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Background:  We  conducted  active  surveillance  to elucidate  the  distribution  of  Streptococcus  pneumoniae
serotypes  causing  invasive  pneumococcal  disease  (IPD)  and  clarified  the  genetic  relatedness  among  the
isolates in  Kobe  City,  Japan.
Methods:  Forty-five  IPD-causing  S. pneumoniae  strains  were  analyzed  from  March  2016  to  May  2018
through  active  surveillance  in Kobe  City,  Hyogo,  Japan.  Serotypes  were  determined  by multiplex  serotyp-
ing  PCR  and  the  Quellung  reaction  with  pneumococcal  antisera.  Fourteen  Sp12F  strains  were  subjected
to  whole-genome  sequencing  (WGS).
Results:  Among  45  isolates,  the  most  frequent  serotypes  were  12F  (n =  14,  31%),  24F  (n  =  5,  11%),  and
10A  (n  =  4, 9%).  Multilocus  sequence  typing  (MLST)  analysis  of  14  isolates  of Sp12F  divided  them  into
ST4846  (n =  4) and  ST6495  (n =  10).  WGS  showed  clonality  of  the 10 isolates  of ST6495,  with  only  13
single  nucleotide  polymorphisms  in  the  genomes.  Meanwhile,  ST4846  strains  in  Kobe  differed  from  only

the  outbreak  strains  of  Sp12F  ST4846  in  Tsuruoka,  Japan,  reported  on  2018.
Conclusions:  Serotype  monitoring  showed  Sp12F  to be the  predominant  serotype  in Kobe,  and  WGS
revealed  the  clonal  spread  of  Sp12F  ST6495  in this  city. Thus,  the  spread  of Sp12F  could  become  a serious
public  health  problem  in  Japan,  warranting  thorough  monitoring  in  future.

©  2019  The  Authors.  Published  by Elsevier  Limited  on  behalf  of King  Saud  Bin Abdulaziz  University
for  Health  Sciences.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://
ntroduction

Streptococcus pneumoniae is a clinically important pathogen that
auses invasive pneumococcal diseases (IPDs), such as pneumonia,
acteremia, meningitis, and sepsis [1–3]; however, the introduc-
ion of vaccines has reduced the incidence of IPDs. In Japan, a

eptavalent pneumococcal conjugate vaccine (PCV7) was  intro-
uced in 2010, which was replaced by 13-valent PCV (PCV13)

n November 2013. For individuals aged 65 years and above,

Abbreviations: PCV7, heptavalent pneumococcal conjugate vaccine; PCV13,
3-valent pneumococcal conjugate vaccine; PPSV23, 23-valent pneumococcal
olysaccharide vaccine; Sp12F, Streptococcus pneumoniae serotype 12F; gPSSP,
enotypic penicillin-susceptible S. pneumoniae; gPSIP, penicillin-intermediate resis-
ant S. pneumoniae.
∗ Corresponding authors.

E-mail addresses: noriko nakanishi@office.city.kobe.lg.jp (N. Nakanishi),
yohei nomoto@office.city.kobe.lg.jp (R. Nomoto).
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C  BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
creativecommons.org/licenses/by-nc-nd/4.0/).

a 23-valent pneumococcal polysaccharide vaccine (PPSV23) was
approved in 1988 and was included in routine immunization
since October 2014. After the introduction of these vaccines, a
nationwide surveillance programme was conducted [4–6]. The
introduction of PCV7, followed by that of PCV13, was found to have
dramatically reduced the rate of IPD among vaccinated children
[6]. However, the incidence of IPD caused by non-PCV13 serotypes
has recently been increasing in both children and adults in Japan
[4,6]. This is due to serotype replacement, wherein the prevalence
of serotypes included in PCV13 decrease, while the serotypes not
included in PCV13 increase.

