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An otherwise-healthy 9-month-old girl in whom symptoms of an upper respiratory 
tract infection had developed 4 days earlier presents with a 1-day history of increased 
fussiness and difficulty sleeping reported by a parent. On examination, she is afe-
brile and slightly fussy. Her right tympanic membrane, which can be visualized only 
partially owing to the presence of cerumen, appears opacified. How would you treat 
this child?

The Clinic a l Problem

Acute otitis media remains one of the most frequently diag-
nosed infectious diseases in children younger than 2 years of age. By 2 years 
of age, 41% of children will have had at least one episode of acute otitis 

media and 13% will have had at least three episodes.1 Although the incidence of 
acute otitis media, and particularly of recurrent and refractory cases,2 has been de-
creasing,3,4 approximately 15 million cases are diagnosed each year in the United 
States.3 The decrease in the incidence of acute otitis media, especially among chil-
dren younger than 2 years of age,4 is likely to be attributable to universal vaccination 
with pneumococcal conjugate vaccines5 and to increased stringency in the diagnos-
tic criteria.6 Exposure to large numbers of other children (e.g., in day care), male sex, 
shorter duration of breast-feeding, exposure to tobacco smoke, Down’s syndrome, 
and immunologic deficiencies (e.g., hypogammaglobulinemia) are associated with 
an increased risk of acute otitis media.7-9

The antecedent event in almost all cases of acute otitis media is a symptomatic 
viral upper respiratory tract infection. Approximately one third of viral upper respira-
tory tract infections are complicated by acute otitis media.10,11 The median time be-
tween the onset of an upper respiratory infection and the development of acute otitis 
media is approximately 4 days.10 Viral infection inflames the mucosa of the upper 
respiratory tract, including the nasopharynx and eustachian tube. Eustachian-tube 
dysfunction impairs the drainage of fluid from the middle ear and leads to nasopha-
ryngeal aspiration of pathogens. Bacteria (most often Streptococcus pneumoniae, nontyp-
able Haemophilus influenzae, and Moraxella catarrhalis) are isolated from the middle-ear 
fluid of approximately 80% of children with a bulging tympanic membrane.12-15 Only 
rarely (in approximately 6 to 7% of cases) does viral infection alone (in the absence 
of a bacterial superinfection) result in clinical features consistent with acute otitis 
media.16,17

Considerable shifts in the balance of the three predominant bacterial pathogens 
have occurred over the past 20 years. In a comparison of data from the period before 
universal pneumococcal vaccination began in infants (i.e., before 2000, when a 7-valent 
version was introduced) with more-recent data (i.e., after a 13-valent version was 

Otitis Media in Young Children
Nader Shaikh, M.D., M.P.H.1  

This Journal feature begins with a case vignette highlighting a common clinical problem. Evidence  
supporting various strategies is then presented, followed by a review of formal guidelines, when they exist. 

The article ends with the author’s clinical recommendations.

CME

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org at Universidade Federal de Minas Gerais on May 30, 2025. For personal use only. 

 No other uses without permission. Copyright © 2025 Massachusetts Medical Society. All rights reserved.



n engl j med 392;14 nejm.org April 10, 2025 14191419

Clinical Pr actice

introduced in 2010), the proportion of middle-ear 
samples with S. pneumoniae decreased by 15 to 20% 
and the proportion of samples with H. influenzae or 
M. catarrhalis (or both) increased by 20 to 30%.1,13,18-21 
These trends are also apparent in larger studies 
that examined the distribution of these pathogens 
in the nasopharynx.22-24 Of note, the observed in-
creasing proportions of cases with H. influenzae and 
M. catarrhalis may be due in part to the vaccine-related 
decrease in the proportion with S. pneumoniae.2 As 
of 2019, S. pneumoniae (alone or in combination 
with the other two pathogens) has been isolated 
from the middle-ear fluid in approximately 24% 
of children with acute otitis media, H. inf luenzae in 
34%, and M. catarrhalis in 15%.1,18 The introduc-
tion of the 20-valent version of the pneumococcal 
vaccine in 2023 will probably change the distribu-
tion of these pathogens again.

