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Background: Pneumococcal conjugate vaccines reduce the incidence of invasive pneumococcal diseases,
pneumonia, acute otitis media (AOM), and antimicrobial prescriptions in children. We investigated the
effectiveness of at least one dose of the ten-valent pneumococcal Haemophilus influenzae protein D con-
jugate vaccine (PHiD-CV10; GSK) against respiratory tract infections (RTIs) in children under two years of
age.

Methods: 424 children enrolled in a cluster-randomized, double-blind Finnish Invasive Pneumococcal

i?l'] ‘;‘;O(r)‘ziséis edia disease (FinIP) vaccine trial during the years 2009-2010 were actively followed in a prospective cohort
Children study (STEPS study) for RTIs from birth to two years of age. Children received the PHiD-CV10 vaccine,

or a control vaccine (hepatitis A or B vaccine) according to an age-specific schedule. Data on RTIs were
collected by symptom diaries, clinic visits, an electronic registry on hospitalizations, and by nasal swab
samples analyzed for respiratory viruses. We estimated the vaccine effectiveness against all RTI episodes
and RTI episodes with or without AOM by comparing the corresponding incidence rates between PHiD-
CV10 vaccinated and control children, adjusted for presence of siblings and cluster as a random effect.
Results: A total of 3193 RTI episodes were documented after the first vaccination in 368 children with all
data available. The majority of the illnesses were upper RTIs caused by rhinovirus. The PHiD-CV10-
vaccinated children had lower mean annual rates of all RTI episodes (6.4; 95% confidence interval [CI],
6.0-6.8) and RTI episodes with AOM (1.0; 95% CI, 0.9-1.2) as compared to the control children (7.4;
95% (I, 6.8-8.0 and 1.3; 95% CI, 1.1-1.6, respectively). The vaccine effectiveness was 12% (95% CI,
2-22%) against all RTIs, 23% (95% CI, 0-40%) against RTIs with AOM, and 10% (95% CI, 0-19%) against
RTIs without AOM.

Conclusions: Vaccination with PHiD-CV10 resulted in lower rates of RTIs in children under two years of
age compared to children vaccinated with control vaccine.
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1. Introduction nasopharyngeal colonization by the vaccine serotypes of pneumo-

cocci through protecting against their acquisition [9-11].

Pneumococcal conjugate vaccines prevent invasive disease,
pneumonia, and acute otitis media (AOM) caused by Streptococcus
pneumoniae, and they reduce prescriptions of antibiotics in chil-
dren [1-8]. The conjugate vaccines also reduce asymptomatic
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Colonization of the nasopharynx serves as a reservoir for trans-
mission of bacteria and constitutes the first step in the develop-
ment of diseases. Pneumococcal colonization is more common in
childhood than in adulthood and up to 87% of children are colo-
nized with pneumococcus before two years of age [12,13]. Higher
prevalence of pneumococcal colonization is associated with pres-
ence of respiratory symptoms, higher number of siblings, lower
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socioeconomical status, and certain genetic variants in the host
immune system [12,14-17].

Development of pneumococcal AOM, pneumonia, and invasive
disease during or after influenza or other respiratory virus infec-
tion has been well described in clinical studies, and the viral-
bacterial synergism has been modelled in small animals [18-22].
The effects of viruses on the epithelium of the respiratory tract
make it favorable for bacterial colonization. Viruses may impair
the ciliary function, damage the epithelium, and expose receptors
for bacterial adhesion [23-27]. Specific alterations occur in the
host immune response mechanisms during and after respiratory
virus infection, inducing a period of vulnerability to bacterial infec-
tions [28]. In turn, bacterial colonization may affect viral infections.
Colonizing bacteria increase epithelial cell susceptibility to virus
infection and facilitate attachment of viruses to cells [29,30].

In children, pneumococcal colonization is more frequent during
respiratory virus infections compared to the healthy state [31].
Rhinovirus infection in children increases acquisition of pneumo-
cocci from outside the family and facilitates transmission of pneu-
mococci between family members [15]. In colonized individuals,
bacterial density increases in the nasopharynx during viral infec-
tions, which may facilitate further spread of the bacteria in the res-
piratory tract and transmission to other people [32-34]. Bacterial
colonization during a viral infection has been related to increased
symptoms and longer duration of viral infection [11,35,36]. At
the population level, several studies have described temporal asso-
ciations between circulation of respiratory viruses and increased
incidence of pneumonia and invasive pneumococcal diseases
[15,37-41].

