
V

I
m
c

A

t

a

b

R
A

I

A
d
c

D
l

0
d

accine (2008) 26, 2466—2470

avai lab le at www.sc iencedi rec t .com

journa l homepage: www.e lsev ier .com/ locate /vacc ine

mpact of different case definitions for acute otitis
edia on the efficacy estimates of a pneumococcal

onjugate vaccine

rto Palmua,b,∗, Jukka Jokinena, Terhi Kilpi a,

he Finnish Otitis Media Study Group

National Public Health Institute, Helsinki, Finland
Tampere School of Public Health, Tampere, Finland

eceived 2 January 2008; received in revised form 3 March 2008; accepted 11 March 2008
vailable online 31 March 2008

KEYWORDS
Otitis media;
Conjugate vaccine;
Streptococcus
pneumoniae

Abstract Considerably higher vaccine efficacy estimate for clinical acute otitis media (AOM)
has been obtained for the 11-valent pneumococcal conjugate vaccine with protein D of
Haemophilus influenzae as a carrier (PncPD11) in the POET study than for the 7-valent pneu-
mococcal conjugate vaccine (PncCRM7) in the Finnish Otitis Media (FinOM) Vaccine Trial. We
recalculated PncCRM7 efficacy from the FinOM data using a case definition for AOM very close

to the POET definition and a definition giving an incidence for AOM in the control group compa-
rable to that obtained in the POET study. The different case definitions had only a slight impact
on the vaccine efficacy estimates compared to the original case definitions. We were not able
to show that the differences between the study results would be due to the case definitions
used.
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cute otitis media (AOM) is the most common cause of chil-
ren’s office visits in developed countries and also the most
ommon indication for antibiotic prescription and surgical
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served.

ntervention [1,2]. Streptococcus pneumoniae, or pneumo-
occus (Pnc) is the most frequent cause of AOM being
esponsible for up to a third of cases [3,4].

Prevention of otitis media would be of great importance
n reducing the morbidity, suffering, antibiotic consumption
nd costs of treatment. The advent of pneumococcal conju-

ate vaccines has shown promise in these regards. They have
roven efficacious against invasive disease and pneumonia
aused by pneumococcal serotypes covered by the vaccine
5]. In the Finnish Otitis Media (FinOM) Vaccine Trial [6], the
rotective vaccine efficacy (VE) of the 7-valent pneumococ-
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Impact of case definition on vaccine efficacy for AOM

cal conjugate vaccine (PncCRM7, Prevenar by Wyeth) against
culture confirmed pneumococcal AOM caused by vaccine
serotypes was 57%. On the other hand, the VE was only 6%
against all clinical AOM episodes. In the Northern California
Kaiser Permanente (NCKP) study [5] the efficacy of the
PncCRM vaccine against clinical AOM episodes was 7%. After
introduction of the vaccine in the national program, otitis
media office visits may have decreased as much as 20% [7].

Recently efficacy results of a novel 11-valent pneumo-
coccal conjugate vaccine with protein D of Haemophilus
influenzae as a carrier (PncPD11, GlaxoSmithKline Biolog-
icals) against AOM were reported from the POET study [8];
the VE estimates were considerably higher (34% with 95%
CI 21—44) against clinical AOM compared to those of the
currently available 7-valent pneumococcal conjugate vac-
cine. On the contrary, the VE estimates of the two vaccines
against AOM caused by the pneumococcal vaccine serotypes
were similar (57% for both vaccines), but the 11-PncPD also
reduced AOM due to non-typable Haemophilus influenzae
(NTHi) by 35% (95% CI 2—57) while PncCRM7 did not, VE
estimate being −11 (95% CI −34 to 8). It is noteworthy
that the observed incidence of AOM episodes in the control
group of the POET study (0.13 episodes/person year) was
only about one-tenth of the incidence rates seen in children
less than 2 years of age in the FinOM (1.24 episodes/person
year [6]) and NCKP (1.72 episodes/person year [9]) control
groups.

In addition to varying epidemiological circumstances and
the vaccine effect per se, differences in the study method-
ology could account for the observed differences in the
efficacy of the two vaccines. We therefore further analyzed
the data of the FinOM Vaccine Trial to see whether vac-
cine efficacy would depend on the case definition used.
Our specific aim was to make the results comparable to
the POET study by applying the definition used in that
study.

