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SUMMARY: Group B Streptococcus (GBS) is one of the leading causes of neonatal bacterial infec-
tions. Population-based surveillance of GBS-related invasive diseases among newborns and infants
from 10 prefectures in Japan was performed between 2007 and 2012. The characteristics of cases and
isolated GBS are described in this study. The incidence rate of GBS-related invasive diseases was 0.13
per 1,000 live births. Analysis of GBS samples obtained from 60 invasive cases showed that the most fre-
quent serotypes were III (48.3%), Ia (30.0%), and Ib (10.0%). All isolates were susceptible to penicillin
G, ampicillin, cefotaxime, imipenem, and panipenem. However, 14, 2, and 7 isolates were resistant to
erythromycin, clindamycin, and both erythromycin and clindamycin, respectively. Multilocus sequence
typing revealed that GBS sequence type (ST) 23, ST17, and ST335 caused higher incidences of meningi-
tis. These data show that serotypes III, Ia, and Ib together caused more than 80% of invasive infections
in Japanese infants, and that GBS strains are still susceptible to S-lactam antibiotics.

INTRODUCTION

Streptococcus agalactiae (group B Streptococcus
[GBS]) infects mainly infants and causes pneumonia,
sepsis, and meningitis (1-3). Invasive neonatal GBS in-
fections can be classified as either early-onset disease
(EOD) that occurs within the first week of life, or late-
onset disease (LOD) that develops after the first week of
life (4). EOD is often caused by maternal transmission
of GBS to the neonate through the birth canal during
labor (1-3). On the other hand, the route of infection
for many LOD cases remains unknown. After the adop-
tion of new preventative measures (i.e., universal an-
tenatal screening and intrapartum antibiotic prophylax-
is for culture-positive and high-risk pregnant women)
recommended by the Centers for Disease Control and
Prevention (CDC) in the United States (4), a reduction
in the incidence of EOD, but not LOD, was observed
4,5).

*Corresponding author: Mailing address: Department of

Bacteriology I, National Institute of Infectious Diseases,
Toyama 1-23-1, Shinjuku-ku, Tokyo 162-8640, Japan.
Tel: +81-3-5285-1111, Fax: +81-3-5285-1163, E-mail:
b-chang@nih.go.jp

Until now, 10 GBS serotypes have been classified
based on specific capsular polysaccharides (6,7). In
Japan, serotypes VIII and VI have been mainly isolated
from the vagina of pregnant/puerperal women (8).
However, a broad survey of GBS serotyping, which
causes invasive neonatal infections, has never been per-
formed in Japan; hence, important disease-associated
serotypes have not been well established.

Population-based surveillance of invasive GBS dis-
eases in children aged <S5 years was conducted in 10
prefectures (i.e., Hokkaido, Niigata, Fukushima,
Chiba, Mie, Okayama, Kochi, Fukuoka, Kagoshima,
and Okinawa) in Japan between 2007 and 2012 (9). The
clinical features of 60 invasive infection cases that
occurred in 8 prefectures (i.e., Niigata, Fukushima,
Chiba, Mie, Kochi, Fukuoka, Kagoshima, and
Okinawa) were collected, and the results of serotyping,
antimicrobial susceptibility, and multilocus sequence
typing (MLST) analysis of these GBS isolates are report-
ed here.

MATERIALS AND METHODS

Invasive GBS cases and bacterial isolates: Between
July 2007 and December 2012, population-based sur-
veillance efforts included collection of data on invasive

— 199 —



GBS from Invasive Infant Infections in Japan

infections in children aged <5 years who reside in the 10
prefectures in Japan. Invasive infections caused by GBS
were confirmed by isolation of the pathogenic agent ob-
tained from a body site that was originally sterile. Infor-
mation regarding invasive infections and isolates from
hospitals in the 10 prefectures was provided to the
Department of Bacteriology I, National Institute of In-
fectious Diseases. EOD and LOD were classified ac-
cording to the recommendations by the CDC (i.e., EOD
was classified as infections occurring within the first
week of life, and LOD was classified as infections oc-
curring in infants aged >1 week) (4). The identity of
isolated bacteria was confirmed again to be S. agalactiae
using the API 20 Strep Kit (bioMérieux, Marcy I’Etoile,
France). Serotypes were determined using a latex
agglutination test. All GBS strains were initially
serotyped using the Group B Streptococci Typing
Antisera ‘‘SEIKEN’’ (Denka Seiken, Tokyo, Japan)
that contains 9 types of specific antisera for GBS. For
strains that were not serotyped, the Sireptococcus
Immulex Strep-B Kit (Statens Serum Institut, Copen-
hagen, Denmark) containing serotype IX antiserum was
used.

Antimicrobial susceptibility test: The antimicrobial
susceptibility of GBS isolates to 7 antibiotics (i.e.,
penicillin G, ampicillin, cefotaxime, imipenem,
panipenem, erythromycin, and clindamycin) was ana-
lyzed using dry plates (Eiken Chemistry, Tokyo, Japan)
by the broth microdilution method described by the
Clinical and Laboratory Standards Institute (10).
Antimicrobial susceptibility breakpoints were defined
according to the Clinical and Laboratory Standards
Institute criteria (10). In addition, the presence of well-
known macrolide resistance genes ermA, ermB,
mefA/E, and linB was investigated by polymerase chain
reaction (PCR) (11,12).

MULST analysis: Genomic DNA of GBS was purified
using the High Pure PCR template purification kit
(Roche Diagnostics, Tokyo, Japan). MLST was per-
formed using primers that were designed as previously
described (13), and both strands of amplicons were se-
quenced. The allelic numbers and sequence types (STs)
of all isolates were determined by comparing their se-
quences with those in the S. agalactiae MLST database
(http:/pubmlst.org/sagalactiae/).