Because of the important role of viral-bacterial interactions in
the pathogenesis of respiratory tract infections (RTIs), the impact
of pneumococcal conjugate vaccines can be hypothesized to reach
beyond strictly-defined pneumococcal infections. Supporting this
hypothesis, pneumococcal vaccination reduced not only bacterial
pneumonia hospitalizations but also virus-positive pneumonia
hospitalizations in a randomized trial [42]. Furthermore, a reduc-
tion in the overall rate of RTIs after immunization of children with
a pneumococcal conjugate vaccine has been described [8].

The vast majority of RTIs are caused by respiratory viruses, rhi-
novirus being the most frequently detected virus. Nevertheless,
pneumococcal conjugate vaccines may affect the rates of noncom-
plicated RTIs because of interactions between respiratory viruses
and colonizing pneumococci. Because of the high disease burden
of RTIs in children, it is important to estimate the overall impact
of pneumococcal conjugate vaccines on RTIs. We assessed the total
effectiveness of the ten-valent pneumococcal Haemophilus
influenzae protein D conjugate vaccine (PHiD-CV10; GSK) on all
RTIs during the first two years of life in children who received at
least one dose of the vaccine before 19 months of age in a
cluster-randomized trial.

2. Methods
2.1. Study design and conduct

A total of 923 children were followed for RTIs and their viral eti-
ology from birth until two years of age in a prospective cohort
study (STEPS Study) from April 2008 through April 2012. No selec-
tion criteria other than knowledge of the Finnish or Swedish lan-
guage by the parent(s) were applied with regard to the
recruitment of children to the STEPS Study. Data on RTIs were col-
lected by daily symptom diaries, study clinic visits, and from the
electronic registry of the Hospital District of Southwest Finland.
Parents were asked to document all symptoms of RTIs as well as
all physician visits and associated diagnoses in the diary. If an eval-

uation by a physician was needed, parents were encouraged to
bring the child to a special study clinic, where clinical findings
were examined and documented. Data on hospitalizations were
collected from the electronic registry. Nasal swab samples were
collected from both nostrils for virus diagnostics at the onset of
an RTI either by a physician at the study clinic or at home by
trained parents who sent them to the study clinic by mail [43,44].

Of the 923 children, 424 were enrolled in a separate Finnish
Invasive Pneumococcal disease (FinIP) vaccine trial in 2009-2010
[2]. These 424 children were the study population of the present
study, which was planned in the STEPS Study and the FinlIP trial
protocols. FinIP was a controlled, cluster-randomized, double-
blind field trial designed to assess the effectiveness of PHiD-CV10
against invasive pneumococcal disease. In the FinlIP trial, children
younger than 19 months were randomized to receive PHiD-CV10
or a hepatitis B or A vaccine as control. The vaccination schedule
was based on the child’s age at the time of enrollment. Children
younger than 7 months of age at first vaccination followed either
a3+1ora2+1 vaccination schedule, those 7-11 months of age
followed a 2 + 1 schedule, and those 12-18 months of age followed
a two-dose schedule. Hepatitis B vaccine was given to control chil-
dren under 12 months of age and hepatitis A vaccine to control
children over 12 months of age.

Children were recruited to the FinlP trial by nurses working in
local well-baby clinics of the public health care centers or by the
Tampere University Vaccine Research Centre conducting a parallel
AOM trial. The areas of participating study clinics were divided
geographically into 78 clusters (52 PHiD-CV10 and 26 control clus-
ters) according to the administrative structures and birth cohort
sizes of the centers. The southwest part of Finland (Turku area)
where the STEPS study was conducted included 11 clusters. In
seven clusters children received the PHiD-CV10 vaccine and in four
clusters the control vaccine [2].

