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VIRUSES THAT CAUSE RESPIRA-
tory tract infections are often
present in the middle ear exu-
date of children with acute oti-

tis media (AOM).1 These viruses may
play an important role in the pathogen-
esis of AOM and may slow the response
to antimicrobial therapy.2,3 Accord-
ingly, it seems reasonable to expect that
the administration of vaccines effective
against viral infections might also serve
to lessen morbidity from AOM.

Influenza vaccines (inactivated triva-
lent administered intramuscularly or in-
tranasally or live attenuated trivalent ad-
ministered intranasally) have been found
effective in preventing AOM in 4 previ-
ous studies involving children mainly
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Context Acute otitis media (AOM) frequently complicates influenza infection. Pre-
vious studies have found influenza vaccine effective in reducing the occurrence of AOM
in children mainly older than 2 years.

Objective To evaluate the effectiveness of inactivated influenza vaccine in prevent-
ing AOM in children aged 6 to 24 months.

Design, Setting, and Patients Randomized, double-blind, placebo-controlled trial
of 786 children aged 6 to 24 months enrolled at Children’s Hospital of Pittsburgh be-
fore the 1999-2000 (411 children) and 2000-2001 (375 children) respiratory seasons
(defined as December 1 through March 31 of the respective following year). Children
received influenza vaccine or placebo in a 2:1 ratio. The first cohort was observed for
1 year and the second cohort until the end of the ensuing respiratory season.

Intervention Two doses (0.25 mL each) of inactivated trivalent subvirion influenza
vaccine or placebo were administered intramuscularly approximately 4 weeks apart.

Main Outcome Measures Proportion of children who developed AOM, monthly
occurrence rate of AOM, estimated proportion of time with middle ear effusion, and
utilization of selected health care and related resources.

Results Of the 66 children in the vaccine group from whom serum samples were col-
lected, seroconversion against strains in the vaccine formulations developed in 88.6% to
96.8%, depending on the specific strain. The efficacy of the vaccine against culture-
confirmed influenza was 66% (95% confidence interval [CI], 34%-82%) in 1999-2000
and −7% (95% CI, −247% to 67%) in 2000-2001; however, influenza attack rates dif-
fered between these 2 periods (in the placebo group, 15.9% and 3.3%, respectively).
Compared with placebo, influenza vaccine did not reduce the proportion of children who
had at least 1 episode of AOM during the respiratory season (in the first cohort: vaccine,
49.2% vs placebo, 52.2%; P=.56 ]; in the second cohort: vaccine, 55.8% vs placebo,
48.3%; P=.17). The vaccine also did not reduce the monthly rate of AOM; the esti-
mated proportion of time with middle ear effusion; or the utilization of selected health
care and related resources. There were also no differences between the vaccine and pla-
cebo groups regarding any of these outcomes during peak influenza periods. The vac-
cines administered to both cohorts of children were well tolerated.

Conclusion Administration of inactivated trivalent influenza vaccine to children aged
6 to 24 months did not reduce their burden of AOM or their utilization of selected
health care and related resources.
JAMA. 2003;290:1608-1616 www.jama.com
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older than 2 years; reductions of 30% to
44% in the occurrence of AOM epi-
sodes were reported.4-7 However, cer-
tain important limitations of those stud-
ies may preclude generalizability of their
results, particularly to children aged 6 to
24 months. These limitations include
small sample size, enrollment only of oti-
tis-prone children or day-care attend-
ees, nonrandomized allocation of par-
ticipants, single or incomplete blinding,
dependence on parental reporting of epi-
sodes rather than active surveillance, and
lack of standardized criteria for the di-
agnosis of AOM.

We undertook our study to deter-
mine whether inactivated trivalent in-
fluenza vaccine administered intramus-
cularly is effective in reducing the
occurrence of AOM and other forms of
otitis media in the children most vul-
nerable to the disease, namely, those
aged 6 to 24 months. The study was de-
signed to evaluate the effect of the vac-
cine during the influenza season, the
broader respiratory season, and the
1-year period following vaccination. Al-
though the vaccine does not protect
against infections other than influenza,
we hypothesized that preventing epi-
sodes of AOM associated with influ-
enza might, by preserving normal middle
ear status, reduce the occurrence of sub-
sequent episodes of AOM associated
with other respiratory viral infections.
Secondary objectives of the study were
to evaluate the vaccine’s safety, immu-
nogenicity, and efficacy against culture-
proven influenza in these young chil-
dren, as well as the effects of vaccination
on the children’s utilization of selected
health care and related resources.

METHODS
Participants

The study was approved by the Chil-
dren’s Hospital of Pittsburgh Human
Rights Committee. We recruited healthy
children aged 6 to 24 months from the
hospital’s primary care center and from
the community at large. Research per-
sonnel informed parents in the pri-
mary care center about the study, and
advertisements were placed on the ra-
dio and in the regional newspaper. Writ-

ten informed consent was obtained from
the parent(s) of each enrolled child. We
excluded children who had been born
prematurely or had a craniofacial ab-
normality; or who had or were living
with persons who had any medical con-
dition placing them at high risk of com-
plications of influenza8; or who had a
neurologic disorder, a history of tym-
panostomy tube insertion, hypersensi-
tivity to egg protein or thimerosal, or a
febrile illness or severe respiratory ill-
ness within the preceding 48 hours.

