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Effects of Influenza Plus Pneumococcal Conjugate Vaccination Versus
Influenza Vaccination Alone in Preventing Respiratory Tract Infections in

Children: A Randomized, Double-Blind, Placebo-Controlled Trial

ANGELIQUE G.S.C. JaNSEN, MD, PHD, EvisageTH AM. SANDERS, MD, PHD, ARNO W. HoEks, MD, PHD, ANTON M. vaN LooN, PHD,
AND EELKO HAK, PHD

Objective To evaluate the effects of influenza vaccination with or without heptavalent pneumococecal conjugate vaccination
on respiratory tract infections (RTIs) in children.

Study design This was a randomized, double-blind, placebo-controlled trial comprising 579 children age 18 to 72
months with a previous history of physician-diagnosed RTI, recruited between 2003 and 2005. The children were assigned
to 2 doses of parenteral inactivated trivalent subunit influenza plus heptavalent pneumococcal conjugate vaccination
(TIV4+PCV7), influenza plus placebo vaccination (TIV+plac), or control hepatitis B virus vaccination plus placebo
(HBV+plac). Main outcome measures were febrile RTI and related polymerase chain reaction (PCR)-confirmed influenza,
primary care visits, antibiotic prescriptions, and acute otitis media (AOM) episodes.

Results During influenza seasons, febrile RTI were reduced by 24% (95% confidence interval [CI] = 1% to 42%) in the
TIV+PCV7 group and by 13% (95% CI = -12% to 32%) in the TIV+plac group compared with the control group. The occurrence
of PCR-confirmed influenza was reduced by 52% (95% CI = 7% to 75%) in the TIV+PCV7 group and by 51% (95% CI = 3% to
75%) in the TIV+plac group. Episodes of AOM were reduced by 57% (95% CI = 6% to 80%) in the TIV+PCV7 group and by 71%
(95% CI = 30% to 88%) in the TIV+plac group. Outside of the influenza seasons, no significant effects of vaccinations were
demonstrated on the studied outcomes.

Conclusions During influenza seasons, influenza vaccination with or without pneumococcal conjugate vaccination substan-
tially reduced cases of confirmed influenza and AOM episodes. (J Pediatr 2008;153:764-70)

espiratory tract infections (RTIs) continue to be the leading cause of acute illness worldwide, particularly in children.
Despite their marginal effects, ear, nose, and throat surgery and antibiotic therapy remain common treatments for
RTIs.'™ Because frequent use of antibiotics has been associated with increasing
bacterial resistance,”* preventive strategies, particularly immunizations, are becoming in-
creasingly attractive.
In children, influenza viruses and Streptococcus pneumoniae are common pathogens in
RTIs, and both are currently among a limited number of respiratory disease pathogens
that may be preventable by vaccination. In addition, evidence from animal and human

See related article, p 771

studies suggests that influenza virus and § preumoniae interact synergistically to cause
complicated infections;’ thus, simultaneous immunization against influenza virus and §
pneumoniae may be particularly effective.

The US Advisory Committee on Immunization Practices recently extended its
recommendations for influenza vaccination to include all children age 6 to 59 months.®
Many European countries are considering extending recommendations for influenza
vaccination to young children. However, little data are available from randomized con-
trolled trials on the effects of influenza vaccination in these groups.%9 Moreover, studies
on the effects of pneumococcal conjugate vaccination on common RTTs in this age group
are scarce, and are absent for influenza plus pneumococcal conjugate vaccination.'®! The

AOM Acute otitis media RTI Respiratory tract infection
cl Confidence interval TIV+PCV7 Influenza and heptavalent pneumococcal

GP General practitioner conjugate vaccination
HBV+plac  Hepatitis B virus and placebo vaccination TIV+plac  Influenza and placebo vaccination
PCR Polymerase chain reaction
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Table I. Vaccination schedule