Statistical analyses: Statistical analyses were per-
formed using the Fisher’s exact test. Odds ratios (ORs)
and 95% confidence intervals (Cls) were calculated to
evaluate the ability of different STs of GBS to invade
the neonatal central nervous system.

RESULTS

Clinical features and bacterial characteristics: During
the investigation period, a total of 151 sporadic GBS-
related invasive diseases, including 90 meningitis cases
(59.6%), occurred in the 10 prefectures. The annual
incidence rates of GBS-related invasive diseases were
0.07, 0.13, 0.15, 0.12, 0.13, and 0.15 per 1,000 live
births from 2007 to 2012, respectively. The average rate
was 0.13 per 1,000 live births.

The characteristics of the 60 invasive infection cases
and their isolated bacteria from 8 of the 10 prefectures
are listed in Table 1. All 60 cases were analyzed in-

dependently in an epidemiological survey. Fifteen cases
(25.0%) and 45 cases (75.0%) were EOD and LOD, re-
spectively. The exact date of infection in 2 cases was un-
clear; however, symptoms presented within the first
week of life. Among these 60 cases, 38 (6 EOD and 32
LOD) were diagnosed as meningitis, and 22 as bac-
teremia/sepsis. Two cases also presented with symp-
toms of pneumonia.

A total of 85 isolates were obtained from the blood
and/or cerebrospinal fluid of 60 patients. All isolates
were confirmed to be S. agalactize. In 23 cases, more
than 1 strain was isolated from different specimens.
GBS isolated from the same patient showed identical
serotypes and STs and similar antimicrobial susceptibil-
ity profiles (data not shown); therefore, it was consi-
dered as a single strain.

Serotype distribution of GBS isolates: Serotypes of 60
GBS isolates were determined using an agglutination
kit. As shown in Table 1, the most frequently identified
GBS isolates from 15 EOD patients included serotypes
II1 (5 cases; 33.3%) and Ia (4 cases; 26.7%). One case
(6.7%) each of the serotypes Ib, II, IV, V, VI, and VIII
was also identified among EOD patients. Among 45
LOD cases, serotype III was most frequently observed
(24 cases; 53.3%), other serotypes identified were Ia (14
cases; 31.1%), Ib (5 cases; 11.1%), II (1 case; 2.2%),
and IV (1 case; 2.2%). When EOD and LOD isolates
were analyzed together, the most frequently observed
serotypes were III (29 cases; 48.3%), Ia (18 cases;
30.0%), and Ib (6 cases; 10.0%). Furthermore, 2 cases
(3.3%) each of GBS serotypes 1I and IV and 1 case
(1.7%) each of serotypes V, VI, and VIII were detected.
No cases of serotypes VII or IX were found among 60
analyzed cases. Overall, we found no obvious difference
in serotype distribution between the different prefec-
tures and isolated years (data not shown). The associa-
tion between serotypes and the ability to invade the
neonatal central nervous system was analyzed, but high
invasive activity related to meningitis was not shown by
any serotype (Fig. 1). ‘

Antimicrobial susceptibility of GBS isolates: All GBS
isolates were susceptible to the f-lactam antibiotics used
in this study (i.e., penicillin G, ampicillin, cefotaxime,
imipenem, and panipenem) (data not shown). S-lactams
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Fig. 1. Types of invasive diseases caused by each group B Sirep-
tococcus serotype. The closed squares indicate cases with
meningitis; open squares indicate cases without meningitis.

