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W OE. [¥7]) B8R E (Sreptococcus suis, SS)FA . ARAM K%, FHBRFEAL. [BH]
TR SS W6 kA B bhniF AL ﬁﬁ%@éy\#ﬁ ST oA Lz egAn ke, [k 40 199 #
SS & R4 & #k, A PCR #H AR #AT i oA Ao dp AR B AN, RA %4555 5] 5 & F % (multilocus
sequence typing, MLST)&ﬁ?fE[ﬂ/\i Fo#r SS e F AL & A K E A A= 5 7] & (sequence type,
ST AN AATH S AH KB, [4R] 199 4k SS s R4 Bk BT 16 7 AR (1. 2. 3. 4. 6.
7. 8. 9. 10. 12. 15. 16+ 21. 24. 2942 30 &), £ 2 2. 4. 3 & A %, 55 & 26.13% (52/199).
14.57% (29/199)%= 12.06% (24/199), * & & (NT)Etk & 21.61% (43/199). %5 h 72 # ST &,
H ST1.ST94.ST117.ST7.ST28 #= ST87 4 £ & ST A, 54| & 12.56% (25/199)\ 11.56% (23/199).
9.56% (19/199). 9.04% (18/199). 6.03% (12/199)%=3.01% (6/199), %A 24 ## X I:4y ST #
(ST1224-ST1227, ST1229-ST1235, ST1241-ST1242, ST1300-ST1310); 4~ 12 4t %% (cloning
complexes, CC)F= 32 AN#A ST &, 199 #& SS BT A AR fhps 1948 EE R Z, H 96.98%
(193/199); A 19#FAXRAA, H+ 66 #(33.17%) epff/mrpf/slyf/gapthr/ﬂ)szr/o;ﬂJri” SS
KHFAKRBE, (L] LF K SSHRF AR Y 2. 4434, STE LA NI a4 7R M

BEEWB: R JGTRIE AT H (2014GA710002); ZHUAE ARFHEEES (1508085MC44) ;23078 T sibF 58 591 K3
R T H (201904a06020013) 5 Z#AE K = A A FHE BT H (1101c0603065) 5 88 A7l 1A R
He (BEACRH2016] 84 55)
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Serotypes, main virulence genes, and multilocus sequence
typing of 199 clinical isolates of Streptococcus suis

HUANG Xiaohui'?, HAN Xuejiao', LIU Xuelan', LI Liang', SUN Pei', WEI Jianzhong',

LIYu'!

1 College of Animal Science and Technology, Anhui Agricultural University, Hefei 230036, Anhui, China
2 Hefei Animal Disease Prevention and Control Center, Hefei 230061, Anhui, China

Abstract: [Background] Streptococcus suis (SS) has a variety of serotypes, genotypes, and virulence
factors. [Objective] To reveal the serotypes, virulence gene distribution, molecular typing
characteristics and their associations of SS clinical isolates. [Methods] A total of 199 clinical isolates of
SS were collected in this study. We employed PCR to detect the serotypes and virulence genes and
carried out multilocus sequence typing (MLST). Further, we analyzed the prevalence and associations of
serotypes, virulence genotypes and sequence types (STs). [Results] The 199 SS clinical isolates
belonged to 16 serotypes (1, 2, 3,4, 6,7, 8,9, 10, 12, 15, 16, 21, 24, 29, and 30). The serotypes 2, 4, and
3 were dominant, respectively involving 26.13% (52/199), 14.57% (29/199), and 12.06% (24/199) of the
strains, and 21.61% (43/199) of the strains were untypable. We identified 72 STs, among which ST1I,
ST94, ST117, ST7, ST28, and ST87 were dominant, the strains of which accounted for 12.56% (25/199),
11.56% (23/199), 9.56% (19/199), 9.04% (18/199), 6.03% (12/199), and 3.01% (6/199), respectively.
Twenty-four STs (ST1224-ST1227, ST1229-ST1235, ST1241-ST1242, and ST1300-ST1310) were
newly discovered. In addition, these 72 STs involved 12 cloning complexes and 32 single STs. The
detection rate of the virulence gene fbps in the 199 isolates was 96.98% (193/199). A total of
19 virulence genotypes were detected, among which epf~/mrp—/sly—/gapdh+/fbps+/orf2+ were dominant
(66 strains, 33.17%). [Conclusion] In recent years the serotypes 2, 4, and 3 were dominant among the
clinical isolates of SS. ST had obvious genetic heterogeneity and high degree of intraspecific
differentiation. The serotypes and STs showed certain crossover. The isolates in this study presented
varied distribution of virulence genes and diverse virulence genotypes. In this study, the epidemiological
characteristics of SS clinical isolates were investigated to provide scientific basis for diagnosis,

treatment and prevention and control measures of SS disease.

