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Background

Recommendations vary regarding immediate antimicrobial treatment versus watch-
ful waiting for children younger than 2 years of age with acute otitis media.

Methods

We randomly assigned 291 children 6 to 23 months of age, with acute otitis media 
diagnosed with the use of stringent criteria, to receive amoxicillin–clavulanate or 
placebo for 10 days. We measured symptomatic response and rates of clinical failure.

Results

Among the children who received amoxicillin–clavulanate, 35% had initial resolu-
tion of symptoms by day 2, 61% by day 4, and 80% by day 7; among children who 
received placebo, 28% had initial resolution of symptoms by day 2, 54% by day 4, and 
74% by day 7 (P = 0.14 for the overall comparison). For sustained resolution of symp-
toms, the corresponding values were 20%, 41%, and 67% with amoxicillin–clavula-
nate, as compared with 14%, 36%, and 53% with placebo (P = 0.04 for the overall 
comparison). Mean symptom scores over the first 7 days were lower for the children 
treated with amoxicillin–clavulanate than for those who received placebo (P = 0.02). 
The rate of clinical failure — defined as the persistence of signs of acute infection 
on otoscopic examination — was also lower among the children treated with 
amoxicillin–clavulanate than among those who received placebo: 4% versus 23% at 
or before the visit on day 4 or 5 (P<0.001) and 16% versus 51% at or before the visit on 
day 10 to 12 (P<0.001). Mastoiditis developed in one child who received placebo. Diar-
rhea and diaper-area dermatitis were more common among children who received 
amoxicillin–clavulanate. There were no significant changes in either group in the 
rates of nasopharyngeal colonization with nonsusceptible Streptococcus pneumoniae. 

Conclusions

Among children 6 to 23 months of age with acute otitis media, treatment with amoxi-
cillin–clavulanate for 10 days tended to reduce the time to resolution of symptoms 
and reduced the overall symptom burden and the rate of persistent signs of acute 
infection on otoscopic examination. (Funded by the National Institute of Allergy and 
Infectious Diseases; ClinicalTrials.gov number, NCT00377260.)

The New England Journal of Medicine 
Downloaded from nejm.org at UNIV MIAMI MILLER SCH MED on January 19, 2011. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 364;2  nejm.org  january 13, 2011106

Acute otitis media is the most fre-
quently diagnosed illness in children in the 
United States1 and the most commonly cit-

ed indication for antimicrobial therapy in chil-
dren2; in the United States, most children with 
acute otitis media have routinely been treated 
with antimicrobial drugs. However, a watchful-
waiting strategy, in which treatment is reserved 
for children whose condition does not improve 
without medication, has long been applied in sev-
eral European countries in the interest of mini-
mizing the use of antimicrobial drugs.3 In the 
Netherlands and Scotland, that strategy has been 
recommended officially for children as young as 
6 months of age.4,5 In 2004, a clinical practice 
guideline issued by the American Academy of 
Pediatrics and the American Academy of Family 
Physicians endorsed watchful waiting as an op-
tion for children 6 to 23 months of age in whom 
illness is “nonsevere” (defined, in an adaptation 
of an earlier definition,6 by the presence of mild 
otalgia and a temperature of less than 39°C dur-
ing the preceding 24 hours) and in whom the 
diagnosis of acute otitis media is uncertain.7 A 
similar recommendation, but without reference 
to diagnostic certainty, was issued recently by 
the Infectious Diseases and Immunization Com-
mittee of the Canadian Paediatric Society.8

The adoption of a strategy of watchful waiting 
has been based on the results of clinical trials3 
that showed relatively high rates of spontaneous 
improvement in children with acute otitis media. 
However, in those trials, as in earlier trials in-
volving children with otitis media, there were 
substantial limitations — most notably, the lack 
of stringent diagnostic criteria, the inclusion of 
few very young children, and the use of an anti-
microbial drug that had limited efficacy or that 
was administered in suboptimal doses.9 Moreover, 
rates of spontaneous improvement similar to the 
rates seen in those studies among children re-
ceiving placebo have not been found uniformly.6 
Therefore, for children with acute otitis media, the 
circumstances in which immediate antimicrobial 
treatment is the preferred strategy have remained 
unclear. We undertook this clinical trial to de-
termine the extent to which antimicrobial treat-
ment affects the course of both symptoms and 
signs of acute otitis media, irrespective of the 
apparent severity of the disease, among children 
6 to 23 months of age in whom the diagnosis of 
acute otitis media is quite certain. Because amox-
icillin–clavulanate has been shown to be the 

most effective treatment for acute otitis media, we 
chose it as the active treatment in our study.7,10

