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U VRIMEESMEH S TE 2 L LIERNR S MR R
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% Z % WSS 2000 SEARICHL S LT & 720 Kimura 512
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ceptibility : PRGBS) O FFAEASGEH 8 v72¥, 2 LA, b
KTH PRGBS 235 SNTHE Y HHMIZH LAY & AT
Wb ZEFHRE SR TWw5Y, CLSI % European committee
on antimicrobial susceptibility testing (EUCAST) T &
PRGBS OFFED RS NTB Y, H-Mrs LTRD
5NTWAY, EUCAST 2B W IRl 25 kk o GBS 12
FLTHZZIZPCCOT VLA 7KL » b (S<0125 pg/mL, R
>0.125 ug/mL) 2SED b B % EFEFNM B0 25E F -
T&TW5”, PRGBS Ofifth A 77 = X 2 IZFIZR= V) U f
£EM 2X (PBP2X) O7 I VBERICE2b0TH L L
HENTW L, PBP2ZXOHTHR=V ) VB ICHD S
transpeptidase domain DIEFHEHLEEK T S E SN TWw5
10S5SNug, 5:KSGsst DILEEIZd A VA0SA & Q557E O F, b
LL3—HoiEEsH L Tw i EAIIBWw TRESZELT %
Do TWAEY,

PRGBS iz, PCGICIFEMETH Y bbbt 770
AR VRIIREZ ML R T 7T T T VIR = Y~
&M GBS (CTBPSGBS) 752014 4EI#1H T S Tw
%Y PRGBS THt7 7aARY Yy Re~xrua54 NR, 7
VA uF s u y R it 2 R 3£ A% PRGBS o
BRBOZ EPREINTVE DY, X2V Y RUAO
M DR L Tuh 2T % 5 v,

GBS D MLiEANT R ES & B = BARTED D 5 2 & 355
Mo Twnh, REEBIEZIIRI L2RAL D 5HESI N
GBS O IiEMIZ b, V, M EMAL WL INTEY, TOm
T3 Clonal Complex 10 (CC10) (2& M5 Sequence Type
10 (ST10) Z/~9 Ib BAEMICHH S NS LS Tw
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Table 1. Primers used for PBP2X gene analysis

Primer Secence Amplicom size (bp)
Amplification
Forward 5-CGGAATTCGTGACTTTTTTTAAAAAGCTAA-3 2,275
Reverse 5-ACGTCGACTTAATCTCCTATTGTAATTTTG-3
Sequence
F1 5-AACTATACGACAGCTACAGGTC-3
F2 5-GTAGTGGGAATGTTCTTTTAGG-3
F3 5-TCTAAGCATTTTAACTCTACTG-3
R1 5-GAACCAGATTACGACGTAATTC¥
R2 5-ATGAGCTCATAGCGATAGTTAC-3
R3 5-TTGCAGAGGCTAGAGTCATTAC-3
R4 5-CCGCCCTACGTTCTGTTGTTGC-3
R5 5-AAGACAATCCTGAACCTGAACTTCC-3

Z)IO)O

F 7z, WPIREEHE R & 458 X 7z PRGBS OE Bk R A58
TR EEEBEE =) Y RUEEOHE S X
PRGBS OHBIZx L THBEICHE L TWDH Z EhHfish
TWh 720, @720 Ch { B OMEERICBVWTHE
BTH DY,

JE A 55878 Be PG S — XA 5 v 2 (JANIS) M
EEBF O ARERIC X, &E o GBS @ PCG &M%
2015 4:~2019 4F T 93.1%, 94.2%, 94.0%, 94.0%, 93.6% &
BIFRE%ARLTw5b, LA L, BER T 2015~2019 4
DIEZMEHIE 76.2%, 79.1%, 829%, 814%, 831% TH 1,
FAELTIEVAb00EE LKL TERAMEDFE FTH
52,

RS2 T I3RS L ILE5 B T 0 PRGBS % 25 138 240 9
52 LT, MFRMICEIE L T2 Rtk s OmEH R B
ST L, BEDON— Y REWF IOV TOHMAEZFT
PRGBS OE#MIHO—B 452 L2 HIWE Lz,