— 200 —



Table 1. Characteristics of GBS isolates from invasive infections

Age of

EM CLDM

Strain Serotype onset Diagnosis Specimen ST cC (ug/ml) (ug/ml) ermA ermB mefA/E linB
KSP7 11 0d  Meningitis Blood ST1 CC1 0.25 0.25 - - - -
KSP8 Ib EODY Meningitis Spinal fluid ST571 CC10 0.25 0.12 - - -
KSP21 I 3m Bacteremia Blood ST28 CC19 0.12 0.12 - - - -
KSP39 111 27d  Meningitis Spinal fluid ST17 CC17 0.12 0.25 - - - -
KSP50 111 1m Meningitis Spinal fluid ST335 CC19 2 0.12 + - - -
KSP66 11 2m Meningitis, bacteremia Spinal fluid ST335 CC19 1 0.25 + - — -
KSP76 Ia 2d  Meningitis, bacteremia Spinal fluid ST23 CC23 0.12 2 - - - -
KSP77 111 19d  Bacteremia Blood ST335 CC19 1 0.25 + - - -
KSP104 v 1d  Sepsis Blood ST22 CC22 =4 =4 - + - -
KSP105 11 30d  Meningitis Spinal fluid ST17 CC17 0.12 0.12 - - - -
KSP106 v 2m Meningitis Spinal fluid ST10 CCl10 0.12 0.25 - - -
KSP111 111 17d  Meningitis Spinal fluid ST19 CCi19 2 =4 - + - -
KSP137 Ia 1m Sepsis Blood ST144 CC23 0.12 0.12 - - - -
KSP195 11 2d  Meningitis Spinal fluid ST335 CCI19 2 0.25 + - - -
KSP212 Ia 14d  Meningitis, bacteremia Spinal fluid ST23 CC23 0.25 0.12 - - - -
KSP220 Ib 1m  Sepsis Blood ST10 CC10 0.12 0.12 - = — —
KSP232 Ia 1m Bacteremia Blood ST23 CC23 0.12 0.12 - - - -
KSP241 Ia 1m Bacteremia Blood ST24 CC23 0.12 0.12 - - - -
KSP285 1a 1d Meningitis Spinal fluid ST23  CC23 0.12 0.12 - - - -
KSP286 Ia 18d  Meningitis Spinal fluid ST23 CC23 0.12 0.12 - - — -
KSP288 Ia 2m Bacteremia Blood ST23 CC23 =4 0.12 - - + -
KSP319 II1 Im Meningitis, bacteremia Spinal fluid ST335 CCI19 1 0.12 + - - -
KSP336 111 20d  Bacteremia Blood ST17 CC17 0.12 0.12 - - - -
KSP354 111 0d Bacteremia Blood ST572 CC19 0.12 0.12 - - - -
KSP401 111 9d  Meningitis, bacteremia Spinal fluid ST19 CCi19 0.12 =4 - - - +
KSP402 Ia 1d x;“‘gﬁ‘gfmfgigls bactere-  giinal fluid ST23 C€C23 025 012 - - - -
KSP403 IV 1d Isnho";iﬁz DR epsis, PReu- - piooq STI0 ccio 012 012 - - - -
KSP410 Ia 10d  Meningitis, bacteremia Spinal fluid ST23  CC23 0.25 0.12 - - - -
KSP428 Ib 15d  Meningitis, bacteremia Spinal fluid STi2 CCl10 =4 =4 - + - -
KSP459 Ia 3m Meningitis, bacteremia Spinal fluid ST23 CC23 0.12 0.12 - - - -
KSP465 Ia 0d Bacteremia Blood ST23 CC23 0.25 0.25 - - - -
KSP471 Ib 1m Meningitis, bacteremia Spinal fluid ST10 CCIl10 0.25 0.12 - - - —
KSP506 11l EODY Meningitis, bacteremia Spinal fluid ST17 CC17 0.12 0.12 - - - -
KSP575 Vi 0d Bacteremia Blood ST1 CC1 0.12 0.12 - - - -
KSP398 I 18d  Meningitis, bacteremia Spinal fluid ST17 CC17 0.25 0.25 - - - -
KSP614 Ia 2m Meningitis, bacteremia Spinal fluid ST23 CC23 0.12 0.12 - - - -
KSP652 III 9d Bacteremia Blood ST575 CC19 =4 0.25 - - - -
KSP658 I 3m Meningitis, bacteremia Spinal fluid ST574 CC17 0.25 0.25 - - - -
KSP661 III 0d Bacteremia Blood ST27 CC19 0.25 0.25 - - - -
KSP667 Ia 26d  Meningitis, bacteremia Spinal fluid ST23 CC23 =4 0.25 - - + -
KSP681 111 14d  Meningitis Spinal fluid ST335 CC19 2 0.25 - - + -
KSP682 48 19m Meningitis Spinal fluid ST27 CC19 =4 =4 - - + -
KSP724 111 2d  Meningitis, bacteremia Spinal fluid ST27 CCl19 =4 =4 - + - -
KSP742 Ia 3m Bacteremia Blood ST23 CC23 0.25 0.25 - - - -
KSP743  VIII 2d Bacteremia Blood ST1 CC1 0.25 0.25 - - - -
KSP747 111 2m Bacteremia Blood ST17 CC17 0.25 0.25 - - - -
KSP750 11 2m Bacteremia Blood ST17 CC17 0.12 0.12 - - - -
KSP753 III 2m Bacteremia Blood ST335 CC19 1 0.5 + - - -
KSP785 I 3m Meningitis, bacteremia Spinal fluid ST335 CCI19 0.06 0.12 - - - -
KSP786 111 26d  Meningitis, bacteremia Spinal fluid ST17 CC17 0.12 0.12 - - - -
KSP789 111 1m Meningitis, bacteremia Spinal fluid ST335 CC19 1 0.25 + - - -
KSP792 Ia 16d  Meningitis, bacteremia Spinal fluid ST23 CC23 0.25 0.25 - - - -
KSP805 Ia 20d  Meningitis Cerebral abscess ST23 CC23 0.25 0.12 - - - -
KSP816 Ib 7m Bacteremia Blood ST10 CC10 0.12 0.12 - - - -
KSP860 Ia 12d  Meningitis, bacteremia Blood ST23 CC23 =4 =4 - + - -
KSP874 I 9d  Meningitis, bacteremia Spinal fluid ST27 CC19 =4 =>4 - + - -
KSP875 I 22d  Meningitis, bacteremia Spinal fluid ST335 CC19 2 0.5 + - - -
KSp877 Il Im Bacteremia Blood ST335 CCI19 1 0.25 4+ - - -
KSP885 jost 2m Meningitis, bacteremia Spinal fluid ST335 CCI19 1 0.25 + - - -
KSP886 Ib 1m Meningitis, bacteremia Spinal fluid ST654 CC10 0.5 0.5 - - - -

): Date of occurrence was unclear, but was within the first week after birth.
+, positive; —, negative; ST, sequence type; CC, clonal complex; DIC, disseminated intravascular coagulation; PROM, premature rupture

of the membrane.