First Second Third
vaccination vaccination*  vaccination
(September- (November- (October Total follow-up
Cohort Vaccination group (n) October) December) next year) time
2003 and 2004 (n = 363) Influenza plus pneumococcal TIV+PCV7 TIV+PCV7 TIV 18 months
vaccination (122)
Influenza vaccination alone (117) TIV+plac TIV+plac TIV 18 months
Control vaccination (124) HBV +plac HBV+plac HBV 18 months
2005 (n = 216) Influenza plus pneumococcal TIV+PCV7 TIV+PCV7 — 6 months
vaccination (75)
Influenza vaccination alone (70) TIV+plac TIV+plac — 6 months
Control vaccination (71) HBV+plac HBV+plac — 6 months
*Maximum of 60 days after the first vaccination.
current study was conducted to evaluate the effects of paren- | plus heptavalent pneumococcal conjugate vaccination

teral influenza vaccination plus heptavalent pneumococcal
conjugate vaccination and influenza vaccination alone in pre-
venting RTIs in preschool children.'?

METHODS

Participants and Recruitment

General practitioners (GPs) in the central Netherlands
selected children age 18 to 72 months with a previously
diagnosed RTI, registered according to the International
Classification of Primary Care'>': acute otitis media (AOM)
(H71); cough (with fever) (RO5); acute upper RTT (R74),
including common cold and pharyngitis; sinusitis (R75); acute
tonsillitis (R76); acute laryngitis/tracheitis (R77); acute bron-
chitis/bronchiolitis (R78); influenza (R80); pneumonia (R81);
pleurisy/pleural effusion (R82); and other respiratory infec-
tion (R83). Using this selection criterion increased the prob-
ability of the children having an RTT during the study period.
Exclusion criteria were verified using questionnaires com-
pleted by both the GPs and the parents and included chronic
asthma or recurrent wheezing (for longer than 3 months)
treated with corticosteroids; other disorders predisposing to
recurrent RTTs, such as Down syndrome and cleft palate; and
clinically significant hypersensitivity to eggs. Children with
previous serious adverse reactions to vaccines also were ex-
cluded, as were children who previously received influenza,
pneumococcal, or hepatitis B virus (HBV) vaccinations and
those with conditions for which these vaccinations are already
recommended, such as chronic cardiac and respiratory condi-
tions. The Medical Ethical Review Board of the University
Medical Center Utrecht approved the study protocol. Parents
were told about the study by their GP, and written informed
consent was obtained from both parents or legal guardian of
each child before study enrollment.

Procedures

Three cohorts of children were enrolled during Septem-
ber to October 2003, 2004, and 2005 (Table I). The children

were randomly assigned in blocks of 3 to trivalent influenza

(TIV+PCV7), TIV plus placebo vaccination (TIV+plac), or
control HBV plus placebo vaccination (HBV +plac) in a 1:1:1
ratio. The treatment group assignments were not revealed to
parents, investigators, research personnel conducting the fol-
low-up, or health care providers, all of whom remained
blinded throughout the study. The injections were adminis-
tered by nonblinded research nurses who were not involved in
subsequent follow-up and were instructed to not reveal the
intervention allocation. The vaccines were administered in-
tramuscularly in the deltoid or gluteal muscle (in separate
extremities). The pneumococcal and placebo vaccines were
administered in the right extremity; the influenza and HBV
vaccines, in the left extremity.

The vaccination schedule was similar for all 3 study
arms (Table I). The children received 2 vaccinations 4 to 8
weeks apart in the year of inclusion, and the first 2 cohorts of
children received a subsequent vaccination in the subsequent
year. To evaluate blinding, parents of the last 2 cohorts of
children were asked which vaccinations that they thought
their child had received just after the vaccinations were given
and at the end of the study. Just after the vaccination, 87% of
the parents either did not know or identified the wrong set of
vaccinations; at the end of the study, this percentage was 80%,
indicating successful blinding.