In Israel, an increase in IPD caused by non-PCV13 serotypes
of S. pneumoniae, namely serotype 12F (Sp12F), was  reported on
2018 [7]. Moreover, an outbreak of IPD cases caused by Sp12F was

reported in Japan on 2018 [8]. Since Sp12F is well-known as a
serotype associated with high morbidity and mortality compared
with other serotypes causing IPD [9,10], it is undoubtedly a serotype
that should be monitored in the future.
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In spite of introducing PCV13 in 2013, even in Kobe City the
umber of patients with IPD has gradually increased as well as
he global situation described above. Here, we describe the pre-
ominance in IPD caused by Sp12F through active surveillance in
obe City from March 2016 to May  2018. We  also compared the
hole-genome sequences (WGS) to reveal the genetic relationship

f Sp12F isolates.

ethods

acterial isolates

We  analyzed 45 IPD-causing S. pneumoniae strains isolated from
lood and/ or cerebrospinal fluid (CSF), which were collected by
ctive surveillance in Kobe City, Hyogo, Japan, from March 2016
o May  2018. Our study was approved by the Ethics Committee of
obe City. Isolates of all IPD patients consisted of 20 people aged
5 years, five aged 5–15 years, six aged 20–39 years, nine aged
0–64 years, and five aged ≥65 years. All isolates were plated onto
olumbia agar with 5% sheep blood overnight.

erotyping and antimicrobial susceptibility testing of S.
neumoniae strains

The serotyping was performed by multiplex PCR using primers
nd conditions according to the Centers for Disease Control and Pre-
ention (https://www.cdc.gov/streplab/pcr.html). Serotypes were
onfirmed by the Quellung reaction with pneumococcal antis-
ra (Statens Serum Institut, Copenhagen, Denmark). Because the
erotypes 11A and 11E could not be discriminated by the Quellung
eaction, they are indicated as serotype 11A/E.

Susceptibilities of the Sp12F isolates to nine antibiotics were
etermined by using the broth microdilution method according to
revious studies [14,15]. PCR for the detection of three penicillin-
inding protein (PBP) genes and the macrolide resistance genes
ef(A) and erm(B) was performed as previously described [17–19].

ultilocus sequence typing

Sequence types (STs) of the S. pneumoniae strains were deter-
ined by the sequences of seven housekeeping genes (aroE, gdh,

ki, recP, spi,  xpt,  and ddl) [16] obtained from the results of WGS.
llelic numbers and STs of the strains were assigned using the pneu-
ococcal multilocus sequence typing (MLST) website PubMLST

https://pubmlst.org/spneumoniae/).

hole-genome sequencing and phylogenetic analyses

The predominant serogroup Sp12F isolates were analyzed. DNA
ibraries were constructed using a QIAseq FX DNA Library kit (Qia-
en, Hilden, Germany), and paired-end sequences (2 × 300 bp)
ere generated using the MiSeq system (Illumina, San Diego, CA,
SA) with a MiSeq reagent kit v.3 (Illumina). All the generated reads
ere assembled into contigs using A5-miseq [11]. Gene predictions

nd annotations were performed with PROKKA [12]. For compara-
ive analysis, a core single nucleotide polymorphism (SNP) matrix
nd maximum-likelihood phylogenetic tree were generated using
SNP (v. 3.0) with a k-mer size of 31 [13]. The same analysis was
lso performed using Illumina sequence read data of nine strains
esponsible for the outbreak in the city of Tsuruoka belonged to
T4846 (Accession nos. DRX114436–DRX114444) [8]. The genomic

equences of the Sp12F strains MT-1 and MT-20, belonging to ST218
nd ST220 (Accession nos. LIAD01000001 and LJMW01000001),
espectively, and which caused the most outbreaks [10], were
btained from the NCBI database and used as a reference.
d Public Health 12 (2019) 867–872

Nucleotide sequence accession number

The whole-genome sequencing (WGS) reads are available from
the DDBJ/EMBL/GenBank Sequence Read Archive under accession
number DRA007245 (Table 1).

Results

Distribution of S. pneumoniae serotypes

Among 45 isolates, the most frequent serotypes were 12F
(n = 14, 31%), 24F (n = 5, 11%), and 10A (n = 4, 9%) (Fig. 1). In chil-
dren aged <5 years and 5–15 years and vaccinated with PCV13,
non-PCV13 serotypes (except for 3 and 19A, detected from patients
vaccinated with PCV7) were detected. Serotype 24F in children aged
<5 years and vaccinated with PCV13 was detected only in 2016.
Meanwhile, in adults aged ≥20 years, 8 out of 13 serotypes detected
were covered by PPSV23. The predominant Sp12F was not covered
by PCV7 or PCV13 but was  covered by PPSV23. The patients with
IPD caused by Sp12F were children aged up to 15 years who  had
been vaccinated with PCV13, and individuals 20–64 years of age
who had not been vaccinated. Sp12F strains were detected from
patients from nine different hospitals during the period from May
2017 through May  2018 in Kobe (Table 1).