MEEFE

1. ®HR

T S e S (3 2 o iEWifES) 2B w
T, PCG MIC=0.25 ug/mL % 7% 3 GBS DY 2D W T £
PSR ARAE L, BE L Nk ke 6 M (8 vl B I,
[ e Lt ) e SR ] AN A = L e ] o A
A mbE, IR RSB 205 34 Bk (2014 4E 4 A~
20204 2 H) YUHE L 720 MR OFRERE T 68~99 1%, H 1

i3 50 : 50 TH o720 MEOWNERE L THEHE 32 ¥k (94.1%),

JR2¥E (59%) TH o 7o FEBFER D S IR L 220D
NI, DHEIGTH OBEBRERT (A) 225 10 ¥k (294%), i
B OEREEE B) 25 9tk (265%), HifGTT O PR H% R
(C) 75 12%k (353%), BT OEHFEM (D) 26 1#
(29%), MW OEBEEE (E) 225 18 (29%), P
THOEREE (F) »5 18 29%) Thotzo &B, A5-
A6 XA — B THRH I 5B S N7 WE R B R E T, A9 -
ALO X[ —BF TR OB S NZZHRTH D, A TR,
AL0 (ZWEHEHRVETH 5 -

2. GBS MRAE

16S rRNA B TITIC L B REMAEE 1T > 720 ¥ —27 T

v Af#ERTH%, BLAST AT IS X - TRWHIEMEE b > T GBS
L SNz,

3. MEAERSMEER

CLSI # (M100Ed32) |C#EU TV, SERPAA B THF
KABEAE T T 37C 24 IRy [ 8% 48 L 720 Mueller Hinton Agar
(Becton Dickinson) (248 L7z EOIREIE L v J Bk
HEMIE (HANA 7 A MIFZEAT) % 5% 1275 X9z
7o MR SE RS &2 M L 7= PURIFEIZ PCG, ABPC, oxacillin
(MPIPC), cefazolin (CEZ), ceftizoxime (CZX), clindamy-
cin (CLDM), vancomycin (VCM), ceftibuten (CETB),
levofloxacin (LVFX), meropenem (MEPM), erythromycin
(EM) OFF 11 3EH & fH L 720 DU 3E 0 #3523 0.06,
0125, 025, 05, 1, 2, 4, 8, 16, 32, 64, 128 pg/mL IZ
25 X HIZH# L 72, control strain & L T Stereptococcus
pneumoniae ATCC49619 i L7z, ¥, MIC 2"EfEi%
7R L 72BRIZD W Cid CLSL I #E U 722" AR BB 12 C
WA x 1T - 720

4, Mm;ERH

B HEAIL L > BRI PO BA3E [E0F] (7o) 12
T % AT o 72#8, BEAIM L & R A0 M e iy [k
W (7o) RRW, RASCEICHID X5 4 FEEDIC
TIHLER Ta, Ib, II, IO, IV, V Z2HE L7

5. GBS O#EEHhH

Chelex 100 Resin (BIO-RAD) % Tris-EDTA Buffer (TE
Buffer) (10 mM Tris-HCl (pH 80), 1 mM EDTA - 2Na)
I L T 10% chelex % # % L 720 10% chelex 200 pl {2
Wk 2 oo = — X 0 TR TEBEINZEE L2, 95C
10 min JN#%, Voltex #, #i.lv (15000 X g 10 min) % 47 -
T RH BBt e L7z,

6. PBP2XBIGTNDY — 7 I X

Quick Taq HS DyeMix (HE##5) & Kimura 5D 3%
ZHIZ L7 PBP2X BIn T2l T& 5774 ~—2 VT
PCR # %475 72 (Table 1) S5t 94C 2 min % 1 cycle,
94C 30 sec, 55C 30 sec, 68 2 min 30 sec % 45 cycle T
1To7z0 WIC, WIEEWE 1.2% 7 70— X7 VI TRRIK
BEiTv, TFYYLATEYA F (EtBr) (1 mg/mL) Hfa
W2 & O RERR L 720 BIIEREM 1X Wizard Genomic DNA Purifica-
tion Kit (Promega) Z il L THM L 7=, #H#, BigDye
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Terminater v1.I Cycle Sequencing Kit (ThermoFisher) %
MWTY =22 Y 207290 DPCR #4175 720 KIS 4lh 1
96C 1 min %= 1 cycle, 96T 10 sec, 50C 5 sec, 60C 1 min
15 sec % 25 cycle T4 o720 ¥ —2 T~ A PCR O ¥IEFEY
13 Sephadex G-50 DNA Grade (G-50) (Cytiva) (Z& - THi
L 7., DNA 3EEBEH] O AT 13 ABI PRISM 3130 Genetic
Analyzer (Applied Biosystem) (2 TAF\vy, 27 5% FHE(R
Ff#HT > — ) Benchling (https://www.benchling.com/) %
HOCTIHEN %17 5720 PBP2X O 7 3 J AR % T 5 B
@ reference strain & L T Streptococcus agalactiae A909
L7z