Me thods

Eligibility and Enrollment

We conducted this trial between November 2006 
and March 2009 at the Children’s Hospital of Pitts-
burgh and Armstrong Pediatrics, an affiliated pri-
vate practice in Kittanning, Pennsylvania. The study 
protocol was approved by the institutional review 
board at the University of Pittsburgh; written in-
formed consent was obtained from a parent of 
each enrolled child. The protocol, including the 
statistical analysis plan, is available with the full 
text of this article at NEJM.org. The authors at-
test that the study was performed in accordance 
with the protocol and the statistical analysis plan.

To be eligible for enrollment in the study, chil-
dren were required to have received at least two 
doses of pneumococcal conjugate vaccine and to 
have acute otitis media that was diagnosed on the 
basis of three criteria: the onset, within the pre-
ceding 48 hours, of symptoms that parents rated 
with a score of at least 3 on the Acute Otitis 
Media Severity of Symptoms (AOM-SOS) scale11,12 
(on which scores range from 0 to 14, with higher 
scores indicating greater severity of symptoms), 
the presence of middle-ear effusion, and moder-
ate or marked bulging of the tympanic mem-
brane or slight bulging accompanied by either 
otalgia or marked erythema of the membrane. 
The AOM-SOS scale consists of seven discrete 
items: tugging of ears, crying, irritability, diffi-
culty sleeping, diminished activity, diminished 
appetite, and fever. Parents are asked to rate 
these symptoms, in comparison with the child’s 
usual state, as “none,” “a little,” or “a lot,” with 
corresponding scores of 0, 1, and 2 (see Fig. 1 in 
the Supplementary Appendix, available at NEJM 
.org). Children were excluded if they had an-
other acute illness (e.g., pneumonia) or a chron-
ic illness (e.g., cystic fibrosis), were allergic to 
amoxicillin, had received more than one dose of 
an antimicrobial drug within the previous 96 
hours, had had otalgia for longer than 48 hours, 
or had perforation of the tympanic membrane.

Randomization

We stratified children according to whether they 
had a history of recurrent acute otitis media (de-
fined as three or more episodes in the preceding 
6 months or four or more episodes over the course 
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of 12 months) and according to their exposure or 
nonexposure to three or more children for at least 
10 hours per week. At each study site, within each 
stratum, we randomly assigned children in blocks 
of four, in a 1:1 ratio, to receive a 10-day course 
of either amoxicillin–clavulanate (Augmentin ES, 
GlaxoSmithKline), at a daily dose of 90 mg of 
amoxicillin per kilogram of body weight com-
bined with 6.4 mg of clavulanate per kilogram, 
or placebo; each study drug was administered in 
two doses per day. The placebo was prepared by 
the research pharmacy at the Children’s Hospital 
of Pittsburgh according to the formula for pla-
cebo specified in the application to the Food and 
Drug Administration for the labeling information 
for Augmentin ES and was similar to that prod-
uct in appearance and taste. The parents, the re-
search personnel, and the health care providers 
who were not associated with the study remained 
unaware of the children’s group assignments 
throughout the study. Parents were advised to ad-
minister acetaminophen as needed for the relief 
of symptoms.

Assessment of Symptoms

We assessed symptoms with the use of a struc-
tured interview of one of the child’s parents; as-
sessments were performed by telephone every day 
until the first follow-up visit and in person at each 
visit. We also asked the parents about loss of time 
at work or the need for alternative day-care ar-
rangements because of the child’s illness. Parents 
were asked to record their child’s AOM-SOS scores 
and other pertinent clinical information in a diary 
twice a day for 3 days and once a day thereafter.