MLST and antibiotic susceptibility of the Sp12F isolates

MLST analysis revealed two  different STs among the serogroup
12F. In 14 Sp12F strains, 10 strains belonged to ST6945 (MLST allelic
profile: aroE-gdh-gki-recP-spi-xpt-ddl: 12-32-111-15-13-429-6),
and four strains belonged to ST4846 (12-32-111-1-13-48-6)
(Table 1). More strains belonged to ST6945 than to ST4846 in chil-
dren <10 years old who had been vaccinated with PCV7 or PCV13.
However, in adults <65 years old, three and two strains belonging
to ST6945 and ST4846, respectively, were detected.

The ST6945 and ST4846 strains were susceptible to peni-
cillin (minimal inhibitory concentration (MIC), 0.15 �g/ml and
0.06 �g/ml, respectively) and cefotaxime (MIC, 0.06 �g/ml) but
were resistant to clindamycin (MIC, ≥8 �g/ml) and erythromycin
(MIC, ≥8 �g/ml). By PCR, we examined whether the Sp12F strains
harbored antibiotic resistance genes. All strains possessed the
macrolide resistance gene erm(B). We  classified the Sp12F strains
into the genotypes for pbp1a,  pbp2x,  and pbp2b genes. All strains
belonging to ST6945 were genotypic penicillin-susceptible S. pneu-
moniae (gPSSP) with three normal genes, pbp1a,  pbp2x,  and pbp2b.
In the strains assigned to ST4846, three strains and one strain
indicated genotypic penicillin-intermediate resistant S. pneumo-
niae (gPISP) with abnormal pbp2b and gPSSP with three normal
genes, respectively.

WGS  analysis of the Sp12F isolates

An outbreak of Sp12F ST4846 was reported in Tsuruoka City,
Yamagata Prefecture, Japan on 2018 [8]. To clarify whether the
Sp12F ST6945 strains isolated in a local area of Kobe were of the
same clone, and to ascertain the genetic relatedness among the
Sp12F ST4846 strains isolated between the cities of Tsuruoka and
Kobe, the whole-genome sequences were compared. The strains
ST6945 and ST4846 were divided into two clades, and 2100 core
SNPs were detected among the Sp12F strains in this study (Fig. 2).
Meanwhile, only 13 core SNPs were detected among the 10 strains
belonging to ST6945 isolated from patients from different hospi-

tals in Kobe. We  surmise that the genetically clonal ST6945 strains
circulated in Kobe during the short period from May  2017 to May
2018. Similarly, in our analysis, only 10 core SNPs detected in Tsu-
ruoka strains were reported as causative agents of the outbreak [8],

https://www.cdc.gov/streplab/pcr.html
https://www.cdc.gov/streplab/pcr.html
https://www.cdc.gov/streplab/pcr.html
https://www.cdc.gov/streplab/pcr.html
https://www.cdc.gov/streplab/pcr.html
https://www.cdc.gov/streplab/pcr.html
https://www.cdc.gov/streplab/pcr.html
https://pubmlst.org/spneumoniae/
https://pubmlst.org/spneumoniae/
https://pubmlst.org/spneumoniae/
https://pubmlst.org/spneumoniae/
https://pubmlst.org/spneumoniae/


N
.

 N
akanishi

 et
 al.

 /
 Journal

 of
 Infection

 and
 Public

 H
ealth

 12
 (2019)

 867–872
 

869

Table 1
Information and characteristics of the Streptococcus pneumoniae serotype 12F strains isolated from IPD patients in Kobe city.

