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Global Control of Pneumococcal Infections by Pneumococcal Vaccines
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Abstract: Streptococcus pneumoniae is a major worldwide cause of morbidity and mortality. Pneumococcal
carriage is considered to be an important source of horizontal spread of this pathogen within the community.
Pneumococcal conjugate vaccine (PCV) is capable of inducing serotype-specific antibodies in sera of infants, and
has been suggested to reduce nasopharyngeal carriage of vaccine-type pneumococci in children. PCV is generally
immunogenic for pediatric patients with invasive pneumococcal disease, with an exception for the infecting
serotypes. Based on evidences from the clinical trials of PCV, the health impact of childhood pneumococcal
pneumonia appears to be high in developing countries where most of global childhood pneumonia deaths occur.
PCV vaccination may prevent hundreds of deaths per 100,000 children vaccinated in developing countries, while
PCV vaccination is expected to prevent less than 10 deaths per 100,000 children vaccinated in the developed
countries. Therefore, the WHO has proposed a strategy to reduce the incidence of severe pneumonia by 75% in
child less than 5 years of age compared to 2010 levels by 2025.

Key words: Streptococcus pneumoniae, Bacterial colonization, Invasive pneumococcal disease, Pneumococcal

conjugate vaccine, Serotype-specific IgG, Opsonization index, Childhood pneumonia, WHO

PNEUMOCOCCAL DISEASES AND PNEUMOCOCCAL
CONJUGATE VACCINE

Streptococcus pneumoniae is a major worldwide
cause of morbidity and mortality resulting from pneumo-
nia, bacteremia, and meningitis [1]. An important feature is
that pneumococcal diseases will not occur without preced-
ing nasopharyngeal (NP) colonization with homologous
strain [2]. Pneumococcal carriage is considered to be an
important source of horizontal spread of this pathogen
within the community. Crowding in the hospital or day-
care center, increases horizontal spread of pneumococcal
strains. The rates of NP colonization of S. preumoniae
were found to be 20 to 40% in healthy children in Japan
[3] and Thailand (Oishi K, et al. unpublished data). In con-
trast the rate of NP colonization of S. pneumoniae was
reported to be high (approximately 90%) in Gambia,
Africa [4].

Antibodies to pneumococcal capsular polysaccharide
(CPS) and complement provide protection against pneu-
mococcal strains with homologous or cross-reactive
capsular serotypes [5]. The seven-valent pneumococcal

conjugate vaccine (PCV7) is capable of inducing serotype-
specific antibodies in sera of infants, and has been sugges-
ted to reduce nasopharyngeal carriage of vaccine-type
(VT) pneumococci in toddlers, possibly by preventing
acquisition rather than by eradicating pneumococci from
the NP [6, 7].

The introduction in 2000 of PCV7 for children in the
United States younger than 2 years and children aged 2—4
years in a high-risk category was effective, dramatically
reducing the incidence of invasive pneumococcal disease
{IpD) [8, 9].

In Japan, PCV7 was licensed in October 2009, the
Japanese government began to subsidize it for children less
than 5 years of age in November 2010. PCV7 for children
under 5 years of age was subsequently included in the rou-
tine immunization schedule at public expense in April
2013. According to “Research report on evidence of and
measures for improvement of usefulness of vaccination”
(Ihara-Kamiya Research Project that started in 2007), inci-
dence of IPD per 100,000 population under the age of five
decreased significantly owing to the immunization pro-
gram. Namely, meningitis decreased from 2.8 in 2008-
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2010 to 0.8 in 2012 (decrease by 71%), and non-meningitis
IPD from 22.2 to 10.6 (decrease by 52%) (http://
www.nih.go.jp/niid/ja/iasr-vol34/3343-iasr-397 .html).