EM, erythromycin; CLDM, clindamycin.
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Table 2. Characteristics of the GBS isolates

ST (CC; no. of strains)

EOD Ia (4) ST23 (CC23; 4)
A5 In (1)  ST571 (CC10; 1)
L) STI(CCL; 1)
I (5) ST17 (CC17; 1), ST27 (CC19; 2), ST335 (CC19; 1),
ST572 (CC19; 1)
IV (1) ST10(CCI0; 1)
V() ST22 (CC22; 1)
VI(1) STI(CCI; 1)
VIII (1) STI (CCI; 1)

LOD Ia (14) ST23 (CC23; 12), ST24 (CC23; 1), ST144 (CC23; 1)
45)) Ib (5) STI10 (CC10; 3), ST12 (CC10; 1), ST654 (CC10; 1)
II (1) ST28 (CCI19; 1)
III (24) ST17 (CC17; 7), ST19 (CC19; 2), ST27 (CC19; 2),
ST335 (CC19; 11), ST574 (CC17; 1), ST575 (CC19; 1)
ST10 (CC10; 1)

Serotype

v 1

D: Figure in parentheses show the number of GBS invasive cases.

remain the first-line agents for treatment of GBS infec-
tions. Fourteen (23.3%), 2 (3.3%), and 7 (11.7%) GBS
isolates were resistant to erythromycin, clindamycin,
and both erythromycin and clindamycin, respectively
(Table 1). The remaining 37 (61.7%) GBS isolates were
susceptible to both erythromycin and clindamycin.
Macrolide resistance in GBS is typically caused by the
genes ermA, ermB, mefA/E, and linB (11,12). The
presence of these genes was investigated (Table 1), and
no resistance-related genes were detected in 37 macro-
lide-sensitive GBS isolates, as expected. Among 14
erythromycin-resistant GBS isolates, ermA was detected
in 10 (minimum inhibitory concentration [MIC] =
1-2 ug/mL) and mefA/E in 4 (MIC = 2 ug/mL).
Neither ermB nor linB was detected in these 14 isolates.
In the clindamycin-resistant GBS isolate, KSP401 (MIC
= 4 ug/mL), linB was detected. Among 7 GBS isolates
with resistance to both erythromycin and clindamycin,
ermB was detected in 6 and mefA/E in 1 isolate (Table
1). However, none of the 4 resistance-related genes
were identified in KSP652 (MIC of erythromycin,
=4 ug/mL) or KSP76 (MIC of clindamycin, 2 ug/mkL).
MIST profiles of GBS isolates from invasive infec-
tion cases: A total of 18 STs were observed by MLST
analysis of 60 GBS isolates, including the following 5
new STs: ST571, ST572, ST574, ST575, and ST654
(Tables 1 and 2). Although several STs were found, all
18 GBS serotype Ia isolates belonged to clonal complex
(CC) 23, whereas 6 GBS serotype Ib isolates belonged to
CC10. GBS serotype III isolates were divided into the
following 2 CC groups: CC17 (9 isolates; 31.0%) and
CC19 (20 isolates; 69.0%) (Table 2). Among 20 GBS
serotype III isolates that caused meningitis, 6 (66.7%)
and 14 (70.0%) belonged to CC17 and CC19, respec-
tively (Table 1). The incidence of meningitis was not
different between CC17 and CC19 (OR = 0.95; 95% CI
= (.28-3.29). STs of other GBS serotypes are summa-
rized in Table 2. Among the cases caused by the 3 most
common STs (i.e., ST23, ST17, and ST335), meningitis
was detected in 11/16 (68.8%), 5/8 (62.5%), and 9/12
(75.0%) cases, respectively. The total incidence rate of
meningitis caused by all 3 STs was 69.4%, whereas the

incidence rate of meningitis caused by other STs was
54.2% (13/24). Although no significant difference (OR
= 1.92; 95% CI = 0.66-5.61) was observed, the GBS
isolates ST23, ST17, and ST335 caused meningitis at
higher incidence rates compared with those for other
isolates.

DISCUSSION

In the present study, we analyzed the characteristics
of invasive GBS infections in 60 Japanese infants as part
of a population-based study in 10 prefectures in Japan
that were chosen without geographic bias. Results ob-
tained from these 60 cases are considered to represent
the current epidemiology of GBS-related invasive neo-
natal infections in Japan.

The serotype analysis of GBS indicated that the most
common serotype was III, followed by serotypes Ia and
Ib; these results are similar to those for the serotype dis-
tribution of GBS that caused invasive infections in other
countries (12,14,15). However, we uncovered the 2 fol-
lowing unique features among GBS-related infections in
our study: (i) the high incidence rate of meningitis
(59.6%) and (ii) the low incidence rate (1.7%) of sero-
type V GBS-related infections. A previous surveillance
study conducted between 2004 and 2010 in Japan eval-
uated 250 GBS-related invasive infections in 152
hospitals. The investigators of this study showed that
the incidence rates of EOD and LOD were 0.08 and 0.10
per 1,000 live births, respectively, and only approxi-
mately one-third of all cases had meningitis (16). The
reasons for the high incidence rates of GBS infection
(0.13/1,000 live births) and meningitis (59.6%) in the 10
prefectures remain unknown. In addition, only 1 case of
EOD caused by serotype V was found among all cases in
the present study; however, serotype V was the third
most commonly isolated serotype among patients with
GBS invasive diseases in England, Wales, and the Unit-
ed States (14,15).

In several regions and countries, the CC17 GBS strain
has been shown to have an increased ability to invade
the neonatal central nervous systems and cause meningi-
tis (17-22). However, we did not find a high incidence
of meningitis caused by the CC17 GBS strain in the
present study. Although the reason remains unknown,
the GBS isolates ST23, ST17, and ST335 seem to be in-
volved in the development of meningitis. The small sam-
ple size is a limitation of our study and may have con-
tributed to our statistical findings. Recently, Morozumi
et al. reported that GBS ST335 containing the mefA/E
gene gradually increased the frequency of invasive GBS
infections in Japanese infants between 2006 and 2011
(23). GBS ST335 was also isolated at a high rate in our
investigation (20.0%; 12/60 cases). However, most of
the ST335 strains (10/12) possessed the ermA gene,
whereas only 1 strain possessed the mefA/E gene (Table
1). Although it remains unclear, differences in the isola-
tion region may have contributed to the variation in the
ST335 strain.

