 child-years for ROM during 
a 1-year period following the baseline AOM at-
tack was highest among children from birth to 2 
years of age, with an IDR of 41.2 cases per 100 
person-years, as compared with an IDR of 38.8 
for 3- to 5-year-olds and an IDR of 26.7 for 6- to 
12-year-olds. Boys had slightly higher IDRs than 
girls (34.4 vs. 32.5). The highest recurrence rates 
were from birth to age 2 years (40.6 %) as com-
pared with 3- to 5-year-olds (37.7 %) and males 
(34.0 %).

A cohort of all school-aged (5–14 years) Si-
cilian children in the primary school district of 
Sciacca, from September 2006 to June 2007, 
showed that the prevalence of OME was 6.8 % 
for children overall and decreased with age from 
12.9 % in 5- to 6-year-old children to 3 % among 
those 13–14 years old [10]. Multivariate analy-
ses, stratified by atopy status, revealed two sig-
nificant risk factors for the joint effect of atopy 
and OME: age (odds ratio (OR) = 2.10; CI, 1.70–
2.57) and history of upper respiratory tract infec-
tion (URI; OR = 2.71; CI, 1.81–3.98).

The parents of an unselected population of 
332 children at school entry (about age 5 years) 
in the East Berkshire district of the UK were sent 
postal questionnaires inquiring about various 
symptoms of OME, rhinitis, asthma, other atopic 
features, treatment for any of these problems, and 
possible family history of atopy [11]. About 33 % 
had some otologic symptoms, and 6 % had a high 
likelihood of OME. No significant correlations 
were found between scores of OME, eczema, 
urticaria, and food or drug allergies. Otologic 
and nasal symptoms for OME and rhinitis were 
highly correlated.

The prevalence of COME was 8.7 % in a 
cohort of 1740 Turkish children aged 5–12 
years. Chronic was defined as lasting 12 weeks 
(3 months) or longer [12]. Several risk factors 
were found to be significantly associated with 
COME in univariate analyses: center daycare, 
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frequent AOM and/or URI in the past year, his-
tory of allergies, number of siblings, low level of 
parent’s education, and maternal smoking.

The Menzies School of Health Research 
has been conducting ear health research in the 
Northern Territory of Australia since the 1980s 
[13–15]. The largest OM surveys involved chil-
dren aged between 6 and 30 months and took 
place in 2001 and 2003. In this 6- to 30-month 
age group was found that only 10 % had aerated 
middle ears, and 15 % had chronic secretory OM. 
Around 20 % had a perforated tympanic mem-
brane, and another 20 % had AOM without per-
foration. Interestingly, most of these children had 
asymptomatic bulging eardrums.

Indigenous children in the USA, Canada, 
Northern Europe, Australia, and New Zealand 
experience more OM than other children. In 
some places, indigenous children continue to 
suffer from the most severe forms of the disease. 
Higher rates of invasive pneumococcal disease, 
pneumonia, and chronic suppurative lung disease 
(including bronchiectasis) are also seen.

Conclusion

The impact of AOM on child health far exceeds 
the discomfort and suffering associated with in-
dividual episodes of disease. AOM is among the 
largest drivers of antibiotic use in children, pro-
viding support for the need of prevention of dis-
ease as an important strategy for reducing antibi-
otic prescribing and subsequently the emergence 
of resistance.

Recurrent AOM is common, with as many 
as 20–30 % of children suffering three or more 
episodes before their second birthday, with the 
potential for persistent middle ear effusion and 
conductive hearing loss and subsequent delay or 
impairment in speech and language development.

CSOM also appears to have its origins in 
early-onset ROM. Although now uncommon in 
developed countries, CSOM remains an import 
cause of acquired hearing loss globally, including 
countries such as India, Australia, and Greenland 
[16–20].

Finally, AOM, its treatment, and its complica-
tions impose significant economic costs on so-
ciety.

Epidemiologic research continues to expand 
with more sophisticated research designs being 
implemented in diverse communities.
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Otitis media (OM) remains one of the leading 
causes for pediatrician visits and antibiotic ther-
apy in children [1]. A majority of children will 
suffer from at least one episode of acute otitis 
media (AOM) before 24 months of age [2, 3]. 
Complications and sequelae of OM can have 
disastrous consequences for children including 
progression to mastoiditis, labyrinthitis, cho-
lesteatoma, hearing loss, speech delay [4], and 
learning disabilities. Given the prevalence of 
OM and the risk of devastating complications 
and sequelae, understanding its pathogenesis is 
an important public health matter.

Predisposition to the development of OM re-
sults from a complex interaction between patient 
and environmental factors. Well-established en-
vironmental factors that increase the risk of OM 
in children include daycare attendance, tobacco 
exposure, pacifier use, and number of siblings 

[2, 5]. Important patient-specific factors include 
male gender [2], allergy [6], and the presence of 
craniofacial malformations [7]. Additionally, a 
family history of OM is closely associated with 
the development of both recurrent acute otitis 
media (RAOM) and chronic otitis media with ef-
fusion (COME) suggesting a strong genetic com-
ponent to the disease process [8].

Twin Studies

Heritability is defined as the proportion of total 
variance within a population that is attributable 
to variation in genotype [9]. Traditionally, twin 
studies have been used as a tool to measure the 
heritability of a trait within populations. Compar-
ison of the concordance of a trait among mono-
zygotic twins, who share identical genomes, to 
the concordance in dizygotic twins, sharing 50 % 
of their genome, can provide insight into the 
amount of variation accounted for by genetic fac-
tors alone. Several twin studies have been con-
ducted to investigate heritability in OM.

In a study conducted in Pittsburgh, PA, a total 
of 168 same-sex twin and 7 triplet sets were stud-
ied prospectively to determine the proportion of 
time with middle-ear effusion (MEE), episodes 
of MEE, and episodes of AOM. At the 2-year 
endpoint, the heritability for time with MEE was 
73 % ( p < 0.001). The study reported discordance 
of 0.04 for three or more episodes of MEE in 
monozygotic twins compared with 0.37 for di-
zygotic twins ( p = 0.01); and discordance of an 
episode of AOM of 0.04 in monozygotic twins 
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compared to 0.49 in dizygotic twins ( p = 0.005). 
The authors concluded that there was a strong ge-
netic component to COME and AOM in the study 
population [10]. In a 5-year follow-up report of 
83 twin sets, heritability was reported at 72 % 
( p < 0.001) [11]. Strengths of this study included 
its prospective nature, frequent otologic exami-
nations by validated observers blinded to the pa-
tients’ zygosity, and a very low drop-out rate.

The Twin Early Development Study examined 
all twins born in 1994 in England and Wales. This 
study estimated heritability of OM based on pa-
rental questionnaires for 715 sets of monozygotic 
twins and 658 sets of dizygotic twins. Estimated 
heritabilities at ages 2, 3, and 4 years were re-
ported as 0.49, 0.66, and 0.71, respectively [12].

Linkage Analysis Studies

Encouraged by the twin studies that demonstrat-
ed a genetic component to OM, researchers have 
conducted several genome-wide linkage analysis 
studies in an effort to identify OM genetic loci 
that are associated with a predisposition to the 
development of OM. Linkage analysis takes ad-
vantage of the tendency of genetic sequences lo-
cated in close proximity to each other on the same 
chromosome to cosegregate within a family. Ge-
netic sequences known as markers have a known 
position in the genome, much like a mile marker 
on a highway. In linkage analysis, inheritance of 
the disease phenotype and various markers are 
compared. Markers that are close to the disease 
gene will tend to be inherited with the disease 
gene when compared to markers that are farther 
away from the disease gene. The likelihood for 
two genetic sequences to be linked is described 
by the logarithm of odds (LOD) score with a 
higher LOD indicating stronger linkage results. 
An LOD score of 3 is approximately equivalent 
to a p value of 0.0001 [13]. A major advantage 
of the genome-wide approach is that no a priori 
assumption needs to be made regarding the role 
of a specific gene (contrast with the candidate 
gene approach, see below). The genome-wide 
approach also provides for the discovery of novel 
genes. A downside of the genome-wide approach 

is the expense (although costs are rapidly drop-
ping).

While there are a variety of markers used 
in genome studies, two will be discussed here, 
microsatellites and single-nucleotide polymor-
phisms. Microsatellites are short, repeating se-
quences of DNA occurring throughout the ge-
nome, although they tend to occur in noncoding 
DNA. A common microsatellite is known as a 
CA repeat and occurs every few thousand base 
pairs. An example would be CACACACA (i.e., 
four CA repeats). CA repeats can be represented 
as (CA)n, where n is variable between alleles and 
may range from 2 to 100.

Microsatellites can be identified through am-
plification of their flanking sequences using the 
polymerase chain reaction (PCR). The variability 
of the flanking sequences allows the develop-
ment of locus-specific primers. Another type of 
genome marker is known as a single-nucleotide 
polymorphism (SNP, pronounced “snip”). A SNP 
is a single DNA sequence variation, most com-
monly in the noncoding or “intron” sequences 
of DNA. SNPs generally are not associated with 
changes in phenotype.

A 2004 study conducted in Minnesota recruit-
ed families with children who had undergone 
tympanostomy tube placement for COME and/
or recurrent otitis media (RAOM). A total of 591 
individuals from 133 families were included in 
the analysis of 404 microsatellite markers. This 
group reported a statistically significant linkage 
of COME and/or ROM to chromosome 10q26.3 
(LOD = 3.78, p = 3.0 × 10(−5)) and 19q13.42-
q13.43 (LOD 2.61, p = 5.3 × 10(−4)) [14]. A fol-
low-up study reported in 2011 focused on further 
localizing the linkage signal previously identi-
fied on chromosome 19 [15]. Fine mapping was 
performed on a 5-Mb region of chromosome 19 
and subsequently analyzed for marker-to-marker 
disequilibrium. This study confirmed the previ-
ously described linkage on chromosome 19 with 
a maximum LOD score of 3.75 ( p = 1.6 × 10(−5)).

A second genome-wide linkage scan reported 
in 2009 was performed on a cohort from Pitts-
burgh, PA. This study included 1506 individu-
als from 429 families. In the Caucasian cohort, 
a linkage peak at 17q12 was identified with an 
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LOD of 2.85. In the combined cohort of Cau-
casian and African-American families a peak at 
10q22.3 was identified as the most significant 
( p = 2.6 × 10(−4)) [16]. Interestingly, this study 
did not demonstrate linkage in the regions identi-
fied within the Minnesota cohort at 10q23.3 and 
19q13.43.

A genome-wide association study published 
in 2012 analyzed more than two million SNPs 
for association with OM in 416 cases and 1075 
controls from the Western Australian Pregnancy 
Cohort Study. This study identified CAPN14 on 
chromosome 2p23.1 as the most highly associ-
ated with the development of OM in their popu-
lation (OR1.90). The authors also noted an inde-
pendent effect of an adjacent gene, GALNT12 
(OR-1.60). Overall, this study reported 32 ge-
nomic regions that showed association with OM 
in their study population and noted that many of 
the top candidate genes were associated with the 
TGF-β pathway [17].

Candidate Gene Approach

In an effort to obviate the expense and effort of 
an entire genome evaluation, the candidate gene 
approach attempts to identify an association be-
tween the phenotype of interest and preselected 
genes. Generally, these genes are selected based 
upon a putative role in the disease in question, 
using current knowledge of the gene’s physi-
ological, biochemical or function, for example, 
selecting genes associated with the immune re-
sponse when examining susceptibility to an in-
fectious disease. While candidate gene studies 
are relatively inexpensive and straightforward to 
perform, there are several downsides to this ap-
proach: The a priori selection of candidate genes 
may not be correct, and novel genes will not be 
discovered. Candidate genes that have been con-
sidered to potentially play a role in OM suscep-
tibility included toll-like receptors (TLRs), the 
TGF-β signaling pathway, surfactants, and mu-
cins.

TLRs are known to play an important role in 
the activation of the innate immune system; thus, 
it is reasonable to assume that TLRs are good 

candidate genes for OM susceptibility. SNPs in 
TLR genes have been linked to an increased sus-
ceptibility to infections and TLR4-deficient mice 
have a high incidence of chronic otitis media 
(COM) [18].

A 2012 report by Carroll et al. compared blood 
samples from children with COME and RAOM 
( n = 70) with those undergoing surgery for non-
otologic indications ( n = 70). Reverse transcrip-
tion polymerase chain reaction (RT-PCR) ge-
notyping was performed on the blood samples 
for TLR2, TLR4, TLR9, and CD14. This study 
found no significant difference between the two 
groups in prevalence of SNPs within these genes 
[19].

A 2014 case-control study by MacArthur et al. 
[20]. attempted to identify candidate gene poly-
morphisms associated with COME. This study 
analyzed 170 tag-SNPs in a total of 100 case and 
79 control salivary samples for association with 
COME. The tested genes and associated SNPs 
were chosen by literature review. The authors 
identified eight SNPs from four genes with a p 
value < 0.05 for association with COME. Five 
of the identified polymorphisms occurred in 
the TLR4 gene. The remaining polymorphisms 
occurred in the Muc5B (mucin production), 
SMAD2 and SMAD4 genes (TGF-β signaling 
pathway). Although this was a relatively small 
study, the authors concluded that mutations in the 
TLR4 gene might portend susceptibility to the 
development of COME [20].

The TGF-β signaling pathway has also been 
implicated in playing an important role in the 
development of OM. Multiple studies have re-
ported association between mutations in the 
TGF-β1 pathway and OM. In a family-based 
analysis of an Australian study group, a signifi-
cant association was found between severe OM 
and the genes FBXO11, SMAD2, and SMAD4, 
all known to be involved in the TGF-β1 pathway 
[21]. Additionally, the Minnesota COME/ROM 
Family Study also found an association between 
polymorphisms in the FBXO11 gene and the de-
velopment of COME and ROM [22].

Surfactants have long been known to play an 
important role as tension-reducing phospholipo-
protein in the lung. Surfactants are also expressed 
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in the middle ear, and more recently research 
has recognized their role in innate immunity, 
specifically opsonisation [23]. Studies to further 
investigate the role of surfactant in the develop-
ment of OM have been somewhat inconclusive. 
A study of Finnish children published in 2001 
reported that a specific haplotype (6A4–1A5) of 
surfactant A had a higher incidence in patients 
with RAOM compared to a control group [24]. 
A subsequent study investigated the same hap-
lotype in a group of children from Connecticut. 
Contrary to the Finnish study, this report found a 
protective association of the 6A4–1A5 haplotype 
with OM [25].

Mucins are glycosylated proteins that play an 
integral role in the mucociliary transport system 
that functions to maintain ventilation of the mid-
dle ear [26]. The finding that mucins are overpro-
duced in the middle ear in cases of chronic OM 
[27] led to further investigation of mucin gene 
polymorphisms in OM patients. A 2010 study 
by Ubell et al. found an association between the 
MUC5AC-b allele and the development of OM 
in their case-control study of 60 patients [28]. In 
the Minnesota family cohort there was a signifi-
cant association between SNPs in the region of 
MUC5AC/MUC5B and MUC2 and the develop-
ment of OM. However, only the MUC2 associa-
tion could be confirmed in their replication study 
[29].

Human studies have also supported the role of 
FBXO11 as a potential susceptibility gene for the 
development of OM. An Australian study group 
demonstrated an association between SNPs 
within the FBXO11 gene and the development of 
OM in their study, which included 561 individu-
als from 434 families [21]. Similarly, a univari-
ate genetic analysis performed on the Minnesota 
COME/ROM Family Study (142 families, 619 
individuals) demonstrated evidence of an asso-
ciation between rs2134056, an SNP within the 
FBXO11 gene, and the development of COME/
ROM ( p = 0.02) [22].

In addition to the abovementioned candidate 
genes, there are studies investigating the role of 
numerous other components of the immune sys-
tem and their association with OM. Various cyto-
kines, including IL6 [30], IL10 [31], and IL1 [32] 

have all been implicated in the pathogenesis of 
OM; however, many of these studies have failed 
to be replicated.

Animal Models

Animal models have played an important role in 
the investigation of many human diseases. Sev-
eral murine models for OM have been developed 
namely the Jeff, Junbo, and C3H/HeJ lines.

The Jeff (Jf) mouse carries a single-point 
mutation in the FBXO11 gene, rendering it non-
functional. This mouse line develops spontane-
ous chronic OM [33]. Mice heterozygous for the 
Jeff mutation will develop COME even if raised 
in pathogen-free conditions [34], suggesting an 
anatomic rather than immune deficiency contrib-
uting to ear disease in this line. These mice have 
craniofacial abnormalities including a shortened 
snout and a narrow, bent Eustachian tube [35].

Similarly, the Junbo (Jbo) mouse develops 
spontaneous COME in the perinatal period due to 
a loss of function in the gene Evi1 [36]. Although 
the Jbo mouse displays no craniofacial abnormal-
ities, heterozygotes develop OM even in patho-
gen-free conditions. Both FBXO11 and Evi1 
proteins are known to interact with the TGF-b 
signaling pathway [35, 37]. Although not fully 
understood, one proposed mechanism by which 
the Evi1 mutation potentially contributes to the 
development of OM is through upregulation of 
mucin transcription leading to the enhancement 
of effusive processes in the middle ear.

The C3H/HeJ mouse model has a single mu-
tation within the TLR4 gene and is associated 
with a 50 % incidence of COME by 8 months of 
age. This mouse demonstrates no craniofacial ab-
normalities, and its predisposition to OM is pro-
posed to be a result of deficient response to the li-
popolysaccharide of gram-negative bacteria [18].

Recently, a novel mouse model has been de-
veloped that has a predisposition to the devel-
opment of spontaneous MEE. This mouse has a 
specific mutation in a G protein couple receptor 
(GPCR) encoded by the Oxgr1 gene. 82 % of 
mice with an Oxgr1 knockout developed middle-
ear inflammation with hearing loss. Histologi-
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cal evaluation demonstrated inflammatory cells, 
changes in the mucosal epithelium and MEE, 
making this knockout an excellent model to ex-
amine mucin regulation in MEE [38].

Otitis Media has a clear and well-document-
ed tendency to run in families, and a significant 
body of literature exists investigating the genetic 
basis for OM. Heritability studies provide strong 
evidence for a genetic component in both COME 
and RAOM. Numerous studies have demon-
strated associations between specific genes and 
risk for the development of OM; unfortunately, 
many of these studies report conflicting findings. 
Polymorphisms of various cytokines have been 
shown to increase the risk of developing OM in 
study populations; however, most of these asso-
ciations have not been reproduced by subsequent 
studies.

The development of OM involves a complex 
interaction between a patient’s environment and 
their unique genetic makeup. Elucidating the spe-
cifics of the genes responsible for predisposition 
of OM is a challenging problem due to this com-
plexity. Genetics appear to be important to the 
development of OM on various levels including 
contributions to structural and anatomical factors 
as well as to variations in immune function.
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Host-associated Risk Factors for 
RAOM

Allergy

Although there is epidemiologic, mechanical, 
and therapeutic evidence showing that allergic 
rhinitis contributes to the pathogenesis of otitis 
media, there are still many controversies about 
its influence as a risk factor. Kraemer et al. [1], 
in a case-control study, compared the prevalence 
of atopic symptoms in 76 cases submitted to tym-
panotomy for the placement of ventilation tubes 
with 76 controls paired by age, sex, and season 
of the year on admission to have general pediat-
ric surgery performed. The cases presented with 
approximately four times more complaints of 
atopic symptoms. Through a cohort of 707 chil-
dren with recurrent acute otitis media (RAOM), 
Pukander and Karma [2] found more persistent 

middle-ear effusion (MEE) for 2 months or lon-
ger in children with atopic manifestations than in 
those that were non-allergic. Bernstein et al. [3] 
followed up 77 children who had RAOM with 
chronic MEE, and who had at least one ventila-
tion tube placement performed. There was in-
creased IgE in the MEE in 14 out of 32 children 
with allergic rhinitis, compared with 2 out of 45 
children considered to be nonallergic. In an in-
teresting German cohort study through the first 
two years of life, children diagnosed with otitis 
media during infancy were at greater risk for de-
veloping late-onset allergic eczema and asthma 
during school age, and associations were stronger 
for frequent otitis media [4].

On the other hand, there are also well-delin-
eated articles on allergic rhinitis, which have 
not been able to demonstrate association with 
RAOM [5−7]. Interestingly, contributing to this 
discordance, there are two meta-analyses of 
risk factors for RAOM with conflicting results. 
Whereas Uhary et al. [8] did not find significance 
of the association of atopy and RAOM, Zhang 
et al. [9] have shown a significant pooled odds 
ratio of 1.36 (confidence interval, CI 1.13–1.64).

Craniofacial Abnormalities

There is higher incidence of otitis media in chil-
dren with uncorrected cleft palate than in normal 
children, mainly when considering those aged up 
to 2 years [10]. When, however, the cleft is cor-
rected, RAOM is reduced [11], possibly because 
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it allows improved Eustachian tube function [12]. 
In a retrospective cohort, Boston et al. [13] dem-
onstrated that the presence of craniofacial defor-
mities increased the chance of the child requiring 
multiple interventions for ventilation tube place-
ments. Otitis media is also more prevalent in chil-
dren with craniofacial abnormalities and Down’s 
syndrome.

Gastroesophageal Reflux (GER)

Much of the evidence about the association of 
Gastroesophageal reflux (GER) and RAOM is of 
level III or IV, and comes from reports on cases 
or series of patients and from studies in animals. 
In 2001, four cases were reported of adults with 
chronic otitis media that was difficult to resolve 
and who, after diagnosis of GER, had been con-
firmed by pHmetry and endoscopy, started treat-
ment with omeprazole and had their conditions 
resolved. One of these patients restarted bilateral 
otorrhea after suspension of the drug and had the 
situation controlled again with the reintroduction 
of omeprazole [14].

After 2002, several studies were carried out. 
A randomized clinical trial in rats showed that 
infusion of hydrochloric acid/pepsin solution in 
the rhinopharynx was capable of causing dys-
function in the pressure regulation and mucocil-
liary depuration of the middle ear, contrasting 
to the effects of a saline infusion in the region 
[15]. Rosmanic et al. [16], by means of pHmetry, 
demonstrated pathologic GER in 55.6 % of chil-
dren with RAOM or chronic suppurative otitis 
media (COME), and as a result recommended 
double channel pHmetry in children who did not 
respond to conventional otitis media treatments. 
Tasker et al. [17] measured the pepsin concen-
tration in MEE samples, and showed that 83 % 
of them contained pepsin/pepsinogen at a con-
centration over 1000 times higher in relation to 
the serum concentration, concluding that gastric 
juice reflux may be the major cause of MEE in 
children. The same group of authors in a more 
sophisticated study reproduced their previous 
results and concluded that “it is almost certain 
that pepsin in MEE comes from acid content re-

flux and that there may therefore, be a role for 
anti-reflux therapy in the treatment of COME” 
[18]. This enthusiasm was not confirmed in the 
conclusions of other publications, as the study of 
Antonelli et al. [19], for example, who measured 
the total pepsinogen concentration in 26 acute 
otorrhea samples after ventilation tube placement 
and found pepsinogen in some cases, but at low 
concentrations, lower than normal serum levels. 
By other means, Pitkaranta et al. [20] also did 
not find evidence of the association of MEE and 
GER. Analyzing the presence of Helicobacter 
pylori through serological tests to detect antigens 
and through adenoids and MEE cultures, they 
found only 20 % of the serological tests positive, 
and in none of the cases was there growth of the 
germ in adenoid or middle-ear cultures.

In a recent systematic review dealing only with 
the association between otitis media and gastro-
esophageal reflux, Miura et al. [21] concluded 
that “the prevalence of GER in children with 
COME/RAOM may be higher than the overall 
prevalence for children. Presence of pepsin/pep-
sinogen in MEE could be related to physiologic 
reflux. A cause-effect relationship between pep-
sin/pepsinogen in MEE and otitis media is un-
clear. Anti-reflux therapy of otitis media cannot 
be endorsed based on the existing research.”

Adenoids

Those that defend the association between ad-
enoid tissue hyperplasia and RAOM or COME 
base it on three different types of evidence. There 
are those that prefer articles pointing out great 
correlation (approximately 70 %) between the 
rhinopharyngeal bacteria and those cultivated 
in the MEE in acute episodes [22] or those that 
point towards a larger number of colony counts 
in adenoid cultures coming from cases operated 
on for RAOM as compared with those operated 
on for obstruction [23]. The theory that adenoids 
functioning as a bacterial reservoir is more ac-
cepted currently than the theory of mechanical 
obstruction of the tube by adenoidal growth, a 
fact rarely proved in clinical practice [23]. Nota-
bly, randomized clinical trials have demonstrated 
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a positive effect of adenoidectomy on reducing 
various end points related to otitis media [24−27].

However, there are well-delineated and well-
conducted randomized clinical trials with con-
flicting results, demonstrating that adenoidectomy 
alone or associated with ventilation tube place-
ment does not play a role in the prophylaxis of 
RAOM in children younger than 2 years [28, 29] 
at least at the first ventilation tube placement [27].

A recent meta-analysis of risk factors for 
RAOM [9] analyzed the potential role of large 
adenoids as a risk factor for RAOM. The meta-
analysis examined two factors that may be linked 
to the presence of large adenoids-chronic nasal 
obstruction and snoring. Whereas results did not 
show any association of chronic nasal obstruc-
tion with RAOM, it showed that persistent snor-
ing almost doubled the frequency of RAOM (OR 
1.96; CI 1.78–2.16).

In conclusion, it would appear that original 
investigations dealing with adenoid hyperplasia 
and risk of RAOM or COME are lacking, and 
that the level of existing evidence is primarily 
based on expert opinion (level of evidence V) 
or indirect end points. The evidence comes from 
studies that assess the effect of adenoidectomy on 
events related to otitis media. It would seem that 
adenoidectomy is more efficient in the treatment 
of COME than in RAOM, and the majority of 
authors agree that adenoidectomy must be per-
formed, irrespective of the size of the adenoids 
[30], at least when the second ventilation tube 
placement is performed (level of evidence I).

Genetic Susceptibility

There is anatomic, physiologic, and epidemio-
logic evidence showing a genetic predisposition 
to RAOM. In a huge prevalence study in Green-
land, the positive parental history for RAOM was 
one of the two factors that remained a significant 
predictor of RAOM after the logistic regression 
was performed [31]. In the meta-analysis of Uhari 
et al. [8], positive history of acute otitis media 
(AOM) in any other member of the family, in-
creased the risk for AOM in a child by 2.63 times 
(CI 1.86–3.72). A marker of genetic inheritance, 

the HLA-A2 antigen, was found more frequently 
and the HLA-A3 less frequently in children with 
RAOM than in healthy children [32, 33].

The strongest evidence of a genetic suscepti-
bility to RAOM was shown in studies evolving 
twins and triplets. There are two retrospective 
studies. The first one, with 2750 Norwegian twin 
pairs, has estimated the heritability in 74 % in 
girls and 45 % in boys [34]. In the second study, 
with a sample of 1373 twin pairs, the estimated 
heritability in the ages of 2, 3, and 4 years to 
RAOM was, in the average, 0.57 [35]. In the 
prospective twins and triplets Pittsburgh study, 
where monthly monitoring of the middle ear was 
done, the estimated heritability of otitis media at 
the 2-year end point was 0.79 in girls and 0.64 in 
boys [36]. Of the original 140 pairs of twins and 
triplets with determined zigosity, 114 were fol-
lowed up to the age of 3 and the 83 pairs followed 
up to the age of 5. The correlation between twins 
for the proportion of time with MEE was sig-
nificantly higher in the monozygotic (0.65–0.77) 
than in the dizygotic (0.31–0.39) twins for each 
year until the third year. Later, it decreased, a re-
sult explained by the decrease in the incidence of 
otitis media in the older children. The estimates 
of discordance for three or more episodes of MEE 
in monozygotic and dizygotic twins followed up 
to the 5 years was 0.02 and 0.40, respectively ( p 
= 0.07). The estimated heritability of the propor-
tion of time with MEE in the first 5 years of life 
was 72 % ( p < 0.001). The correspondent estima-
tive for boys and girls separately was 0.66 and 
0.75, respectively. The results of the 5-year study 
still continue to support a strong genetic compo-
nent to otitis media [37].

Another approach to get clues to the genetic 
susceptibility to RAOM is the linkage studies 
searching for candidates genes that predisposes 
to RAOM in the whole genome. As otitis media 
is a multifactorial disease in humans, it is not 
probable that one unique gene is the cause of oti-
tis media. Linkage studies have already shown 
that there are some hotspots in the genome for 
RAOM. The first linkage study was performed 
by Daly et al. [38] that provided evidence of 
linkage of COME and RAOM to 10q26.3 and 
to 19q13.43. Another study was conducted at 
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Pittsburgh on a population of full siblings, two 
or more, who had a history of tympanostomy 
tube insertion due to a significant history of oti-
tis media, their parent(s) and other full sibling(s) 
with no history of tympanostomy tube insertion. 
The study did not provide evidence for linkage in 
the previously reported regions. Most significant 
linkage peak was on chromosome 17q12, that in-
clude AP2B1, CCL5, and a cluster of other CCl 
genes, and in 10q22.3, STFPA2 [39].

The genetic predisposition to otitis media is 
only starting to be discovered. Potential thera-
peutic targets are the genes regulating mucin ex-
pression, mucus production, and host response to 
bacteria in the middle ear (Li et al. 2013). The 
identification of the susceptibility genes to otitis 
media could improve the knowledge of the oti-
tis media physiopathology and provide develop-
ment of molecular diagnostic methods that could 
be used to establish the risk for otitis media of a 
specific child and perhaps modify the follow-up 
and the treatment according to this established 
risk.

Environmental Risk Factors for RAOM

Upper Respiratory Tract Infections 
(URTI)

Both epidemiologic evidence and clinical expe-
rience strongly suggest that otitis media is fre-
quently a complication of URTI. The incidence 
of COME is greater during autumn and winter 
months, and less in summer in both hemispheres 
[40, 41], parallel to the incidence of AOM [42, 
43], and URTI [40, 41]. URTI increases the in-
cidence of AOM. In a meta-analysis by Zhang 
et al. [9], pooled analyses showed that URTI in-
crease the risk of otitis media almost sevenfold 
(OR 6.59; 95 % CI 3.13–13.89). Revai et al. [44] 
evaluated 623 URTI episodes in 112 children 
(6–35 months of age) and found an AOM asso-
ciated incidence of 30 %. In another prospective 
cohort [4] of 294 healthy children (6 month to 3 
years of age), the overall incidence of OM com-
plicating URTI was 61 %, including 37 % AOM 
and 24 % COME. Having had recurrent URTI in 

the past 12 months was one of the variables in 
the multivariable model that increased the risk 
of RAOM in a 2010 study [45]. This evidence 
supports the assumption that URTI plays an im-
portant role in the etiology of otitis media (level 
of evidence II), and prevention of viruses may 
decrease the incidence of RAOM.

Studies that have tried to isolate MEE virus 
in children have indeed demonstrated both viral 
antigens and even live viruses in MEE [46−48]. 
Among the various mechanisms by which URTI 
may predispose patients to RAOM and COME, 
are inflammation and harm to the mucocilliary 
movement of the epithelium that lines the audi-
tory tube, which has been demonstrated both ex-
perimentally [49] and clinically [50]. Viral URTI 
promotes the replication of the bacterial infection 
and increases inflammation in the nasopharynx 
and ET.

Day-care Center Attendance

Day-care center attendance has been considered 
a major risk factor for developing RAOM for a 
long time. Alho et al. [51] examined question-
naires that were sent to 2512 randomly selected 
Finnish children’s parents and also reviewed 
their clinical record cards and found an estimated 
relative risk of 2.06 (95 % CI 1.81–2.34) for de-
velopment of AOM in children that frequented 
day-care centers when compared with care in 
their own homes. It was also demonstrated that 
children in day-care centers are more prone to 
needing ventilation tube insertion than children 
cared for at home. In another analysis, the risk 
found for COME was 2.56 (95 % CI 1.17–5.57) 
[52].

It would appear that the setting of where the 
child is cared for influences this association. It 
has been shown that susceptibility to AOM di-
minished in a group of children who are cared 
for in family homes, in comparison with day-
care center attendance [5, 6]. The prevalence of 
negative pressure in the middle ear and type B 
tympanograms, indicative of MEE, are greater 
in children cared for in day-care centers with 
many others; intermediate in children cared for 
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in family homes with fewer “companions” and 
less still in children cared for at home [52, 53]. 
In the meta-analysis of Uhari et al. [8], the risk 
of AOM also increased with child care outside 
the home (RR 2.45; 95 % CI 1.51–3.98) and al-
though on a lower scale, also with care in family 
homes (RR 1.59; 95 % CI 1.19–2.13). It is postu-
lated that the risk is proportional to the number 
of “companions” the children are in contact with 
[5, 6]. Large group child care centers increase 
otitis media incidence and were defined as those 
in which professional educators provided care for 
up to 10 groups of 8–12 children in the same set-
ting [54]. A possible mechanism is related to the 
greater number of URTI presented by children 
that are exposed to many other children [55]. In 
conclusion, there would appear that there is little 
doubt here, day-care center attendance is a risk 
factor for RAOM and COME (level of evidence 
II). Alho et al. [56] in a hypothetical cohort esti-
mated that if 825 children were transferred from 
day-care centers to home care and followed up 
for 2 years, approximately two out of five affect-
ed would escape RAOM.

Family Size (Siblings)

Greater incidence of AOM and COME is de-
scribed in children belonging to big families (es-
pecially if many of them are under 5 years of age) 
[10, 57]. History of RAOM in siblings is consid-
ered to be a risk factor [5, 58]. Birth order was 
also associated with the rate of otitis media epi-
sodes and with the percentage of time with MEE, 
with the first child having the lower rates in the 
first 2 years of life than the others with older sib-
lings [58]. The chance of RAOM increases 4.18 
times (95 % CI 2.74–6.36) in the younger genera-
tion among siblings [59]. Also, having more than 
one sibling was found to be significantly related 
to early onset of otitis media [60].

The findings of the studies dealing with this 
risk factor, however, are not unanimous. A popu-
lation study by Vinther et al. [61] did not demon-
strate that family size was a risk factor for otitis 
media. The same was seen in the classical cohort 
study by Teele et al. [62]. It is very difficult to 

separate the influence of genetics from care in 
day-care centers and the socioeconomic level it-
self (families with lower purchasing power tend 
to be larger) from the exclusive effect of the num-
ber of siblings as a risk factor. In the meta-anal-
ysis of Uhari et al. [8], which pooled the results 
of two previous conflicting studies [5, 62], an in-
crease of 92 % in the incidence of otitis media if 
there is at least one sibling was shown (RR 1.92; 
95 % CI 1.29–2.85).

Passive Smoking

It is one of the most studied risk factors for 
RAOM. From 1978 to 1985, only case-control 
and cross-sectional studies with some method-
ological limitations were published, followed by 
well-designed cohorts later in 1985 and meta-
analysis in 1996. The first class of studies were 
more controversial, showing positive [1, 63−65] 
and negative [61, 66−69] associations between 
otitis media (AOM, COME) and second-hand 
smoke exposure.

The first prospective cohort study of Iversen 
et al. [70] studying 337 children recruited in day-
care centers, showed smoking as a risk for COME, 
with the additional finding that the risk associ-
ated with passive smoking increased with age. 
Zielhius et al. [70] followed up a cohort of 1463 
children and found a relative risk for COME of 
1.07 (95 % CI 0.90–1.26) in children exposed to 
passive smoking. In 1993, follow up of 698 chil-
dren demonstrated that the presence of smokers 
and greater numbers of cigarette packs smoked 
daily in the house increased time with MEE [71]. 
Ey et al. [72] prospectively analyzed 1013 chil-
dren from birth to 1 year old, demonstrating that 
mothers’ heavy smoking (20 or more cigarettes/
day) was a significant risk factor for RAOM, 
with a relative risk of 1.78 (95 % CI 1.01–3.11) 
in multivariate analysis. In another prospective 
cohort involving 918 children, it was demon-
strated that children whose mothers smoked 20 
or more cigarettes a day were at significantly in-
creased risk of having four or more episodes of 
AOM (RR 1.8; 95 % CI 1.1–3.0) and of having 
the first episode of AOM much earlier (RR 1.3; 
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95 % CI 1.0–1.8). The risk of RAOM increased 
parallel to the number of cigarettes smoked [73]. 
In another prospective cohort study, children who 
underwent insertion of tympanostomy tubes were 
followed up for 12 months. Maternal smoking in-
creased the risk for RAOM (OR 4.15; CI 1.45–
11.9) after insertion of ventilation tubes [74].

There are at least four studies that measured 
objectively the exposure to tobacco smoking 
through a nicotine metabolite (cotinine) in saliva 
and urine. In 1987, Etzel [75] conducted a ret-
rospective cohort of 9 years with 132 day-care 
children. He measured exposure to passive smok-
ing through salivary cotinine concentration. The 
incidence density rate of MEE was 1.39 (95 % CI 
1.15–1.69) and 1.38 (95 % CI 1.21–1.56) in the 
first year and in the first 3 years of life, respec-
tively. However, the significance disappeared 
with the introduction of other variables in the 
logistic regression. In 1989, Strachan et al. [66] 
did not find association between salivary cotinine 
and otitis media. In 1999, Daly et al. [6] were 
unable to demonstrate association between the 
early onset of AOM and the rate of cotinine–cre-
atinine in urine. In 2001, Ilicali et al. [76] found 
that around 74 % of the children in the “case” 
group required surgical intervention by RAOM 
or COME and 55 % in the “control” group were 
exposed to passive smoking ( p = 0.046).

At least three meta-analyses studied the as-
sociation of passive smoking with RAOM and 
COME. The first was done by Uhari et al. [8], 
demonstrating a significant increase of 66 % (RR 
1.66; 95 % CI 1.33–2.06). Strachan and Cook 
[63] demonstrated estimated relative risks, if at 
least one of the parents smoked, of 1.48 (95 % CI 
1.08–2.04) for RAOM, of 1.38 (95 % CI 1.23–
1.55) for MEE, and of 1.21 (95 % CI 0.95–1.53) 
for COME. Finally, Zhang et al. [9] calculated a 
risk of 1.92 (95 % CI 1.29–2.85) for RAOM.

In conclusion, although some authors have 
declared the relationship between RAOM and 
COME with passive smoking as firm [77], oth-
ers are against such affirmation [78]. It may be 
said that passive smoking does not increase the 
chance of nonrecurrent AOM (level of evidence 
IV). With regard to RAOM and COME, passive 
smoking is a probable risk factor (level of evi-
dence II).

Breast-feeding

The majority of researchers believe that breast-
feeding protects against otitis media. In a pro-
spective cohort of Saarinen et al. [78], children 
that were breast-fed up to 6 months of age did 
not have any episodes of AOM, whereas 10 % 
of those that started with cows’ milk before they 
were 2 months old presented with such episodes 
in this period. At the end of the first year, the in-
cidence of two or more episodes of otitis was 6 % 
in the first and 19 % in the second group. From 
the end of the first up to the third year, four or 
more episodes of otitis occurred in 6 % of breast-
fed children, compared with 26 % of those arti-
ficially fed. Although there were many subjects 
lost to follow-up in the study, it was shown that 
prolonged breast-feeding (6 months or longer) 
protects the child against RAOM up to the third 
year of life. The group that used cows’ milk had 
the first AOM episode much earlier.

The retrospective study of Cunningham et al. 
comprising 503 patients, found 3.7 and 9.1 epi-
sodes per 1000 patients/week for the breast-fed 
and artificially fed groups, respectively. In this 
study, with adequate control of confounding fac-
tors, significant difference was shown (total num-
ber of episodes—23 vs. 182) [79]. Case-control 
studies also showed a significantly lower number 
of episodes of otitis in the first 2 years in breast-
fed children in comparison with those that were 
fed with cows’ milk (0.3 episodes (9/30) com-
pared with the 2.9 (86/30) episodes) [80]. Stahl-
berg et al. [7], in a case-control study with 115 
children “prone to otitis,” hospitalized to have 
adenoidectomy performed, demonstrated associ-
ation between the duration of breast-feeding and 
age of introduction to cows’ milk with RAOM. 
Duncan et al. [81] followed up 1013 nursing 
infants for 1 year and demonstrated that those 
that were exclusively breast-fed for 4 months or 
longer, had half the number of AOM episodes, 
compared with non-breast-fed infants, and 50 % 
less otitis than those that were breast-fed for less 
than 4 months. A cohort of 306 children fol-
lowed up for the first 2 years demonstrated that 
between 6 and 12 months of age, the cumula-
tive incidence of first episodes increased from 
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25 to 51 % in exclusively breast-fed infants and 
from 54 to 76 % in nursing infants fed on formu-
las since birth. The peak of AOM incidence and 
MEE was inversely related to the breast-feeding 
rates beyond 3 months of age. There was double 
the risk for the first episode of AOM in nursing 
infants exclusively fed on formulas, compared 
with nursing infants exclusively breast-fed for 6 
months during the same period of life [82]. Man-
del et al. [83] followed up 148 children, aged 
1.0–8.6 years, and showed that the lack of breast-
feeding was one of the significant predictors of 
otitis media with effusion (OME) and AOM inci-
dence. However, there are some studies that have 
not found a protective effect of breast-feeding in 
the risk of otitis media [84, 85].

One of the mechanisms involved in the asso-
ciation between breast-feeding and otitis media 
is “positional otitis media,” according to which, 
children breast-fed in a unsuitable position (lying 
down) are at greater risk for otitis media [81, 86]. 
A cohort with 698 children followed up from 
birth to 2 years of age demonstrated that the su-
pine breast-feeding position was associated with 
earlier onset of COME [71].

In conclusion, the majority of the studies, cor-
roborated by findings of meta-analysis showing 
that children breast-fed for at least 3 months re-
duced the risk of AOM by 13 % (RR 0.87; 95 % 
CI 0.79–0.95) by Uhari et al. [8], demonstrated 
that breast-feeding has a protective effect against 
middle-ear disease (level of evidence II). How-
ever, there is controversy with respect to the 
optimal duration of breast-feeding required for 
protection. A study that focused on the duration 
of the protection given by breast-feeding after 
it ceases demonstrated that the risk of AOM is 
significantly reduced for up to 4 months after 
it stops. Approximately 12 months after breast-
feeding has stopped, the risk is virtually the same 
among those that were or were not breast-fed 
[87].

Use of Pacifier

Niemela et al. [88], in a sample of 938 children, 
demonstrated that those that used pacifiers had a 

greater risk of presenting with RAOM than those 
who did not use them. Following 845 day-care 
children prospectively, Niemela et al. [89, 90] 
found that the use of a pacifier increased the an-
nual incidence of AOM and was responsible for 
up to 25 % of the episodes of the disease. Warren 
et al. [91] demonstrated that pacifier sucking was 
significantly associated with otitis media from 
the 6th to the 9th month and presented a strong 
trend towards statistical significance in the pe-
riod from 9 to 12 months ( p = 0.56). Lastly, in 
the meta-analysis of Uhari et al. [8], the use of 
a pacifier increased the risk for AOM by 25 % 
(estimated RR 1.24; 95 % CI 1.06–1.46) (level of 
evidence II).

Through an open randomized clinical trial, 14 
baby welfare clinics were paired in accordance 
with the number of children and social class of 
the parents they served. One clinic in each pair 
was randomly allocated for intervention, while 
the other served as control. Intervention consist-
ed of a leaflet explaining the deleterious effects 
of pacifier use and gave instructions for restrict-
ing it (basically to use the pacifier only at the 
time of going to sleep). A total of 272 children 
under 18 months of age were recruited from the 
intervention clinics and 212 from control clinics. 
After intervention, there was a 21 % decrease in 
continuous pacifier use from 7 to 18 months of 
age ( p = 0.0001), and the occurrence of AOM 
was 29 % lower among children from the inter-
vention clinics. The children that did not use the 
pacifier continually in any of the clinics had 33 % 
fewer episodes of AOM than the children that 
used them.

References

1. Kraemer JK, Richardson MA, Weis NS, Furukawa CT, 
Shapiro GG, Pierson WE, et al. Risk factors for persis-
tent middle-ear effusions. JAMA. 1983;249:1022–5.