The percentage of S. pneumoniae isolates that are 
penicillin-nonsusceptible (i.e., minimum inhibi-
tory concentration of >1 μg per milliliter, which 
includes intermediate and resistant strains) has 
remained at approximately 40%18 despite substan-
tial changes in the circulating strains of pneumococ-
cus.1,24 The primary mechanism of resistance among 
penicillin-nonsusceptible strains of S. pneumoniae 
involves alterations in penicillin-binding proteins. 
This mechanism of resistance can usually be over-
come with the use of higher concentrations of 
antibiotic agent at the site of infection. A higher 
prevalence of penicillin-nonsusceptible S. pneumoniae 
can be expected among children who have recently 

received treatment with beta-lactam drugs and 
among those who are exposed to large numbers 
of other children (as are present in day care or in 
large families).23,25 Approximately 50% of nontyp-
able H. inf luenzae strains produce beta-lactamase 
and are not susceptible to amoxicillin.1 M. catarrhalis 
is often present together with H. inf luenzae or 
S. pneumoniae26; virtually all strains produce beta-
lactamases and are resistant to amoxicillin.

S tr ategies a nd E v idence

Diagnosis

Because the standard for diagnosing acute otitis 
media (i.e., isolation of bacteria from middle-ear 
fluid) is invasive, studies evaluating the accuracy 
of the contribution of individual signs or symp-
toms to the diagnosis are lacking. In children with 
clinically diagnosed acute otitis media, the most 
frequently reported symptoms are fussiness and 
difficulty sleeping.27 However, these symptoms are 
often also present in children with an uncompli-
cated upper respiratory tract infection.27 Fever and 
ear tugging are also present in some children with 
uncomplicated upper respiratory infection.27,28 Ac-
cordingly, the diagnosis of acute otitis media has 
come to rely on otoscopic findings.29

The normal tympanic membrane is translucent 
and pearly gray and has a ground-glass appear-
ance that enables a clear view of the short process 
and the manubrium of the malleus (Fig. 1 and 
Video 1). Otitis media with effusion is diagnosed 

Videos showing 
otoscopic findings 
are available at 
NEJM.org

Key Clinical Points
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• Acute otitis media is a bacterial infection that occurs almost exclusively after a viral upper respiratory 
tract infection.

• Common pathogens include Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella 
catarrhalis.

• Bulging of the tympanic membrane is a defining feature.
• Children with mild or moderate symptoms can be either treated with antibiotic agents or closely 

observed.
• High-dose amoxicillin (80 to 90 mg per kilogram of body weight per day, divided into two doses) 

remains the first-line treatment. Amoxicillin–clavulanate therapy warrants consideration in children in 
whom H. influenzae is likely to predominate (i.e., those who have received antibiotics in the previous 
30 days, have conjunctivitis–otitis syndrome, or have spontaneous rupture of the tympanic membrane).

• Treatment with antibiotics for 10 days resulted in less treatment failure and less use of rescue 
antibiotics than treatment for 5 days.

• Tympanocentesis is indicated in children with acute otitis media who have had treatment failure with 
multiple rounds of antibiotic therapy.

• Among children with recurrent acute otitis media, the incidence of acute otitis media during a 2-year 
period was similar among those who had placement of a tympanostomy tube and those who received 
episodic antibiotic treatment.
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when there is evidence of middle-ear effusion 
(opacification, decreased tympanic membrane mo-
bility, or obscured short process) but no signs of 
tympanic-membrane bulging (Fig. 2 and Videos 2 
and 3).30 Otitis media with effusion may occur as 
the aftermath of an episode of acute otitis media 
or as a consequence of eustachian-tube dysfunc-
tion due to another cause, such as an upper respi-
ratory tract infection. However, otitis media with 
effusion also may precede acute otitis media. In 
most children, otitis media with effusion resolves 
without intervention within a few months.