Of 60 investigated cases, the number of LOD cases
was almost 2-fold greater than that of EOD cases. The
source of infection and pathways of most LODs still
remain unknown, and no effective means for disease
prevention are available. Therefore, vaccination may be
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the best preventive measure against not only LOD but
also EOD GBS infections. Epidemiological studies of
capsular polysaccharide-protein conjugate vaccines for
prevention of GBS infections in infants have been con-
ducted since the 1990s (24). The development of a triva-
lent polysaccharide-protein conjugate vaccine, which in-
cludes Ia, Ib, and III serotype polysaccharides, has ad-
vanced to a phase II clinical trial, and phase III of this
study is currently being planned (25). In the present sur-
veillance study, serotype analysis revealed that GBS
serotypes Ia, Ib, and III caused 88.3% of 60 invasive
cases. Therefore, the trivalent polysaccharide-protein
conjugate vaccine could have theoretically prevented
most cases of GBS-related invasive disease among
Japanese infants. Hence, we highly recommend the
early licensing of GBS vaccines. Ongoing monitoring of
the incidence and distribution of serotypes for disease
surveillance is important to determine the serotype
components that would be most beneficial for inclusion
in a GBS conjugate vaccine. Furthermore, ongoing
monitoring will enable the continued evaluation of these
preventive measures after the distribution of the vac-
cine. Further population-based surveillance studies of
bacterial invasive infections in Japanese children are re-
quired.
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24 |18.5| 6 |6.7

2 |15 0 |0

6 |4.6] 3 |3.4

16 [12.3] 3 |3.4

84 |64.6| 26 |29.2

VT % |TEBIER| % [EFIE| %
1 50 0] 1

3 0 o] 1 jos|l 2 |22

5 o o o Jo|l o o

6A 4 |19 5 |38 2 |22

6C 7183 4 [31] 4 |45

7F 0o o 0o o] 0 |0

10A toros) 1 jos) 2 {22

11E 0 | 0] 2 |15] 0 |0

12F 0 o] 1 |08l 0 |0

15A 105 1 [0.8] 11 [12.4

158 3 |14 2 |15 4 |45

15C 1 05| 2 [1.5] 4 |45

19A 19 9.1 21 |16.2| 22 [24.7

22F 105l 2 (1.5 7 |7.9

23A 3 |14 0 0| 0 |0

24F 2 | 1] 2 |15 0 |0

33F 0 0] 2 |15 0 [0

358 o o o |0 2 |22

38 tojos; 0 0| 2 {22

B 44 |21.1| 46 [35.4| 63 |70.8

#E 209 [ 100 130 [100| 89 | 100

(BRERIEH, 2013° L UEIR)

2. FHOWR

IPD SEBIIZDWT, SBE S N72Bi R BRE o
ER 2N L7z, I RE CTd o ZERI I,
2010 4E 209 %1 (& IPD JEB D 85%), 2011 4E
130 %1 (7] 63%), 2012 4 89 B (|l 78%) TdH -
7o, MIERISAA 2R3 IR LA, 2010 £ 6B
Abokdb% < 658 (31.1%), RWT 14
(23.4%), 23F (10.5%) TH Y, PCV7IT& %
N A MIER! (vaccine serotypes: VT) #%78.9%
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ON|
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20105 20114 20124
s #E VT 194 133 (=31%) 33 (—83%)
s#E nVT 52 73 (+40%) 81 (+56%)

HWE VT HXU nVT EGROHERE (BREEIEH, 2013°&KU5(H)

FhoOTwR LaL, VIOLHED L2841
2011 4E 64.6%, 2012 413 29.2% ¥ THA 2R
L7, nVT T, 19A23b o S HEE
M7=, 2010 4E 19 B0, 2011 4E 21 %, 2012 41
2L ZEABTHY, ZOEEIZI.1%,
16.2%, 24.7% & xR B IERM %2 & L 7.
19A DA% 5% 8k% nVT OB S T
HY, IPD BERICRELREILLLEDN
5. F72, 15A, 22F b 2010 El2izFhFhl
BITdh o 7225, 2012 4E124% 11 Bl X OF 7 Bl
WML w7, PCVI BEEHEBBAICBVT
X, nVT OEEIZESIEEL Y, VI IZk 5
breakthrough infection i 1 IO A TH - 7=
(#8ak). KREIZHBIT S ABCs (Active Bacteri-
al Core surveillance) 2 X 2RETYH, 77 F
CEMBRBARZELLTaVT OBRPEIZX S
CEFEIRTEDY, PCVTICE 5 IPD %
ERFIRROBS2EMTIEFT -7 LEZ 5.
MER A L TR WEMICELTS, |
RMOMBEMSATHSL ERELT, BECBT
5 VT BXUnVTEREE AR L2, 2010 4
WCBIL VT X 14 Pl R shiz. BICR
T L9, #E VT EFEIE, 2011 FI12id 133

B, 2012 4Ei% 33 B E CWA L, 2010 4 & b
LTENREFN31Y%, B3U%DWIRELFES L
7z. —7, #EEnVTEFEIL, 2010 4 52 f1,
2011 £ 73 B, 20124 81 Bl L W@ ZRL,
WX 2011 4 40%, 2012 Fid 56% TdH >
7z.

