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Table 1
Number of cases of invasive Haemophilus influenzae disease, by year.
2008 2009 2010 2011 2012 2013 Total

Meningitis 23 18 29 7 4 0 81
Pneumonia 4 6 7 3 1 0 21
Bacteremia without focus 5 3 7 2 2 0 19
Cellulitis 2 1 3 0 0 1 7
Arthritis 2 3 1 0 0 0 6
Epiglottitis 0 1 1 1 0 4] 3
Others 2 0 0 1 0 1 4
Total 38 32 48 14 7 2 141
Baseline population? 267,191 268.011 268,031 268,670 262,986 256,961
Incidence” (95% CI) 13.5(9.4-18.7)  11.2(7.6-16.0) 16.8(12.3-22.5) 4.1(2.0-7.3) 1.9(0.6-4.4) 0.4(0.1-2.8)

Cl, confidence interval.
2 Population <5 years of age.
b Cases/100,000 population <5 years of age.

the ages of 2, 3, and 4 months, and then a booster at the age of 12-15
months. After the Hib conjugate and PCV7 vaccines were included
in the routine immunization program, these two vaccines were
strongly recommended by the Vaccination Law and were given free
of charge to all children <5 years of age in Japan.

Accurate, up-to-date information on the incidence of invasive
H. influenzae diseases (IHiD) and IPD is fundamental for esti-
mating vaccine efficacy and for formulating country-appropriate
decision-making regarding management of Hib and pneumococcal
conjugate vaccination. However, there is little information regard-
ing the incidence of IHiD and IPD in children in Japan. The purpose of
this study was to clarify the incidence of IHiD and IPD in children in
the prefecture of Chiba, Japan, using population-based surveillance
before and after the introduction of the Hib and pneumococcal
conjugate vaccines.

2. Materials and methods

To determine the precise incidence of IHiD and IPD in Chiba pre-
fecture, we conducted a survey during the 2008-2013 time period.
Chiba prefecture is one of 47 prefectures in Japan, and is located
in the middle of the country. The population in Chiba prefecture
is about 6 million, which represents about 5% of the population
of Japan. The population of children less than 5 years of age in
Chiba prefecture in 2008, 2009, 2010, 2011, 2012, and 2013 was
267,191, 268,011, 268,031, 268,670, 262,986, and 256,961, respec-
tively. We implemented a reporting system for [HiD and IPD in
all 58 hospitals in Chiba prefecture, and 11 hospitals located in
the surrounding area, that have pediatric wards, to determine
the precise population-based incidence in Chiba prefecture. This
active surveillance was conducted from 1 January 2008 through
31 December 2013. If the doctors in the targeted hospital treated
children aged <16 years who lived in Chiba prefecture for IHiD or
IPD, they used standardized case report forms to record patient
and laboratory information, and then sent the case report form
to Chiba University Hospital by fax or In addition to the report-
ing system, a written questionnaire was sent to enrolled hospitals
twice a year for the identification of unreported cases. The case
report form and the questionnaire included the clinical diagno-
sis, patient’s age, underlying disease, vaccination history, treatment
and prognosis. Invasive disease was defined as any disease where
S. pneumoniae and H. influenzae was identified in normally ster-
ile body fluids such as blood, cerebrospinal fluid, bone aspirate,
or synovial fluid. All recorded pneumonia, cellulitis, and epiglot-
titis cases were confirmed by the presence of S. pnemoniae or H.
influenzae in blood culture. If the isolated strains had been stocked
in the hospital, the strains were sent to Chiba University where
serotypes were analyzed. Serotypes of H. influenzae isolates were
identified by coagulation using antiserum purchased from Denka
Seiken (Tokyo, Japan). Serotypes of pneumococcal isolates were

