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The introduction of the Haemophilus influenzae type b (Hib) vaccine and the 7-valent pneumococcal con-

jugate vaccine (PCV7) has led to dramatic reductions in cases of invasive H. influenzae disease and inva-

sive pneumococcal disease (IPD). After the introduction of the PCV7 and the 13-valent pneumococcal

conjugate vaccine (PCV13), the number of children with IPD markedly decreased in our hospital. How-

ever, since 2015, three children with IPD have been admitted to our hospital. We analyzed the serotype,

multilocus sequence type, and antimicrobial susceptibility of Streptococcus pneumoniae strains isolated in

these newly diagnosed cases. The strains were serotypes 7F and 12F. In addition, we analyzed the inci-

dence of invasive bacterial disease before and after the introduction of conjugate vaccines and found no

change in the incidences. We found that cases of IPD and invasive H. influenzae disease clearly de-

creased following the introduction of the PCV7, the PCV13, and the Hib vaccine, as well as disease

caused by antibiotic-resistant strains. (J Nippon Med Sch 2018; 85: 34―38)
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Introduction

Streptococcus pneumoniae is a major etiological pathogen

of otitis media, pneumonia, bacteremia, and meningitis

in children and causes substantial morbidity and mortal-

ity worldwide1. The introduction of the Haemophilus influ-

enzae type b (Hib) vaccine and the 7-valent pneumococcal

conjugate vaccine (PCV7) has led to dramatic reductions

in cases of invasive H. influenzae disease and invasive

pneumococcal disease (IPD) in the United States2 as well

as in Scandinavian countries3.

In Japan, the Hib vaccine and the PCV7 were licensed

in 2008 and 2010, respectively, but were not included in

the National Immunization Program (NIP) until 20134.

After the introduction of the PCV7 and the 13-valent

pneumococcal conjugate vaccine (PCV13), the number of

children with IPD markedly decreased in our hospital.

However, since 2015, three children with IPD have been

admitted to our hospital. Here, we analyzed the sero-

type, multilocus sequence type, and antimicrobial suscep-

tibility of S. pneumoniae strains isolated in these newly di-

agnosed cases. In addition, we analyzed the incidence of

invasive bacterial disease before and after the introduc-

tion of conjugate vaccines.

Introductory Cases

Case 1

A 5-year and 4-month-old boy was admitted to our

hospital because of fever and lethargy. Vaccination his-

tory included the diphtheria-pertussis-tetanus (DPT) vac-

cine (4×), the polio vaccine (4×), the measles-rubella (MR)

vaccine (1×), the Japanese encephalitis (JE) vaccine (1×),

the Hib vaccine (4×), and the PCV7 (4×). Neck stiffness,

Kernig’s sign, and Brudzinski’s sign were positive. Labo-

ratory examination showed a C-reactive protein (CRP)
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Table　1　S. pneumoniae serotype, sequence type, and antimicrobial susceptibility in our cases

Serotype

Case 1  7F

Case 2 12F

Genotype ST aroE gdh gki recP spi xpt ddl
Case 1 191  8  9   2  1 6 1 17

Case 2 4846 12 32 111  1 13 48  6

Antibiotic MICs PCG CTX MEPM CDTR EM CLDM VCM

Case 1 ≤0.03 ≤0.12 ≤0.12 ≤0.06 ≥2 ≥1 0.5

Case 2 0.06 ≤0.12 ≤0.12 ≤0.06 ≥2 ≤0.12 0.25

Case 3 ≤0.03 ≤0.12 ≤0.12 ≤0.06 ≥2 ≥1 0.5

ST: sequence type

PCG: penicillin G, CTX: cefotaxime, MEPM: meropenem, CDTR: cefditoren pivoxil, EM: erythro-

mycin, CLDM: clindamycin, VCM: vancomycin.

level of 12.1 mg/dL and a white blood cell (WBC) count

of 24,100 /μL (neutrophils, 91%). Cerebrospinal fluid

(CSF) examination showed a cell count of 1,048 /μL

(polynuclear cells, 94%) and a protein concentration of

99 mg/dL. CSF and blood cultures were positive for S.

pneumoniae. We treated the patient with cefotaxime (CTX)

and meropenem (MEPM) with dexamethasone and he

was discharged 15 days after admission without any

neurological sequelae.