Vaccines

Inactivated TIV (Influvac) was supplied by Solvay, Weesp,
the Netherlands. The strains in the 2003-2004 formulation were
A/New Caledonia/20/99 (H1N1), A/Moscow/10/99 (H3N2),
and B/HongKong/330/01. The strains in the 2004-2005 for-
mulation were A/New Caledonia/20/99 (H1N1), A/Fuijan/
411/2002 (H3N2), and B/Shanghai/361/2002. The strains in
the 2005-2006 formulation included A/New Caledonia/20/99
(HIN1), A/California/7/2004 (H3N2), and B/Shanghai/361/
2002. The PCV7 (Prevenar; Wyeth Vaccines Research, Berk-
shire, United Kingdom) comprised 2 ug each of capsular poly-
saccharides of pneumococcal serotypes 4, 9V, 14, 19F, and 23 F;
4 g of serotype 6B polysaccharide; and 2 pg of serotype 18C
oligosaccharide, each conjugated individually to the CRM,,,
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protein. The placebo was a standard diluent (0.9% phosphate-
buffered NaCl; Solvay, Weesp, the Netherlands). The control
vaccine was the recombinant HBV vaccine (Engerix-B Junior;

GlaxoSmithKline, Rixenart, Belgium).

Clinical Outcome Measures

Follow-up of clinical outcomes for each participant
began 14 days after the second set of vaccinations and con-
tinued for 18 or 6 months, depending on the year of inclusion
(Table I). Each parent was instructed to keep a daily diary,
recording any clinical signs or symptoms associated with RTT,
including general weakness/malaise, rhinitis, sore throat, ear-
ache, coughing, wheezing/shortness of breath, and shivering/
muscle aches, and to characterize their severity on a scale of 1
(mild) to 3 (severe). The parent also was instructed to measure
the child’s body temperature (preferably at the end of the day)
using a validated electronic tympanic thermometer provided
by the trial center.’ The parent also was asked to record all
GP visits due to their child’s RTI-related complaints. For
each such visit, the GP was instructed to complete a form
including information on the diagnosis and possible antibiotic
prescriptions.

The primary study outcome was a febrile RTT, defined
as fever (tympanic temperature = 38.0°C) for at least 2
consecutive days accompanied by 1 or more of the aforemen-
tioned signs or symptoms of RTI with a moderate (ie, 2) or
severe (ie, 3) severity score. An incident RTT episode was
recorded as such only when it occurred after a period of at
least 5 days without fever and other RTT symptoms. Second-
ary outcomes were febrile RTI-related polymerase chain re-
action (PCR)-confirmed influenza (see below), GP visits,
antibiotic prescriptions, or a physician-diagnosed episode of
AOM.

During influenza seasons, the parent was instructed to
contact the trial center for evaluation for influenza if the child
had fever (tympanic temperature = 38.0 "C) for more than 1 day
accompanied by at least 1 RTI-associated sign or symptom of
severity score = 2. Within 4 days of onset of fever and symp-
toms, a trained research assistant obtained a nasopharyngeal
swab for viral determination. Each sample was analyzed by
real-time PCR for the presence of influenza A and B viruses.'®
Only 1 nasopharyngeal swab was obtained per influenza season
per child, to minimize discomfort to the child. For this study,
influenza season was defined as the period with more than 50
GP visits for influenza-like illness per 100 000 inhabitants per
week in the Netherlands (a total of 28 weeks over 3 consecutive
years), as recorded by the European Influenza Surveillance

Scheme (http://www.eiss.org).

Characteristics of Influenza Seasons

In the Netherlands, the 2003-04 influenza season
peaked with 149 patients visiting a GP for influenza-like
illness per 100 000 inhabitants.!” Almost all of the isolates
were influenza A/H3N2 viruses and appeared closely related
to influenza virus A/Fujian/411/02, a variant that had circu-
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lated in the 2002-03 season and deviated somewhat from the
vaccine strain A/Moscow/10/99 and formerly circulating
strains.”” The 2004-05 influenza season peaked with 240
GP-attended influenza-like illnesses per 100 000 inhabit-
ants.'® Again, most isolates were influenza A/H3N2 viruses
and appeared related to the new variant A/California/7/04,
which deviated to some extent from the vaccine strains. Al-
though the influenza A/HIN1 viruses were similar to the
vaccine strains, the influenza B virus isolates deviated signif-
icantly from the vaccine strains.'® The 2005-06 influenza
season included 2 peaks of activity with 138 and 98 GP-
attended influenza-like illnesses per 100 000 inhabitants.'’
The first peak was due mainly to influenza B viruses, which
differed significantly from the vaccine strains. The second
peak was attributed mainly to influenza A/H3N2-viruses,
which generally matched the vaccine strains.’