Methods

Subjects

Two thousand four hundred and ninety-seven subjects were
enrolled in the FinOM Vaccine Trial at the age of 2 months
[6,10] conducted by the National Public Health Institute,
Finland (KTL) in Tampere region in southern Finland from
December 1995 to March 1999. The FinOM Vaccine Trial was
a randomized, controlled double-blind efficacy study. The
primary objective was to assess the efficacy of each of two
7-valent pneumococcal conjugate vaccines (PncCRM7 and
PncOMPC7) against AOM caused by the vaccine serotypes,
compared to HBV vaccine as a control. This report comprises
results of the PncCRM vaccine compared to the control.
After informed parental consent 831 subjects were random-
ized to receive 7-valent pneumococcal conjugate vaccine
(PncCRM) and 831 subjects to receive control vaccine.
Follow-up of the study children

The children were followed in special study clinics from 2 to
24 months of age. Eight scheduled healthy visits were per-
formed for vaccination, interview, and collection of study
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amples at 2, 4, 6, 7, 12, 13, 18, and 24 months. Addi-
ionally, the parents were requested to bring the child to
he study clinic, whenever their child contracted symptoms
f respiratory infection, especially those of AOM. Check-up
isits for healing of AOM were conducted 3—5 weeks after
iagnosis.

Pneumatic otoscopy and tympanometry were used for
tological assessment of the children during the visits. The
tudy physicians were employed full-time for the trial and
hey had received special training for treatment of pediatric
espiratory infections, especially AOM. Diagnosis of AOM was
erified by myringotomy with aspiration performed by the
tudy physicians. Middle ear fluid (MEF) sample was obtained
or bacterial isolation and pneumococcal serotyping. For
acteriological methods, see [6,10].

accinations

he PncCRM7 vaccine was manufactured by Wyeth (West
enrietta, NY). It consisted of 2 �g of capsular polysaccha-
ides of pneumococcal serotypes 4, 9V, 14, 19F, and 23F,
�g of type 6B, and 2 �g of type 18C oligosaccharide. The
olysaccharides were individually conjugated with CRM197
rotein (a non-toxic mutant of corynebacterium protein
97).

Hepatitis B vaccine contained 5 �g of recombinant hep-
titis B surface protein. The vaccine was manufactured by
SD (West Point, PA).

The study vaccines were given intramuscularly at 2
onths (6—13 weeks), 4 months (14—21 weeks), 6 months

22—29 weeks), and 12 months (11—14 months) of age. Addi-
ionally, an interval of 6—11 weeks between the first three
accinations was required.

The following concomitant vaccines were given: DTP/Hib
ombination vaccine into the opposite thigh at 2, 4, and 6
onths of age and inactivated polio vaccine (IPV, IMOVAX®)

t 12 months of age.

efinitions of acute otitis media

riginal FinOM definition: AOM was defined as a visually
bnormal tympanic membrane in pneumatic otoscopy (in
egard of color, position and/or mobility) suggesting effu-
ion in the middle ear cavity, concomitantly with at least
ne of the following signs and/or symptoms of acute infec-
ion: fever, ear ache, irritability, diarrhea, vomiting, acute
torrhea not caused by external otitis, or other symptoms
f respiratory infection.

Modified POET study definition: In addition to a visually
bnormal tympanic membrane as described above, at least
wo of the following signs and/or symptoms were required:
ar pain, ear discharge, fever, irritability, anorexia, vom-
ting, or diarrhoea. Hearing loss and lethargy were also
ncluded in the symptom list of the original POET study, but
ata for these symptoms were not available in the FinOM

rial.

Severe acute otitis media: Severe AOM was defined as
pontaneous perforation or bulging tympanic membrane
TM) found in otoscopy in either ear accompanied by fever
f at least 38.0 ◦C.
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efinitions of events and episodes

n AOM event was a sick visit to the study clinic during
hich the diagnosis of AOM was made by the study physi-
ian irrespective of whether confirmation of the diagnosis
as obtained by myringotomy.

A new AOM episode started at the visit date with the
iagnosis of AOM if at least 30 days had elapsed since the
eginning of the previous event of AOM diagnosed in the
tudy clinics.