Otoscopic Examination, Overall Assessment, 
and Management

All the study clinicians were otoscopists who had 
successfully completed an otoscopic validation 
program,13 and their findings on otoscopic exami-
nation determined the diagnoses for the study; 
whenever possible, however, we also obtained oto-
endoscopic photographs of the children’s tym-
panic membranes (see Fig. 2, 3, and 4 in the 
Supplementary Appendix). The children received 
the study drug on day 1; thereafter, we assessed 
them during the course of therapy, usually on day 
4 or 5; at the end of therapy, usually on day 10 to 
12; and at a follow-up visit, usually on day 21 to 
25. Hereinafter, we use those days to designate 
the three types of visit, irrespective of individual 
variations in the actual days of the visits. At each 

visit, we categorized the children as having met 
the criteria for either clinical success or clinical 
failure. We defined clinical failure at or before the 
day 4–5 visit as either a lack of substantial im-
provement in symptoms, a worsening of signs on 
otoscopic examination, or both, and clinical fail-
ure at the day 10–12 visit as the failure to achieve 
complete or nearly complete resolution of symp-
toms and of otoscopic signs, without regard to the 
persistence or resolution of middle-ear effusion. 
We treated children who met the criteria for clin-
ical failure with a standardized 10-day regimen of 
orally administered amoxicillin, at a dose of 90 mg 
per kilogram per day, and cefixime, at a dose of 
8 mg per kilogram per day. Once a child had met 
the criteria for clinical failure, he or she remained 
in that category for the analyses. At the day 21–25 
visit, the reappearance of acute otitis media in a 
child who had previously been categorized as hav-
ing met the criteria for clinical success was consid-
ered to be a relapse. When feasible, we obtained 
nasopharyngeal specimens from the children for 
culturing, at study entry and at the day 10–12 and 
day 21–25 visits.

Outcomes

All outcome measures were prespecified. The pri-
mary outcome measures were the time to resolu-
tion of symptoms and the symptom burden over 
time. The time to resolution of symptoms was 
measured in two ways: the time to the first re-
cording of an AOM-SOS score of 0 or 1 and the 
time to the second of two successive recordings 
of that score. The symptom burden over time was 
measured by calculating the mean AOM-SOS score 
in the two groups each day over the first 7 days 
of follow-up and the groups’ weighted mean scores 
for that period. The secondary outcomes were 
overall clinical efficacy, the use of acetaminophen, 
the occurrence of adverse events, nasopharyngeal 
colonization rates, and the use of health care re-
sources.

Statistical Analysis

We estimated that with a sample of 120 children 
who could be evaluated in each study group, the 
study would have 80% power to detect a 66% low-
er rate of resolution of symptoms in the placebo 
group as compared with the amoxicillin–clavula-
nate group. All the analyses were based on the 
intention-to-treat principle, were performed with 
the use of two-sided tests, and included adjust-
ment for the study stratification variables. We com-
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pared the time to the resolution of symptoms be-
tween the study groups using life-table plots, and 
we conducted tests of equal hazard functions us-
ing a proportional-hazards model. We compared 
the mean AOM-SOS scores in the two groups at 
individual assessments each day over the first  
7 days of follow-up using generalized estimating 
equations, and the groups’ weighted mean scores 
for that period (taking into account that observa-
tions were made twice daily during the first 3 days 
of follow-up) using regression analysis. For analy
ses of clinical success or failure, we used logistic 
regression. To determine whether variables were 
prognostic or effect modifiers, we used the pro-
portional-hazards model or logistic-regression 
models, as appropriate. We used McNemar’s test 
for analyses of nasopharyngeal colonization rates.

R esult s

Study Population

A total of 1385 children were screened; 498 of the 
children were eligible for the clinical trial and 
291 were enrolled (Fig. 1). Selected demographic 
and clinical characteristics of the children are 
shown in Table 1. There were no significant dif-
ferences between enrolled children and children 
whose parents withheld consent or between the 
children in the two study groups. We found no 
significant correlation between children’s AOM-
SOS scores at entry and the degree of bulging of 
their affected tympanic membranes. A total of 96% 
of the children completed all scheduled study vis-
its, and 85% reportedly received all scheduled med-
ication doses during days 1 through 3 and at least 
80% of doses overall.