Dutch Pneumococcal and Influenza Vaccination

Guidelines for Children

In the Netherlands, pneumococcal conjugate vaccina-
tion was added to the national infant vaccination program in
April 2006, with no catch-up program for children under age
5 years. For influenza, Dutch immunization guidelines rec-
ommend vaccination only for children with high-risk medical
conditions, such as chronic cardiac or respiratory disease.

Statistical Analyses

We estimated that we would need at least 163 study
subjects per study arm (assuming a hazard rate for the primary
outcome of 5.0 per 1 000 days of follow-up during an average
influenza season duration of 60 days) to achieve 80% power to
detect a 45% reduction (hazard rate, 0.55), with a 2-sided «
of .05. Taking into account a 15% potential loss to follow-up,
we calculated that 187 subjects per arm were required. Alter-
natively, we also considered a more conservative approach,
estimating that we would need 200 study subjects per study
arm to detect a similar 45% reduction (risk ratio, 0.55) in the
probability of developing at least 1 febrile RTI, assuming a
15% probability of this outcome in the control group, a power
of 80%, and a 2-sided a of 0.05. Thus, our goal was to enroll
200 children in each of the 3 study arms.

All analyses were carried out on an intention-to-treat
basis. Relative risk (RR)—that is, the proportion of children with
at least 1 febrile RTT and febrile RTT with confirmed influenza
during influenza season in the vaccination groups versus the
control group—along with its 95% confidence interval (CI) was
determined using the Episheet spreadsheet for the analysis of
epidemiologic data (http://members.aol.com/krothman/episheet.
xls). Using the statistical package SAS version 8.02 (SAS Insti-
tute, Cary, North Carolina), the incidence rates of each outcome
(ie, number of events per day) during influenza seasons and
outside of influenza seasons were modeled using Poisson regres-
sion, accounting for the potential dependency of observations
within individuals. An offset was included in the model to
account for different observation times per individual. The inci-
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Table Il. Baseline characteristics of patients

TIV+PCV7 (n = 197)

TIV+plac (n = 187)

HBV+plac (n = 195)

Male sex, %
Mean age, years
Number of RTI episodes in preceding year, %
=3
4t06
=7
GP-diagnosed RTl in preceding year, n
Courses of antibiotics prescribed in preceding year, n
History of ENTsurgery, %
Asthma/wheezing in preceding year, %
Hay fever/allergic rhinitis in preceding year, %
Eczema in preceding year, %
Day care, %
Mean number of siblings, n
Breast-feeding < 3 months, %
Tobacco smoke exposure indoors, %

589 55.6 50.3
3.0 3.1 3.1
46 44 42
37 40 41
17 16 17
3.0 3.1 32
1.6 1.6 1.8
28.6 27.6 29.5
28.3 274 31.6
16.6 14.1 12.4
21.6 18.3 229
69.7 62.0 66.3
0.8 0.9 1.0
58.2 62.7 555
22.6 259 26.6

dence rate ratios with 95% Cls were based on maximum likeli-
hood estimates and their corresponding standard errors.

RESULTS

Study Population

A total of 579 children were enrolled, including 171 in
the first cohort, 192 in the second cohort, and 216 in the third
cohort (Table I). The baseline characteristics were similar in
all 3 study arms (Table II). A total of 471 children (81%)
completed the study; 41 (7%) were completely lost to follow-
up, and 67 (12%) had only partial follow-up (Figure). In
general, the vaccinations were well tolerated, and no imme-
diate or severe adverse events were recorded.