A diagnosis of acute otitis media is justified 
when, in addition to evidence of middle-ear effu-
sion, any bulging of the tympanic membrane is 
observed (Fig. 3 and Video 4).29 The use of bulging 
to define acute otitis media is based on the follow-
ing indirect data: bacteria can be isolated from 
approximately 80% of middle-ear samples ob-
tained from children with a bulging tympanic 
membrane12-15; children without a bulging tym-
panic membrane are unlikely to have middle-ear 
effusion30 and therefore unlikely to have acute 
otitis media; expert otoscopists rely almost exclu-
sively on the presence or absence of bulging to 
diagnose acute otitis media31; and larger treat-
ment effects were observed in a trial that required 

bulging for inclusion32 than in trials that did 
not.33 Other manifestations of acute otitis media 
include bullous myringitis (bulging tympanic mem-
brane with bullae) and cobblestoning of the tym-
panic membrane (bulging tympanic membrane 
with microperforations) (Fig. 3 and Videos 5 and 6).

The algorithm in Figure 4 may be used as a 
guide to classify otitis media as either acute otitis 
media or otitis media with effusion on the basis 
of the clinical history and otoscopic findings.29 
Isolated redness of the tympanic membrane (not 
to be equated with an injected or diffusely pink 
appearance) in the absence of bulging is uncom-
mon; expert otoscopists diagnose acute otitis me-
dia in approximately 25% of such cases.31 Factors 
complicating the diagnosis include obstructing 
cerumen and difficulty with patient cooperation. 
The technique for otoscopic examination can be 
reviewed in a Video in Clinical Medicine.34

Management

Many issues influence strategies for the treatment 
of acute otitis media. These issues include the age 
of the child, the severity of symptoms, and the 
relative risk of observation as compared with 
treatment.

To date, 13 randomized trials have examined 
the efficacy of antibiotics as compared with place-
bo for eradicating symptoms of acute otitis media 
in children. The outcomes that were investigated 
varied among these trials: 5 trials reported data on 
ear pain, and 8 reported data on composite out-
comes that may or may not have included ear pain.

A meta-analysis of these trials showed that chil-
dren assigned to receive antibiotics had a 29% 
lower risk of persistent symptoms at 2 to 3 days, 
a 24% lower risk of persistent symptoms at 4 to 
7 days, and a 67% lower risk of persistent symp-
toms at or before 10 to 12 days than those who 
had been assigned to receive placebo. The cor-
responding number needed to treat with antibiot-
ics to achieve symptom eradication at these time 
points were 20 at 2 to 3 days, 17 at 4 to 7 days, 
and 7 at or before 10 to 12 days.33 No significant 
difference in symptom eradication was noted dur-
ing the first 24 hours, but a difference would not 
be expected given the pharmacokinetics of the 
agents being used. The use of antibiotics halved 
the risk of contralateral acute otitis media episodes 
(from 19% to 10%; number needed to treat, 11) 

Figure 1. Normal Tympanic Membrane.

The normal tympanic membrane is translucent and 
pearly gray and has a ground-glass appearance that en-
ables a clear view of the short process and the manu-
brium of the malleus.
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and reduced the risk of tympanic-membrane per-
forations by two thirds (from 5% to 2%; number 
needed to treat, 33). Of note, in 11 of the 13 trials, 
a large proportion of the enrolled children had 
nonbulging tympanic membranes, which could 
have biased the pooled results toward the null. 
In the 1 trial that measured symptoms with the 
use of a validated scale, the risk of persistent symp-
toms was 67% lower among children randomly 
assigned to receive amoxicillin–clavulanate than 
among those who had been assigned to receive 
placebo (number needed to treat, 7).32

Because symptoms of acute otitis media also 
rapidly abate without the use of antibiotics32,35 and 
because the incidence of suppurative complica-
tions is very low,36 a reasonable strategy in nonse-
vere cases is expectant observation without im-
mediate antibiotic treatment. How severity should 
be defined has not been well studied, and thus a 
wide variety of definitions are used.37,38 Severity of 
symptoms could be established informally or mea-
sured with the use of validated scales.39 The sever-
ity of otoscopic signs or of fever at presentation can 
also be used. However, to date, trials have not un-
equivocally established a link between these sever-
ity measures and efficacy.40,41

Adverse events that have been associated with 
antibiotic treatment of acute otitis media were exam-
ined in a meta-analysis that included 82 studies.42 
Diarrhea was the most frequent side effect, occur-
ring in approximately 1 in every 5 children treated 
with high-dose amoxicillin–clavulanate and in 1 in 
every 8 children treated with amoxicillin (number 
needed to harm of 9 and 15, respectively).42 The use 
of antibiotics early in life has also been associated 
with the later development of allergies, asthma, and 
obesity.43

Selection of First- and Second-Line Antimicrobial 
Therapy
Data from randomized trials directly comparing the 
efficacy of amoxicillin with that of amoxicillin–
clavulanate — the two most frequently used agents 

Figure 2. Manifestations of Otitis Media with Effusion.