Efficacy of Treatment

Symptomatic Response
The children’s symptomatic response during the 
first 7 days of follow-up is summarized in Figure 2. 
The time to resolution of symptoms is shown ac-
cording to two criteria: the time to the first re-
cording of an AOM-SOS score of 0 or 1 (Fig. 2A) 
and the time to the second of two successive re-
cordings of that score (Fig. 2B). (In 54% of the 
instances in which scores fell to 0 or 1, a subse-
quent score was higher than 1.) Among the chil-
dren who were treated with amoxicillin–clavula-
nate, the initial resolution of symptoms occurred 
by day 2 in 35% of the children, by day 4 in 61%, 
and by day 7 in 80%; the corresponding values 
among children who received placebo were 28%, 

54%, and 74% (P = 0.14 for the overall compari-
son). The resolution of symptoms as defined by 
two successive recordings of an AOM-SOS score 
of 0 or 1 occurred by day 2 in 20% of the children 
who were treated with amoxicillin–clavulanate, 
by day 4 in 41%, and by day 7 in 67%; the corre-
sponding values for children who received placebo 
were 14%, 36%, and 53% (P = 0.04 for the overall 
comparison).

The mean AOM-SOS scores in the two treat-
ment groups over the first 7 days (Fig. 2C) were 
lower in the amoxicillin–clavulanate group than 
in the placebo group at each time point (P = 0.02) 
and at the 10–12 day visit (1.59±0.21 vs. 2.46±0.20; 
difference, 0.87; 95% confidence interval [CI], 
0.29 to 1.45; P = 0.003). The 7-day weighted mean 
(±SE) score was also significantly lower in the 
amoxicillin–clavulanate group than in the pla-
cebo group (2.79±0.16 vs. 3.42±0.18; difference, 
0.63; 95% CI, 0.15 to 1.10; P = 0.01). The degree 
of difference between the two treatment groups 
varied according to the severity of the children’s 
symptoms at trial entry; among children whose 
initial AOM-SOS score was 8 or less, the scores 
were 2.21±0.16 vs. 2.58±0.19 (difference, 0.37; 
95% CI, −0.13 to 0.87; P = 0.14), and among chil-
dren whose initial score was higher than 8, the 
values were 3.59±0.27 vs. 4.50±0.28 (difference, 
0.91; 95% CI, 0.13 to 1.68; P = 0.02).

Clinical Failure
Children who received amoxicillin–clavulanate 
were less likely than children receiving placebo 
to have evidence of clinical failure at or before 
the day 4–5 visit (4% vs. 23%; difference, 19%; 
95% CI, 12 to 27; P<0.001) and at or before the 
day 10–12 visit (16% vs. 51%; difference, 35%; 
95% CI, 25 to 45; P<0.001). In the two groups 
combined, AOM-SOS scores at the time of clini-
cal failure were 2 or higher in 33 of 39 children 
(85%) who met the criteria for clinical failure at or 
before the day 4–5 visit and in 60 of 95 children 
(63%) who met the criteria for clinical failure at or 
before the day 10–12 visit; the proportions did not 
differ significantly between the two study groups. 
The mean (±SD) scores at the day 4–5 visit were 
5.0±3.2 among children who met the criteria for 
clinical failure at that visit and 2.2±2.3 among 
children who did not meet the criteria for clinical 
failure at that visit; the corresponding values at 
the day 10–12 visit were 3.7±3.3 and 1.2±1.8. No 
child was categorized as having met the criteria for 
clinical failure on the basis of symptoms alone.
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Prognostic Factors and Effect Modifiers
At day 10 to 12, the clinical results were less  
favorable among children who were exposed  
to three or more children for at least 10 hours  

per week than among children who were not 
(P = 0.007), among children with higher AOM-
SOS scores at entry than among those with lower 
scores (P = 0.004), among children with bilateral 

291 Underwent randomization

498 Were eligible

1385 Children were assessed for eligibility

887 Were not eligible
397 Did not have acute otitis media
138 Had AOM-SOS score <3
28 Had onset of illness >48 hr earlier
57 Had otorrhea or tympanostomy tubes