identified by the capsular quelling reaction, using antiserum pur-
chased from the Statens Serum Institut (Copenhagen, Denmark).
All collected strains were sent to the National Institute of Infec-
tious Diseases, where serotypes were confirmed using the same
methods. All statistical analyses were performed by using SAS soft-
ware version 9.3 (SAS Institute, Cary, NC, USA) and the R statistical
program, version 2.13. The total incidence rate for children within
the 0-4 year age group was calculated for the period 2008-2013,
as the number of those with IHIiD or IPD per 100,000 in the Chiba
prefecture. To compare disease ratios in 2008-2010 with those
in 2011-2013, the incidence rate ratio (IRR) and its 95% confi-
dence interval (CI) were calculated. This study was approved by
Chiba University Ethics Committee Number 666. Informed consent
for collection and use of patient information and specimens was
obtained from each parent/guardian.

3. Results
3.1. IHiD

During the 6 years of this study, 141 patients were diagnosed
with IHiD. Among these, 81 had meningitis, 21 had pneumonia, and
19 had bacteremia without a focus (Table 1). The highest annual
incidence rate of IHiD and H. influenzae meningitis among children
<5 years of age during the study period both occurred in 2010, and
were 16.8 and 10.4 per 100,000, respectively, whereas the corre-
sponding lowest annual incidence rates both occurred in 2013, and
were 0.4 and 0, respectively (Fig. 1). The ages of onset of IHiD were
available for all 141 patients: 53 (37.6%) were in the O year old
subgroup, 44 (31.2%) in the 1 year old subgroup, 31 (22.0%) in the
2-4 year old subgroup, and 13 (9.2%) in the 5 years or older sub-
group. Males constituted 50% of the subjects (70/141). At least one
underlying condition was documented in 14 (9.9%) of the 141 IHiD
patients. These included congenital anomaly/syndrome (n=5), low
birth weight infant (n=4), malignancy (n=3) and others (n=2).
Among IHiD cases at age 5 and over, 61.5% had underlying disease.
Of the 141 study patients, 8 patients (5.7%) developed permanent
neurological complications; 7 of the 8 patients with neurological
sequelae had meningitis and one patient had deep cervical abscess.
The Hib vaccination rates, including at least one shot, among cases
of IHiD in 2008, 2009, 2010, 2011, 2012, and 2013 were 0%, 0.3%
(1/32), 4.2% (2/48), 0%, 28.6% (2/7), and 50.0% (1/2), respectively.
The capsular type of isolated H. influenzae strains was found for
115 strains (115/141; 81.6%). Of these 115 strains, 107 (93.0%) were
Hib strains and 8 (7.0%) were non-typeable H. influenzae (NTHi).
Yearly changes in Hib coverage in 2008, 2009, 2010,2011, 2012, and
2013 were 100%, 100%, 89.7%, 92.3%, 66.7%, and 50.0%, respectively
(Fig. 2). Among 5 strains isolated from the patients who received
at least one shot of Hib conjugate vaccine, 3 strains were Hib and
2 strains were NTHi. All vaccinated patients were <2 years of age.
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Fig. 1. Yearly change of incidence of invasive Haemophilus influenzae disease and
meningitis. The highest annual incidence rates of invasive Haemophilus influenzae
disease (IHiD) and H. influenzae meningitis among children less than 5 years of age
in the study period were 16.8 and 10.4 per 100,000, respectively, both in 2010; the
corresponding lowest annual incidence rates were 0.4 and 0, respectively, both in
2013. This study revealed a 94.7% reduction in IHiD in children younger than 5 years
of age from 2010 to 2013 in Chiba prefecture, Japan. This remarkable reduction was
observed after the introduction of special funding from the Japanese government
for Hib conjugate vaccination.