Keywords: Streptococcus suis; serotype; virulence gene; multilocus sequence typing (MLST)

FEEEER R (Streptococcus suis, SSETIERME  BIMBER . LNEER . Z2RMRBR . LT
BERRTA G e F AR, MR FEBEER R 2 RORIUfAED, TR SS g —Rh I A A
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SRR . SS MY IMIE RIS %, IR A eI
B (capsular polysaccharide , CPS)Pt 4 Y ANH]
SS 43k 35 ANIMLiE I (SS1-SS34 AN SS1/2
AN JORERI(NT) IR, Hidr SS2 Jh F Mg
R, oA T BLEUR PR, T SS IvE AR ZE
T FLAS 5] 4 DX I3 R A T S AN 6], 4% il 3 2
PR 2 B 8 2 A8 SCOR B VR A, IR SS
HEAT IMLVE Y S 08 TE 1 il 4 0 L X AL A 709 2 A
SRR E AR EEMEN, G
FRBGEAE EE BR T PE L e KB . LA CPS A K
AHOCHE PR O B L LA T SS I ¥ 43 B Y PCR %
AR, SR GEMTE BEAE > BUVE A L B R AR TR
WL AR . AR
AT SS FEPI AL vh 7 A48 Gk 7 B Bk P 0
2 A VBT 1 Z A0 5 F 91 43 B4 R (multilocus
sequence typing, MLST) M HA 7R & i) 43 e
AT HRAEM:, A HUAT DOULER 45 T kR =2 18] 19 [R] 5
PE, SRR /AT B AR R I T R — A5G
JIE AR A B s A ) T A S 2 AR T A
MLE, o TH—Misiife, T 0F RN
S5 o AR g

WY BORE R R 55, SS Al 4 ko B bE
59 BE R FCEEMR o Al — M AL A ST R EA
[) 1 37 7 A1 ST 7Y () SS 1R #k = 18] B 1 #4547 1
Wi 22 5%, X A) AE 55 e bk B #5075 O I
AMKXARP, Hurc MiBEM SS & HIHF
F AL JE P 2 M (CPS) . W BB &E A
(muramidase-released protein, MRP) . 8755
[ -¥-(extracellular protein factor, EPF), ¥ Il &
SLY) . il B -3- B iR Bt A
(glyceraldehyde-3-phosphate

(suilysin ,
dehydrogenase ,
GAPDH) . £} %% M %454 % H (fibronection and
fibrinogen binding protein, FBPS)FIE; J1#H%
ﬁlJ(open reading frame 2, ORF 2)5;‘?[6]; Hrp,
MRP EPF Fl SLY # A4 15 8S2 2 Jy A CHK,

itk — 2L ARSE SS i R 43 B AR 4 135 B | B )
K. ST M 23 A FRAE S L Z R AR OGP, AR 5%
EFXFE H 20092019 4 199 £k SS IIfi AR 43 5 Kk ik
15752 500, IR 8 S5k 6 12 6
B9 M BT iR AR AR F PSR, t o SS XA S
AR R XS AL B T R AT R A

1 #H57%

1.1 E#&

199 PRAZIREMRIE T80 195, Wb,
JUPE AL AR S b X P I R B0, R A =
DAL I M DT OR KRR AN i
057 7R A R A S5 I R IR ) — R, P e B
M R By WA e T2 2 4 B L 8 IEARAE
Hirb 123 Bkl 2009-2017 4E IR R 2> B bk, 76 Bk
9 2018—2019 41 R 43 5 ¥k o