The STEPS study was approved by The Ministry of Social Affairs
and Health and the ethics committee of the Hospital District of
Southwest Finland. The FinIP vaccine trial was approved by rele-
vant ethical review boards and competent authorities and it was
registered at ClinicalTrials.gov (numbers NCT00861380 and
NCT00839254). The parents of the participating children gave their
written, informed consent separately for the STEPS Study and the
FinIP trial.

2.2. RTI episodes

An episode of acute RTI was defined as rhinitis, cough, or
wheezing, with or without fever, documented in the diary by the
parents, or by a physician as a diagnosis of an acute RTI. If the
symptoms were continuous and nasal swab samples were col-
lected repeatedly, or if there were repeated diagnoses of pneumo-
nia, AOM, or wheezing illness during continuous symptoms, one
RTI episode was defined to last 14 days. If the data from diaries
were missing, symptoms and diagnoses 1 day before and 14 days
after the nasal swab collection were linked with the virological
results [45,46].

2.3. Virus detection

Rhinoviruses, enteroviruses, and respiratory syncytial virus
(RSV) were detected by multiplex, quantitative reverse
transcription-polymerase chain reaction (RT-qPCR) with dual-
labeled locked nucleic acid probes as described earlier [47,48].
All specimens collected during influenza seasons were analyzed
for influenza A and B viruses by RT-qPCR [49]. Eighty-nine percent
of all samples were also analyzed for influenza A and B viruses,
parainfluenza type 1, 2 and 3 viruses, adenovirus, human
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metapneumovirus, and RSV by a laboratory developed antigen
detection test.

2.4. Statistical analysis

Categorical variables were compared with the Chi-square test.
The Mann-Whitney test was used to compare the duration of infec-
tion episodes between the PHiD-CV10-vaccinated and control-
vaccinated children. Incidence rates of RTI episodes were esti-
mated as the total number of RTI episodes divided by the follow-
up time. The vaccine effectiveness (VE) was defined as (1-relative
incidence rate) x 100. The VE determined in this cluster random-
ized trial is the total VE comparing PHiD-CV10-vaccinated and
control-vaccinated children from the corresponding vaccination
clusters. To account for possible heterogeneity across children in
the rate of RTI episodes, VE was estimated using negative binomial
regression with a log link and the follow-up time as the offset.
Because of cluster-randomization, cluster identifier was included
as a random effect in the regression model. As the number of vac-
cination clusters was small we considered potential confounding
and added background variables that differed between the groups
(older siblings, living in urban vs. non-urban residential area, and
socioeconomic status of the family) to the model one-by-one.
The adjustment for older siblings had minor effect and adjust-
ments for residential area and socioeconomic status had no impact
on the VE estimates. These variables correlated with each other.
We have earlier reported from the STEPS Study that of these back-
ground variables only the older siblings is a risk factor for RTIs and
acute otitis media [45]. Therefore, only older siblings were
included in the final model as a confounder. Combined data from
the 3+ 1 and 2 + 1 vaccination schedules were used in the analy-
ses. We report point estimates and 95% confidence intervals (CI).
The data were analysed using SPSS version 23 and R version 3.4.3.

3. Results
3.1. Study population

Of the 424 children who participated in both the STEPS Study
and the FinlP trial, 25 were excluded because of an error in the ran-
domization and further 31 children were excluded because of
missing information on RTIs after the first study vaccination. Of
the 368 children included in the analysis, 47% were female and
40% had older siblings. Most study families lived in an urban area
and 73% of parents had higher education level (Table 1). The PHiD-
CV10 and control vaccine groups differed from each other in terms
of type of residential area (urban vs. non-urban), presence of older
siblings, and the socioeconomic status of the family, reflecting dif-
ferences in the social structure between the geographical locations
of the FinIP clusters within the STEPS study area.

3.2. Vaccinations and follow-up

The PHiD-CV10 vaccine was administered to 236 children and
the control vaccine to 132 children. The first vaccination was given

at the time of recruitment to the FinlIP trial; 266 children received
their first vaccine at the age of 6 weeks to 6 months, 38 at the age
of 7-11 months, and 64 at the age of 12-18 months. The median
duration of the follow-up for RTIs after the first vaccination was
1.4 (interquartile range [IQR], 1.0-1.7) years. After stratification
into three groups by age at the first vaccination, the median dura-
tions of follow-up were 1.7 (IQR, 1.2-1.7), 1.2 (0.7-1.3), and 0.9
(0.5-1.0) years, respectively.