2. Pukander J, Karma P. Persistence of middle-ear effu-
sion and its risk factors after an acute attack of oti-
tis media with effusion. In: Lim DJ, Bluestone CD, 
Klein JO, Nelson JD, editors. Recent advances in otitis 
media. Proceedings of the fourth international sympo-
sium. Toronto: BC Decker; 1988, p. 8–11.

3. Bernstein JM, Lee J, Conboy K, Ellis E, Li P. The role 
of IgE mediated hypersensitivity in recurrent otitis 
media with effusion. Am J Otol. 1983;5:66–9.



30 J. F. L. Neto and T. Sih

4. MacIntyre EA, Karr CJ, Koehoorn M, et al. Otitis me-
dia incidence and risk factors in a population-based 
birth cohort. Paediatr Child Health. 2010;15:437–42.

5. Pukander J, Luotonem J, Timonen M, Karma P. Risk 
factors affecting the occurrence of acute otitis media 
among 2-3 year-old urban children. Acta Otolaryn-
gol. 1985;100:260–5.

6. Stahlberg MR. The influence of form of day-care 
in occurrence of upper respiratory tract infec-
tions among young children. Acta Pediatr Scand. 
1980;282:1–87.

7. Stahlberg MR, Ruskanen O, Virolainen E. Risk fac-
tors for recurrent otitis media. Pediatr Infect Dis. 
1986;5:30–2.

8. Uhari M, Matsyaari K, Niemela M. A meta-analytic 
review of the risk factor for acute otitis media. Clin 
Infect Dis. 1996;22:1079–83.

9. Zhang Y, Xu M, Zhang J, Zeng L, Wang Y, Zheng 
KY. Risk factors for chronic and recurrent otitis me-
dia. A meta-analysis. PloS ONE. 2014;9:e86397.

10. Bluestone CD. Studies in otitis media: Chil-
dren’s Hospital of Pittsburgh—University of Pitts-
burgh Progress Report—2004. Laryngoscope. 
2004;114(Suppl 105):1–26.

11. Frable MA, Brandon GT. Theogaraj SD. Velar clo-
sure and ear tubings as a primary procedure in the re-
pair of cleft palates. Laryngoscope. 1985;95:1044–6.

12. Doyle WJ, Reilly JS, Jardini L, Rovnak S. Effect 
of palatoplasty on the function of the Eustachian 
tube in children with cleft palate. Cleft Palate J. 
1986;23:63–8.

13. Boston M, McCook J, Burke B, Derkay C. Incidence 
of and risk factors for additional tympanostomy tube 
insertion in children. Arch Otolaryngol Head Neck 
Surg. 2003;129:293–6.

14. Poelmans J, Tack J, Feesnstra L. Chronic middle ear 
disease and gastroesophageal reflux disease: a causal 
relation? Otol Neurotol. 2001;22:447–50.

15. White DR, Heavner SB, Hardy SM, Prazma J. Gas-
troesophageal reflux and Eustachian tube dysfunction 
in animal model. Laryngoscope. 2002;112:955–61.

16. Rozmanic V, Volepic M, Athel V, Bonifacic D, Vel-
epic M. Prolonged esophageal pH monitoring in the 
evaluation of gastroesophageal reflux in children 
with chronic tubotympanal disorders. J Pediatr Gas-
troenterol Nutr. 2002;34:278–80.

17. Tasker A, Dettmar PW, Panetti M, Koufman JA, 
Birchall JP, Pearson JP. Reflux of gastric juice and 
glue ear in children. Lancet. 2002;359:493.

18. Tasker A, Dettmar PW, Panetti M, Koufman JA, 
Birchall JP, Pearson JP. Is gastric reflux a cause of 
otitis media with effusion in children? Laryngoscope. 
2002;112:1930–4.

19. Antonelli PJ, Lloyd KM, Lee JC. Gastric reflux is 
uncommon in acute post-tympanostomy otorrhea. 
Otolaryngol Head Neck Surg. 2005;132:523–6.

20. Pitkaranta A, Kalho KL, Rautelin H. Helicobacter 
pylori in children who are prone to upper respiratory 
tract infections. Arch Otolaryng Head Neck Surg. 
2005;131:256–8.

21. Miura MS, Mascaro M, Rosenfeld RM. Association 
between otitis media and gastroesophageal reflux: 
a systematic review. Otolaryngol Head Neck Surg. 
2012;146:354–52.

22. Howie VM, Plousard JH. Bacterial etiology and an-
timicrobial treatment of exudative otitis media: rela-
tion of antibiotic therapy to relapses. South Med J. 
1971;64:233–9.

23. Pillsbury HC 3rd, Kveton JF, Sasaki CT, Frazier W. 
Quantitative bacteriology in adenoid tissue. Otolar-
yngol Head Neck Surg. 1981;89:355–63.

24. Gates GA, Avery CA, Prihoda TJ, Cooper JC Jr. Ef-
fectiveness of adenoidectomy and tympanostomy 
tubes in the treatment of chronic otitis media with 
effusion. N Engl J Med. 1987;317:1444–51.

25. Maw R, Bawden R. Spontaneous resolution of severe 
chronic glue ear in children and the effect of adenoid-
ectomy, tonsillectomy and insertion of ventilation 
tubes (grommets). BMJ. 1993;306:756–60.

26. Paradise JL, Bluestone CD, Rogers KD, Taylor FH, 
Colborn DK, Bochman RZ, et al. Efficacy of ade-
noidectomy for recurrent otitis media in children pre-
viously treated with tympanostomy tube placement. 
Results of parallel randomized and nonrandomized 
trials. JAMA. 1990;263:2066–73.

27. Paradise JL, Bluestone CD, Colborn DK, Bernard 
BS, Smith CG, Rockette HE, et al. Adenoidectomy 
and adenotonsillectomy for recurrent acute otitis me-
dia: parallel randomized clinical trial in children not 
previously treated with tympanostomy tubes. JAMA. 
1999;282:945–53.

28. Kouvunem P, Uhari M, Luotonen J, Kristo A, Rask 
R, Pokka T, et al. Adenoidectomy versus chemopro-
phylaxis and placebo for recurrent acute otitis me-
dia in children aged under 2 years: randomised con-
trolled trial. BMJ. 2004;328:487–91.

29. Mattilla OS, Joki-Erkkila VP, Kilpi T, Jokinen J, 
Herva E, Phakka H. Prevention of otitis media by ad-
enoidectomy in children younger than 2 years. Arch 
Otolaryngol Head Neck Surg. 2003;129:163–8.

30. Gates GA, Avery CA, Cooper JC Jr, Prihoda TJ. 
Chronic secretory otitis media: effects of surgi-
cal management. Ann Otol Rhinol Laryngol. 
1989;138:2–32.

31. Homoe P, Christensen RB, Bretlau P. Acute otitis me-
dia and sociomedical risk factors among unselected 
children in Greenland. Int J Pediatric Otorhinolaryn-
gol. 1999;49:37–52.

32. Lim DJ, Hermansson A, Ryan AF, et al. Panel 4: re-
cent advances in otitis media in molecular biology, 
biochemistry, genetics, and animal models. Otolaryn-
gol Head Neck Surg. 2013;114(Suppl 4):E52–63.

33. Kalm O, Johnson U, Prellner K, Ninn K. HLA. 
frequency in patients with recurrent acute oti-
tis media. Arch Otolaryngol Head Neck Surg. 
1991;117:1296–9.

34. Kvaerner KJ, Tambs K, Harris JR, Magnus P. Dis-
tribution and heritability of recurrent ear infections. 
Ann Otol Rhinol Laryngol. 1997;106:624–32.



314 Risk Factors for Recurrent Acute Otitis Media and Chronic Otitis Media with Effusion in Childhood

35. Rovers M, Haggard M, Gannon M, et al. Heritabil-
ity of symptom domains in otitis media: a longi-
tudinal study of 1373 twin pairs. Am J Epidemiol. 
2002;155:958–64.

36. Casselbrant ML, Mandel EM, Fall PA, et al. The 
heritability of otitis media: a twin and triplet study. 
JAMA. 1999;282:2125–30.

37. Casselbrant ML, Mandel EM, Rockette HE, et al. 
The genetic component of middle ear disease in the 
first 5 years of life. Arch Otolaryngol Head Neck 
Surg. 2004;130:273–8.

38. Daly KA, Brown WM, Segade F, Bowden DW, Keats 
B, Lindgren BR, Levine SC, Rich SS. Chronic and 
recurrent otitis media: a genome scan for susceptibil-
ity loci. Am J Hum Genet. 2004;75:988–97.

39. Casselbrant ML, Mandel EM, Jung J, Ferrel RE, 
Tekely K, Szatkiewicz JP, Ray A, Weeks DE. Otitis 
media: a genome-wide linkage scan with evidence of 
susceptibility loci within the 17q12 and 10q22.3 re-
gions. BMC Med Genet. 2009;10:85–94.

40. Castagno LA, Lavinsky L. Otitis media in children: 
seasonal changes and socioeconomic level. Int J Pe-
diatr Otorhinolaryngol. 2002;62:129–34.

41. Casselbrant ML, Brostoff LM, Cantekin EI, Flaherty 
MR, Doyle WJ, Bluestone CD, et al. Otitis media 
with effusion in preschool children. Laryngoscope. 
1985;95:428–36.

42. Van Cauwenberge PB. Relevant and irrelevant pre-
disposing factors in secretory otitis media. Acta Oto-
laryngol Suppl. 1984;414:147–53.

43. Alho OP, Oja H, Koivu M, Sorri M. Risk factor 
for chronic otitis media with effusion in infancy. 
Each acute otitis media episode induces a high but 
transient risk. Arch Otolaryngol Head Neck Surg. 
1995;121:839–43.

44. Revai K, Dobbs LA, Nair S, Patel JA, Grady JJ, 
Chonmaitree T. Incidence of acute otitis media and 
sinusitis complicating upper respiratory tract infec-
tion: the effect of age. Pediatrics. 2007;119:1408–12.

45. Chonmaitreee T, Revai K, Grady JJ, Clos A, Janak 
AP, Nair S, Fan J, Henrickson KJ. Viral upper respi-
ratory tract infection and otitis media complication in 
young children. Clin Infect Dis. 2008;46:815–23.

46. Winther B, Alper CM, Mandel EM, Doyle WJ, 
Hendley JO. 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;119:1069–75.

47. Sarkkinen H, Ruuskanen O, Meuman O, Phakkat H, 
Virolainen E, Eskola J. Identification of respiratory 
virus antigen in middle ear fluids of children with 
acute otitis media. J Infec Dis. 1985;151:444–8.

48. Klein BS, Dolletttem FR, Youlkenm RH. The role of 
respiratory syncytial virus and other viral pathogens 
in acute otitis media. J Pediatr. 1982;101:16–20.

49. Buchman CA, Doyle WJ, Skoner D, Fireman 
P, Gwaltney JM. Otologic manifestations of ex-
perimental rhinovirus infection. Laryngoscope. 
1994;104:1295–9.

50. Bylander A. Upper respiratory tract infection and Eu-
stachian tube dysfunction in children. Acta Otolaryn-
gol. 1984;97:343–9.

51. Alho OP, Koivu M, Sorri M, Rantakallio P. Risk fac-
tor for recurrent acute otitis media and respiratory 
infection in infancy. Int J Pediatr Otorhinolaryngol. 
1990;19:151–61.

52. Fiellau-Nikolajasen M. Tympanometry in three-year-
old children. Type of care as an epidemiologic factor 
in secretory otitis media and tubal dysfunction in un-
selected populations of three-year old children. ORL 
J Otorhinolaryngol Relat Spec. 1979;41:193–205.

53. Tos M, Poulsen G, Borch J. Tympanometry in 2-year-
old children. ORL J Otorhinolaryngol Relat Spec. 
1978;40:77–85.

54. Côté SM, Peticlerc A, Rynault MF, et al. Short- and 
long-term risk of infections as a function of group 
child care attendance: a 8-year population-based 
study. Arch Pediatr Adolesc Med. 2010;164:1132–7.

55. Wald ER, Dashefsky B, Byers C, Guerra N, Taylor 
F. Frequency and severity of infections in day care. J 
Pediatr. 1988;112:540–6.

56. Alho OP, Läärä E, Oja H. Public health impact of 
various risk factors for acute otitis media in northern 
Finland. Am J Epidemiol. 1996;143:1149–56.

57. Ladomenou F, Kafatos A, Tselentis Y, Galanakis E. 
Predisposing factor for acute otitis media in infancy. 
J Infect. 2010;61:49–53.

58. Lim DJ. Recent advances in otitis media with effu-
sion. Report of the Fourth Research Conference. Ann 
Otol Rhinol Laryngol. 1989;98(Suppl 139):10–55.

59. Daly KA, Rich SS, Levine S, Margolis RH, Le CT, 
Lidgren B, et al. The family study of otitis media: 
design and disease and risk factor profiles. Genet 
Epidemiol. 1996;13:451–68.

60. Daly KA, Brown JE, Lindgren BR, Meland MH, Le 
CT, Giebink GS. Epidemiology of otitis media onset 
by six months of age. Pediatrics. 1999;103:1158–66.

61. Vinther B, Elbrond O, Pedersen B. A population 
study of otitis media in childhood. Acta Otolaryngol 
Suppl. 1979;360:135–7.

62. Teele DW, Klein JO, Rosner B, Greater Boston Oti-
tis Media Study Group. Epidemiology of otitis me-
dia during the first seven years of life in children in 
greater Boston: a prospective cohort study. J Infect 
Dis. 1989;160:83–94.

63. Stratchan DP, Cook DG. Health effects of pas-
sive smoking. 4. Parental smoking, middle ear dis-
ease and adenotonsillectomy in children. Thorax. 
1998;53:50–6.

64. Strenstrom R, Bernard PA, Bem-Simhon H. Expo-
sure to environmental tobacco smoke as a risk fac-
tor for recurrent acute otitis media in children under 
the age of five years. Int J Pediatr Otorhinolaryngol. 
1993;27:127–36.

65. Kitchens GG. Relationship of environmental tobacco 
smoke to otitis media in young children. Laryngo-
scope. 1995;105:1–13.

66. Blakley BW, Blakley JE. Smoking and middle ear 
disease: are they related? A review article. Otolaryn-
gol Head Neck Surg. 1995;112:441–6.



32 J. F. L. Neto and T. Sih

67. Birch L, Elbrond O. A prospective epidemiological 
study of secretory otitis media in young children re-
lated to the indoor environment. ORL J Otorhinolar-
yngol Relat Spec. 1987;49:253–8.

68. Hinton AE, Buckley G. Parental smoking and 
middle ear effusion in children. J Laryngol Otol. 
1988;102:992–6.

69. Lubianca Neto JF, Burns AG, Lu L, Mombach R, 
Saffer M. Passive smoking and non-recurrent acute 
otitis media in children. Otolaryngol Head Neck 
Surg. 1999;121:805–8.

70. Zielhuis GA, Rach GH, Van Den Broekm P. Predis-
posing factors for otitis media with effusion in young 
children. Adv Otorhinolaryngol. 1988;40:65–9.

71. Owen MJ, Baldwin CD, Swank PR, Pannu AK, 
Johnson DL, Howie VM. Relation of infant feed-
ing practices, cigarette smoke exposure, and group 
child care to the onset and duration of otitis media 
with effusion in the first two years of life. J Pedi-
atr.1993;123:702–11.

72. Ey JL, Holberg CJ, Aldous MB, Wright A, Mar-
tinez FD, Taussig LM. Passive smoke exposure 
and otitis media in the first year of life. Pediatrics. 
1995;95:670–7.

73. Collet JP, Larson CP, Boivin JF, Suissa S, Pless IB. Pa-
rental smoking and risk of otitis media in pre-school 
children. Can J POublic Health. 1995;86:269–73.

74. Hammaren-Malmi S, Saxen H, Tarkkanen J, Mattila 
PS. Passive smoking after tympanostomy and risk of 
recurrent acute otitis media. Int J Pediatr Otorhino-
laryngol. 2007;71:1305–10.

75. Etzel RA. Smoke and ear effusions. Pediatrics. 
1987;79:309–11.

76. Ilicali OC, Keles N, Deer K, Asum OF, Guidiken Y. 
Evaluation of the effect of passive smoking on otitis 
media in children by an objective method: urinary 
cotinine analysis. Laryngoscope. 2001;11:163–7.

77. Uhari M, Mottonen M. An open randomized con-
trolled trial of infection prevention in child day-care 
centers. Pediatr Infect Dis J. 1999;18:672–7.

78. Saarinen UM. Prolonged breast feeding as prophy-
laxis for recurrent otitis media. Acta Pediatr Scand. 
1982;71:567–71.

79. Cunningham AS. Morbidity in breast-fed and artifi-
cially fed infants. II. J Pediatr. 1979;95:685–9.

80. Chandra RK. Prospective studies of the effect of 
breast feeding on incidence of infection and allergy. 
Acta Pediatr Scand. 1982;71:567–71.

81. Duncan RB. Positional otitis media. Arch Otolaryn-
gol. 1960;72:454–63.

82. Duffy LC, Faden H, Wasielewski R, Wolf J, Krysto-
fik D. Exclusive breastfeeding protects against bacte-
rial colonization and day care exposure to otitis me-
dia. Pediatrics. 1997;100:E7.

83. Mandel EM, Doyle WJ, Winther B, Alper CM. The 
incidence, prevalence and burden of OM in un-
selected children aged 1-8years followed by weekly 
otoscopy through the “common cold” season. Int J 
Pediatr Otorhinolaryngol. 2008;72:491–9.

84. Harsten G, Prellner K, Heldrup J, Kalm O, Kornfalt 
R. Recurrent acute otitis media. A prospective study 
of children during the first three years of life. Acta 
Otolaryngol. 1989;107:11–9.

85. Tainio V, Savilahti E, Salmenpera L, Arjomaa P, Si-
imes MA, Perheentupa J. Risk factors for infantile 
recurrent otitis media: atopy but not type of feeding. 
Pediatr Res. 1988;23:509–12.

86. Beauregard RB. Positional otitis media. J Pediatr. 
1971;79:294–6.

87. Sassen ML, Brand R, Grote JJ. Breast-feeding and 
acute otitis media. Am J Otolaryngol. 1994;15:351–7.

88. Niemela M, Uhari M, Hannuksela A. Pacifiers and 
dental structure as risk factors for otitis media. Int J 
Pediatr Otorhinolaryngol. 1994;29:121–7.

89. Niemela M, Uhari M, Mötönen M. A pacifier in-
creases the risk of recurrent acute otitis media in chil-
dren in day-care centers. Pediatrics. 1995;96:884–8.

90. Niemela M, Phakari O, Pokka T, Uhari M. Pacifier 
as a risk factor for acute otitis media: a randomized 
controlled trial of parental counseling. Pediatrics. 
2000;106:483–8.

91. Warren JJ, Levy SM, Kirchner HL, Nowak AJ, 
Bergus GR. Pacifier use and the occurrence of oti-
tis media in the first year of life. Pediatr Dent. 
2001;23:103–7.



33

5Microbiology, Antimicrobial 
Susceptibility, and Antibiotic 
Treatment

Tania Sih and Rita Krumenaur

T. Sih ()
Department of Pediatric Otolaryngology, Medical School 
University of São Paulo, São Paulo 01239-040, Brazil
e-mail: tsih@amcham.com.br

R. Krumenaur
Department of Pediatric Otolaryngology,
Santo Antonio Hospital for Children, Porto Alegre, 
Brazil

Introduction

Otitis media (OM) is caused by respiratory virus 
and/or bacterial infection of the middle ear space 
and the resulting host response to infection [1]. 
Acute otitis media (AOM) occurs most frequently 
as a consequence of viral upper respiratory tract 
infection (URTI) [2–4], which leads to eusta-
chian tube inflammation/dysfunction, negative 
middle ear pressure, and movement of secretions 
containing the URTI-causative virus and patho-
genic bacteria in the nasopharynx into the middle 
ear cleft. By using comprehensive and sensitive 
microbiologic testing, bacteria and/or viruses can 
be detected in the middle ear fluid (MEF) in up 
to 96 % of AOM cases (e.g., 66 % bacteria and vi-
ruses together, 27 % bacteria alone, and 4 % virus 
alone) [5]. Studies using less sensitive or less 
comprehensive microbiologic assays have yield-
ed less positive results for bacteria and much less 
positive results for viruses [6–8].

Microbiology

Virus

Epidemiologic studies have shown a strong re-
lationship between viral upper respiratory infec-
tions (URIs) and AOM. Chonmaitree et al. re-
ported that 63 % of 864 URI episodes of children 
less than 4 years of age in the USA were positive 
for respiratory viruses and adenovirus, corona-
virus, and respiratory syncytial virus (RSV) fre-
quently related to AOM [4].

In children with AOM in Japan, respiratory vi-
ruses were detected in 35 % of patients ( n = 1092). 
RSV, influenza virus, and adenovirus were of the 
most common viruses [9]. Grieves et al. [10, 11] 
studied RSV pathogenesis in chinchillas to inves-
tigate how viral URI leads to AOM. After nasal 
RSV challenge, viral replication was seen from 
the site of inoculation to the pharyngeal orifice of 
the eustachian tube by 48 h, and the virus could 
be detected in the distal part of the eustachian 
tube after 5 days.

RSV and adenoviruses are still among the 
most important viruses associated with AOM. 
In a prospective, longitudinal study of children 
younger than 4 years in the USA, 63 % of 864 
URI episodes were positive for respiratory vi-
ruses; rhinovirus and adenovirus were most fre-
quently detected [4]. Of URI caused by a single 
virus, the rate of AOM complicating URI was 
highest in the episodes caused by adenovirus, 
coronavirus, and RSV.

© Springer International Publishing Switzerland 2015
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Molecular technologies have made it pos-
sible to detect new respiratory viruses related 
with AOM. Human metapneumoviruses (hMPV) 
were discovered a decade ago, and are now rec-
ognized as an important pathogen causing lower 
respiratory tract infection and URTIs in children. 
In a cohort of 1338 children with respiratory 
symptoms, hMPV was detected in 3.5 % of the 
children, and 41 % of infections were compli-
cated by AOM [12]. The incidence of hMPV was 
highest in children younger than 2 years (7.6 %); 
61 % of children   younger than 3 years of age had 
hMPV infections complicated by AOM.

Human bocavirus (hBoV) was discovered in 
2005; to date, the significance of hBoV in caus-
ing symptomatic illness is still controversial. 
hBoV occurs frequently in conjunction with 
other viruses and seems to persist for a long time 
in the respiratory tract. In asymptomatic children, 
hBoV has been detected from respiratory speci-
mens at an alarmingly high rate (43 –44 %) [13, 
14]. In children with AOM, Beder et al. [15] have 
reported an hBoV detection rate of 6.3 % from 
nasopharyngeal secretions (NPS) and 2.7 % from 
MEF. The resolution time of AOM was longer, 
and the rate of fever was higher in children with 
hBoV. The virus has also been detected from 
3 % of the MEFs from young children with otitis 
media with effusion (OME) [16]. The role of this 
virus in AOM and OME requires further inves-
tigation.

The new and old picornaviruses have also 
been studied in association with AOM. In young 
children with AOM, a new rhinovirus, human 
rhinovirus species C (HRV-C), was detected in 
almost half of the rhinovirus-positive NPS and 
MEF samples [17].

In a study of 495 children with AOM in Japan, 
Yano et al. [18] found 12 (2.4 %) cases with cyto-
megalovirus (CMV) infection; five of these cases 
(3–25 months of age) were primary CMV infec-
tion or reactivation documented by immunoglob-
ulin M (IgM) serology [18]. Four of these five 
had CMV or viral nucleic acids in the MEF; two 
of five had no bacteria cultured from the MEF. 
The investigators suggested the role of CMV in 
AOM etiology. Similar findings have previously 
been reported. Because CMV is a rare cause of 

viral URI in young children, it is likely that the 
contribution of this virus to AOM is limited al-
though possible.

Viral–Bacterial Interactions

Pathogenesis of AOM involves complex interac-
tions between viruses and bacteria; acute viral 
infection of the nasopharynx creates the envi-
ronment that promotes the growth of pathogenic 
bacteria, which already colonize the nasopharynx 
and promote their adhesion to the epithelial cells 
and invasion into the middle ear.

Symptoms of viral URTIs usually last for a 
week, and viral shedding from the nasopharynx 
may last 3 weeks or longer. Studies of viral per-
sistence in the nasopharynx, viral transmission, 
and asymptomatic infections have become more 
important in understanding the pathogenesis of 
URI and AOM. Viral infections from the upper 
respiratory tract usually induce major or minor 
damages of respiratory mucosa following the 
promotion of the growth of pathogenic bacteria 
in the nasopharynx, the enhancement of bacterial 
adhesion to the epithelial cells, and the eventual 
invasion into the middle ear causing AOM.

Ishizuka et al. reported that rhinovirus in-
fecting cultured human airway epithelial cells 
stimulated Streptococcus pneumoniae adhesion 
to airway epithelial cells via increases in plate-
let-activating receptor (PAF-R) [19]. Increased 
adherence of S. pneumoniae may be one of the 
reasons that AOM or pneumonia develops after 
rhinovirus infections by inducing surface expres-
sion of PAF-R, a receptor for S. pneumoniae [20, 
21]. In a mouse model, Sendai virus coinfection 
with S. pneumoniae and Moraxella catarrhalis 
increased the incidence rate, duration of AOM, 
and bacterial load [22].

In the human study, the detection of rhinovirus 
or adenovirus in the nasopharynx was positively 
associated with the presence of Haemophilus in-
fluenzae (aboriginal children) and M. catarrhalis 
(aboriginal and nonaboriginal children). How-
ever, adenovirus was negatively associated with 
S. pneumoniae in aboriginal children [23]. To-
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mochika et al. reported from Japan that 31 % of 
hospitalized children with RSV had AOM [24].

RSV nasal inoculation in chinchillas reduced 
the expression of the antimicrobial peptide chin-
chilla b-defensin 1 and increased the load of H. 
influenzae in the nasopharynx [25]. Infection of 
the airway with a respiratory virus downregulates 
the expression of b-defensin, which increases the 
nasopharyngeal colonization with H. influenzae 
and further promotes the development of AOM.

Bacteriology

The gold standard in determining the etiology of 
bacterial OM is the culture of MEF. In order to 
determine the OM bacteriology, the culture of 
MEF is recovered by tympanocentesis, drainage 
from tympanostomy tubes, or spontaneous otor-
rhea. These determinations are important to track 
changes in the distribution of pathogens that 
cause OM.

Bacteria are found in 50 –90 % of cases of 
AOM with or without otorrhea [26]. S. pneumoni-
ae, nontypeable H. influenzae or M. catarrhalis 
are the leading causative pathogens responsible 
for AOM, and they frequently colonize in the na-
sopharynx [26]. Streptococcus pyogenes (group 
A β-hemolytic streptococci) accounts for less 
than 5 % of AOM cases. The proportion of AOM 
cases with pathogenic bacteria isolated from the 
MEF varies depending on bacteriologic tech-
niques, transport issues, and stringency of AOM 
definition. In series of reports from the USA and 
Europe from 1952–1981 and 1985–1992, the 
mean percentage of cases with bacterial patho-
gens isolated from the MEFs was 69  and 72 %, 
respectively [26]. A large series from the Uni-
versity of Pittsburgh Otitis Media Study Group 
reported bacterial pathogens in 84 % of the MEFs 
from 2807 cases of AOM [26]. Studies that ap-
plied more stringent otoscopic criteria and/or use 
of bedside specimen plating on solid agar in addi-
tion to liquid transport media have a reported rate 
of recovery of pathogenic bacteria from middle 
ear exudates ranging from 85 to 90 % [27–29]. 
When using appropriate stringent diagnostic cri-
teria, careful specimen handling, and sensitive 

microbiologic techniques, the vast majority of 
cases of AOM involve pathogenic bacteria either 
alone or in concert with viral pathogens.

Clinical bacteriology has dramatically 
changed after the introduction of pneumococ-
cal conjugate vaccine (PCV) [30]. The most 
commonly identified pathogen is S. pneumonia, 
which, prior to adoption of the 7-valent pneumo-
coccal conjugate vaccine (PCV7), was isolated 
in approximately one third to half of all cases 
[30]. Block et al. studied changes of microbiol-
ogy after the community-wide vaccination with 
PCV7 [31]. Comparing each cohort (1992–1998 
vs. 2000–2003), the proportion of S. pneumoni-
ae significantly decreased from 48 to 31 %, and 
nontypable H. influenzae significantly increased 
from 41 to 56 %. Post-PCV7, Gram-negative 
bacteria and beta-lactamase-producing organ-
isms accounted for two thirds and one half of all 
AOM isolates, respectively. In terms of serotypic 
change in S. pneumoniae, vaccine efficacy of 
PCV7 against vaccine-serotype pneumococcal 
OM was about 60 %. A later report [32] with data 
from 2007 to 2009, 6–8 years after the introduc-
tion of PCV7 in the USA, showed that PCV7 
strains of S. pneumoniae virtually disappeared 
from the MEF of children with AOM who had 
been vaccinated. However, the frequency of iso-
lation of non-PCV7 serotypes of S. pneumoniae 
from the MEF overall increased; this has made 
isolation of S. pneumoniae and H. influenzae of 
children with AOM nearly equal. In summary, 
the licensed 7-valent CRM197-PCV7 has mod-
est beneficial effects in healthy infants with a low 
baseline risk of AOM. Administering PCV7 in 
high-risk infants, after early infancy and in older 
children with a history of AOM, appears to have 
no benefit in preventing further episodes.

Serotype 19A was a major cause of replace-
ment disease following introduction of PCV7 
[32–34]. Over the past decade, serotype 19A 
emerged as a major cause of acute OM, recur-
rent OM, and severe mastoiditis [32–34]. The in-
crease in 19A was often attributed to introduction 
of PCV7. However, Dagan et al. [35] described 
the emergence of serotype 19A as a cause of 
OM prior to the introduction of PCV7 in Israel. 
Analysis of antibiotic administration patterns 
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suggests that antibiotic use may contribute to the 
emergence of certain lineages of S. pneumoniae 
[36, 37].

In 2010, a pneumococcal vaccine with 13 se-
rotypes (1, 3, 4, 5, 6A , 6B, 7F, 9V, 14, 18C, 19A, 
19F and 23F) conjugated to diphtheria protein 
was licensed. PC-13V utilizes the same protein 
carrier as vaccine PC-7V, and was released in the 
United States by the FDA on the basis of immu-
nogenicity and safety studies. Safety was evalu-
ated by means of 13 controlled studies involving 
thousands of healthy children. It is still early to 
evaluate the true benefit of PVC 13, and numer-
ous trials are under development. PC-13V is 
recommended for all children between 2 and 59 
months of age and those between 5 and 6 years 
with risk factors for severe pneumococcal dis-
ease. The vaccine is applied in 4 doses at 2, 4, 6 
and 12 months of age.

Currently, several RCTs with different (newly 
licensed, multivalent) PCVs administered dur-
ing early infancy are ongoing to establish their 
effects on AOM. Results of these studies may 
provide a better understanding of the role of the 
newly licensed, multivalent PCVs in preventing 
AOM.

In a study of tympanocentesis over four re-
spiratory tract illness seasons in a private prac-
tice, the percentage of S. pneumoniae initially 
decreased relative to H. influenzae. In 2005–2006 
( N = 33), 48 % of bacteria were S. pneumoniae, 
and 42 % were H. influenzae. For 2006–2007 
( N = 37), the percentages were equal at 41 %. In 
2007–2008 ( N = 34), 35 % were S. pneumoniae, 
and 59 % were H. influenzae. In 2008–2009 
( N = 24), the percentages were 54 % and 38 %, 
respectively, with an increase in intermediate 
and nonsusceptible S. pneumoniae [38]. Data 
on nasopharyngeal colonization from PCV7-
immunized children with AOM have shown 
continued presence of S. pneumoniae coloniza-
tion. Revai et al. [39] showed no difference in 
S. pneumoniae colonization rate among children 
with AOM who have been unimmunized, under-
immunized, or fully immunized with PCV7. In 
a study during a viral URTI, including mostly 
PCV7-immunized children (6 months to 3 years 
of age), S. pneumoniae was detected in 45.5 % 

of 968 nasopharyngeal swabs, H. influenzae was 
detected in 32.4 %, and M. catarrhalis was de-
tected in 63.1 % [40]. Data show that nasopha-
ryngeal colonization of children vaccinated with 
PCV7 increasingly is caused by S. pneumoniae 
serotypes not contained in the vaccine [41–44]. 
With the use of the recently licensed 13-valent 
pneumococcal conjugate vaccine (PCV13) [45], 
the patterns of nasopharyngeal colonization and 
infection with these common AOM bacterial 
pathogens will continue to evolve.

Investigators have attempted to predict the 
type of AOM pathogenic bacteria on the basis 
of clinical severity, but the results have not been 
promising. S. pyogenes has been shown to occur 
more commonly in older children [46] and cause 
a greater degree of inflammation of the middle 
ear and tympanic membrane (TM), a greater fre-
quency of spontaneous rupture of the TM, and 
more frequent progression to acute mastoiditis 
compared with other bacterial pathogens [46–
48]. As for clinical findings in cases with S. pneu-
moniae and nontypeable H. influenzae, some 
studies suggest that signs and symptoms of AOM 
caused by S. pneumoniae may be more severe 
(fever, severe earache, bulging TM) than those 
caused by other pathogens [29, 49, 50]. These 
findings were refuted by results of the stud-
ies that found AOM caused by nontypeable H. 
influenzae to be associated with bilateral AOM 
and more severe inflammation of the TM [51, 
52]. Leibovitz et al. [53] concluded, in a study of 
372 children with AOM caused by H. influenzae 
( N = 138), S. pneumoniae ( N = 64), and mixed H. 
influenzae and S. pneumoniae ( N = 64), that clini-
cal/otologic scores could not discriminate among 
various bacterial etiologies of AOM. However, 
there were significantly different clinical/oto-
logic scores between bacterial culture-negative 
and culture-positive cases. A study of middle ear 
exudates of 82 cases of bullous myringitis has 
shown a 97 % bacteria-positive rate, primarily S. 
pneumoniae. In contrast to the previous belief, 
Mycoplasma sp. is rarely the causative agent in 
this condition [54]. Accurate prediction of the 
bacterial cause of AOM on the basis of clini-
cal presentation, without bacterial culture of the 
middle ear exudates, is not possible, but specific 
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etiologies may be predicted in some situations. 
Published evidence has suggested that AOM as-
sociated with conjunctivitis (otitis-conjunctivitis 
syndrome) is more likely caused by nontypeable 
H. influenzae than by other bacteria [55–57].

M. catarrhalis is derived from the upper re-
spiratory tract [58]. High rate of spontaneous 
clinical resolution occurs in children with AOM 
attributable to M. catarrhalis [59, 60]. AOM at-
tributable to M. catarrhalis rarely progresses to 
acute mastoiditis or intracranial infections [61, 
62].

Substantial geographic variability is observed 
in the proportion of OM caused by M. catarrha-
lis. For example, the rate of M.catarrhalis in Isra-
el is low, whereas in Finland this microorganism 
is the most common bacterial cause of recurrent 
OM in children with tympanostomy tubes [63, 
64]. As the distribution of pathogens changes 
with widespread use of PCVs, the relative pro-
portion of OM due to M. catarrhalis is increasing 
in some studies [65, 66].

Polymicrobial Interactions

A murine model of nasal colonization and AOM 
to study relationships among various combina-
tions of bacterial OM pathogens ( S. pneumoniae, 
H. influenzae, and M. catarrhalis) and Sendai 
virus, which is the murine equivalent of human 
parainfluenza virus has been reported by Krish-
namurthy et al. [22]. As expected, viral infection 
significantly increased the incidence of acute 
OM. Coinfections with S. pneumoniae and M. 
catarrhalis increased the incidence and duration 
of pneumococcal OM compared with S. pneu-
moniae alone and S. pneumoniae and H. influen-
zae together.

Host competition may also affect the selec-
tion of virulence characteristics in S. pneumoniae 
[67]. A combination of theoretical models and in 
vivo nasopharyngeal colonization experiments 
was used to demonstrate that competition with 
H. influenzae may select for more virulent strains 
of S. pneumoniae.

Taken as a whole, the studies indicated that 
the specific combination of colonizing bacteria 

and respiratory viruses can alter the incidence 
and duration of OM, and pneumococci have sev-
eral methods to compete with co-colonizing and 
coinfecting species.

Implications of Bacterial Vaccine Efforts 
for Practice

The recurrent nature of acute otitis media contin-
ues to be burdensome to children and families, 
especially those who suffer from frequent recur-
rences and in disadvantaged populations where 
disease progresses to chronic suppurative otitis 
media with associated impacts on hearing loss 
and educational potential. PC-7V has reduced 
the burden of vaccine-serotype disease as well 
as shifted the pneumococcal serotypes carried 
in the nasopharynx toward those with lower 
disease-causing potential. Antibiotic resistance 
remains a challenge to successful therapy with 
ceftriaxone-resistant pneumococci present in 
the community and increasing emergence of b-
lactamase–negative, amoxicillin-resistant NTHi 
identified globally. The next-generation PC-13V 
has been introduced, and early data suggest effi-
cacy against invasive pneumococcal disease and 
carriage of SP19A, the multidrug resistance iso-
late that has been associated with both treatment 
failure in AOM 90 and the increasing number of 
cases of pneumococcal mastoiditis. Promising 
data on an 11-valent pneumococcal polysaccha-
ride conjugate vaccine with protein D as a carrier 
was published in 2006, but additional confirma-
tion of efficacy against NTHi otitis media with 
the licensed formulation, PHiD-CV (a 10-valent 
conjugate), is pending data future studies.  For 
NTHI specifically, a number of candidate pro-
tein antigens have had progress to human trials 
since 2007, remains to be demonstrated. Multi-
ple candidates have demonstrated the necessary 
requirements for candidate vaccine antigens: 
conservation among isolates, surface exposure, 
immunogenicity in animals, and protection in 
animal models of disease or specifically experi-
mental otitis media. Further research of the role 
of each antigen in the pathogenesis of disease, to 
elicit response in the youngest infants is likely to 
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be productive and permit more antigens to move 
into clinical trials.

Bacterial Susceptibility to Antibiotics

Selection of antibiotic to treat AOM is based on 
the suspected type of bacteria and antibiotic sus-
ceptibility pattern, although clinical pharmacol-
ogy and clinical and microbiologic results and 
predicted compliance with the drug are also taken 
into account. Early studies of AOM patients show 
that 19 % of children with S. pneumoniae and 
48 % with H. influenzae cultured on initial tym-
panocentesis who were not treated with antibiotic 
cleared the bacteria at the time of a second tym-
panocentesis 2–7 days later [68]. Approximately 
75 % of children infected with M. catarrhalis ex-
perienced bacteriologic cure even after treatment 
with amoxicillin, an antibiotic to which it is not 
susceptible [59, 60].

Antibiotic susceptibility of major AOM bac-
terial pathogens continues to change, but data 
on middle ear pathogens have become scanty 
because tympanocentesis is not generally per-
formed in studies of children with uncomplicated 
AOM. Most available data come from cases of 
persistent or recurrent AOM. Current US data 
from a number of centers indicate that approxi-
mately 83 and 87 % of isolates of S. pneumoniae 
from all age groups are susceptible to regular 
(40 mg/kg/day) and high-dose (80–90 mg/kg/day 
divided twice daily) amoxicillin, respectively 
[69–73]. Pediatric isolates are smaller in number 
and include mostly ear isolates collected from 
recurrent and persistent AOM cases with a high 
percentage of multidrug-resistant S. pneumoniae, 
most frequently nonvaccine serotypes that have 
recently increased in frequency and importance 
[37].

The definitions of resistance are the minimum 
inhibitory concentration (MIC) breakpoints set 
by the Clinical and Laboratory Standards In-
stitute (CLSI). CLSI has established a new ap-
proach to penicillin breakpoints [74], and this ap-
proach is needed to guide appropriate treatment 
because it takes into account whether penicillin 
is given orally or parenterally, and whether the 

patient has meningitis. The revised penicillin 
breakpoints are for infections other than menin-
gitis. Currently, the studies of AOM use the new 
oral penicillin breakpoints and define all isolates 
with a penicillin MIC of ≤ 2.0 μg/mL as penicil-
lin nonsusceptible S. pneumoniae (PNSP), or 
use an MIC of 4.0 μg/mL to define penicillin-
intermediately resistant S. pneumoniae (PISP), 
and ≥ 8.0 μg/mL to define penicillin-resistant S. 
pneumoniae (PRSP).

High-dose amoxicillin will yield MEF levels 
that exceed the MIC of all S. pneumoniae se-
rotypes that are intermediately (penicillin MIC 
4.0 μg/mL) and, many but not all, highly resis-
tant serotypes (penicillin MIC ≥ 8.0 μg/mL) for a 
longer period of the dosing interval and has been 
shown to improve bacteriologic and clinical ef-
ficacy compared with the regular dose [75, 76]. 
Hoberman et al. [77] reported superior efficacy 
of high-dose amoxicillin/clavulanate in eradica-
tion of S. pneumoniae (96 %) from the middle ear 
at days 4 to 6 of therapy compared with azithro-
mycin.

The antibiotic susceptibility pattern for S. 
pneumoniae is expected to continue to evolve 
with the use of PCV13, a conjugate vaccine con-
taining 13 serotypes of S. pneumoniae [78–80]. 
Widespread use of PCV13 could potentially 
reduce diseases caused by multidrug-resistant 
pneumococcal serotypes and diminish the need 
for the use of higher dose of amoxicillin or amox-
icillin/clavulanate for AOM. Some H. influenzae 
isolates produce β-lactamase enzyme, causing 
the isolate to become resistant to penicillins. Cur-
rent data from different studies with non-AOM 
sources and geographic locations that may not be 
comparable show that 58–82 % of H. influenzae 
isolates are susceptible to regular and high-dose 
amoxicillin [42, 70, 71, 81]. These data repre-
sented a significant decrease in β-lactamase-
producing H. influenzae, compared with data 
reported in the 2004 AOM guideline.

Nationwide data suggest that 100 % of M. ca-
tarrhalis derived from the upper respiratory tract 
are β-lactamase-positive but remain susceptible 
to amoxicillin-clavulanate [81]. However, the 
high rate of spontaneous clinical resolution oc-
curring in children with AOM attributable to M. 
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catarrhalis treated with amoxicillin reduces the 
concern for the first-line coverage for this micro-
organism [59, 60]. AOM attributable to M. ca-
tarrhalis rarely progresses to acute mastoiditis or 
intracranial infections [62, 82, 83].

Antibiotic Therapy

High-dose amoxicillin is recommended as the 
first-line treatment in most patients, although 
there are a number of medications that are clini-
cally effective [1]. The justification for the use 
of amoxicillin relates to its effectiveness against 
common AOM bacterial pathogens as well as its 
safety, low cost, acceptable taste, and narrow mi-
crobiologic spectrum [59, 75]. In children who 
have taken amoxicillin in the previous 30 days, 
those with concurrent conjunctivitis, or those or 
whom coverage for β-lactamase-positive H. in-
fluenzae and M. catarrhalis is desired, therapy 
should be initiated with high-dose amoxicillin/
clavulanate (90 mg/kg/day of amoxicillin, with 
6.4 mg/kg/day of clavulanate, a ratio of amoxicil-
lin to clavulanate of 14:1, given in two divided 
doses, which is less likely to cause diarrhea than 
other amoxicillin/clavulanate preparations) [84].

Alternative initial antibiotics include cefdinir 
(14 mg/kg per day in one or two doses), cefu-
roxime (30 mg/kg per day in two divided doses), 
cefpodoxime (10 mg/kg per day in two divided 
doses), or ceftriaxone (50 mg/kg, administered 
intramuscularly). It is important to note that al-
ternative antibiotics vary in their efficacy against 
AOM pathogens. For example, recent US data 
on in vitro susceptibility of S. pneumoniae to 
cefdinir and cefuroxime are 70–80 %, compared 
with 84–92 % amoxicillin efficacy [69−72]. In 
vitro efficacy of cefdinir and cefuroxime against 
H. influenzae is approximately 98 %, compared 
with 58 % efficacy of amoxicillin and nearly 
100 % efficacy of amoxicillin/clavulanate [81]. A 
multicenter double tympanocentesis open-label 
study of cefdinir in recurrent AOM attributable 
to H. influenzae showed eradication of the organ-
ism in 72 % of patients [85].