Febrile RTI

DURING INFLUENZA SEASONS. During the influenza seasons,
28% of the subjects in the TIV+PCV7 group and 34% of
those in the TIV+plac group had at least 1 febrile RTI
episode versus 39% in the control HBV +plac group, corre-
sponding to RRs of 0.72 (95% CI = 0.57 to 0.92) and 0.88
(95% CI = 0.70 to 1.10), respectively. In all 3 influenza
seasons together, a total of 330 episodes of febrile RTT were
reported, for an overall incidence rate of 6.1 per 1 000 child-
days of follow-up (5.2 in the TIV+PCV7 group, 6.1 in the
TIV+plac group, and 6.9 in the control HBV +plac group).
This relates to reductions of 24% (95% CI = 2% to 42%)
in the TIV+PCV7 group and 13% (95% CI = —13% to
33%) in the TIV+plac group compared with the control
group (Table III). These figures correspond to the need to
vaccinate between 9 and 17 children to prevent 1 such RTI
episode. Of the 330 febrile RTI episodes occurring during the
influenza seasons, 271 (82%) were in separate children, and
nose/throat swabs for influenza virus PCR analysis were ob-
tained in 117 of these episodes. Influenza virus type A or B
was identified in a total of 48 children, including 9% of the

children in the HBV+plac group, 4% of those in the
TIV+PCV7 group (RR = 0.48; 95% CI = 0.25 to0 0.93), and
5% of those in the TIV+plac group (RR = 0.49; 95% CI =
0.25 to 0.97). In these 48 confirmed cases of influenza, 5
involved AOM for which a physician was consulted (3 cases
in the HBV +plac group, 2 cases in the PCV7+plac group,
and no cases in the TIV+plac group).

Of the 330 febrile RTT episodes, 128 (39%) resulted in a
primary care visit, 66 (20%) resulted in an antibiotic prescrip-
tion, and 39 (12%) resulted in a physician diagnosis of AOM.
No significant differences in the rates of primary care visits or
antibiotic prescriptions were seen between the TIV+PCV7
and TIV+plac groups and the control group (Table III).
AOM episodes were reduced by 57% (95% CI = 10% to
80%) in the TIV+PCV7 group and by 71% (95% CI = 29%
to 88%) in the TIV+plac group compared with the control
HBV +plac group (Table III).

OUTSIDE OF INFLUENZA SEASONS. Outside of the influenza
seasons, a total of 504 episodes of febrile RTT and 183 (36%)
related GP visits, 101 (20%) antibiotic prescriptions, and 51
(10%) physician-diagnosed episodes of AOM were recorded.
No overall differences in the rates of any of these outcomes
were found among the 3 study arms (Table III). Similar
trends in vaccine effects were observed when data were ana-
lyzed by age at randomization (18 to 36 months vs 36 months
and older) (Table IV; available at www.jpeds.com).

DISCUSSION
This randomized, double-blind, placebo-controlled

trial comprising 579 children found that influenza vaccination
with or without heptavalent pneumococcal conjugate vacci-
nation was effective against confirmed influenza and AOM
episodes during the influenza seasons but appeared to be less
effective against febrile RTT episodes in general. These vac-

Effects of Influenza Plus Pneumococcal Conjugate Vaccination Versus Influenza Vaccination Alone
in Preventing Respiratory Tract Infections in Children: A Randomized, Double-Blind, Placebo-Controlled Trial 767


http://www.jpeds.com

3694 Children Assessed for Eligibility

3115 Excluded

Parents Refused Participation (97%) or
Children Met Exclusion Criteria (3%)

579 Randomized

197 Allocated to Receive:
Influenza Vaccine
Pneumococcal Vaccine
193 Received Allocated Intervention
4 Received Influenza and Placebo
Vaccines by Accident
20 Did Not Receive Second (4) and/or
Third (16) Vaccines due to:
9 Family Circumstances
6 Needle Phobia
2 Side Effect Vaccinations
1 Received Influenza Vaccination
2 Gave No Reason

187 Allocated to Receive:
Influenza Vaccine
Placebo Vaccine
185 Received Allocated Intervention
2 Received Influenza and Pneumococcal
Vaccines by Accident
24 Did Not Receive Second (11) and/or
Third (13) Vaccines) due to:
13 Family Circumstances
2 Needle Phobia
1 Side Effect Vaccinations
2 No Benefit Vaccinations
6 Gave No Reason

195 Allocated to Receive:
Hepatitis B Vaccine
Placebo Vaccine
194 Received Allocated Intervention
1 Received Influenza and Pneumococcal
Vaccines by Accident
24 Did Not Receive Second (7) and/or
Third (17) Vaccines due to:
7 Family Circumstances
3 Language Problems
3 Needle Phobia
2 Side Effect Vaccinations
2 Dissatisfaction Study Procedure
1 No Physical Complaints Anymore
6 Gave No Reason