Strain no. Date of
diagnosis
(year/month)

Hospital Isolated
location

Sex Age Vaccination
historya

STb MICs (�g/ml) forc: ATB
resistance
gene

DDBJ accession
no. of read data

�-Lactam
resistance

PCG MEPM PAPM TBPM CTX VCM EM CLDM TFLX

Sp 2017-5 2017-5 A Blood Female 3 PCV13 four
times

6945 ≤0.015 ≤0.008 ≤0.008 ≤0.008 ≤0.03 0.25 ≥8  ≥8 ≤0.12 ermB DRX139216 gPSSP

Sp  2017-12 2017-10 B Blood Male 37 – 6945 ≤0.015 0.015 ≤0.008 ≤0.008 ≤0.03 0.25 ≥8  ≥8 0.25 ermB DRX139217 gPSSP
Sp  2017-15 2017-12 C Blood Female 22 – 4846 0.06 0.03 ≤0.008 ≤0.008 0.06 0.25 ≥8  ≥8 ≤0.12 ermB DRX139218 gPISP(pbp2b)
Sp  2018-4 2017-12 D Blood Male 5 PCV7 three

times, PCV13
once

6945 ≤0.015 0.015 ≤0.008 ≤0.008 ≤0.03 0.25 ≥8  ≥8 0.25 ermB DRX139219 gPSSP

Sp  2018-5 2017-12 E Blood Female 56 – 4846 0.06 0.03 ≤0.008 ≤0.008 0.06 0.25 ≥8  ≥8 0.25 ermB DRX139220 gPSSP
Sp  2018-7 2018-1 F Blood Female 53 – 6945 ≤0.015 ≤0.008 ≤0.008 ≤0.008 ≤0.03 0.25 ≥8  ≥8 0.25 ermB DRX139221 gPSSP
Sp  2018-11 2018-2 A Blood Male 6 PCV7 four

times
6945 ≤0.015 ≤0.008 ≤0.008 ≤0.008 ≤0.03 0.25 ≥8  ≥8 0.25 ermB DRX139222 gPSSP

Sp  2018-16 2018-2 F Blood Male 2 PCV13 four
times

6945 ≤0.015 0.015 ≤0.008 ≤0.008 ≤0.03 0.25 ≥8  ≥8 0.25 ermB DRX139223 gPSSP

Sp  2018-17 2018-3 A Blood Male 4 PCV13 four
times

6945 ≤0.015 ≤0.008 ≤0.008 ≤0.008 ≤0.03 0.5 ≥8  ≥8 0.25 ermB DRX139224 gPSSP

Sp  2018-19 2018-3 G Blood Female 35 – 6945 ≤0.015 0.015 ≤0.008 ≤0.008 ≤0.03 0.25 ≥8  ≥8 0.25 ermB DRX139225 gPSSP
Sp  2018-21 2018-4 A Blood Male 1 PCV13 four

times
6945 ≤0.015 0.015 ≤0.008 ≤0.008 ≤0.03 0.25 ≥8  ≥8 0.25 ermB DRX139226 gPSSP

Sp  2018-22 2018-5 D Blood Male 1 PCV13 four
times

4846 0.06 0.03 ≤0.008 ≤0.008 0.06 0.25 ≥8  ≥8 0.25 ermB DRX139227 gPISP(pbp2b)

Sp  2018-26 2018-5 H Blood Female 1 PCV13 four
times

6945 ≤0.015 0.015 ≤0.008 ≤0.008 ≤0.03 ≤0.12 ≥8  ≥8 0.25 ermB DRX139228 gPSSP

Sp  2018-27 2018-5 I Blood Male 2 PCV13 four
times

4846 0.06 0.03 ≤0.008 ≤0.008 0.06 0.25 ≥8  ≥8 ≤0.12 ermB DRX139229 gPISP(pbp2b)

a PCV7 or PCV13, 7- or 13-valent pneumococcal conjugate vaccine; PPSV23, 23-valent pneumococcal polysaccharide vaccine.
b ST, sequence type.
c PCG, penicillin G; MEPM,  meropenem; PAPM, panipenem; TBPM, tebipenem; CTX, cefotaxime; VCM, vancomycin; EM,  erythromycin; CLDM, clindamycin; TFLX, tosufloxacin; LVFX, levofloxacin.
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Fig. 1. Distribution of the serotypes of invasive pneumococcal disease (IPD)-causing pneumococcal isolates (n = 45) from IPD patients in Kobe City from March 2016 to May
2018.
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ig. 2. Phylogenetic tree based on genome-wide single nucleotide polymorphisms a
ity  (indicated as accession numbers). A maximum-likelihood tree was constructed

ut there were 65 core SNPs in four ST4846 strains in Kobe. More-
ver, the ST4846 strains isolated in Kobe were different from the
luster in the phylogenetic SNP tree compared with the strains that
aused the outbreak in Tsuruoka (Fig. 2).