For penicillin-allergic children, recent data 
suggest that cross-reactivity among penicillins 

and cephalosporins is lower than historically 
reported [86−89]. The previously cited rate of 
cross-sensitivity to cephalosporins among pen-
icillin-allergic patients (approximately 10 %) is 
likely an overestimate. The rate was based on 
data collected and reviewed during the 1960s and 
1970s. A study analyzing pooled data of 23 stud-
ies, including 2400 patients with reported history 
of penicillin allergy and 39,000 with no penicil-
lin-allergic history concluded that many patients 
who present with a history of penicillin allergy do 
not have an immunologic reaction to penicillin 
[88]. The chemical structure of the cephalosporin 
determines the risk of cross-reactivity between 
specific agents [87, 90]. The degree of cross-
reactivity is higher between penicillins and first-
generation cephalosporins but is negligible with 
the second-and third-generation cephalosporins. 
Because of the differences in the chemical struc-
tures, cefdinir, cefuroxime, cefpodoxime, and 
ceftriaxone are highly unlikely to be associated 
with cross-reactivity with penicillin [87]. Despite 
this, the Joint Task Force on Practice Parameters; 
American Academy of Allergy, Asthma and Im-
munology; American College of Allergy, Asthma 
and Immunology; and Joint Council of Allergy, 
Asthma and Immunology [91] stated that “cepha-
losporin treatment of patients with a history of 
penicillin allergy, selecting out those with severe 
reaction histories, show a reaction rate of 0.1 %.” 
They recommend cephalosporin in cases without 
severe and/or recent penicillin-allergy reaction 
history when skin test is not available.

Macrolides, such as erythromycin and azithro-
mycin, have limited efficacy against both H. influ-
enzae and S. pneumoniae [69–72]. Clindamycin 
lacks efficacy against H. influenzae. Clindamy-
cin alone (30–40 mg/kg per day in three divided 
doses) may be used for suspected PRSP; how-
ever, the drug will likely not be effective for the 
multidrug-resistant serotypes [69, 81, 88].

In the patient who is persistently vomiting or 
cannot otherwise tolerate oral medication, even 
when the taste is masked, ceftriaxone (50 mg/
kg, administered intramuscularly in one or two 
sites in the anterior thigh, or intravenously) has 
been demonstrated to be effective for the initial 
or repeat antibiotic treatment of AOM [92, 93]. 
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Although a single injection of ceftriaxone is ap-
proved by the US Food and Drug Administra-
tion (FDA) for the treatment of AOM, results of 
a double tympanocentesis study (before and 3 
days after single-dose ceftriaxone) by Leibovitz 
et al. [93] suggest that more than one ceftriax-
one dose may be required to prevent recurrence 
of the middle ear infection within 5–7 days after 
the initial dose.

Initial Antibiotic Treatment Failure

When antibiotics are prescribed for AOM, clini-
cal improvement should be noted within 48–72 h. 
During the 24 h after the diagnosis of AOM, the 
child’s symptoms may worsen slightly. In the 
next 24 h, the patient’s symptoms should begin 
to improve. If initially febrile, the temperature 
should decline within 48–72 h. Irritability and 
fussiness should lessen or disappear, and sleep-
ing and drinking patterns should normalize [94, 
95]. If the patient is not improved by 48–72 h, 
another disease or concomitant viral infection 
may be present, or the causative bacteria may be 
resistant to the chosen therapy.

Some children with AOM and persistent 
symptoms after 48–72 h of initial antibacterial 
treatment may have combined bacterial and viral 
infection, which would explain the persistence of 
ongoing symptoms despite appropriate antibiotic 
therapy [96, 97]. Literature is conflicting on the 
correlation between clinical and bacteriologic 
outcomes. Some studies report good correlation 
ranging from 86 to 91 % [98, 99], suggesting con-
tinued presence of bacteria in the middle ear in 
a high proportion of cases with persistent symp-
toms. Others report that MEF from children with 
AOM in whom symptoms are persistent is sterile 
in 42–49 % of cases [100, 101]. A change in anti-
biotic may not be required in some children with 
mild persistent symptoms.

In children with persistent, severe symptoms 
of AOM and unimproved otologic findings after 
initial treatment, the clinician may consider 
changing the antibiotic. If the child was initially 
treated with amoxicillin and failed to improve, 
amoxicillin/clavulanate should be used. Patients 

who were given amoxicillin/clavulanate or oral 
third-generation cephalosporins may receive in-
tramuscular ceftriaxone (50 mg/kg). In the treat-
ment of AOM unresponsive to initial antibiotics, 
a 3-day course of ceftriaxone has been shown to 
be better than a 1-day regimen [93].

Although trimethoprim/sulfamethoxazole and 
erythromycin/sulfisoxazole had been useful as 
therapy for patients with AOM, pneumococcal 
surveillance studies have indicated that resis-
tance to these two combination agents is substan-
tial [69, 72, 102]. Therefore, when patients fail 
to improve while receiving amoxicillin, neither 
trimethoprimsulfamethoxazole [103] nor eryth-
romycin/sulfisoxazole is appropriate therapy.

Tympanocentesis with culture of MEF should 
be considered for bacteriologic diagnosis and 
susceptibility testing when a series of antibiotic 
drugs have failed to improve the clinical condi-
tion. If tympanocentesis is not available, a course 
of clindamycin may be used, with or without an 
antibiotic that covers nontypeable H. influenzae 
and M. catarrhalis, such as cefdinir, cefixime, or 
cefuroxime.

Because S. pneumoniae serotype 19A is usual-
ly multidrug-resistant and may not be responsive 
to clindamycin [37, 72], newer antibiotics that 
are not approved by the FDA for treatment of 
AOM, such as levofloxacin or linezolid, may be 
indicated [104−106]. Levofloxacin is a quinolone 
antibiotic that is not approved by the FDA for use 
in children. Linezolid is effective against resis-
tant Gram-positive bacteria. It is not approved by 
the FDA for AOM treatment and is expensive. In 
children with repeated treatment failures, every 
effort should be made for bacteriologic diagnosis 
by tympanocentesis with Gram stain, culture, and 
antibiotic susceptibility testing of the organism(s) 
present. The clinician may consider consulting 
with pediatric medical subspecialists, such as an 
otolaryngologist for possible tympanocentesis, 
drainage, and culture and an infectious disease 
expert, before use of unconventional drugs such 
as levofloxacin or linezolid.

When tympanocentesis is not available, a pos-
sible way to obtain information on the middle ear 
pathogens and their antimicrobial susceptibility 
is to obtain a nasopharyngeal specimen for bacte-
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rial culture. Almost all middle ear pathogens de-
rive from the pathogens colonizing the nasophar-
ynx, but not all nasopharyngeal pathogens enter 
the middle ear to cause AOM. The positive pre-
dictive value of nasopharyngeal culture during 
AOM (likelihood that bacteria cultured from the 
nasopharynx is the middle ear pathogen) ranges 
from 22 to 44 % for S. pneumoniae, 50–71 % for 
nontypeable H. influenzae, and 17–19 % for M 
catarrhalis. The negative predictive value (like-
lihood that bacteria not found in the nasophar-
ynx are not AOM pathogens) ranges from 95 to 
99 % for all three bacteria [107, 108]. Therefore, 
if nasopharyngeal culture is negative for specific 
bacteria, that organism is likely not the AOM 
pathogen. A negative culture for S. pneumoniae, 
for example, will help eliminate the concern for 
multidrug-resistant bacteria and the need for un-
conventional therapies, such as levofloxacin or 
linezolid. On the other hand, if S. pneumoniae is 
cultured from the nasopharynx, the antimicrobial 
susceptibility pattern can help guide treatment.

Duration of Therapy

The optimal duration of therapy for patients with 
AOM is uncertain; the usual 10-day course of 
therapy was derived from the duration of treat-
ment of streptococcal pharyngotonsillitis. Sev-
eral studies favor standard 10-day therapy over 
shorter courses for children younger than 2 years 
[84, 109−113]. Thus, for children younger than 
2 years and children with severe symptoms, a 
standard 10-day course is recommended. A 7-day 
course of oral antibiotic appears to be equally ef-
fective in children 2–5 years of age with mild or 
moderate AOM. For children 6 years and older 
with mild to moderate symptoms, a 5–7-day 
course is adequate treatment.

Conclusion

The impact of AOM on child health far exceeds 
the discomfort and suffering associated with in-
dividual episodes of disease. AOM is among 
the largest drivers of antibiotic use in children. 
Providing support for prevention of the disease 

is an important strategy for reducing antibiotic 
prescribing and subsequently the emergence of 
resistance. AOM and its treatment, and its com-
plications, have a significant economic cost for 
the society.
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Otitis media (OM) is one of the most common 
diseases of childhood, accounting for frequent 
physician’s office visits, tympanic membrane 
surgeries, and antimicrobial therapy in the USA 
[1]. OM is an infection frequently caused by 
polymicrobial agents, including upper respira-
tory predominant commensal bacteria (most 
commonly Streptococcus pneumoniae, non-
typeable Haemophilus influenzae, and Morax-
ella catarrhalis) and common upper respiratory 
viruses (most commonly influenza A, respira-
tory syncytial virus, adenovirus, and rhinovirus) 
under the abnormal innate and adaptive immu-
nity of the middle ear mucosa. This had not 
been recognized till recently when programmed 
death ligand 1 (PD-L1) was identified from the 
middle ear mucosa of human patients and animal 
inflamed bullae. It is not quite clear why the mid-
dle ear mucosal infection leads to such an adverse 
condition: immunosuppression of T cells. There 
are several aspects of immunity in this particular 
organ which need to be further studied in order 
to understand why common flora and resident 
respiratory viruses clone and grow easily in the 
middle ear cavity, instead of other organs.

First of all, the middle ear is located at the 
dead end of the upper respiratory tract. The Eu-
stachian tube is open only when one swallows. 
Oxygen is relatively low in the middle ear cav-
ity. Second, innate and adaptive immunity in the 

middle ear is somehow weakened or ignored 
compared with other organs in the body. It has 
long been recognized that homograft replace-
ment of the tympanic member survives without 
any immunosuppressive therapy postoperatively 
[2]. This suggests that the middle ear is tolerant 
to homograft tissues. The middle ear is, thus, con-
sidered an immune-privileged area, just like the 
eyes, a well-known case of immune-privileged 
concept. Third, cascade inflammatory and im-
mune reactions in the middle ear are somewhat 
different from other organs in the body because 
of the above anatomy and immune tolerance sta-
tus, that is, middle ear infection tends to have 
more chances to be chronic due to the difficulty 
in discharging inflammatory cells, secretion, and 
debris as well as incompetence to kill invading 
microorganisms in time. In an organ located at 
the dead end, it is not easy to discharge invading 
microorganisms. With the accumulation of debris 
and metabolites of microorganisms, the middle 
ear mucosa has a tendency to produce abundant 
inflammatory cytokines and mediators such as 
tumor necrotic factor alpha (TNF-α) and inter-
feron gamma (IFN-γ).

It has long been recognized that abnormality 
of the Eustachian tube predisposes the middle ear 
to infectious diseases. Microorganisms including 
commensals or flora and overt pathogens grow 
and thrive when the Eustachian tube is blocked 
and the mucociliary blanket is impaired. Usually, 
the innate and adaptive immune systems function 
in fighting off invading microorganisms. Innate 
immunity in the Eustachian tube and middle 
ear includes: barrier functions (e.g., mucous 
membrane and mucociliary blanket), sensing 
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of microorganism receptors such as toll-like 
receptors (TLRs) [3, 4] of the resident middle 
ear epithelial cells and special inflammatory and 
immune-response-relevant cells such as mucosal 
dendritic cells (DCs) and mast cells [5], release 
of antimicrobial peptides and proteins (e.g., 
defensins and lysozymes) [6, 7], and recruitment 
and activity of various effector cells (e.g., 
neutrophils, macrophages, fibroblasts, natural 
killer cells, eosinophils) [8].

It has been recently shown that the Id1 pro-
tein affects the innate immunity by inducing the 
expression of inflammatory cytokines (TNF-α, 
IFN-γ, and Interleukin-8, IL-8), increasing mucin 
glycoprotein production, and allowing for prolif-
eration of the middle ear cells; all these processes 
ultimately drive the mucociliary blanket system 
[9–11]. Our recent findings indicate that specific 
mucins and mucin chaperones relevant to the mu-
cociliary blanket are increased in OM with effu-
sion [12, 13]. On the other hand, other cytokines 
and mediators such as TNF-α and IFN-γ related 
to the cellular immunity of the middle ear are es-
sential for the defense against middle ear infec-
tion. It is not clear whether humoral immunity 
is involved in the predisposition for OM: Some 
investigators reported a decreased IgG antibody 
level in OM patients [14], and some did not.

Innate Immunity The innate immune system 
serves as a first line of defense against invading 
bacteria and viruses. It recognizes and responds 
to the invading microorganisms in a generic way. 
There are cellular and humoral components of 
the innate immune system which confer mucosal 
protection from infection. In the upper respira-
tory tract, the most noteworthy antibacterial sub-
stance is lysozyme, which is present in the mucus 
blanket and in middle ear effusion. In the humoral 
part of the innate immunity, the most important 
component is secretory IgA, a polymer consisting 
of six IgA monomers, trapping invading microor-
ganisms in a nonspecific way. Defensins are also 
important for the innate immunity of the middle 
ear and Eustachian tube. Cellular components of 
the innate immunity include macrophages, which 
engulf the invading microorganisms, and neutro-
phils that are major infection fighters in killing 

microorganisms. Basically, the above mentioned 
components of the innate immunity are upregu-
lated in the middle ear mucosa and cavity under 
the condition of acute OM or OM with effusion.

Mucous Membranes The structural integrity 
of the upper respiratory tract, that is, the mucous 
membrane, forms an effective barrier to invading 
microorganisms. Respiratory flora is restricted 
from entry because of the mucous membrane. 
In OM with effusion, usually it is thickened 
in response to inflammation. Most infectious 
agents, however, impinge on the mucous mem-
branes of the upper respiratory tract, and from 
these sites most infections occur. Damage to the 
epithelial cells caused by toxic products of these 
bacteria may play a role in susceptibility to fur-
ther infection of the middle ear mucosa.

Mucociliary Clearance The passage of airway 
in the Eustachian tube is lined with mucociliary 
blanket, a moist lining of the airway respiratory 
epithelium and cilia immersed in a thin layer 
of mucus. On top of the thin layer of mucus is 
a second viscous layer of mucus in which for-
eign particles and microorganisms are trapped. 
Within the thin layer of mucus, the cilia act out 
movements coordinated in direction towards the 
nasopharynx. Thereby the viscous layer of mucus 
including its freight is transported off in direction 
towards the nasopharynx. In OM with effusion, it 
is often shown that the mucociliary clearance is 
impaired. Optimum functionality of mucociliary 
clearance is dependent upon the normal Eusta-
chian tube functionality. Under the condition of 
OM with effusion, there is often obstruction of 
the Eustachian tube or functional impairment of 
the Eustachian tube.

Cellular Defense Neutrophils, macrophages, 
mast cells, and lymphocytes are involved in 
innate immunity. Neutrophils, macrophages, and 
mast cells are the ones mainly for inflammation 
whereas lymphocytes (B and T cells), account-
ing for antibody-mediated immunity and cell-
mediated immunity, respectively, are the ones 
mainly for adaptive immune responses. Cells 
involved in the innate immune system are always 
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present and ready to mobilize and fight invading 
microorganisms. Typical cellular components for 
the innate immunity are physical epithelial bar-
riers, phagocytic leukocytes, DCs, and natural 
killer cells. On the other hand, components of the 
adaptive immune system are usually silent; how-
ever, when activated, these components adapt to 
the invading agents through antibodies produced 
by B cells and cell-mediated immunity by T 
cells. DCs, in the inner lining of Eustachian tube 
and middle ear, act as antigen-presenting cells 
(APCs), good at processing antigen material of 
invading microorganisms and then presenting it 
onto the cell surface of DCs for detection by T 
cells. DCs also migrate to the lymph nodes where 
they interact with T cells and B cells to prime 
them and initiate the process of T and B cell dif-
ferentiation and maturation. Mucosal mast cells 
are rich in proteases, which contribute to innate 
immunity through releasing granules [15]. The 
origin of mucosal mast cells is from hematopoi-
etic stem cells, and the proliferation of the latter 
is dependent on T cell cytokines [16] and stem 
cell factor [17] in the middle ear mucosa.

Definsins and Lysozymes Defensins bind to 
microbial antigens and adhesins, often attenuat-
ing toxic or inflammatory-inducing capacities. 
Binding is not generic; it appears to be both 
defensin specific and antigen specific. Binding of 
defensins to antigens may, in turn, alter the inter-
action of antigens with epithelial cells and APCs 
attenuating the production of proinflammatory 
cytokines. The binding of defensins to antigens 
may also facilitate the delivery of bound antigen 
to APCs in some cases via specific receptors. 
These interactions enhance the immunogenicity 
of the bound antigen in an adjuvant-like fashion.

Adaptive Immunity The adaptive immune 
system acts as a second line of defense. It is an 
antigen-based immune response. This process 
includes recruitment of infectious agent-specific 
lymphocytes, activation of T lymphocytes, and 
killing of infectious agents. Due to the multi-step 
process, the adaptive immune system requires 
some time to react to invading microorganisms. 
Usually, the nasopharynx, Eustachian tube, and 

middle ear tolerate colonization by a flora that 
does no harm to the surrounding mucosa. It is 
common to see S. pneumoniae in the nasophar-
ynx, Eustachian tube, and middle ear mucosa. If 
a microbe, such as S. pneumonia, grows in a large 
quantity and breaches the line of encirclement of 
the innate immunity, that is, there is loss of bal-
ance in the control between a host and microbe, 
it does not matter whether it is the normal flora 
or overt pathogen, an infection actually occurs. 
As a result, pathological harm to the nasopha-
ryngeal, Eustachian tube, and middle ear mucosa 
is inevitable. In the middle ear, the mucosal 
layer is relatively thin compared with that in the 
nasopharynx, Eustachian tube, and the rest of 
the upper respiratory tract, allowing for further 
infection or the formation of biofilms. Biofilm is 
notorious for resisting to the adaptive and innate 
immune systems because of the dormancy of bac-
teria. Tendency of forming biofilm in the middle 
ear cavity indicates the abnormality of the innate 
immune system, unable to kill bacteria in time.

Different from the innate immunity, the anti-
gen-based adaptive immune system exhibits an 
immunological memory. It acts to kill an invad-
ing organism when encountering it a second time.

Clearance of invading microorganisms re-
quires cytotoxic CD8-positive T lymphocytes 
(CTLs) in the middle ear mucosa. The optimal 
activation of CTLs requires two signals. One is 
the interaction between T cell receptor (TCR) 
on the surface of a T cell and peptide-major 
histocompatibility complex (MHC) complex on 
the surface of an APC, typically DCs. The other 
is the interplay between costimulatory molecules 
such as CD28 of CTLs and CD80 of APCs. 
Among costimulatory molecules, there are sev-
eral members in the family of B7/CD28. Some 
molecules in this family are capable of costimu-
lating T cells such as CD28 whereas some mol-
ecules are capable of coinhibiting T cells such 
as PD-1. The former involves the activation of 
CTLs, and the latter involves the inhibition and 
exhaustion of CTLs, leading to the prolongation 
of chronic inflammation [18].

There is no evidence to indicate that OM pa-
tients have a systemic immune response issue. 
In response to the pathogen infection, the levels 
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of IgA and IgG in the serum and/or middle ear 
effusion of OM patients are basically higher 
compared with control [19–24]. However, some 
recurrent acute OM patients have an impaired 
humoral immune response to S. pneumonia. In 
this particular OM type, approximately 16.5 % 
of patients have defects in antibody-mediated 
immunity mainly with IgG2 deficiency, a main 
IgG responding to pneumococcal polysaccha-
rides in adults [25–27]. However, IgG1, an im-
munoglobulin mainly responding to pneumococ-
cal polysaccharides, is not reduced in children 
with recurrent OM. In any case, IgG2 switching 
to IgG1, for example, immunoglobulin class/iso-
type switching, is an important humoral biologi-
cal mechanism that changes B cell production of 
antibody from one class to another, either from 
an isotype IgM to another isotype IgG or from 
a sub-isotype IgG1 to another sub-isotype IgG2. 
During this process, only the constant region por-
tion of the antibody heavy chain changed but not 
the variable region of the heavy chain. However, 
many investigators indicate that the middle ear 
effusion has lower concentrations of IgG and 
IgM than serum. This is consistent with our data, 
in which immunoglobulins in the middle ear fluid 
(MEF) are lower than those in serum (Table 6.1). 
This suggests that middle ear mucosa is somehow 
immunosuppressive although it contains inflam-
matory cells and bacterial products which are 
stimulatory to the production of IgG, IgM, and 
IgA locally. However, normal middle ear mucosa 
does not contain IgG but IgA and IgM [5]. It is 
difficult to explain why the inflamed site in the 
middle ear cavity contains less IgG and IgM than 
serum if the production of immunoglobulins is 
not inhibited in the middle ear mucosa, in which 
there are a lot of infiltrated lymphocytes includ-
ing B and T cells. Regarding the levels of IgG in 
the blood stream and middle ear effusion, there 
are no differences between OM patients and their 
controls [19–24].

Mucin Dysregulation in Middle Ear 
Mucosa Mucins are glycoproteins that are fairly 
important to the middle ear defense system, 
thought to be a part of the innate immune system. 
It was not recognized till recently that the knock-
out of the mucin gene Muc5b disturbs the func-
tion of the Eustachian tube and middle ear and 
causes acute and fulminant infectious OM [28]. 
It has been reported that MUC5B is the predomi-
nant mucin glycoprotein in chronic otitis media 
(COM) [29, 30].

Approximately 20 mucin genes have been 
identified so far. A total of 12 out of 20 mu-
cins have been shown to be in the respiratory 
tract [12, 13]. However, three to four mucins 
are identified from the middle ear mucosa; they 
are MUC5AC, MUC5B, MUC4, and MUC1. 
Among them, MUC4 and MUC1 are basically 
membrane-bound mucins, not secretory ones, 
although they may appear in the middle ear ef-
fusion. Only MUC5B and MUC5AC are mucins 
found in COM [12, 30]. It is known that MUC5B 
in humans responds to chronic stimuli [30, 31]. 
Occasionally, MUC5AC may be upregulated 
in OM [30]. It is clear in the recent studies that 
MUC5B is the predominant one [12, 13, 29, 30, 
32]. MUC5B is actually a mucin expressed in 
submucosal glands, instead of in the surface epi-
thelia, but it is highly upregulated in COM [29, 
31, 32].

It is not clear why MUC5B is highly up-
regulated, instead of MUC5AC. MUC5AC is 
expected to be upregulated because it is usually 
expressed in the epithelial cells including naso-
pharynx, Eustachian tube, and orifice of the Eu-
stachian tube at the end of the middle ear. Gland-
like structures are often observed in chronic OM 
patients [29, 31].

This observation has been confirmed by in 
situ hybridization, which shows clearly that MU-
C5AC positive mucous cells are dominant in the 

Table 6.1  Immunoglobulin levels in MEF and serum from 30 acute OM patients
Samples No. of sample IgA IgG IgM
MEF 30 586.1 ± 434.6 3033.8 ± 1870.0 617.2 ± 421.2
Serum 28 644.0 ± 511.3 5948.0 ± 3780.5 1241.5 ± 910.9

Unit: μg/mL measured by radial immunodiffusion as described in referenced study
MEF middle ear fluid
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Eustachian tube mucosa whereas MUC5B posi-
tive mucous cells are only in the mucous glands 
of the Eustachian tube and tracheal submucosal 
glands [12, 13, 31]. In the middle ear mucosa, 
few MUC5B messenger RNA (mRNA) tran-
scripts are found in the biopsy specimens [29, 
32].

These samples are free of COM because they 
have no history of OM. There are no inflamma-
tory cells infiltrated when examined carefully. 
MUC5B mucin is a polymer, linked head-to-
head. Under a microscope, mucous strings can be 
found [12, 13, 29, 32]. That is a molecular basis 
for trapping invading microorganisms.

Advances in Potential Bench  
to Bedside in OM Research

OM is basically an inflammatory disease. Recent 
studies indicate that there is an immune sup-
pression issue on the basis of inflammation. The 
main reason is that some of the inflammatory cy-
tokines and mediators such as IFN-γ and TNF-α 
are linked to immune responses in the human 
body. This implies that chronic OM frequently 
occurs probably due to the immunosuppression 
in the middle ear mucosa. It appears that Id1 is 
an important regulatory transcription factor in 
the regulation of OM propensity. Id1 is linked to 
the mucin expression in the middle ear epithe-
lial cells, infiltration of δγ T cells in the middle 
ear mucosa, and the proliferation of the middle 
ear epithelial cells. These housekeeping roles of 
Id1 in the middle ear have been recognized in 
the recent years and play an important role in the 
innate and adaptive immunity of the middle ear. 
The essence of Id1 in the middle ear epithelial 
cells makes it indispensable in the defense of in-
vading microorganisms. Without Id1, the middle 
ear develops naturally occurring OM with effu-
sion due to weakened innate and adaptive im-
munity. With too much Id1, the middle ear runs 
into a status in which predisposition of OM pre-
vails by increasing inflammatory cytokines and  
mediators.

In conclusion, advancing the immunological 
and inflammatory mechanisms of OM patho-

physiology will go a long way towards develop-
ing novel molecular targeting therapeutic strate-
gies for this condition.

References

 1. Hoberman A, et al. Treatment of acute otitis media 
in children under 2 years of age. N Engl J Med. 
2011;364(2):105–15.

 2. Alford BR, McFarlane JR, Neely JG. Homograft 
replacement of the tympanic membrane. Laryngo-
scope. 1976;86(2):199–208.

 3. Han F, et al. Role for Toll-like receptor 2 in the 
immune response to Streptococcus pneumoniae 
infection in mouse otitis media. Infect Immun. 
2009;77(7):3100–8.

 4. Komori M, et al. Pneumococcal peptidoglycan-
polysaccharides regulate toll-like receptor 2 in 
the mouse middle ear epithelial cells. Pediatr Res. 
2011;69(2):101–5.

 5. Suenaga S, et al. Mucosal immunity of the middle 
ear: analysis at the single cell level. Laryngoscope. 
2001;111(2):290–6.

 6. Moon SK, et al. Effects of retinoic acid, triiodothy-
ronine and hydrocortisone on mucin and lysozyme 
expression in cultured human middle ear epithelial 
cells. Acta Otolaryngol. 2000;120:944–9.

 7. Kohlgraf KG, et al. Defensins as anti-inflammatory 
compounds and mucosal adjuvants. Future Micro-
biol. 2010;5(1):99–113.

 8. Mogi G. Mucosal immunity of the middle ear. Acta 
Otolaryngol Suppl. 1984;414:127–30.

 9. Lin J, et al. Recognition of gene expression patterns 
in the ear of rats with cDNA microarray. Hear Res. 
2003;175:2–13.

10. Hamajima Y, Lin J. Establishment of a chronic otitis 
media with mucoid effusion in rats with Id1 bollar 
transfection followed by obstruction of Eustachian 
tube. submitted; 2003.

11. Hamajima Y, et al. Id1 induces epithelial cell hyper-
plasia in the middle ear of rats. The eighth interna-
tional symposium on recent advances in otitis media. 
Fort Lauderdale, Florida, USA: BC Decker; 2003.

12. Lin J, et al. Mucin production and mucous cell 
metaplasia in otitis media. Int J Otolaryngol. 
2012;2012:745325.

13. Nakamura Y, et al. The role of atoh1 in mucous cell 
metaplasia. Int J Otolaryngol. 2012;2012:438609.

14. Prellner K, Kalm O, Pedersen FK. Pneumococcal 
antibodies and complement during and after periods 
of recurrent otitis. Int J Pediatr Otorhinolaryngol. 
1984;7(1):39–49..

15. Kambe N, et al. Development of both human connec-
tive tissue-type and mucosal-type mast cells in mice 
from hematopoietic stem cells with identical distri-
bution pattern to human body. Blood. 2004;103(3): 
860–7.



52 J. Lin

16. Bhattacharyya SP, et al. Activated T lymphocytes 
induce degranulation and cytokine production by 
human mast cells following cell-to-cell contact. J 
Leukoc Biol. 1998;63(3):337–41.

17. Mori A, et al. Analysis of stem cell factor for mast 
cell proliferation in the human myometrium. Mol 
Hum Reprod. 1997;3(5):411–8.

18. Hofmeyer KA, Jeon H, Zang X. The PD-1/PD-L1 
(B7-H1) pathway in chronic infection-induced cyto-
toxic T lymphocyte exhaustion. J Biomed Biotech-
nol. 2011;2011:451694.

19. Howie VM, Ploussard JH. Efficacy of fixed combina-
tion antibiotics versus separate components in otitis 
media. Effectiveness of erythromycin estrolate, triple 
sulfonamide, ampicillin, erythromycin estolate- 
triple sulfonamide, and placebo in 280 patients with 
acute otitis media under two and one-half years of 
age. Clin Pediatr (Phila). 1972;11(4):205–14.

20. Sorensen CH, Nielsen LK. Plasma IgG, IgG sub-
classes and acute-phase proteins in children with 
recurrent acute otitis media. Apmis. 1988;96(8):676–
80.

21. Berman S, et al. Immunoglobulin G, total and sub-
class, in children with or without recurrent otitis 
media. J Pediatr. 1992;121(2):249–51.

22. Misbah SA, et al. Antipolysaccharide antibodies in 
450 children with otitis media. Clin Exp Immunol. 
1997;109(1):67–72.

23. Drake-Lee AB, Hughes RG, Dunn C. Serum IgA 
and IgG functional antibodies and their subclasses 
to Streptococcus pneumoniae capsular antigen found 
in two aged-matched cohorts of children with and 

without otitis media with effusion. Clin Otolaryngol 
Allied Sci. 2003;28(4):335–40.

24. Corscadden KJ, et al. High pneumococcal sero-
type specific IgG, IgG1 and IgG2 levels in serum 
and the middle ear of children with recurrent acute 
otitis media receiving ventilation tubes. Vaccine. 
2013;31(10):1393–9.

25. Freijd A, Oxelius VA, and B. Rynnel-Dagoo, A 
prospective study demonstrating an association 
between plasma IgG2 concentrations and suscepti-
bility to otitis media in children. Scand J Infect Dis. 
1985;17(1):115–20.

26. Veenhoven R, et al. Immunoglobulins in otitis-prone 
children. Pediatr Res. 2004;55(1):159–62.

27. Aghamohammadi A, et al. Immunologic evaluation 
of patients with recurrent ear, nose, and throat infec-
tions. Am J Otolaryngol. 2008;29(6):385–92.

28. Roy S, et al. Phenotype detection in morphological 
mutant mice using deformation features. Med Image 
Comput Comput Assist Interv. 2013;16(3):437–44.

29. Lin J, et al. Characterization of mucins in human 
middle ear and eustachian tube. Am J Physiol Lung 
Cell Mol Physiol. 2001;280:L1157–67.

30. Preciado D, et al. MUC5B Is the predominant mucin 
glycoprotein in chronic otitis media fluid. Pediatr 
Res. 2010;68(3):231–6.

31. Kawano H, et al. Identification of MUC5B mucin 
gene in human middle ear with chronic otitis media. 
Laryngoscope. 2000;110:668–73.

32. Lin J, et al. Expression of mucins in mucoid otitis 
media. JARO. 2003;4:384–93.



53

7Basic Science Concepts in 
Otitis Media Pathophysiology 
and Immunity: Role of Mucins 
and Inflammation

Stéphanie Val 

© Springer International Publishing Switzerland 2015
D. Preciado (ed.), Otitis Media: State of the art concepts and treatment, DOI 10.1007/978-3-319-17888-2_7

S. Val ()
Sheikh Zayed Institute, The Otologic Laboratory, Chil-
dren’s National Health System, Center for Genetic Medi-
cine Research, 111 Michigan Avenue NW, Washington, 
DC 20010, USA

Part I: The Innate Immunity in Otitis 
Media

The first line of defense against pathogens enter-
ing in the middle ear is innate immunity. It plays 
very diverse and important roles:
• Creating a physical and chemical barrier to 

pathogens: cellular barriers that are the epi-
thelial surfaces and mucus layers on the top of 
epithelia

• Identifying pathogens with nonspecific recep-
tors or sensing molecules

• Producing factors to activate inflammation, 
called pro-inflammatory mediators as cyto-
kines and chemokines, to attract inflammatory 
cells

• Activate the process of adaptive immunity 
response by recruiting cells and presenting 
them antigens

• Kill pathogens and clean them from the tissue.

Several pathogens were identified in the middle 
ear of patients suffering from OM: diverse bacte-
ria and viruses. Sometimes both at the same time 
have been found in middle ear effusions (MEEs) 
and seem to help each other [1]. Against these 
invaders, cellular and molecular barriers, rec-
ognition molecules and receptors, inflammatory 

mediators, and inducible effectors of the epithe-
lium constitute the innate immune mechanisms 
that protect the middle ear.

The First Line of Defense of the Innate 
Immunity: Cellular and Humoral 
Barriers

The very first lines of defenses of the innate im-
munity are physical and functional barriers. They 
are the epithelium of the middle ear and eventu-
ally the layer of mucoid gel on the top of it to pro-
tect the cells of the epithelium from the invasion 
by pathogens. The middle ear cavity of healthy 
patients does not contain liquid. Contrary to the 
airways, this line of defense has to be activated in 
the middle ear.

The Middle Ear Epithelium
The epithelium of the middle ear is mostly a 
single layer of cubical squamous cells. Some 
patches of the middle ear epithelium, and es-
pecially close to the Eustachian tube, gradually 
change in a pseudostratified columnar epithelium 
similar to the mucociliary epithelium of respira-
tory epithelia [2]. This epithelium is constituted 
of basal cells, goblet cells producing mucins, and 
other cells that can be ciliated or not. On top of 
these patches, mucus is present and protects these 
regions of the epithelium from the infection. The 
ciliated cells ensure the movement of the mucus 
in direction to the Eustachian tube orifice where 
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it is evacuated from the middle ear to the oral 
cavity.

Mucus glands, a normal feature of the Eusta-
chian tube, can also be present in the middle ear 
of patients with OM. They constitute invagina-
tions of the epithelium in the lamina propria, 
regions very rich in goblet cells that are able to 
produce large quantities of mucins. In healthy 
subjects that did not have prior disease of the 
middle ear, very few mucus glands are usually 
observed, whereas in subjects that had a history 
of OM events, these glands are more numerous 
[3]. This suggests that in the middle ear, mucus 
glands probably appear after several episodes of 
OM and then remain even after the disease is re-
solved. In patients with chronic suppurative otitis 
media (CSOM), the density of mucus glands is 
very high [4] and appears as a sequelae of CSOM 
[5]. Studies of the structure of mucus glands in 
the middle ear showed that the epithelium first 
invaginates at the location of high-density goblet 
cells and then different ramifications develop to 
lead to different structure types and sizes. Never-
theless, it was noticed that mucus glands of the 
middle ear can degenerate and lose their ability 
to produce mucins [3] likely because when OM 
resolves, the ear contains less factors sustaining 
inflammation and mucin production.

As explained before, the healthy middle ear 
epithelium contains few goblet cells that are 
concentrated in some patches of mucociliary epi-
thelium mainly close to the Eustachian tube. But 
in the case of OM, the simple layer epithelium 
remodels into a pseudostratified epithelium. Sev-
eral studies have demonstrated by histology tech-
niques (Hematoxilyn and eosin staining on cuts 
of paraffin-embedded tissues) that the middle ear 
epithelium exhibits more secretory cells as well 
as ciliated cells in numerous parts of the middle 
ear epithelium [6–8]. Secretory cells are positive 
to periodic acid Schiff (PAS) staining detecting 
the presence of glycoconjugates, which are main-
ly in mucin proteins. Smirnova et al. [9] dem-
onstrated that these mucins are secreted in the 
MEEs as they were PAS positive using a slot blot.

The Mucus in the Middle Ear:  
An Important Role for Mucins
OM is characterized by the presence of fluid in 
the middle ear cavity, called effusions that can be 
serous or mucous. Serous effusions do not con-
tain mucins and are not viscous. On the contrary, 
mucous effusions are highly viscous and contain 
a high content of mucins [10]. An in vitro test 
of transportability of a bead under magnetic at-
traction also indicated that mucous effusions are 
less transportable than serous ones, suggesting 
that mucous effusions are difficult to clear in the 
middle ear [11]. Serous effusions contain pro-
teins similar to the blood, so it is suggested that 
serous fluids are the result of a passive transudate 
of blood components in the middle ear due to a 
negative pressure in the middle ear likely because 
of the Eustachian blockade during inflammatory 
OM [12, 13]. Even if there are some conflicting 
findings from different research groups, serous 
effusions are believed to show better outcomes 
of the disease, whereas mucoid effusions are sug-
gested to predict chronic otitis media with effu-
sions (COME) [11, 14]. The study of Matkovic 
et al. [15] also contributed to this hypothesis as 
among 108 effusions collected, only 6 % were 
mucoid for patients having OM diagnosed for 
less than 3 months, whereas 95 % were mucoid 
for patients having the disease for more than 3 
months. The large differences in medical out-
comes and effusion and middle ear mucosa 
(MEM) characteristics prove that various cellular 
and molecular pathways act in the evolution of 
the disease. The production of large amounts of 
mucins necessitates the differentiation of goblet 
cells in the epithelium and the development of 
mucin glands. Indeed, the reabsorption of water 
in serous fluids and the concentration of their 
proteins are believed to participate to turning se-
rous effusions into mucous ones [16]. Contrary 
to serous effusions, mucous effusion production 
necessitates the active process of producing mu-
cins (exudates). But as a large number of proteins 
from the blood are also present in the mucous ef-
fusions (as albumin the predominant one), a pas-
sive diffusion of proteins and liquid is also prob-
ably implicated in the accumulation of mucous 
effusions.
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Ion transport and water channels are also 
believed to play an important role in bringing 
water in the middle ear cavity and participate 
to serous and mucous effusion production. The 
healthy middle ear has to be kept without fluid 
contrary to the inner ear for a good transmission 
of the sound vibrations. Herman et al. [17] sug-
gested the importance of water channels and ion 
transports. Experiments conducted in Mongolian 
gerbil’s middle ear cells showed that the absorp-
tion of fluid in the middle ear was dependent 
on an osmotic gradient created by sodium and 
potassium adenylpyrophosphatase (ATPase)-
dependent channels. The impairment of this ion 
flux has been shown in the lungs of rabbits in 
response to hydrogen peroxide that is produced 
during oxidative processes as well as hypoxia, a 
condition likely to appear in OM [18]. The aqua-
porins (AQP)1, 4, and 5, channels regulating 
the water homeostasis in cells, were detected in 
the Eustachian tube and MEM of rats as well as 
the epithelial sodium channels (ENaCs) [19]. In 
experimental OM in rats induced by Eustachian 
tube obstruction, ENaC and AQP were deregu-
lated from 1 to 8 weeks after Eustachian tube 
obstruction, suggesting their implication in the 
water imbalance leading to fluid presence in the 
middle ear [20].

Effusions are composed of mucins but contain 
other proteins (antibacterial proteins, cytokines, 
etc.), lipids, deoxyribonucleic acid (DNA), and 
bacterial components [10, 14, 21], some of these 
substances being remains of dead bacteria and 
epithelial cells. Mucins, the major macromo-
lecular component of epithelial mucus, are very 
high-molecular-weight proteins constituted of a 
backbone where numerous sugar side chains are 
added as a posttranslational modification (glyco-
sylation with glycotransferases enzymes). These 
glycoconjugates are linked to the mucins in the 
Golgi and are then stored in secretory granules, 
waiting to have a signal to merge with the mem-
brane and be released in the extracellular com-
partment [22]. Mucins are widely studied as their 
regulation is often a key determinant of diseases 
as cancer, lung diseases, and gastrointestinal dis-
eases.

Mucins are classified by their protein back-
bone that is encoded by different mucin genes 
called MUC. MUC transcripts are big (until 15 
kilo bases), so is the protein backbone, account-
ing for 15–50 % of mucin mass, and can contain 
400 to more than 11,000 amino acids [22].The 
major posttranslational modification of mucins 
is O-glycosylations, consisting in O-glycans at-
tached to tandem repeats rich in serine and threo-
nine all along the backbone. N-glycosylation is 
also observed but in a lesser extent. More than 20 
human MUC genes have been identified—about 
the same number in mice. Considering the size 
of their gene transcript and protein backbone, but 
also their many glycoconjugates, the analysis of 
the MUC proteins is difficult. In the respiratory 
tract, 12 MUC genes have been identified and 
less in the ear, probably because mucins are more 
studied in the airways. Studies of mucins in the 
MEM and MEEs seem to show that MUC5B is the 
predominant mucin in the ear of patients having 
OM, whereas healthy subjects show very low 
levels of mucin [6–8, 23, 24]. But other mucins 
have been detected, apparently in lower amounts, 
which are MUC5AC, MUC2, and MUC4 [7, 13, 
24, 25]. MUC5B has been detected by transcript 
analysis and protein assay: Preciado et al. [23] 
detected MUC5B protein by mass spectrometry 
in MEEs from COME patients and Lin et al. [7] 
by immunohistochemistry on the mucosa of pa-
tients with mucoid OM, whereas non-inflamed 
mucosa did not react with either of the antibodies 
anti-MUC5B and anti-MUC4. It has been noticed 
that the Eustachian tube of mucoid OM patients 
had MUC5B, MUC4, and also MUC5AC and 
MUC1 glycoproteins [8]. From the same study, 
electron microscopy of secretions from COME 
patients showed the presence of chain-like poly-
meric mucin. Some studies have detected the 
presence of messenger ribonucleic acid (mRNA) 
transcripts of MUC1, MUC2, MUC3, MUC4, 
MUC5AC, MUC5B, MUC7, MUC8, MUC9, 
MUC11, MUC13, MUC15, MUC16, MUC18, 
MUC19, and MUC20 [24–26], but gene expres-
sion does not always reflect the protein produc-
tion and secretion. Indeed, Thornton et al. [27] 
showed that mucin gene expression in the air-
ways was not always correlated to the presence 
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of the protein. Mucins can be secreted or attached 
to the cell membrane. Among the mucins detect-
ed in the middle ear, we can notice that MUC5B 
and MUC5AC are secreted mucins, whereas 
MUC1 and MUC4 and are membrane-tethered 
mucins [22].

The overproduction of mucins leads to mu-
coid effusions that are hard to clear by the mid-
dle ear. Efforts have been made to try to pre-
vent mucin overproduction, but a recent article 
pointed to the necessary presence of MUC5B in 
the innate immune response of airways and the 
ear. A study directed by Dr. Christopher Evans 
showed that the knockout of Muc5b in mice had 
a fast and dramatic effect on the mortality and 
morbidity due to infection of the airways leading 
to systemic infection [28]. Histology of the lungs 
showed an overproduction of Muc5ac probably 
to compensate the lack of Muc5b, but failed to 
protect the airways from infection. The ears were 
also infected by different bacteria and contained 
liquid as well as signs of inflammation. Thus, 
Muc5b glycoprotein is needed in the airways and 
the ear to protect mice against bacterial invasion 
and shows its central role in the innate immunity.