(NCBI £ » Bl M : https//www.ncbinlm.nih.gov/
nuccore/CP000114.1)

7. PBP2X IZ#1} % DNA EEESITORBGE OMER

CLUSTAL W Multiple Sequence Alignment (https://
www.genome.jp/tools-bin/clustalw) % fii j L TR HM % 15
L7720 PBP2X O CTH FIIR=V ) YFEHICED > Tw
% transpeptidase domain @ DNA FeFI THE %175 720

8. Multilocus Sequence Typing (MLST) O —4o T >

S

GBS T & alcohol dehydrogenase (adhP), phenylalanyl
tRNA synthetase (PheS), glutamine transporter protein
(atr), glutamine synthetase (ginA), serine dehydratase
(sdhA), glucose kinase (glcK), transketolase (tkt) ® 7
FEF DN 23—V v FBIE T OERARY % g Loy
%o WAZMIIZ T OO allele M A HETMLST D7 — %
N — A PubMLST (https://pubmlst.org/organisms/
streptococcus-agalactiae/) % JI\» T sequence type (ST) %
#4720 MLST WM L7275 4 ¥ —1% PubMLST (C# U 72
ORI L7ze MRMBIET %R S 57200 PCR U
213 94C 2 min # 1 cycle, 94T 30 sec, 55C 30 sec, 68T
1 min % 45 cycle T17 o 72 ¥R OMEGEH & DNA K3k
BCH) DT £ Tld PBP2X AR T D ¥ — 7 = v AfiR#r & [l kk
HRIFETIT> 72,

9. /NIRRT 4 =L FFIVERXE (PFGE)

GBS % 1% 7H U —AF VICEM L7zrvruy 7% )
VF—LE, Ny )T B, TaT A —E K AL
L 7-f%, fill B 3% Apal (NEW ENGLAND BioLabs) %
W 37C T 24 BEETHAL L 720 kE4f1E Banno & @5
\CH#E LT, L 60 V/em, B 120 B, A 14C, A A v
F ¥4 L% 1sec DD 18 sec, IKEIREM] 23 ¢ TIT o 720 Tk
Bifk, 7HAU =27 V% EtBr §:t LT, 7 IVREZEEE-
BOX (Vilber Lourmat) & C#sg L 720 SR O/F R 115
SNz WET— % % H & I12 FPQuest (BIO-RAD) % L
THT o720 FIEEE: (UPGMA ) 12X 1 tolerance 51X
5.0% THENT L 720

# 3

1. PSR MRER

U S P BR % 11 #£5%] T1T - 72 (Table 2), PCG 1
33 Mk IEEME (MIC=025 pg/mL), 14k (B4) O mEME%
R L7z B4 DD b PRGBS O Fk & [EEEIZ CETB @ MIC
ASEfE (MIC =128 pg/mL) & 7% > CT\W/z728%, CTBPSGBS
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Td 5 HEMEARIE S I 7ze 4 WL L 72 PRGBS 33 #T
® EM @ it % (MIC=1 pg/mL) & 394%, CLDM o i
PR (MIC=1 ug/mL) 1% 424%, LVFX oIt (MIC
=4 ug/mL) 1% 100% 72 - 72. PRGBS O H T Al PRGBS
(EM iP5 /LVFX FE &tk o 3 % L1255 72 L 72 PRGBS) @
EHH12394% TH o 72,