Vaccine-induced protective immunity is currently
estimated by measuring the concentrations of serotype-
specific immunoglobulin G (IgG) using enzyme-linked
immunosorbent assay [10] and the opsonization index (OI)
using a multiplex opsonophagocytic assay [11]. We
recently determined the geometric mean concentration
(GMC) of serotype-specific IgG and the geometric mean
titers (GMT) of Ols among 17 pediatric patients with IPD
using paired sera obtained at the onset of IPD and after
PCV doses following the resolution of IPD. The GMCs of
serotype-specific IgG for all PCV7 serotypes other than
serotype 6B were significantly increased after the last
PCV7 dose compared with those at the time of IPD onset
(Table 1), as were the GMTs of Ols for all PCV7 serotypes
(Table 2). These data suggest that PCV7 is generally
immunogenic for pediatric patients with IPD, with an
exception for the infecting serotypes [12].

Tropical Medicine and Health Vol.42 No.2 Supplement, 2014

ImpacT oF CHILDHOOD PNEUMONIA AND
PrneumMococcal CONJUGATE VACCINE WORLDWIDE

Determining the cause of pneumonia in young chil-
dren is difficult, but nearly all studies undertaken in the
developing world have identified S. preumoniae as the
most frequent bacterial cause of severe pneumonia [13]. In
2003, the World Health Organization (WHO) estimated
that up to 1 million children die each year from pneumo-
coccal disease, primarily pneumococcal pneumonia [14].
Currently, the WHO provisionally estimates that pneumo-
coccal infections are responsible for 1.6 million deaths
each year, including approximately 716,000 deaths among
children < 5 years of age [15]. Therefore, the health impact
of childhood pneumococcal pneumonia appears to be high
in developing countries, especially those with high child
mortality rates, where > 90% of global childhood pneumo-
nia deaths occur [16].

Several clinical trials of PCV have been conducted in
African countries. PCV9 reduced the incidence of IPD
caused by vaccine serotype in human immunodeficiency
syndrome (HIV)-negative children by 83% and that of
radiological pneumonia by 20% [17]. Another study repor-

Table 1. Comparison of serotype-specific IgG concentrations between the time of onset of invasive pneumococcal disease (IPD)
and after PCV7 vaccination in 17 children following the resolution of IPD.
serotype serotype specific IgG concentrations (pg/ml) P-value
at the first blood sampling at the second blood sampling first vs. second

4 0.46 (0.26-0.81)* 4.08 (3.23-5.16) <0.01

6B 0.97 (0.58-1.62) 1.47 (0.82-2.65) 0.266
A% 0.34 (0.19-0.61) 3.97(2.91-5.42) <0.01
14 1.76 (0.92-3.36) 6.30 (3.63-10.94) <0.01
18C 0.41 (0.22-0.76) 3.63 (2.69-4.91) <0.01
19F 1.23 (0.80-1.89) 3.51 (2.48-4.96) <0.01
23F 0.69 (0.40-1.21) 2.66 (1.52-4.67) <0.01

*Numbers in parentheses, 95% CI

Table 2. Comparison of serotype-specific opsonization index (OI) between the time of onset of invasive pneumococcal disease
(IPD) and after PCV7 vaccination in 17 children following the resolution of IPD.

serotype serotype specific OI (Log,, OI) P-value
at the first blood sampling at the second blood sampling first vs. second

4 0.63 (0.42-0.96)* 3.54 (3.36-3.70) <0.01

6B 0.53 (0.36-0.79) 1.64 (0.94-2.60) <0.01
A% 0.80 (0.43-1.46) 3.60 (3.34-3.81) <0.01

14 0.78 (0.43-1.38) 3.71 (3.54-3.90) <0.01
18C 0.93 (0.57-1.51) 3.53 (3.29-3.69) <0.01
19F 0.65 (0.41-1.01) 3.13 (2.85-3.38) <0.01
23F 0.56 (0.37-0.85) 3.04 (2.21-4.06) <0.01

*Numbers in parentheses, 95% CI
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ted that PCV9 efficacy was 37% against first episode of
radiological pneumonia [18]. Furthermore, PCV9 reduced
the incidence of pneumonia-associated with any of respira-
tory viruses in children by 31% [19]. This finding also
suggests that S. pmeumoniae plays a major role in the
development of pneumonia-associated with respiratory
viruses, and viruses contribute to the pathogenesis of bac-
terial pneumonia. These effects of PCV against childhood
pneumonia were found in the clinical trials in African
countries, but not in developing countries in Asia.