Antimicrobial Molecules in Effusions
MEEs contain other molecules that participate 
to the defense against pathogens. Antibacte-
rial proteins efficiently kill bacteria and are very 
important in the innate immunity mechanisms. 
Defensins are broad-spectrum antimicrobial pep-
tides, small (30–45 amino acids), rich in cationic 
amino acids, and stabilized by disulfide bounds 
that protect them from proteases [29]. Defensins 
have antimicrobial properties towards bacteria 
and viruses, are able to inhibit some bacteria 
toxins [30], and have pro-inflammatory activi-
ties stimulating cytokine and chemokine produc-
tion [31]. Surprisingly, defensins have not been 
studied in patient samples, but in vivo and in 
vitro studies of experimental OM showed their 
induction in response to bacterial infection of the 
middle ear [32, 33]. Human β-defensin 2 (HBD2) 
was studied in vitro in order to determine the mo-
lecular pathways implicated in its induction. In 
human middle ear epithelial cells (HMEEsCs), 
HBD2 is under the control of the pro-inflamma-

tory cytokine interleukin (IL)1-β that activates 
Raf-MEK1/2 (mitogen-activated protein kinase 
kinase), the mitogen-activated protein kinase 
(MAPK) pathway [34]. Non-typable Haemophi-
lus influenzae (NTHi) is also able to induce the 
expression of HBD2 first activating the toll-like 
receptor (TLR) 2 and then inducing protein 38 
(p38) MAPK pathway [32]. HBD1 and HBD2 
have also shown their ability to reduce Strepto-
coccus pneumonia (SP), Haemophilus influenzae 
(Hi), and Moraxella catarrhalis (MC) growth 
in a liquid broth assay [35]. In Chinchilla, the 
orthologue of human β-defensin 3, chinchilla 
β-defensin 1, CBD1, had potent antimicrobial ac-
tivity against SP, Hi, and MC [36]. Furthermore, 
chinchillas pretreated with recombinant CBD1 
resulted in lower colonization of NTHi in the 
nasapharynx [37]. But bacteria are able to resist 
to defensins when they are growing in biofilms: 
Jones et al. [38] demonstrated that HBD3 binds 
to extracellular DNA constituting the matrix of 
NTHi biofilms, leading to the sequestration of 
HBD3 and thus diminishing the biological activ-
ity of an important defense of innate immunity.

Other antibacterial molecules are also part of 
the innate immune defense. Among them, the 
lysozyme is a cathelicidin (a cationic peptide) 
that has various effects, primarily damaging the 
membrane of bacteria. Lysozyme is present in 
MEEs of pediatric patients having OM, especial-
ly in mucous effusions compared to serous ones 
[12, 13, 39]. Giebink et al. [40] showed that the 
concentrations of lysozyme are more important 
in the MEEs of patients with COME positive for 
bacteria culture and suggested that this antibac-
terial agent was not only produced by polymor-
phonuclear leukocytes but also by the middle 
ear epithelium that accounted for 50–80 % of the 
lysozyme in the middle ear. Experimental OM 
in animals also demonstrated higher lysozyme 
detection in the middle ear: in response to MC 
in the Guiney pig [41] and in response to SP in 
chinchilla, this study also showed that more ly-
sozyme were observed even when heat-killed 
bacteria were injected in the middle ear, sug-
gesting that the production of lysozyme might be 
activated in response to membrane components 
of bacteria. Furthermore, mouse depleted of lyso-
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zyme also showed a higher susceptibility to OM 
development after SP infection [42], underlining 
the importance of lysozyme in the innate immune 
defense against bacteria.

Finally, some other antibacterial molecules 
poorly studied seem to play a role in the middle 
ear defense to pathogens: surfactant proteins as 
short palate, lung, and nasal epithelium clone 
(SPLUNC)-1, small cationic peptides, halocidin, 
and xylitol [29, 43].

Recognition of Pathogens

The System of the Complement

The complement system is a biochemical cascade 
composed of several peptides normally present as 
inactive forms. This system can be activated by 
different sequential cascades of enzymatic reac-
tions in which proteins are sequentially cleaved 
and activated. The resulting effector molecules 
are C3a and C5a, also called anaphylatoxins. 
They are the most potent activation products of 
the complement that are able to induce a large 
diversity of effects as bacterial cytotoxicity, in-
duction of pro-inflammatory cytokines produc-
tion, and inflammatory cell activation [44]. The 
activation of the complement system depends on 
three pathways. The classical pathway consists in 
the recognition of immunoglobulin IgG and IgM 
complexes formed around pathogens that acti-
vate the C1 complex, activating C4 molecules to 
induce the activation of C3 and C5. The alterna-
tive pathway is triggered by carbohydrates, lip-
ids, and proteins found on pathogens: C3 medi-
ates the activation of the cascade. And the lectin 
pathway recognizes sugars at the microbial sur-
face and leads to the activation of C4, C3, and 
finally C5.

Mediators of the complement activation have 
been found in MEEs and the MEM. Recently, He 
et al. [45] analyzed molecules of the component 
in effusions of children with recurrent OM by the 
enzyme-linked immunosorbent assay (ELISA). 
High amounts of C3a, C5a, and sC5-b9 were 
detected in the MEEs of patients having OM for 
more than 6 weeks. The concentration of C5a 

was also strongly correlated to the concentration 
of IL-6 and IL-8 pro-inflammatory cytokines, 
suggesting a link between complement activa-
tion and the inflammatory effect they induce. 
Complement transcript induction was also ob-
served in HMEEsCs in vitro in response to SP 
and influenza A virus (IAV). Another study was 
conducted on effusions of patients with COME 
to assay the complement activation (C3a and C3 
cleavage fragments) by ELISA and western blot 
analysis [46]. High concentrations of comple-
ment molecules were found and C3 activation 
was evaluated at 40 % of the total amount of C3 
protein. They also noticed that C3a concentration 
was higher when effusions stayed longer in the 
ear and when children had multiple tube inser-
tions, pointing C3a levels as a marker of the chro-
nicity of OM. The complement activation leads 
to lysis of pathogens; this has been verified by 
Niarko-Markela and Meri [47] with erythrocytes 
of Guiney pigs exposed to MEEs from patients 
with otitis media with effusion (OME). Thirteen 
of the 38 MEEs tested had direct endogenous he-
molytic activity, and 27 enhanced serum-initiated 
lysis. They also detected high levels of terminal 
complement complexes demonstrating the strong 
activation of the complement.

Receptors of the Innate Immunity
Multiple cell types and especially epithelial cells 
that are in contact with the external environment 
express innate immune receptors as Toll Like 
Receptors (TLRs). In the mucosal environment, 
mast cells and dendritic cells also express TLRs. 
The TLRs are pattern recognition receptors that 
recognize pathogen-associated molecular pat-
terns (PAMPs). The activation of TLRs leads 
to the production of molecules also implicated 
in the innate immune response, as chemokines, 
cytokines, interferons (IFNs), and antimicro-
bial molecules described before. TLRs are type 
I transmembrane receptors with an extracellular 
N-terminal region with leucin-rich repeats and 
an intracellular toll-IL-1 receptor (TIR) domain. 
TLRs can form homodimers or heterodimers. 
The homodimers of TLR4, TLR5, TLR11, and 
the heterodimers of TLR2-TLR1 or TLR2-TLR6 
bind to their respective ligands at the cell surface, 
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whereas TLR3, TLR7-TLR8, TLR9, and TLR13 
localize to the endosomes, where they sense mi-
crobial and host-derived nucleic acids. TLR4 
localizes at both the plasma membrane and the 
endosomes. They each recognize specific types 
of PAMPs, for example, TLR1-TLR2 and TLR1-
TLR6 recognize acylated peptides, TLR4 recog-
nizes lipopolysaccharide (LPS), TLR3 targets 
double-stranded ribonucleic acid (RNA), and 
TLR9 recognizes bacterial DNA. TLR signal-
ing is induced by their dimerization, dependent 
on ligand binding. All TLRs except TLR3 have a 
signaling pathway dependent on myeloid differ-
entiation factor 88 (MyD88), activating the tran-
scription factor NF-ĸB and then the expression of 
pro-inflammatory cytokines [48].

Several TLRs have been identified in the 
MEM and MEEs. TLR2, TLR4, TLR5, and TLR9 
were found at the level of RNA and proteins in 
the MEM of both OM and non-OM patients [49]. 
For TLR2, TLR4, and TLR5, no difference of 
expression was found between non-OM and OM 
MEM, but their concentration was lower in the 
mucosa of patients with CSOM. In consequence, 
it was suggested that the clinical recovery of 
OM depends on TLR expression in the middle 
ear. There are conflicting evidences considering 
TLRs in MEEs and the correlation with the pres-
ence of bacteria. Lee et al. [50] observed effu-
sions of patients with OME having lower TLR2, 
TLR6, and TLR9 mRNA when they are prone 
to have persistent OM and the level of TLRs is 
higher in culture-positive MEEs. Another study 
demonstrated the inverse for TLR9: less TLR9 
mRNA is detected in culture-positive MEEs [51], 
whereas Lee et al. [52] failed to see any difference 
in TLR2, TLR4, TLR5, and TLR9 mRNA. Study-
ing TLRs in MEEs might be accurate for assaying 
their presence in immune cells but does not take 
into account the epithelial cells playing an impor-
tant role in the immune defense through TLRs. 
This might explain the differences described be-
fore. Nevertheless, animal studies showed that 
defects in TLR2 and TLR4 lead to the persistence 
of inflammation and mucosal metaplasia during 
OM [53].

Role of the Inflammation in OM
Inflammation is a central innate immune re-
sponse activated by pro-inflammatory mediators 
(chemokines, cytokines) in order to attract and 
activate immune cells, stimulate the various in-
nate immune defenses, and initiate the adaptive 
immune response to pathogens. This is a very ef-
ficient process involving different mediators and 
cells, but also deleterious if it does not resolve 
when the pathogens are no longer present. In-
flammation is suspected to participate to the ab-
sence of resolution of OM especially in the case 
of COME and CSOM.

Pro-inflammatory Cytokines and Chemokines 
in OM
Pro-inflammatory cytokines and chemokines 
are characteristic of the inflammatory process: 
They are induced at early stages of the innate im-
mune response until advanced stages to sustain 
the inflammation and to stimulate the adaptive 
immune response. Cytokines are usually associ-
ated to different types of immune response and 
can be produced by different cell types: epithelial 
cells, macrophages, neutrophils, dendritic cells, 
etc. Thus, cytokines that are known to play an 
important role in the innate immunity are tumor 
necrosis factor α (TNF-α), interleukins IL-1, IL-
10, IL-12, IFNs, and chemokines like IL-8. The 
adaptive immunity is usually characterized by the 
cytokines IL-2, IL-4, IL-5, transforming growth 
factor β (TGF-β), IL-10, and IFN-γ production, 
TGF-β and IL-10 being able to repress inflam-
mation. In addition, granulocyte-macrophage-
colony-stimulating factor (GM-CSF) and granu-
locyte-colony-stimulating factor (G-CSF) are cy-
tokines known to stimulate the differentiation of 
hematopoetic cells. Pro-inflammatory cytokines 
and chemokines have been detected many times 
in MEEs; the Table 7.1 summarizes some of the 
more recent studies assaying the content of cyto-
kine protein in MEEs or MEM by ELISA or their 
transcripts by polymerase chain reaction (PCR) 
[15, 49, 50, 54–61]. Among the 11 studies listed, 
12 different cytokines were detected in samples 
collected from children or adults with acute otitis 
media (AOM), OME, COME, and CSOM. De-
spite the fact that it is complicated to compare 

S. Val



597 Basic Science Concepts in Otitis Media Pathophysiology and Immunity

the quantity of cytokines in each study, it seems 
that IL-8, IL-6, IL-12, and IL-2 are detected in 
almost all the effusions. IL-1β, IL-4, IL-5, TNF-
α, IFN-δ, TGF-β, and IL-10 were detected in less 

MEEs (40–80 % for the studies detailing this 
parameter), and TNF-β showed conflicting evi-
dences considering its presence. IL-8, IL-6, IL-
12, IL-1β, TNF-α, IFN-δ, and IL-10 seem to be in 

Cytokine Detected in References
IL-8 36 MEEs, COME patients, 92 % [54]
– 108 MEEs, OM +/− 3 months, + [15]
– 96 MEEs, OME, + (RNA) [50]
– 46 MEEs, OME, + [55]
IL-6 20 MEEs, AOM, + [56]
– 96 MEEs, OME, + (RNA) [50]
– 72 ears, MEM, COM/CSOM, + (RNA) [49]
– 75 MEEs, OME persistent and/or recurrent, 83 % [57]
IL-12 96 MEEs, OME, + (RNA) [50]
– 80 MEEs, OME adults, 100 % [58]
IL-1β 36 MEEs, COME patients, 67 % [54]
– 108 MEEs, OM +/− 3 months, + [15]
– 30 MEEs children, 38 MEEs adults OM, + [59]
– 72 ears, MEM, COM/CSOM, + (RNA) [49]
– 75 MEEs, OME persistent and/or recurrent, 58 % [57]
IL-2 108 MEEs, OM +/− 3 months, + [15]
– 80 MEEs, OME adults, 75 % [58]
IL-4 80 MEEs, OME adults, 41 % [58]
– 26 MEEs, OME, + [60]
IL-5 80 MEEs, OME adults, 52 % [58]
– 26 MEEs, OME, + [60]
TNF-α 36 MEEs, COME patients, 77 % [54]
– 108 MEEs, OM +/− 3 months, + [15]
– 30 MEEs children, 38 MEEs adults OM, + [59]
– 96 MEEs, OME, + (RNA) [50]
– 72 ears, MEM, COM/CSOM, + (RNA) [49]
– 75 MEEs, OME persistent and/or recurrent, 38 % [57]
IFN-δ 108 MEEs, OM +/− 3 months, + [15]
– 96 MEEs, OME, + (RNA) [50]
– 72 ears, MEM, COM/CSOM, + (RNA) [49]
– 80 MEEs, OME adults, 83 % [58]
– 75 MEEs, OME persistent and/or recurrent, 51 % [57]
TGF-β 45 MEEs, adults, OME, + [61]
IL-10 108 MEEs, OM +/− 3 months, + [15]
– 96 MEEs, OME, + (RNA) [50]
– 80 MEEs, OME adults, 18 % [58]
– 45 MEEs, adults, OME, + [61]
TNF-β 36 MEEs, COME patients, 0 % [54]
– 108 MEEs, OM +/− 3 months, + [15]

In the column “Detected in,” the following information is given: number of 
MEEs or samples of MEM; type of OM detected; adult is specified—if nothing 
written, the samples come from children; % of samples positive for the analysis 
(+ means not specified in the study, assuming 100 %)
OME otitis media with effusion, AOM acute otitis media, COM chronic otitis 
media, COME chronic otitis media with effusion, CSOM chronic suppurative 
otitis media, RNA ribonucleic acid

Table 7.1  Pro-inflamma-
tory mediator detection 
in middle ear effusions 
(MEEs) or middle ear 
mucosa (MEM) of patients 
with otitis media (OM)
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higher concentrations in culture-positive samples 
and CSOM that are usually characterized by the 
presence of a strong bacterial infection. IL-8 and 
IL-10 were detected in higher concentrations in 
mucoid effusions compared to serous ones.

MEEs contain a variety of cytokines acting 
both in promoting inflammation and regulating 
the adaptive immune response. Some of them 
are produced in very high content especially 
when the bacterial infection persists. The chronic 
stages of OM also show a diversity of cytokines 
in high concentration in the middle ear, suggest-
ing a persistence of inflammation in absence of 
pathogens. The Eustachian tube obstruction due 
to inflammation and the low transportability of 
mucoid effusions might limit the efficiency of 
the clearance of killed pathogens, letting PAMPs 
in the middle ear that still stimulate the immune 
responses, so do the cytokines in mucoid fluids 
that might accumulate without the possibility of 
being cleared from the middle ear. Some defects 
in cytokine production, dependent on genetic 
and environmental influence, might also explain 
why children tend to be prone to recurrent and 
persistent OM. Cytokines exhibit strong effects 
that, if not balanced, can lead to a disproportion-
ate immune response. These cytokines are pro-
duced by epithelial cells but also immune cells. 
They are granulocytes as neutrophils, basophils, 
and eosinophils and phagocytic cells as macro-
phages and dendritic cells, all detected in MEEs 
of patients with OME [60, 62–64].

Innate Immunity to Adaptive Immunity in 
OM: Activation of Lymphocytes
As described before, several immunoregulator 
cytokines are present in MEEs of patients, under-
lining the importance of the role of the adaptive 
system in OM. They can be divided in two groups: 
TH1 and TH2 (meaning lymphocyte T helper). 
They represent the ability of lymphocytes T to 
differentiate in TH1 type, inducing cell-mediated 
immunity and inflammation, or TH2 that medi-
ates the humoral immunity through the produc-
tion of antibodies by differentiated lymphocytes 
B. The different cytokines detected in the MEEs 
show the activation of both pathways. CD4+ T 

cells were detected in MEEs several times [9, 61], 
T cells that are naïve or differentiated. The lym-
phocyte subpopulation in MEEs was analyzed by 
flow cytometry in the study of Skotnicka et al. 
[65]. CD3+ T cells were dominating the popu-
lation of lymphocytes, and the T helpers CD4+ 
were the majority. The ratio of CD4+/CD8+ cells 
was significantly higher in MEEs, but the pro-
portion of CD8+ cells was lower in MEEs than 
in blood. These immune cells are suspected to 
come from adenoids in patients presenting this 
abnormality, as the population of lymphocytes of 
adenoids is important and similar to the middle 
ear [66]. Lymphocytes B have been identified in 
the middle ear as well. A study assayed the pres-
ence of lymphocytes in relation to the presence 
of antibodies against specific bacteria in 238 
MEEs of patients with AOM [67]. The percent-
age of lymphocytes was higher in the ears with 
bacteria-specific antibodies than in the ears with-
out, which correlated with a faster resolution of 
OM. The activation of the TH2-specific pathway 
inducing the differentiation of lymphocytes B to 
produce specific antibodies seem to also play an 
important role in the resolution of OM.

Part II: Molecular and Cellular 
Mechanisms Implicated in OM 
Pathogenesis

OM is a very common disease in children that 
sometimes evolves into chronic OM for reasons 
not yet understood. In order to prevent the evolu-
tion of the disease in a chronic stage that is dif-
ficult to treat, we need to understand the mecha-
nisms implicated in OM development in response 
to bacteria, and how their interaction evolves into 
chronic OM. The innate immune system plays a 
central role in OM, so researchers investigated 
the different mechanisms implicated in its acti-
vation during the infection of the middle ear. In 
vivo and in vitro models were developed to bet-
ter understand how the middle ear epithelium re-
sponds to bacteria, hoping to find new strategies 
to treat patients with OM.
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In Vivo and In Vitro Models to Study  
OM Pathogenesis

Animal Models

Animals are useful models to investigate the cel-
lular and molecular mechanisms implicated in 
OM. They permit to control the type of infection, 
the different stages of a disease, as well as the ge-
netic background of the biological material. Com-
paring to in vitro studies, in vivo models allow 
taking into account the entire immune system and 
the interaction between different cell types being 
important in the resolution of infections. But we 
have to keep in mind that animal models have 
their limitations as their responses to pathogens 
might not be the same as the human ones, the dif-
ferences being dependent on the species chosen. 
For the study of OM, rodents are widely used: 
chinchilla, mouse, rat, Guiney pig, and gerbil. 
According to the literature, mice and chinchil-
las are the main animals used in laboratories to 
study OM. Mouse is the first animal models used 
now as they are small, with a very controllable 
genetic background, easy to use in laboratories 
because a high diversity of reagents are compat-
ible with this species. Nevertheless, mice have a 
very small middle ear, which is less convenient 
to induce OM by surgery as well as collecting 
MEEs. Chinchilla offers the possibility to have a 
bigger middle ear: the review of Ryan et al. [68] 
compared the middle ear volume observed in dif-
ferent studies. The average middle ear volume of 
the chinchilla is about 1.5 ml3, whereas the one 
of a mouse is about 0.05 ml3, so the middle ear 
volume of the chinchilla is 30 times bigger than 
the one of the mouse. It is consequently easier to 
manipulate the middle ear and recover MEEs that 
are sufficient in quantity to do several biological 
assays. The anatomy of the chinchilla ear has also 
been shown to be very close to the human one 
[69]; they do not often develop spontaneous OM 
[70], and they show similar responses to virus 
and bacteria in the course of OM compared to 
humans even if the pathogens colonizing humans 
are not usually the same as those of chinchillas 
(see [71]). Rats are also used in several studies 
and have the advantage of having a bigger middle 

ear and more availability of reagents than chin-
chillas. Several interesting studies used rats to do 
a time course analysis of OM development.

OM is often induced by experimental obstruc-
tion of the Eustachian tube, leading to a nega-
tive pressure in the middle ear [72, 73]. Infec-
tion by bacteria can be coupled to this procedure 
to mimic better human OM. Bacterial injection 
can be made through the tympanic membrane but 
damaging this membrane lets other contaminants 
the possibility to enter in the middle ear. Injec-
tion via the ventral bulla is preferred as it does 
not damage the tympanic membrane and avoids 
contaminations. But it necessitates skills in mi-
crosurgery to avoid damaging the vessels and 
airways around the bulla. Infections post surgery 
can occur and may modify the immune response 
in the middle ear. Considering these limitations, 
Stol et al. [74] developed a noninvasive murine 
model adapted from a previous rat model. They 
used a pressure cabin at 40 kPa which induced 
pneumococci translocation from the nasopharyn-
geal cavity to the middle ear; the maximum bac-
teria load appearing 96 h post infection with the 
bacteria. Inflammation was confirmed with the 
secretion of IL-1β and TNF-α in the middle ear. 
This model has the advantage to avoid the limi-
tations due to the surgery but probably does not 
permit to have homogenous OM development 
between animals. Another disadvantage should 
be considered: other parts of the body might be 
affected by the difference of pressure, especially 
for medium- or long-term experiments. Finally, 
pressure cabins might not be easy to use, ex-
pensive to buy, and might not permit to expose 
enough animals at the same time.

Human pathogens are studied in animal mod-
els as relevant clinical strains. But they are evo-
lutionary adapted to humans and usually not ani-
mals, which can bring bias in these experimental 
studies. Nevertheless, the effects observed in ex-
perimental OM induced in animals and especial-
ly mice are very close to the observations made 
in humans: OM induced in mice having different 
genetic backgrounds with different strains of SP, 
Hi, and MC have shown similar inflammatory 
and mucosal effects even if the duration of the 
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disease, the intensity of the responses, and the 
ability of resolution of OM where variable [68].

OM was also evaluated in mutant mouse 
strains; a strategy often used to investigate the 
implication of a specific gene in the apparition or 
the course of a disease. Mutations are natural or 
induced in laboratories. For the study of OM, we 
have to be careful choosing the type of mutations. 
Mutations in genes acting in the development of 
the middle ear might create some morphologic 
defects, influencing the responses of the middle 
ear. Mutating central genes in the immunity might 
also compromise the response to pathogens. And 
the deletion of a gene sharing similar functions 
with other genes sometimes leads to compensa-
tion mechanisms that may compensate the loss 
of functionality. Otherwise, this type of biologi-
cal material offers great possibilities in studying 
spontaneous OM or pathogen-induced OM.

In Vitro Models
Transformed middle ear epithelial cells are now 
widely used to investigate the mechanisms im-
plicated in bacteria effects, especially focusing 
on inflammatory and mucoid effects. This type 
of biological material permits to assay the effect 
of live bacteria, bacteria lysates, purified bacte-
ria proteins, inflammatory mediators, etc., in a 
homogenous cell type which is useful but lacks 
the interaction with other cell types, especially 
the immune cells that produce mediators regulat-
ing epithelial cells. Knowing the limitations of 
cells in vitro, it is a very useful tool that gives us 
opportunities we cannot have with animals: the 
analysis of mechanisms implicated in a biologi-
cal effect is more easy.

The human middle ear epithelial cell line 
HMEEC-1 was created by Dr. David Lim in 2002 
using a retrovirus containing E6/E7 genes of 
human papillomavirus type 16 to transform pri-
mary middle ear epithelial cells from adults [75]. 
This type of transformation is known to regulate 
the cell cycle acting on the retinoblastoma (RB) 
tumor suppressor gene limiting the repression of 
the cell cycle and mediating the degradation of 
p53 protein also implicated in cell cycle repres-
sion [76, 77].

The mouse middle ear epithelial cell 
(mMEEsC) line was made by Dr. Jizhen Lin 
laboratory in 2005 [78]. Middle ear epithelial 
cells were isolated from mice and transformed 
by the large T-antigen of the simian virus 40 
(SV40) A-gene. These cells have the property to 
be temperature sensitive: At 33 °C, the SV40 an-
tigen is active and stimulates the cell cycle. But 
at 37/39 °C, SV40 is inactivated and cells dif-
ferentiate, expressing markers of epithelial cells 
such as keratins and collagens. In our laboratory, 
we have noticed that these cells can be cultured 
several weeks at air liquid interface and form a 
single layer epithelium.

Other cell types were used: the middle ear cell 
line from chinchillas immortalized by SV40 [79] 
and the primary chinchilla middle ear epithelial 
cells (CMEEsCs) [80] or primary middle ear epi-
thelial cells from adults successfully differentiat-
ed at air liquid interface in a ciliary and secretory 
epithelium [81]. Our laboratory tried to culture 
middle ear epithelial cells from children middle 
ear but because of the low amount of cells avail-
able during these procedures, we were unable to 
successfully grow them.

Interactions Between Pathogens  
and Ear Epithelial Cells

After having passed the eventual innate immune 
barriers in the middle ear, bacteria reach the mid-
dle ear epithelium. There, they adhere to the cells 
using adherence molecules varying depending on 
the bacteria. This part is focused on NTHi adhe-
sion and invasion in airway and middle ear cells 
as NTHi is the main pathogen implicated in OM 
and as its interactions with epithelial cells has 
been widely studied.

NTHi is a gram-negative nonencapsulated 
bacterium that adheres and invades the middle 
ear. Several factors are necessary to its ability 
to invade epithelial cells. NTHi is able to secrete 
IgA proteases that increase its ability to adhere 
and invade the bronchial epithelial cells NCI-
H292 [82]. Several factors produced by NTHi 
bind to host proteins: The protein F, a homolog of 

S. Val



637 Basic Science Concepts in Otitis Media Pathophysiology and Immunity

SP lamin-binding proteins, is an adhesion factor 
that binds to the lamin of host cells [83]. Protein 
E has also been implicated in epithelial cell adhe-
sion and the interaction with extracellular matrix 
proteins [84, 85]. Protein D, an outer membrane 
lipoprotein highly conserved, is important for 
NTHi adherence and is now used in pneumo-
coccal polysaccharide conjugate vaccines that 
include monoacetylated protein D carriers, vac-
cines that showed their efficiency preventing OM 
development [86]. Finally, the phosphocholine 
(PCho) groups associated to the lipooligosaccha-
ride of NTHi showed several times its implication 
in NTHi adherence as well as its ability to form 
biofilms [86–88]. PCho also present in SP was 
found to interact with the platelet-activating fac-
tor receptor (PAF receptor) as PAF present also 
PCho motifs recognized by this receptor [88]. 
In addition, the study of Van Schilfgaarde et al. 
[89] demonstrated that different clinical strains 
of NTHi elicited different patterns of adhesion, 
implying that some factors produced by specific 
strains might play a critical role in NTHi adhe-
sion. They suggested that high molecular weight 
proteins are implicated in the virulence of the dif-
ferent clinical strains of NTHi.

NTHi has been detected on cells (adherence) 
and in cells (invasion). The presence of NTHi at 
the surface of epithelial cells was demonstrated 
by bacteria culture after infection [90], fluores-
cent microscopy techniques [89], and scanning 
electron microscopy, bacteria being mainly lo-
cated on the top of non-ciliated cells [91]. Differ-
ent molecular pathways in epithelial cells were 
found to play an important role in NTHi adhe-
sion and invasion. The cytoskeleton with micro-
tubules and actin were rearranged and necessary 
for NTHi virulence [90–92]. Macropinocytosis 
was demonstrated to be an important internaliza-
tion mechanism of NTHi [91], and other studies 
found the implication of lipid rafts [92]. NTHi 
is also able to produce outer membrane vesicles 
that contain factors that will help the bacteria 
to invade hosts. These vesicles have a diameter 
of 20–200 nm and contain DNA, adhesins, and 
other enzymes [93]. These vesicles are internal-
ized by caveolin-dependent mechanisms and 

elicit the production of immune proteins as IL-8 
and the antibacterial protein LL-37, surprising-
ly enhancing NTHi invasion in epithelial cells. 
Thus, different mechanisms are implicated in 
NTHi internalization in epithelial cells and might 
be dependent on cell culture conditions and the 
NTHi strain used.

In the middle ear, bacteria are found plankton-
ic or organized in biofilms [94, 95]. The growth 
of bacteria in biofilms gives them the ability to 
hide from the immune system of the host and re-
sist to antibiotics due to the extracellular matrix 
the bacteria create around them [95]. Biofilms 
of main pathogens in OM were detected in the 
middle ear of patients: SP, Hi, and MC but also 
Staphylococcus aureus and Staphylococcus epi-
dermidis. But even if these bacteria are known 
to resist to high antibiotic quantities, we do not 
know yet how they can invade human cells. It is 
possible that biofilms are a defense mechanism 
to protect bacteria from a hostile inflammatory 
environment, offering them a niche to wait that 
immune responses decrease in order to better in-
fect the host.

Regulation of Mucin Production  
and Mucous Cell Metaplasia in OM:  
Role of Pro-inflammatory Mediators

Inflammation and effusion production are char-
acteristic of OM. As explained before, clinical 
inflammation seems to appear at the early stages 
of OM development when the middle ear tries 
to fight the infection by bacteria and/or viruses 
until more chronic stages even if the bacteria 
count seems lower. But this is not the case for 
mucin production that is mainly observed at later 
stages of OM course. Serous effusions are sus-
pected to mainly come from the transudation of 
liquid and proteins from the blood, whereas mu-
cous effusions need the active process of mucin 
production. Mucins are produced by goblet cells 
of the middle ear epithelium and mucus glands, 
which are easily detected in the MEM of patients 
with OME and COME, but at very low levels in 
healthy middle ears. These observations suggest 
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that several factors play a role in the remodeling 
of the epithelium of the middle ear. This part of 
the chapter will try to review the different fac-
tors implicated in mucin production and mucous 
cell metaplasia, focusing on the inflammatory 
mediators that seem to play a crucial role in this 
process.

Infection of the Middle Ear by Bacteria 
Results in Pro-inflammatory Mediators 
Expression and Secretion In In Vivo And  
In Vitro Models
MEEs from patients with OM contain high con-
centrations of a panel of pro-inflammatory cy-
tokines (see Sect. 3.3.1). In vivo studies were 
conducted to try to replicate the conditions of 
infection occurring in OM in order to analyze the 
expression and secretion of pro-inflammatory cy-
tokines in the MEM and in MEEs mainly in mice, 
chinchillas, and rats (Table 7.1 and 7.2).

Several studies assayed the effect of live 
or killed NTHi or its purified endotoxins in the 
mouse middle ear (Table 7.2) [73, 96–98]. They 
used different protocols to induce OM (transtym-
panic injection of bacteria or bacterial components 
coupled to Eustachian tube obstruction in some 
cases), and all found similar pro-inflammatory 
cytokines to be induced in the middle ear at the 
level of RNAs or proteins (by PCR of the MEM 
or ELISA assay of MEEs). The cytokines TNF-α, 
IL-1α, IL-1β, IL-10, IL-6, MIP-2, KC, and IFN-δ 
were upregulated in response to NTHi, at various 
time points depending on the conditions of OM 
induction: from 6 h to 2 months post NTHi in-
jection. Mac Arthur et al. [96] did a time course 
study of cytokine expression in the MEM. They 
found the mRNAs of Mip-2, Il-6, and Kc upregu-
lated at all time points, but the fold inductions 
were higher at earlier times. Preciado et al. [97] 
confirmed this high early effect assaying Mip-2 
at day 1 and day 7 after NTHi lysates injection. 
SP was also used in other studies to induce OM. 
The different techniques used to induce SP in-
fection (pressure cabin, intranasal exposure, or 
transtympanic injection) showed pro-inflam-
matory effects as well (IL-1α, IL-1β, TNF-α, 
MIP-2, IL-2, IL-6), effects occurring from 24 h 
to 15 days after SP exposure [74, 96, 99, 100]. 

Stol et al. [74] underlined the early effect on cy-
tokine production in middle ear homogenates as 
IL-1β and TNF-α were induced at 48 and 96 h  
after nasopharyngeal infection by SP but not at 
144 h. Endotoxins from Salmonella Typhimurium 
or LPS were used to induce OM in three studies 
by transtympanic inoculation [101–103]. All the 
cytokines cited before were also upregulated in 
these experiments, assaying the protein concen-
tration in MEEs or middle ear washes. These in-
ductions were observed at early stages (1 day post 
injection) until 3 days. This suggests that expos-
ing the MEM to purified bacteria proteins induc-
es AOM resolving with time as there are no live 
bacteria that sustain the innate immune response.

Fewer studies were conducted in chinchil-
la and rat species; some examples are listed in 
Table 7.3. These animals are bigger than mice 
and allow injecting bacteria directly in the bulla 
without drilling the tympanic membrane. In chin-
chilla, low or high quantity of live or killed SP 
was able to induce the secretion of IL-1β, IL-6, 
and TNF-α until 3 days after infection in MEEs 
in animals having previous Eustachian tube ob-
struction [72, 104]. In one of the studies, IL-1β 
was shown to be induced early (6 h post infec-
tion), whereas IL-6, IL-8, and TNF-α appeared 
later [104]. In rats, SP or nonviable NTHi were 
potent to induce all the panel of cytokines de-
scribed before from 6 h to 7 days post infection 
[105, 106]. Different time-dependent expres-
sion profiles of pro-inflammatory cytokines are 
observed but seem to point TNF-α and IL-1β 
as early cytokines in the response to bacterial 
challenge, and they are sustained during the dis-
ease process. This is supported by human MEEs 
analysis [107], TNF-α being considered as a 
biomarker for OM with effusion persistence and 
chronicity [57, 108].

The importance of cytokines in the develop-
ment of OM has been further investigated using 
mutant mice or wild-type mice treated with 
receptor antagonists or neutralization antibody. 
The use of an antagonist of IL-1 receptor during 
OM mediated by Hi in chinchilla showed better 
resolution of OM. In another study, mucous 
cell metaplasia induced in mouse in response to 
NTHi or SP was also shown to be less important 
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in IL-10 null mice [109]. These results implicate 
IL-1α, IL-1β, and IL-10 in the persistence of OM. 
IL-1β is produced as a pro-protein attached to the 
plasma membrane and requires cleavage to be 
secreted. The inflammasome, multiprotein com-
plex implicated in the activation of inflammation 
is able to cleave the pro-IL-1β. A recent article 
evaluated the implication of the inflammasome, 
mutating its adaptor apoptosis-associated speck-
like protein containing a CARD (Asc) in mice 
[110]. The inflammatory defects observed were 

linked to an increase in the degree and duration of 
mucosal epithelial hyperplasia in the middle ear 
of Asc221-/- mice as well as a delay in bacterial 
clearance. This shows that even if an overproduc-
tion of IL-1β tends to delay OM resolution, its 
absence or the absence of the inflammasome is 
deleterious.

HMEEsCs treated with bacterial components 
also exhibited an overexpression of cytokine 
genes as well as protein secretion [34, 111, 112], 
showing that the epithelial cells of the MEEs 

Table 7.2  Pro-inflammatory mediators detected in mouse models of otitis media (OM)
Reference Bacterial species/

component
OM induction Duration of 

infection
Cytokines deregu-

lated (time 
point)

Technique

[98] Heat killed Hi TTI one ear, other 
ear not injected as 
control

6 h TNF-α, IL-1α, 
IL-10, IL1β, IL-6, 
MIP-2, KC

Gene chip 
(mRNA) on MEM

[101] LPS TTI, saline as 
control

3, 6, 12, or 24 h IL-1β, TNF-α, 
MIP-2, KC (24h, 
other ND); GM-
CSF (6h)

ELISA of ME 
wash

[74] SP Pressure cabin, 
nasopharyngeal 
infection

48, 96, 144 h after 
nasopharyngeal 
infection

IL-1β, TNF-α 
(48hrs and 96hrs)

ELISA of MEH

[73] NTHi purified 
endotoxins

ETO and then TTI, 
saline as control

3 days, 2 weeks, 2 
months

TNF-α (3 time 
points), IL-1β (3 
days), IFN-δ not 
consistent

ELISA of MEEs, 
in situ hybridiza-
tion MEM

[99] SP then Influenza 
virus

Intranasal expo-
sure, saline as 
control

15 days after SP 
infection

IL-1α, pro-IL-1β, 
TNF-α, MIP-2

PCR (mRNA) of 
MEM

[97] NTHi lysates TTI, saline as 
control

1 day and 7 days MIP-2 most 
induced gene

Microarray 
(mRNA)

[102] endotoxins from 
Salmonella 
typhimurium

TTI, saline as 
control

6 h, 12 h, 1 day, 3 
days, 7 days, and 
14 days

IL-1α (up to 3 
days), TNF-α (day 
1 and 3)

ELISA of MEEs

[103] endotoxins from 
Salmonella 
typhimurium

TTI, saline as 
control

24 h MIP-2, IL-1β, IL-6 ELISA of ME 
wash

[100] SP TTI one ear, other 
ear not injected as 
control

24 h TNF-α, IL-1β, 
IL2, IL-6

PCR (mRNA) of 
MEM

[96] Heat killed Hi TTI one ear, other 
ear not injected or 
saline

6, 24, 72 h, 1 week MIP-2, IL-6, KC 
all time points but 
more at 6 h

PCR (mRNA) of 
MEM

Saline as control means the control group was injected with saline in the middle ear
TTI transtympamic injection, ETO  Eustachian tube obstruction, MEH middle ear homogenate, MEEs middle ear 
effusions, MEM middle ear mucosa, PCR polymerase chain reaction, ELISA enzyme-linked immunosorbent assay, 
LPS lipopolysaccharide, SP Streptococcus pneumonia, TNF tumor necrosis factor, IFN interferon, IL interleukin, 
GM-CSF granulocyte-macrophage-colony-stimulating factor, Hi Haemophilus influenzae, NTHi non-typable Hae-
mophilus influenzae, KC kinase C, mRNA messenger ribonucleic acid, MIP macrophage inflammatory protein, ND 
not determined
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alone are able to produce pro-inflammatory cyto-
kines in response to bacteria exposure, the TLRs 
playing an important role in this effect [113, 114].

Infection of the Middle Ear by Bacteria 
Induces Mucin Production and Mucous 
Cell Metaplasia
Several laboratories have demonstrated that the 
infection of the middle ear of animals by NTHi, 
SP live or killed, or LPS results in middle ear 
mucous metaplasia similar to patient samples de-
scribed in Sect. 2.1. In mice, the transtympanic 
injection of NTHi lysates or its purified endotox-
ins resulted in middle ear thickening and mucous 
cell metaplasia starting at day 3 after infection 
until 2 months [73, 97]. This was confirmed 
using rat models infected by NTHi, SP, or MC 
as rats inoculated with these bacteria developed 

high middle ear secretory capacity showing the 
presence of mucins by the detection of carbohy-
drates and a high goblet cell density with thick-
ness of the MEEs [115–119]. After NTHi, SP, or 
MC infection, the middle ear goblet cell density 
reached a peak at 2 months after infection and 
remained until 6 months. Thus, the middle ear 
is subject to a gradual remodeling that can per-
sist a long time after a single injection of bacte-
ria. Hunter et al. [119] showed that 7 days after 
a single injection of LPS, rats with Eustachian 
tube obstruction developed middle ear goblet cell 
metaplasia and hyperplasia, but not the control 
group. These results underline the high respon-
siveness of the middle ear epithelium to a single 
injection of bacterial component when the Eusta-
chian tube is obstructed.

Table 7.3  Pro-inflammatory mediators detected in chinchilla and rat models of OM
Reference Animal 

species
Bacterial 
species/
component

OM induction Duration of 
infection

Cytokines deregulated 
(time point)

Technique

[72] Chinchilla Heat killed SP ETO and 
then injec-
tion superior 
bulla, saline as 
control

3 days after SP 
injection

IL-1β and TNF-α ELISA of 
MEEs

[104] Chinchilla Low quantity 
SP

ETO and 
then injec-
tion superior 
bulla, saline as 
control

1–72 h IL-1β, (6 h); IL-6, IL-8, 
TNF-α (72 h)

ELISA of 
MEEs

[105] Rat SP ETO and 42 
days after 
injection 
though bulla, 
saline as 
control

2 days and 7 
days after SP

IL-1β, TNF-α, IL-6, 
IL-10, IL-8 in MEEs up 
to day 3. In MEM IL-1β 
same; IFN-δ, TNF-α 
W3/5 to W16; IL-6, 
IL-10, IL-8, TGF-β, 
MCP-1 biphasic

ELISA of 
MEEs and 
PCR on MEM 
(mRNA)

[106] Rat nonviable 
NTHi

Transbullar 
inoculation, 
saline as 
control

3, 6, 24, 48, 
72 h after 
NTHi

In ME wash more 
IL-1β, IL-6, TNF-α 
(24 h, other time points 
ND), in MEM mRNA 
TNF-α (up to 6 h); 
IL-1α, IL-8 (up to 
24 h); IL-1β, IL-6 (up 
to 48 h); IL-10 (up to 
72 h)

ELISA of ME 
wash and PCR 
of MEM

Saline as control means the control group was injected with saline in the middle ear
ETO Eustachian tube obstruction, ME wash middle ear wash, MEEs middle ear effusions, MEM middle ear mucosa, 
PCR polymerase chain reaction, ELISA enzyme-linked immunosorbent assay, SP Streptococcus pneumonia, TNF 
tumor necrosis factor, IL interleukin, NTHi non-typable Haemophilus influenzae, mRNA messenger ribonucleic acid, 
W week, MCP-1  Monocyte chemoattractant protein 1
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In vitro experiments have been conducted to 
analyze the mucoid effect of live or lysed bacte-
ria on HMEEsCs-1. The exposure to NTHi, SP, or 
MC revealed a potency of the HMEEsC-1 to acti-
vate the promoter of MUC5AC and the transcrip-
tion of its mRNA [113, 120–125]. Coculture of 
HMEEC-1 with live SP also demonstrated an in-
duction of MUC5AC mRNA and promoter [126]. 
Kerschner et al. [120] extended the study to other 
mucins in this cell type: they found mRNA in-
duction of MUC5AC, MUC5B, and MUC2, this 
being more relevant with the clinical observa-
tions of mucins in the middle ear of patients with 
OM. None of these studies analyzed the mucin 
proteins. Importantly, mucins have more of a 
biological effect if they are secreted. It has been 
shown in airway cells that mucins can be stored 
in vesicles before being secreted [22], and as 
mentioned before, the activation of mucin genes 
does not always reflect the production of the pro-
tein [27]. The predominant mucin in the MEEs 
MUC5B is also very poorly studied and needs 
more attention in terms of its genetic regulation, 
as from it appears that MUC5AC plays less of 
an important role in OM. But MUC5B glyco-
protein production in the middle ear is probably 
mainly dependent on mucus glands that are hard 
to model in vitro. A way to address this ques-
tion would be to use a glandular model in three-
dimensional (3D) gel as already described for 
human primary bronchial epithelial cells grown 
in a basement membrane matrix [127]. After 22 
days of growth, the bronchial cells differentiated 
into glandular acini with a lumen and were able 
to secrete MUC5B in the lumen.