Among 3 patients with invasive Hib disease, 2 patients received one
Hib vaccine dose and the remaining 1 received the initial 3 doses.
Among 2 patients with invasive NTHi disease, 1 patient received 1
Hib vaccine dose and the other received the initial 3 doses. Over-
all rates of IHiD and meningitis decreased significantly among the
<5 years of age group, with the exception of non-Hib disease, after
introduction of governmental support for the Hib vaccine (Table 2).
The IRR for all IHiD cases and for invasive vaccine serotypes cases
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Fig. 2. Number of cases of invasive Haemophilus influenzae disease in children, by
serotype. The capsular type of isolated Haemophilus influenzae strains was found
for 115 strains. Of these, 107 (93.0%) were H. influenzae type b (Hib), and 8 (7.0%)
were non-typeable H. influenzae (NTHi). Yearly changes in Hib coverage in 2008,
2009, 2010, 2011, 2012, and 2013 were 100%, 100%, 89.7%, 92.3%, 66.7%, and 50.0%,
respectively.

were the same (0.16). This result reflected the fact that the majority
of the isolated strains from IHiD cases were Hib.

3.2. IPD

During the 6 study years, 311 patients were diagnosed with IPD.
The number of cases of IPD in 2008, 2009, 2010, 2011, 2012 and
2013 was 61,76,72,42,34 and 26, respectively. Among 311 patients
with IPD, 182 patients had bacteremia without a focus, 84 had
pneumonia, 33 had meningitis, 9 had cellulitis, 2 had osteomyelitis
and 1 had arthritis (Table 3). The highest annual incidence rate of
IPD and pneumococcal meningitis among children <5 years of age
during the study period were 26.1 (in 2009) and 3.4 (in 2010) per

Changes in disease rates by serogroup among patients with invasive Haemophilus influenzae disease and invasive pneumococcal disease, 2008-2010 and 2011-2013.

All cases Vaccine serotypes Other than vaccine serotypes
2008-2010 2011-2013 P 2008-2010 2011-2013 P 2008-2010 2011-2013 P

Age <5 years, no. of IHiD cases 111 17 85 13 3 2
Overall 13.8 21 <0.05 10.6 2.1 <0.05 04 0.3 0.9
IRR (95% CI) 0.16(0.09-0.26)  <0.0001 0.16(0.08-0.28)  <0.0001 0.68(0.05-5.92) 0.67
Meningitis 83 1.2 <0.05 7 1.2 <0.05 0 0 1.0
IRR (95% CI) 0.15(0.06-0.28)  <0.0001 0.18 (0.07-0.33)  <0.0001 NA NA
Age <5 years, no. of IPD cases 193 92 47 15 18 31
Overall 24 11.6 <0.05 5.9 1.9 0.15 2.2 4.0
IRR (95% CI) 0.49(0.37-0.63) <0.0001 0.33(0.17-0.59)  0.0001 1.75(0.95-3.33)  0.055
Meningitis 2.7 0.9 0.29 1.5 0 0.22 0.3 0.5 0.82
IRR (95% CI) 0.32(0.12-0.79)  0.006 NA 0.0006 2.03 (0.29-22.5) 0.40

IHiD, invasive Haemophilus influenzae disease; IRR, incidence rate ratio; Cl, confidence interval.

Table 3

Number of invasive pneumococcal disease cases, by year.

2008 2009 2010 2011 2012 2013 Total

Bacteremia without focus 30 46 41 30 19 16 182
Pneumonia 24 20 18 8 10 4 84
Meningitis 6 8 10 2 3 4 33
Cellulitis 1 2 3 2 1 0 9
Osteomyelitis 0 0 0 0 0 2 2
Arthritis 0 0 0 0 1 0 1
Total 61 76 72 42 34 26 311
Baseline population? 267,191 268.011 268,031 268,670 262,986 256,961
Incidence® (95% CI) 21.3(16.2-27.6) 26.1(204-33.0) 24.6 (19.0-31.3) 13.8(9.7-19.0) 11.8(8.0-16.7) 9.3 (6.0-13.9)