267 Met other exclusion criteria
125 Did not have available parent, were

not examined, or could not be
followed up

86 Were prescribed or received anti-
biotic or had other acute or chronic
illness

28 Had inadequate immunization with
pneumococcal conjugate vaccine

28 Had a history of penicillin allergy

144 Were assigned to and received
amoxicillin–clavulanate

147 Were assigned to and received placebo

207 Had parent who declined participation

1 Had parent who withdrew consent

139 Were assessed at or near day 4–5
(during therapy)

140 Were assessed at or near day 10–12
(end of therapy)

141 Were assessed at or near day 21–25
(follow-up)

7 Discontinued intervention
1 Had a rash
6 Had protocol-defined diarrhea

1 Had parent who withdrew consent

142 Were assessed at or near day 4–5
(during therapy)

141 Were assessed at or near day 10–12
(end of therapy)

139 Were assessed at or near day 21–25
(follow-up)

2 Discontinued intervention
1 Had urticaria
1 Had protocol-defined diarrhea

144 Were included in analysis 147 Were included in analysis

Figure 1. Enrollment, Randomization, and Follow-up of Children in the Study.

Mean scores on the Acute Otitis Media Severity of Symptoms (AOM-SOS) scale range from 0 to 14, with higher 
scores indicating greater severity of symptoms.
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Table 1. Selected Demographic and Clinical Characteristics, According to Study Group.*

Characteristic
Amoxicillin–Clavulanate 

 Group (N = 144)
Placebo Group 

(N = 147)
All Children

(N = 291)

Age at entry — no. (%)

6–11 mo 83 (58) 78 (53) 161 (55)

12–17 mo 35 (24) 42 (29) 77 (26)

18–23 mo 26 (18) 27 (18) 53 (18)

Sex — no. (%)

Male 75 (52) 80 (54) 155 (53)

Female 69 (48) 67 (46) 136 (47)

Race — no. (%)†

White 66 (46) 65 (44) 131 (45)

Black 62 (43) 58 (39) 120 (41)

Other 16 (11) 24 (16) 40 (14)

Maternal level of education — no./total no. (%)

Less than high school 24/144 (17) 16/146 (11) 40/290 (14)

High-school graduate 90/144 (62) 95/146 (65) 185/290 (64)

College graduate 30/144 (21) 35/146 (24) 65/290 (22)

Type of health insurance — no./total no. (%)

Private 43/141 (30) 42/145 (29) 85/286 (30)

Medicaid 98/141 (70) 103/145 (71) 201/286 (70)

Exposure to other children — no. (%)‡

Yes 69 (48) 72 (49) 141 (48)

No 75 (52) 75 (51) 150 (52)

AOM-SOS score§

Baseline score — no. (%)

3–5 37 (26) 33 (22) 70 (24)

6–8 46 (32) 51 (35) 97 (33)

9–11 46 (32) 44 (30) 90 (31)

12–14 15 (10) 19 (13) 34 (12)

Mean baseline score 7.69±2.85 7.90±2.87 7.80±2.86

Laterality of acute otitis media — no. (%)

Bilateral 75 (52) 77 (52) 152 (52)

Unilateral 69 (48) 70 (48) 139 (48)

Degree of tympanic membrane bulging in worse ear  
— no. (%)

Slight 42 (29) 39 (27) 81 (28)

Moderate 63 (44) 70 (48) 133 (46)

Marked 39 (27) 38 (26) 77 (26)

*	There were no significant differences in characteristics between the two study groups.
†	Race was reported by the parents.
‡	Exposure to other children was defined as exposure to at least three children for at least 10 hours per week.
§	The Acute Otitis Media Severity of Symptoms (AOM-SOS) scale measures seven discrete items: tugging of ears, crying, 