iscussion

In this study, 45 IPD-causing S. pneumoniae strains were ana-
yzed, and Sp12F was found to be the predominant (31%) serotype

n Kobe. Many of the Sp12F strains were isolated from children with
PD, which might be because this serotype is not covered by PCV7
r PCV13. Here, we describe the local clonal spread of Sp12F ST6945
trains during a short period in Kobe.
 Sp12F strains isolated in Kobe City and strains that caused an outbreak in Tsuruoka
 kSNP 3.0. An enlarged view of the ST4846 and ST6945 lineages is shown in the box.

The 12F serotype is known to be associated with outbreaks of
invasive disease, often among adults but occasionally among chil-
dren as well [20]. In particular, it is well known that the clonal
complex CC218 in Sp12F contains the predominant sequence types
ST218 and ST220 (a single-allele variant of ST218), which cause
large outbreaks and are globally dispersed [9,10]. However, the
predominant global Sp12F outbreak clones CC218 are very rare in
IPD cases in Japan. The sequence type that caused the first Sp12F
outbreak in Japan was  ST4846 [8]. In this study, 14 Sp12F strains
were classified into two sequence types, ST4846 and ST6945, by

MLST. The phylogenetic tree based on WGS  showed that these two
sequence types are genetically separated from the global outbreak
clones ST218 and ST220 (Fig. 2). In Kobe, ST6945 was  a predomi-
nant sequence type, but in MLST analysis, it demonstrated only a
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wo-locus (recP and xpt)  difference from ST4846. In fact, in terms of
ore SNP analysis of the whole-genome sequence, only 2100 SNPs
ere detected between ST6945 and ST4846, suggesting that these

wo sequence types are genetically more closely related than with
T218, where core 7643 SNPs was detected. Furthermore, referring
o the MLST database (https://pubmlst.org/spneumoniae/), most
T6945 and ST4846 have been registered from Japan, except for two
T6945 strains that had been registered from China and Canada.
herefore, the Sp12F STs ST4846 and ST6945 might be endemic in
apan.

Sp12F ST6945 strains predominated over ST4846 strains in our
tudy. WGS  analyses showed that 10 strains belonging to ST6945,
hich varied by 13 core SNPs, were genetically identical. Com-
ared with the 10 core SNPs detected among the outbreak strains
f Tsuruoka, clonal Sp12F ST6945 strains might be circulating even
hough they were isolated at different hospitals in Kobe. In contrast,
5 core SNPs were detected among four ST4846 strains isolated

n Kobe, suggesting sporadic infection caused by strains that were
enetically different from the Tsuruoka outbreak strains. Chiba et al.
eported that 12F was the major IPD-causing serotype in adults in
apan from 2006 to 2007, and most of the serotype 12F strains were
PISP, with a pbp2b gene alteration [21]. It has been reported that
his epidemic had caused by the Sp12F ST220, which has known
s globally outbreak [22]. Therefore, it suggested that the predom-
nance of IPD cased Sp12F from 2017 have no correlation with the
ndemic in 2006–2007, and caused by endemic Sp12F STs, ST6945
nd ST4846.

12F has been reported to be rarely carried in the nasopharynx
f healthy persons and to have high invasive disease potential [20].
n our study, Sp12F strains were isolated from adults <60 years old

ithout the underlying disease. The Sp2017-12 strain was isolated
rom parent with suspected infection from their child who  exhib-
ted pharyngitis symptoms. Unfortunately, because we could not
nvestigate nasopharyngeal colonization by S. pneumoniae in the
hild, the details of the infection route could not be determined.
onetheless, our main findings taken together might also highlight

he hyperinvasiveness of Sp12F.

onclusions

In conclusion, we found a spread in the incidence of Sp12F-
ausing IPD from May  2017 to May  2018 through active
urveillance. We  found the clonal spread of Sp12F ST6945 in Kobe
uring this brief period. Therefore, the predominance in Sp12F IPD
ould become a serious public health problem in Japan. The PPSV23
accine includes the 12F polysaccharide, but PCV7 and PCV13 do
ot. Therefore, continued monitoring of endemic serotypes caus-

ng severe IPD is needed for the development of future vaccination
trategies.
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