Based on the accumulated evidences, the impact of
PCV vaccination on childhood illness and mortality in the
developing countries appears to be much greater than that
in industrialized countries. PCV vaccination is expected to
prevent about 700 deaths per 100,000 children vaccinated
in developing countries, such as Gambia, while in the Uni-
ted States, PCV vaccination is expected to prevent 6 deaths
per 100,000 children vaccinated [20]. The authors also
demonstrated that analysis of expected health impact of the
Global Alliance for Vaccines and Immunization (GAVI)
eligible countries illustrated the values of accelerated PCV
may prevent 3.7 millions child deaths. According to this
idea, the WHO has proposed a strategy to reduce mortality
from pneumonia in children less than 5 years of age to
fewer than 3 per 1000 births and to reduce the incidence of
severe pneumonia by 75% in child less than 5 years of age
compared to 2010 levels by 2025 [21].
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The 7-valent pneumococcal conjugate vaccine (PCV7) and Haemophilus influenzae type b (Hib) vaccine
reduce nasopharyngeal carriage of vaccine-type bacteria, which may in turn influence the presence of
other nasopharyngeal bacterial pathogens. To investigate this possibility, nasopharyngeal carriage of
potential pathogens was examined before and after official financial support was provided to offer the
PCV7 and Hib vaccines in healthy children attending a day care centre in Japan during 2011-2012.
Despite a virtual disappearance of PCV7 serotypes over time, the overall pneumococcal carriage rate
remained unchanged. Although others have reported an increase in PCV13 serotypes following PCV7
vaccination, only non-PCV13 serotypes were observed to have increased in this study. The majority of
H. influenzae isolates were non-typeable and Hib was not found. Our data identified an unexpected
pattern of pneumococcal serotype replacement following PCV7. Continuous monitoring of pneumococcat
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carriage is important for decisions regarding the future of national vaccination policy in Japan.
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The 7-valent pneumococcal conjugate vaccine (PCV7) and
Haemophilus influenzae type b (Hib) vaccine prevent nasopharyn-
geal acquisition and transmission of 7 serotypes of pneumococci
and Hib in children, respectively [1-3]. Vaccinating children with
both PCV7 and Hib vaccines offers effective protection against
invasive disease due to PCV7 serotypes and Hib in all age groups
[3—5]. However, in many countries, the nasopharyngeal flora of
PCV7-vaccinated children is immediately occupied by non-PCV7
but PCV13 serotype pneumococci either due to true replacement,
unmasking, or capsular switch, resulting in a similar overall
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pneumococcal carriage rate [1]. As a result, PCV13 vaccination is
now a prevailing strategy to prevent against severe pneumococcal
disease, including invasive pneumococcal disease (IPD), in the US
and Europe. In Korean children, Streptococcus pneumoniae serotype
19A is increasingly recognized as a cause of IPD prior to the intro-
duction of PCV7 [G]. In Japanese children, rates of invasive pneu-
mococcal disease (IPD) due to 19A and non-PCV13 serotypes
increased soon after the introduction of PCV7 [7].

In Japan, the PCV7 and Hib vaccines were not approved by the
Japanese Ministry of Health, Labor and Welfare until January of
2007 and 2008, respectively. Therefore, it was not possible to have
children voluntarily vaccinated against Hib and PCV7 until late
2008 and 2009, respectively. In November 2010, the Japanese
Ministry of Labour Health and Welfare established a Provisional
Special Fund and recommended vaccination of children with Hib
vaccine and PCV7 for the Urgent Promotion of Vaccination. After

1341-321X/$ — see front matter © 2013, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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this, Hib vaccine and PCV7 were formally added to the immuniza-
tion schedule for Japanese infants in 2013.