irritability, difficulty sleeping, diminished activity, diminished appetite, and fever. Parents are asked to rate these symp-
toms, in comparison with the child’s usual state, as “none,” “a little,” or “a lot,” with corresponding scores of 0, 1, and 
2. Thus, total scores range from 0 to 14, with higher scores indicating greater severity of symptoms.
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acute otitis media than among children with uni-
lateral acute otitis media (P = 0.002), and among 
children with more bulging of the tympanic mem-
brane than among children with less bulging 
(P<0.001) (Table 2; and see Table 2 in the Supple-
mentary Appendix for the multiple logistic-regres-
sion analysis). Among children in the trial whose 
illness would have been considered severe (as in-
dicated by moderate or severe otalgia or a body 
temperature of more than 39°C during the pre-
ceding 24 hours), the rates of clinical failure at  
or before the day 10–12 visit were 19% (12 of 63 
children) among those receiving amoxicillin–clav
ulanate and 61% (40 of 66) among those receiv-
ing placebo. Corresponding rates among children 
whose illness would have been considered nonse-
vere were 14% (11 of 79) and 43% (33 of 77). 
Among the 17 interactions that we tested between 
a demographic or clinical variable and the assigned 
study treatment, one was significant: children 18 
to 23 months of age who received amoxicillin–
clavulanate had a higher rate of clinical failure 
than did children 12 to 17 months of age and 
children 6 to 11 months of age (38% vs. 12% and 
11%, respectively) (see Table 1 in the Supplemen-
tary Appendix for additional details).

Relapse and Residual Middle-Ear Effusion
Among children who met the criteria for clinical 
success at the day 10–12 visit, the rate of relapse 
noted at or before the day 21–25 visit was 16% (19 
of 119 children) in the amoxicillin–clavulanate 
group and 19% (13 of 70) in the placebo group 
(P = 0.56). At the day 21–25 visit, 71 of the 141 chil-
dren in the amoxicillin–clavulanate group (50%) 
had middle-ear effusion (29 unilateral and 42 bi-

lateral) and 87 of 139 in the placebo group (63%) 
had middle-ear effusion (32 unilateral and 55 bi-
lateral) (P = 0.05). 

Figure 2. Resolution of Children’s Symptoms 
during the First 7 Days of Follow-up.

During the first 3 days, the Acute Otitis Media Severity 
of Symptoms (AOM-SOS) scale11,12 was administered 
twice daily; thereafter, it was administered once daily. 
Panels A and B show the proportion of children in 
whom symptoms had not resolved. Resolution of 
symptoms is defined in Panel A as the first recording 
of an AOM-SOS score of 0 or 1 and in Panel B as the 
second of two successive recordings of a score of 0 or 1. 
Panel C shows the mean scores on the AOM-SOS scale 
over the course of the first 7 days of the study treat-
ment. Since multiple assessments were made on the 
first 3 study days, numbers on the x axis in all three 
panels indicate the end of a study day.
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Nasopharyngeal Colonization and Other 
Outcomes

From day 1 to the day 21–25 visit, no significant 
changes occurred in either group in the rate of 
colonization with nonsusceptible strains of Strep-
tococcus pneumoniae (minimum inhibitory concen-
tration, ≥0.1 μg per milliliter) (see Table 3 in the 
Supplementary Appendix for details). The rates 
of clinical failure had no apparent relationship to 
the children’s initial colonization status in either 
group. We found no significant differences be-
tween the amoxicillin–clavulanate group and the 
placebo group in either the mean daily number 
of doses of acetaminophen administered (0.37 
and 0.43, respectively; P = 0.35) or the use of 
health care resources.

Complications and Adverse Events

Mastoiditis developed in one child in the placebo 
group on day 5. Dermatitis in the diaper area and 
protocol-defined diarrhea occurred commonly, and 
often together, among children receiving antimi-
crobial agents. Details concerning complications 
and adverse events are summarized in Table 3.

Discussion

In this clinical trial involving children 6 to 23 
months of age with acute otitis media, children 
who were treated with amoxicillin–clavulanate, 
as compared with those who received placebo, 
had consistently more favorable short-term out-
comes, including a sustained symptomatic re-

Table 2. Clinical Failure Rates at or before the Day 10–12 Visit, According to Study Group and Demographic 
and Clinical Characteristics at Entry.*

Characteristic at Entry
Amoxicillin–Clavulanate 

Group (N = 144)
Placebo Group 

(N = 147)
All Children

(N = 291) P Value†

no. of children with clinical failure/total no. (%)‡

Exposure to other children§ 0.007

No 10/73 (14) 29/73 (40) 39/146 (27)

Yes 13/69 (19) 44/70 (63) 57/139 (41)

AOM-SOS score 0.004

≤8 9/82 (11) 35/81 (43) 44/163 (27)