AOM caused by the vaccine serotypes was a culture-
onfirmed pneumococcal AOM caused by any of the
erotypes included in the pneumococcal conjugate vaccine.

new episode was considered to start if at least 30 days
ad elapsed since the beginning of the previous AOM caused
y the same serotype, or any interval if the serotype was
ifferent.

ollow-up periods

er protocol (PP) analyses were performed for assessment
f efficacy against any AOM as well as for AOM caused by
neumococcal vaccine serotypes. The PP period started 2
eeks after the completion of the primary series of vacci-
ation (i.e. the third dose at 6 months of age) and ended
n the day of discontinuation (death, relocation of the fam-
ly, withdrawal of consent, loss to follow-up, violation of
andomization or vaccination schedule, contraindication for
urther study vaccination, other reason) or on the day of
he close-out visit at the age of 24 months (±4 weeks). If
here was no discontinuation and the close-out visit was for
ome reason delayed beyond the period allowed in the pro-
ocol (age 24 months + 4 weeks), the follow-up period was
onsidered to end on the child’s second birthday.

Since the number of protocol violations was very low
only 82 of the 1662 children, i.e. 5%) and most of the AOM
pisodes occurred after the start of the PP follow-up period
i.e. after 6.5 months of age), intention to treat analyses
ave quite similar results as the PP analyses (data not shown)
nd we therefore only report the results of the PP analysis
ere.
thical evaluation

he trial was conducted according to the Declaration of
elsinki. The study protocol was approved by the Ethi-
al review board of the KTL, by the National Agency for
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Table 1 Incidence of AOM episodes caused by the vaccine sero
efficacy of the PncCRM7 vaccine, per protocol analysis

Endpoint for vaccine-type AOM Incidence, per 1000 pers

PncCRM Contro

Original FinOM definition 90 210
POET study definition 83 178
Severe AOM 26 47
Spontaneous perforations 3.4 11.1
A. Palmu et al.

edicines in Finland, and by the relevant local health
uthorities. Written informed consent was obtained from
he parents before enrollment.

tatistical analysis

he comparison of the risk of AOM between the treatment
roups was made by using a generalized Cox proportional
azards model to allow multiple episodes for the same child.
he problem due to recurrent episodes was addressed by
sing a robust variance estimation for the regression param-
ter. Vaccine efficacy was calculated as 1-relative risk. The
recision of the estimate was determined by using 95% con-
dence intervals.

esults

f the 1662 children randomized to the PncCRM and control
rms, 1632 entered the PP follow-up period starting 2 weeks
fter the third vaccination at 6 months of age and altogether
580 (95%) completed the follow-up at 24 months of age
ccording to the protocol.

The children in the treatment groups were similar in
egard to demographic characteristics and risk factors for
OM (for details, see [6]).

No major differences were seen between the vaccine
fficacy estimates obtained using different case defini-
ions for vaccine serotype AOM (Table 1). The highest
oint estimate of vaccine efficacy (69%, Table 1) was
een for the episodes with spontaneous perforations, but
he confidence intervals were wide. Only four episodes of
pontaneous perforation caused by the vaccine serotypes
ccurred in the PncCRM group as compared to 13 in the
ontrol. The break-through cases in the PncCRM group
ere caused by serotypes 19F (three cases) and 18C (one
ase).

As to any clinical AOM, the stricter case definitions with
onsequently lower incidence rates gave only slightly higher
oint estimates with wide confidence intervals (Table 2).
gain, highest point estimates (23%) were obtained for clin-

cal episodes associated with spontaneous perforations but
he incidence was very low (only 4% of the incidence for all

linical AOM in the control group).

The vaccine efficacy point estimates against NTHi
pisodes were 12 (95% CI 37—9) and 5 (95% CI 57—42) for
OET study definition and severe AOM definition, respec-
ively.

types using different endpoints and estimates of protective

on years Vaccine efficacy (%)

l Point estimate 95% CI

57 44—67
53 39—64
46 15—66
69 5—90
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Table 2 Incidence of clinical AOM episodes irrespective of microbial etiology using different endpoints and estimates of
protective efficacy of the PncCRM7 vaccine, per protocol analysis

Endpoint for clinical AOM Incidence, per 1000 person years Vaccine efficacy (%)

PncCRM Control Point estimate 95% CI

Original FinOM definition 1160 1240 6 −4 to 16
POET study definition 905 993 9 −3 to 19
Severe AOM 130 142 9 −16 to 28
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Spontaneous perforations 38 49

Discussion

The PncCRM vaccine efficacy against AOM was not signif-
icantly affected by the case definition used. The PncCRM
vaccine efficacy estimates against clinical AOM remained
well below the estimates presented for 11-PnPD when we
used the POET study case definition for AOM or a case defini-
tion giving similar incidence for AOM in the control arm as in
the POET study. Thus, our results do not support the conclu-
sion that the difference in the efficacy estimates would be
solely explained by the case definitions used in the different
studies.