Inflammatory Mediators Regulate Mucin 
Production and Mucous Cell Metaplasia
Inflammation is activated very quickly after in-
fection of the middle ear, whereas mucin produc-
tion, dependent on mucous cell metaplasia, oc-
curs later. The hypothesis suggested by several 
researchers is that inflammation drives mucous 
cell metaplasia in the middle ear during OM and 
in consequence increases the production of mu-
cins in effusions. A simple way to address this 
question is to use animals exposed to a pro-in-
flammatory cytokine in the middle ear instead 

of bacterial components. A first experiment was 
done by Catanzaro et al. [128] in Guiney pigs. 
The animals were exposed to human recombi-
nant IL-1, IL-2, or TNF-α injected through the 
tympanic membrane, and the ears were observed 
until 72 h post injection. IL-2 and TNF-α in-
duced effusions in the ear that resolved at 48 h 
for TNF-α and 72 h for IL-2. IL-1 did not have 
any effect. The experiment was repeated in mice 
by Watanabe et al. [129] that injected IL-1β and 
compared it to NTHi LPS effect. Similar patho-
logical changes were observed in the two groups 
compared to controls and showed an inhibition of 
effusion production in presence of IL-1 receptor 
antagonist. TNF-α effects were studied several 
times in rats: injection of TNF-α in the middle 
ear induced effusion production, subepithelial 
edema, neutrophil infiltration, and MUC2 mRNA 
in the MEM [130, 131]. Coupled with Eustachian 
tube obstruction, TNF-α injection stimulated mu-
cous cell metaplasia and hyperplasia with abun-
dant production of mucin glycoproteins [132]. 
IL-8 pro-inflammatory cytokine was also shown 
to induce the thickening of the middle ear epithe-
lium and inflammatory cell infiltration in mice, 
effects comparable but stronger compared to 
heat-killed SP [133].

Similar experiments were conducted in vitro 
to analyze the effect of pro-inflammatory cyto-
kine exposure on mucin expression in the middle 
ear epithelium. HMEEsC-1, normal MEEsC, or 
chinchilla MEEsC exposed to IL-1β or TNF-α 
showed an increase of mRNA production of 
MUC2, MUC5AC, MUC8, and/or MUC19 [80, 
134, 135]. In addition, MUC19 mRNA was in-
duced in HMEEsC-1 and chinchilla MEEsC in 
response to IL-6 and IL-8 [80]. The total mucin 
glycoprotein content, more relevant with the bi-
ological effect of mucins, was increased by the 
incubation of chinchilla MEEsC or HMEEsC-1 
with IL-1β or TNF-α detected by PAS staining 
and scintillography technique [134, 136]. Naka-
mura et al. [137] analyzed the ability of middle 
ear epithelial cells to differentiate in goblet cells 
in vitro in response to TNF-α. He showed that the 
co-exposure of mMEEsC to TNF-α and retinoic 
acid differentiated the epithelial cells in mucus-
like cells, whereas retinoic acid alone did not, 



68

demonstrating that TNF-α participates in mucous 
cell differentiation. Smirnova et al. [62] used a 
goblet cell type from the human colon, HT29-
MTX cells, in order to assay the effect of IL-8 on 
cells already differentiated in mucin-producing 
cells. They demonstrated an increase of MUC5B 
and MUC5AC secretion in response to IL-8 in 
a dose- and time-dependent manner, which was 
sustained until 5 days.

These studies show that several cytokines 
including IL-1β and TNF-α induce middle ear 
metaplasia and hyperplasia as well as effusion 
production containing mucins in vivo. Further 
analyses in in vitro models of middle ear epithe-
lium demonstrated that these cytokines induce 
mRNA expression of mucins, stimulate the se-
cretion of mucins by goblet cells, and are able 
to participate to mucous cell differentiation. All 
together, these studies point pro-inflammatory 
cytokines as a key determinant in middle ear 
mucous cell metaplasia and mucin production in 
OM. The signaling pathways implicated in these 
effects will be developed in the next parts.

Role of the Innate Immune Receptors TLRs
As mentioned, TLR2, TLR4, TLR5, and TLR9 
were found at the level of RNA and proteins in 
the MEM of both OM and non-OM patients [49]. 
The TLRs are receptors that recognize similar 
patterns in pathogens, they are the first sensors 
of infection in the middle ear. In animals, TLRs 
were demonstrated to play a critical role in OM. 
Mutant mice were used to investigate the impact 
of deficiencies in TLRs in OM. Mice mutated 
for TLR4, TLR2, or TLR9 showed a more pro-
found and persistent inflammation with impaired 
bacterial clearance when infected by NTHi or SP 
[138–141]. The early TNF-α induction observed 
in wild-type mice was not occurring in TLR2-/- 
and TLR4-/- mice. Leichtle et al. [139] showed 
that TLR2-/- mice had a delayed IL-10 expres-
sion and a prolonged failure to clear bacteria, 
whereas TLR4-/- mice had only an early bacteria 
clearance impairment. TLR4-/- mice were also 
characterized by an absence of TLR2 induction, 
suggesting an involvement of TLR4 in TLR2 
activation.

MyD88 and TRIF proteins, adaptors of TLRs 
that mediate parallel signaling pathways, were 
also mutated. MyD88 mediates IL-1β induction, 
whereas TRIF mediates IFN responses. TRIF-/- 
and MyD88-/- mice both showed a reduced but 
more persistent mucosal metaplasia and impair-
ment to clear bacteria [142, 143]. If we compare 
the mucosal effects of these mutated mice to 
wild-type ones, we see that TLR2-/- mice as well 
as MyD88-/- mice have a sustained and higher 
thickening of the middle ear epithelium after 
NTHi inoculation in the ear compared to wild-
type mice, whereas milder effects were observed 
for TLR4 or TRIF deficient mice [53].

The signaling pathways leading to pro-in-
flammatory mediators and mucin gene induction 
were studied in vitro, focusing on MUC5AC. 
Figure 7.1 shows a summary of NTHi effect on 
HMEEsC-1 and other cell types as airway cells, 
adapted from the results of five studies directed 
by Dr. Jian Dong Li [112, 114, 121, 122, 144]. 
NTHi seem to activate the TLR2 but not the TLR4 
and require the mediators MyD88, interleukin-1 
receptor-associated kinase 1 (IRAK), and TNF 
receptor-associated factor protein 6 (TRAF6) to 
activate p38 and nuclear factor κB (NF-κB) path-
ways, resulting in pro-inflammatory mediators 
and MUC5AC promoter activation and in conse-
quence the initiation of their transcription. Other 
studies also implicated the central transcrip-
tion factor in inflammation NF-κB in response 
to bacterial components or cigarette smoke in 
middle ear cells [145–147]. The protein kinase 
C (PKC) pathway activates CARD-containing 
MAGUK protein 1 (CARMA-1) that seems to 
be implicated in inflammasome assembly [148], 
and extracellular signal-regulated kinase (ERK) 
was also implicated in NTHi effects as well as 
the Tβ receptors (TβR) that dimerizes in response 
to NTHi and activates Smad3/Smad4 to induce 
MUC2. The outer membrane protein (OMP)-6 of 
NTHi demonstrated its ability to induce several 
biomarkers of these pathways, suggesting the 
high importance of this protein in NTHi biologi-
cal effects in middle ear epithelial cells.

Interestingly, SP infection revealed different 
responses. Figure 7.2 summarizes the results of 
four studies on the mechanisms of MUC5AC in-
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duction in response to SP lysates [113, 125, 126, 
149]. Contrary to NTHi, SP activated TLR4 and 
not the TLR2 pathway. Nevertheless, the media-
tors MyD88, IRAK1, and TRAF6 were also im-
plicated in TLR4 effects. Inhibitory IκB kinase 
(IĸKα/β) was shown to be phosphorylated, lead-
ing to ERK activation by IĸKα and repression 
by IĸKβ. ERK activation resulted in MUC5AC 
transcription probably via the activator protein 1 
(AP-1) factors. Jun kinase (JNK) was also acti-
vated in response to SP via TRAF6/p21-activat-
ed kinase 4 (PAK4), repressing the activation of 
MUC5AC. The protein MAP kinase phosphatase 
1 (MKP1) was also demonstrated to repress ERK 
and JNK activation, conferring to the epithelial 

cells the ability to limit MUC5AC induction in 
response to SP via different signaling pathways.

In consequence, from our knowledge TLRs 
especially TLR2 and TLR4 play an important 
role in the innate immune response to NTHi and 
SP. These receptors activate a quick inflamma-
tory response to attract immune cells and clear 
pathogens. They regulate the production of pro-
inflammatory mediators as well as mucin genes 
(MUC2 and MUC5AC). MUC5B is the predom-
inant mucin in the MEEs of patients with OM; 
thus, it is important to further investigate the 
mechanisms of its regulation as well. TLR muta-
tions in mice demonstrated a persistence of the 
middle ear metaplasia and hyperplasia, under-
lining the importance of its activation in the in-

Fig. 7.1  Molecular pathways implicated in non-typable 
Haemophilus influenzae (NTHi) inflammatory and mu-
coid effects in human ear and airway epithelial cells. 
Four main molecular pathways have been identified in re-
sponse to NTHi or its outer membrane protein (OMP)-6:1. 
Toll-like receptor 2 (TLR2) activates myeloid differentia-
tion factor 88 (MyD88), interleukin-1 receptor-associated 
kinase 1 (IRAK1), TNF receptor-associated factor protein 
6 (TRAF6), TGF-β-activated kinase (TAK1), MAP kinase 
kinase 3/6 (MKK3/6), p38, activator protein 1 (AP-1) 
leading to MUC5AC and MUC2 transcription activa-
tion.2. TAK1 induces a parallel signaling pathway activat-
ing NF-κB-inducing kinase (NIK), IκKα/β (inhibitory IκB 

kinase), IκB phosphorylation detaching from p65/p50 that 
translocates to the nucleus to activate the transcription of 
MUC5AC and MUC2.3. TβRI/TβRII dimerization is in-
duced by NTHi. It activates Smad3 that binds to Smad4 
and induces the expression of MAP kinase phosphatase 1 
(MKP1) inhibiting MKK3/6 activation.4. NTHi activates 
protein kinase C (PKC) that activates CARD-containing 
MAGUK protein 1 (CARMA-1), inducing TRAF6 sig-
naling pathway. PKC also activates MAPK/ERK kinase 
(MEK) and then extracellular signal-regulated kinase 
(ERK) leading to the increase of p65/p50 binding to in-
flammatory mediator promoters.(Based on [112, 114, 121, 
122, 144])
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flammatory responses during bacterial infection. 
Nevertheless, after the immune system resolved 
the bacterial infection, the inflammation has to 
stop. If it persists, it is likely that the middle ear 
epithelium remodels and exhibits a high number 
of goblet cells producing an excess of mucins.

Role of Hypoxia Mechanisms
Hypoxia is defined as an insufficient level of O2 
in the blood or a tissue. It induces responses of 
stress from cells trying to reduce their metabo-
lism to save O2 and try at the same time to bring 
more of it. The biomarkers of hypoxia are usually 
the transcription factor hypoxia inducible factor 
1α (HIF-1α) and the secreted protein vascular en-
dothelial growth factor (VEGF). During OM, the 
orifice of the Eustachian tube is often blocked, 
likely leading to a mild hypoxia in the middle ear. 
To investigate this direction, Sekiyama et al. [55] 
assayed the presence of VEGF in MEEs from 
patients with OME. VEGF was detected in high 

concentrations in MEEs and was associated to 
IL-8 secretion as well as endotoxins presence.

In vivo, the hypothesis that hypoxia regulates 
the responses observed during OM is supported 
by the fact that Eustachian tube obstruction in-
duces MEEs and mucosal metaplasia [150]. This 
is also supported by the clinical observations of 
the Eustachian tube blockade during OM, due 
to inflammation, which stimulates the muco-
sal metaplasia of the middle ear [151]. A lower 
oxygenation of the middle ear can be a cause of 
hypoxia but the presence of a large amount of 
inflammatory cells during OM might participate 
to the consumption of O2 as well. Kitaoka et al. 
[152] have also shown that SP consumes oxygen 
too, altogether the different cells (human cells 
and bacteria) additional to the Eustachian tube 
dysfunction are the cause of hypoxia.

Hypoxia induces stress responses dependent 
on oxygen radicals called reactive oxygen spe-
cies as they react with the components of the 
cells (protein, lipids, DNA…) and damage them. 

Fig. 7.2  Molecular pathways implicated in Streptococ-
cus pneumoniae (SP) mucoid effects in human ear and 
airway cells. SP or its membrane protein pneumolysin 
activates three main signaling pathways:1. Toll-like re-
ceptor 4 (TLR4) activates myeloid differentiation factor 
88 (MyD88), interleukin-1 receptor-associated kinase 
1 (IRAK1), TNF receptor-associated factor protein 6 
(TRAF6), inhibitory IκB kinase (IκKα/β) that activates 
or represses extracellular signal-regulated kinase (ERK) 
leading to activator protein 1 (AP-1) translocation to the 

nucleus to bind to its responsive element in MUC5AC 
promoter and activate its transcription.2. TRAF6 activates 
p21-activated kinase 4 (PAK4) and Jun kinase (JNK). 
TRAF6 also induces the expression of MAP kinase phos-
phatase 1 (MKP1) that represses JNK and ERK.3. SP also 
activates phosphodiesterase 4B (PDE4B) that reduces cy-
clic adenosine monophosphate (cAMP) content leading to 
less activation of protein kinase A (PKA) and the repres-
sion of MKP1 expression.(Based on [113, 125, 126, 149])
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High levels of lipid peroxidation, induced by an 
overproduction of reactive oxygen species, have 
been detected in MEEs of patients with OME 
[153, 154]. Balikci et al. [155] also showed evi-
dence of protein oxidation in MEEs of patients 
with COME.

In vivo, rats with Eustachian tube blockade 
showed OM development and elevated expres-
sion of HIF-1α, VEGF, IL-1β, and TNF-α [156]. 
Two mutated mice were also characterized by the 
overexpression of the same hypoxia and inflam-
matory mediators: Jeff and Junbo mice [157]. 
Both mice having different mutations developed 
spontaneously OM and showed low O2 levels 
in the middle ear and fluids as well as apoptot-
ic polymorphonuclear inflammatory cells. The 
Junbo mice treated with an inhibitor of VEGF 
were seen to develop less hearing problems and 

mucosal metaplasia. The hypoxia was resolved 
by myringotomy of Junbo mice and associated 
with a reduction of the inflammation and the 
thickness of the MEM [158], showing the benefi-
cial effect of middle ear oxygenation. The mech-
anisms under these effects were investigated with 
in vitro models grown in hypoxic conditions. Pri-
mary airway cells grown at 1 % O2 at air-liquid 
interface showed a dramatic differentiation in 
goblet cells positive for MUC5AC as well as a 
pseudostratified appearance and reduction of cili-
ated cells [159]. In another study, a bronchial cell 
line was demonstrated to secrete MUC5AC if 
cultured in hypoxic conditions, induction depen-
dent on HIF-1α and Smad activation [160].

Hypoxia seems to participate in OM develop-
ment, likely occurring during the inflammatory 
response of the middle ear epithelium. In addi-

Fig. 7.3  Model suggested for the development of oti-
tis media (OM) and the evolution into COME. a The 
healthy middle ear is represented in the part a as a single 
epithelium. The infection by bacteria induces inflamma-
tory cytokine secretion in the middle ear which attracts 
inflammatory cells. b During middle ear inflammation, 
the Eustachian tube likely blocks and generates a negative 
pressure in the middle ear, leading to liquid and protein 

transudation from the blood, bringing liquid in the middle 
ear cavity. The pro-inflammatory mediators stimulate the 
middle ear epithelium to differentiate goblet cells. c In 
chronic stages of the disease, fewer bacteria are present 
in the middle ear. But the sustained inflammation remod-
eled the epithelium that has mucus glands producing large 
amounts of mucins, making the MEEs very viscous
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tion to the innate immune response activated by 
pathogens, the increase in oxygen consumption 
in the middle ear coupled with the Eustachian 
tube obstruction might create a hypoxic environ-
ment. This can lead to the production of reactive 
oxygen species, creating some damages in the 
MEM, leading to the sustainment of inflamma-
tion.

In summary, from what we can summarize 
from the literature, we can suggest a model of 
OM development from very early responses to 
the chronic stage of the disease (Fig. 7.3). The 
healthy middle ear is a simple-layer epithelium 
(Fig. 7.3a) that keeps the middle ear without fluid 
which is assured by ion pumps and AQP water 
channels. When AOM events occur (Fig. 7.3b), 
the epithelial cells recognize pathogens with 
receptors which leads to the secretion of pro-
inflammatory mediators. These mediators attract 
inflammatory cells (also producing pro-inflam-
matory mediators) and stimulate the remodeling 
of the epithelium, showing more cells producing 
mucins but also some ciliated cells. One of the 
consequences of the inflammation is to block 
the Eustachian tube thus impairing its function 
of clearance. A negative pressure in the middle 
ear likely occurs and induces the transudation of 
proteins and liquid from the blood. In addition, 
the impairment of ion pumps and water channels 
fail to reabsorb the water, letting serous fluids 
in the middle ear cavity. The infection can be 
managed by the immune system and the inflam-
mation resolve, stopping the OM. If the inflam-
mation persists, sometimes even in absence of 
pathogens or a low amount of bacteria as it has 
been described for COME, a more drastic remod-
eling of the middle ear epithelium occurs, leading 
to the production of more goblet cells as well as 
mucus glands that produce very large amounts of 
mucins (Fig. 7.3c). Proteins and water still dif-
fuse from the blood vessels and participate in the 
production of a very viscous fluid due to the high 
content in mucins, mainly MUC5B.

Knowledge of mechanisms implicated in 
OM has increased dramatically over the past 20 
years with new laboratory techniques for MEEs 
analysis, the use of mutant animals and in vitro 

models of middle ear epithelium. Nowadays, an-
tibiotics are widely used but are not necessarily 
needed in certain cases like COME, where the 
bacteria infection has already been identified and 
treated by the innate immune system. Thus, ef-
forts are needed to better understand what hap-
pens in the different stages of the disease to better 
guide patient treatment. This includes the study 
of MUC5B, the predominant mucin in MEEs, as 
there is a total lack of understanding of its regu-
lation in OM. The recent study showing that the 
knoockout in MUC5B gene induces middle ear 
infection underlines this need [28]. The devel-
opment of mucus glands probably produces a 
large amount of MUC5B present in MEEs. Their 
differentiation and regulation should also be ad-
dressed in OM with innovative cell culture strate-
gies.
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Introduction

Otitis media with effusion (OME) and acute 
otitis media (AOM) are exceedingly common 
diseases, especially in the pediatric population. 
Most children have experienced at least one epi-
sode of AOM by age 3 and by age 6 nearly 40 % 
have had three infections [1]. Nearly 20 % of all 
young, school-age children at any given time 
have middle-ear effusion (MEE)—regardless of 
source. Otitis media, a catch all term encompass-
ing AOM and OME, is the second most common 
illness diagnosed in children [2] and the most 
common reason for children to receive antibiotic 
therapy [3, 4]. Treatment for OME and AOM is 
predicated on accurate diagnosis. Increasing ef-
fort is being made to be certain of diagnosis of 
AOM before prescribing antibiotic therapy so as 
to reduce antibiotic burden and decrease health-
care expenditure. Despite this, there is no gold 
standard for the diagnosis of AOM or OME. It 
is a clinical diagnosis with evolving symptoms 
based on disease state and progression. The pur-
pose of this section is to detail the diagnostic 
modalities available and demonstrate how they 
might be used to guide therapeutic intervention.

To properly diagnose otitis media, one must 
get an adequate view of the middle ear. This is 
not always easy. In general, the largest speculum 
possible should be used to examine the ear. This 
permits the widest possible field of view. The 
speculum should fit comfortably in and be well 
seated in the outer, cartilaginous portion of the 
external auditory canal (EAC). Using a smaller 
speculum limits the field of view and it is far 
easier to over-insert the speculum which may re-
sult in contact with the bony EAC, which is ex-
quisitely painful. The EAC is often tortuous and 
gentle posterior traction on the pinna can be used 
to straighten the EAC and allow for better inser-
tion of the speculum. Additionally, the speculum 
and/or otoscope should be held in such a way so 
as to brace it against the patient’s head. Thus, 
with any sudden movements, the speculum and 
otoscope will move with the patient’s head. All 
of these positioning techniques are aimed at re-
ducing any discomfort associated with the exam. 
This is especially important in children. It can be 
difficult to examine infants and young children, 
proper positioning and technique can help in 
achieving a successful exam.

The normal tympanic membrane is a three-
layered membrane with an outer layer of strati-
fied squamous epithelium, a middle fibrous layer 
and an inner mucosal layer of cuboidal epithe-
lium contiguous with the middle ear mucosa. It is 
adult size at birth though its orientation changes 
dramatically over the first few years of life. At 
birth it is a nearly horizontal orientation (34° 
from the horizontal plane) but changes as the 
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skull base grows to a more vertical orientation 
(63° from the horizontal plane) in adults [5]. The 
normal tympanic membrane is translucent and 
pearly gray. The malleus (short process and ma-
nubrium) can easily be seen. Other landmarks in 
the middle ear are typically visible through the 
tympanic membrane (Fig. 8.1a). The most com-
mon reasons for the tympanic membrane not to 
appear normal are OME and AOM. There are 
many possible findings when examining the tym-
panic membrane (Table 8.1 and Fig. 8.1b) and 
good description of the exam findings helps to 
standardize communication between clinicians.

In contrast to a normal tympanic membrane, 
the exam findings in otitis media are quite dif-
ferent. OME (Fig. 8.2) will often present with 
complaints of fullness and possibly decreased 
hearing. It may also be asymptomatic. Exam 
findings in serous OME are usually a yellow 
or amber tympanic membrane with normal or 
retracted position. Mobility is usually impaired 
and air bubbles may be seen in the fluid in the 

middle ear space. Mucoid OME has a yellow to 
white or creamy color with a bulging, normal, or 
retracted position. Mobility is also usually de-

Table 8.1  Findings on pneumatic otoscopy
Color Position Translucency Mobility
Gray Normal Translucent Normal
Yellow Bulging Semiopaque Increased
Amber Retracted Opaque (dull) Decreased
White No movement
Red
Blue

Fig. 8.2  Otoscopic exam: serous otitis media

 

Fig. 8.1  a Otoscopic exam: normal tympanic membrane 
b normal tympanic membrane with landmarks labeled. a. 
lateral process of malleus b. tympanic annulus c. chorda 
tympani d. incudostapedial joint e. handle of malleus f. 

shadow of Eustachian tube g. shadow of round window 
niche h. promontory (floor of middle ear) i. umbo j. bulge 
of anterior EAC wall k. hypotympanic air cells
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creased (Fig. 8.3). The findings in OME contrast 
with the findings in AOM. Here the patient may 
or may not complain or ear pain. The tympanic 
membrane will be red with prominent vessels. 
There will be effusion in the middle ear space, 
often purulent in appearance, and the tympanic 
membrane will appear in a normal or bulging 
position. Mobility will also likely be decreased 
(Fig. 8.4).

Of paramount importance is making the cor-
rect diagnosis for a patient with otitis media as 
the diagnosis will determine the treatment. The 
2013 Clinical practice guideline: Diagnosis and 

Management of AOM from the American Acade-
my of Pediatrics (AAP) [6] built upon and further 
clarified diagnostic criteria set forth in the 2004 
AAP guidelines [7]. The 2004 guidelines used 
a three part definition of AOM with (1) acute 
onset of symptoms, (2) presence of MEE, and 
(3) signs of middle ear inflammation. Criticisms 
of these criteria were that they lacked precision 
to exclude OME and permitted the diagnosis of 
AOM in cases of acute onset of symptoms with 
otlagia and MEE but without other signs of in-
flammation on otoscopy. Additionally, the 2004 
guidelines included a category for “uncertain di-
agnosis” which may have permitted diagnosis of 
AOM without clear visualization of the tympanic 
membrane. The 2013 guidelines qualify these 
criteria and states that the diagnosis of AOM:

1. Should be made in children who present with 
moderate to severe bulging of the tympanic 
membrane (TM) or new onset otorrhea not 
due to acute otitis externa

2. Should be made in children who present with 
mild bulging of the TM and recent onset (less 
than 48 h) of ear pain (holding, tugging, and 
rubbing of the ear in a nonverbal child) or in-
tense erythema of the TM

3. Should not be made in children who do not 
have MEE (based on pneumatic otoscopy and/
or tympanometry)

Critically, the new guidelines place great impor-
tance on the otoscopic exam of the patient to make 
the correct diagnosis. A study by Karma et al. [8] 
looked at over 2900 children over the course of 2 
years at two separate sites—totaling over 11,000 
visits. Physical exam findings, the color, posi-
tion, and the mobility of the TM were recorded. 
AOM was diagnosied if the child had MEE and 
fever, earache, irritability, ear rubbing or tugging 
simultaneous other upper respiratory symptoms, 
vomiting, or diarrhea. Tympanocentesis was per-
formed but no culture was obtained. Of the acute 
visits in the study, MEE was found in 84.9 and 
81.8 % at the two sites. Of the exam findings, a 
cloudy, bulging TM with impaired mobility was 
the best predictor of AOM. Impaired mobility 
had the highest sensitivity (95 %) and specificity 

Fig. 8.3  Otoscopic exam: mucoid effusion with bubbles

 

Fig. 8.4  Otoscopic exam: AOM
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(85 %). Individually, cloudiness was 74 % sen-
sitive and 93 % specific. Bulging TM was only 
51 % sensitive, but 97 % specific. Several other 
studies support the value of the bulging TM on 
physical exam [9, 10] moderate to severe bulging 
of the TM is the most important characteristic in 
the diagnosis of AOM [6].

In looking at the presenting symptoms of 
AOM, ear pain had the highest combined posi-
tive likelihood ratio (3.0–7.3) in a 2003 review 
by Rothman et al. [11]. In three studies cited, 
Niemela et al. reported 54 % sensitivity and 82 % 
specificity of ear pain [12]. Heikkinen reported 
60 % sensitivity and 92 % specificity [13] and In-
gvarrson reported 100 % sensitivity, though did 
not report specificity [14].

Despite its usefulness as a symptom to be used 
in the diagnosis of AOM, ear pain is only pres-
ent in 50–60 % of children with AOM [11]. Other 
signs, restless, ear rubbing, fever, non-specific 
respiratory complaints, diarrhea do not appear to 
be helpful in the diagnosis of AOM.

Takata et al. reviewed the accuracy of eight 
methods of diagnosing OME [15]. Pneumatic 
otoscopy was found to have the best performance 
with a sensitivity of 94 % (95 % CI 92–96 %) 
and a specificity of 80 % (95 % CI 75–86 %). 
Pneumatic otoscopy was compared to acoustic 
reflectometer, portable tympanometry and sev-
eral variations of professional tympanometry. All 
included studies used myringotomy as internal 
diagnostic comparison. Only one of the included 
studies on pneumatic otoscopy was performed 
by validated otoscopists [16]. Additionally, the 
author notes that audiometry, binocular micros-
copy and nonpneumatic otoscopy could not be 
included in the analysis because of inadequate 
evidence. In a small study, Rogers et al. looked at 
201 ears in 102 patients and found that binocular 
by a staff pediatric otolaryngologist was the most 
sensitive in diagnosing OME with 88.0 % sensi-
tivity (95 % CI 81.4–94.7) and 89 % specificity 
(95 % CI 83.1–94.9). Resident binocular micros-
copy was the next most sensitive, followed by 
staff pneumatic otoscopy and resident pneumatic 
otoscopy. Thus, as would be expected, there is 
improved performance garnered from additional 
years of training and experience. Interestingly, 

however, even the resident exam was more spe-
cific that the tympanometer 78.4 % (95 % CI 
70.4–86.4) to 47.7 % (95 % CI 38.3–57.1).

Tympanometry

Tympanograms are widely used as an adjunct to 
the pneumatic otoscope in the clinical evalua-
tion of children with otitis media. Most primary 
care clinics today use a low-frequency probe 
tones (220–226 Hz) [17] and classify results as 
Jerger A, B, or C [18]. Type A represents nor-
mal compliance of the tympanic membrane, 
type B no compliance and type C negative pres-
sure in the middle ear space. Tympanometry 
with low-frequency probe is reliable for infants 
greater than 4 months and has good interob-
server agreement of the curve patterns in rou-
tine clinical practice [19]. Despite the relatively 
low specificity, 47.7 % in the Rogers study and 
74.5 % in the Takata study for predicting MEE 
with a type B tympanogram can guide the clini-
cian in clinical decision-making. If the defini-
tion of abnormal results on tympanogram are 
expanded to include both type B as well as type 
C2 (tympanic peak pressures between − 200 and 
− 400 daPa) the sensitivity and specificity, ac-
cording to data from Takata, improve to 93.8 % 
(95 % CI 91.1–96.4) and 61.8 % (95 % CI 41.5–
82.1), respectively. Although not as precise as 
pneumatic otoscopy, this definition of abnor-
mal result may be the most useful for ruling out 
OME [20].

Other modalities that have been used to assess 
the status of the middle ear and aid in diagnosis 
of otitis media are high frequenct (1000 Hz) tym-
panometry, multifrequency tympanometry, and 
wideband acoustic transfer functions specifically 
wideband reflectance (WBR). Data suggest that 
these methods are useful in specific situations to 
determine the presence or absence of MEE, espe-
cially 1000 Hz tympanometry and WBR as ap-
plied to screening in infants. Continued research 
is needed to define their exact role as diagnostic 
tools [20]. Acoustic reflectometry (AR) is anoth-
er tool that can be used in the diagnosis of MEE. 
Modern acoustic reflectometers analyze the fre-
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quency spectrum of reflected sound. They have 
been shown to be nearly equivalent to pneumatic 
otoscopy and tympanometry in terms of sensitiv-
ity and specificity [21]. AR offers a potential ad-
vantage over tympanometry and pneumatic otos-
copy in that it does not require an airtight seal. 
AR, however, is not widely available for clinical 
use at this time.

Hearing Testing

Audiometry may be used in the assessment of pa-
tients with otitis media. It is recommended when 
MEE has been present for 3 months or greater 
or when there is concern for speech delay, learn-
ing problems or when a significant hearing loss 
is suspected. Audiometric results with otitis can 
range from normal to moderate hearing loss 
(0–55 dB). The average hearing loss is 25 dB 
hearing level (HL) and approximately 20 % of 
ears exceed 35 dB HL [19]. The hearing loss is 
conductive in nature and secondary to the ef-
fusion in the middle ear space or the retraction 
of the TM. It causes an overall stiffening of the 
middle ear transduction mechanism (TM and os-
sicles) that generally affect lower frequencies be-
fore higher frequencies [22].

Conventional audiometry can be performed 
for children greater than 4 years of age. Screen-
ing conventional audiometry can be performed 
in the primary care setting. For younger children 
and for those for whom conventional audiometry 
is not appropriate, comprehensive audiologic as-
sessment should be obtained. This includes air 
conduction and bone conduction thresholds for 
pure tones, speech detection and speech recep-
tion thresholds. For children aged 6–24 months, 
visual reinforced audiometry may be used. Play 
audiometry is typically used for children 24–48 
months [23]. Assessment of individual ear thresh-
olds using either headphones or in canal inserts 
is typically possible with children older than 24 
months. If this is not possible, then assessment 
is done under soundfield conditions and the re-
sponses can only comment on the better hearing 
ear.

Auditory brainstem response (ABR) testing 
and otoacoustic emission (OAE) testing are not 
tests of hearing but rather assessments of the in-
tegrity of the auditory pathway. They are objec-
tive measures used in situations wherein behav-
ioral testing is not possible (e.g., newborn screen-
ing), but they should not be used as a substitute 
for behavioral audiometry [23].

Impact of Correct Diagnosis

The correct diagnosis of otitis media drives all 
further management of the patient. Decisions 
regarding treatment and follow-up, discussed 
elsewhere in this book, are all based upon diag-
nosis. Since the introduction of the 2004 AAP 
guidelines [7] several studies have examined 
their effect on diagnosis and treatment. AOM is 
the most common diagnosis for which antibiotics 
were prescribed for children less than 6 years of 
age [24]. However, in the initial years after the 
publication of the 2004 guidelines, there was a 
drop in the proportion of visits that resulted in 
antibiotic from 66.0 % in 2005 to 51.9 % in 2007. 
This trend was followed by an increase in propor-
tion over the subsequent years to pre guideline 
levels. There was a second decrease in antibiotic 
prescriptions beginning in 2010 with 2011 levels 
at 57.6 %. Additionally, 54 % of the prescriptions 
were for amoxicillin—keeping with the guide-
line recommendations [25]. Vaz et al. [24] also 
reported a decrease in the antibiotic prescriptions 
for AOM comparing rates in 2000–2001 and 
2009–2010. They note that the decreases were 
driven by decreases in the frequency of diagno-
sis of AOM. There were only modest changes in 
the management once AOM was diagnosed. This 
finding may be due to the increased focus on cor-
rect diagnosis in the 2004 guideline. The 2013 
AAP guidelines [6] continue to refine the diagno-
sis of AOM with the addition of strict otoscopic 
criteria and clarification of areas of uncertainty. 
This may result in even further reduction in the 
number of AOM diagnoses and prescribed anti-
biotics.
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Conclusion

The diagnosis of otitis media can be difficult for 
even the most experienced of clinicians. It is a 
disease that primarily affects younger children 
who can be difficult to examine at best. Addition-
ally, there is no gold standard for diagnosis of oti-
tis media. Recent studies and guidelines continue 
to refine the diagnostic criteria, with significant 
emphasis on physical exam findings, so as to 
help the clinician make an accurate diagnosis 
which informs all other decisions of therapy and 
management.
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OM Otitis media
PD Protein D
RSV Respiratory syncytial virus
URI Upper respiratory tract infection

Current Vaccination Recommenda-
tions

The vaccination schedule for pediatric patients is 
designed to deliver vaccines to this highly vul-
nerable population at intervals intended to opti-
mally protect them against infectious diseases. 
Set by the Centers for Disease Control and Pre-
vention and based on recommendations from the 
Advisory Committee on Immunization Practices, 
these practices are reviewed and revised annually 
to ensure that the guidelines concur with the cur-
rent recommendations for licensed vaccines and 
to incorporate newly released formulations.

At present, although a vaccine designed spe-
cifically for the prevention of otitis media (OM) 
does not exist, several vaccine formulations are 
currently licensed that contain components to 
target two of the predominant bacterial causative 
agents of OM, Streptococcus pneumoniae and 
nontypeable Haemophilus influenzae (NTHI). 
Although primarily indicated for the prevention 
of invasive disease caused by S. pneumoniae, 
these formulations, by extension, are shown to 
reduce the number of episodes of OM in the pe-
diatric population [1].

The first of these interventions was made 
available in 2000, when a 7-valent pneumococ-
cal conjugate vaccine (PCV7; Prevnar™/Preve-
nar™) manufactured by Wyeth Vaccines was li-
censed for use by the Food and Drug Administra-
tion. Targeting the seven most prevalent strains 
of S. pneumoniae in North America [2], PCV7 
incorporated capsular polysaccharides from 
pneumococcal serotypes 4, 6B, 9V, 14, 18C, 19F, 
and 7F, each conjugated to CRM197, a nontoxic 
variant of diphtheria toxin from Corynebacte-
rium diphtheriae. This vaccine was approved for 
use in children 2–24 months of age, and adminis-
tered as a primary series of three doses delivered 
intramuscularly at 2, 4, and 6 months of age, and 
boosted at 12–15 months [3].

In an effort to provide broader and more glob-
al pneumococcal serotype coverage, a second 
generation 13-valent pneumococcal conjugate 
vaccine (PCV13) from Pfizer received licensing 
approval in 2010 [2]. In addition to the S. pneu-
moniae serotypes targeted with the heptavalent 
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formulation, PCV13 incorporated additional 
capsular polysaccharides to provide coverage for 
pneumococcal serotypes 1, 3, 5, 6A, 7F, and 19A, 
each conjugated to CRM197. For children that had 
not yet received either pneumococcal conjugate 
vaccine, PCV13 is recommended to be adminis-
tered at 2, 4, and 6 months of age, and boosted at 
12–15 months. Healthy children between 14 and 
59 months of age who completed the PCV7 se-
ries are advised to receive a single dose PCV13, 
while it is recommended that children with un-
derlying medical conditions are administered two 
doses prior to 71 months of age [4].

Due to the emergence of invasive pneumococ-
cal strains of increasing prevalence in developing 
countries not included in the prior pneumococcal 
conjugate vaccine formulations and to further ex-
pand serotype coverage, a decavalent conjugate 
vaccine (PHiD-CV/Synflorix™) manufactured 
by GlaxoSmithKline was approved for use in 
Canada and Australia in 2008 and in the Euro-
pean Union in 2009 [5]. PHiD-CV incorporates 
capsular polysaccharides from pneumococcal 
serotypes 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, and 
23F. While tetanus toxoid and diphtheria toxoid 
serve as carrier molecules for two of the included 
pneumococcal serotypes (18C and 19F, respec-
tively), to address concerns of interference with 
coadministered conjugate vaccines, protein D 
from NTHI is conjugated to pneumococcal poly-
saccharides from serotypes 1, 5, 6B, 7F, 9V, 14, 
and 23F. PHiD-CV is currently indicated for in-
vasive pneumococcal disease and pneumonia in 
infants, and as an additional benefit, inclusion of 
Protein D is shown to provide protection against 
OM due to NTHI [6]. It is recommended that in-
fants are administered PHiD-CV at 2, 4, and 6 
months of age, and boosted at 12–15 months, or 
alternatively, 2, 4, and 11–12 months of age.

Impact on Prevalence and 
Complications Associated with Use of 
Pneumococcal Conjugate Vaccines

For OM due to S. pneumoniae, the release of 
PCV7 in 2000 resulted in a welcome 69–91 % 
decrease in invasive pneumococcal disease. 

However, despite also being associated with 
both a 56–57 % decrease in acute OM (AOM) 
associated with the pneumococcal serotypes in-
cluded in the vaccine [7–9], and a notable reduc-
tion in tympanostomy tube insertion [10], PCV7 
yielded an only modest overall decrease in AOM 
(~ 6–7 %) [11].

Importantly, near universal PCV7 adoption in 
the USA, along with the later release of a PCV13, 
as well as PHiD-CV [5, 12–14] resulted in a sig-
nificant change in the microbiology of AOM [7, 
11, 15–18]. There has been an increase in AOM 
due to non-vaccine serotypes of Spn (i.e., a phe-
nomenon referred to as “serotype replacement”) 
[19–22] and a considerable increase in the pro-
portion of cases of OM caused by NTHI and 
Moraxella catarrhalis. Globally, NTHI is now 
as important a causative agent of AOM as S. 
pneumoniae [1, 23]. Moreover, in a recent sur-
vey of bacteria cultured from the middle ears of 
children, NTHI was the most frequently isolated 
bacterium from those who failed treatment [24]. 
There is clearly still a great need for post-licen-
sure monitoring with regard to current vaccines 
for S. pneumoniae-induced OM, but also an obli-
gation to consider non-capsular vaccine antigens 
[25].

Vaccines for NTHI, Where Are We?

In 2006, the results of the Pneumococcal Otitis 
Efficacy Trial (POET) study [6] demonstrated for 
the first time that one could immunize parenteral-
ly against OM due to NTHI. As mentioned earlier, 
in this first study, NTHI outer membrane protein 
D (PD) was conjugated to capsular polysaccha-
ride of 11 serotypes of Spn (called “Pnc-PD”). 
Efficacy of ~ 57 % versus AOM due to Spn was 
obtained, which was very similar to that shown 
by the already licensed PCV7. However, the effi-
cacy against all AOM was 34 %, far greater than 
the 6–7 % reported for PCV7. Moreover, POET 
data revealed that Pnc-PD also demonstrated 
35.3 % efficacy versus AOM due to NTHI, and a 
41.4 % reduction in nasopharyngeal (NP) carriage 
of NTHI [6], a result attributed to the inclusion of 
an NTHI-specific antigen in Pnc-PD [26]. This 
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study generated significant enthusiasm in the re-
search community that had been endeavoring to 
determine if one could indeed immunize against 
NTHI-induced OM, however, the demonstra-
tion of efficacy against approximately one third 
of NTHI-induced OM, lead to the broadly held 
belief that additional NTHI antigens are needed 
to improve coverage for NTHI-induced OM [27]. 
This is due to both the relatively limited efficacy 
shown and the fact that there is vast heterogene-
ity amongst NTHI isolates, thus the exclusive 
use of any single antigen in a vaccine to prevent 
NTHI-induced OM is unlikely to be sufficient. 
Since the POET study, and following release of a 
10-valent version of Pnc-PD (PHiD-CV) [5], an 
additional study on NP colonization after immu-
nization in the second year of life demonstrated 
no effect on colonization by NTHI or any other 
pathogen [13]. Moreover, as a follow-up to the 
licensure of PHiD-CV, Smith-Vaughan et al. 
assessed multiple carriage and disease isolates 
of NTHI and reported the absence of the gene 
that encodes PD in ~ 19 % [28]. The inability 
of ~ 19 % of NTHI isolates to express PD (the 
antigen targeted by PHiD-CV) helps to explain 
the limited ~ 35 % efficacy against AOM due to 
NTHI in the POET study, and solidifies the need 
for vaccines directed against NTHI-induced OM 
to include multiple antigens.

As to which NTHI antigens to consider, this 
has been the subject of much discussion and re-
search by many laboratories. Those for which 
significant progress had been made were recently 
summarized in a report of the Vaccine Panel con-
vened immediately following the 201110th Inter-
national Symposium on Recent Advances in Otitis 
Media [29]. Included in this revised “short list” 
are now only seven antigens: OMP P6, protein D, 
detoxified lipooligosaccharide, HMW1/HMW2, 
Hia, OMP P5-derived peptides, and PilA. While 
work continues on the development of these 
and other vaccine candidates for the prevention 
of NTHI-induced OM, progression forward to 
human clinical trials is indeed what is needed for 
those that have already been extensively tested 
both in vitro and in animal models.

Future Directions in Vaccination 
Efforts

Beyond those advances already mentioned 
above, future directions in vaccination efforts for 
OM include: (1) the targeting of viral coinfec-
tions, (2) development of pneumococcal proteins 
as vaccine candidates in addition to capsular 
polysaccharides, (3) ongoing efforts at antigen 
discovery for the third predominant bacterial 
pathogen of OM—M. catarrhalis, (4) investi-
gation of the bacterial biofilms in an attempt to 
identify biofilm-focused determinants for the 
development of not only traditional preventative 
vaccine candidates but also those that might re-
solve existing OM, and (5) development of non-
invasive methods to immunize against OM, thus 
potentially increasing both compliance and ac-
cess to these vaccines. A brief summary of each 
is provided below.

Targeting of Viral Coinfections

Viral upper respiratory tract infections (URI), 
either preceding or concurrent, is the most com-
mon predisposing factor for bacterial OM and 
as such protection against viral URI has been a 
long-held strategy for protection against OM. 
To date, evidence in support of this assertion is 
available for vaccines against influenza A virus 
only [30], however multiple respiratory tract 
viruses are associated with the development of 
bacterial OM. In addition to influenza A virus, 
the most common are respiratory syncytial virus 
(RSV), human rhinovirus, and adenovirus. There 
are active efforts to develop vaccines against 
RSV as well as other viral co-pathogens of OM, 
however antigenic diversity amongst strains and 
the lack of appropriate animal models are consid-
ered major barriers to progress in this regard. In 
addition to predisposing to bacterial invasion of 
the middle ear via a variety of mechanisms, pro-
longed AOM and antibiotic treatment failure are 
associated with concurrent viral infection. Thus, 
the targeting of viral coinfections for vaccine 
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development efforts to prevent OM remains an 
active and important area of investigation.