>8 14/60 (23) 38/62 (61) 52/122 (43)

Laterality of acute otitis media 0.002

Unilateral 6/68 (9) 29/70 (41) 35/138 (25)

Bilateral 17/74 (23) 44/73 (60) 61/147 (41)

Degree of tympanic membrane bulging 
in worse ear

<0.001

Slight or moderate 12/103 (12) 46/106 (43) 58/209 (28)

Marked 11/39 (28) 27/37 (73) 38/76 (50)

No. of unfavorable characteristics <0.001

0 1/19 (5) 4/15 (27) 5/34 (15)

1 4/42 (10) 14/46 (30) 18/88 (20)

2 6/44 (14) 27/46 (59) 33/90 (37)

3 8/26 (31) 20/28 (71) 28/54 (52)

4 4/11 (36) 8/8 (100) 12/19 (63)

*	For each characteristic, the favorable category is listed first and the unfavorable second. All the tests for interactions be-
tween study group and the individual characteristics were nonsignificant. The odds ratios for the individual unfavorable 
characteristics, adjusted for study group and for the remaining three characteristics, ranged from 2.0 to 2.3 (see Table 
2 in the Supplementary Appendix for additional details). AOM-SOS denotes the Acute Otitis Media Severity of 
Symptoms scale.

†	For the individual characteristics, P values are for the comparison, in the study groups combined, between children 
with the favorable characteristic and children with the unfavorable characteristic. For the number of unfavorable charac-
teristics, the P value is for the test for linear trend from none to four.

‡	Data were not available for some children because of missed visits.
§ 	Exposure to other children was defined as exposure to at least three children for at least 10 hours per week.
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sponse, an absence of otoscopic evidence of per-
sistent middle-ear infection, and a reduced rate 
of residual middle-ear effusion. There were no 
suggestive or significant between-group differ-
ences in the use of analgesic drugs or health care 
resources. The interaction that we found between 
age and treatment is probably attributable to 
chance, since it involves small numbers of chil-
dren and runs counter to other findings.14 In both 
study groups, the rates of clinical failure were 
greatest among children who were most severely 
affected initially. Nonetheless, the relative reduc-
tion in the risk of clinical failure at day 10 to 12 
with amoxicillin–clavulanate treatment, as com-
pared with placebo, was as large among the chil-
dren who were least severely affected — those 
whose illnesses would have been considered non-
severe as previously defined — as it was among 
children whose illnesses would have been con-
sidered severe. The principal side effects of treat-
ment both with amoxicillin–clavulanate and with 
rescue antimicrobial agents were diarrhea and 
dermatitis in the diaper area, but the side effects 
were usually not severe enough to result in dis-
continuation of the offending drug. Treatment 

with amoxicillin–clavulanate was not associated 
with a detectable increase in nasopharyngeal colo-
nization with nonsusceptible strains of S. pneu-
moniae, although the power to detect such emer-
gent resistance was limited.

In keeping with recent recommendations,15 
we chose the resolution of symptoms as the pri-
mary outcome of interest. Because we had previ-
ously noted that symptoms often recurred after 
having seemingly resolved, we defined the time 
of resolution in two ways: the time at which an 
AOM-SOS score of 0 or 1 was first recorded and 
the time of the second of two successive record-
ings of an AOM-SOS score of 0 or 1. We also 
measured the symptom burden over time, and 
we used a combination of symptomatic response 
and middle-ear findings to categorize overall out-
comes as either clinical success or clinical fail-
ure. The differences in symptom scores between 
the two study groups were modest but consistent 
through the first 10 days of follow-up; the dif-
ferences were observed mainly among the chil-
dren with the most severe symptoms initially. In 
contrast, between-group differences in the over-
all clinical response, which included the symptom-

Table 3. Complications and Adverse Events According to Study Group and Treatment Received at the Time of Occurrence.*

Adverse Event Amoxicillin–Clavulanate Group (N = 144) Placebo Group (N = 147)

During Receipt of 
Amoxicillin–
Clavulanate

During Receipt of 
Rescue Therapy Total

During Receipt of 
Placebo

During Receipt of 
Rescue Therapy Total

number of children (percent)