3.3. Characteristics of RTI episodes

During the follow-up, which started from the first FinlIP trial
vaccination, a total of 3193 episodes of RTI were documented in
the 368 children included in the analysis (median 9, IQR 4-12).
Eight children (2%) did not have any reported RTIs during the
follow-up. The median duration of RTIs was 7 (IQR 4-12) days.
The median duration between the first vaccination and the first
RTI episode was 0.17 (IQR, 0.07-0.31) years. In 59 RTI episodes,
symptoms started within two weeks after the first vaccination.
The majority of illnesses were upper RTIs. AOM was detected in
521 (16%), wheezing in 93 (3%), and pneumonia in 12 (0.4%) epi-
sodes. Antibiotics were prescribed in 629 (20%) episodes. Outpa-
tient visits at physician offices were documented in 1289 (40%)
episodes. Twelve children were hospitalized during 26 RTI epi-
sodes. Wheezing illnesses were the most common reason for hos-
pital treatment.

3.4. Viral etiology of RTIs

Nasal swab samples for virus analysis were taken during 1679
(53%) RTI episodes. Samples were routinely collected at study clinic
visits but during episodes without a study clinic visit the parents
collected the samples with a variable activity, which explains
why all RTI episodes could not be analyzed for virus etiology. Virus
was detected in 1227 (73%) of tested episodes. There were no sig-
nificant differences in the detection rate of respiratory viruses or in
the distribution of viral etiologies of RTIs between the PHiD-CV10
and control groups (Fig. 1). A respiratory virus was detected in 72%
(809/1123, 95% CI, 0.69-0.75) of RTI episodes in PHiD-CV10-
vaccinated and in 75% (418/556, 95% CI 0.71-0.79) of episodes in
control children. Rhinovirus was detected most frequently, in
59% (661/1123, 95% CI, 0.55-0.62) of RTI episodes in PHiD-CV10
vaccinated and in 63% (349/556, 95% CI, 0.59-0.67) of episodes in
control, followed by RSV in 5% (59/1123, 95% CI, 0.04-0.07) and
6% (32/556, 95%, CI, 0.04-0.08) of RTIs, respectively. Data on virus
diagnostics were available for 267 (51%) of AOM related episodes.
A virus was detected in 73% of samples collected during RTIs with
AOM, and there were no differences in virus findings between chil-
dren who had received the PHiD-CV10 or control vaccine (Fig. 2).

3.5. VE for RTI episodes
RTI episodes were less common in children who received PHiD-

CV10 than in children who received the control vaccine. The
respective incidence rates (95% CI) were 6.4 (6.0-6.8) and 7.4

Table 1

Characteristics of the 368 study subjects.
Characteristic Total,n/N (%) PHiD-CV10, n/N (%) Control, n/N (%) p
Female 172/368 (47) 113/236 (48) 59/132 (45) 0.56
Older siblings 148/368 (40) 82/236 (35) 66/132 (50) 0.004
Parents education level professional 24/6/337 (73) 147/212 (69) 99/125 (79) 0.049
Living in the urban area 304/358 (85) 208/228 (91) 96/130 (74) <0.001
Mother smoking during pregnancy or during the first 4 months 18/327 (6) 14/210 (7) 4/117 (3) 0.22
Length of pregnancy > 37 weeks 350/368 (95) 224/236 (95) 126/132 (95) 0.82

N = number of subjects with data available.
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Fig. 1. Viruses detected in nasal swab samples collected during symptomatic RTIs
in children who received PHiD-CV10 or the control vaccine. Rhino- and
enteroviruses (HEV) were detected with PCR, respiratory syncytial virus (RSV)
and influenza (INF) A and B viruses with PCR and/or antigen tests, and parainfluenza
virus (PIV) 1, 2, and 3, human metapneumovirus (HMPV), and adenovirus with an
antigen test. There were no significant differences by the Chi-square test in the
proportion of detected viruses between the PHiD-CV10-vaccinated and control
children. Coinfection means here simultaneous detection of 2 or more viruses.
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(6.8-8.0) per person-year (Table 2). The vaccine effectiveness (VE)
of PHiD-CV10 against all RTI episodes was 12% (95% CI, 2-22%).