FPE bR Il EEEK AR ERR ATCC 49619,
FH 2 B Ml R 27 Bl W) 1 e S 3 5 AR AT
1.2 EERXFIFNE

0.6% ¥ B1 12 H [ i ik K S35 R (TSB-YE),
MK AEYFH AR A AN, i
P R A BR A Fl 5 2xTag PCR Master Mix
1 DL2000 DNA Marker, KM AR AL ED)
ARAW, HERIRZGE M, B ERAY
A BRA T B E e 7R E 0L, BECKMAN
AH]; PCR Y, Bio-Rad 2H]; HIKIY, dbxut
AN—IERARAA; BERARUR RS, FigREE
BHEABRA A
1.3 ZHE DNA {2H

R SS WARIERD T 56 5%/N I
) TSB-YE #5550 &2 75, 37 °C. 150 r/min ik
RS 14 ho FHEERP R JC R Pk B — PR 18 ¥ DY X
VLT A 5%/ TSA A b, FkH
BATRI P& B P 2= A 5%/ N LW 9 TSB-YE 15 5%
Serb, QREARGIEEIRE 14 h, PRI BB
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7 DNA: WU FR 4 1 mL & T 1.5 mL &
ODEH ) 12 000 t/min B0 1 min, £ FiF.
HA 40 pL AZE K (AdH0)WRATIR S 5, 47k
K 10 min, 7KK 5 min, FREEKHE 5 min,
12 000 r/min &5.0> 1 min 5% FERE S —X
1.5 mL 2.0, —20 °C IRIFAA .
1.4 SSHEHRMBERER

HR A SCHR[OTRT SS 438 MR A T 1ML T 7Y 265 2
B RATY 1SS AN i %Y 5 B 2 0 I 15 1)
519, 519 FF B RANLER 1 % 2,
519 i A R G RA G . LIARTE SS
TS PRIEINZH DNA AR AT PCR IV, B
SR AT A S I sE SS 4 ARk 51,
SRIGARYE 041 PCR Y2 251, A 43 A 7
M5 %12 41 590 e A 19 3 TR 0 — R AT 4
E. PCR WA ZR (25 uL): Fitt DNA 5.0 uL,
. F#ESI#(10 mmol/L)4 1.0 uL, 2xTag PCR
Master Mix 12.5 uL, ddH,0 5.5 pL., PCR
4A4%: 95°C 15 min; 94°C30s, 60°C30s (4

F1 SSIEES54H PCR 5|4

% 58 °C, Bk 90s), 72°C 1 min, 3304
PE¥F; 72 °C 10 min, PCR W45 )5, B 5 uL
FEEAT 1% B REEE A FL K, 38 2o LR TR
SN K25 S Tab A E

1.5 ZfImF5459 3 MLST)

FRAE King 2O/ 7 A8 Z LR (mutS
recA. aroA. cpn60. thrA. dpr Fl gki)5| 9%t 40
#EFT PCR 4784, 51975 W3k 3. 51934 hid
Y RGA R R G . PCR VAR ZR (50 uL):
P DNA 5.0 uL, . Fi#514(10 mmol/L)
% 2.5 uL, 2xTag PCR Master Mix 25 pL, ddH,O
15 uL. PCR JZ W 244 : 95 °C 5 min; 95 °C 30 s,
1B KGR KIREF 3) 30 s, 72 °C 1 min, 3t
30 MEFR; 72 °C 10 min, PCR W45 W),
S pL =Wt a T 1 %5 e s i vk 25 5,
Y E IE#f Y PCR 7= W% 238 R AE IR A IR
FI AT RO T o K BT P N 25 R AE SS 11
MLST #¥& % (http://ssuis.mlst.net)FF 17 55 (v
R A A i), A4 7 S5 LKL DK g i A B e

Table 1 PCR primers for SS serotype grouping
2 571 1M 35 78 519741 H Ay BRI
Groups Serotypes Primer sequences (5'—3) Products size (bp)
1 3,13, 18 P1: TGGTTCATATATCAATGCTC 933
P2: ATTGGTTGTGAGTGCATTG
2 1,2,1/2,6, 14, 16, 27 Pl: TCAAAATACGCACCTAAGGC 823
P2: CACTCACCTGCCCCAAGAC
3 21, 28,29, 30 Pl: TGATTTGGGTGAGACCATG 583
P2: CTCATGCTGGATAACACGT
4 4,5,7,17,19,23 Pl: ACAGTCGGTCAAGATAATCG 455
P2: TCAGCTTGGGTAATATCTGG
5 8, 15, 20, 22, 25 Pl: GGAAAGATGGAGGACCAGC 265
P2: CCAACCAGACTCATATCCCC
6 9,10, 11, 12, 24, 26, 33 P1: GACGCACCAAGTGATATGCC 146