Case 2

A 7-year and 3-month-old boy was admitted to our

hospital because of fever and neck pain. Vaccination his-

tory included the DPT vaccine (4×), the polio vaccine

(4×), the MR vaccine (2×), the JE vaccine (3×), the Hib

vaccine (2×), and the PCV7 (2×). Neck stiffness and Ker-

nig’s sign were negative. Laboratory examination showed

a CRP level of 2.18 mg/dL and a WBC of 31,140 /μL.

CSF examination showed a cell count of 1 /μL. Blood

culture was positive for S. pneumoniae. We treated the pa-

tient with CTX and he was discharged 9 days after ad-

mission without any severe sequelae.

Case 3

A 1-year and 4-month-old boy was admitted to our

hospital because of high-grade fever with prolonged feb-

rile seizure. Vaccination history included the diphtheria-

pertussis-tetanus-polio vaccine (3×), the MR vaccine (1×),

the Hib vaccine (3×), and the PCV13 (3×). Laboratory ex-

amination showed a CRP level of 2.85 mg/dL and a

WBC of 28,010 /μL. CSF examination showed a cell

count of 1.3 /μL (mononuclear cells, 100%). Blood culture

was positive for S. pneumoniae. We treated the patient

with CTX and he was discharged 5 days after admission

without any severe sequelae. Further examination of S.

pneumoniae was not performed in this case because the

samples were unavailable.

Materials and Methods

IPD was defined as any disease in which S. pneumoniae

was identified in normally sterile body fluids such as

blood, CSF, bone aspirate, or synovial fluid. Invasive H.

influenzae disease, or other invasive bacterial disease, was

defined as any disease in which H. influenza or other bac-

terial pathogens were identified in normally sterile body

fluids. S. pneumoniae strains were serotyped by Quellung

reaction using antisera purchased from the Statens Serum

Institut (Copenhagen, Denmark). All collected strains, ex-

cept case 3, were sent to the National Institute of Infec-

tious Diseases (Tokyo, Japan), where serotypes were con-

firmed using the same methods. Multilocus sequence

typing was performed and sequence type (ST) was deter-

mined according to allelic profile for aroE, gdh, gki, recP,

spi, xpt, and ddl, as previously described5,6. The minimum

inhibitory concentration (MIC) values of pneumococcal

isolates were determined using the broth microdilution

method as described by the Clinical and Laboratory Stan-

dards Institute (CLSI M100-S18)7. The antibiotics tested

were penicillin G, CTX, MEPM, cefditoren pivoxil, eryth-

romycin, clindamycin, and vancomycin. MIC breakpoints

were defined according to the 2008 CLSI guidelines7. Sta-

tistical analyses were performed using the χ2 or Fisher’s

exact test.

Results

S. pneumoniae Serotype, Genotype, and Antimicro-
bial Susceptibility in Three Cases (Table 1)

Characteristics of S. pneumoniae strains isolated in the

three cases are shown in Table 1. Serotype 7F, in case 1,

is included in the PCV13 but not the PCV7. Serotype 12F,
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Table　2　MIC values for CTX in pediatric IPD cases

MIC <0.06 <0.12 0.12 0.25 0.5 1 2

2000―2012 3* 0 1 2 5 2 2

2013―2016 0 3 0 0 0 0 0

A significant difference was observed in the susceptibility of S. pneu-
moniae strains to CTX between periods (p<0.01 statistical analyses 

were performed using the χ2 test).

CTX: cefotaxime.

*: number of patients

in case 2, is not included in either the PCV13 or the

PCV7. We did not examine the serotype of case 3.

We also experienced two additional cases of

pneumococcal-related bacterial pneumonia in a 1-year-

old girl and a 7-year-old girl. In both cases, nasal dis-

charge culture was positive for S. pneumoniae, urinary S.

pneumoniae antigen test was positive, but blood cultures

were negative. The serotype of the isolate from the 1-

year-old girl was 15B, which is not included in the

PCV13 or the PCV7. However, the serotype of the isolate

from the 7-year-old girl was 7F, which is included in the

PCV13 but not the PCV7. Vaccination history showed the

former case received three doses of the PCV13 and the

latter case received only two doses of the PCV7. Both pa-

tients quickly recovered after antibiotic administration.

Clonal diversity of serotype showed a sequence type of

191, 4846.