Procedures
We enrolled 2 cohorts of children: dur-
ing the periods October 4, 1999, to
November 30, 1999, and September 5,
2000, to December 8, 2000. We strati-
fied the children according to whether
they were prone to otitis (ie, had a his-
tory of at least 3 episodes of AOM in
the preceding 6 months or 4 episodes
in the preceding 12 months) and
whether they were attending day care
(defined as exposed to 3 or more non-
family children for at least 10 hours per
week). We also stratified children in the
second cohort according to whether
they had received at least 1 dose of the
then newly available pneumococcal
conjugate vaccine. Within each stra-
tum, we randomly assigned the chil-
dren in blocks of 9, using a computer-
generated list, to either the vaccine
group or the placebo group in a 2:1 ratio.
To each child we administered 2 doses,
approximately 4 weeks apart, of either
vaccine or placebo (0.25 mL each) intra-
muscularly. Administration was per-
formed by nonblinded research nurses
who were not involved in subsequent
clinical follow-up of the children.
Assignments to treatment groups were
not revealed to parents, investigators,
research personnel conducting clini-
cal follow-up, or nonstudy health care
providers, all of whom remained
blinded throughout the study. Ran-
domization listswerekept in locked files
not accessible to blinded personnel.

Vaccine
Inactivated trivalent subvirion influ-
enza vaccine (Fluzone) was supplied by

Aventis Pasteur (Swiftwater, Pa). Strains
in the 1999-2000 formulation were
A/Beijing/262/95 (H1N1), A/Sydney/
15/97 (H3N2), and B/Yamanashi/166/
98; and in the 2000–2001 formula-
tion, A/New Caledonia/20/99 (H1N1),
A/Panama/2007/99 (H3N2), and B/Ya-
manashi/166/98. The placebo, also sup-
plied by Aventis Pasteur, consisted only
of a standard diluent.

Surveillance for Otitis Media
Surveillance for the occurrence of otitis
media following administration of the
second dose of vaccine or placebo was
maintained in the first cohort of chil-
dren through biweekly visits until the
end of the ensuing respiratory season, ie,
March 31, 2000, and through monthly
visits thereafteruntilNovember15,2000.
Surveillance in the second cohort was
maintained through biweekly visits un-
til March 31, 2001. Parents were in-
structed to contact study staff if any sign
or symptom of either an upper respira-
tory tract infection or AOM developed
so that an interim visit could be ar-
ranged. Acute care visits were defined as
those that resulted from the presence of
fever (at least 38°C) within 72 hours or
the occurrence of otalgia or that substi-
tuted for an illness-related visit to the
children’s primary care clinicians. All ex-
aminations were conducted by study cli-
nicians using pneumatic otoscopy,
supplemented by tympanometry and
spectral gradient acoustic reflectome-
try. The diagnosis of middle ear effu-
sion was based on the presence of 2 of 4
elements: decreased or absent tym-
panic membrane mobility, yellow or
white discoloration of the tympanic
membrane, opacification of the tym-
panic membrane not due to scarring, and
visible bubbles or air-fluid levels. The di-
agnosis of AOM was based on the pres-
ence of purulent otorrhea of recent on-
set not due to otitis externa or of middle
ear effusion accompanied by 1 or more
of the following: ear pain, marked red-
ness of the tympanic membrane, and
substantial bulging of the tympanic
membrane. We prescribed treatment for
AOM according to published guide-
lines.9 Decisions regarding myrin-
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gotomy and tympanostomy tube inser-
tion were not part of the study protocol
and were made by the children’s pri-
mary care clinicians.

Influenza Surveillance
To diagnose influenza, we performed
throat cultures during visits at which pa-
tients had symptoms or signs of an up-
per respiratory tract infection accompa-
nied by fever (at least 38°C), AOM, or
both. The culture swabs were placed into
viral transportmediaand immediately re-
frigerated. Within 4 hours, monkey kid-
ney cell culture tubes were inoculated
with processed throat specimens. On
weekends and after routine hours, throat
swabs were stored in viral transport me-
dia at 4°C until the next business day.
Cultures were maintained at between
33°C and 35°C, examined daily for cy-
topathic effect, and tested for hemad-
sorption at 4, 7, and 14 days after inocu-
lation and anytime cytopathic effect was
observed. Typing and subtyping of in-
fluenza strains were performed using
standard techniques.10 No attempt was
made to culture other viral pathogens.

Immunogenicity
At the beginning of the enrollment pe-
riod each year, research personnel asked
consecutive parents for additional per-
mission to obtain blood samples from
their children. Samples were collected
from 53 children in the first cohort and
40 children in the second cohort imme-
diately before administering the first dose
of vaccine or placebo and again 4 weeks
after the second dose. Serum samples
were tested by blinded personnel in a
laboratory at East Virginia Medical
School, Norfolk, Va, for the presence of
antibody to the 3 influenza serotypes us-
ing a standardized hemagglutination-
inhibition assay.11 Seroconversion was
defined as a 4-fold increase in antibody
titers and/or a postimmunization anti-
body titer greater than 1:40.

Safety Evaluation
Monitoring of unexpected adverse events
was conducted at each visit by review of
the child’s medical record and inter-
view with the parent. The occurrence of

minoradverse reactions (eg, injectionsite
reactions, low-grade fever, crying) was
not systematically recorded.

Health Care Utilization
At each visit, parents were asked about
any illnesses their child had since the
preceding visit, visits to primary care
clinicians and emergency depart-
ments, hospitalizations, use of antibi-
otics, and whether the study visit sub-
stituted for a clinician visit. Parents were
also asked about illnesses in other fam-
ily members, time lost from work, or a
need for alternative child-care arrange-
ments because of the child’s illness.