CI, confidence interval.
2 Population <5 years of age.
b Cases/100,000 population <5 years of age.
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Fig. 3. Yearly change in the incidence of invasive pneumococcal disease and pneu-
mococcal meningitis. The highest annual incidence rates of invasive pneumococcal
disease (IPD) and pneumococcal meningitis among children less than 5 years of age
in the study period were 26.1 (in 2009) and 3.4 (in 2010) per 100,000, respectively;
the corresponding lowest annual incidence rates were 9.3 (in 2013) and 0.4 (in
2011), respectively. This study revealed a 57.4% reduction in IPD in children younger
than 5 years of age from 2009 to 2013 in Chiba prefecture, Japan. This remarkable
reduction was observed after the introduction of special funding from the Japanese
government for heptavalent pneumococcal conjugate vaccination (PCV7).

100,000, respectively; the corresponding lowest annual incidence
rates were 9.3 (in 2013) and 0.4 (in 2011), respectively.

The mean annual incidence rates of IPD and pneumococcal
meningitis among children less than 5 years of age ranged from
9.3 to 26.1 and 0.4 to 3.4 per 100,000, respectively (Fig. 3). The ages
at onset of IPD were as follows: 55 (17.7%) were in the 0 year old
subgroup, 133 (42.8%) in the 1 year old subgroup, 97 (31.2%) in
the 2-4 year old subgroup, and 26 (8.4%) in the 5 years or older
subgroup. Males constituted 58% (181/311) of the subjects. At least
one underlying condition was documented in 66 (21.2%) of the 311
patients with IPD. These included malignancy (n=15), congenital
anomaly/syndrome (n=9), neurological disorder (n=7), congenital
heart disease (n=8), bronchial asthma (n=3), and others (n=24).
Among IPD cases occurring at age 5 and over, 69.2% had underlying
disease.

Of the 311 study patients, 12 patients (3.9%) developed perma-
nent sequelae, including 10 patients with permanent neurological
complications; 9 of these 10 patients had meningitis and 1 had
septic shock with bacteremia. A total of 3 patients (1.1%) died, of
which 1 was aged 6 months without underlying diseases, 1 was
aged 1 year with myopathy, and 1 was aged 1 year with congen-
ital anomaly/syndrome. The PCV7 vaccination rates, including at
least one shot, for cases of IPD in 2008, 2009, 2010, 2011, 2012, and
2013 were 0%, 0%, 4.2% (3/72),9.5% (4/42), 44.1% (15/34), and 65.4%
(17/26), respectively. The capsular type of the isolated S. pneumo-
niae strains was found for 120 strains (120/311; 38.6%). Of these 120
strains, 65 (54.2%) were PCV7 serotypes, 24 (20.0%) were PCV13
serotypes (excluding PCV7 serotypes), and 31 (25.8%) were non-
PCV13 serotypes (Table 4). The serotyping rate for IPD patients
was lower than the rate for those with IHiD (81.6%). The majority
of IPD patients had bacteremia. Bacteremia cases were sometimes
reported after hospital discharge and so the samples had already
been discarded. On the other hand, the majority of IHiD patients
had meningitis. Many doctors reported meningitis cases when the
definitive diagnosis was made; therefore, it was easy to send us the
samples for analysis of serotyping. Yearly changes of PCV7 coverage
in 2008, 2009, 2010,2011,2012,and 2013 were 57.9%, 63.0%, 87.5%,
64.7%, 18.8%, and 11.8%, respectively. Table 5 shows the number of
cases of IPD by number of vaccine doses received, serotype, and
patient age. Among 39 vaccinated patients, 14 (35.9%) received 4

Table 4
Streptococcus pneumoniae serotype distribution in invasive preumococcal disease
patients.