Changes in Antimicrobial Susceptibility of IPD to

CTX

The percentages of penicillin G-non susceptible strains

did not differ significantly from before to after PCV7 in-

troduction (data not shown). S. pneumoniae strains caus-

ing IPD isolated in 2013―2016 were more sensitive to

CTX than those isolated in 2010―2012 (p<0.01) (Table 2).

Annual Change in the Incidence of Invasive Bacterial

Disease

The annual change in the incidences of IPD, invasive

H. influenzae disease, and other invasive bacterial diseases

in children admitted to our hospital is shown in Table 3.

The incidence of IPD clearly decreased after 2013 and in-

creased in 2015. Invasive H. influenzae disease also de-

creased since the introduction of the Hib vaccine. How-

ever, the total incidence of invasive bacterial disease did

not significantly decrease.

Discussion

After the inclusion of Hib in the NIP, reported cases of

H. influenza disease clearly decreased in our hospital. Al-

though we did not discriminate H. influenzae type b from

H. influenzae, this decrease might be due to a decrease of

H. influenzae type b infection. This result is in agreement

with a nationwide survey in Japan8 as well as in Eng-

land9. This reduction may contribute to the ability of the

Hib vaccine to reduce nasopharyngeal carriage of H. in-

fluenzae and induce herd immunity. However, recently, an

increase in the incidence of Hib disease in England has

been reported9. Therefore, it is important to maintain na-

tionwide surveillance for invasive H. influenza disease in

Japan.

Conversely, IPD cases have re-emerged in recent years

in our hospital. Case 1 was caused by the PCV13 sero-

type 7F, which is not covered by the PCV7. A nationwide

population-based surveillance study showed serotypes

6B, 14, 23F, and 19F, which are included in the PCV7, sig-

nificantly decreased after introduction of the PCV7 and

the PCV13. However, serotype 19A, which is not in-

cluded in the PCV7, but is included in the PCV13, sig-

nificantly increased in number as well as in percentage of

IPD2. Sequential introduction of the PCV7 followed by

the PCV13 was performed in Israel10, as in Japan. During

the PCV7 period, before introducing the PCV13, otitis

media caused by S. pneumoniae serotype 7F did not de-

crease. However, after introduction of the PCV13, sero-

type 7F, as well as serotypes 1, 3, 5, and 19A, markedly

decreased. We therefore consider additional vaccination

with the PCV13 should be recommended in children pre-

viously vaccinated with the PCV7 only.

During the PCV13 vaccination program in Italy, a large

diversity (33% of all IPD cases) of IPD caused by non-

vaccine serotypes, which include serotypes 24F, 12F, 33F,

23B, 10A, and 25A, was observed11. Our IPD case, caused

by serotype 12F (case 2), might have occurred by the

same mechanism.

In our case, sequence type of S. pneumoniae showed se-

rotype 7F with clonal type 191 and serotype 12F with

clonal type 4846. Serotype 7F with clonal type 191 has

been reported in many IPD cases in Spain, but serotype

12F with clonal type 4846 has not12.