DO F U EEEESEN

Hib & % WIZMiRIRE Y 7 7 2 1 =L
ERZITTweR, BEES V7V UFRED L
CIXIPD WRAELERE LT, 3EMTIPD
93 1 (2010 4E 7 B, 2011 4E 24 %1, 2012 4E 62
), 47z UYRBRYSE 18 £ (2010 % 2
B, 2011 4 6 #1, 2012 4 10 Bl) 2S5 E i,
PCV7 B IPD X Y SEES WML BB O
e, MIEEIASH B L7 B4 2 s Rl 5
HDOEALZRALICR L. 2010 X VT 236
Bt 5B (Wb 6B) 2 LD TW225, 2011
FEWZZ 196 36 (15.8%) 1R LTz,
2012 VT IZ M4 BF 1BDAR (6B) Th
D, nVT 2°97.7% % 5 Tw/. nVT Ti&
19A 28b o L L BEEEICHBE SR (2012 4E 15
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®4 TUFUEBRIPD KUSREEIN
iR EmAER DAR

| wioE | 011 | 0125

VT IER |EAk| % |EERIs] %

6B 5 83.3 1 5.3
Vv 0 0 1 5.3 0 0
14 0 0 0 0 0 0
23F 0 0 1 5.3 0 0
H) 5 83.3 3 15.8 1 2.3
nVT IR RIS % |G| % |EK) %
3 0 0 1 5.3 0 0
6A 0 0 1 5.3 1 2.3
6C 1 16.7 3 15.8 4 9.1
10A 0 0 0 0 2 4.5
ME 0 0 1 5.3 0 0
15A 0 0 0 0 8 18.2
15B 0 0 2 10.5 3 6.8
16C 0 0 2 10.5] 3 6.8
19A 0 0 4 21.1 15 |34.1
22F 0 0 0 0 5 11.4
33F 0 0 2 10.5| 0 0
35B 0 0 0 0 2 4.5
B 1 16.7| 16 |[84.21 43 197.7
et 6 100 19 100 44 100

(RERMERRIZA, 2013° K WJBIME)

), B 16 (IRBIE, FERER) 8% h
TWiz Fi2, 4 V7V U FEIRER D S
OHEMEOMEBERIZOWTIX, 20104 Hib 1
% (BEIE %), non typable 1 %] (GEREE %),

2011 4E13&f) Hib (BEEK 5 B, FERER 1
Bl), 2012 - CIXBEBEZE 3 Bl v d Hib 12
XBDDTH o708, FEREELBIE 7 1T,
Hib 3 #, non typable 3 #l, A1 HlTH - 7.

" 13 @RRIRERESE DI F

IV > (PCV13) BAICHFEN |
. DR P
PCV7 2 X % IPD FEishRIE, HEwAIICIE
nVT Bi&IREIC & A BRGE K U3 E/FS
BIEWTERY, T F VEABOD se-
rotype replacement ®#EAT d FEIZEB W TH

BENTWE, 22T, PCVICE TN AILE
RIZA, #HT6o0mER (1, 3, 5 6A,
7F, 19A) #3872 PCVI3 2SBAR & h, Bk
TIZ 2010 E X Y EANFRBEN TS, KE
DRI 8 HERR T B AR & &2 iRk R
72 Cid, PCVI3EAR @ 344EH (2007~2010
E) LEAHO 2011 FI2B1T 5 IPD BE O
W7o, ZofE, 2011 40 IPD BAF
BITEAROTEHBRERICL 5N L2%BA %
AL, 2REMTIES53%, 2K L5 ERERMT
1% 46% DWARTH o7z, T72, PCVISIZE
T N5 ITE R S 3R S5 BERR B0 57% D WA
BThol:, EEDPSHIZPCVISEAR 15 H
A EICBWT, &% 24 % BRi/NED IPD
RIS AT 7 F V3R %ML 2 BE A
XENTWwaY®, PCVI & TR wILiFRC
IZ2IPDEEHRZIY -V E LT,
PCVI3 & FhAMIERIC L % IPD ICBT 5
PCVI3 OFHizIREAZFHEL2dDTHY, 2H
BEL2 27 1 RRWHETIZ 78%, 1 BIEEL
ZF 72 1R L 2 R TIZ 77T% DERE
BRENTVE,
hNbNOBIZETIX, 5k IPD BE LY
SEEE N RIREICBIT B PCVI3 A /85—
1%, 2010 4 94.2%, 2011 4E 85.4%, 2012 4E 60%
LIERTHERICHSDDOD, 20124E0 PCVT &
N—EHN292%FTETLAECLEZEZ S L
BHPCVISEADOLENIEIHZ EEbh 5.
ZDEHBRRETT, BERICZBWTD 2013 4%
NNALIRL Y BHEEE LTHIBEATVS,
PCVI3EARY Va—n& LT, kE ACIP
WX PCV7 LRABDOTAL K54 VERLTED,
EHWEAROBENEEL LT14~59 7 B
O PCVI BEZTHEENE L L7 supple-
mental dose (HEBYAGBINEERE) 1 [EIEAE % e3¢
LTwa®. HAIIBT S eEEERERD
FEEELTE, R 7EMEARERER Y
7 F v 15[ R R 13 Ml R BRERE AR T 7 F ~ |
KCBEHboOATHY, BERINSOERE
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BRENRL TR W, bhibhoWiErT—4% X
D, BmEnseEoMmMBRIC L S IPD &
2012 ETIX H AL THER 9 A 1 REMLS
BARBABIZBWT), 74 A QR E 5 Rk
MRIZBWT) Tholobititshs, L
o T, WMBMEMEREICOWTE, EATFH
OBETIERAEIBR T 2 WMRERD D
RN B8, BANMEO G THESKITH
TAHFRPBEEINLZ L XY, EHEHEIE
FTTHEHCN L CERTEET I L E o
Tw5b.,

PCVISEAIZL Y, E57%5 IPD OB
PHEEINE—FT, Lok IR TIREK
EL BT 15 MR (15A, 15B, 15C), 22F
HEDPCVIS TAN—ERRVWILFERAD
replacement 2ABBRICHET L TVEI 0D,
SHIEBILETDH 5.