Statistical Analysis
The study’s primary outcome measure
was the proportion of children who had
at least 1 episode of AOM during the en-
suing respiratory season. To detect a 33%
reduction in the proportion of such chil-
dren (eg, 30% of control children vs 20%
of immunized children), with 2-tailed �
level of .05 and � level of .20, we cal-
culated that 466 evaluable children in
the vaccine group and 232 evaluable
children in the placebo group were
needed during the 2-year study period.
To determine the efficacy of the vac-
cine against influenza, the analysis was
conducted for cases that occurred at any
time following administration of the first
dose and were based on person-
months at risk; confidence intervals
(CIs) for vaccine efficacy were based on
an assumption of asymptotic normal-
ity of the log of the ratio of Poisson
rates.12 Otitis media–related outcomes
were included in analyses if they oc-
curred at least 2 weeks following ad-
ministration of the second dose.

We based results on an intention-to-
treat analysis that included all avail-
able data from all participants. The
number of episodes of AOM for each
child was calculated by totaling epi-
sodes that presented acutely and epi-
sodes defined as new because evi-
dence of AOM persisted for more than
28 days, or supervened in the course
of otitis media with effusion, or re-
curred after documented resolution of
an episode. We estimated the propor-

tion of days with middle ear effusion
based on the diagnosis at each visit and
on interpolations for intervals be-
tween visits, provided that the inter-
vals did not exceed 60 days. If an in-
terval between 2 visits exceeded 60
days, we assumed the status at the first
visit to have continued for 30 addi-
tional days and the status at the sec-
ond visit to have prevailed for 30 days
preceding that visit. Middle ear status
for the remaining days in the interval
was considered indeterminate.

We used a logistic regression model
that included adjustment for the strati-
fication variables to compare by treat-
ment groups the proportion of chil-
dren who had at least 1 episode of AOM.
We assessed differences between
monthly rates of episodes of AOM and
of febrile respiratory tract infections us-
ing a Poisson regression model in which
the stratification variables were in-
cluded as independent variables. We
used a weighted regression model to
compare mean proportions of days with
middle ear effusion, with weights equal
to the lengths of observed time, after first
applying an arcsine transformation to
obtain a distribution that better approxi-
mated a normal distribution.

For health care resource utilization
outcomes, we compared treatment
groups applying the method of gener-
alized estimated equations.13 Analyses
were performed with SAS version 8.2
(SAS Institute Inc, Cary, NC).

The level of significance for all out-
comes was .05.

RESULTS
Study Population

The first cohort of the study included
411 children and the second cohort in-
cluded 375 children. Of these, 373
(91%) and 346 (92%) completed the
study, defined as having a final visit af-
ter August 2000 for the first cohort and
during March 2001 for the second co-
hort (FIGURE). Selected demographic
and clinical characteristics of the chil-
dren are summarized in TABLE 1. Ap-
proximately half were aged 6 to 12
months at enrollment. There were no
significant differences in characteris-
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tics between the vaccine and placebo
groups in either of the 2 cohorts.

Immunogenicity of Vaccine
Of the 66 children in the vaccine group
from whom serum samples were col-
lected, seroconversion (defined as a
hemagglutination-inhibition titer of �1:
40, a 4-fold or greater increase in an-
tibody titer, or both) against strains in
the vaccine formulations developed in
88.6% to 96.8%, depending on the
strain (TABLE 2).

Efficacy
Influenza. Throat cultures for influ-
enza virus were obtained in 1113 (88%)
of 1260 episodes of illness in which fe-
ver, AOM, or both were present. Dur-
ing the first year of the study, influenza
was epidemic in the community. The in-
fluenza season was defined as the 6-week
period (January 3 to February 15, 2000)
during which 25 (67%) of the 37 culture-
proven cases of influenza occurred; the
other 12 cases occurred during the re-
maining 25 weeks of surveillance. Dur-
ing the second year, influenza occurred
infrequently and there was no cluster-
ing of cases. The influenza season was
defined as the 13-week period (January
4 to March 30, 2001) during which 11
(85%) of the 13 culture-proven cases
occurred; the other 2 cases occurred
during the remaining 16 weeks of sur-
veillance. In the first cohort, culture-
proven influenza was identified in 15
(5.5%) of 273 children in the vaccine
group and 22 (15.9%) of 138 children
in the placebo group. In the second co-
hort, corresponding values were 9 (3.6%)
of 252 children in the vaccine group and
4 (3.3%) of 123 children in the placebo
group. Accordingly, efficacy rates against
influenza were 66% (95% confidence in-
terval [CI], 34%-82%) in the first co-
hort and −7% (95% CI, −247% to 67%)
in the second cohort. In the first co-
hort, efficacy rates against influenza in
children aged 6 to 12 months, 13 to 18
months, and 19 to 24 months were 63%,
66%, and 69%, respectively. Of the 37
cases that occurred in the first cohort, 14
were caused by A/Beijing, 18 by A/Syd-
ney, and 5 were not typed. Of the 13

cases that occurred in the second co-
hort, 5 were caused by A/New Caledo-
nia, 5 by B/Yamanashi, 1 by A/Panama,
and 2 were not typed. Circulating influ-
enza strains were well matched with vac-
cine strains in the 2 respiratory seasons
during which the study was conducted.
All of the 24 cases in the vaccine group

and 24 of the 26 cases in the placebo
group occurred 2 weeks or longer after
the second dose of vaccine or placebo.