Development of Pneumococcal Proteins 
as Vaccine Candidates

Despite the success of conjugated polysaccharide 
vaccines which have greatly reduced the global 
burden of pneumococcal diseases, including 
pneumococcal OM, the observations of increas-
ing disease due to replacement serotypes and dif-
ferences in distribution of serotypes responsible 
for disease worldwide [31] strongly suggest that 
any vaccine that provides coverage for a lim-
ited number of serotypes will not provide the 
needed long-term solution for protection against 
pneumococcal OM. As such, there is an effort to 
identify and test broadly conserved pneumococ-
cal protein antigens that could, in theory, provide 
serotype-independent protection. Moreover, it 
is likely that these vaccines would not induce 
serotype replacement, and further, believed to 
be much less costly to produce than the current 
conjugated capsular polysaccharide vaccines. 
Several candidates are currently being investi-
gated in this regard, including: pneumococcal 
surface protein A (PspA), histidine triad family 
(Pht), pneumococcal surface adhesin A (PsaA), 
pneumococcal type 1 and type 2 pilus subunits, 
pneumolysin, pneumococcal serine-rich repeat 
protein (PsrP), pneumococcal choline binding 
protein (PcpA), heat shock protein caseinolytic 
protease (Clp), sortase A (SrtA), polyamine 
transport operon (potD), pneumococcal protec-
tive protein (PppA), a protein analogous to the 
cell wall separation protein of group B strepto-
coccus (PcsB), and a serine/threonine protein 
kinase (StkP), among others. These candidates 
cannot be discussed fully here, however sever-
al excellent reviews are available for interested 
readers [29, 32]. Recently, Berglund et al. [25] 
reported the results of a phase I clinical trial in 
adults, in which a protein-based NTHI and pneu-
mococcal vaccine that contained pneumococcal 
histidine triad D (PhtD), detoxified pneumolysin 
(dPly), and NTHI protein D was tested, thereby 
demonstrating significant forward momentum in 

continued vaccine development wherein two pre-
dominant pathogens of OM, as well as multiple 
other diseases of the airway are targeted.

Antigen Discovery for M. catarrhalis

M. catarrhalis has always been considered the 
third ranking bacterial agent of OM, after S. 
pneumoniae and NTHI, however the recent shift 
in the microbiology of OM resulting from the 
broad use of pneumococcal conjugate vaccines 
has now resulted in an increase in the relative role 
of both NTHI and M. catarrhalis in OM. As a re-
sult, there has been much progress recently in at-
tempts to identify potential vaccine antigens that 
target M. catarrhalis. A genome mining approach 
has been particularly fruitful in this regard and as 
such, several new and promising candidates have 
emerged. Currently, the following potential anti-
gens are under development: MID/Hag; MchA1 
& MchA2; MhaB1 & MhaB2; McmA; OppA, 
UspA2, Msp75; McaP; OMP E; OMP CD; M35; 
OMP G1a & OMP G1b; OlpA; Msp 22, Type IV 
pili; and lipooligosaccharide [29, 33]. Although 
limitations in availability of relevant animal 
models in which to test M. catarrhalis-derived 
vaccine candidates has slowed progress in the 
past, use of the murine pulmonary clearance 
model [34] and a newly developed chinchilla 
polymicrobial model wherein RSV predisposes 
to invasion of the middle ear by both NTHI and 
M. catarrhalis [35] are being used to move these 
candidates forward.

Identification of Biofilm-focused 
Determinants

By definition, a biofilm is a highly organized, 
multicellular community encased in an extracel-
lular polymeric matrix or substance (often re-
ferred to as the EPS) that is affixed to a surface. 
Biofilms are the preferred state of all bacterial 
lifestyles in nature. Bacteria populations within 
a biofilm, as opposed to their planktonic or free-
living counterparts, have a reduced growth rate 
(due to a nutrient limited environment), and a 
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distinct transcriptome [36, 37]. They also ex-
change genetic material at an increased frequen-
cy. Bacteria in a biofilm have substantially in-
creased resistance not only to effectors of innate 
and acquired immunity but also to the action of 
antibiotics [38–40]. Moreover, the EPS presents 
a formidable physical barrier to cellular effectors 
of immunity and is highly recalcitrant to removal 
[41]. Diseases wherein there is a biofilm compo-
nent as part of the disease course, such as OM, 
thus require novel methods for diagnosis, treat-
ment, and prevention. The biofilm paradigm was 
originally put forth because OM is a spectrum of 
diseases that are very difficult to treat with an-
tibiotics and are often chronic and recurrent in 
nature. Moreover, effusions recovered from mid-
dle ears are often bacteriologically sterile. How-
ever, although bacteria cannot be cultured from 
these effusions, they are nonetheless typically 
PCR-positive for bacterial DNA [42]. Moreover, 
Rayner et al. [42] demonstrated that, in addition 
to bacterial DNA, there was also bacterial mes-
senger RNA present in middle ear fluids. The 
presence of this short-lived message suggested 
the existence of metabolically active bacteria 
within those fluids, despite an inability to culture 
them. To date, all three major otopathogens—S. 
pneumoniae, NTHI, and M. catarrhalis—have 
been shown to form biofilms both in vitro and 
in vivo [43–47]. Direct detection of bacterial 
biofilms in association with mucosa samples re-
covered from the middle ears of children with 
chronic and recurrent OM has been shown [48]. 
Current data support the role of biofilms in re-
current and chronic OM, however, it would be 
counterintuitive to not consider the possibility 
that biofilms also contribute to AOM as bacteria 
require only minutes to begin building a biofilm 
in a favorable environment.

Due to the unique and highly resistant of bac-
teria resident within a biofilm, many in the re-
search community are attempting to better char-
acterize these biofilms, as well as understand the 
molecular mechanisms and microenvironmental 
cues that trigger their development/dispersal so 
that novel methods to target them for either dis-
ruption or immune intervention can be developed 
[49–55].

Development of Noninvasive 
Immunization Routes

Another significant challenge to development 
of vaccines for OM is the already extremely 
crowded recommended pediatric immunization 
schedule [56]. An infant in developed countries 
receives no less than 8–11 injections in the first 
year of life [57], with typically 4–5 injections 
per visit. Worldwide, there are concerns about 
reduced compliance due to parental anxiety over 
the “pin-cushion” status of their newborns, as 
well as scientific concerns about the potential for 
immune interference, particularly when multiple 
vaccines are formulated with common carriers. 
This state of pediatric immunization practice is 
leading to two significant developments in the 
pediatric vaccine industry. The first is an empha-
sis on the development of combination vaccines, 
to reduce the total number of injections received 
[58, 59]. However, there is also tremendous inter-
est and emphasis being put on the development 
of alternative delivery strategies, and particularly 
the use of noninvasive or “needle-free” routes of 
immunization [60–63]. There are multiple ad-
vantages to noninvasive routes of immunization 
in general, including the fact that they eliminate 
the pain, anxiety, and aversion associated with 
injection, thus yielding better compliance; they 
eliminate the use of needles and thereby both in-
crease safety and eradicate the need to dispose of 
medical “sharps” waste; they are typically much 
cheaper to produce and less likely to require a 
“cold chain” due to their greater stability and 
 longer shelf life; and the fact that for many of 
these delivery regimes, trained medical person-
nel are not required. With regard to mucosal dis-
eases such as OM, the primary and perhaps criti-
cal advantage of noninvasive vaccination routes 
is that unlike parenteral immunization, these ap-
proaches induce the formation of both mucosal 
and systemic immunity, thereby facilitating the 
availability of a robust, protective response at the 
exact site of bacterial colonization/infection, and 
thus precisely where it is needed the most.

Mucosal immunization has become one area 
of great developing interest in the OM commu-
nity [64, 65]. Further, recent publications report 
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efficacy against experimental OM due to NTHI 
after immunizing transcutaneously (by rubbing 
the vaccine candidate onto the skin of the chin-
chilla ear) [66, 67]. Not only was this approach 
protective against the development of experi-
mental OM but was also efficacious as a thera-
peutic vaccine, mediating significantly more 
rapid resolution of existing disease. Collectively, 
these efforts will not only help de-crowd the pe-
diatric immunization schedule but they also have 
the potential for even greater efficacy than can 
be achieved by traditional immunization routes. 
Fostering a local immune response may also 
prove to provide greater protection to those tar-
geted groups wherein there are genetic and/or 
anatomical risk factors for proneness to OM (i.e., 
Native Americans, Alaskan Natives, Aboriginal 
peoples, those with Down’s syndrome, or with 
cleft lip/palate, among others) [68–70].

Does It Matter?

The answer to this, in our opinion, is an unequiv-
ocal “yes.” OM remains the most common bacte-
rial disease of childhood, with substantial public 
health implications [71–75]. OM is the primary 
cause for emergency room visits [72] and is the 
most frequently diagnosed illness in children 
under 15 years of age, although peak incidence 
of disease is between 9 and 15 months [76]. It 
is estimated that 709 million cases of AOM and 
65–330 million episodes of chronic secretory 
OM occur each year worldwide, with the greatest 
burden of disease experienced by children under 
age 4 [77, 78]. While mortality due to OM is not 
common in developed countries, it is nonethe-
less still responsible for ~ 28,000 deaths per year 
in the developing world [79], and the attendant 
morbidity of OM is significant for all children. 
OM is also the most common cause of hearing 
loss in childhood, an outcome associated with 
developmental delays in behavior, language, and 
education for this very young population [80–
84]. Where available, antibiotic use has histori-
cally been heavily relied upon for medical man-
agement of OM [17, 74, 85], in fact, worldwide, 
treatment of AOM is among the greatest drivers 
of antibiotic use in children [29]. Moreover, 

chronic OM is typically very difficult to resolve, 
often requiring prolonged antibiotic treatment, 
which is of great concern due to the resulting so-
bering emergence of multiple antibiotic-resistant 
bacteria in all three genera of bacteria that pre-
dominate in OM [86, 87]. This alarming increase 
in resistance to antimicrobials is not surprising 
when one considers that antibiotic use in children 
is more than three times that in any other age 
group, and in fact, 40 % of all outpatient antibiot-
ic use in children is for treatment of OM [72, 88].

Surgical management of chronic OM involves 
the insertion of tympanostomy tubes while a 
child is under general anesthesia and is the most 
common ambulatory surgery procedure for chil-
dren in the USA. While highly effective in terms 
of relieving painful symptoms by draining the 
middle ear of accumulated fluids, tube insertion 
has met with criticism due to its invasive nature 
and the incumbent risks of putting a child under 
general anesthesia [74, 89–92]. The socioeco-
nomic impact of OM is great. Total direct and in-
direct costs of AOM in non-vaccinated preschool 
children is $ 3.8 billion [93], whereas that for 
management of OM overall, exceeds $ 5 billion 
annually in the USA alone [74, 94–96]. Although 
serious complications of OM such as brain ab-
scess, mastoiditis, meningitis, epidural abscess, 
and sinus thrombosis are rare, other sequelae of 
OM such as TM perforation and atelectasis of the 
TM are quite common [97]. Inner ear sequelae 
can cause hearing loss (in addition to the con-
ductance type of hearing loss associated with the 
presence of fluid, pus and/or biofilms within the 
middle ear that impede action of the ossicles) as 
well as speech and language problems. Clearly, 
there is a tremendous need to develop more ef-
fective and accepted approaches to the manage-
ment and preferably, the prevention of OM.
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Introduction

Otitis media (OM) is one of the most common 
diseases of early infancy and childhood [1]. By 
age 3, approximately 85 % of children will have 
experienced at least one episode of acute otitis 
media (AOM). OM is also the most common di-
agnosis for which antibiotics are prescribed to 
children [2]; in fact, AOM accounts for 60 % of 
all antibiotics written for children [3]. As such the 
societal cost of this disease is vast; with $ 5.3 bil-
lion of direct and indirect costs is attributed to 
the diagnosis and treatment of pediatric OM [4]. 
Despite numerous studies, antibiotic treatment of 
OM has historically been controversial [5]. Re-
cently published clinical practice guidelines for 
the treatment of AOM in 2013, [6] otitis media 
with effusion (OME) in 2004, [7], and tympa-
nostomy tubes (TT) in children in 2014 [8] have 
provided updated evidence-based recommenda-
tions for clinicians and provide a starting point 
for standardization of management of this com-
mon entity. The goal of this chapter is to use the 

published guidelines and current literature to 
highlight when treatment with antibiotic therapy 
is indicated for specific OM disease processes: 
AOM, chronic OME, chronic suppurative otitis 
media, and AOM when TT is present.

Acute Otitis Media

The 2013 Guidelines [6] for the treatment of 
AOM define “severe AOM” as AOM with the 
presence of moderate to severe otalgia or fever 
equal or higher than 39.0 °C. The definition for 
“non-severe” AOM is AOM with the presence 
of mild otalgia and temperature below 39.0 °C. 
The guidelines recommend clinicians prescribe 
antibiotic therapy for bilateral AOM in children 
younger than 2 years old, children 6 months and 
older with evidence of severe AOM (bilateral 
or unilateral), and to all patients with otorrhea. 
The recommendations state for patients 6 months 
to 2 years with non-severe unilateral AOM, or 
patients older than 2 years with bilateral non-
severe AOM without otorrhea, clinicians should 
prescribe antibiotic therapy or offer observation 
with close follow-up (48–72 h) based on joint 
decision-making with the parents and caregivers.

Benefits of Antibiotics for Non-severe 
AOM Although rare, the fear of complications 
(i.e., mastoiditis and meningitis) has been a driv-
ing force for the treatment of AOM with antibi-
otics. In addition, studies have shown patients 
receiving antibiotics at the time of AOM have 
a quicker resolution of symptoms compared 
to those patients not receiving antibiotics [3]. 
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Although this has been described as a rather small 
treatment effect difference, it is important to con-
sider the improvement in the quality of life the 
rapidity of symptom resolution may provide—
including parent anxiety with the continuation of 
symptoms, the economic implications of parents’ 
need to take additional time off work to care for 
their sick child and/or additional doctor visits, as 
well as extended number of missed school days 
for the child [3]. A study by Meopol et al. [9] 
estimated the economic cost that deferring one 
antibiotic course for a child meeting the current 
US guidelines for AOM treatment would result in 
0.3–4 lost quality-adjusted life-days, which may 
not be as desirable from a parental perspective.

Benefits of the “Watchful Waiting” Method for 
Non-severe AOM With the emergence of mul-
tibacterial drug-resistant bacteria [10] as well as 
other known adverse effects of antibiotics includ-
ing medication side effects (rash, diarrhea, vom-
iting, and fungal infection) and treatment cost, 
the therapeutic approach to treating AOM has 
been debated [11]. A randomized controlled trial 
compared patients diagnosed with AOM who 
were placed immediately on antibiotics to those 
placed in a “watchful waiting” (WW) group. 
The reported 66 % of patients in the WW group 
improved without antibiotic therapy. Treatment 
failures did not vary with age. Parent satisfaction 
was the same between the WW and antibiotic 
group. Immediate antibiotic treatment was asso-
ciated with decreased number of treatment fail-
ures, but had increased antibiotic-related adverse 
events [12].

A study from the Netherlands [13] reported 
4860 consecutive Dutch patients (< 2 years old) 
with AOM who were treated with nose drops 
and analgesic alone. They report 90 % recov-
ered within the first few days and concluded that 
AOM in children can be treated symptomatically 
without antibiotic therapy for the first 3–4 days; 
of note, despite the lack of antibiotic therapy, this 
study had only one new case of mastoiditis and 
no cases of bacterial meningitis.

Highlighting the difficulty of clinically imple-
menting new guidelines, three studies looked US 
physicians treatment of AOM after guidelines 

[6] were released and found the management 
of AOM without antibiotics had not increased 
[14] and the variability of prescribed antibiot-
ics for AOM actually increased from before the 
published guideline recommendations [15]. Chu 
et al. looked retrospectively at 207 patients treat-
ed for uncomplicated AOM and found overall 
adherence to the guidelines was only 8.2 % [16].

The decision to proceed with the WW method 
is multifactorial and does require a trusted phy-
sician–parent/patient relationship. McCormick 
et al. [12] describe five key factors needed in 
implementing a WW strategy: a method to clas-
sify AOM severity, parent education regarding 
the risks and benefits of treatment, management 
of AOM symptoms, access to follow-up care, and 
use of an effective antibiotic regimen if needed. 
When considering the WW method, it is impor-
tant to take into consideration the patient’s age, 
degree of certainty about the diagnosis, the se-
verity of the illness, as well as parental concerns/
level of comfort.

Antibiotic Selection When the decision has been 
made to treat AOM with an antibiotic, clinical 
guidelines recommend amoxicillin (80–90 mg/
kg/day in two divided doses) in the event the 
patient has not received amoxicillin within the 
prior 30 days and is not allergic to penicillin [6]. 
If the patient has been treated with amoxicil-
lin within 30 days or if the patient has a history 
of recurrent AOM unresponsive to amoxicil-
lin, high-dose amoxicillin–clavulanate (90 mg/
kg/day divided into two doses) should be pre-
scribed. Patient reassessment to evaluate whether 
a change in antibiotic therapy is indicated should 
occur if the child’s symptoms have worsened or 
failed to respond to the initial antibiotic treat-
ment within 48–72 h. Prophylactic antibioticsto 
prevent AOM are not recommended [6].

Chronic Suppurative Otitis Media

Chronic suppurative otitis media (CSOM) is de-
fined as a chronic infection of the middle ear in 
which a non-intact tympanic membrane and otor-
rhea are present [17]. There is no consensus on 
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the duration of otorrhea required to make the di-
agnosis, although the World Health Organization 
uses a definition where the otorrhea must be pres-
ent for “at least 2 weeks,” [18] while others de-
fine “chronic” as a persistence of symptoms for 
6 weeks or greater [19–21]. CSOM remains one 
of the most common chronic infections of child-
hood in many developing countries [22]. Sequel 
a of CSOM can include chronic hearing loss and 
subsequent speech/language delay, as well as the 
potential danger of life-threatening suppurative 
complications (i.e., mastoiditis, meningitis, and 
epidural abscess).

An Optimal treatment strategy has not yet 
been established but topical treatment with otic 
antibiotic drops, combined with frequent and ag-
gressive aural toilet have been the mainstay [21, 
23, 24]. The effectiveness of ototopical drops 
was evaluated in a Cochrane Review [23] which 
concluded that antibiotic or antiseptic eardrops 
accompanied by aural toilet was the most effec-
tive treatment; this treatment regimen was more 
effective than systemic antibiotics, and aural 
toilet alone. Combined topical and systemic an-
tibiotics were not more effective than treatment 
with topical antibiotics alone in terms of otorrhea 
resolution. Several studies have supported quino-
lone eardrops to be more effective than non-qui-
nolones [18, 23, 25, 26]. When granulation tissue 
is present, adding a steroid to the ototopical anti-
biotics is recommended [21, 24].

Consensus is lacking regarding the utility 
of systemic antibiotics for this disease process. 
An expert panel by the American Academy of 
Otolaryngology-Head and Neck Surgery con-
cluded in the absence of systemic infections or 
serious underlying disease, topical antibiotics 
alone should be considered first-line treatment 
[24]. Evidence is also lacking regarding choice 
of antibiotic and duration of therapy; both 
broad-spectrum antibiotics as well as culture-
directed therapy have been advocated as initial 
oral therapy for CSOM [22]. Finally, in children 
with evidence of complications of CSOM may 
require CT scan and initiation of intravenous 
antibiotics [19, 20, 25].

Chronic Otitis Media with Effusion

OME is the most common cause of childhood 
hearing loss [27]. Several studies have looked at 
whether there is benefit of medical therapy for 
persistent OME. Although some studies report a 
statistically significant benefit when using spe-
cific medications [28, 29], these are short-term 
benefits and relatively small in overall magni-
tude. In a meta-analysis by Williams et al. [28], 
they found six patients needed to be treated to 
improve the short-term outcome in one patient. 
The authors’ question the utility of this short-term 
benefit given the major goal of treatment of OME 
is the prevention of language or developmental 
delays second to hearing loss, which occur over 
a long period of time. This study also found no 
significant difference between placebo and anti-
biotics in eight studies of long-term outcomes of 
OME [28]. The 2004 clinical guidelines [7] re-
port the risk of adverse events which may occur 
with all medical therapies, outweigh the small 
benefit they may provide, and do not recom-
mend antibiotics. A Cochrane Review published 
in 2012 [30] does not support the routine use of 
antibiotics for children with OME. In the review, 
the largest clinical improvement was found in 
children treated with continuous antibiotics for 4 
weeks to 3 months. The authors’ conclude that 
the modest benefit of antibiotic therapy observed 
must be balanced against the risks of adverse ef-
fects of antibiotics and the emergence of bacterial 
resistance.

Adjuvant Therapy for OME The use of antihis-
tamines and decongestants as adjuvants in the 
treatment of OME has not been shown to be of 
significant clinical benefit [31, 32]. The 2004 
clinical guidelines [7] also do not recommend 
antihistamines and decongestants. Oral steroid 
therapy is not recommended, highlighting the 
extensive side effect profile of oral steroids com-
pared to the short-term benefit it may produce [7]. 
Intranasal steroids are known to have less sys-
temic absorption and thus fewer adverse effects; 
however, a Cochrane Review published in 2010 
found no evidence of benefit from the treatment 
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of OME with topical intranasal steroids, alone or 
in combination with an antibiotic either at short-
term or longer term follow-up [33].

Acute Otitis Media with Tympanostomy 
Tubes

Otorrhea is the most common sequela of TT, with 
a mean incidence estimated between 5 and 20 %, 
but has been reported as high as 83 % with pro-
spective surveillance [8, 24].

The most common cause of tympanostomy 
tube otorrhea is AOM [34]. Clinical practice 
guidelines published in 2013 [8] recommend 
clinicians prescribe topical antibiotic ear drops 
only, without oral antibiotics, for children with 
uncomplicated, acute (less than 4 weeks) tym-
panostomy tube otorrhea. In support of these 
recommendation is a study by van Dongen et al. 
published in 2014 in the New England Journal 
of Medicine randomly assigned 230 children with 
acute tympanostomy tube otorrhea to receive ei-
ther topical antibiotic-glucocorticoid eardrops 
or oral amoxicillin–clavulanate (Augmentin) 
suspension. They concluded the eardrops were 
more effective than oral antibiotics and no com-
plications of OM were reported [35]. Goldblatt 
et al. [36] published a multicenter, randomized 
controlled trial of systemic antibiotic (Augmen-
tin) versus topical ofloxacin in the treatment of 
AOM in children with TT after concluded topi-
cal ofloxacin was as effective and better tolerated 
than Augmentin. Another study compared cipro-
floxacin-dexamethasone drops to oral Augmen-
tin; this multicenter randomized controlled trial 
concluded the topical treatment resulted in a sig-
nificant reduction in duration of otorrhea and sig-
nificantly improved cure rate with less adverse 
effects than the oral antibiotic [37].

Roland et al published a multicenter random-
ized controlled trial comparing topical antibi-
otic with steroid (ciprofloxacin-dexamethasone) 
to topical antibiotic alone (ciprofloxacin), and 
found the group with topical antibiotic and ste-
roid had significantly fewer treatment failures, 
reduced median time to cessation of otorrhea, 

and greater eradication of pathogens [38]. The 
benefits gained when adding dexamethasone to 
a topical antibiotic need to be balanced with the 
increase in treatment cost [34].

The treatment guidelines [8] do recommend 
systemic antibiotic therapy with or without con-
current topical antibiotic therapy when the fol-
lowing are present: cellulitis of the pinna or ad-
jacent skin, concurrent bacterial infection (i.e., 
strep pharyngitis and sinusitis), toxic appearance 
and high fevers, otorrhea persists or worsens de-
spite topical antibiotic therapy, administration of 
ear drops is not possible second to discomfort and 
child intolerance, patient is in an immunocom-
promised state, or cost limitations prevent access 
to non-ototoxic topical antibiotic drops. Studies 
show 4–8 % of children treated with topical otic 
drops will require oral antibiotic therapy for per-
sistent symptoms [8]. Additional considerations 
when a child has failed topical quinolone otic 
drops include evaluation of ear tube for possible 
blockage and culture of the persistent drainage.

Conclusion

OM is an extremely common diagnosis in chil-
dren for which historically treatment recom-
mendations have varied immensely. Recently, 
evidence-based clinical guidelines have been 
introduced to assist practitioners by providing 
guidance in treatment recommendations and indi-
cations for antibiotic usage. Future research must 
continue to strengthen or refute the evidence be-
hind the current recommendations as well as bet-
ter define recommendations for entities such as 
CSOM where treatment regiments are still being 
established.
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Introduction

Otitis media (OM) is defined as inflammation 
of the middle ear (ME). It can be subclassified 
into two main groups: acute otitis media (AOM) 
and otitis media with effusion (OME). OME 
indicates the presence of a middle ear effusion 
(MEE), which can subsequently cause conduc-
tive hearing loss (CHL), disequilibrium, and tin-
nitus. OME is considered chronic if the effusion 
lasts for 3 or more months. AOM, on the other 
hand, is distinguished by signs and symptoms 
of infection, such as bulging and erythema of 
the tympanic membrane (TM), fever, and otal-
gia, in addition to an MEE. AOM can be further 
classified as recurrent or persistent. A child who 
has three or more episodes in 6 months or four 
episodes in a 12-month period with at least one 
episode in the past 6 months can be considered to 
have recurrent AOM (RAOM), whereas a child 
with an episode of AOM that persists during an-
timicrobial therapy or relapses within 1 month of 
completing appropriate antibiotic therapy may be 
considered to have persistent AOM [1].

Epidemiology

Children under the age of 7 are at the highest risk 
for OM with a high incidence in this age group 
[2]. By 3 years of age, most children have had at 
least one episode of AOM, and nearly 40 % have 
had three or more infections by 6 years of age 
[3]. More than 50 % of children have an episode 
of OME before their first birthday with more than 
60 % developing OME before age 2 [4, 5]. It is 
estimated that 90 % of children will have at least 
one episode of OM by the age of 10 years [6].

OM accounts for 14–18 % of ambulatory care 
visits in children under the age of 4 years [7] and 
for 17.6 % of all visits to otolaryngologists [8]. 
This translates into AOM and, unfortunately, 
OME being the most common indication for an-
tibiotic prescription in children [9, 10]. OME and 
RAOM are also the most common indications 
for tympanostomy tube (TT) placement in chil-
dren [11] as they can prevent and relieve fluid 
accumulation, decrease the rate of recurrent in-
fections, provide a conduit for drainage and ad-
ministration of topical antibiotics, improve hear-
ing, and improve quality of life (QOL) [12, 13]. 
Consequently, placement of TTs is the most com-
mon surgery performed in the pediatric popula-
tion with almost 670,000 children undergoing the 
procedure each year [14]. Bilateral myringotomy 
with TT (BMTT) placement accounts for more 
than 20 % of all ambulatory surgeries in chil-
dren, and by age 3 years, as many as 1 in 15 chil-
dren (6.8 %) will have undergone the procedure 
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[1]. The annual cost of the medical and surgical 
therapy for the disease in the USA is estimated at 
$ 4–5 billion for children under 5 years of age [5, 
10, 15].This financial burden includes not only 
the direct costs of doctor’s visits, testing, medi-
cal treatment, and surgical therapy but also the 
indirect costs of child absence from school and 
missed days of work for parents. Additionally, 
the emotional and social burden of the disease 
and its long-term impact should be considered. 
Despite the prevalence of OM and the frequency 
of insertion of TT, only recently have guidelines 
regarding their use been developed.

Evaluation for Tympanostomy Tube 
Placement

When children are referred for evaluation for 
BMTT, the history should include number of dis-
tinct episodes of AOM, the severity and duration 
of these episodes, antibiotics or other treatments 
prescribed and their benefits, adverse drug reac-
tions or complications that have occurred as part 
of the episodes, and the persistence of OME after 
episodes of AOM. Age at first AOM and the tim-
ing of the most recent infection prior to visiting 
the otolaryngologist are additional helpful pieces 
of the history to elicit. Typically, OME can be 
expected to clear within 1 month of antibiotic 
treatment in 60 % of children with AOM and by 3 
months in about 90 % of children [16]. OME not 
related to AOM is less likely to resolve sponta-
neously with resolution rates ranging from 28 to 
52 % after 3 or 4 months [17, 18]. If OME fails 
to clear after 3 months, it is considered chronic 
OME and may require further treatment. Any 
concerns of hearing loss (HL) or speech delay 
should be elicited. Caregivers should be ques-
tioned regarding the results of the child’s new-
born hearing screening. Other comorbidities 
that could complicate management of the child’s 
ME disease, such as Down syndrome, attention 
deficit hyperactivity disorders, autism, learning 
disabilities, premature birth, cerebral palsy, sei-
zure disorders, asthma, and sickle cell disease, 
should be identified. Modifiable environmental 
influences, such as daycare attendance with more 

than 5 unrelated children, pacifier use after age 2, 
and secondhand smoke exposure, should be dis-
cussed. Past medical history, prior surgeries on 
the head and neck, and parental or sibling history 
of otolaryngology procedures may also provide 
important details aiding the clinician to develop a 
treatment plan with the child’s caregivers.

The gold standard for diagnosis of AOM and 
OME is pneumatic otoscopy. The exam in AOM 
reveals an opaque, bulging, and intensely ery-
thematous TM with decreased mobility with sup-
purative MEE. Moderate to severe bulging of the 
TM has been shown to be the finding most pre-
dictive of AOM. The symptoms should be seen 
in conjunction with a recent onset of otalgia to 
confirm the diagnosis. Conversely, a diagnosis of 
AOM should not be made without the presence 
of an MEE [19]. In OME, pneumatic otoscopy 
will also reveal an MEE with decreased mobility 
of the TM, often with a yellow or orange-colored 
serous fluid visible, as opposed to the opaque 
fluid behind an inflamed TM in AOM. The TM is 
usually retracted or in a neutral position (vs. bulg-
ing) in OME. Children with a history of frequent 
infections may develop myringosclerosis, atelec-
tasis or retraction pockets, and perforations of the 
TM [20]. The physical examination should also 
be directed to discovering anomalies that may 
contribute to ME disease such as the presence of 
a cleft palate, submucous cleft palate, bifid uvula, 
“adenoid facies,” or “allergic shiners”. Addition-
al testing in children with OM being considered 
for surgical therapy of their ME disease should 
include tympanometry and audiometry. These 
studies are often normal between episodes in a 
child with RAOM; however, a child with chronic 
OME would be expected to have a flat (type B) 
tympanogram with normal canal volume along 
with some degree of CHL, typically at least seen 
in the low frequencies. Current guidelines recom-
mend obtaining an age-appropriate hearing test 
on all children with OME of less than 3 months 
duration prior to surgical intervention [1]. This 
allows documentation of hearing status with a 
baseline prior to surgical intervention. The aver-
age HL in children with OME is 28 dB but can 
exceed 35 dB in 20 % of cases [21, 22]. The hear-
ing test may provide the surgeon with additional 
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information on which to base operative decisions 
or detect coexisting sensorineural hearing loss 
(SNHL).

The determination of children with RAOM or 
chronic otitis media with effusion (COME) who 
are “at-risk” for speech, language, or learning 
problems from their ear disease due to baseline 
sensory, physical, cognitive, or behavioral fac-
tors is also important in determining the most 
appropriate management [1]. For example, chil-
dren with SNHL, autistic spectrum disorders, 
low birth weight, craniofacial or other genetic 
syndromes, cerebral palsy, blindness, and cleft 
palates may be at even greater risk of experienc-
ing further delays in their communication skills if 
they also suffer from additional issues with their 
hearing related to OME or AOM. While most 
high-quality studies exclude this population of 
children, they are widely assumed to be less tol-
erant of OME or RAOM [23, 24].

Treatment

Surgical Tympanostomy Tube 
Placement Guidelines

Surgical As previously noted, BMTT is the most 
common surgical procedure performed in the 
pediatric population. Guidelines for BMTT in 
children aged 6 months to 12 years were released 
in July of 2013 providing long-awaited recom-
mendations to address patient selection, surgical 
indications for, and management of TTs [1]. The 
guidelines recommend the following indications 
for performing BMTT:
1. BMTT should not be performed in children 

with a single episode of OME of less than 3 
months duration, except in “at-risk” chil-
dren[1]. This recommendation is based on the 
natural history of OME [3, 16], and it aims 
to avoid surgery for a condition with a high 
likelihood of spontaneous resolution within 3 
months.

2. Children with bilateral COME of less 
than  3 months duration and documented hear-
ing difficulties, not necessarily HL, should be 
offered BMTT [1]. This recommendation is 

based on multiple randomized controlled tri-
als (RCTs) showing significant benefits to 
BMTT in this situation. These benefits include 
reduced prevalence of MEE, improved hear-
ing, and improved QOL for both the patient 
and the caregiver [25, 26]. Also, unlike OME 
of less than 3 months duration, there is a low 
likelihood of resolution of fluid after 3 months 
with only 20 % resolving spontaneously after 
an additional 3 months, 25 % after 6 months, 
and 30 % after 1 year [17].The guidelines 
specify that while the otolaryngologist should 
offer BMTT, the final decision should be 
based on discussion with the child’s care-
givers regarding the poor natural history of 
COME, the risks and benefits of BMTT, and 
that the main alternative to surgical interven-
tion is further surveillance [1].

3. BMTT may be performed in children with uni-
lateral or bilateral OME of less than 3 months 
duration if they also have symptoms that are 
attributable to OME, such as balance issues, 
poor school performance, behavioral issues, 
ear discomfort, and reduced QOL [1]. BMTT 
in this setting may reduce symptoms of MEE 
while eliminating the MEE as a confounding 
factor in work-up of vestibular complaints, 
otalgia, and social issues. OME has been 
shown to have a negative impact on the ves-
tibular system, and these deficiencies may re-
solve promptly after BMTT [1]. Additionally, 
children with OME have been shown to have 
increased behavioral problems; attention dis-
orders; mood disorders; and difficulties with 
speech, reading, and vocabulary [27, 28].

4. Children with COME who do not receive 
BMTT should be re-evaluated at 3- to 6-month 
intervals until the effusion has resolved, sig-
nificant HL is detected, or structural abnor-
malities of the TM or ME are suspected [1]. 
MEE contains inflammatory mediators that 
can potentially induce structural changes of 
the TM [29, 30]. Negative pressure in the ME 
can also produce retraction pockets, atelecta-
sis, or cholesteatoma over time. The longer 
the effusion is present, the higher the risk of 
structural damage. Thus, the ears in a child 
with OME should be monitored periodically 
for changes. Reassessment also allows for 
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detection of HL that may develop during sur-
veillance. This is important as children with 
moderate HL of 40 dB or greater are at risk 
for problems with speech and language which 
may impair behavior [27, 31] and school per-
formance [32].

5. BMTT should not be performed in children 
with RAOM if they do not have MEE at the 
time of surgical assessment, unless the child is 
“at-risk” (including those with antibiotic in-
tolerance/allergy, complications of OM (mas-
toiditis, meningitis, facial nerve paralysis), 
developmental delay, immunosuppression, 
or severe/persistent AOM) [1]. RCTs looking 
at antibiotic prophylaxis for RAOM without 
OME showed that children taking a placebo 
had a reduction in episodes of RAOM from a 
baseline of 5.5 or more annually to 2.8 annual 
episodes [17]. This suggests the natural his-
tory of RAOM trends toward improvement. 
Several reviews have indicated that TTs had 
only a transient benefit for decreasing the in-
cidence of RAOM [13, 26, 33]. Casselbrant 
et al. have demonstrated a modest decrease 
of 30 days per year in the time children had 
with MEE once tubes were placed [34]. Other 
studies have shown similar modest improve-
ments but were performed with short-lasting 
(Paparella type I) tubes. Longer-lasting grom-
met-style tubes may be expected to provide a 
greater effusion-free period of time. A more 
recent RCT found significant benefits in pre-
vention of RAOM after BMTT in children 
aged 10 months to 2 years; however, this 
study included children with OME at the time 
of surgery leading to the guideline recommen-
dation for placing tubes only if MEE is pres-
ent at the time of evaluation [35].

 This aspect of the guideline is perhaps the 
most controversial as it may delay interven-
tion for children who will eventually require 
TTs, children may continue to require sys-
temic antibiotic therapy for AOM events, and 
there is a high tendency for relapse of OME 
even if the ear is clear during evaluation. This 
also may lead to confusion among caregivers 
and animosity between primary care providers 
and otolaryngologists regarding diagnosis and 

management of these children. Prior guide-
lines published by the American Academy 
of Pediatrics recommended offering BMTT 
for RAOM consisting of three episodes in 6 
months or four episodes in 1 year with one ep-
isode in the preceding 6 months [19]. Special-
ists may find that many pediatricians still refer 
patients based on this guideline; therefore, the 
decision not to perform BMTT in children 
without OME may contradict the desires of 
pediatricians and frustrate caregivers. There is 
also additional evidence that TTs do decrease 
the risk of RAOM. A Danish analysis of five 
RCTs with a total of 519 children showed that 
BMTT prevented one episode of AOM for 
every 6 months they are in place. Additional-
ly, they keep one of three otitis-prone children 
free of AOM in the first 6 months [36].

6. BMTT should be offered to children with 
RAOM who have unilateral or bilateral OME 
at the time of assessment [1]. This guideline is 
supported by multiple RCTs; however, the het-
erogeneity of the trials makes the magnitude of 
clinical benefit difficult to discern. Two RCTs 
including children with RAOM who had MEE 
showed a decrease in the average number of 
AOM episodes by 2.5 per child-year [37, 38]. 
In an RCT of children under age 2 years with 
MEE and RAOM, BMTT reduced subsequent 
episodes of AOM by 0.55 per child-year. This 
decrease, while modest, was significant [35]. 
Additional studies also showed children with 
OME of 2 months duration or greater who 
underwent BMTT had reduction of future 
episodes of AOM. Again, the improvement 
was modest at 0.20–0.72 fewer episodes per 
child-year [39]. Despite the variability in im-
provement, the studies confirm that there is a 
benefit to BMTT in children with RAOM and 
evidence of MEE.

7. Presence of MEE at the time of assessment 
may provide some reassurance that prior di-
agnoses of AOM were accurate, as well as 
support that Eustachian tube (ET) function is 
impaired. BMTT is recommended even if the 
MEE is unilateral as ET function is thought to 
be similar on both sides in more than 70 % of 
children [40]. BMTT carried an added benefit 
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during episodes of AOM while the tubes are 
patent allowing treatment with topical antibi-
otic drops, resulting in decreasing pain, less 
exposure to systemic antibiotics, and shorter 
periods of hearing impairment.

8. BMTT may be performed in “at-risk” chil-
dren with unilateral or bilateral OME that 
is unlikely to resolve quickly. This includes 
children who have a flat, type B tympano-
gram or OME lasting 3 or more months [1]. 
As previously discussed, it is important to 
identify children who may be less tolerant of 
setbacks from AOM and OME. Children with 
preexisting SNHL could have substantial dif-
ficulty if a 20-dB CHL were to complicate 
the situation, worsening existing speech and 
language delays or negating the benefits of 
hearing aids [41, 42]. Children with visual 
disturbances, developmental and behavioral 
disorders, Down syndrome, cleft palate, and 
other craniofacial syndromes are specifically 
targeted in this statement. While there are no 
controlled trials supporting the beneficial im-
pact of BMTT in “at-risk” children, the panel 
agreed that BMTT is a reasonable intervention 
for reducing prevalence of MEE that would 
otherwise have low likelihood of spontane-
ous resolution and may place those children at 
high risks for HL [1].

The guidelines are written based on the assump-
tion that resolution of an MEE will improve 
speech and language function. The evidence 
on this topic is controversial with few studies 
looking at this endpoint in a truly representative 
population. A Cochrane Review by Browning 
examined ten trials involving more than 1700 
children. The authors concluded that grommets 
had no effect on speech or language develop-
ment, behavior, or cognitive function. There are, 
however, many flaws in this study and its con-
clusions. First, it largely includes a population 
of older, relatively asymptomatic children, so 
the study was not designed for seeing improve-
ments in speech or language developments. As 
noted in Hoerr’s law, “it is difficult to make an 
asymptomatic patient better” [43]. While OM is 
mainly a disease of young children, those under 
the age of 3 were excluded in this review, as 

were children with disabilities or other medi-
cal comorbidities, making the results less appli-
cable. The authors did note an improvement in 
hearing of 10 dB with BMTT, but this was felt 
to be trivial. In “at-risk” children, however, the 
effects of this hearing improvement may be more 
significant [24, 44]. The authors concluded that 
benefits of grommets were short lived, lasting 
only for the 6–9 months while the Paparella type 
I tubes were in place [24]. A longer-lasting short-
term tube may have shown a longer duration of 
benefit. Finally, the authors focused only on the 
outcome of HL, ignoring other important aspects 
of the disease, such as subsequent infections with 
need for further antibiotics, fever, pain, impaired 
sleep, QOL, and parent satisfaction [24]. Similar 
issues were seen in a study by Paradise consisting 
of 429 healthy children under the age of 3 with 
persistent MEE randomized to undergo BMTT 
or wait 9 months to undergo BMTT if the effu-
sion remained. Between the ages 9 and 11, 391 of 
those same children were assessed for literacy, at-
tention, social skills, and academic achievement. 
The authors found no significant differences in 
48 developmental measures between children 
who underwent early or delayed BMTT [45]. The 
indications for TT placement at that time, howev-
er, were much more lax than the current ones as 
they did not take into account hearing thresholds, 
speech or language delay, or other comorbidi-
ties. Additionally, only 27 % of the children had 
bilateral effusions lasting longer than 90 days, 
and children now considered “at-risk” were ex-
cluded. Less than half of the children would meet 
current surgical criteria, and 60 % had only uni-
lateral effusions, which would not be expected to 
interfere with developmental outcomes. A more 
appropriate conclusion may have been that there 
is no long-term benefit to early BMTT in other-
wise healthy, normal children with minor HL and 
no preexisting speech or language issues.

Other studies addressing developmental out-
comes suggested mild negative effects of OM; 
however, a relatively healthy population of chil-
dren without significant risk factors again limits 
the application of these results. A meta-analysis 
of 11 studies by Roberts revealed children with a 
history of OM had poorer receptive and expres-
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sive language at age 2–5 years than those with-
out a history of OM ( p < 0.01), as did those with 
worse hearing at ages 1–2 years ( p < 0.01). The 
authors could not associate receptive or expres-
sive speech milestones with OME and HL and 
felt these had only a very small negative effect 
on future speech and language development in 
otherwise healthy children [46]. Golz performed 
a case-control study of 80 otitis-prone children, 
with a history of greater than ten episodes of AOM 
by age 5 years and a speech reception threshold 
(SRT) over 25 dB. They were compared to 80 oti-
tis-free children at ages 6.5–8 years for reading 
outcomes. The otitis-prone group had a higher 
mean number of reading mistakes at 15 versus 
6 % in the otitis-free group ( p < 0.001). They con-
cluded that a history of RAOM with HL before 
the age of 5 may put children at an educational 
disadvantage interfering with reading skills [47]. 
While OM is a common feature of childhood for 
many children, in the presence of comorbidities, 
HL, or speech/language difficulties, early inter-
vention may mediate these negative effects on 
developmental outcomes.

It is important to note that the guidelines 
strongly emphasize shared decision-making with 
the child’s caregiver when choosing a course of 
treatment. The physician should discuss with 
caregivers the potential risks and benefits of the 
surgery, as well as what to expect once the TTs 
are in place. Particularly, the expected amount of 
the time the TTs will stay in place, the follow-
up needs, and how complications are detected 
should be pointed out [1]. Unfortunately, the 
guidelines did not provide any insight into which 
types of TT to use in various situations, the role 
of adenoidectomy or control of allergies, indica-
tions for repeat TT placement, whether to use 
drops after tube insertion, how to deal with a 
plugged tube, indications for removal of TTs, or 
the nuances of water precautions.

Tympanostomy Tube Types

Wide arrays of TT options are available varying 
in shape, size, and materials. The ideal TT would 
be easy to insert with a predictable time to extru-

sion; improve RAOM, COME, and hearing; and 
not have complications [48]. Surprisingly, there 
are few studies that assess the efficacy of cer-
tain types of tubes over others in achieving these 
goals.

A major distinction between tubes is if they 
are short term or long term. Short-term tubes 
typically last anywhere from 6 to 24 months and 
are indicated for most children who undergo ini-
tial TT placement. Armstrong and Shepard grom-
mets are the most common short-term TTs used 
by otolaryngologists in the USA [12, 49], with 
mean times to tube extrusions of approximately 
16.5 months and 8.5 months, respectively [48, 
50]. The mean times to extrusion for Paparella 
type I tubes and Reuter Bobbin tubes, both short-
acting, are 7 months and 17 months, respectively 
[51]. Long-term tubes, on the other hand, are 
generally reserved for children, adolescents, and 
adults who have required multiple sets of TTs 
due to failure of resolution of disease after short-
acting TT placement. Modified Goode T-tubes, 
butterfly, Triune, and Paparella II are the most 
commonly used long-acting TT designs. These 
tubes can last from several months to years [52].