2. Mm;FEA

FIZMIFIZ L 2 A T4 FEEEICTER % geE L7z (Ta-
ble 2) . PRGBS D ILERHITlZ 11T #2511 #& (33.3%) &
1% <, KWTIb M 104k (303%), Ta6#k (182%), 11
B4k (121%) ONET, HEARE (Non-typeable : NT) 1
28 (61%) THo72c CTBPSGBS TH5 B4ixIb# & L
THEENnIz,

3. PBP2X EIZFNI —Y I > XER

3 5 N 72 DNA SR I B H A & AT L 72 34 Bk v 27 B 12
G398A, V405A, QS57TE D 3 M HIDO 7 I J BREHSA SN
7z (Table 3)o MIRSZHALICER 2 E#H L ST 5 V405A,
QB57E D /b L { 13— %4 TD PRGBS O¥MRA L T
W7o Z e o7z, PCG MIC 1 pg/mL %27~ L7- Bl, Cl12
OBIFIMOBMRE Y DL DBEWRDSA SN, CI2 Tl
1378V, G398A, V405A, H438Y, Q557E B L O 3 M if
AZE->THHBHFEHADNDKSIZH DA VT L— Lg%
G726 DDEIHFER TE 72, 1378V BB FHDA » 7
L — AERIIS OB BV THD THE S 7 (acces-
sion no. LC744379), D1 (&1d), E1 (Hi4) O RkIE G329A,
G398A, V405A, G429D L thokk & ZE 729 4 T DE R
%R L 720 CTBPSGBS T& % B4 @ & 13 T394A O AT
H o7z,

4. PBP2X A IZ & % transpeptidase domain @ DNA 5 &

Bo%lz AU - R B O /ER

34 Phrp 28 #RIE T CHRIERAN 72 o 72720 —D 7V — 7
(Group 1) ZEH L7z —H, O NV—T7LIZHIIDI -
El, Bl - Cl2 iZZNZENP DTNV —T %L L Tz, C8
(PRGBS) & B4 (CTB'PSGBS) (& Group 1 225 #(NTH Y,
[f]—® 7 )V—"7 (Group 2) %M L T (Figure 1).

5. MLST

PRGBS 33 #k & CTB'PSGBS 1 # @ Sequence Type (ST)
Wl o HE G %R L7z (Table 4)o PRGBS 33 #: T 1% ST1 (10
0 30%), ST358(9 kK : 27%), ST3(8#k :24%), ST1665
(6 #k : 18%) DIEIZZ %> 720 1 ¥k CTBPSGBS i ST1753
TH o 72e GHOMRMN TS 72 ST iX Clonal Complex 1
(CC1) & CCl12i2I® ¥ % ST 72 5 72o ST1665 1% 2021 4F 12
B BEESN/2ST TH Y, PubMLST (https://pubmlst.
org/ bigsdb ? page = profileInfo & db = pubmlst _ sagalactiae _
seqdef&scheme_id=1&profile_id=1665) 12 TEEE O Hi#k 1
HToAMEINTWS, ST1665 & ST1753 (& ST1 & ik
LCHIZ 12D allele DADET 5> Tw7z, ST1665 125 %
N5 sdhA 31X STLIZEEFN S sdhA @1 &g LTI
EDOERE RO T2 STI753 135 R DFFENT THID TEEL 7=
STTHVY, atr : 214 & STIICEFND atr : 2 LB L T
1EEOEREZ RO T2,

6. PFGE & ®#ist

W% 85% i L CPFGE IC L D SN2y RIS
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Table 3. Amino acid substitutions in PBP2X of clinical PRGBS and CTB*PSGBS isolates
) ) PBP2X
strain  hospital DU oUISOlton TG MIC Ties sa0 378 304 308 400 405 420 438 445 57 585
A909* S G I T G A \% G H P Q N