2008 2009 2010 2011 2012 2013 Total

GB 4 9 9 3 1 1 27
23F 3 2 4 3 1 0 13
19F 0 4 5 1 0 0 10
14 1 1 3 2 0 0 7
9V 0 1 0 2 1 0 4
4 3 0 0 0 0 0 3
18C 0 0 0 0 0 1 1
19A 1 0 1 2 3 6 13
6A 3 3 0 0 0 1 7
1 1 0 1 0 0 0 2
3 0 0 0 0 1 0 1
7F 0 0 0 0 0 1 1
15A 0 1 0 0 4 1 6
24F 1 1 0 1 0 2 5
15C 0 2 0 1 0 1 4
22F 0 1 0 1 2 0 4
6C 0 1 1 1 0 0 3
38 1 1 0 0 1 0 3
10A 0 0 0 0 1 1 2
33F 0 0 0 0 0 2 2
12F 1 0 0 0 0 0 1
35B 0 0 0 0 1 0 1
Total 19 27 24 17 16 17 120

doses of PCV7 and 29 (74.4%) were less than 2 years of age. A total
of 23 strains were collected from the patients who had at least
one shot of PCV7. Of these 23 strains, 7 were serotype 19A, 4 were
15A, 2 were 6B, 15C, 22F, 33F, and 1 was 7F, 10A, 24F, 35B. Over-
all rates of IPD decreased significantly in the <5 years of age group
after introduction of governmental support for PCV7 vaccination.
On the other hand, the rate of IPD caused by non-PCV7 serotypes
increased, but the change was not statistically significant (Table 2).

4. Discussion

To our knowledge, this is the first report in the English litera-
ture that details population-based IHiD and IPD incidence rates in
children before and after the introduction of the Hib conjugate and
PCV7 vaccines in Japan. In Japan, Hib conjugate vaccine has been
available on a voluntary basis since December 2008 and PCV7 since
February 2010, but the vaccination rate was estimated to be under
10% in those years. From February 2011, Hib and PCV7 vaccina-
tion was encouraged for children under 5 years of age throughout
Chiba prefecture by implementation of an official program, the Pro-
visional Special Fund for the Urgent Promotion of Vaccination. This
fund was supported by both the national and local governments.
The subsidy amount differed among regions in Japan. After the
introduction of the special fund, children <5 years of age who lived
in all regions of Chiba prefecture could receive these two vaccines
free of charge.

As a result, Hib conjugate vaccine and PCV7 immunization rates
were estimated to have been more than 50% in 2011 [12]. To our
knowledge, there are no official data on immunization rates for
these two vaccines in Chiba prefecture. The estimated immuniza-
tion rate for the two vaccines among infants in Chiba prefecture,
based on the volume of product shipped, was more than 80% in
2012.

In the 1980s, Hib conjugate vaccines provided proof of the con-
cept that conjugation of polysaccharide antigen to carrier protein
elicits protective antibody formation in infants and toddlers [13].
Following the introduction of Hib conjugate vaccine, Hib disease
incidence rates declined with near elimination of invasive Hib dis-
ease in many countries where the vaccination is routine for all
infants [14-16]. Before the Hib conjugate vaccine era in Japan,
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Table 5

5429

Number of cases of invasive pneumococcal disease by number of vaccine doses received, serotype, and patient age group.

Serotype age group (y)

Serotype number of cases by number of PCV7 doses received

Total number

0 dose 1 dose 2 doses 3 doses 4 doses
All PCV7 serotypes 63 2 0 0 0 65
0 12 0 0 0 0 12
1 23 1 0 0 0 24
2 12 1 0 0 0 13
3 7 0 0 0 0 7
4 6 0 0 0 0 6
>5 3 0 0 0 0 3
All non-PCV7 serotypes 34 0 4 6 11 55
0 4 0 2 2 0 8
1 10 0 1 4 7 22
2 8 0 0 0 4 12
3 4 ] 0 o] 0 4
4 2 0 1 0 0 3
=5 6 0 0 0 0 6
Not determined 175 2 5 6 3 191
0 33 0 0 2 0 35
1 77 1 3 4 2 87
2 21 ] 0 0 1 22
3 18 0 2 0 0 20
4 10 0 0 0 0 10
>5 16 1 0 0 0 17