P2: GGTCCGACAATAGCCATTTC
P3: GATGCCCCAAGCGATATGCC
P4: GGACCAACAATGGCCATCTC
7 31,32,34 / /
Ve /o AU P S B MU BTG 4, 5 SR AR L LT 20 5 | ) B R A T I 3 Y
Note: /: The serotypes contained in the group cannot be grouped, and it is necessary to directly identify the serotypes according
to the corresponding serotypes primers.
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Table 2 PCR primers for SS serotyping

2591
Groups

iR
Serotypes

ElkZ 2]

Primer sequences (5'—3")

H B Bk
Products size (bp)

1

3

13

18

2 and 1/2

1 and 14

16

27

21

28

29

30

19

23

15

20

22

P1:
P2:
P1:
P2:
P1:
P2:
P1:
P2:
P1:
P2:
P1:
P2:
P1:
P2:
P1:
P2:
P1:
P2:
P1:
P2:
P1:
P2:
P1:
P2:
PI1:
P2:
P1:
: ACCAGATATCTGAGCAAATG
P1:
P2:
P1:
P2:
PI1:
P2:
Pl1:
P2:
P1:
P2:
P1:
P2:
P1:
P2:
PI1:
P2:

P2

GGTTTTGATTGGTCTAGTTG
CTCTAAAGCTCGATATCTAC
TATGGTTAAAGGTGGAACTG
CCTTGTATATATTCCCTCCA
TAATGGGATAGTTGCGTTAC
ATACATAAAGTTGTCCTGCG
TTAGCAACGTTGCCAATAAG
AATCCTCCATTAAAACCCTG

GCTCACTATTTTTACATTACAC

TATTACTCCGCCAAATACAG
TTAGACAGACACCTTATAGG
CTAGCTTCGTTACTTGATTC
AAGGTTATCCACGAAAGATG
TCCGGCAATATTCTTTCAAG
AGACACTGCTTGCATTATTG
TCAGAATTACTTCCTGTTGC
TATCATATTGAGAATCTTCCC
TTGCGTAGCATACAAAGTTC
ATTATGTTGGTTGCAGAAGG
CGACTCAATTGTTGTAGTAG
TTCTGGGATTTTAGGAATGC
CATGAAATACGCACTTGTAC
TATTGCACTAGCTTCAGAAC
TGCATCCATAGTTGTATTCG
GACTATCTGTATACCCAAAC
TCCTTCCAAGTATTCTCTAG
ATCTTAGGAATGATTCGGAC

AACTACCTACCTGAACTTTG
AGTCTAAAAGTGATCGAGTC
TAGCATCAGTTTATACGAGG
TAGTTTATCTGTGACACACC
GTGTCGCAAATCAAGTATTG
AAGCTAGTACAACAAGCATG
TAATGTATGCTCTGTCACTG
AACGAAACGGAATAGTTTGC
AAATAAGGTAGGAGCTACTC
ATCCAACCTTAGCTTTCTGT
ATCGTTTTGAGATTGAGTGG
TAAACGGATTCGGTTACTCA
TGTGGATTTCTGGGATAATC
TGTGGACGAATTACTACTTG
GCATTATCAGGATTCTTTCC
CCAATTGGGTGTTCAAAAAG

214

408

617

173

278

386

494

655

160

272

415

568

903

720

566

455

342

221

446

542

698

296

(154%)
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25

10

11

24

26

33

32

34

P1:
P2:
P1:
P2:
P1:
P2:
P1:
P2:
P1:
P2:
PI1:
P2:
P1:
P2:
P1:
P2:
Pl:
P2:
P1:
P2:
P1:
P2:
: TAGGACTATGGTTCCTAATG
P2:
P1:
P2:
P1:
P2:

P1

GTTTGCTCCGATCATAATAG
CCAGTAAAAGGACTCAATAC
GAAAGTAGGTATATCTCAGC
GGGCTATTAAAACTCCTATC
TTTCCCATTTGCTTATGGAC
GGAATAAAAACGATTGGGAG
ATGCGATTGCAACAATTGAC
AGGCATGAGTAATACATAGG
AACAGGTATTTCAGGATTGC
CTCGGATAAAGATAATCAGC
TACTGAGATTTATTGGGACG
AAGCGATTGGATTACATTGC
TTATACCGAAATTTTGTTGCC
CGTCAATCATATAAAGTGGG
GATGTTTTCAACAGGTGTAC
CAAAGTACCTATTTTCAGCG
ACAATCGTTTCTGCAATACG
GATGAAAACATCGTTGGTAG
ATCAGTAGTGGGAATAGTTG
TTTACTGTTTTTCGACCGTG
AACCGCTGTTGAATTAAGAG
TTCGTTAGTTGAACTGTTCC

TATTCTAGTTCAAGTCGCTC
AAGTTTCATTCGAGGACTTC
GTATATAACACCGCAAGAAG
ATACAGTGATGTCTTGCAAC
ATTGCTTTTTGACAATCGGC

174

368

633

833

131

224

472

710

842

423

570

342

246

701

(& 2)

F3 SSTNERERTESIYFT

Table 3 Primer sequences for amplification of seven SS housekeeping genes

H 3 A

Target genes

5195751

Primer sequences (5'—3")

Bk

Anneal temperature (°C)

H R BRI
Products size (bp)

aroA

cpn60

dpr

gki

mutS

recA

thrd

F:
R:
F: TTGAAAAACGTRACKGCAGGTGC
R:
F:
: GACCAAGTTCTGCCTGCAGC

: GGAGCCTATAACCTCAACTGG
: AAGAACGATGTAGGCAGGATT

Mmoo ™D R TR

TTCCATGTGCTTGAGTCGCTA
ACGTGACCTACCTCCGTTGAC

ACGTTGAAIGTACCAAGAATC
CGTCTTTCAGCCCGCGTCCA

CGCAGAGCAGATGGAAGATCC

: CCCATAGCTGTTTTGGTTTCATC

TATGATGAGTCAGGCCATG

: CGCTTAGCATTTTCAGAACC
: GATTCAGAACGTCGCTTTGT
: AAGTTTTCATAGAGGTCAGC

59

56

57

57

57

52

52

563

466

468

553

526

432

523
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P4 ST A, W START V2.0 #fby gt
UPGMA R G EER L0, ] BURST
FEL W X4 ST BUHEAT B 31 g e A2
H5Y.
1.6 FHEFEN

HEPE 6 LRSI (epf. mip. sly.
orf2. gapdh F fbps)i47 PCR K|, 275 SCHk
(1116 % SS 8 1K epf. mrp. sly Fl orf2 1)
PCR 5|4¥1; #R#iE NCBI I gapdh F fbps 3N 7
GRS X, f# ] Primer Premier 5.0 %3t SS
B2 JI RN gapdh 1 fops B PCR 5%, 541 ¥4
SRR LR 4, 5193 i@ A RS A TR
Al A . PCR IR R (25 ul): 154 DNA 2.0 uL,
. RS I#7(10 mmol/L)4% 0.5 pL, 2xTag PCR
Master Mix 12.5 pL, ddH,O 9.5 uL., PCR ¥
%A 95°C 5 min; 94 °C 1 min, B k(GB AR
W% 4) 45 5,72 °C 1 min, 3£ 35 MEH ;72 °C
10 min, PCR KW 45505 , BUS pL 7= iidT 1%
TR R BE R HL Uk, TE A B R R SRR IR
SRAER

&4 SSENERYESIYFT

2 BER504

21 MBEBKELER

K PCR AR X 199 #k SS I AR 43 85wk ik
T E A B 25 R BoR, NT BIERE L 21.61%
(43/199), Al ETI 156 £k SS 43 J@F SS1.SS2,
SS3. SS4, SS6, SS7. SS8. SS9, SS10, SS12,
SS15, SS16. SS21. SS24. SS29 Fl SS30 %
16 FhifiyE A, Hord SS2 5 26.13% (52/199), K
Peaf g AL s Hk O SS4 15 14.57% (29/199) .
SS3 i 12.06% (24/199).SS8 5 5.02% (10/199),
LI 1 A 2, 2009-2017 4ERI 4B 123 B
SS FELIM IR A : SS2 1 38.21% (47/123), SS3
i 15.45% (19/123), SS4 (5 7.32% (9/123); 1fi
2018-2019 4= [a] 5B 76 ¥k SS 2 ML ik K Ky .
SS4 15 26.32% (20/76), SS8 /i 7.89% (6/76),
SS2 2 SS3 14 6.58% (5/76).
2.2 MLST HBILR
22,1 STERETFEHR