[

MNRARERT 79 VBAIZL D 5BERRAD
BIZB W TRENY Hib, MAREBRIYENSEE
WRA LA EPHLP TR o7z, E 5T
%, WERIIHT 28R % PCV7 e fEEimE
T A2MERIBFEING. LALRD
5, < IZIPDIZBWTIE, nVT Q&AM
PHETHY, TR CEERREREN DM
IHEmZR U7z, X0 IRA W IEERNS R G 3
CPCVISZSBBENTEY, LITEAIN
ENECBWTIE, ZOEMEIRENTV S,
FNRZITTARIETD 2013 4E 11 A2 5 PCV7
DY PCVI3 ASER FRiHRE S L CTHIRS
NTwa, Hb727F 250 PCV IZ/MR
BEERIEDFHICBWT, BT 2TV
THHILIZRBILCTHSIH, TOBRR
SHLNELRSTETVWS, Lo TESHE
%, @D serotype replacement DFAE, HEATIRIL,
@QEHWART 7 F VR, U rF rEER
BEMOHEN, @ 7HEONFHERZTEOH
B, RECEELCRESMBEREED T 7

F A4 T =L 5 ARk, HEETLLENS
HHEEZS.

1) Peltola H : Worldwide Haemophilus influenzae
type b disease at the beginning of the 2lst
century : global analysis of the disease burden 25
years after the use of polysaccharide vaccine and
a decade after the advent of conjugate. Clin
Microbiol Rev 2000 ; 13 : 302-317 ‘

2) # Wi NREBRERGE BRI R 0
MW ENRT O R-MRREAFAR Y 757~
PCV7 OXR. HIEMAEYHHITER 2013 34: 64-
66

3) Peltola H, Kilpi T, Anttila M : Rapid disappear-
ance of Haemophilus influenzae type b meningitis
after routine childhood immunization with conju-
gate vaccines. Lancet 1992 ; 340 : 592-594

4) Adams WG et al : Decline of childhood Haemo-
Dhilus influenzae type b (Hib) disease in the Hib
vaccine era. JAMA 1993 ; 269 : 221-226

5) Whitney CG et al : Decline in invasive pneumo-
coccal disease after the introduction of protein-
polysaccharide conjugate vaccine. N Engl J Med
2003 ; 348 : 1737-1746

6) BEERBIZY  [DMEMEERERS L2 5
RBIWERE] BT 5% EEFHRETRER
wWEE EES - EEREBESLY2I M)A
IV AREWERE [FHLIERSI LA Hib, M
KEB, 9y IA VA, HPVEDR T 7 F Y OF
B, BREMBCICZORE FEICHET 58
B - BERIIBFSE (BFEEHZE BRER) ] TR
22~24 FHEMFERES, 2013:9-19

7E  FEITHMEREBEEUT 2 F >
(PCV7) EA DR B B 1 AT T30 < 2012,
I R A 5 R 2013 5 34 @ 62-63

8) CDC : Progress toward elimination of Haemophi-
lus influenzae type b disease among infants and
children—United States, 1987—1997. MMWR
1998 ; 47 : 993-998

9) Ladhani S et al : Invasive Haemophilus influen-
zae disease, Europe, 1996-2006. Emerg Infect Dis

2010 ; 16 : 455-463

10) CDC : Progress toward elimination of Haemophi-

lus influenzae type b invasive disease among
infants and children—United States, 1998—2000.
MMWR 2002 ; 51 : 234-237

11) CDC : Invasive pneumococcal disease in chil-

dren 5 years after conjugate vaccine introduc-

— 211 —



12)

13)

14)

ANBE Vol. 55 No.3 2014

tion—eight states, 1998—2005. MMWR 2008 ;57 :
144-148

Hicks LA et al:Incidence of pneumococcal
disease due to non-pneumococcal conjugate
vaccine (PCV7) serotypes in the United States
during the era of widespread PCV7 vaccination,
1998—2004. J Infect Dis 2007 ; 196 : 1346-1354
Park SY et al : Invasive pneumococcal infections
among vaccinated children in the United States. J
Pediatr 2010 ; 156 : 478-483

Kaplan SL et al: Early trends for invasive
pneumococcal infections in children after the

@

15)

16)

introduction of the 13-valent pneumococcal
conjugate vaccine. Pediatr Infect Dis ] 2013 ; 32 :
203-207

Miller E et al : Effectiveness of the new sero-
types in the 13-valent pneumococcal conjugate
vaccine. Vaccine 2011 ; 29 : 9127-9131

CDC : Licensure of a 13-valent pneumococcal
conjugate vaccine (PCV13) and recommenda-
tions for use among children—Advisory commit-
tee on immunization practices (ACIP), 2010.
MMWR 2010 ; 59 : 258-261

L

— 212 —



1OV

Joumnais ASMorg

Phase III Clinical Trials Comparing the Immunogenicity and Safety of
the Vero Cell-Derived Japanese Encephalitis Vaccine Encevac with
Those of Mouse Brain-Derived Vaccine by Using the Beijing-1 Strain