PCV7, heptavalent pneumococcal conjugate vaccine.

the incidence of pediatric IHiD was rapidly increasing; the annual
incidence for children less than 5 years of age in 2005 was 16.5
per 100,000 [17]. Sakata also evaluated the incidence of IHiD, in
Kamikawa subprefucture, Hokkaido, Japan between 1996 and 2005.
He mentioned that a marked increase in the annual incidence rate
in children aged under 5 years was observed in 2005, reaching
56.8/100,000. Serotyping in 37 of 38 (97.4%) cases demonstrated
Hib [18]. This incidence rate was similar to that in other devel-
oped countries in the pre-Hib conjugate vaccine era [19]. Our study
revealed a 94.7% reduction in IHiD in children younger than 5
years of age in Chiba prefecture, Japan. This remarkable reduction
was observed after the introduction of special funding from the
Japanese government. Similar to previous investigations, we found
that most children with IHiD were less than 2 years of age and
that meningitis occurred more frequently in younger than in older
children [19,20}. In this study, meningitis was the most important
cause of long-term morbidity in IHiD patients, accounting for 87.5%
(7/8) of the sequelae. Immediately before and in the early period
of Hib conjugate vaccine usage, almost all IHiD in children was
caused by Hib, and the majority had not been immunized with any
dose of Hib vaccine. Hib vaccine efficacy is high, ranging from 93
to 100% after the 3-dose primary series, and IHiD after full vaccina-
tion is rare [21]. In this study period, there was only 1 patient who
received the 3-dose primary series of Hib vaccine and subsequently
developed Hib meningitis. Although rare, Hib disease still occurs
despite high vaccination coverage and the low carriage prevalence
in children, suggesting continued circulation and transmission of
Hib [22]. Efforts should focus on maintaining high vaccination cov-
erage based on appropriate timing of the primary series and booster
doses to prevent Hib disease. In contrast, the number of the [HiD
caused by NTHi gradually increased during this study period. NTHi
has been the most common isolate among adults in virtually all
published series {23-25]. Whether invasive strains of NTHi have
distinct genotype and phenotype characteristics compared with
noninvasive isolates remains largely unknown. Several strains of
NTHi possess Hib-like encapsulated properties [26]. However, to
date no single set of virulence determinants has been conclusively
associated with invasive NTHi [27,28]. Although no vaccine is avail-
able for invasive disease caused by encapsulated non-type b and
NTHI, serotyping of H. influenzae isolated from invasive diseases

and analysis of the pathogenicity of NTHi are important for new
vaccine development against all [HiD.