The VE was 23% (95% CI, 0-40%) against RTI episodes with AOM
and 10% (0-19%) against episodes without AOM (Table 2). Children
in the PHiD-CV10 group also had fewer antibiotic prescriptions for
RTIs than children in the control group. The median duration of RTI
episodes was 8 days (IQR, 5-12) in PHiD-CV10-vaccinated and
7 days (4-11) in control children (p = 0.078).

The VE against rhinovirus-positive RTIs was 8% (95% CI, —13 to
25%). A higher VE was found against RTI episodes from which a
nasal swab sample was not available for virus analysis (23%; 95%
Cl, 9-35%). The VE against episodes with AOM and without a nasal
swab sample was 49% (95% CI, 27-64%). Durations of episodes with
nasal swab samples were significantly longer compared to epi-
sodes where the swab was not collected (median, 9; IQR, 6-13
vs. 6; IQR 3-10, p < 0.001).

In children who received the first vaccine at the age of 6 weeks
to 6 months, the mean annual incidence rate of all RTI episodes
was 6.4 (95% CI, 6.0-6.8) in the PHiD-CV10 group and 7.3
(6.7-8.0) in the control group (Table 3). The VE was thus 12%

Control children
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438 (No antibiotic or AOM)
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Fig. 2. Venn diagrams of the numbers of episodes with acute otitis media (AOM), antibiotic prescription, and/or viral finding in children vaccinated with PHiD-CV10 or
control vaccine (upper boxes), and of the numbers of episodes with AOM and/or antibiotic prescription in children without nasal swab samples (lower boxes).

Table 2

The effectiveness of PHiD-CV10 against RTIs. The effectiveness is the relative reduction in the incidence rate of RTI episodes, based on comparing the PHiD-CV10-vaccinated and
control children. The effectiveness estimates are adjusted for the effect of vaccination cluster and siblings.

Incidence rate of RTI episodes (per person-year) (95% CI)

Vaccine effectiveness, % (95% CI)

PHiD-CV10-vaccinated children (n = 236)

Control children (n=132)

All RTI episodes 6.4 (6.0-6.8)
RTIs with AOM 1.0 (0.9-1.2)
RTIs without AOM 5.4 (5.0-5.7)
RTIs with antibiotic use 1.2(1.0-14)
RTIs with any virus 2 5 (2.3-2.38)
RTIs with rhinovirus (1.8 -2.3)
RTIs without any virus 1 0 (O 9-1.1)
RTIs without nasal swab sample 29(26-3.1)

7.4 (6.8-8.0) 12 (2-22)

1.3 (1.1-1.6) 23 (0-40)

6.1 (5.6-6.6) 10 (0-19)

1.6 (1.3 - 2.0) 24 (3 - 40)
2.7 (23 -3.1) 4(-15 - 21)
2.3 (1.9 - 2.6) 8 (-13 - 25)
0.9 (0.7 - 1.1) ~11(-40 - 13)
3.7 (33 -43) 23 (9 - 35)

A total of 3193 RTI episodes were documented and 1679 (53%) of these episodes were tested for viruses.
AOM, acute otitis media; CI, confidence interval; PHiD-CV10, ten-valent pneumococcal Haemophilus influenzae protein D conjugate vaccine; RTI, respiratory tract infection.
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Table 3
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The effectiveness of PHiD-CV10 against RTIs in children < 7 months of age and children 7 to 18 months of age at the time of vaccination. The effectiveness is the relative reduction
in the incidence rate of RTI episodes, based on comparing the PHiD-CV10-vaccinated and control children. The effectiveness estimates are adjusted for the effect of vaccination

cluster and siblings.