Al A March/2019 05 F A A E
A2 A July/2019 05 A A E
A3 A August/2019 05 A A E
A4 A September/2019 05 A A E
A5 A October/2019 05 A A E
A6 A October/2019 0.5 A A E
A7 A November/2019 1 A A E
A8 A January/2020 05 A A E
A9 A February/2020 05 A A E
A10 A February/2020 05 A A E
Bl B February/2015 1 A A S E
B2 B February/2015 0.5 A A E
B3 B June/2015 05 A A E
B4 B July/2015 0.06 A
B5 B November/2015 05 A A E
B6 B November/2015 05 A A E
B7 B February/2016 0.5 A A E
B3 B April/2016 05 A A E
B9 B August/2017 05 A A E
Cl C April/2014 1 A A E
C2 C October/2015 0.5 A A E
C3 C November/2015 0.5 A A E
C4 C November/2015 05 A A E
C5 C January/2016 05 A A E
C6 C March/2016 05 A A E
Cc7 C September/2016 05 A A E
C8 C November/2016 05 A% E
C9 C November/2016 0.5 A A E
C10 C February/2017 05 A A E
Cl1 C February/2017 05 A A E
C12 C January/2019 1 \% A A Y E KS
D1 D August/2019 0.5 Vv A A D
El E September/2019 0.25 A% A A D
F1 F April/2019 05 A A E

*: Streptococcus agalactiae A909 is reference strain.

5 — iy EIRBB EER L7z (Figure 2). ST1665 % 7~ ERVITER & 2> TWwhb,

L72C2 C3, C4, C5%ST3% )k L 72A3 A4, A5 A6
BLOSTI #/r L72B6, B7, B8 lgZhZFhm\ ks
R LR —HROEILEAVRIE S N7z, SRMICIERE LT T
BIAE T & GHEs - Mz - SR TEB Y, B6, BT,
B8 OWARIZHEIM TV — T2 L T 7z,

% =
AFRIZ 35 > T HH R R B HH R % 15 T 24 W 0 4R B I

JeEASBE L T % PRGBS 3Bl K TR I NTHE ST,

MR EFZOBM TR ELR 2WEIRD LN TV LERTH
W LaL, RERMERNiLOBERR= V) VIG5
DI B BE DO 7> S PRGBS 7254 E IR S Tw
5, ARWFSE & B PRGBS I3 E#H OIS D & 58S h
LI ENEL, B LHEIEA TS HARIZE 5 THEET
10 HAERM AW HERE

Vol. 33 No.3 2023.

SANAE L 72 34 pR o SERNE SR B & 1T - 72 /5 3, PCG
MIC 0.25~1 pg/mL % 78 3 ¥k A3 #E S L 7z. PRGBS 13 &
TTURARY) VR, wr7uIA FR, 7htuFxorRiC
b FRENE 2 7R T LA PRGBS Td 2 E 4258\ 2 & A3k
HENTWB", EMOfiftEs (MIC=1 ug/mL) & LVFX
DIEFMER (MIC=4 ug/mL) »FPSGBS TiZZNZN 79%,
184% T&H A DIZx L, PRGBS TIEZFNZh 474%, 100%
THolzlb v IHEsH 5%, SHOMEETIL EM Otk
13 394%, LEFX OIEEMERIZ100% Thorzo T2, AF
12 3BT PRGBS H & % #l it 14 PRGBS o #] & 7%68.9% T
BTt OWED D BV RN TIE 394% & HEIYILHE T
B o 2D HNHBEALISEA TVDL T L 2 WD THERT L L
T E T2, 2010 41 S N7 8 pEH] GBS IRYAE O VB 12
B384 94 0Tld, EELZR=ZVY YT LLF—DRL



BEIGILIZ 3317 5 PRGBS D451 241 HT 185

Group 1

o C12

[
lL—————Ow

™| Group 2

Figure 1. Phylogenetic relationships between DNA sequences of the transpeptidase domain that were detected in PBP2X.
To perform the comparison with the DNA sequence of the transpeptidase domain in PBP2X, we used the ClustalW Multiple Sequence
Alignment tool and PhyML (https://www.genome.jp/tools-bin/clustalw).

Table 4. Sequence type of PRGBS and CTB*PSGBS isolates

Sequence clonal Allele profile The number of
type complex ST profile .
ST) (CO) MadhP PheS atr glnA  sdhA  glcK  tkt strains
PRGBS ST1 CCl1 ST1 (template) 1 1 2 1 1 2 2 10 (30%)
ST1665 CC1 1 allelic variant 1 1 2 1 3 2 2 6 (18%)
ST3 CC1 2 allelic variant 1 1 4 1 1 3 2 8 (24%)
ST358 CC12 3 allelic variant 1 1 4 1 3 3 2 9 (27%)
total 33 (100%)
CTB'PSGBS ST1753 CC1 1 allelic variant 1 1 214 1 1 2 2 1
total 1

(D: Abbreviations for house-keeping genes used for MLST analysis all on follows: alcohol dehydrogenase (adhP), phenylalanyl tRNA syn-
thetase (PheS), glutamine transporter protein (atr), glutamine synthetase (glnA), serine dehydratase (sdhA), glucose kinase (glcK), trans-

ketolase (tkt).