Pediatric IPD in NMS Chiba Hokusoh

J Nippon Med Sch 2018; 85 (1) 37

T
a
b

le
　3
　

In
ci

d
en

ce
 o

f 
in

v
a
si

v
e 

d
is

ea
se

 c
a
u

se
d

 b
y

 S
. p

ne
um

on
ia

e,
 H

. i
nf

lu
en

za
e,

 o
r 

o
th

er
 b

a
ct

er
ia

 i
n

 c
h

il
d

re
n

 i
n

 N
ip

p
o

n
 M

ed
ic

a
l 

S
ch

o
o

l 
C

h
ib

a
 H

o
k

u
so

h
 H

o
sp

it
a
l

y
ea

r
2
0
0
0

2
0
0
1

2
0
0
2

2
0
0
3

2
0
0
4

2
0
0
5

2
0
0
6

2
0
0
7

2
0
0
8

2
0
0

9
2
0
1
0

2
0
1
1

2
0
1
2

2
0
1
3

2
0
1
4

2
0
1
5

2
0
1
6

St
re

pt
oc

oc
cu

s 
pn

eu
m

on
ia

e/
St

re
pt

oc
oc

cu
s 

pn
eu

m
on

ia
e 

P
IS

P
/S

tr
ep

to
co

cc
us

 
pn

eu
m

on
ia

e 
P

R
SP

0
1

1
3

0
2

0
2

1
0

1
0

1
0

0
2

1

St
re

pt
oc

oc
cu

s 
ag

al
ac

ti
ae

 (G
ro

up
B

) 
0

0
1

0
0

0
0

0
0

0
0

0
0

0
0

0
0

H
ae

m
op

hi
lu

s 
in

flu
en

za
e/

H
ae

m
op

hi
lu

s 
in

flu
en

za
e 

B
LN

A
R

2
1

0
0

1
3

1
1

0
0

0
0

0
0

0
0

0

o
th

er
 g

ra
m

 p
o

si
ti

v
e 

co
cc

u
s

St
ap

hy
lo

co
cc

us
 

au
re

us
/S

ta
ph

yl
oc

oc
cu

s 
au

re
us

 
M

R
SA

0
1

1
0

1
0

2
4

0
2

1
1

1
0

1
0

0

C
oa

gl
as

e 
ne

ga
ti

ve
 s

ta
ph

yl
oc

oc
cu

s
5

1
1

2
1

6
4

4
0

3
3

2
0

0
8

2
2

M
ic

ro
co

cc
us

 a
nd

 R
el

at
ed

 
G

en
er

a/
E

nt
er

oc
oc

cu
s 

fa
ec

al
is

/E
nt

er
oc

oc
cu

s 
fa

ec
iu

m

0
1

0
0

0
0

0
0

0
0

0
0

0
0

0
2

0

o
th

er
 g

ra
m

 n
eg

a
ti

v
e 

ro
d

E
sc

he
ri

ch
ia

 c
ol

i/K
le

bs
ie

lla
 

pn
eu

m
on

ia
e/

Sa
lm

on
el

la
 

sp
ec

ie
s/

Sa
lm

on
el

la
 ty

ph
i

0
1

0
0

2
0

0
0

0
2

0
0

0
0

2
0

1

P
se

ud
om

on
as

 
ae

ru
gi

no
sa

/A
ci

ne
to

ba
ct

er
 lw

of
fii

0
0

0
0

0
0

0
0

0
0

0
1

0
0

0
0

1

a
n

er
o

b
ic

B
ac

te
ro

id
es

 u
ni

fo
rm

is
/A

na
er

ob
ic

 
G

ra
m

-p
os

it
iv

e 
ro

ds
/P

ro
pi

on
ib

ac
te

ri
um

 a
cn

es

2
1

5
6

4
2

2
2

0
3

0
0

0
0

0
0

0

g
ra

m
 p

o
si

ti
v

e
ro

d
s

B
ac

ill
us

 s
pe

ci
es

/G
ra

m
-p

os
it

iv
e 

ro
d

0
1

1
0

0
0

1
0

0
1

1
1

3
0

3
1

2

g
ra

m
 n

eg
a
ti

v
e

co
cc

u
s

N
ei

ss
er

ia
 s

pe
ci

es
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

1
0

o
th

er
s

M
ic

ro
co

cc
us

 a
nd

 R
el

at
ed

 
G

en
er

a/
E

nt
er

oc
oc

cu
s 

fa
ec

al
is

/E
nt

er
oc

oc
cu

s 
fa

ec
iu

m

0
2

1
0

0
0

1
0

0
1

1
1

3
0

3
4

2

T
ot

al
9

1
0

1
1

1
1

9
1
3

1
1

1
3

1
1
2

7
6

8
0

1
7

1
2

9



T. Sano, et al

38 J Nippon Med Sch 2018; 85 (1)

It has long been recognized that PCVs are expected to

be effective against IPD caused by drug-resistant strains2.

In our case series, CTX susceptibility improved after in-

troduction of the PCV7 and the PCV13, which is contrary

to a previous nationwide survey2.

In conclusion, IPD and invasive H. influenzae disease

clearly decreased following introduction of the PCV7, the

PCV13, and the Hib vaccine, as well as disease caused by

antibiotic-resistant strains. Because epidemiological

changes are expected to occur in the following years, op-

timized and continuous surveillance is required to moni-

tor the emergence of both vaccine and non-vaccine sero-

types and to evaluate drug resistance in invasive bacte-

rial infection in children.
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