Respiratory Tract Infections. In the
first cohort, no differences in rates of fe-
brile respiratory tract infections were
noted between the influenza vaccine and
placebo groups during the influenza sea-

Figure. Flow of Patients Through the Trial

793 Children Randomized
417 in First Cohort
376 in Second Cohort

262 Assigned to Receive Placebo
139 in First Cohort
123 in Second Cohort

6 Discharged From Study for Failure to
Meet Eligibility Criteria
5 in First Cohort

1 in Second Cohort for Whom Influenza
Vaccine Was Recommended

1 in Foster Care
3 for Whom Influenza Vaccine Was

Recommended

1 ≥24 mo of Age at Study Entry

1 Discharged From Study for Failure to
Meet Eligibility Criteria 
(First Cohort; Received Influenza
Vaccine at Primary Care Clinician’s
Office Before Second Study Injection)

525 Eligible For Follow-up
513 Received 2 Doses of Influenza

Vaccine

12 Received Only 1 Dose of Influenza
Vaccine

267 in First Cohort

6 in First Cohort
6 in Second Cohort

246 in Second Cohort

261 Eligible For Follow-up
252 Received 2 Doses of Placebo

9 Received Only 1 Dose of Placebo

134 in First Cohort

4 in First Cohort
5 in Second Cohort

118 in Second Cohort

in First Cohort
35 Lost to Follow-up

21
6 Moved From Area
3 Withdrew

12 Noncompliant With Study Visits
14 in Second Cohort

3 Moved From Area
1 Withdrew

10 Noncompliant With Study Visits

11 Lost to Follow-up
7 in First Cohort

4 Moved From Area
2 Withdrew
1 Noncompliant With Study Visits

4 In Second Cohort
1 Moved From Area
3 Noncompliant With Study Visits

478 Completed Trial∗

246 in First Cohort
232 in Second Cohort

241 Completed Trial∗

127 in First Cohort
114 in Second Cohort

504 Included in Primary Analysis

9 Excluded From Primary Analysis
(Did Not Return After Receiving
2nd Dose of Influenza Vaccine)

262 in First Cohort
242 in Second Cohort

5 in First Cohort
4 in Second Cohort

250 Included in Primary Analysis

2 Excluded From Primary Analysis
(Second Cohort; Did Not Return
After Receiving 2nd Dose of 
Placebo)

134 in First Cohort
116 in Second Cohort

531 Assigned to Receive Influenza Vaccine
278 in First Cohort
253 in Second Cohort

Asterisk indicates defined as having a final visit after August 2000 for the first cohort and during March 2001
for the second cohort.
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son (0.23 vs 0.25 episodes per person-
month, respectively, P=.71) or during
the respiratory season (0.21 vs 0.22 epi-
sodes per person-month, respectively,
P=.66). However, in the second co-
hort, rates were actually higher in the
vaccine group than in the placebo group
during the influenza season (0.23 vs 0.17
episodes per person-month, respec-
tively, P=.03) and during the respira-
tory season (0.22 vs 0.17 episodes per
person-month, respectively, P=.10).

Episodes of AOM. TABLE 3 shows
that in the first cohort, there were no
differences overall between the vac-
cine group and the placebo group in the
proportions of children who had at least
1 episode of AOM during the ensuing
influenza season (30.5% vs 29.9%,
P=.89), during the respiratory season
(49.2% vs 52.2%, P=.56), or during the
entire 1-year follow-up period (57.3%
vs 61.9%, P=.35).

The difference between the vaccine
and placebo groups in the proportion of
children with AOM during the respira-
tory season was 3.0% (95% CI, −13.4%
to 7.4%). Within the subgroup of chil-
dren in the first cohort aged 19 to 24
months, the proportions who had at least
1 episode of AOM during the ensuing in-
fluenza and respiratory seasons were sug-
gestively lower in the vaccine group than
in the placebo group (19.4% vs 34.3%,
P= .10; and 36.8% vs 54.3%, P= .09,
respectively), and during the 1-year fol-
low-upperiod, significantly lower (44.1%
vs 65.7%, P=.04). Nevertheless, tests for
interaction between vaccine effective-
ness and age group produced nonsig-
nificant results. In the second cohort
there were no significant differences be-
tween the vaccine and placebo groups in
the proportions who had at least 1 epi-
sode of AOM.

TABLE 4 shows data from both co-
horts concerning the distribution of ob-
served episodes of AOM and the mean
monthly rates of occurrence of epi-
sodes of AOM during the influenza and
respiratory seasons, and from the first
cohort, values for the entire follow-up
year. None of the differences between
the vaccine and placebo groups was sta-
tistically significant.

Table 1. Characteristics of Children Eligible for Follow-up in in Both Cohorts

Characteristic

No. (%) of Children

Cohort 1 (n = 411) Cohort 2 (n = 375) Total (N = 786)

Vaccine
(n = 273)

Placebo
(n = 138)

Vaccine
(n = 252)

Placebo
(n = 123)

Vaccine
(n = 525)

Placebo
(n = 261)

Demographics
Age at entry, mo

6-12 119 (43.6) 57 (41.3) 150 (59.5) 62 (50.4) 269 (51.2) 119 (45.6)

13-18 83 (30.4) 45 (32.6) 61 (24.2) 38 (30.9) 144 (27.4) 83 (31.8)

19-24 71 (26.0) 36 (26.1) 41 (16.3) 23 (18.7) 112 (21.3) 59 (22.6)

Male 128 (46.9) 75 (54.3) 139 (55.2) 70 (56.9) 267 (50.9) 145 (55.6)

Female 145 (53.1) 63 (45.7) 113 (44.8) 53 (43.1) 258 (49.1) 116 (44.4)