Panel A shows an opaque neutral tympanic mem-
brane, Panel B an opaque tympanic membrane with 
visible air-fluid levels, and Panel C an amber tympanic 
membrane.

A

B

C
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in the treatment of acute otitis media — are lacking. 
Consequently, some researchers have used ob-
servational and cost-effectiveness studies to sug-
gest that amoxicillin may be preferred for first-line 
treatment.44-46 Others, extrapolating from local 
trends in the in vitro susceptibility of organisms 
being isolated from the middle ear or the naso-
pharynx of children with acute otitis media, have 
suggested that amoxicillin–clavulanate may now 
be preferred as a first-line agent. Extrapolation 
from local microbiologic data requires one to not 
only assume that the children from whom samples 
have been obtained are representative but also to 
assume that in vitro susceptibility perfectly pre-
dicts clinical efficacy.

These limitations notwithstanding, available 
data suggest that the use of high-dose amoxicillin 
(80 to 90 mg per kilogram of body weight per day, 
administered in two divided doses) as first-line 
therapy for children with acute otitis media re-
mains a reasonable approach.6 In children in whom 
H. influenzae is likely to predominate (i.e., those who 
have received antibiotics in the previous 30 days, 
have conjunctivitis–otitis syndrome, or have sponta-
neous rupture of the tympanic membrane), the use 
of high-dose amoxicillin–clavulanate as a first-line 
therapy may be justified.1,47-49 In general, the use of 
oral cephalosporins, which are substantially less 
effective than amoxicillin at eradicating penicillin-
nonsusceptible S. pneumoniae, should be avoided.50

Additional Treatment Issues
Initial therapy for the child with a type I (hyper-
sensitivity) allergic reaction to penicillin remains 
challenging. Although 10% of the population is 
considered to have an allergy to penicillin, ana-
phylaxis to penicillin occurs in fewer than 1% of 
patients51; as such, the referral of children with 
equivocal presentations to an allergist may be war-
ranted to confirm the presence of a penicillin al-
lergy. Topical therapy is preferred for otorrhea in 
children with tympanostomy tubes.52

The provision of oral analgesia to children with 

Figure 3. Manifestations of Acute Otitis Media.

Panel A shows a bulging tympanic membrane, Panel B 
bullous myringitis (bulging tympanic membrane with 
bullae), and Panel C cobblestoning of the tympanic 
membrane (bulging tympanic membrane with micro-
perforations).

A

B

C
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acute otitis media is an important aspect of disease 
management.53 Antihistamines and decongestants 
are not effective in the treatment of acute otitis 
media,54 and their use is associated with drows-
iness, diarrhea, rash, dizziness, and persistence of 
middle-ear effusion.55

In children younger than 24 months of age, a 
5-day course of antibiotic treatment does not ap-
pear to be effective. The percentage of children 
with treatment failure was approximately twice 
as high among those who had been randomly 
assigned to receive 5 days of antibiotics as among 
those who had been assigned to receive 10 days 
of treatment (34% vs. 16%).56 The incidence of 
adverse events was not significantly lower in the 
5-day group than in the 10-day group.56

Children with refractory acute otitis media who 
have had treatment failure with multiple courses of 
oral antibiotics can be treated with intramuscular 
ceftriaxone (50 mg per day for 3 days).57 In addi-
tion, tympanocentesis, which involves puncturing 
the tympanic membrane and aspirating middle-ear 
fluid, may be performed to relieve pressure and 
permit the identification and evacuation of infect-
ing organisms. The technique and complications 
of tympanocentesis can be reviewed in a Video in 
Clinical Medicine.58