XSS GRS &tk 7 MEREH BT PCR

Table 4 Primer sequences for amplification of SS virulence genes

H AL Bk 2] 1B I H iR BRI
Target genes Primer sequences (5'—3") Anneal temperature (°C) Products size (bp)
epf F: GCTACGACGGCCTCAGAAATC 56 626
R: TGGATCAACCACTGGTGTTAC
mrp F: CAGATGTGGACCGTAGACC 56 316
R: GGATAATCACCAGCAGGAA
sly F: GCAGAAGGGACAACTGTAGAAG 56 443
R: GGACTGCTATTATGGACTGTTGA
orf2 F: CAAGTGTATGTGGATGGG 56 858
R: ATCCAGTTGACACGTGCA
gapdh F: CACTAACCACGACATCCTT 55 383
R: CAGCGTTTACTTCTTCAGC
fbps F: ATGGGCAAGCACAGCAATA 55 435

R: CCTGATAGTAGAAGTCCAGCAGAC
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bp M1 2 3 45

2 000

1000
750
500

250
100

1 SSMmiEE PCREER
Figure 1

6 7 8 9 10 11 12 13 14 15 16

PCR identification of SS serotypes. M: DL2000 DNA Marker; 1: SS21 (160 bp); 2: SS4 (903 bp);

3: SS8 (446 bp); 4: SS7 (566 bp); 5: SS3 (214 bp); 6: SS15 (542 bp); 7: SS10 (633 bp); 8: SSI (386 bp); 9:
SS12(131 bp); 10: SS9 (368 bp); 11: SS30 (568 bp); 12: SS2 (173 bp); 13: SS29 (415 bp); 14: SS6 (278 bp);

15: SS16 (494 bp); 16: SS24 (224 bp).

30

26.13

20

Positive rate (%)

SS1

2 199 ¥k SS MFR K FELHER
Figure 2 Serotypes identification of 199 SS isolates.

PGSR 3, &)y . X R,
199 ¥k SS HAy 72 F ST A1, AR A E L LK 5,
Hrp STI (5 12.56% (25/199), ST94 (5 11.56%
(23/199),ST117 15 9.56% (19/199),ST7 15 9.04%
(18/199), ST28 5 6.03% (12/199), ST87 &
3.01% (6/199), iX$Eh 3% ST A, 7E 72 Ff ST
BIvh A 24 o KB ST B, 22510 .
ST1224-ST1227, ST1229-ST1235, ST1241-ST1242,
ST1300-ST1310,

201 151 1.01

1.01 350 1.01

$529 8830

NT

Serotypes

bp
2 000

1000
750
500

250

100

3 EREEPCRIEER

Figure 3 The PCR amplification results of housekeeping
genes. M: DL2000 DNA Marker; 1: mutS (526 bp);
2: recA (432 bp); 3: aroA (563 bp); 4: cpn60 (466 bp);
5: thrA (523 bp); 6: dpr (468 bp); 7: gki (553 bp).
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Table 5 The MLST results of 199 SS