Incidence rate of RTI episodes (per person-
year) (95% CI), children < 7 months of age at
the time of first vaccination

Incidence rate of RTI episodes (per person-
year) (95% Cl), children 7-18 months of age
at the time of first vaccination

PHiD - CV10 - Control children  Vaccine effectiveness ~ PHiD - CV10 - Control children  Vaccine effectiveness
vaccinated (n=182) (n=84) % (95% CI) vaccinated (n = 54) (n=48) % (95% CI)
All RTI episodes 6.4 (6.0-6.8) 7.3 (6.7-8.0) 12 (0-21) 6.5 (5.6-7.6) 7.6 (6.5-8.9) 15 (—7 to 31)
RTIs with AOM 1.0 (0.8-1.1) 1.2 (0.9-1.5) 19 (-9 to 39) 1.3 (0.9-1.8) 1.6 (1.1-2.4) 22 (32 to 54)
RTIs without AOM 5.4 (5.0-5.8) 6.1 (5.5-6.8) 10 (-2 to 20) 5.2 (4.5-6.2) 6.0 (5.1-7.1) 13 (-9 to 31)
RTIs with antibiotic 1.0 (0.8-1.1) 1.2 (0.9-1.5) 19 (-9 to 39) 1.3 (0.9-1.8) 1.6 (1.1-2.4) 22 (—32 to 54)
use
RTIs with any virus 2.5(2.2-2.8) 2.6 (2.2-3.1) 0(-21to 19) 2.6 (2.0-3.3) 2.8 (2.2-3.6) 23 (32 to 55)
RTIs with rhinovirus 2.1(1.8-2.3) 2.2 (1.8-2.6) 3(-21to 23) 2.1 (1.6-2.7) 2.4 (1.9-3.2) 19 (—32 to 50)
RTIs without any virus 1.0 (0.9-1.1) 0.8 (0.6-1.0) —24 (-69 to 8) 1.0 (0.7-1.3) 1.2 (0.8-1.6) 13 (34 to 43)
RTIs without nasal 2.8 (2.6-3.2) 3.8 (3.3-44) 26 (11-38) 2.9 (2.2-3.8) 3.6 (2.7-4.8) 13 (—43 to 47)

swab sample

A total of 3193 RTI episodes were documented and 1679 (53%) of these episodes were tested for viruses.
AOM, acute otitis media; CI, confidence interval; PHiD-CV10, ten-valent pneumococcal Haemophilus influenzae protein D conjugate vaccine; RTI, respiratory tract infection.

(95% CI, 0-21%). In children vaccinated with the catch-up sched-
ules, there were no statistically significant differences in the rate
of all RTI episodes or RTI episodes with or without AOM between
the PHiD-CV10 and control groups. These groups of children were
relatively small.

4. Discussion

In this analysis, we utilized the unique setting of the FinIP vac-
cine trial and the STEPS observational birth cohort study conducted
within the same region and period of time. We combined data of
children participating in both studies and found that vaccination
with the ten-valent pneumococcal conjugate vaccine (PHiD-
CV10) was associated with a 12% reduction (95% CI, 2-22%) in
the rate of RTIs in children under two years of age. The effective-
ness of pneumococcal vaccination was seen in RTI episodes both
with and without AOM. These findings suggest that the PHiD-
CV10 vaccine may prevent part of noncomplicated RTIs (i.e., with-
out concomitant AOM, sinusitis, or pneumonia) in children,
although these infections are primarily caused by viruses. Our
study can be regarded as a vaccine probe study that increases
understanding of the disease burden preventable by the PHiD-
CV10 vaccine [50].

Pneumococcal conjugate vaccines are highly effective in pre-
venting invasive pneumococcal diseases. Several studies have
reported substantial decreases also in the rates of AOM, pneumo-
nia, and antibiotic prescriptions, despite the fact that the pneumo-
coccus is only one of the agents causing AOM or pneumonia [1,7,8].
Any impact of the pneumococcal vaccines on all RTIs, most of
which are limited to the upper respiratory tract and are caused
by viruses, has remained largely unknown. Sigurdsson et al ana-
lyzed the impact of introducing PHiD-CV10 in the childhood
immunization program on hospital visits and admissions for over-
all RTIs, AOM, pneumonia, and bronchiolitis in Iceland [8]. In addi-
tion to a 26% reduction in all-cause AOM, there was a significant
reduction in all RTIs in children 1-2 years of age. In a randomized,
controlled study in Israel, the rate of respiratory tract illness epi-
sodes and use of antibiotics were reduced in children who received
the nine-valent pneumococcal conjugate vaccine [7]. Our findings
are in accordance with these earlier reports.