Since February 2011, Hib and PCV7 vaccines have been publically
funded for children under 5 years old in Chiba Prefecture, However,
because these vaccines were not yet widely accessible in Japan,
vaccination rates among infants and younger children at risk were
estimated to be 40—60% at the end of 2011. Therefore, the aim of
this study was to investigate the nasopharyngeal carriage of bac-
teria in healthy children before and immediately after official
financial support was provided for these vaccinations.

After obtaining written informed consent from at least one
parent, a nasal swab was taken from the participating child and the
parent was asked to complete a standardized short questionnaire,
The study population consisted of 57 children.

Approval for this study was obtained from the Medical Ethical
Committee of Chiba University (no.1120).

Children attending a day care centre at Chiba University Hospital
were studied from February 2011 to October 2012 with nasopha-
ryngeal swabs taken every 6 months. At least one of their parents
worked at Chiba University Hospital. Parents of the participating
children completed a brief survey about their PCV7 and Hib
vaccination history. Samples of nasopharyngeal flora were obtained
from the children with a nylon flocked flexible sterile Copan E-swab
according to World Health Organization standard procedures [8].
After sampling, all swabs were directly inoculated in a liquid me-
dium and plated within 1 h at the Microbiology Laboratory of Chiba
University Hospital. All swabs were processed by the same labo~
ratory and cultured to detect the presence of S. pneumoniae, H.
influenzae and Moraxella catarrhalis according to standard bacteri-
ological procedures for conventional cultures. One pneumococcal
colony per plate was subcultured and serotyped by Quellung re-
action using type-specific antisera from the Statens Serum Institute
(Copenhagen, Denmark). To determine the sequence type (ST) of
the isolates, muiti-locus sequence typing (MLST) was performed as
described previously [9]. STs were determined by an internet
database search at http://spneumoniae.nlst.net/.

One H. influenzae colony per plate was subcultured and sero-
typed using a slide agglutination test using six monovalent antisera
(serotypes a-f} manufactured by Remel (Remel Inc., Lenexa, KS,
USA). Specimens were also inoculated on Hib antiserum agar pre-
pared with Levinthal base and Hib antiserum as described previ-
ously [10].

SPSS statistics 18.0 software was used to examine differences in
distribution between the studied populations. The crude odds ratio
(OR) and Mantel—Haenszel OR stratified by age with 95% confi-
dence intervals (Cls) were calculated using the y? test. A P value of
<0.05 was considered statistically significant.

Table 1 shows the baseline characteristics of the children who
participated in the study. A total of 57 children aged from 5 months
to 6 years were enrolled in the study. Twenty children participated
once and 37 children participated more than once with 11, 22 and 4
children participating 2, 3 and 4 times, respectively. During the
course of the study, no participants hospitalized with IPD or inva-
sive Hib disease.

The number of non-immunized children and children vacci-
nated on a catch-up schedule gradually decreased, while the
number of fully immunized children increased during this study.

S. pneumoniae, H. influenzae, M. catarrhalis and Staphylococcus
aureus were isolated from nasopharyngeal culture as pathogenic
bacterial species of interest. Because S. aureus was detected at a
very low rate (n = 6), specific bacterial species refers to
S. pneumoniae, H. influenzae and M. catarrhalis in this report. The
distribution of carriage of each pathogen is shown in Table 2.
Overall carriage rates of pathogenic bacteria were 47.6% (n = 59) for
S. pneumoniae, 35.5% (n = 44) for H. influenzae and 58.1% (n = 72)

Table 1
Characteristics of the children participating in this study.
Mar. 2011 Oct. 2011  Mar. 2012 Oct. 2012

Children 29 35 32 28
Male 18 20 22 16
Female 11 15 10 12
Age group
<1lyr 2 4 3 0
1yr 6 12 10 9
2yr 9 8 8 9
3yr 5 5 3 5
4 yr 2 2 4 4
>5yr 5 4 4 1
PCV7 status
Fully immunized (4 doses) 4 4 8 13
Catch up® (1—-3 doses) 11 14 12 9
On going” (1--3 doses) 5 12 9 4
Not immunized® 9 5 3 2
Hib vaccine status
Fully immunized (4 doses) 5 5 5 12
Catch up® (13 doses) 12 10 13 9
Ongoing” (13 doses) 8 16 12 7
Not immunized® 4 4 2 0

@ Catch up: a child first vaccination started after 7 months old and finished with
reduced doses.

b Ongoing: a child who has not completed his or her vaccination schedule.