Race
White 140 (51.3) 77 (55.8) 128 (50.8) 56 (45.5) 268 (51.1) 133 (51.0)

Black 116 (42.5) 52 (37.7) 102 (40.5) 58 (47.2) 218 (41.5) 110 (42.1)

Other 17 (6.2) 9 (6.5) 22 (8.7) 9 (7.3) 39 (7.4) 18 (6.9)

Maternal education
Less than high school 25 (9.2) 11 (8.0) 31 (12.3) 15 (12.2) 56 (10.7) 26 (10.0)

High school graduate
with or without
technical or other
training

173 (63.4) 90 (65.2) 147 (58.3) 74 (60.2) 320 (61.0) 164 (62.8)

College graduate 74 (27.1) 37 (26.8) 74 (29.4) 34 (27.6) 148 (28.2) 71 (27.2)

Unknown 1 (0.4) 0 0 0 1 (0.2) 0

Health insurance status
Private 121 (44.3) 69 (50.0) 121 (48.0) 65 (52.9) 242 (46.1) 134 (51.3)

Medicaid 140 (51.3) 60 (43.5) 127 (50.4) 56 (45.5) 267 (50.9) 116 (44.4)

None 12 (4.4) 9 (6.5) 4 (1.6) 2 (1.6) 16 (3.0) 11 (4.2)

Health care provider
Children’s Hospital of

Pittsburgh clinics
143 (52.4) 61 (44.2) 120 (47.6) 62 (50.4) 263 (50.1) 123 (47.1)

Private practitioner 130 (47.6) 77 (55.8) 132 (52.4) 61 (49.6) 262 (49.9) 138 (52.9)

Exposure to household
cigarette smoke

Yes 95 (34.8) 56 (40.6) 87 (34.5) 48 (39.0) 182 (34.7) 104 (39.8)

No 178 (65.2) 82 (59.4) 165 (65.5) 75 (61.0) 343 (65.3) 157 (60.2)

Other children in household
Yes 186 (68.1) 91 (65.9) 145 (57.5) 75 (61.0) 331 (63.0) 166 (63.6)

No 87 (31.9) 47 (34.1) 107 (42.5) 48 (39.0) 194 (37.0) 95 (36.4)

Recurrent AOM*
Yes 66 (24.2) 33 (23.9) 40 (15.9) 21 (17.1) 106 (20.2) 54 (20.7)

No 207 (75.8) 105 (76.1) 212 (84.1) 102 (82.9) 419 (79.8) 207 (79.3)

Day care†
Yes 75 (27.5) 39 (28.3) 68 (27.0) 34 (27.6) 143 (27.2) 73 (28.0)

No 198 (72.5) 99 (71.7) 184 (73.0) 89 (72.4) 382 (72.8) 188 (72.0)

Had received �1 dose of
pneumococcal
conjugate vaccine

Yes NA NA 179 (71.0) 83 (67.5) 179 (71.0) 83 (67.5)

No NA NA 73 (29.0) 40 (32.5) 73 (29.0) 40 (32.5)

Middle ear status at the time
of the second dose of
vaccine or placebo‡

AOM 40 (15.0) 19 (14.3) 31 (12.6) 10 (8.5) 71 (13.8) 29 (11.6)

Otitis media with
effusion

42 (15.7) 24 (18.0) 46 (18.7) 17 (14.4) 88 (17.2) 41 (16.3)

Normal 185 (69.3) 90 (67.7) 169 (68.7) 91 (77.1) 354 (69.0) 181 (72.1)
Abbreviations: AOM, acute otitis media; NA, not applicable.
*Defined as �3 AOM episodes in the preceding 6 months or 4 episodes in the preceding 1 year.
†Defined as �10 h/wk with �3 other children.
‡Data are not available for children withdrawn from the study before receiving the second dose of vaccine or placebo.
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The proportions of children who had
an episode of AOM within 1 week of hav-
ing a positive throat culture for influ-
enza were similar between groups with
13 (54.2%) of 24 in the vaccine and 12
(48.0%) of 25 in the placebo groups
(P=.88). Acute otitis media was diag-
nosed at 465 (36.8%) of 1262 acute care
visits vs 468 (9.6%) of 4881 routine vis-
its (P�.001). That fact notwithstand-
ing, to test the possibility that a vaccine-
vs-placebo difference might have been
obscured by the inclusion, in the over-
all analysis, of more or less subclinical
cases of AOM diagnosed at other than
acute care visits, we further considered
the effectiveness of the vaccine in an
analysis limited to acute care visits dur-
ing the influenza and respiratory sea-
sons of each year of the study. Again,
there were no differences between the
vaccine group and the placebo group in
the proportions of children who expe-
rienced at least 1 episode of AOM dur-
ing the 2 influenza seasons (35.6% vs
37.1% and 42.9% vs 31.0%, respec-
tively) or during the 2 respiratory sea-
sons (45.9% vs 41.8% and 44.8% vs
34.2%, respectively).

TABLE 5 shows that there were no sig-
nificant differences between the vac-
cine group and the placebo group in the
proportions of days with middle ear ef-
fusion during the influenza and respi-
ratory seasons.