34 Lost to Follow-up (16 Did Not Receive
Second and/or Third Vaccines):

12 Family Circumstances

22 Gave No Reason

39 Lost to Follow-up (23 Did Not Receive
Second and/or Third Vaccines):

15 Family Circumstances

2 No Benefit of vaccinations

35 Lost to Follow-up (23 Did Not Receive
Second and/or Third Vaccines):

6 Family Circumstances

3 Language Problem

* 8 Complete Loss to Follow-Up
* 26 Collectively Contributed 5,908 Person

Days

22 Gave No Reason
*19 Complete Loss to Follow-Up
Days * 20 Collectively Contributed 2,989 Person

2 Dissatisfaction Study Procedure
24 Gave No Reason
* 14 Complete Loss To Follow-Up
* 21 Collectively Contributed 5,082 Person
Days

163 Completed
67,867 Person Days Analyzed (14% missing)

148 Completed

60,515 Person Days Analyzed (20% missing)

160 Completed
67,679 Person Days Analyzed (15% missing)

Figure. Flowchart of the trial.

cinations appeared to have no beneficial effects outside of the
influenza seasons.

Recent meta-analyses on the effects of influenza vacci-
nation in healthy children of all ages reported reductions of
62% (95% CI = 45% to 75%),” 65% (95% CI = 45% to
77%),8 and 65% (95% CI = 47% to 76%)° in confirmed
influenza by parenteral inactivated influenza vaccination.
Within a subgroup of healthy preschool children, a statisti-
cally nonsignificant reduction in confirmed influenza of 58%
(95% CI = —20% to 86%) was reported based on 2 random-
ized controlled trials covering each influenza season with a
total size of only 132 children.” In the current study, com-
prising 579 children and covering 3 influenza seasons, we had
adequate power to observe statistically significant effects of
51% (95% CI = 3% to 75%) and 52% (95% CI = 7% to 75%)
on confirmed influenza in the 2 vaccination groups, corre-
sponding to the estimates from meta-analyses.

The effects on influenza-like illness in healthy chil-
dren of all ages reported by meta-analyses have varied from
reductions of 28% (95% CI = 22% to 33%) to 45% (95%
CI = 33% to 55%).”” In children under age 6 years, a
statistically nonsignificant reduction in influenza-like ill-
ness of 48% (95% CI = —98% to 86%) was found.” A

recent randomized study in preschool-age children cover-
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ing a single influenza season found significant reductions of
33% in upper RTI, 22% in lower RTI, 26% in febrile
respiratory illness, and 32% in antibiotic prescriptions from
influenza vaccination. Such reductions are difficult to in-
terpret, however, because the control group did not receive
placebo or control vaccinations.?%?! We found reductions
in febrile RTT of 24% (95% CI = 2% to 48%) in the
TIV+PCV7 group and 13% (95% CI = —13% to 33%) in
the TIV+plac group during the influenza seasons.

These vaccine effect estimates appear low compared
with those reported in previous studies. But our definition of
febrile RTT likely covers more illnesses than those more
narrowly defined as influenza-like illnesses. Typically, less-
specific definitions of diagnoses will result in smaller relative
reductions. Obviously, even during the influenza season, a
large proportion of febrile RTTs in children is caused by other
pathogens, including rhinoviruses, human coronaviruses,
parainfluenza viruses, adenoviruses, and particularly season-
ally active respiratory syncytial virus, which often co-circulates
with influenza virus.>>?* Nonetheless, we found reductions in
AOM episodes of 57% (95% CI = 6% to 80%) in the
TIV+PCV7 group and 71% (95% CI = 30% to 88%) in the
TIV+plac group, indicating the pivotal role of influenza
viruses in this condition.
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Table Ill. Incidence rates of outcomes by follow-up period and treatment group

Incidence per 1000

Incidence rate ratio P value for overall differences

Condition Group child days (95% ClI) among the 3 study groups
Influenza season

Febrile RTI TIV+PCV7 5.2 (4.2 to 6.5) 0.76 (0.58 to 0.99) A3
TIV+plac 6.0(5.0t07.2) 0.87 (0.68 to 1.12)
HBV +plac 6.9 (5.9t082)