There were a number of methodological similarities
between the FinOM and the POET studies, including the num-
ber of vaccinations (three primary doses and a booster at
12—15 months), duration of the per protocol follow-up peri-
ods, definitions of episodes, and confirmation of AOM and its
etiology by myringotomy.

However, case definition of AOM was not the only method-
ological difference between the FinOM and the POET trials.
In the FinOM study, open access study clinics were used for
endpoint capture while in the POET study referral by pedi-
atricians to ENT specialists was required. This may be one
reason for the considerably lower observed incidence of clin-
ical AOM in the POET study (125 vs. 1240 per 1000 person
years in the control group during the PP follow-up period
in the POET study and FinOM study, respectively). The low
AOM incidence in the POET study in fact casts doubt on
the generalizability of the results. The AOM episodes cap-
tured may have been a subgroup of the total number of
cases.

The time periods and sites in the studies were different.
Nevertheless, such huge differences between the incidences
would not be expected. Before the introduction of the pneu-
mococcal conjugate vaccine the incidence of AOM in infants
has been reported to have increased [11—13], although
opposite reports based on antimicrobial prescription rates
have been published more recently [14,15]. The Finnish inci-
dence is of the same magnitude as presented in US studies
[16], but few comparable studies are available for other
countries. In a Dutch register-based study [17], the general
practitioner consultation rate for AOM (282 per 1000 person
years in children <2 years of age) was considerably lower to

the FinOM trial rate, yet still higher than that reported in
the POET study.

The proportion of vaccine-type AOM episodes was higher
in the POET study (28% of clinical AOM episodes in the POET
study control group compared to 19% in the FinOM study
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ontrol group). This was partly due to higher proportion of
neumococcal AOM and partly due to higher proportion of
accine types within pneumococcal AOM. These differences
ay reflect true epidemiological differences but also differ-

nces in detection of cases. The higher number of vaccine
erotypes (11 vs. 7) did not have role on the vaccine impact
n the clinical AOM endpoint as the additional serotypes in
he 11-PnPD vaccine were quite rare in both studies except
or serotype 3 for which the 11-PnPD vaccine efficacy was
egative [8].

No serotype replacement was seen in the POET
tudy, while in the FinOM trial pneumococcal non-vaccine
erotypes were more common in the PncCRM group. It is
xpected that replacement would occur for all conjugate
accines as no cross-protection is anticipated in the absence
f a pneumococcal protein as a carrier.

We consider the FinOM study results valid and gen-
ralizable. The FinOM trial was a randomized controlled
ouble-blind trial. Over half (55%) of children born during
he enrolment period of 17 months were enrolled in the
rial. The adherence to the study protocol was excellent
nd only a low proportion of subjects discontinued the trial.
ajority (80%) of all AOM attacks reported during the study
ere diagnosed in the study clinics. The remaining 20% of
OM attacks had been diagnosed outside the study clin-

cs according to the parents when asked at the scheduled
ollow-up visits. These diagnoses were not validated in any
ay and these were not included in the analyses. Strictly
efined criteria using data collected prospectively were
mployed for the endpoints. Majority (92%) of AOM events
ere confirmed by the presence of middle ear fluid obtained
y myringotomy with aspiration or through a draining
erforation.

We were not able to show that the difference in the vac-
ine efficacy against clinical AOM between the FinOM and
he POET studies would be due to different case definitions.
e consider it likely that the different efficacy estimates

re a result of several factors, including varying epidemi-
logy of pneumococcus and its serotypes, the additional
fficacy of the PncPD11 vaccine against NTHi otitis, and,
ure chance. Furthermore, differences in study method-
logy, especially in case detection, make any comparison
ifficult.
cknowledgements
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