Table 2. Geometric Means of Reciprocals of Serum Antibody Titers to Influenza and Children Who Were Seroprotected According to Cohort
and Treatment Group

Treatment Group, Timing,
and Outcome Measure*

Vaccine Type/Serotype

A/H1N1 A/H3N2 B A/H1N1 A/H3N2 B

Vaccine First Cohort (n = 35) Second Cohort (n = 31)

Prevaccination
Mean of reciprocals of titers 5.0 18.5 9.8 5.0 9.5 5.0

Seropositive, No. (%) 0 4 (11.4) 6 (17.1) 0 7 (22.6) 0

Postvaccination
Mean of reciprocals of titers 46.8 68.3 130 44.3 69.2 42.8

Seroprotected, No. (%) 32 (91.4) 31 (88.6) 32 (91.4) 28 (90.3) 30 (96.8) 28 (90.3)

Placebo First Cohort (n = 18) Second Cohort (n = 9)

Prevaccination
Mean of reciprocals of titers 5.0 22.4 12.8 5.0 9.3 5.4

Seropositive, No. (%) 0 4 (22.2) 4 (22.2) 0 2 (22.2) 0

Postvaccination
Mean of reciprocals of titers 5.0 23.8 13.6 5.0 7.9 5.4

Seroprotected, No. (%) 0 4 (22.2) 6 (33.3) 0 1 (11.1) 0

*Prevaccination seroprotection was defined as the presence of a titer of 1:40 or higher; postvaccination seroprotection was defined as the presence of a titer of 1:40 or higher or
a 4-fold increase in antibody titer.

Table 3. Children Who Experienced at Least 1 Episode of AOM According to Age at
Enrollment, by Follow-up Period, and Treatment Group

Cohort, Follow-up Period,
and Age Group

No./Total (%) of Children
With �1 Episode of AOM

P ValueVaccine Placebo

First Cohort

Influenza season*
All children 79/259 (30.5) 40/134 (29.9) .89

6-12 mo 35/117 (29.9) 17/54 (31.5) .84

13-18 mo 31/75 (41.3) 11/45 (24.4) .06

19-24 mo 13/67 (19.4) 12/35 (34.3) .10

Respiratory season†
All children 129/262 (49.2) 70/134 (52.2) .56

6-12 mo 61/117 (52.1) 27/54 (50.0) .79

13-18 mo 43/77 (55.8) 24/45 (53.3) .79

19-24 mo 25/68 (36.8) 19/35 (54.3) .09

1-Year follow-up period
All children 150/262 (57.3) 83/134 (61.9) .35

6-12 mo 72/117 (61.5) 32/54 (59.3) .78

13-18 mo 48/77 (62.3) 28/45 (62.2) .99

19-24 mo 30/68 (44.1) 23/35 (65.7) .04

Second Cohort

Influenza season*
All children 125/239 (52.3) 49/116 (42.2) .07

6-12 mo 78/142 (54.9) 27/56 (48.2) .39

13-18 mo 27/59 (45.8) 14/38 (36.8) .39

19-24 mo 20/38 (52.6) 8/22 (36.4) .23

Respiratory season†
All children 135/242 (55.8) 56/116 (48.3) .17

6-12 mo 83/142 (58.5) 32/56 (57.1) .87

13-18 mo 31/61 (50.8) 14/38 (36.8) .18

19-24 mo 21/39 (53.8) 10/22 (45.5) .53
Abbreviation: AOM, acute otitis media.
*Influenza season was defined as January 3 to February 15, 2000, for the first cohort and as January 4 to March 30,

2001, for the second cohort.
†For each cohort, the respiratory season was defined as the period from December 1 through March 31 of the

respective following year.
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Health Care Utilization
TABLE 6 shows that in neither cohort
were there any statistically significant dif-
ferences between the vaccine group and
the placebo group during ensuing res-

piratory seasons regarding utilization of
selectedhealthcare resources.During the
second year of the study the rate of hos-
pitalization was actually higher in the
vaccine group than in the placebo group.

Safety
During the 2 years of the study, 39 chil-
dren in the vaccine group and 12 chil-
dren in the placebo group underwent
insertionof tympanostomytubes, and27
and 12 children, respectively, were hos-
pitalized forother reasons.Threeadverse
events occurred that were considered
serious and possibly related to receipt of
influenzavaccine:1childhad2brief epi-
sodes of unexplained staring on the day
of the first vaccination; 1 child had mild
intercostal retractions and wheezing 1
day after the second vaccination, and 1
child developed acute gastroenteritis 3
days after the first vaccination.

COMMENT
In our study, influenza vaccination in a
group of healthy children aged 6 to 24
months failed to affect the overall occur-
rence of AOM, although during an epi-
demic season the vaccine might have
provided a measure of protection against
AOM to children aged 19 to 24 months
and provided some measure of protec-
tion against influenza across the age spec-
trum studied. The results in our study
of whether influenza vaccination af-
fects AOM are thus at variance with the
results of previous studies in which use
of the vaccine reportedly provided an ap-
proximate one-third reduction in AOM
occurrence.4-6 The discordant results may
be attributable to some of the method-
ological differences between studies, the
most important of which may involve
age. More than 75% of the children we
enrolled were aged 18 months or
younger (mean age, 14 months) com-
pared with mean ages ranging from 20
to 43 months in 3 of the earlier stud-
ies.4-6 Two age-related factors may have
been operative. First, the proportion of
viral respiratory infections due to influ-
enza virus may be lower in younger chil-
dren than in older children, so that in
younger children the consequences of
noninfluenza viral infections may have
obscured any effect of influenza vacci-
nation. Evidence that most episodes of
respiratory tract infection in the chil-
dren in our study were caused by vi-
ruses other than influenza consists of the
facts that during the respiratory sea-

Table 4. Observed Episodes of AOM by Follow-up Period, Cohort, and Treatment Group