¢ Not immunized: a child who has not been immunized.

for M. catarrhalis. No significant association was found between
gender and colonization by specific bacterial species. The age-
specific recovery of specific nasopharyngeal pathogens is shown
in Fig. 1. S. pneumoniae and M. catarrhalis carriage rates were
observed to decline with age, while H. influenzae carriage rates
remained almost the same. Younger age (<24 months) was
significantly associated with S. pneumoniae colonization
(OR = 1639, 95% Cl 1147-2.343, P = 0.008). Carriage of
H. influenzae was not associated with age. M. catarrhalis declined
with age and was significantly more prevalent among children

Table 2
Characteristics of bacterial isolates.

Mar. 2011 Oct. 2011 Mar. 2012 Oct. 2012 MLST (No.

of isolates)
Total No.of S. 16 15 14 14
pneumoniae
PCV7 serotypes 7 (43.8%) 3(20.0%) 1(7.1%) 0(0%)
6B 4 2 0 0 ST902 (5)
ST5233 (1)
19F 3 0 1 0 ST8454 (1)
ST236 (3)
23F 0 1 0 ¢] ST242 (1)
Non-PCV13 9(56.2%) 12 (80.0%) 13 (92.9%) 14 (100%)
serotypes
23A 2 1 0 0 ST338 (3)
15A 1 2 1 2 ST63 (6)
15C 1 ¢] 1 2 ST199 (4)
34 3 7 1 0 ST7388(11)
35B 1 2 7 2 ST2755 (12)
37 1 0 0 0 ST447 (1)
15B 0 0 3 0 ST199 (3)
6C 0 0 0 3 ST2942 (1)
ST5823 (2)
11AJE 0 0 0 3 ST8737 (3)
10A 0 0 4] 1 ST5236 (1)
Non-typeable 0 0 0 1 ST4845 (1)
Total No.of H. 5 4 24 11
influenzae
Type d 0 0 0 1
Type e 1 1 4 [¢]
Type f 1 0 0 0
Nontypeable Hi 3 3 20 10
Total No.of M. 19 12 27 14

catarrhalis
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Fig. 1. Recovery of specific nasopharyngeal pathogens with age.

under 48 months (OR = 1.857, 95% CI 1.073-3.214 P = 0.006).
Almost one third (n = 45, 36.3%) of the cases had only one respi-
ratory pathogen. More than one pathogen was colonized in 56 cases
(45.2%). Thirty-six cases (29.0%) had two respiratory pathogens and
20 children (16.1%) had three species. Even when the influence of
age was eliminated using the Mantel—-Haenszel test, a positive as-
sociation was noted for co-colonization with S. pneumoniae and
M. catarrhalis (OR 4.878, 95% Cl 1.442—16.495, P = 0.009). No sig-
nificant associations were observed between the presence of
H. influenzae and colonization with the other two bacterial species.

We then analyzed the characteristics of 59 S. pneumoniae and 44
H. influenzae isolates. Near complete eradication of PCV7 serotype
carriage was observed within 2 years of announcement of the
Provisional Special Fund recommendation for PCV7 immunization.
The 6B and 19F PCV7 serotypes were also effectively eliminated
following vaccination (Table 2). Although previous studies have
reported vaccination to produce an emergence of PCV13 serotypes
6A and 19A, only non-PCV13 serotypes were identified in this
study. In PCV7 immunized children (including on going immuni-
zation schedule), 50 S. pneumoniae strains were isolated, whereas 9
S. pneumoniae strains were isolated from PCV7 non-immunized
children. Forty-two non-PCV13-type strains and 8 PCV7-type
strains were isolated from PCV7 immunized children. Six non-
PCV13-type strains and 3 PCV7-type strains were isolated from
unvaccinated participants. There was no significant association
between the S. pneumoniae serotypes and PCV7 immunization
status. There were 4 children who participated in this study 3 or 4
times, and carried a PCV7-type strain at the first culture. The PCV7
immunization status of all 4 children did not change during this
study. Among them, one child acquired a non-PCV13-type strain
and three did not carry any S. pneumoniae strains in the last culture.
Furthermore, we performed MLST analysis and identified the
sequence type (ST) of each serotype (Table 2). Most of isolates with
the same serotype had one sequence type (ST).