Tube positioning in the TM has been stud-
ied in relation to its effect on duration of action. 
Placement in the anterior-superior quadrant was 
thought to portend up to fourfold increased time 
till extrusion versus placement in either the an-
terior- or posterior-inferior quadrants in an early 
study [53]. More recent investigations, however, 
have shown no difference in the time to extrusion 
between tubes placed in the anterior-inferior and 
anterior-superior quadrants [54−56]. Placement 
in the posterior quadrant was associated with sig-
nificantly earlier tube extrusion in two thirds of 
52 patients in one study. This finding was thought 
to be due to keratin migration patterns of the 
squamous layer of the TM [57]. The most impor-
tant factors affecting duration of tube retention 
seem to be principally related to the tube proper-
ties, including the length, diameter, and flanges 
of the tube [52]. For example, Paparella II tubes 
have a wider inner diameter of 1.42 mm versus 
around 1.1 mm for most short-term tubes. Modi-
fied Goode T-tubes have inner flanges at least 
5 mm longer than short-acting tubes, as well as 
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no outer flanges. Longer inner flanges or lack of 
outer flanges make it more difficult for the kera-
tin accumulating on the surface of the TM to push 
the TT out [57].

Other nuances that may affect TT choice in-
clude material type and the presence of bevel-
ing or flanges. Various tube materials are avail-
able, including polyethylene, silastic (Silicone), 
fluoroplastic (Teflon), and titanium. These are all 
relatively inert materials, but there are subtle dif-
ferences between the tubes that have been studied 
in effort to determine the ideal tube. Metal tubes 
have a smoother surface, which has potential for 
being more bacteria-resistant [58]. However, 31 
children had more granulation tissue in ears with 
titanium tubes and a nonsignificant trend toward 
increased otorrhea rates as compared with Shepa-
rd fluoroplastic tubes. The titanium tubes were 
also more likely to prematurely extrude with 
43 % coming out within 12 months postopera-
tively versus only 7 % of the fluoroplastic tubes 
[59]. Another study of 86 children with fluoro-
plastic tubes in one ear and silicone tubes in the 
other showed less otorrhea in the first 3 weeks 
postoperatively with fluoroplastic tubes [60]. In 
a prospective, randomized study in which chil-
dren had Goode T-tubes placed in one ear and 
one of three short-term tubes (Shepard fluoro-
plastic, Reuter Bobbin, or Armstrong beveled) in 
the other, several differences were noted. T-tubes, 
had longer rates of retention. There was no dif-
ference in mean times to extrusion among the 
three short-term tubes. T-tubes, as expected, had 
increased rates of otorrhea, while Shepard fluoro-
plastic had significantly lower rates of otorrhea. 
The rates of otorrhea were intermediate for both 
Reuter Bobbin and Armstrong beveled tubes. The 
Reuter Bobbin tubes, with an inner diameter of 
only 1.0 mm, had the highest rate of obstruction 
[51]. Other studies suggest that tube obstruction 
rate is solely a function of the tube diameter as 
there were no differences between TT types of 
the same diameter [58, 61]. The most commonly 
used materials by US surgeons are fluoroplas-
tic and silastic [49]. Various antibiotic or anti-
inflammatory drug-eluting TTs as well as silver 
oxide coated TTs have been developed in efforts 
to reduce post-TT otorrhea by reducing biofilm 

formation and development of resistant bacteria. 
Unfortunately, none have proven to be terribly 
efficacious up to this point.

Tube selection should be individualized to 
the patient. Children with craniofacial syn-
dromes and suspected long-term ET dysfunction 
should be considered for long-term TTs sooner 
than otherwise healthy children. Similarly, chil-
dren with small ear canals may require special 
consideration. Specifically, young children with 
Down syndrome often require small-diameter 
tubes (Tiny Tef, Mini-Shah, Mini-Shay) as larger 
tubes will not fit through the external auditory 
canal (EAC) [52]. As the diameter is smaller, 
these tubes are more prone to earlier extrusion 
and occlusion. Silicone tubes, which are more 
flexible, may be another option for children with 
small canals; however, they are more difficult to 
place due to their pliability. Also, severe atelecta-
sis may obliterate the ME space in some children 
making it difficult to place a tube with large inner 
flanges. Surgeons should be comfortable placing 
a variety of TTs depending on what is most ap-
propriate for the child’s specific situation.

Role of Adenoidectomy

The role of adenoidectomy in management of 
OM is complex. Enlarged adenoids may prevent 
resolution of MEE by physical obstruction of 
the ET orifice in the nasopharynx. The adenoids 
have long been thought to serve as a reservoir 
for pathogens that can cause inflammation, thus 
disrupting ET function. Biofilms were shown to 
be more prevalent in children with adenoid hy-
pertrophy and COME than in those with adenoid 
hypertrophy alone (74 vs. 42 %), as was bacteria 
presence in adenoid tissue by polymerase chain 
reaction (PCR; 96 vs. 48 %) [62]. Many otolar-
yngologists choose to perform adenoidectomy in 
children who require a second set of TTs or those 
with severe ME disease in conjunction with signs 
and symptoms of nasal obstruction, sleep apnea, 
or recurrent adenoiditis. While the recently pub-
lished guidelines did not make recommendations 
on this topic, multiple studies have addressed the 
issue.
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A retrospective case review of more than 2100 
consecutive children who underwent BMTT at a 
tertiary children’s hospital over a 5-year period 
looked at risk factors for requiring more than one 
set of TTs. Of that group, nearly 20 % required a 
second set of tubes within 3 years of initial sur-
gery. Children under the age of 18 months at the 
time of the initial surgery were almost twice as 
likely to require replacement of the tubes after 
extrusion ( p < 0.005). If the child had an adenoid-
ectomy in conjunction with the first or second 
BMTT, however, it reduced the need for an ad-
ditional set of TTs by a factor of 3 ( p < 0.001). 
If adenoidectomy was not performed with the 
second BMTT, children had a 40 % risk of re-
quiring additional sets of TTs. Other risk factors 
identified for needing more than one set of TTs 
were craniofacial deformity and family history 
of ear, nose, and throat (ENT)-related surgery 
[63]. A more recent retrospective review of 904 
children treated at an academic hospital over a 
7-year period also showed very similar findings. 
Of children who underwent BMTT without ad-
enoidectomy, 20 % required an additional set of 
tubes versus only 7 % in children who had ad-
enoidectomy with initial BMTT ( p < 0.0001). 
This study showed that children between the 
ages 4 and 10 years had the most benefit from ad-
enoidectomy in terms of preventing repeat tube 
insertion ( p < 0.0001) [64]. The largest study on 
the topic is a retrospective review of outcomes 
in more than 50,000 children during a 24-year 
period in Australia. In this study, children under-
going BMTT alone were compared with those 
who had an adenoidectomy and/or tonsillectomy 
performed in addition to the BMTT. The risk of 
requiring additional BMTT was reduced by 16, 
17, and 10 % in children having adenoidectomy 
alone, tonsillectomy alone, or tonsillectomy 
and adenoidectomy, respectively ( p < 0.001). If 
adenoidectomy or tonsillectomy and adenoid-
ectomy were performed with the second set of 
TTs, the risk of a having a third set was reduced 
by 15 and 17 %, respectively ( p < 0.001); how-
ever, there was no difference with tonsillectomy 
alone [65]. In an RCT from Finland, younger 
children with RAOM were studied to assess the 
benefits of early adenoidectomy. The study con-

sisted of 300 children aged 10 months to 2 years 
with RAOM who were randomized to undergo 
BMTT alone, BMTT with adenoidectomy, or no 
surgical intervention. The control group had a 
34 % failure rate, which was significantly higher 
than the BMTT alone group (21 %, p = 0.04) and 
the BMTT with adenoidectomy group (16 %, 
p = 0.004). The authors concluded that in children 
under the age of 2 years, BMTT was effective 
at preventing RAOM with or without adenoid-
ectomy [35].

While adenoidectomy appears beneficial in 
reducing the risk of developing additional ME 
disease that would require surgery, there are ob-
vious risks to including adenoidectomy along 
with placement of TTs. These include the need 
for endotracheal intubation and administration 
of intravenous anesthetics, and the possibility of 
bleeding, infection, and velopharyngeal insuffi-
ciency. It is our stance that children who require 
placement of a second set of tubes (or those who 
have symptoms of nasal obstruction or recurrent 
rhinorrhea at the time of their initial tube place-
ment) should be considered for an examination 
of the adenoids under anesthesia with removal if 
enlarged or obstructive [63]. Further studies are 
needed to determine which children may benefit 
the most from adenoidectomy as some believe 
that the procedure is beneficial regardless of 
their size.

Complications

TT placement for OM has multiple benefits in-
cluding improving hearing by 5–12 dB [25], de-
creasing effusion prevalence by 32 % [12], and 
reduction in the incidence of RAOM. The proce-
dure can also provide improved QOL as well as 
a mechanism for drainage and for the administra-
tion of topical antibiotic therapy. They may also 
reduce suppurative complications, damage to the 
TM, adverse effects of antibiotics, and potential 
developmental sequelae of HL [61]. However, as 
with any surgical procedure, there are risks in-
volved. The risk of general anesthesia cannot be 
overlooked. The incidence of anesthesia-related 
death for children undergoing surgery ranges 
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from 1/10,000 to 1/45,000. Children are more 
prone to laryngospasm and bronchospasm, thus 
increasing risk of anesthetic complications [66]. 
A prospective review of 1000 children who un-
derwent BMTT at a tertiary children’s hospital 
showed that only 9 % of patients experienced a 
minor adverse event (upper airway obstruction, 
prolonged recovery, emesis, post-procedural 
agitation), mostly attributable to agitation or pro-
longed recovery. Moreover, major complications 
(cardiopulmonary events like laryngospasm, stri-
dor, or dysrhythmia) occurred only in 1.9 % of 
children. Children with acute or chronic illness 
were 2.78 times more likely to develop an ad-
verse event ( p < 0.001). Importantly, no admis-
sions, required consultations of other services, or 
deaths were noted during the study [67].

Sequelae of TTs themselves are common but 
transient (i.e., otorrhea) or do not generally affect 
function (i.e., tympanosclerosis, focal atrophy, 
shallow retraction pocket). Sometimes, tubes 
extrude too soon or get occluded, making them 
nonfunctional. The most problematic, but thank-
fully rahter rare, complications are residual TM 
perforations and cholesteatoma.

Short-Term Complications

A meta-analysis aiming to estimate complica-
tions related to TT placement reviewed 134 ar-
ticles. The most common complication was tran-
sient otorrhea, occurring in 17 % of patients. In 
the early postoperative period, 16 % of children 
developed otorrhea, whereas 26 % developed 
otorrhea at any point while the TT remained in 
place. Recurrent or chronic otorrhea were rare, 
seen in only 7.4 and 3.8 % of children, respec-
tively. Otorrhea is 2.2 times more likely with 
long-term TTs [61].

The recently published guidelines recommend 
prescribing topical antibiotic eardrops, without 
oral antibiotics, for children with uncomplicated 
otorrhea [1]. Ototopical drops approved for use 
with TTs include ciprofloxacin-dexamethasone 
(Ciprodex) and ofloxacin. These drops are high-
ly efficacious in treating suppurative otorrhea 
caused by the most common AOM pathogens, as 
well as Pseudomonas aeruginosa and Staphylo-

coccus aureus. This method avoids the unneces-
sary delivery of systemic antibiotics and their po-
tential side effects. The drugs are also delivered in 
higher concentration to the site of infection, thus 
potentially reducing the risk of drug-resistance. 
Topical antibiotic and/or steroid eardrop place-
ment intraoperatively may help prevent blockage 
of TTs and early postoperative otorrhea, but the 
evidence is controversial. In a meta-analysis of 
nine studies, only three showed a statistically sig-
nificant benefit to prophylactic drop placement. 
However, all nine studies showed a trend toward 
benefit of drops, and the collective result showed 
significant decrease in otorrhea with drop place-
ment with an odds ratio (OR) of 0.52 [68]. An 
RCT compared a control group with no prophy-
laxis, a group receiving gentamicin otic drops 
in the OR only, and a third group that received 
gentamicin drops after surgery for a total of 48 h. 
Postoperative otorrhea rates were 12, 8.8, and 
5.6 %, respectively, which, despite a trend toward 
benefit with prophylaxis, did not reach statistical 
significance ( p = 0.62). There was, on the other 
hand, a highly significant benefit of the use of 
drops when a mucoid or purulent MEE was noted 
at the time of surgery ( p < 0.001) [67]. Regard-
less of the potential reduction in otorrhea, the 
risk of ototoxicity with certain drops, such as 
neomycin-polymixin B or gentamicin, must be 
taken into account. Ofloxacin drops may provide 
the benefit of decreased otorrhea with a favorable 
side-effect profile.

Other common complications seen with TTs 
in the short term included occlusion of the tube 
lumen in 7 %, granulation tissue in 4 %, prema-
ture extrusion in 3.9 %, and displacement into the 
ME in 0.5 % of ears. Granulation tissue develop-
ment required removal of the TT or debridement 
in the operating room in 1.8 % of cases [61]. In-
trusion into the ME, though rare, may require ME 
exploration for removal.

While not necessarily a complication, water 
precautions are an issue that must be addressed 
with TT placement. Historically, parents had 
been instructed to have their children avoid water 
exposure in the presence of ventilation tubes, ei-
ther by avoiding swimming or protecting the ears 
during swimming and bathing. This was based 
on the premise that water will pass through the 
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TT and enter the ME space, thus introducing 
bacteria to the ME and causing infection. How-
ever, theoretical models have shown that water 
passage into the ME does not occur as easily as 
one might think [67−69]. Additionally, multiple 
studies have shown no benefit in reducing otor-
rhea with water avoidance, use of ear protection 
(i.e., earplugs, bathing caps), or prophylactic 
eardrops in most cases. Salata and Derkay con-
ducted a prospective trial enrolling 533 patients 
divided into four groups of swimming without 
water precautions, using antibiotic eardrops after 
swimming, using earplugs with swimming, and 
non-swimming. The rates of swimming-related 
otorrhea were 11, 14, and 20 % in the swim-
ming groups. The overall rates of otorrhea were 
59 % in the non-swimming group and 68 % in 
the swimming groups combined ( p = 0.11) [70] 
A randomized study on the topic examined 200 
children randomized to either swimming with 
or without earplugs and noted no significant dif-
ference in the rates of otorrhea at 47 and 56 %, 
respectively. However, there was a significant 
difference in the number of episodes of otorrhea 
per month at 0.07 with earplugs and 0.10 with-
out earplugs ( p = 0.05). The clinical importance 
of this, on the other hand, correlates to only 0.36 
infections per child per year and would require 
a child to wear earplugs for 2.8 years to prevent 
one infection [71].

Children with TT appear to be at minimal, if 
any, risk for increased otorrhea with water expo-
sure when surface swimming in pools or ocean 
water [72]. Exposure to soapy water or river/lake 
water is controversial. The decreased surface ten-
sion and increased bacterial counts may increase 
the risk of water entering the ME and infection, 
respectively [69, 73]. Restrictions after TT place-
ment could prevent acquisition of life-saving 
water skills and impose unnecessary expense and 
difficulty on families. Both a recent review of the 
literature and the guidelines agree that clinicians 
should not routinely recommend water precau-
tions after TT placement [1, 72]. While not ad-
dressed by the guidelines, jumping and diving are 
probably best avoided as the risk of water enter-
ing the ME increases with swimming at greater 
depths [73, 74].

Long-Term Complications

Long-term complications include TM changes, 
HL, perforations of the TM, and cholesteatoma. 
Myringosclerosis consists of white patches in the 
TM caused by calcium deposits. It is seen more 
commonly in ears that have previously had TTs, 
occurring in approximately 32 % of ears after 
tube extrusion, than in those who have not [61]. 
It is usually limited to the TM and does not cause 
appreciable HL [12, 26, 61]. HL of 1–2 dB was 
shown in children after TT as compared with 
those who did not have TTs. Hearing was usu-
ally still within normal range and the loss was not 
clinically significant [75]. Atrophy of the TM, 
atelectasis, and retraction pockets are also more 
common in children with OM who have been 
treated with TTs [76]. The former two findings 
were seen in about 25 % of ears after TTs, but 
retraction pockets were observed in only 3.1 %. 
Short- versus long-term tube presence did not af-
fect the incidence of tube obstruction, myringo-
sclerosis, atrophy, or retraction pockets [61].

More troublesome complications occur most 
often when failure of tube extrusion occurs. 
Beyond 30 months postoperatively, TTs are un-
likely to extrude spontaneously [77]. Rates of 
TTs retention vary with different tube types and 
may necessitate a return trip to the operating 
room for removal. Patch repair of the perfora-
tion at time of tube removal has shown mixed 
results with regard to healing of perforation as 
compared with no patch [78−80]. Perforation is 
more likely to occur if TTs are retained beyond 
36 months (40 %) versus those that are in less 
than 36 months (19 %) [78]. Chronic TM perfo-
ration was noted in 4.8 % of more than 20,000 
ears from a combined 62 studies. The incidence 
for short-term TTs was 2.2 versus 16.6 % in long-
term TTs. Similarly, rates of cholesteatoma de-
velopment were higher in patients with long-term 
TTs (1.4 %) versus short-term ones (0.8 %). The 
overall rate of cholesteatoma was 0.7 % in nearly 
15,000 ears from 33 studies examined [61].
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Emerging Technologies

The placement of TTs is a well-established pro-
cedure; however, new technologies are being 
developed in hopes of improving ease of sur-
gery, underlying causes of disease, and patient 
outcomes. The Acclarent Tympanostomy Tube 
Delivery System, which allows for automated 
TT deployment, is one of these developments. 
The system was prospectively tested in 53 pa-
tients under the age of 5 years. Deployment was 
successful in 94 % of attempts and the tubes re-
mained in place and patent 1 week postopera-
tively in 99 % of patients. This advancement may 
allow for future in-office placement of TTs when 
combined with improved ionophoresis systems 
[81]. With the changing environment of high-
deductible in healthcare, more parents may seek 
care performed in a doctor’s office under local 
anesthesia when possible.

Other investigators have looked at making 
the tube itself more effective. A biodegradable 
drug-eluting tube has been tested to potentially 
treat patients suffering from COME. Collar but-
ton tubes were loaded with the antibiotic, ofloxa-
cin, and designed to slowly elute the drug over a 
3-month period. When tested in guinea pigs, the 
tubes resulted in no inflammation or episodes of 
otorrhea. The drug-eluting tubes had the least bac-
teria adherence when compared with Mini Shah 
TTs and biodegradable TTs without the drug. The 
tubes began degrading by 18 weeks after place-
ment and had eluded approximately 82 % of the 
drug by the 3-month mark. These tubes have the 
potential for reducing biofilm development and 
the benefit of not having retained tubes requir-
ing removal [82]. Another method of improving 
management of patients with OME is balloon 
dilation of the ET. Eleven patients, all with a 
long-standing history of COME and multiple sets 
of TTs, underwent dilation of the cartilaginous 
portion of the ET using sinus dilation balloons 
inflated up to 12 atm pressure for 1 min via an 
endoscopic transnasal approach while under gen-
eral anesthesia. At up to 14 months follow-up, the 
subjects, all of whom were previously unable to 
autoinsufflate their ET, were found to be able to 

self-insufflate using a Valsalva maneuver after 
the procedure. Moreover, the atelectasis in the 
ears resolved in all cases, and no complications 
were noted [83]. It is hoped that this technology 
will be able to be applied to children with chronic 
Eustachian tube dysfunction (ETD) in the future.

Conclusions

TT placement is a very common procedure per-
formed in the pediatric population. Indications 
for surgery include OME or RAOM meeting ev-
idence-based requirements. Families of patients 
should be involved in making decisions about 
whether or not to perform surgery. If surgery is 
performed, various types of tubes are available. 
Long-term tubes are associated with a higher 
incidence of otorrhea, perforation, and choles-
teatoma although they are typically only placed 
in children with more significant or recalcitrant 
ETD. The majority of complications associated 
with TT placement, however, are transient or not 
clinically significant. The decision to place TTs 
and their care thereafter should be individualized 
based on the patient and the overall clinical pic-
ture.
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Definition of CSOM

Chronic suppurative otitis media (CSOM) is 
one of the most common preventable causes of 
acquired hearing loss in children and is more 
prevalent in developing nations, where suppura-
tive complications have a significant impact on 
childhood mortality. As such CSOM contributes 
to a significant global health burden. The defi-
nition of CSOM is chronic inflammation of the 
middle ear cleft (MEC), in the presence of a non-
intact tympanic membrane that leads to frequent 
and recurrent otorrhea from the ear [1]. There has 
been a lack of consensus regarding the duration 
of symptoms. The World Health Organization 
(WHO) definition is a discharging ear that per-
sists beyond 2 weeks but many otolaryngologists 
would say that acute otitis media (AOM) transi-
tions to CSOM after at least 6 weeks of otorrhea 
and despite medical treatment [2–4]. In addition, 
certain specialists will refer to active and inactive 
disease. The term active CSOM is used to refer 
to perforation associated with infection whereas 
a chronic perforation in the absence of infection 
is termed inactive disease [5]. The ear can subse-
quently become reinfected by reflux of bacteria 
from the nasopharynx or from the introduction of 
pathogens from the external ear canal.

Epidemiology of CSOM

True prevalence and incidence of CSOM is dif-
ficult to establish given the wide range of defini-
tions for the condition. The WHO estimates the 
global burden of illness as a result of CSOM to 
include 65–330 million people worldwide. Ap-
proximately 60 % of these individuals suffer 
significant hearing impairment and 28,000 die, 
usually as a complication of the disease. Ninety 
percent of CSOM occurs in South East Asia and 
the Western Pacific as well as certain parts of Af-
rica [1]. A 4 % prevalence rate of CSOM is con-
sidered to be indicative of a major public health 
issue [6]. Indigenous populations such as Inuit 
from Alaska, Canada and Greenland, American 
Indians and Australian Aboriginals are consid-
ered especially high risk. Among Australian Ab-
originals, as many as 50 % of the children suffer 
from CSOM [7]. These startlingly high preva-
lence rates are thought to be multifactorial in eti-
ology but environmental factors are likely to be 
most strongly implicated. Young Aboriginal chil-
dren have been shown to suffer early exposure to 
OM pathogens, persistent bacterial colonization, 
and chronic mucosal disease [8]. CSOM is gen-
erally thought to occur secondary to an episode 
of AOM in childhood but may also occur as a 
sequel of otitis media with effusion (OME) [5]. 
Risk factors for AOM are most likely implicated 
in the prognosis and development of CSOM: age, 
race, frequent upper respiratory tract infection, 
poor access to health care, crowded living con-
ditions, poor hygiene and nutrition, attendance 
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at day care centers, bottle-feeding [9], exposure 
to passive smoking [10], and family history of 
OM. CSOM is least prevalent in developed na-
tions such as the USA and European countries 
and when it occurs it is usually linked to tympa-
nostomy tube (TT) insertion [11]. Placement of 
TTs can be associated with CSOM. One meta-
analysis showed the rate of chronic otorrhea in 
intubated ears was 3.8 %, recurrent otorrhea was 
7.4 %, and both of these sequelae were associated 
with longer-term TTs [12].

Genetics of CSOM

Even though the genetics of CSOM is poorly un-
derstood there are several studies looking at the 
genetics of AOM and COME. These include epi-
demiological studies of various methodologies as 
well as genetic studies [13–15]. Candidate gene 
studies have identified a handful of genes con-
tributing to OM susceptibility, including several 
immune genes, such as IL10 and TNF, as well 
as FBXO11, which have been significantly as-
sociated with OM in three independent cohorts 
[16–18]. The first genome-wide association 
study looking at the OM phenotype has identi-
fied CAPN14 and GALNT14 on chromosome 
2p23.1 and the BPIFA gene cluster on chromo-
some 20q11.21 as novel candidate genes which 
warrant further analysis [19].

Microbiology of CSOM

OM occurs when viruses and bacteria evade 
the host mucociliary and immune responses es-
tablishing inflammation within the middle ear 
(ME) [20]. Chronic infection is often polymicro-
bial in nature with Pseudomonas aeruginosa and 
Staphylococcus aureus being the most common 
organisms isolated. Other isolates include Staph-
ylococcus epidermis, Proteus species, beta-he-
molytic Streptococcus, Haemophilus influenza, 
and enteric Gram-negative bacilli [21–23]. In 
recent years, the importance of the role of bacte-
rial biofilm has come to light in the pathogenesis 
of CSOM, particularly in relation to the place-

ment of TTs. Van Leeuwenhoek first described 
bacterial biofilm in the seventeenth century when 
he examined the “animalcules” on the surface 
of his own teeth. Costerton and his colleagues 
put the modern theory of biofilm predominance 
forward in 1978 [24]. This theory has subse-
quently been refined to a community of bacteria 
irreversibly adherent to a surface, embedded in a 
self-produced matrix of extracellular polymeric 
substance, and exhibits altered phenotype with 
respect to the growth rate and gene transcription 
[25]. Biofilm and intracellular infection have 
been demonstrated on ME mucosa of children 
with CSOM, recurrent AOM, and chronic OME, 
and are mechanisms of bacterial persistence in 
the ME causing recalcitrance to treatment and 
disease recurrence [26–28]. Similarly, a number 
of studies have shown that TTs are highly subject 
to biofilm build up [29] which leads to refractory 
otorrhea and TT occlusion. Systemic antibiotics 
are known to have poor ME biofilm penetration. 
Krause et al. investigated the concentrations of 
a number of antimicrobial agents in ME fluid. 
For all agents it was shown that ME concentra-
tions were significantly lower than serum con-
centrations [30]. A number of studies have been 
conducted looking at the use of TTs with resis-
tance to biofilm formation with some promise. 
Phosphorylcholine-coated fluoroplastic TTs have 
been demonstrated to inhibit biofilm formation 
by both P. aeruginosa and S. aureus [31].

Management of CSOM

The management of CSOM has two principal 
aims: First, to eradicate infection and hence re-
duce morbidity and mortality, second, to close 
the tympanic membrane perforation to reduce 
hearing loss and risk of reinfection of the ME 
[1]. Recognition of those cases that are better 
managed surgically should be prompt to avoid 
delayed treatment and reduce morbidity. In some 
cases, this means instituting treatment to stop dis-
charge from the ear before it can be established 
whether the patient has either active mucosal 
chronic otitis media (COM) or active squamous 
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COM (cholesteatoma) both of which require sur-
gical intervention [32].

Nonsurgical

Medical management of CSOM is appropriate in 
the absence of cholesteatomatous disease, attico-
antral disease, or suppurative complications of 
OM. There is a general lack of consensus among 
physicians regarding the optimal medical man-
agement of CSOM. A number of Cochrane re-
view studies have examined the benefits of aural 
toilet, topical antiseptics, topical antimicrobials, 
systemic antimicrobials (oral and parenteral), 
and topical and systemic steroids. Presently, aural 
toilet combined with topical antibiotics is the 
mainstay therapy [1]. Quinolone antibiotics are 
the most commonly used topical agents but there 
are not many studies comparing agents. One ran-
domized controlled trial (RCT) compared topical 
ciprofloxacin (CIP) with topical framycetin-
gramicidin-dexamethasone (FGD) for the treat-
ment of CSOM in Australian Aboriginal children. 
The study showed similar rates of improvement 
for both treatment arms (70 % CIP vs. 72 % FGD; 
CI-20–16) [33]. Topical quinolones are generally 
favored over nonquinolones because of the lack 
of safety data for the latter. The above trial did 
not show any significant difference in conduc-
tive hearing loss for CIP versus FGD, nor did 
it show the development of sensorineural loss, 
but ototoxicity was not an outcome that was di-
rectly measured in the study. Topical quinolones 
have been shown to be more effective than sys-
temic quinolones in treating ear discharge at 1–2 
weeks [34]. A Cochrane review has shown that 
topical antibiotics alone are better than systemic 
antibiotics in terms of resolution of otorrhea and 
eradication of ME bacteria [1]. A similar review 
in 2009 looked at whether combined topical and 
systemic antibiotics are better than topical anti-
biotics alone [34]. It found no trials showing sta-
tistically significant benefit from the addition of 
systemic antibiotics to topical treatment despite 
an increase in the cost of treatment and adverse 
effects of oral therapy. Leach et al. investigated 
the benefit of prophylactic antibiotics in relation 

to AOM and CSOM. They concluded that there 
is still uncertainty about the impact of prophylac-
tic antibiotics on episodic AOM with perforation 
and CSOM [35].

For some patients otorrhea will persist despite 
aggressive aural toilet and prolonged courses of 
topical antibiotics. For these patients a long-term 
course (6–8 weeks) of parenteral antimicrobial 
therapy should be considered. Appropriate agents 
depend on culture results but generally include 
penicillin with anti-Pseudomonal cover such as 
piperacillin or a third-generation cephalosporin 
such as ceftazidime. Many of these patients will 
require tympanomastoid surgery.

Surgical

Surgery is indicated in cases of CSOM that are 
refractory to maximal medical therapy. There are 
several aims of surgery but the most important by 
far is to achieve a safe and dry ear [36]. Secondary 
considerations include stopping the discharge, 
healing the tympanic membrane, and restoring 
function to the ear [32]. Tympanoplasty, with or 
without mastoidectomy, is the primary procedure 
performed. Tympanoplasty is an operation to 
eradicate disease in the ME and reconstruct the 
hearing mechanism with or without using a graft 
to recreate the tympanic membrane [37]. Many 
materials have been used as graft material, the 
most popular of which is temporalis fascia, first 
described in the 1960s, [38] because it is easily 
harvested at the time of surgery and closely re-
sembles the innate structure. Other grafts used in-
clude perichondrium, cartilage (tragus or conchal 
bowl), fat, vein, periosteum, and even Alloderm 
[39]. Three approaches are used in tympanoplas-
ty: transcanal, endaural, or postauricular. The de-
cision to use a particular approach is based on the 
size and location of the perforation, individual 
patient anatomy, and surgeon preference. Grafts 
may be placed medial or lateral to the tympanic 
membrane remnant depending on the location of 
the perforation and also the technical skills of the 
surgeon.

Mastoidectomy involves the removal of mas-
toid air cells, granulation tissue, and debris to 
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eradicate infection and improved aeration of the 
ME. Mastoidectomy may be performed in con-
junction with tympanoplasty either as a staged 
procedure or as a single surgery. The main rela-
tive indications for mastoidectomy in chronic ear 
disease include intractable otorrhea with chronic 
infection of the mastoid air cells, acquired cho-
lesteatoma, previous failed tympanoplasty, and 
severe tympanic membrane retraction [36]. Mas-
toidectomy nomenclature can be confusing. An 
intact canal wall mastoidectomy or a canal-wall-
up procedure preserves the bony superior and 
posterior canal walls while allowing removal of 
the mastoid cortex and air cells lateral to the fa-
cial nerve and optic capsule. A canal-wall-down 
or open cavity procedure, which includes both 
modified radical and radical mastoidectomy, in-
volves the removal of the superior and posterior 
external auditory ear canal walls in association 
with meatoplasty to create an open cavity. In a 
modified radical mastoidectomy, the ME is graft-
ed whereas in a radical mastoidectomy, there is 
no attempt at reconstruction and a mastoid cavity 
is formed [40]. This allows maximal aeration of 
the mastoid and long-term monitoring for disease 
recurrence. The latter procedure is usually indi-
cated in cases of recurrent cholesteatoma, only 
hearing ear, sclerotic mastoid, involvement of 
the posterior canal wall, the presence of fistula, 
in noncompliant patients or patients that are unfit 
for a second look procedure. Open cavity tech-
niques are associated with reduced hearing [41].

There is controversy over the optimal time to 
perform tympanoplasty in children. Koch and 
colleagues advocate a higher success rate when 
surgery is performed after 8 years of age. While 
successful results are not impossible in children 
prior to this age, eustachian tube dysfunction and 
frequent upper respiratory tract infections cause 
many tympanoplasties to fail [42]. Mishiro ret-
rospectively looked at whether mastoidectomy at 
the time of tympanoplasty influenced graft suc-
cess rates. They found that success rates were 
similar in both groups (90.5 % in tympanoplasty 
with mastoidectomy vs. 93.3 % in tympanoplas-
ty alone). Effectiveness of surgery seems more 
dependent on patient selection and timing of 
surgery [43]. One study showed that tympano-

mastoidectomy for CSOM without cholesteatoma 
eradicated infection in 92 % of the cases. Poorer 
outcomes were associated with resistant strains 
of P. aeruginosa. Postoperative air-bone gap of 
20 dB was achieved in only 62 % of the patients 
[44]. A meta-analysis done by Vrabec showed 
that surgical technique, prior adenoidectomy, 
presence of active infection, size of perforation, 
status of the contralateral ear, and eustachian tube 
function may not predict better healing [45].

Future Directions

The future directions of research are mainly 
aimed at prevention of CSOM in high-risk popu-
lations. Many studies are targeting biofilm as 
a means of an attempt to reduce the burden of 
disease caused by CSOM. One study in Western 
Australia is looking at using dornase alfa, a drug 
used in cystic fibrosis to reduce viscosity of se-
cretions and shown to improve lung function, at 
the time of TT insertion to breakdown neutrophil 
extracellular traps (NETS), which harbor live 
bacteria and biofilm [46]. Dornase alfa may be 
a useful adjunct treatment in recurrent or chronic 
OM. Directly degrading the DNA may improve 
bacterial clearance from the ME by reducing 
biofilm stability and causing bacteria to return to 
their planktonic form which are more susceptible 
to locally (or systemically) administered antimi-
crobials and host immune mechanisms. Other 
targets include looking at vaccination against the 
primary pathogens of OM. The heptavalent PCV 
vaccine against Streptococcus pneumoniae has 
been shown to provide some protection against 
OM while significantly reducing frequency of 
medical presentations and need for TT placement 
in affluent populations [47]. However there is 
little evidence to suggest a reduction in CSOM 
and this is especially the case in high-risk groups 
such as the North American and Australian indig-
enous populations. This may be partially due to 
replacement of OM disease by non-vaccine se-
rotypes and H. influenzae. The outcomes use of 
a 10-valent pneumococcal Haemophilus protein 
D conjugate vaccine and a 13-valent PCV that 
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target these two groups of pathogens is much an-
ticipated [48].

New surgical techniques, such as the use of 
b-FGF (fibroblast growth factor) on gelatin 
sponge held in position by fibrin glue, which can 
be highly successful at treating even large perfo-
rations, are also currently being investigated [49].
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List of Abbreviations

AM Acute mastoiditis
AOM Acute otitis media
COM Chronic otitis media
CT Computed tomography
EOMC Extracranial otitis media complica-

tions
FP Facial palsy
IOMC Intracranial otitis media complications
IV Intravenous
LST Lateral sinus thrombosis
MR Magnetic resonance
OM Otitis media
OMC Otitis media complications
OME Otitis media with effusion
PCV7 Heptavalent pneumococcal conjugate 

vaccine
SA Subperiosteal abscess

Incidence and Classification

Acute otitis media (AOM) is a very frequent 
condition in children, especially in males under 
3 years of age. Currently, in the post-antibiotic 
era, complications from AOM are very unusual.

Regarding the incidence of complications of 
otitis media (OMC), some literature has reported 
an increasing incidence [1, 2], but most of the 
recent papers report that the incidence has not 
increased [3–5]. It would be interesting to ana-
lyze if the modifications of the treatments sug-
gested by the different guidelines for AOM used 
in America and European countries (among oth-
ers), the use of vaccines, and the changes in sus-
ceptibility of the involved bacteria are impacting 
the incidence of complications. Paradoxically, it 
seems that reduction of antibiotic use in AOM 
could have a beneficial role in children with com-
plications, as shown by a recent publication [6] 
that reported that 94 % of the bacteria found in 
AOM complications are susceptible to penicillin.

Otitis media complications can result from 
AOM or chronic otitis media (COM) with or 
without cholesteatoma. Yet, most of the cases are 
secondary to AOM. A meta-analysis published 
by Rosenfeld estimated an OM complication in-
cidence of 0.12–0.24 % of AOM cases [7].

Otitis media complications can be classified 
as extracranial (EOMC), intracranial (IOMC), or 
both.

Factors involved in the development of these 
complications can be related to the pathogen, for 
example, bacterial virulence or the presence of 
resistant pneumococcus and others related to the 
patient as systemic or local immune deficiencies, 
allowing dissemination through areas of less re-
sistance or from sequestered infections.
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Extracranial Complications

Acute Mastoiditis

Acute mastoiditis (AM) is inflammation of the 
air cells of the mastoid due to the extension of 
the infection from the middle ear. It is the most 
frequent complication of AOM. The incidence 
of AM in children with AOM is 0.24–0.74 % [8] 
and is more frequent among children 2 years of 
age or younger. Anthonsen [6] found that 72 % 
of children with AM were 2 years or less and the 
incidence of AM in children was 4.8/100,000 
children. Other authors report an incidence of 
11–16.8/100,000 in children less than 2 years and 
4.3–7.1/100,000 in older than 2 years [3]. The 
general incidence reported in the group between 
0 and 14 years is 1.2–6.1/100,000 children [5].

Concerns regarding an increase in AM due to 
the restriction in the use of antibiotics suggested 
by guidelines have been ruled out by several au-
thors that have compared the incidence of com-
plications along the years [3, 6, 9].

When the extension of the infection from the 
middle ear gets to the mastoid, it produces a peri-
ostitis that can lead to the destruction or lysis of the 
bony trabeculae of the mastoid, in turn leading to 
coalescence of the air cells, and resulting in AM.

It is important to mention that during an in-
flammatory process such as noncomplicated 
AOM or otitis media with effusion (OME), 
opacification of the mastoid cells can be seen in 
radiologic exams, but if there is no lysis of the 
opacified air cells and coalescence of them, the 
diagnosis of AM is not correct [10]. When the in-
fection in the mastoid compromises the integrity 
of the cortical layer of the mastoid, a subperios-
teal abscess (SA) results. The most frequent loca-
tion is retroauricular, less frequent is a Bezold’s 
abscess where the infection propagates to the tip 
of the mastoid and Citelli’s abscess where the ex-
tension is towards the occipital region [11].

In terms of the clinical presentation, in around 
half of the cases AM is the first manifestation of 
the middle-ear infection, with no clinical history 
of actual or recent AOM [1, 3, 12].

A retrospective study in Denmark found that 
100 % of children with AM had ear protrusion, 

whereas retroauricular edema and redness were 
present in around 95 % of cases (Fig. 13.1). Other 
symptoms included retroauricular tenderness in 
85 %, external auditory canal edema in 43 %, ret-
roauricular abscess in 32 %, and facial paralysis 
in 6 % of cases [6].

As mentioned, the use of antibiotics in AOM 
does not appear to prevent complications. An-
thonsen [6] reports that 35 % of children with 
AM were under antibiotics at the moment of 
the complication and there was no difference in 
the development of an abscess among children 
receiving or not the antibiotic (odds ratio 0.97). 
Similarly, Leskinen in Finland [13] reported that 
55 % of children with AM were receiving antibi-
otics when admitted to hospital. They found no 
correlation between the prior intake of antibiotics 
and the percentage of mastoidectomies that had 
to be performed for AM. Other authors record 
that 85 % of patients were under antibiotic cover-
age [14].

The clinical evaluation of a child with an 
OMC should include an assessment of the gen-
eral and neurological condition of the child, the 
presence of fever and lethargy, search for facial 
palsy, and signs suggesting an elevation of in-
tracranial pressure. A thorough otomicroscopic 
exam should be done and, if possible, audiometry 
and tympanometry.

The bacteriology of AM is variable with the 
most frequent bacteria recovered being Strep-

Fig. 13.1  Note the ear protrusion, retroauricular edema, 
and redness in this patient with acute mastoiditis and sub-
periosteal abscess
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tococcus pneumoniae (25–51 %), S. pyogenes 
(2–26 %), Pseudomonas aeruginosa (4.5–29 %), 
Haemophilus influenzae (4.5–16 %), Staphylo-
coccus aureus (3.5–8 %) and Fusobacterium nec-
rophorum (5.8 %) [1, 8, 11, 15].

Radiological imaging in AM shows an occu-
pation by secretions of the middle ear and mas-
toid cells associated with coalescence (Fig. 13.2). 
Some papers mention that routine computed to-
mography (CT) is not justified for AM [16], and 
that CT should only be done on the basis of the 
clinical presentation of each patient. Others do 
not agree [17], arguing that patients with AM 
and concomitant intracranial complications are 
often indistinguishable from noncomplicated 
AM patients. This makes CT a helpful tool in di-
agnosis, although there is no consensus in terms 
of whether it is mandatory in all cases of AM. 
Regardless, high-resolution temporal bone and 
brain CT carry a sensibility of 97 % and a posi-
tive predictive value of 94 % in the diagnosis of 
an intracranial complication of AM [18].

The prognosis of AM is closely linked to the 
presence of intracranial complications; hence, 
high clinical suspicion, early diagnosis, and ap-
propriate treatment are necessary.

There are some controversies regarding the 
treatment of AM. For some groups, surgical treat-

ment should be done upon AM diagnosis, with 
a simple mastoidectomy, for others management 
can be more conservative consisting of intrave-
nous (IV) antibiotics or IV antibiotics and myrin-
gotomy with or without tube placement. Psarom-
matis [19] in a retrospective study of 155 patients 
with AM proposes an algorithm for its manage-
ment. According to him, patients should be divid-
ed into three groups, one of patients with AM and 
suspicion of intracranial complication, another 
with isolated AM, and the third with AM and SA. 
According to his algorithm all the groups should 
be managed with myringotomy and IV antibiot-
ics in the form of a third-generation cephalospo-
rin (cefotaxime or ceftriaxone) and clindamycin. 
In patients with SA, a percutaneous drainage of it 
is done by aspiration or incision. If an intracranial 
complication is suspected, the radiologic evalua-
tion is mandatory and if it is positive, a simple 
mastoidectomy should be done immediately. 
After initial management, all patients without a 
favorable response after 3–5 days should receive 
a simple mastoidectomy. Upon discharge, oral 
antibiotics should be prescribed for 7–10 days, 
with the exception of patients with intracranial 
complications that should receive oral antibiotics 
for at least 15 days.

Other authors recommend a similar manage-
ment, proposing a more conservative treatment 
of noncomplicated AM following AOM, includ-
ing IV antibiotics, myringotomy (with or without 
tympanosotomy tubes), and percutaneous drain-
age of possible SA [16, 20, 21] Groth reports that 
previous mastoidectomy seems to predispose the 
patient to recurrent AM. This could suggest a 
more conservative therapy [22].

In cases of AM in patients with COM with or 
without cholesteatoma, there is consensus that a 
mastoidectomy with removal of granulations and 
cholesteatoma should be done as soon as possible 
and antibiotics must include coverage for S. au-
reus and P. aeruginosa.

Facial Palsy

Facial palsy (FP) due to otitis remains infrequent, 
with a reported incidence of 0.005 % in AOM [23] 

Fig. 13.2  Computed tomography showing occupation by 
secretions of the mastoid cells, associated to coalescent 
erosion of them
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and from 0.16 to 5.1 % in COM [24]. FP in AOM 
occurs usually after inflammation of the hori-
zontal segment (tympanic) of the nerve, where it 
crosses the middle ear. In patients without chron-
ic middle-ear disease, FP is usually secondary to 
neuropraxis from edema and nerve compression 
and/or bacterial toxic metabolites [25].

The House-Brackmann classification de-
scribes the degree of FP in each patient. There 
are six categories, I (normal function), II (mild 
paresis), III (moderate paresis), IV (moderate to 
severe paresis), V (severe paresis) and VI (com-
plete palsy) [26].

CT scanning is indicated in patients that do 
not have a favorable evolution of FP or in cases 
in which there is a suspicion of a coexistent com-
plication or in cases with a precedent of COM 
[24].

The use of magnetic resonance (MR) with 
gadolinium excludes other causes of FP. MR can 
show the inflammation of the nerve but does not 
determine the severity of the lesion [25].