Observations of AOM Vaccine Placebo P Value

First Cohort

Influenza season*
No. of children 259 134
Episodes, No. (%) of children

0 180 (69.5) 94 (70.1)
1 65 (25.1) 32 (23.9)
2 14 (5.4) 8 (6.0)
�3 0 0

Total No. of episodes 93 48
Mean monthly rate of AOM episodes 0.25 0.25 �.99

Respiratory season†
No. of children 262 134
Episodes, No. (%) of children

0 133 (50.8) 64 (47.8)
1 62 (23.7) 41 (30.6)
2 40 (15.3) 16 (11.9)
�3 27 (10.3) 13 (9.7)

Total No. of episodes 231 113
Mean monthly rate of AOM episodes 0.24 0.23 .65

1-Year follow-up
No. of children 262 134
Episodes, No. (%) of children

0 112 (42.7) 51 (38.1)
1 48 (18.3) 35 (26.1)
2 45 (17.2) 23 (17.2)
�3 57 (21.8) 25 (18.7)

Total No. of episodes 370 175
Mean monthly rate of AOM episodes 0.14 0.13 .37

Second Cohort
Influenza season*

No. of children 239 116
Episodes, No. (%) of children

0 114 (47.7) 67 (57.8)
1 84 (35.1) 31 (26.7)
2 37 (15.5) 16 (13.8)
�3 4 (1.7) 2 (1.7)

Total No. of episodes 170 69
Mean monthly rate of AOM episodes 0.28 0.23 .19

Respiratory season†
No. of children 242 116
Episodes, No. (%) of children

0 107 (44.2) 60 (51.7)
1 75 (31.0) 30 (25.9)
2 41 (16.9) 21 (18.1)
�3 19 (7.9) 5 (4.3)

Total No. of episodes 216 87
Mean monthly rate of AOM episodes 0.27 0.23 .15

Abbreviation: AOM, acute otitis media.
*Influenza season was defined as January 3 to February 15, 2000, for the first cohort and as January 4 to March 30,

2001, for the second cohort.
†For each cohort, the respiratory season was defined as the period from December 1 through March 31 of the re-

spective following year.
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sons, more than 90% of the children with
febrile illnesses whom we tested were
culture-negative for influenza virus and
that during the second year of our study,
the incidence of influenza never reached
epidemic proportions. Differences be-
tween our results and those of a re-
cently reported study that evaluated the
efficacy of an intranasally adminis-
tered, inactivated, virosomal influenza
vaccine7 may be attributable to the gen-
erally younger age of our participants; the
inclusion in that study only of otitis-
prone children who had had an episode
of AOM within 2 to 8 weeks; and differ-
ences in the manufacture, contents, and
route of administration of the vaccines.

A second age-related factor could be
that, although satisfactorily immuno-
genic in young children, influenza vac-
cine may for other reasons be less ef-
fective in preventing influenza—and
accordingly, influenza-related otitis me-
dia—in younger children than in older
children. In a recent study by Hurwitz
et al,14 children aged 24 to 60 months
were randomized to receive either in-
activated influenza vaccine or placebo
and were observed during the ensuing
winter for influenza infection, using se-
rologic criteria for the diagnosis. The
investigators found no reductions in
vaccinated children in respiratory-
related events, including ear infec-

tions, physician visits, antibiotics pre-
scribed, or missed day-care attendance
by children or work attendance by par-
ents. Children with prevaccination ti-
ters of 1:5 or lower were less likely to
achieve a 4-fold increase in antibody ti-
ter after vaccination than children with
prevaccination titers of 1:10 or more.
In addition, children aged 36 months
or older were more likely to respond to
vaccination than were younger chil-
dren. Overall, efficacy of the inacti-
vated vaccine against serologically con-
firmed influenza was only 31% to 45%,
and efficacy was greater in children with
prevaccination titers of 1:10 or higher
than in those with titers of 1:5 or less.

Table 5. Estimated Proportion of Days With Middle Ear Effusion by Follow-up Period, Cohort, and Treatment Group*

Days With Middle
Ear Effusion

Influenza Season† Respiratory Season‡ 1-Year Follow-up

First Cohort Second Cohort First Cohort Second Cohort First Cohort

Vaccine
(n = 258)

Placebo
(n = 133)

Vaccine
(n = 239)

Placebo
(n = 116)

Vaccine
(n = 262)

Placebo
(n = 134)

Vaccine
(n = 241)

Placebo
(n = 116)

Vaccine
(n = 262)

Placebo
(n = 134)

Days classified as effusion
present, No. (%) of children

0 112 (43.4) 50 (37.6) 65 (27.2) 32 (27.6) 76 (29.0) 28 (20.9) 59 (24.5) 29 (25.0) 59 (22.5) 21 (15.7)

1-25 24 (9.3) 19 (14.3) 42 (17.6) 21 (18.1) 47 (17.9) 46 (34.3) 48 (19.9) 29 (25.0) 98 (37.4) 67 (50.0)

26-50 40 (15.5) 19 (14.3) 50 (20.9) 33 (28.4) 54 (20.6) 22 (16.4) 59 (24.5) 31 (26.7) 56 (21.4) 26 (19.4)

51-75 31 (12.0) 14 (10.5) 39 (16.3) 17 (14.7) 47 (17.9) 15 (11.2) 32 (13.3) 18 (15.5) 30 (11.5) 12 (9.0)

�76 51 (19.8) 31 (23.3) 43 (18.0) 13 (11.2) 38 (14.5) 23 (17.2) 43 (17.8) 9 (7.8) 19 (7.3) 8 (6.0)

Total days per follow-up
period classified as effusion
present, mean (SD), %

34.0 (38.4) 36.6 (38.6) 37.1 (33.4) 31.7 (29.3) 34.8 (32.5) 33.3 (31.9) 36.2 (32.1) 30.9 (27.7) 26.5 (26.1) 24.6 (23.6)

P value§ .49 .14 .85 .14 .92

*Percentages may not sum to 100 due to rounding.
†Influenza season was defined as January 3 to February 15, 2000, for the first cohort and as January 4 to March 30, 2001, for the second cohort.
‡For each cohort, the respiratory season was defined as the period from December 1 through March 31 of the respective following year.