Next, the capsular serotypes of 42 H. influenzae isolates were
analyzed and 8 out of 42 (19%) of them were found to be capsulated,
after which they were categorized as type d, e, or f (Table 2). No
colony was identified on Hib antiserum agar.

Since bacterial colonization depends on numerous factors,
including economic and environmental variables as well as host-
related factors and vaccination effects, bacterial carriage rates vary
widely among different studies and geographical sites [11]. The
objective of the present study was to establish the prevalence and
specific features of S. pneumoniae, H. influenzae, and M. catarrhalis
strains circulating amongst day care centre attendees in Japan.

In our study, a majority of children (81.5%) harbored at least one
potential respiratory pathogen. Rates of Hib and PCV7 vaccination

were high among subjects even before public funding became
available. This might be attributable to greater interest among
parents regarding their children’s health, since at least one parent
of each child was working at Chiba University Hospital.

This study shows that the risk of being colonized by
S. pneumoniae is not associated with colonization by H. influenzae
but positively associated with colonization by M. catarrhalis. The
risk of being colonized by H. influenzae was not associated with
colonization by M. catarrhalis, which is consistent with the findings
of a previous report [12].

After the introduction of PCV7 vaccination, the prevalence of
PCV13 serotypes 6A and 19A has been reported to increase, while
PCV7 serotypes are known to become less dominant. PCV13,
including serotypes 6A and 19A, replaced PCV7 in vaccination
schedules in the US in 2010. Presently, PCV7 is being gradually
replaced with PCV13 worldwide. In addition, an increase in non-
PCV13 serotypes 15A and 22F has been reported in the US [13]. In
our study, carriage of vaccine type strains decreased significantly
after PCV7 vaccination became publically funded. Unlike the find-
ings reported in the US and elsewhere, an increase in non-PCV13
serotypes, including serotypes 6C, 15A, 15C, 35B and 11A/E, was
observed as opposed to PCV13 serotypes. A similar prevalence of
pathogens has been reported in Japanese pediatric patients with
IPD [7]. Spread of microorganisms is commonplace in the era of
globalization. As such, replacement of the PCV7 vaccine with a
PCV13 vaccine may have little efficacy, even in those areas that are
currently observing emergence of PCV13 serotypes in the setting of
PCV7 vaccination. Prevention and control of pneumococcal in-
fections in young children will require the development of new
vaccination strategies aimed at targeting additional serotypes or
other antigens.

Introduction of Hib vaccination led to a significant reduction of
Hib disease and carriage in both vaccinated and unvaccinated
children due to a herd immune effect [14}]. More than 80% of chil-
dren in our study were vaccinated against Hib, and no Hib strain
was recovered in any child. Kuroki et al. reported a Hib carriage rate
of 0.84% among healthy Japanese children prior to introduction of
the Hib vaccine [10]. Specific data regarding the prevalence of Hib
carriage prior to introduction of the Hib vaccination are not avail-
able in this setting and the absence of Hib isolates is likely to be the
result of a very low prevalence of Hib carriage alone. H. influenzae
capsular type d, e and f were present in small amounts but detected
every time. Invasive disease due to H. influenzae type d, e or f is rare,
but needs to be considered as a possibility. Although a randomized
controlled study reported that no changes in carriage rate with
H. influenzae and M. catarrhalis were observed after vaccination
with 2 or 3 of doses PCV7 [15], the carriage rate of H. influenzae and
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M. catarrhalis in this study seems to have increased after official
financial support for the PCV7 and Hib vaccine was introduced.
Higher PCV pressure following a 4 doses schedule and nationwide
introduction in the routine infant vaccination schedule may induce
bacterial shifts. We should monitor the colonization status of
immunized children to evaluate this potential phenomenon.