Treatment includes wide-spectrum antibiot-
ics with coverage for Streptococci, H. influen-
zae, and Staphylococci and tympanocentesis (for 
gram and culture) and myringotomy with tubes 
[27], although some authors recommend tubes 
only in cases with recurrent AOM or OME [25]. 
This conservative management in patients with 
less severe palsy (House–Brackmann II–III) is 
supported by the remission of symptoms in al-
most all the patients treated [23, 28]. Given the 
high rate of spontaneous recovery of FP, electro-
physiological studies are not indicated for mild 
cases. In case of more severe FP (House–Brack-
mann IV–VI), electrophysiological tests, such 
as nervous excitability, maximal excitability 
electromyography, and electroneurography, can 
be helpful. The more severe degeneration of the 
nerve correlates with a bad recovery prognosis 
and may indicate surgical mastoidectomy with 
facial nerve decompression [25]. There is no 
consensus about the moment to perform surgery. 
Although some authors suggest it should be done 
during the acute phase, others suggest medical 
treatment and mastoidectomy should be per-
formed and decompression should be postponed 
[29–31].

Complete facial palsy as a complication from 
AM or COM must be treated surgically. If it is 
due to an AM, mastoidectomy and myringotomy 
with a tube is suggested, if it is due to a COM, 
surgery must be done immediately, removing the 
cholesteatoma and granulation tissue [32, 33], as 
this situation may be associated to a poor prog-
nosis [34].

Labyrinthitis

Labyrinthine infection results from extension of 
the infection from the middle-ear space to the co-
chlea and/or the vestibular system. Generally, the 
dissemination is via the round window, although 
it can also occur through the oval window, a peri-
lymphatic fistula, or defects secondary to chronic 
infection with or without cholesteatoma, trauma, 
or postsurgical defects [25]. Labyrinthitis can be 
classified as serous and suppurative, with serous 
being far more frequent. It is produced by the ac-
tion of toxins and inflammatory mediators with-
out frank bacterial invasion into the inner ear. 
Cochlear involvement is more frequent than ves-
tibular involvement. Labyrinthitis should be sus-
pected in cases of AOM with sudden SNHL and/
or vertigo [25]. If labyrinthitis occurs chronically 
in patients with COM, high-frequency SNHL is 
more likely, given usual greater damage of the 
basal turn of the cochlea [25].

Suppurative labyrinthitis is very infrequent, 
comprising approximately 2 % of the intratempo-
ral complications of AOM [35]. It results from 
frank bacterial invasion into the inner ear and is 
highly suggestive of anatomical defects or im-
mune deficiencies [25]. Clinical presentation is 
more severe, with high fever, vertigo, ear pain, 
nausea, vomiting, sweating, severe SNHL, and 
spontaneous nystagmus towards the unaffected 
ear. Any child with AOM and with nystagmus 
and vertigo should be treated aggressively be-
cause this suppurative labyrinthitis can progress 
to meningitis [25]. Although not mandatory for 
diagnosis, MR is the most sensitive imaging mo-
dality in the workup of labyrinthitis, showing an 
enhancement of the fluid in the labyrinth when 
gadolinium contrast is used. CT is only used as 
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a presurgical study, looking for congenital ana-
tomical anomalies, erosions, or cholesteatoma.

Treatment includes IV antibiotics with pre-
sumptive coverage for the most frequent patho-
gens in AOM (S. pneumoniae, H. influenzae, and 
M. catarrhalis), along with early myringotomy 
with or without tympanostomy tube placement. 
In cases of precedent COM, the antibiotic cover-
age should include S. aureus and P. aeruginosa 
coverage. In cases of coalescent mastoiditis, sup-
purative COM or cholesteatoma, a mastoidecto-
my with removal of the tissue is involved, and re-
pair of an eventual perilymphatic fistula must be 
done [25]. Patients with serous labyrinthitis gen-
erally present a rapid resolution of vertigo and 
hearing loss although some deficit can persist. 
In case of patients with suppurative labyrinthitis 
and severe SNHL, recovery is very infrequent. 
Vertigo can last for weeks or months, until it is 
successfully compensated by contralateral ear 
and central mechanisms [25]. Ossificant labyrin-
thitis is a complication that can occur after acute 
labyrinthitis, where the labyrinth is replaced by 
fibrous and/or bony tissue, with a loss of its func-
tion. This is more frequent after meningitis and 
suppurative meningococcal labyrinthitis, but can 
also occur in cases of suppurative labyrinthitis 
without associated meningitis.

Petrositis

Petrositis results from the extension of the infec-
tion from the tympanic cavity towards the petrous 
apex air cells. It is very infrequent, and gener-
ally occurs along with intracranial complications 
of OM [35]. The classic clinical presentation of 
petrositis is called the Gradenigo’s triad: pain in 
trigeminal distribution, otorrhea, and VI nerve 
palsy. However, its presentation can be variable, 
the triad being present in only up to 40 % of pa-
tients [36]. An ear CT should be done if a destruc-
tive lesion of the petrous apex is suspected. If the 
lesion is confirmed, MR can give more informa-
tion as well as show possible adjacent meningeal 
involvement. MR allows to differentiate among 
petrositis, cholesterol granuloma, cholesteatoma, 

and neoplasms (schwannoma, meningioma, con-
droma, or chordoma) [36].

Bacteria usually recovered are S. pneumoniae, 
H. influenzae y P. aeruginosa [11]. Reports con-
sisting of small-patient series recommend early 
wide-spectrum IVs antibiotic treatment along 
with myringotomy with tympanostomy tube in-
sertion and mastoidectomy in refractory cases or 
those secondary to COM [37–39].

Intracranial Complications

Since the introduction of antibiotics in the twen-
tieth century, the incidence of intracranial com-
plications due to OM significantly decreased 
from 2.3 %to 0.24–0.04 % [40]. Although IOMC 
are far less frequent than EOMC, they are much 
more dangerous, with a reported mortality of 
16–18 % [40, 41]. Around half of the patients 
have more than one complication simultaneously 
[40]. Acute meningitis and cerebral abscess are 
the most frequent IOMC [40, 42, 43]. Microbi-
ology of the abscess is variable and is related 
to the underlying etiology of the complication 
(AOM vs. COM). In abscess secondary to AOM, 
S. pneumoniae, S. pyogenes, S. aureus y H. in-
fluenzae are cultured, in patients due to COM, S. 
aureus, Proteus mirabilis, P. aeruginosa, Klebsi-
ella spp., Enterococcus and anaerobes are found 
[43–45].

When an IOMC is suspected, imaging a study 
is mandatory. High-resolution brain CT with con-
trast along with temporal CT is excellent for the 
diagnosis of OMC [18]. However, there is con-
sensus that in these patients a brain MR with ve-
nography should also be done in order to evalu-
ate the possibility of sigmoid sinus thrombosis or 
petrositis [45–47].

Acute Meningitis

As mentioned before, acute otogenic meningitis 
and cerebral abscess are the most frequent IOMC. 
Kangsanarak reported 51 % of meningitis and 
42 % of cerebral abscess in a group of 43 patients 
with IOMC [40], Penido in a group of 33 patients 
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with IOMC reported 46 % of them presenting 
with cerebral abscess and 37 % presenting with 
meningitis [43]. Lumbar puncture is usually per-
formed if an acute meningitis is suspected but it 
is important to remember that this has to be per-
formed after scanning to rule out elevated intra-
cranial pressure, which could result in cerebral 
herniation or coning along with mortality during 
lumbar puncture [43]. Broad-spectrum intrave-
nous antibiotics must be administered promptly 
along with myringotomy and ventilation tubes to 
obtain cultures and drainage of the middle ear. 
Mastoidectomy should be reserved for patients 
who do not respond to treatment within 48 h [48].

Intracranial Abscess

Otogenic intracranial abscess can be extradural, 
subdural, or parenchymatous. The most frequent 
locations are the temporal and cerebellar lobes 
[40, 41], with extradural ones being most frequent 
[44]. Although in adults these abscesses present 
in cases of underlying CSOM [40, 41, 49], in 
children these abscesses are more often seen in 
patients with AOM [42, 44]. They portend a high 
mortality rate (20–36 %), especially in develop-
ing countries [40]. However, more recent studies 
in developed countries report a low mortality [42, 
44]. The most frequent symptoms are fever and 
ear pain followed by headache and otorrea [44]. 
Altered mental status is more frequent in patients 
with subdural and intraparenchymatous abscess-
es than in extradural ones. Nausea, vomiting, dip-
lopia, seizures, limb paresis, and meningeal signs 
can be found [44].

Most of the authors agree that treatment should 
include long-term broad-spectrum intravenous 
antibiotics with blood–brain barrier penetrance 
and the initial treatment should be modified and 
based on cultures and sensitivity as soon as possi-
ble. Several antibiotic treatments have been pro-
posed, including combinations of third-genera-
tion cephalosporins, amoxicillin/clavulanic acid, 
ciprofloxacin, aminoglycosides, penicillin, van-
comycin, metronidazole, chloramphenicol [40, 
41, 45, 50], covering Gram positives, Gram neg-
atives, S. aureus, anaerobic bacteria, and P. ae-

ruginosa. Regarding the surgical treatment there 
are some controversies. The standard accepted 
treatment is abscess drainage through trephina-
tion or excision through craniotomy followed by 
a differed otologic surgery of mastoid drainage. 
However, some authors recommend other treat-
ments, such as combined early neurosurgery and 
mastoidectomy, mastoidectomy with evacuation 
of the abscess through the mastoidectomy; some 
groups even perform only the mastoidectomy and 
reserve the neurosurgery only for selected cases. 
All of these treatments are supported by reports 
of low and comparable morbidities and mortali-
ties that have decreased, towards 0 % [41, 43–45, 
51–53]. Subdural abscess or empyema is an ex-
ception to this rule because it requires immediate 
neurosurgical drainage [41, 44, 50]. If the origin 
of the abscess is COM, mastoidectomy should be 
performed during the same hospitalization, either 
at the time of the neurosurgical procedure or after 
it. Mastoidectomy could be avoided only if the 
origin of the complication is AOM and if the pa-
tient has an excellent resolution with the initial 
treatment [43].

Lateral Sinus Thrombosis

Two-thirds of LST in children occur secondary to 
AOM and one-third to COM. Generally, it results 
from the erosion of the mastoid cortical bone 
adjacent to the sinus with subsequent infection 
of the peri-sinusal space. LST may also occur 
due to thrombophlebitis of the mastoid emissary 
veins without erosion of the contiguous cortical 
bone. In the past, this condition was associated 
with high mortality. After contemporary surgi-
cal intervention techniques along with antibi-
otic treatment, mortality, however, has decreased 
dramatically to around 1 %. The most frequent 
symptoms and signs of LST are fever, headache, 
ear pain, vomiting, otorrhea, and cervical rigid-
ity [54]. “Picket-fence fever pattern” described 
in pre-antibiotic era is infrequent nowadays [55]. 
Imaging study is very important for diagnosing 
this complication. Sensitivity of the MR (100 %) 
and superior to contrast enhanced CT (87 %) 
[54]. The most prevalent pathogens are group A 
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Streptococcus, S. pneumoniae, S. aureus, P. ae-
ruginosa, and anaerobes [54]. The management 
of LST includes broad-spectrum antibiotics (van-
comycine + third-generation cephalosporines + 
metronidazole) and prompt mastoid surgery with 
or without myringotomy with or without ventila-
tion tubes. A simple mastoidectomy is indicated 
in cases of LST without cholesteatoma and a 
modified radical surgery should be performed 
in cases with cholesteatoma. Treatment of LST 
patients without mastoidectomy is also possible 
and could be considered in patients without in-
tracranial abscess that are responding to broad-
spectrum intravenous antibiotics [54]. Regarding 
the management of the thrombotic sinus, there 
are three possibilities: observation, needle aspi-
ration, or thrombectomy, with a clear trend to-
wards not evacuating the abscess given the risk 
of bleeding. Anticoagulation is given in most 
cases [54]. Ligation of the internal jugular vein is 
rarely done, reserved only for refractory sepsis, 
or septic lung embolism [54].

Changes in Post-vaccination Era

An important reduction in the incidence of inva-
sive pneumococcal infections has been reported 
since the introduction of the heptavalent pneumo-
coccal conjugate vaccine (PCV7). However, for 
AM specifically, PCV7 has not shown the same 
effect, and the incidence has remained stable or 
has in fact increased [56–59]. Halgrimson stud-
ied the incidence of AM in children younger than 
2 years of age between 1999 and 2008; in 2001, 
before the widespread use of PCV7, the inci-
dence was 11/100,000, in 2003, it dropped down 
to 4.5/100,000, and then it returned to 12/100,000 
in 2008 [57]. On the other hand, P. pneumoniae 
is still the most frequent pathogen in cases of 
AM secondary to AOM. Choi et al. in his series 
reported the presence of P. pneumoniae in 34 % 
of the cases in periods pre- and post-vaccination 
with PCV7 [58]. Halgrimson reported that in his 
series P. pneumoniae was responsible for 30 % of 
the pathogens found in the pre-PCV7 and 50 % 
in the post-PCV7 era [57]. Navazo-Eguía et al. 
reported that P. pneumoniae was isolated in 30 % 

of the cases in the pre-PCV7 era and in 42.1 % in 
the post-vaccination era [59]. An increase in bac-
terial resistance has been found in P. pneumoniae 
isolated in AM post-PCV7. Halgrimson reported 
an increase in penicillin resistance from 0 to 38 % 
comparing the pre- and post-PCV7 vaccination 
era [57]. Leibovitz in a revision in AM cases 
found an increase in the resistance to ceftriax-
one from 7 to 30 % [56]. Regarding the serotypes 
found in AM as well as in AOM, the serotypes 
included in the vaccine have been replaced by 
others not included in the vaccine, among which 
19A is the most frequent. Ongkasuwan reports in 
his series that AM produced by 19A had an inci-
dence of 0 % in the pre-PCV7 era and 65.5 % in 
the post-vaccine era [60]; these data are almost 
the same as the 65 % reported by Giannakopou-
los [14]. This serotype has been related to more 
severe cases of AM, with more sub-periostal ab-
scess, as well as a greater antibiotic resistance 
[60]. Due to these findings and the introduction 
of the 13-valent pneumococcal conjugate vac-
cine, there must be a strict surveillance of the in-
cidence of AM, the pathogens involved, and their 
resistance pattern.
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Prevalence of Meningitis and 
Association with Otitis Media

Interest in meningitis and its association with co-
chlear implantation peaked in 2002 when it was 
noticed that there was a sudden increase in cases 
and number of fatalities in cochlear implant (CI) 
patients in North America and Europe. There 
are many known risk factors for meningitis in 
hearing-impaired children, but the spike in num-
ber of cases in 2002 seemed to be related to the 
use of a two-part electrode by one of the main 
CI companies. Among patients with the combi-
nation electrode and positioner CI, the incidence 
of meningitis was 450 cases per 100,000. This 
rate is much inflated from the general popula-
tion incidence of meningitis of 0.5–5.0 cases per 
100,000 [1].

The combination electrode and positioner CI 
was taken off the market by the manufacturer, 
but it was discovered that there were other un-
reported cases of meningitis with all of the most 
common implant manufacturers. After omitting 
meningitis cases associated with implants with a 
positioner, the incidence of meningitis was still 

much higher than compared to the general popu-
lation, with an incidence rate of 11–14 cases per 
100,000 [2].

There are a number of reasons why CI patients 
are at an increased risk of developing meningitis, 
an increase which is elevated during the first 2 
months after implantation. It has been postulated 
that bacteria causing meningitis in CI patients 
enter through the middle and inner ear [3]. From 
these locations hematogenous dissemination and 
a process of osteothrombophlebitis represent pos-
sible routes of infection spread from the middle 
ear to intra- or extracranial locations. Postulated 
pathways include the oval or round window, de-
velopment of dehiscence of the floor of the hy-
potympanum, or from previous ear surgery [4]. 
There are also factors independent of cochlear 
implantation which may place children with hear-
ing loss at increased risk of bacterial meningitis 
[5]. Inner ear malformations are more common 
in children with hearing loss, which also increas-
es their risk of developing bacterial meningitis 
[6–9]. In a case-control study, the combination of 
radiographic evidence of an inner ear malforma-
tion and a cerebrospinal fluid (CSF) leak was as-
sociated with an increased risk of all subtypes of 
meningitis, and the presence of a CSF leak alone 
was associated with an increased risk of periop-
erative meningitis [3]. Preimplant meningitis has 
been identified as a risk factor for postimplant 
meningitis [10]. In a study in Denmark, it was 
found that in young children with hearing loss 
(10.4 % of the cohort had CIs), the rate of menin-
gitis was 43 cases per 100,000 person-years [11]. 

© Springer International Publishing Switzerland 2015
D. Preciado (ed.), Otitis Media: State of the art concepts and treatment, DOI 10.1007/978-3-319-17888-2_14



134 J. Cavanagh and A. Woolley

The study determined that children with hearing 
loss were found to have a three- to fivefold in-
creased risk for developing meningitis. Another 
important factor in the increased risk of develop-
ing meningitis in CI patients is the trend toward 
earlier placement of implants, due to improved 
development of speech and language with earlier 
implantation [12–14]. Widespread screening of 
newborn hearing identifies children for implanta-
tion at a time when their risk of developing men-
ingitis is the highest [15]. In Rubin and Papsin’s 
paper [16] on prevention and treatment of acute 
otitis media (AOM) and meningitis in CI patients 
the authors advocate that all implant candidates 
be immunized with age-appropriate doses of 
pneumococcal conjugate, Haemophilus influ-
enza type b conjugate vaccines, and appropriate 
annual immunization against influenza. Also, as 
a preventative measure against meningitis, chil-
dren at the age of two should have a single dose 
of the 23-valent pneumococcal polysaccharide 
vaccine (Table 14.1) [17].

Aggressiveness of Otitis Media 
Diagnosis and Treatment

The usual age of cochlear implantation in chil-
dren corresponds to the peak age for the devel-
opment of AOM [1, 2]. Teele et al. [18] reported 
that by 1 year of age, 62 % of the children had 
one or more episodes of AOM, and 17 % had 
three or more episodes of AOM. By 3 years of 
age, 83 % had one or more episodes of AOM, 
and 46 % had three or more episodes of AOM. 
This can be explained by the anatomy and physi-
ology of the Eustachian tube of a young child 
and the surrounding lymphoepithelial ring that 
can prevent adequate drainage of the middle ear 
in childhood [18]. Of concern is the belief that 
children with CIs may be more susceptible to the 
complications of otitis media (OM) due to the 
surgical violation of the cochlea, the presence of 
a foreign body in the inner ear, and the potential 
for spread from a purulent middle ear through 
the cochleostomy to the CSF via the inner ear.

In a retrospective review of 234 patients who 
underwent cochlear implantation, it was found 
that children with a preimplantation history of 
AOM had a higher risk of postimplantation AOM 
than healthy children with CIs [19]; but this risk 

Table 14.1  Recommended pneumococcal vaccination schedule for persons with CIs [34]
Age at first PCV7 dose 
(months)a

PCV7 primary series PCV7 additional dose PPV23 dose

2–6 3 doses, 2 months apartb 1 dose at 12–15 months 
of agee

Indicated at 24 months of 
agef

7–11 2 doses, 2 months apartb 1 dose at 12–15 months 
of agee

Indicated at  24 months of 
agef

12–23 2 doses, 2 months apartc Not indicated Indicated at 24 months of 
agef

24–59 2 doses, 2 month apartc Not indicated Indicatedf

≥ 60 Not indicatedd Not indicatedd Indicated
PCV7 7-valent pneumococcal conjugate vaccine, PPV23 23-valent pneumococcal polysaccharide vaccine
a A schedule with a reduced number of total PCV7 doses is indicated if children start late or are incompletely vacci-
nated. Children with a lapse in vaccination should be vaccinated according to the catch-up schedule [32]
b For children vaccinated at age < 1 year, the minimum interval between doses is 4 weeks
c Minimum interval between doses is 8 weeks
d PCV7 is not recommended for children aged ≥ 5 years
e The additional dose should be administered 8 weeks after the primary series has been completed
f Children aged < 5 years should complete the PCV7 series first; 23-valent PPV23 should be administered to children 
24 months of age 8 weeks after the last dose of PCV7 [33]
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does seem to decrease after cochlear implantation 
[19, 20, 21]. More than half of the children who 
suffered from AOM after cochlear implantation 
had no history of AOM prior to implantation [19].

There is debate as to how aggressive the treat-
ment of AOM should be in CI patients. Four ret-
rospective studies [19, 22–24] of AOM in chil-
dren with implants have been conducted. In three 
studies, the treatment of the AOM was found to 
be satisfactory when using standard treatments of 
systemic antimicrobial therapy with initial em-
piric treatment with an oral antimicrobial agent 
(e.g., amoxicillin at a dose of 80–90 mg/kg per 
day). In contrast, the fourth study [24] revealed 
that patients with implants were more likely to 
require intravenous antimicrobial therapy and a 
myringotomy. Of the 11 episodes of AOM report-
ed in this fourth study, 7 patients underwent sur-
gical treatment for mastoiditis. No child in any 
of the four series was reported to have developed 
bacterial meningitis. The immediate postopera-
tive period appears to be a sensitive time for the 
potential development of meningitis. For this rea-
son, AOM in the immediate postoperative period 
demands aggressive treatment. Rubin and Papsin 
[16] recommend that AOM diagnosed during the 
first 2 months after implantation be initially treat-
ed with parenteral antibiotics (e.g., ceftriaxone or 
cefotaxime).

Watchful waiting is inappropriate for CI pa-
tients as the presence of such a large foreign 
body, with the increased risk of meningitis even 
without a prior history of AOM, makes the 
prompt use of antibiotics mandatory [25]. There 
are certain circumstances in which a CI patient 
would be at higher risk for developing meningi-
tis. Those risk factors include: (1) The CI has a 
space/positioner (Advanced Bionics model AB-
5100H or AB-5100H-11); (2) the episode occurs 
within the first 2 months of implantation; (3) the 
patient has a known inner malformation or CSF/
middle ear fistula; (4) the patient appears severe-
ly ill with evidence of mastoiditis or inner ear in-
fection [16]. In such circumstances, a middle ear 
aspirate should be sought immediately for cul-
ture and sensitivity to antibiotics. Based on clini-
cal judgment and culture results, the physician 
can decide on the mode of antibiotic treatment 

(oral vs. intravenous), which antibiotics to use, 
and whether or not to hospitalize the patient [26]. 
Implant patients with a middle ear effusion or an 
AOM along with suspected meningitis should 
have both CSF and a middle ear aspirate sent for 
culture and sensitivity. If presenting in the first 2 
months after implantation, antimicrobials should 
include coverage against gram-negative bacilli 
(e.g., meropenum) plus vancomycin [16].

Role of Tympanostomy Tubes

Traditionally it was thought that disruption of the 
tympanic membrane with a foreign body in the 
middle ear could pose a potential risk for danger-
ous seeding of the CI. This theory likely arises 
from stapedectomy surgery where, like cochlear 
implantation, the inner ear is opened, and it is 
felt ideal to perform such surgery in a “sterile” 
middle ear with an intact tympanic membrane. 
However, children frequently arrive for their 
initial CI assessment with myringotomy tubes 
(MTs) in place. The MTs may have been placed 
for a middle ear effusion to ensure an adequate 
hearing aid trial, or they may have been placed 
for recurrent OM [27].

In a survey of CI surgeons [28], 56 % of re-
spondents stated that they would proceed with 
cochlear implantation with MTs in place if the 
ears were clean and dry. The majority of the re-
maining respondents stated that they would re-
move the tube and wait for the tympanic mem-
brane perforation to heal. However, as Kennedy 
and Shelton noted in their study [28], this choice 
of action may be fraught with difficulty—the 
tympanic membrane may fail to heal spontane-
ously, or fluid or infection may return behind 
the tympanic membrane. Such situations would 
undoubtedly cause anxiety, frustration, and delay 
for the patient and caregivers. Also, early implan-
tation is vital to take advantage of the plasticity 
of hearing development in young children, and 
unnecessary delay should be avoided [29].

The American Academy of Pediatrics ap-
proved the judicious use of MTs in CI candidates. 
A policy statement was issued [16] on the man-
agement of OM in CI patients which states that 
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surgeons should manage OM with MT placement 
either before or at the time of cochlear implanta-
tion to prevent further OM episodes.

In the event that a child with a CI develops 
OM while an MT is in place, a sample culture 
can be taken, and the patient should be started on 
systemic and topical antibiotics as well as local 
otorrhea care [26].

For those patients who develop recurrent bouts 
of AOM with a CI in place, it has been argued 
that the indications for MTs and their manage-
ment in the CI recipients should be the same as 
those in the patients without a CI. MTs should be 
placed in any CI patient having recurrent bouts 
of AOM. There does not appear to be an issue 
having a CI and MTs in place if warranted [27].

Implant with Middle Ear Effusions

The question as to whether MTs should be placed 
in CI patients with a persistent middle ear effu-
sion post implantation remains unanswered as 
there is limited research in this area.

In the study completed by Yin [30], a review 
of 186 children with CIs had discovered four 
cases of persistent middle ear effusions occurring 
after implantation. The effusions cleared in two 
patients after 2 weeks of intravenous antibiot-
ics. The other two children who presented with 
unilateral, repeated OM with effusion despite in-
travenous antibiotic treatment were treated with 
MTs. The authors advocated against an observa-
tion period without antibiotic treatment for these 
patients. They suggested aggressive treatment of 
the middle ear for children with CIs to prevent 
the development of a retraction pocket, adhe-
sion of tympanic membrane, and cholesteatoma 
formation [30]. It is our policy in dealing with 
chronic middle ear effusions in preoperative can-
didates for a CI to go ahead by placing an MT in 
those children and proceeding with the CI while 
the MT is in place. If an effusion is noted at the 
time of CI surgery, cochlear implantation is car-
ried out and an MT is placed at the same time. 
If a child has a persistent middle ear effusion of 
longer than 6 weeks after cochlear implantation, 

then an MT is placed. If an AOM is noted at the 
time of CI surgery, the surgery is delayed until 
resolution of the infection.

Future Research

As of 2010, approximately 219,000 patients 
worldwide have received implants, and with 
changing indications to allow more patients to 
benefit from cochlear implantation, it is increas-
ingly likely that a primary care physician will 
have a patient in their practice with an implant 
[31]. It is therefore imperative that otolaryngolo-
gists as well as primary care providers be famil-
iar with the treatment of AOM in CI patients. 
Patients as well should be educated regarding 
the signs and symptoms of infections including 
AOM, mastoiditis, meningitis, and the need for 
appropriate vaccinations preoperatively. Early 
treatment can prevent implant malfunction and 
more serious complications of these infections.

References

 1. Biernath KR, Reefhuis J, Whitney CG, et al. Bacteri-
al meningitis among children with cochlear implants 
beyond 24 months after implantation. Pediatrics. 
2006;117(2):284–9.

 2. Cohen NL. Does meningitis after cochlear implan-
tation remain a concern in 2011? Otol Neurotol. 
2012;33(1):93–5.

 3. Reefhuis J, Honein MA, Whitney CG, et al. Risk of 
bacterial meningitis in children with cochlear im-
plants. N Engl J Med. 2003;349:435–45.

 4. Neely JG. Complications of temporal bone infection. 
In: Cummings CW, Fredrickson JM, Harker LA, 
Krause CJ, Schuller DE, editors. Otolaryngology-
head and neck surgery, vol. 4, second ed. St. Louis: 
Mosby-Year Book, Inc.; 1993. p 2840–5.

 5. Arnold W, Bredberg G, Gstöttner W, et al. Menin-
gitis following cochlear implantation: pathomecha-
nisms, clinical symptoms, conservative and surgi-
cal treatments. ORL J Otorhinolaryngol Relat Spec. 
2002;64(6):382–9.

 6. Herther C, Schindler RA. Mondini’s dysplasia with 
recurrent meningitis. Laryngoscope. 1985;95:655–8.

 7. Hayashi N, Kino M, Nobori U, et al. Recurrent bac-
terial meningitis: secondary to malformation of the 
inner ear. Clin Pediatr (Phila). 1989;28:139–41.

 8. Phelps PD, King A, Michaels L. Cochlear dysplasia 
and meningitis. Am J Otol 1994;15: 551–7.



13714 Management of Otitis Media in Children Receiving Cochlear Implants

 9. Valmari P, Palva A. Recurrent meningitis due to 
pneumococci and non-typable Haemophilus influen-
zae in a child with a Mondini malformation. Infec-
tion. 1986;14:36–7.

10. FDA. FDA Public Health Web Notification: cochlear 
implant recipients may be at greater risk for menin-
gitis. July 24, 2002; updated August 15, 2002, and 
October 17m 2002. www.fda.gov/cdrh/safety/co-
chlear.html. Accessed 17 Oct 2002.

11. Parner ET, Reefhuis J, Schendel D, Thomsen JL, 
Ovesen T, Thorsen P. Hearing loss diagnosis fol-
lowed by meningitis in Danish children, 1995–2004. 
Otolaryngol Head Neck Surg. 2007;136(3):428–33.

12. Hammes DM, Novak MA, Rotz LA, Willis M, Ed-
mondson DM, Thomas JF. Early identification and 
cochlear implantation: critical factors for spoken 
language development. Ann Otol Rhinol Laryngol 
Suppl. 2002;189:74–8.

13. Govaerts PJ, De Beukelaer C, Daemers K, et al. Out-
come of cochlear implantation at different ages from 
0 to 6 years. Otol Neurotol. 2002;23:885–90.

14. Sharma A, Dorman And MF, Spahr AJ. A sensitive pe-
riod for the development of the central auditory sys-
tem in children with cochlear implants: implications 
for age of implantation. Ear Hear. 2002;23:532–9.

15. Schuchat A, Robinson K, Wenger JD, et al. Bacte-
rial meningitis in the United States in 1995. N Engl J 
Med. 1997;337:970–6.

16. Rubin LG, Papsin B. Cochlear implants in chil-
dren: surgical site infections and prevention and 
treatment of acute otitis media and meningitis. 
Committee on Infectious Diseases and Section on 
Otolaryngology-Head and Neck Surgery. Pediatrics. 
2010;126(2):381–91.

17. Centers for Disease Control and Prevention (CDC). 
Pneumococcal vaccination for cochlear implant re-
cipients. MMWR. 2002;51:931.

18. Teele DW, Klein JO, Rosner B. Epidemiology of oti-
tis media during the first seven years of life in chil-
dren in great Boston: a prospective, cohort study. J 
Infect Dis. 1989;160:83–94.

19. Migirov L, Yakirevitch A, Henkin Y, Kaplan-Nee-
man R, Kronenberg J. Acute otitis media and mas-
toiditis following cochlear implantation. Int J Pediatr 
Otorhinolaryngol. 2006;70(5):899–903.

20. Luntz M, Teszler CB, Shpak T, et al. Cochlear im-
plantation in healthy and otitis-prone children; a pro-
spective study. Laryngoscope. 2001;111:1614–18.

21. Luntz M, Hodges AV, Balkany T, et al. Otitis media 
in children with cochlear implants. Laryngoscope. 
1996;106:1403–1405.

22.  House WF, Berliner KI, Eisenberg LS. Experiences 
with the cochlear implant in preschool children. Ann 
Otol Rhinol Laryngol. 1983;92(6 pt 1):587–92.

23. House WF, Luxford WM, Courtney B. Otitis media 
in children following the cochlear implant. Ear Hear. 
1985;6(3 suppl):24S–6S.

24. Kempf HG, Stöver T, Lenarz T. Mastoiditis and acute 
otitis media in children with cochlear implants: rec-
ommendations for medical management. Ann Otol 
Rhinol Laryngol Suppl. 2000;185:25–7.

25. American Academy of Pediatrics. Subcommittee 
on management of acute otitis media. Diagnosis 
and management of acute otitis media. Pediatrics. 
2004;113(5):1451–65.

26. Luntz M, Teszler CB, Shpak T. Cochlear implanta-
tion in children with otitis media: second stage of a 
long-term prospective study. Int J Pediatr Otorhino-
laryngol. 2004;68(3):273–80.

27. Barañano CF, Sweitzer RS, Mahalak ML, Alexander 
NS, Woolley AL. The management of myringotomy 
tubes in pediatric cochlear implant recipients. Arch 
Otolaryngol Head Neck Surg. 2010;136(6):557–60.

28. Kennedy RJ, Shelton C. Ventilation tubes and co-
chlear implants what do we do? Otol Neurotol. 
2005;26(3):438–41.

29. Cheng AK, Grant GD, Niparko JK. Meta-analysis of 
pediatric cochlear implant literature. Ann Otol Rhi-
nol Laryngol. 1999;177:124–8.

30. Lin YS. Management of otitis media-related diseases 
in children with a cochlear implant. Acta Otolaryn-
gol. 2009;129(3):254–60.

31. National Institute on Deafness and Other Communi-
cation Disorders, National Institutes of Health. Co-
chlear implants. www.nidcd.nih.gov/health/hearing/
coch.asp. Accessed Aug 2014.

32. Centers for Disease Control and Prevention (CDC). 
Pneumococcal conjugate vaccine shortage resolved. 
MMWR. 2003;52:446–7.

33. Centers for Disease Control and Prevention (CDC). 
Preventing pneumococcal disease among infants 
and young children: recommendations of the Advi-
sory Committee on Immunization Practices (ACIP). 
MMWR Recomm Rep. 2000;49(RR-9):1–38.

34. Centers for Disease Control and Prevention, Adviso-
ry Committee on Immunization Practices. Pneumo-
coccal vaccination for cochlear implant candidates 
and recipients: updated recommendations of the Ad-
visory Committee on Infectious Practices. MMWR 
Morb Mortal Wkly Rep. 2003;52(31):739–740.



139

Index

© Springer International Publishing Switzerland 2015
D. Preciado (ed.), Otitis Media: State of the art concepts and treatment, DOI 10.1007/978-3-319-17888-2

A
Acute mastoiditis (AM), 124
Acute meningitis, 127
Acute otitis media (AOM), 3, 13, 15, 33, 79, 97, 103, 

123, 134, 136
cochlear implantation, 134
diagnosis of, 83, 117, 135, 136
impact of

on child health, 15
recurrent

medical therapy for, 13
retrospective studies

in children, 135
role of URTI on, 26
with tympanostomy tubes, 100

Adaptive immunity, 49
abnormal

diseases due to, 47
in the middle ear, 47, 51

activation of, 58
in OM

activation of, 60
Adenoidectomy

and tonsillectomy, 110
effects of, 25
in children, 109, 110
role of, 109, 110

Allergic rhinitis
literature on, 23
role in causing otitis media, 23

Aminopenicillins
amoxicillin, 5, 7, 38, 40

as antibiotic therapy, 39
as oral antimicrobial agents, 135
clinical guidelines, of dosage for, 98
efficacy of, 39
sensitivity to, 7
susceptibity to S. pneumoniae, 38

Antibiotics, 6, 7, 40, 83, 97, 124
action of, 91
adverse effects of, 110
bacterial susceptibility to, 38
benefits of, 98
broad-spectrum, 99, 126

broad-spectrum intravenous, 128, 129
cephalosporins, 39
cochrane review for, 99
for non-severe AOM

benefits of, 97
history of, 127
intravenous (IV), 125, 127, 136
optimal treatment strategy for, 99
oral, 100, 111, 125
overuse of, 7
prophylactic, 98
Quinolone, 119
resistance to, 63
systemic, 118
topical, 99, 103, 119
β-lactam, 5

Augmentin, 100

B
Biofilm

formation, 49
Breastfeeding, 28, 29

C
Cephalosporins, 7, 39, 128
Children, 4, 7, 13, 14, 28, 40, 104, 106, 107, 117, 119, 

133, 135
age of, 134
ears of, 88, 91
group of, 5, 20, 26
school-age, 79
study of, 33, 34, 36, 38

Cholesteatoma, 8, 17, 120, 123
rates of, 112

Chronic otitis media (COM), 118
Chronic otitis media with effusion (COME), 14, 17

development of, 21
treatment of, 24

Chronic suppurative otitis media (CSOM), 3, 13, 98, 
117

Cochlear implants, 8, 133, 136
Conductive hearing loss (CHL), 8, 13, 103, 119

age-appropriate, 104



140 Index

D
Day care

center attendance, 26
Defensins, 48, 49, 56

E
Effusions, 55
Epidemiology, 103

risk factors, 4

F
FBXO11, 19, 118

G
Genetics, 21
Genetic susceptibility otitis media, 25
Genome wide linkage scans, 118
Global health disparities, 14, 15
Guidelines, 105

I
Id1, 48, 51
Incidence, 123
Inflammation, 58, 63, 67
Innate immunity, 47

L
Lysozyme, 56

M
Mastoidectomy, 119, 128
Middle ear bacteria and virus, 48, 53
Middle ear epithelium, 62
Molecular mechanism, 60
Moralla catarrhalis, 88

antigen discovery for, 90
Moraxella catarrhalis, 34, 35
Mucins, 20, 50, 55, 56
Mucus, 54

N
Nontypeable haemophilus influenzae, 35, 47, 87

O
Otitis media complications, 123
Otitis media (OM), 13, 47, 97, 103

diagnosis of, 3
Otitis media with effusion (OME), 3
Otogenic abscess, 128

P
Pacifier, 29
Passive smoke exposure, 27, 28
PHiD-CV, 88, 89
Pneumatic otoscopy, 82
Pneumococcal conjugate vaccine (PCV13), 36, 87, 129

use of, 38, 87
Pneumococcal serotype 19A, 40
Pneumococcal vaccine, 35

R
Recurrent acute otitis media (RAOM), 17, 23, 25, 110

factors for, 27
risk of, 26, 106

S
Streptococcus pneumoniae, 34, 35, 87
Synflorix, 88

T
Toll like receptors (TLR4), 57, 68, 70
Transforming growth factor β (TGF-β), 58
Treatment, 6, 126

for chronic OME, 8
initial antibiotic, 40

Tymapnostomy tube placement, 7, 127
Tympanometry, 6, 82
Tympanoplasty, 119

U
Upper respiratory tract infections (URTI), 26


	Contents
	Contributors
	Part I 
	Introduction
	Chapter-1
	Otitis Media Concepts, Facts, and Fallacies
	Introduction
	Definitions
	Epidemiology and Risk Factors
	Age

	Pathogenesis
	Eustachian Tube Anatomy

	Microbiology
	Bacterial Resistance Patterns

	Diagnosis
	Tympanometry
	Tympanocentesis
	Acoustic Reflexometry

	Treatment
	Conservative Management and Observation
	Surgical Treatment
	Myringotomy and Insertion of Tympanostomy Tubes
	Post-myringotomy Tube Otorrhea

	Surgical Treatment for Chronic OME

	References




	Part II 
	Concepts and Diagnosis
	Chapter-2
	Epidemiology of Otitis Media: What Have We Learned from the New Century Global Health Disparities
	Introduction
	Global Health Disparities
	Conclusion
	References


	Chapter-3
	Impact of Genetic Background in Otitis Media Predisposition
	Twin Studies
	Linkage Analysis Studies
	Candidate Gene Approach
	Animal Models
	References


	Chapter-4
	Risk Factors for Recurrent Acute Otitis Media and Chronic Otitis Media with Effusion in Childhood
	Host-associated Risk Factors for RAOM
	Allergy
	Craniofacial Abnormalities
	Gastroesophageal Reflux (GER)
	Adenoids
	Genetic Susceptibility

	Environmental Risk Factors for RAOM
	Upper Respiratory Tract Infections (URTI)
	Day-care Center Attendance
	Family Size (Siblings)
	Passive Smoking
	Breast-feeding
	Use of Pacifier

	References


	Chapter-5
	Microbiology, Antimicrobial Susceptibility, and Antibiotic Treatment
	Introduction
	Microbiology
	Virus
	Viral–Bacterial Interactions
	Bacteriology
	Polymicrobial Interactions
	Implications of Bacterial Vaccine Efforts for Practice 
	Bacterial Susceptibility to Antibiotics
	Antibiotic Therapy
	Initial Antibiotic Treatment Failure
	Duration of Therapy

	Conclusion
	References


	Chapter-6
	Abnormal Innate and Adaptive Immunity in Otitis Media
	Advances in Potential Bench to Bedside in OM Research
	References


	Chapter-7
	Basic Science Concepts in Otitis Media Pathophysiology and Immunity: Role of Mucins and Inflammation
	Part I: The Innate Immunity in Otitis Media
	The First Line of Defense of the Innate Immunity: Cellular and Humoral Barriers
	The Middle Ear Epithelium
	The Mucus in the Middle Ear: An Important Role for Mucins
	Antimicrobial Molecules in Effusions

	Recognition of Pathogens
	The System of the Complement
	Receptors of the Innate Immunity
	Role of the Inflammation in OM
	Pro-inflammatory Cytokines and Chemokines in OM 
	Innate Immunity to Adaptive Immunity in OM: Activation of Lymphocytes 



	Part II: Molecular and Cellular Mechanisms Implicated in OM Pathogenesis
	In Vivo and In Vitro Models to Study OM Pathogenesis
	Animal Models
	In Vitro Models

	Interactions Between Pathogens and Ear Epithelial Cells
	Regulation of Mucin Production and Mucous Cell Metaplasia in OM: Role of Pro-inflammatory Mediators
	Infection of the Middle Ear by Bacteria Results in Pro-inflammatory Mediators Expression and Secretion In In Vivo And In Vitro Models
	Infection of the Middle Ear by Bacteria Induces Mucin Production and Mucous Cell Metaplasia
	Inflammatory Mediators Regulate Mucin Production and Mucous Cell Metaplasia
	Role of the Innate Immune Receptors TLRs
	Role of Hypoxia Mechanisms


	References


	Chapter 8
	Diagnosis of Otitis Media
	Introduction
	Tympanometry
	Hearing Testing
	Impact of Correct Diagnosis
	Conclusion
	References




	Part III
	Treatments
	Chapter-9
	Treatment: Impact of Vaccination and Progress in Vaccine Development
	Current Vaccination Recommendations
	Impact on Prevalence and Complications Associated with Use of Pneumococcal Conjugate Vaccines
	Vaccines for NTHI, Where Are We?
	Future Directions in Vaccination Efforts
	Targeting of Viral Coinfections
	Development of Pneumococcal Proteins as Vaccine Candidates
	Antigen Discovery for M. catarrhalis
	Identification of Biofilm-focused Determinants
	Development of Noninvasive Immunization Routes

	Does It Matter?
	References


	Chapter-10
	Antibiotics for Otitis Media: To Treat or Not to Treat
	Introduction
	Acute Otitis Media
	Chronic Suppurative Otitis Media
	Chronic Otitis Media with Effusion
	Acute Otitis Media with Tympanostomy Tubes

	Conclusion
	References


	Chapter-11
	Tympanostomy Tube Placement for Management of Otitis Media
	Introduction
	Epidemiology
	Evaluation for Tympanostomy Tube Placement
	Treatment
	Surgical Tympanostomy Tube Placement Guidelines

	Tympanostomy Tube Types
	Role of Adenoidectomy
	Complications
	Short-Term Complications
	Long-Term Complications
	Emerging Technologies
	Conclusions
	References


	Chapter-12
	Management of Chronic Suppurative Otitis Media
	Definition of CSOM
	Epidemiology of CSOM
	Genetics of CSOM
	Microbiology of CSOM
	Management of CSOM
	Nonsurgical
	Surgical
	Future Directions
	References


	Chapter-13
	Otitis Media Complications
	Incidence and Classification
	Extracranial Complications
	Acute Mastoiditis
	Facial Palsy
	Labyrinthitis
	Petrositis

	Intracranial Complications
	Acute Meningitis
	Intracranial Abscess
	Lateral Sinus Thrombosis
	Changes in Post-vaccination Era

	References


	Chapter-14
	Management of Otitis Media in Children Receiving Cochlear Implants
	Prevalence of Meningitis and Association with Otitis Media
	Aggressiveness of Otitis Media Diagnosis and Treatment
	Role of Tympanostomy Tubes
	Implant with Middle Ear Effusions
	Future Research
	References




	Index