Table 6. Selected Measures of the Potential Economic Impact of Influenza Vaccine During the Ensuing Respiratory Season*

Measure

First Cohort Second Cohort Total

Vaccine
(n = 267)

Placebo
(n = 134)

Vaccine
(n = 246)

Placebo
(n = 118)

Vaccine
(n = 513)

Placebo
(n = 252)

Visits to primary care physicians, mean (SD)† 1.97 (1.69) 2.07 (1.52) 2.2 (1.75) 2.12 (1.77) 2.08 (1.72) 2.10 (1.64)

Visits to emergency departments, mean (SD) 0.19 (0.48) 0.18 (0.49) 0.3 (0.58) 0.31 (0.56) 0.25 (0.54) 0.24 (0.53)

Children hospitalized, No. (%)‡ 33 (12.4) 17 (12.7) 33 (13.4) 7 (5.9)§ 66 (12.9) 24 (9.5)

Courses of antibiotics, mean (SD) 1.79 (2.36) 1.92 (2.37) 2.04 (2.57) 1.66 (1.76) 1.91 (2.46) 1.80 (2.11)

Instances of illness in any family member other
than the child, mean (SD)

2.74 (1.95) 2.59 (1.73) 2.86 (1.98) 2.73 (1.90) 2.80 (1.96) 2.65 (1.81)

Visits at which parents reported missing work,
No./Total (%)�

105/2004 (5.2) 58/1056 (5.5) 166/1767 (9.4) 57/878 (6.5) 271/3771 (7.2) 115/1934 (5.9)

Visits at which parents reported making other than
usual day-care arrangements, No./Total (%)

50/2004 (2.5) 31/1056 (2.9) 71/1767 (4.0) 33/878 (3.8) 121/3771 (3.2) 64/1934 (3.3)

*Treatment groups were compared applying the method of generalized estimating equations.13 For each cohort, the respiratory season was defined as the period from December
1 through March 31 of the respective following year.

†Includes study visits that were substituted for primary care physician visits.
‡Reasons for hospitalization include bilateral myringotomy and placement of tympanostomy tubes.
§Vaccine vs placebo (second cohort), P = .05.
�Limited to working families.
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By comparison, in both cohorts in our
study, the seroconversion rate to each
vaccine serotype was approximately
90%, and the vaccine was not more
likely to induce significant antibody re-
sponses in older than in younger chil-
dren. Nonetheless, among the few chil-
dren in our study whom we tested,
those who had prevaccination hemag-
glutination-inhibition titers of 1:10 or
higher (36% in the first cohort and 8%
in the second cohort) also had the high-
est postvaccination titers. It seems pos-
sible that lack of previous exposure to
influenza viruses on the part of our
study population contributed, in the
second year of the study, to the vac-
cine’s inability to prevent influenza, and
in both years, to its inability to reduce
the incidence of AOM. Finally, it is pos-
sible, although not likely, that the vac-
cines formulated for the 1999-2000 and
2000-2001 seasons were not as effec-
tive overall in preventing influenza as
vaccines formulated in previous years.

Given that our study did not find a
significant difference between vaccine
and placebo, it is important to consider
the magnitude of difference we were able
to detect. The 95% CIs for detecting a
difference between the vaccine and pla-
cebo groups in the proportion of chil-
dren with AOM during the respiratory
season were −13.4% to 7.4% for the first
cohort, −3.5% to 18.5% for the second
cohort, and −5.7% to 9.5% for the com-
bined cohorts. Accordingly, our study
cannot statistically eliminate the possi-
bility of a decrease in the proportion of
children with AOM of 13.4% for the first,
3.3% for the second, and 5.7% for the
combined cohorts. An additional con-
sideration is that only 15.9% of chil-
dren in the placebo group in the first co-
hort and 3.6% in the second cohort had
influenza, and therefore, only a small re-
duction of AOM could be expected in
the vaccine group.

Our study had a number of limita-
tions beyond the fact that, during its
second year, the incidence of influ-
enza in the community never reached
epidemic proportions. First, we per-
formed cultures for influenza using
throat swabs, a method chosen as less

invasive than using nasopharyngeal
swabs, which may have resulted in un-
deridentification of the virus. Second,
because our surveillance, although rela-
tively intensive, relied to some extent
on parents’ initiating visits for illness,
episodes of either influenza or AOM
might have been missed. And third, our
study was not powered to rule out the
possibility of differences in efficacy
within specific age subgroups.

Recently, the Advisory Committee on
Immunization Practices of the Centers
for Disease Control and Prevention and
the American Academy of Pediatrics is-
sued statements encouraging the vacci-
nation of children aged 6 to 23 months
against influenza,8 based on reports that
hospitalization rates in such children in-
crease during periods of influenza activ-
ity.15-17 Our study was not designed or
powered to detect differences in hospi-
talization rates. Although influenza vac-
cination did not reduce the occurrence
of AOM in the children we studied, the
limited protection we found against the
occurrence of influenza itself may be
viewed as lending support to immunize
healthy infants and young children.
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