PP G £ LT, EM X ) & CLDM D5 A3t 3%
ERNTWw 3% 4 L4 L 72 PRGBS @ CLDM fif 7 5 1%
424% & Efi% R L7723, MLl PRGBS # 18 LT\
WA R EEH ORI A SN TLE D) Z MRS h
%o

PRGBS D #H) &2 PR IZ 4 E & R iR L 7 o 7298
MLHR TS 72IRA 0 R L7ze il DI EHEA 5
Feth &% PRGBS 1 VI B A2 7R §ILIERI A% v & & A3y
ENTWE7, L L, KRFENTCHEM L2k Ib % T
1D PRGBS 3% S MM ENTHB Y, EEOMEmE 13E S 72

A Z 5 TV B WREEAVRIR S N 7zo AEDHE T Ia,

Ib, NI & ELHARMB R L RAD SN TWE 0%, BEE
DI EF R H Sk D PRGBS 1345 #H 74 57— 7 OER-HI Y

PrhoTL AL,

RIS E DB 2 S 13 Tt LR R YE 2 5 &2 2
FTHRIZZ W E SNTWBIMIEIAE i s 7z, ST10 1%
WEOHE T CCLO I I N T W28, BAEIE CCl21
GEENTWD, 5R2FHICE < 458 S 172 ST358 1k
ST10 & I LT 1 alelle DA DENTH V) [d U CCL2 12 )&
5o AMHTTIE Ib B/CCL0 DM & i 725 kkid 1 #k (A1)
DHRTHo72o LA L, IbHE M EAL L GHEENTNS
Z e L REMEYED B & RIS E L R
LHHVWEEZ BN,

Kimura 5 D& TIZ PBP2X O TRV ) VA ICH
LT\ 5 transpeptidase domain @7 3 / FREHLIC X 1 i

HEEd7bF L3NTVDY SHELIHRTHHLN
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Figure 2. Pulsed-field gel electrophoresis (PFGE) of 34 clinical isolates.
PFGE was performed with the restriction enzyme Apal. PEGE profiles were analyzed with the unweighted pair group method with
arithmetic mean (UPGMA) with a tolerance value of 5.0%. Strains with a similarity of 85% or greater were considered to have the same
origin. A vertical line indicates a cutoff value of 85%. ST means sequence type.
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Molecular epidemiology of Group B Streptococci with reduced penicillin susceptibility
in Gunma Prefecture
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Streptococcus agalactiae with reduced susceptibility to penicillin has emerged in recent years. According to the public in-
formation retrieved from the Japan Nosocomial Infections Surveillance (JANIS), published by the Ministry of Health, Labour
and Welfare, the penicillin G susceptibility rate of group B streptococci is lower in Gunma than in other prefectures. There-
fore, we performed molecular epidemiological analysis of group B streptococci with reduced penicillin susceptibility (PRGBS)
in medical institutions in Gunma. Thirty-three PRGBS organisms were isolated between 2014 and 2020. All were found to
have acquired the amino acid substitution V405A, Q557E, or both in penicillin-binding protein 2X (PBP2X), which are associ-
ated with low susceptibility to penicillin G. In addition, some strains acquired many amino acid substitutions, and one of them
had asparagine at 585 position substituted by ricin/serine, which had not been reported previously. The accumulation of
amino acid substitutions has increased the resistance of these streptococci to B-lactam antibiotics, and we observed a similar
phenomenon in Gunma. We also found that PRGBS isolated in Gunma tended to be multidrug-resistant. Multilocus sequence
typing (MLST) analysis revealed that infection with PRGBS of sequence type 458, which was reported to be frequently de-
tected in PRGBS, was not isolated, but infection with PRGBS of sequence type 1665, which is currently reported only in
Gunma, had spread instead. These findings indicate that this organism accumulated mutations while it spread within the re-
gion, not that particular strains from outside entered and spread through the region.
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