Increased nasopharyngeal colonization by pathogenic bacteria
occurs in both noncomplicated and complicated viral RTIs
[51,52]. Almost all AOM cases develop during a viral RTI [46]. In
our study, all AOMs were related to symptomatic RTIs, which were

mostly caused by rhinovirus or other respiratory viruses. The
decrease in the rate of AOM after pneumococcal vaccination has
been explained by reduced nasopharyngeal colonization and
spread to the middle ear of pneumococci during viral respiratory
infection [53,54]. However, the decrease in colonization by pneu-
mococcal vaccine serotypes may also affect the development of
symptomatic viral RTIs by preventing attachment of viruses to
the host cells [29,30].

We found an effect of the PHiD-CV10 vaccine on the incidence
rate of RTIs but not on the duration of symptoms during RTI epi-
sodes. The effect on RTIs was seen especially in those episodes, par-
ticularly with AOM, from which nasal swab samples were not
obtained. We have previously reported that these episodes were
milder and shorter in duration than episodes in which nasal swab
samples were taken [46]. Our results suggest that prevention of
colonization by the pneumococcal vaccine serotypes could inhibit
development of symptoms in viral infections. Other studies have
documented that symptoms of viral respiratory infection are stron-
ger and last longer in the presence of bacterial colonization [36,55].
Cebey-Lopez et al reported that the severity of viral infection was
reduced in children who had received pneumococcal conjugate
vaccine [11]. The effects of vaccine-type pneumococcal coloniza-
tion on symptoms of respiratory virus infection might be due to
a stronger immune response during the viral-bacterial coinfection
or colonization, even in the absence of pneumococcal complica-
tions such as AOM or pneumonia. The inflammatory response
increases during RSV infection in cultured human epithelial cells
challenged with pneumococci but not in those negative for bacte-
ria, and the virulence of the pneumococcus may also increase [27].

Taken together, earlier findings on viral-bacterial interactions
support our findings: the effect of pneumococcal conjugate vacci-
nes may extend beyond specific etiology-proven pneumococcal
diseases. This effect would bring substantial benefits for families
with children, as well as for the society, because of the high disease
burden caused by all-cause RTIs in children. Our results suggest
that vaccine-type pneumococci contribute to the development of
RTlIs, either independently or in combination with viruses, and that
the disease burden caused by vaccine-type pneumococci is larger
than previously anticipated. Alternatively, protection against H.
influenzae due to the carrier protein of PHiD-CV10 could have a role
in our findings, or there could be nonspecific vaccine effects on
other targets than the vaccine-type pneumococci or H. influenzae.

The FinIP vaccine trial was a nation-wide cluster-randomized
trial and there were too few clusters coinciding with the catchment
area of the STEPS Study to ensure complete balance of all potential
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confounders between the PHiD-CV10 and control vaccine groups.
The families of children in the PHiD-CV10 clusters had on average
lower parental educational level, lived more often in the urban
area, and had less children than the families of the control children.
However, in Finland the differences in living conditions between
the urban and non-urban area, and between different socioeco-
nomic levels are rather subtle. The presence of siblings is known
to increase the incidence of RTIs [45]. To account for any of these
differences across areas, we adjusted the estimates of vaccine
effectiveness for cluster effects and siblings. A limitation of this
study is that we did not analyze pneumococcal nasopharyngeal
colonization or the bacterial etiology of AOM episodes.

In conclusion, we found that vaccination with the ten-valent
pneumococcal conjugate vaccine reduced the rate of all symp-
tomatic RTIs and the rates of RTIs with or without AOM in children
younger than 2 years. If corroborated by other studies, this would
be an additional benefit of PHiD-CV10. Our results suggest that
the potentially vaccine-preventable disease burden associated
with the pneumococcus in young children may be higher than pre-
viously estimated.
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