GP visit TIV+PCV7 2.2 (1.6 to 3.0) 0.75 (0.50 to 1.12) 15
TIV+plac 2.0 (1.4t02.7) 0.67 (0.45 to 1.02)
HBV+plac 29 (23t03.7)

Antibiotic prescription TIV+PCV7 1.0 (0.6 to 1.6) 0.73 (0.40 to 1.32) .57
TIV+plac 1.2 (0.8 to 1.9) 0.89 (0.50 to 1.61)
HBV +plac 1.4 (0.9 to 2.1)

AOM TIV+PCV7 0.5 (0.3 to 1.0) 0.43 (0.20 to 0.94) .0l
TIV+plac 0.4 (0.2 to 0.8) 0.29 (0.12 to 0.70)
HBV +plac 1.2 (0.8 to 1.9)

Outside influenza season

Febrile RTI TIV+PCV7 4.0 (3.4t04.7) 1.20 (0.95 to 1.52) .29
TIV+plac 3.5(29t04.2) 1.05 (0.82 to 1.34)
HBV +plac 3.3(28t03.9)

GP visit TIV+PCV7 1.2 (0.9 to 1.6) 0.82 (0.56 to 1.21) .54
TIV+plac 1.2 (0.9 to 1.7) 0.82 (0.55 to 1.23)
HBV+plac 1.5 (.1 to 1.9)

Antibiotic prescription TIV+PCV7 0.7 (0.5to I.1) 0.89 (0.54 to 1.44) .33
TIV+plac 0.6 (0.4 t0 0.9) 0.67 (0.39 to 1.16)
HBV +plac 0.8 (0.6 to 1.2)

AOM TIV+PCV7 0.5(0.3t0 0.7) 2.00 (1.02 to 3.93) A3
TIV+plac 0.3 (0.2 to 0.6) 1.41 (0.65 to 3.03)
HBV+plac 0.2 (0.1 to 0.4)

Our findings are in agreement with those of previous
nonrandomized and/or unblinded studies in preschool chil-
dren that reported a 40% to 62% reduction in AOM from
parenteral inactivated subunit influenza vaccination.”*? A
recent meta-analysis of 6 (quasi-) randomized controlled trials
reported a 32% reduction in AOM (95% CI = —16% to 60%)
by parenteral inactivated influenza vaccination among healthy
children of all ages.9

Although pneumococcal conjugate vaccinations have
been demonstrated to be highly effective against invasive
pneumococcal disease and, to a lesser extent, against pneu-
monia,?® they appear to be less effective in mucosal infections
such as upper RTTs, including AOM. Two randomized con-
trolled trials on pneumococcal conjugate vaccinations in in-
fants have reported reductions in AOM of 6% to 806.27:28
Studies of pneumococcal conjugate vaccinations in older chil-
dren are scarce. One previous double-blind, randomized, pla-
cebo-controlled study on nonavalent pneumococcal conjugate
vaccinations in children age 12 to 35 months attending day
care reported reductions of 15% (95% CI = 4% to 24%) in
upper RTTs, 16% (95% CI = 2% to 28%) in lower RTTs, and
17% (95% CI = —2% to 33%) in AOM episodes.'® However,
another trial of PCV7 followed by pneumococcal polysaccha-
ride vaccination in children with recurrent AOM found no
beneficial effect on AOM. We found no overall significant
difference in the occurrence of GP-diagnosed AOM episodes

among our study groups outside the influenza seasons. Our

data suggest that preventing the viral infection that precedes
AOM is an important variable.

Although the present study was not adequately powered
to detect relatively small effects, such as 8% reduction, our
data suggest a trend toward increase in the PCV7 group. The
lack of an effect on either all-cause RTT or physician-attended
AOM episodes by PCV7 may have been caused, at least in
part, by changes in nasopharyngeal carriage after vaccination,
with a shift from serotypes covered by the vaccine to nonva-
ccine serotypes and other colonizing bacteria of the nasophar-
ym{.”’31 Although rates of vaccine serotype RTI may de-
crease, the replacement pathogens may have pathogenic
potential,27 possibly even causing an increase in the rates of
RTI by nonvaccine serotype pneumococci and other nasopha-
ryngeal colonizing flora.>*? This replacement phenomenon
may affect older children in particular.11’33 Future studies
should address this issue in more depth.