Mastoiditis† 0 0 0 1 (1) 0 1 (1)

Perforation of tympanic membrane 1 (1) 0 1 (1) 6 (4) 1 (1) 7 (5)

Protocol-defined diarrhea‡ 34 (24) 2 (1) 36 (25) 11 (7) 11 (7) 22 (15)§

Diaper-area dermatitis 67 (47) 6 (4) 73 (51) 24 (16) 27 (18) 51 (35)¶

Oral thrush 7 (5) 0 7 (5) 0 1 (1) 1 (1)

Vomiting‖ 12 (8) 0 12 (8) 11 (7) 1 (1) 12 (8)

Rash** 1 (1) 0 1 (1) 1 (1) 1 (1) 2 (1)

*	 In each study group, one child was not followed beyond enrollment. Comparisons were adjusted for study site, history or no history of re-
current acute otitis media, and exposure or no exposure to other children.

†	 Mastoiditis developed on day 5 in an 11-month-old child with unilateral acute otitis media and a score on the Acute Otitis Media Severity 
of Symptoms (AOM-SOS) scale of 14 at entry and of 7 on day 5. A culture of middle-ear aspirate yielded serotype 19A Streptococcus pneu-
moniae with a penicillin minimum inhibitory concentration of 2 μg per milliliter. The child was hospitalized for 41 hours and treated initial-
ly with parenteral antibiotics and subsequently with oral antibiotics; he recovered uneventfully.

‡	 Diarrhea was defined in the protocol as three or more watery stools in 1 day or two watery stools daily for at least 2 days. Treatment was 
discontinued because of diarrhea in six children in the amoxicillin–clavulanate group and one child in the placebo group, in whom 
Clostridium difficile enteritis developed.

§	 P = 0.05 for the difference between the amoxicillin–clavulanate group and the placebo group.
¶	 P = 0.008 for the difference between the amoxicillin–clavulanate group and the placebo group.
‖	 In the amoxicillin–clavulanate group, treatment was discontinued in one child because of vomiting.
**	In each group, treatment was discontinued in one child because of rash.
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atic response and findings on otoscopic exami-
nation, were substantial and were observed not 
only among the children who had the most severe 
symptoms initially but also among the children 
who had the least severe symptoms. To our knowl-
edge, a disparity of this nature has not been re-
ported previously. These observations, together 
with the fact that among infants and young chil-
dren, acute otitis media may be entirely asymp-
tomatic16,17 and the fact that symptoms may not 
differentiate acute otitis media from other respi-
ratory illnesses,18 suggest that overall clinical re-
sponse constitutes the more telling measure of 
outcome. Regardless of the initial severity of 
symptoms, however, it is uncertain whether chil-
dren who have become asymptomatic but have 
otoscopic findings that suggest persistent infec-
tion are thereby at increased risk for illness later. 
Also uncertain is the clinical significance of per-
sistent middle-ear effusion in the apparent ab-
sence of infection. Because in young children otitis 
media with effusion is often a forerunner of acute 
otitis media,19 it is possible that the higher preva-
lence of persistent effusion among the children 
in the placebo group than among children in the 
amoxicillin–clavulanate group might have placed 
the children in the placebo group at greater risk 
for recurrent infection.

The differences in outcome in this trial be-
tween the children who were treated with amox-
icillin–clavulanate and the children who received 
placebo were greater than the differences seen in 
most previous trials of antimicrobial agents — 
not because of better outcomes among the chil-
dren treated with antimicrobial agents but because 

of higher rates of clinical failure among the 
children who received placebo. This finding, in 
turn, seems to be attributable to the stringent 
diagnostic criteria that we used to ensure that 
we would study only children in whom the diag-
nosis of acute otitis media was quite certain.20

In conclusion, among children 6 to 23 months 
of age with acute otitis media, treatment with 
amoxicillin–clavulanate for 10 days affords a mea-
surable short-term benefit, irrespective of the ap-
parent severity of the illness. The benefit must be 
weighed against concern not only about the side 
effects of the medication but also about the con-
tribution of antimicrobial treatment to the emer-
gence of bacterial resistance. These considerations 
underscore the need to restrict treatment to chil-
dren whose illness is diagnosed with the use of 
stringent criteria.
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