Recurrent Acute Otitis Media
Recurrent acute otitis media is conventionally de-
fined as three or more episodes occurring within 
6 months or as four or more episodes occurring 
within 12 months. Children with recurrent acute 
otitis media often undergo placement of a tympa-
nostomy tube, which makes it the most frequently 
performed surgical procedure in this age group. 
The efficacy of tympanostomy-tube placement in 
the prevention of recurrences of acute otitis media 
has been evaluated in six trials. The first five trials 
had considerable methodologic limitations, were 
performed before routine pneumococcal vaccina-
tion was introduced, and included relatively small 
numbers of children (≤200). Those trials suggested 
that participants who underwent placement of a 
tympanostomy tube had one fewer episode of 
acute otitis media in the first 6 months after tube 
insertion than participants who received medi-
cal treatment (antibiotics for episodes of acute 
otitis media).59 However, in a more recent, larger 
trial that involved children with recurrent acute 
otitis media, the incidence of acute otitis media 

during a 2-year follow-up period was similar 
among children who underwent tympanostomy-
tube placement and those who received episodic 
antibiotic treatment.60

Complications and Sequelae

Acute mastoiditis, the most common suppurative 
complication of acute otitis media, occurs when 
bacterial infection extends from the middle-ear 
cavity to the adjacent mastoid air cells. When 
antibiotics are used, mastoiditis has been report-
ed in approximately 2 children per 10,000; when 
antibiotics are not used, mastoiditis has been re-
ported in approximately 4 children per 10,000.36 
Other complications, all of which are considerably 
less common than acute mastoiditis,61-63 include 
facial-nerve palsy and labyrinthitis. Chronic sup-
purative otitis media is characterized by painless 
chronic otorrhea with tympanic-membrane rup-
ture. In low-resource settings, chronic suppurative 
otitis media may follow an episode of acute oti-
tis media and is one of the most frequent causes 
of acquired hearing loss worldwide.

A r e a s of Uncerta in t y

To my knowledge, no trials have directly com-
pared amoxicillin with amoxicillin–clavulanate 

Figure 4. Algorithm for Distinguishing Acute Otitis Media from Otitis Media 
with Effusion.

Adapted from Shaikh et al.29
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for the treatment of acute otitis media, and no 
trials have compared amoxicillin with placebo for 
this disease since the introduction of universal 
pneumococcal vaccination. Most placebo-controlled 
trials to date have not comprehensively examined 
all relevant outcomes of acute otitis media; even 
fewer have used validated measures to assess out-
comes. Trials to evaluate heterogeneity of treat-
ment effect are lacking. Accordingly, the subgroups 
of children who receive no benefit from antibiotic 
treatment and who should therefore be observed 
are unclear. Although the available evidence sug-
gests that systemic, not topical, treatment is ap-
propriate in children who have acute otitis media 
with a spontaneously ruptured tympanic mem-
brane,64,65 more studies are needed.

Guidelines

The recommendations given in this article differ 
from current guidelines in several respects.6,37 
First, on the basis of data published after the 2013 
publication of guidelines from the American Acad-
emy of Pediatrics,40 I do not recommend different 
treatment options according to whether the dis-
ease is in one or both ears. Second, I have not seen 
compelling data to support the continued use of 
the definition of severe disease that is used in the 
guidelines (body temperature of >39°C or the pres-
ence of severe otalgia as defined by the presence of 
holding, tugging, or rubbing of the ear). No inter-

action between severity defined in this way and 
efficacy has been shown in placebo-controlled 
clinical trials to date.32,41 Moreover, otalgia, which 
in preverbal children can manifest in a wide range 
of behaviors (e.g., irritability and disturbed sleep),27,28 
was too narrowly defined in this definition of se-
verity.

Conclusions a nd 
R ecommendations

With regard to the child in the vignette, I would 
first determine the severity and trajectory of symp-
toms of acute otitis media by having a detailed 
discussion with the parent. The child was fussy 
approximately half the time when awake and slept 
only a few hours at night. Next, with the help of 
assistants who could securely hold the child’s head, 
hands, and body, I would remove cerumen from 
the child’s external auditory canal. If the right 
tympanic membrane was intact and moderately 
bulging, I would discuss the pros and cons of 
amoxicillin treatment with the parent. I would also 
recommend acetaminophen for the management 
of symptoms.

Disclosure forms provided by the author are available with the 
full text of this article at NEJM.org.

I thank A. Hoberman for providing the photographic images.
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