The fact that we did not obtain nasopharyngeal swabs
for influenza PCR testing in every RTT episode prevented us
from determining the total incidence of confirmed influenza
in the different study arms and thereby the estimated absolute
vaccine effect. But because the episodes during which swabs
were obtained were not selected based on patient character-
istics (eg, age), disease characteristics (other than the previ-
ously defined criterion of at least 2 days of fever accompanied
by at least 1 RTT-associated sign or symptom with a severity
score of 2), or study arm (randomized, double-blind trial), it
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is unlikely that the missing data had an impact on the relative
vaccine effect. Another potential limitation of this study is the
fact that influenza virus activity was mild during the 2003-04
and 2005-06 influenza seasons, and that the circulating in-
fluenza virus A subtype H3N2 strain suboptimally matched
the vaccine strain in the 2003-04 and 2004-05 influenza
seasons, as also occurred for the influenza B viruses in the
2004-05 and 2005-06 seasons.’”*? This mild influenza virus
activity and suboptimal vaccine matching may have led to
underestimation of the effect of influenza vaccination that can
occur during a severe epidemic.

The authors thank the children and parents who participated in
this study, as well as Yvonne Schonbeck and Nelly van Eden for
their help with the trial profocol, patient recruitment, and data
collection.
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Table IV. Incidence rates of outcomes by follow-up period, treatment group, and age at randomization

Incidence per 1000 child days

Condition Group <3.0 years at randomization =3.0 years at randomization
Influenza season

Febrile RTI TIV+PCV7 5.2 (3.9t0 6.9) 54 (40to0 7.4)
TIV+plac 6.7 (5.4 to 8.4) 4.9 (3.6 to 6.6)
HBV +plac 7.2 (5.9 t0 8.9) 6.5 (5.0 to 8.4)

GP visit TIV+PCV7 2.2 (1.4 t03.3) 22 (1.4t03.5)
TIV+plac 2.5 (1.8 to 3.6) 1.0 (0.5 to 2.1)
HBV +plac 3.2 (2.3t04.3) 2.5 (1.6 t0 3.9)

Antibiotic prescription TIV+PCV7 0.9 (0.5to 1.6) 1.3 (0.7 to 2.6)
TIV+plac 1.6 (1.9 to 2.7) 0.6 (0.2to 1.7)
HBV +plac 1.5 (1.0 to 2.4) 1.1 (0.6 to 2.4)

AOM TIV+PCV7 0.6 (0.2to 1.3) 0.5(0.2to 1.4)
TIV+plac 0.6 (0.3to 1.3) 0.0
HBV +plac 1.5 (0.9 to 2.5) 0.8 (0.4 to 1.7)

Qutside influenza season

Febrile RTI TIV+PCV7 44 (3.6t05.4) 3.3(24t044)
TIV+plac 4.1 3.3t0 5.0) 2.7 (1.9 to 3.6)
HBV +plac 34(28t04.2) 32(24t04.2)

GP visit TIV+PCV7 1.3 (0.9 to 1.8) 1.1 (0.7 to 1.8)
TIV+plac 1.4 (1.0 to 2.0) 0.9 (0.5 to 1.6)
HBV +plac 1.5 (1.0 to 2.0) 1.5 (0.1 to 2.2)

Antibiotic prescription TIV+PCV7 0.8 (0.5to0 1.2) 0.7 (0.4 to 1.2)
TIV+plac 0.6 (0.4to I.1) 0.5 (0.2 to 1.0)
HBV +plac 0.9 (0.6 to 1.3) 0.8 (0.5 to 1.4)

AOM TIV+PCV7 0.5 (0.3 t0 0.8) 0.4 (0.2 to 0.8)
TIV+plac 0.4 (0.2 t0 0.7) 0.3 (0.2 t0 0.9)
HBV +plac 0.2 (0.1 to 0.5) 0.3 (0.1 to 0.6)
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