Continuous surveillance of carriage of invasive disease patho-
gens will allow us to establish the effect of conjugate vaccine use on
S. pneumoniae and H. influenzae serotype distribution.
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The Haemophilus influenzae type b (Hib) vaccine and the heptavalent pneumococcal conjugate vaccine
(PCV7) were introduced in Japan in 2008 and 2010, respectively. In 2011, immunization with these two
vaccines was encouraged throughout Japan through a governmental program. Children treated in Chiba
prefecture for culture-proven invasive H. influenzae disease (IHiD) and invasive Streptococcus pneumoniae
disease (IPD) were identified in a prefectural surveillance study from 2008 to 2013. The incidence rate
ratio (IRR) and its confidence interval (Cl) were calculated to compare the 3 years before and after govern-
mental financial support for vaccination. The average number of IHiD and IPD cases among children <5
years of age in 2011-2013 decreased 84% (IRR: 0.16, 95% CI: 0.09-0.26, p <0.0001) and 51% (IRR: 0.49, 95%
Cl: 0.37-0.63, p<0.0001) compared with those occurring in 2008-2010. The most common non-PCV7
serotype encountered in 2011 and 2013 was 19A. After governmental subsidization of Hib and PCV7
vaccination, [HiD and IPD decreased in Chiba prefecture, Japan. Continuous surveillance is necessary to
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determine the effectiveness of these two vaccines and for detection of emerging invasive serotypes.

© 2014 Elsevier Ltd. All rights reserved.

1. Intreduction

Haemophilus influenzae (H. influenzae) and Streptococcus pneu-
moniae (S. pneumoniae) are major causes of serious invasive
infection, resulting in high mortality and morbidity in chiidren due
to meningitis, septicemia and pneumonia. Over the past decades,
the incidence of serious infections due to strains of H. influen-
zae and S. pneumoniae having reduced susceptibility to penicillin
and broad-spectrum cephalosporins has been steadily increas-
ing in Japan [1,2]. The emergence of these strains has made the

Abbreviations: Hib, Haemophilus influenzae type b; PCV7, heptavalent pneumo-
coccal conjugate vaccine; IPD, invasive pneumococcal disease; PCV13, 13-valent
pneumococcal conjugate vaccine; IHiD, invasive Haemophilus influenzae disease;
IRR, incidence rate ratio; CI, confidence interval; NTHi, non-typeable Haemophilus
influenzae; ST, sequence type.
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Japan. Tel.: +81 43 226 2661; fax: +81 43 226 2663.
E-mail address: ishiwada@faculty.chiba-w.jp (N. Ishiwada).
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selection of antibiotics for treatment more difficult. The intro-
duction of H. influenzae type b (Hib) conjugate vaccine and
heptavalent pneumococcal conjugate vaccine (PCV7) has dra-
matically decreased the incidence of invasive Hib and invasive
pneumococcal disease (IPD), respectively, all over the world
[3-7]. However, in the United States and some other countries,
surveillance studies following the introduction of PCV7 have
demonstrated an increased prevalence of IPD caused by non-PCV7
serotypes, such as 6A, 19A, 15A, and 35B, suggesting that non-
vaccine serotypes are emerging and replacing the vaccine serotypes
[8-11]. These two vaccines have been included in the routine
immunization program in Japan since April 2013, and the 13-
valent pneumococcal conjugate vaccine (PCV13) was introduced
in November 2013.

The targeted age group for both Hib conjugate and pneumococ-
cal conjugate vaccination is children <5 years of age. The standard
Japanese vaccination schedule for Hib conjugate vaccine consists
of 3 doses, one administered at each of the ages of 2, 3, and 4
months, and then a booster at the age of 12-18 months. The stan-
dard Japanese vaccination schedule for PCV7 contains 3 doses, at
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