Using hospitalized population-based surveillance, we had
already reported the annual incidence of IPD among Japanese chil-
dren younger than 5 years of age (12.6-13.8 per 100,000) from
2003 to 2005, which was similar to those rates reported in a study
conducted in Germany [29,30], but was much lower than the inci-
dence reported in the pre-PCV era in the United States [31]. After
that, the annual incidence of pediatric IPD increased, and this study
determined the annual incidence of IPD among Japanese children
younger than 5 years of age in the pre-PCV7 era. Compared with 6
years ago, there has been a 57.4% reduction in IPD. This remarkable
reduction was observed after the introduction of special funding
from the Japanese government. In this study, 60.5% of all IPD cases
and 66.7% of the pneumococcal meningitis cases involved children
under 2 years of age. Similar to previous investigations, we found
that almost half of children with IPD were less than 2 years of age
and that meningitis occurred more frequently in younger than in
older children [32,33]. Analysis of current cases of IPD revealed that
<5%(15/311) of IPD occurred in children younger than 6 months of
age, before completion of the primary vaccination series. To have an
impact on disease reduction in this subgroup of children, we must
rely on herd immunity. Our data also indicated that 21.2% of the
patients with IPD have various underlying diseases. These include
malignancy, congenital anomaly syndrome and congenital heart
disease. Prematurity has recently been associated with an increased
relative risk for [PD [34]. The underlying disorders in our study were
different from those in other studies. For instance, the most com-
mon underlying disorders in Bennett’s and Levine’s studies were
sickle cell anemia and chronic pulmonary disorder, respectively
[35,36]. These results may relate to racial differences. There were
2 fatal cases in our study. Both cases had severe underlying dis-
ease. Vaccination is one of the possible ways to prevent this type of
infection. The introduction of PCV7 has dramatically decreased the
incidence of IPD caused by vaccine serotypes of S. pneumoniae all
over the world [37-39]. However, the non-vaccine serotype 19A
has been the predominant agent of IPD among children and the
second most common agent among older adults after PCV7 intro-
duction in the US [40]. Serotype 19A, especially sequence type
(ST) 320, was increasingly recognized in Korean children before
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the introduction of PCV7 [41]. The serogroups 15 and 33 were
also identified to be important in the US [42]. The 51% decline of
IPD in Japanese children in this study is far below the 77% reduc-
tion observed in children under the age of 5 years in the regions
covered by US surveillance conducted in 2005 {43]. In our study,
immediately before and during the early period of PCV7 usage,
more than 50% of [PD in children was caused by PCV7 serotype
group disease. Chiba et al. [12] compared the serotypes of S. pneu-
moniae isolated from pediatric IPD between 2006 and 2011. They
mentioned that coverage by PCV7 decreased from 71.8% in 2006
to 51.6% in 2011. Serotype 19A tended to increase and serotypes
15A and 22F also increased. Our study revealed that the rate of
IPD caused by PCV7 serotypes decreased from 57.9% (11/19) in
2008 to 11.8% (2/17) in 2013. Although almost one-third of iso-
lates were unavailable for serotyping, we have no expectation that
the serotype distribution of the missing isolates was different than
the available isolates.

Serotype replacement was recognized in the early stages of
PCV7 introduction in Japan. In our study, 2 cases were break-
through cases, caused by serotype 6B. Both of them received one
dose of PCV7. We defined a breakthrough case as IPD in a child
who had received 21 PCV7 dose and for which the pneumococ-
cal isolate was a PCV7 serotype; a vaccine failure was defined as
the subset of breakthrough infections in children who had com-
pleted the PCV7 vaccination schedule at least 2 weeks before
the occurrence of IPD. The remaining cases in children who had
received at least one shot of PCV7 were IPD caused by non-PCV7
serotypes. Park et al. [44] reported that IPD identified in vacci-
nated US children was primarily caused by disease resulting from
non-PCV7 serotypes rather than failure of the PCV7. They also men-
tioned that incomplete vaccination and co-morbid conditions likely
contribute to breakthrough vaccine-type pneumococcal infections.
PCV13 added 6 serotypes to the original 7 serotypes in PCV7.PCV13
replaces PCV7 for routine administration in infants and children,
and is now used in many countries. The Advisory Committee on
Immunization Practices in the United States recommends, as the
standard immunization schedule for PCV13, a 4-dose series at ages
2, 4, 6, and 12-15 months {45]. It is important that the stan-
dard immunization schedule for PCV13 be followed in all children.
After the introduction of PCV13, several countries are reporting
on the epidemiological effects on IPD in children [46,47]. PCV13
was introduced in November 2013 in Japan; we should contin-
uously monitor serotype distribution in isolated strains from IPD
patients.

In conclusion, the introduction of Hib conjugate and PCV7 vac-
cines was followed by a significant decrease in IHiD and IPD in
young children in Chiba prefecture, Japan. However, NTHi and non-
PCV7 serotype S. pneumoniae are gradually increasing as invasive
pathogens after the introduction of these two conjugate vaccines.
Nationwide surveillance to determine the incidences of [HiD and
IPD and monitoring of H. influenzae and S. pneumoniae serotypes
isolated from patients with invasive disease should be continuously
performed in Japan.
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