Chiaki Miyazaki,® Kenji Okada,® Takao Ozaki, Mizuo Hirose,® Kaneshige Iribe,® Hiroyuki Yokote,” Yuji Ishikawa,’ Takehiro Togashi,?
Kohji Ueda"

Fukuoka-West Rehabilitation Center for Children, Fukuoka, Japan?; Department of Pediatrics, Fukuoka Dental College, Fukuoka, Japan®; Department of Pediatrics, Konan
Kosei Hospital, Konan, Japan®; Hirose Pediatric Clinic, Saga, Japan®; Sakurajyuji Hospital, Kumamoto, Japan®; Chemo-Sero-Therapeutic Research Institute (KAKETSUKEN),
Kumamoto, Japan’; School of Nursing, Sapporo City University, Sapporo, Japan?; Seinan Jo Gakuin University, Kitakyushu, Japan®

The immunogenicity and safety of an inactivated cell culture Japanese encephalitis vaccine (CC-JEV) were compared with those
of an inactivated mouse brain-derived Japanese encephalitis vaccine (MB-JEV) in phase III clinical multicenter trials conducted
in children. The vaccines contain the same Japanese encephalitis virus strain, the Beijing-1 strain. Two independent clinical tri-
als (trials 1 and 2) were conducted. Trial 1 was conducted in 468 healthy children. Each subject was injected with 17 pg per dose
of either CC-JEV or MB-JEV, and the immunogenicity and safety of the vaccines were investigated. Trial 1 showed that CC-JEV
was more immunogenic and reactive than MB-JEV at the same dose. Therefore, to adjust the immunogenicity of CC-JEV to that
of MB-JEV, a vaccine that has had a good track record regarding its efficacy for a long time, trial 2 was conducted in 484 healthy
children. To improve the stability, CC-JEV was converted from a liquid type to a freeze-dried type of vaccine. Each subject was
injected subcutaneously with either 4 pg per dose of CC-JEV, 8 ng per dose of CC-JEV, or 17 pg per dose of MB-JEV twice, at an
interval of 2 to 4 weeks, followed by an additional booster immunization 1 to 15 months after the primary immunization. Based
on the results of trial 2, 4 pg per dose of the freeze-dried CC-JEV (under the label Encevac) was selected as a substitute for the
MB-JEV. Encevac was approved and launched in 2011 and has since been in use as a 2nd-generation Japanese encephalitis vac-
cine in Japan. (These studies have been registered at the JapicCTI under registration no. JapicCT1-132063 and JapicCTI-080586
for trials 1 and 2, respectively.)

apanese encephalitis (JE) is an infectious disease caused by the

JE virus (JEV), which is mediated by mosquitoes, such as Culex
tritaeniorhynchus (1, 2). JE occurs not only in Japan but also in
many other Asian countries, including Korea, Taiwan, China,
Vietnam, Thailand, Malaysia, Myanmar, and India (3). The num-
ber of cases and fatalities due to JE are reported to be about 20,000
and 600 per year, respectively (1). To prevent this infectious dis-
ease, a JE vaccine derived from infected mouse brain tissue has
been in use for a long time in Japan and other countries. Concur-
rently, a live-attenuated vaccine developed from a passaged cul-
ture of the JEV SA14 strain in primary hamster kidney cells and
animals (mice and hamsters) with successive plaque purifications
in primary chicken embryo cells, SA14-14-2, has been in use since
1989 in China and other countries (4). Moreover, an inactivated
vaccine produced using the SA14-14-2 vaccine strain has been
licensed in the United States, Europe, Canada, and Australia (5).

In Japan, mouse brain-derived JE vaccine (MB-JEV) was ini-
tially produced using mouse brains inoculated with JEV Na-
kayama-NIH as a vaccine virus strain. At that time, MB-JEV was
produced by adding formalin to the centrifugal supernatant of a
5% emulsion of mouse brain to inactivate the JE virus (6). Later,
the quality of MB-JEV was improved through purification pro-
cesses. As for the virus strain used for vaccine production, the
Nakayama-NIH strain was changed to the Beijing-1 strain in 1989.
MB-JEV, using the Beijing-1 strain, showed neutralizing activities
against a wide range of domestic and foreign JE viruses. Further-
more, this vaccine strain showed high productivity in vaccine
manufacture and high antibody-positive rates and neutralizing
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antibody titers in vaccinees compared with the Nakayama-NIH
strain.

From January 2005 to December 2007, acute disseminated en-
cephalomyelitis (ADEM) occurred after vaccination with MB-
JEV at a very low frequency of 0.8 per 100,000 children, according
to a national investigation by pediatric departments in Japan (7).
The Health, Labor, and Welfare Ministry of Japan admitted in
2005 that the ADEM cases occurring after vaccination with MB-
JEV were health hazards, and accordingly, they issued a recom-
mendation to withhold active recommendation of the MB-JEV.,
The following points were considered to be problems with MB-
JEV: (i) a possible risk of it causing ADEM, (ii) difficulties with
quality control, and (iii) the use of animals in vaccine production.
To address this situation, two new freeze-dried inactivated cell
culture JE vaccines (CC-JEV) produced using the Beijing-1 strain
were approved as substitutes for the MB-JEV in Japan: JeBIK-V
(Biken, The Research Foundation for Microbial Diseases of Osaka
University, Kagawa, Japan), approved in 2009, and Encevac (Ka-
ketsuken, the Chemo-Sero-Therapeutic Research Institute, Ku-
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