STAL  FRRB(HR) MISRI(EMED) (STH  BMEH) misBEME) (ST AL BIBRELCH) i (k50
ST types Isolates Serotypes ST types  Isolates Serotype 1ST types Isolates Serotypes
(strains) (isolates) ! (strains) (isolates) ! (strains) (isolates)
STI1 25 2(23) 1ST94 23 4(19) IST117 19 3(17)
16 (1) ' NT (4) ' NT (2)
L(1) !
ST7 18 2 (16) ST28 12 2(11) 'ST87 6 8 (6)
10 (1) : 12 (1) :
1 (1) !
ST1229 4 NT (4) 1ST308 4 3(3) 1ST957 4 3(1)
! 8 (1) 16 (2)
! ! 21 (D)
ST1081 3 NT (3) IST1231 3 NT 'ST1241 3 8 (3)
ST1257 3 NT (3) iSTI3 3 1(3) iST485 3 4(3)
ST1067 2 NT (2) 'ST108 2 NT (2) 1ST1230 2 NT (2)
STI1271 2 29 (1) ST1274 2 9(2) 'ST1301 1 16 (1)
NT (1)
ST316 2 12 (2) 1ST373 2 7(2) 1ST436 2 NT (2)
STS82 2 9 (1) 1ST1084 1 NT (1) 1ST1150 1 NT (1)
NT (1)
ST1004 1 3(1) [ST1155 1 24 (1) {ST1156 1 6 (1)
ST1158 1 4(1) IST1224 1 4(1) 1ST1225 1 30 (1)
ST1226 1 7(1) 1ST1227 1 NT (1) 1ST1232 1 NT (1)
ST1233 1 12 (1) 1ST1234 1 30 (1) {ST1235 1 NT (1)
ST1242 1 NT (1) IST1256 1 3(1) 1ST1268 1 2(1)
ST1269 1 4(1) 1ST1270 1 4(1) 1ST1272 1 NT (1)
ST1273 1 NT (1) 1ST1275 1 16 (1) 1ST1276 1 16 (1)
ST1296 1 15 (1) 'ST1297 1 4 (1) 1ST1298 1 16 (1)
ST1299 1 2(1) 'ST1300 1 15 (1) 'ST1302 1 NT (1)
ST1303 1 10 (1) IST1304 1 NT (1) {ST1305 1 NT (1)
ST1307 1 9 (1) IST1308 1 9 (1) 1ST1309 1 21 (1)
ST1310 1 29 (1) ST1I91 1 16 (1) 'ST243 1 7(1)
ST289 1 3(1) ST20 1 7(1) ST32 1 7(1)
ST615 1 NT (1) 1ST662 1 NT (1) [ST684 1 NT (1)
ST685 1 15 (1) 1ST850 1 4(1) 1ST942 1 4 (1)

52 tk SS2 B4y B MR ALFE ST1.ST7 Mz ST28
455 Fh ST %, Hirp ST1 (5 [ 44.23% (23/52).
ST7 5kt 30.77% (16/52); 29 #k SS4 AIjr i kk
£ 4% ST94 . ST485 K ST850 % 8 il ST %Y, ST94
i 65.5% (19/29); 24 kk SS3 HBU4r Bk AL 45

ST117. ST308 }% ST1004 45 6 # ST &, ST117
diH 70.83% (17/24),
2.2.2 MLST BEDER

| F] BURST 7£ 4k W i (https://pubmlst.org/)
XSS srEtRAT ARG, SR ER 199 Bk
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SS I R A B MR BRI 43R 12 A FERERER 32 4~
A~ ST #, ST1, ST7. ST289, ST1268 FI ST1299
J& T ST1 FLfeRe; ST28. ST29, ST32, ST117,
ST1004. ST1150. ST1226. ST1241 1 ST1256
J&F ST27 Falft; ST87 Al ST308 J& T ST87
alERE; ST94, ST108, ST373. ST485. ST662
1 ST1269 J& T ST94 Sl Hf; ST191 Fl ST1301
J&F ST191 wwfeft; ST850 F1 ST1297 J&F
ST850 FEf&#f; ST1155 Fl ST1156 J&F ST1155
TERERE; ST1158 Fl1 ST1224 J& T ST1158 Tafe it ;
ST1229 ., ST1231, STI1232 A1 ST1233 J& F
ST1229 v %Rk ; ST1275 #1 ST1298 J& F ST1275
JLRERE; ST1296 1 ST1300 J& T ST1296 i
#; ST1307 F1 ST1308 J& T ST1307 o[t ;
Hogx 32 b ST BURK 4 BT sw BERE, SR
ST 7. H4 199 Bk SS IR B bk 72 ST
RIMH# UPGMA RGEEBEW, M &K 5H
23, T 195 #k SS 4L 70 Fh ST
R, s Wy 4 8k SS (HF09-7, BBII-1,
LA12-3 Fl HF09-3)1L 2 Ff ST ZI([& 4).
23 FHEERNER

i PCR FARNF 199 #k SS I 43 B kY
6 FhiE SIS epf. mrp . sly. gapdh . fbps Fl orf2
HEATRGI , B 5 s A S 2253 00 < epf 4 19.60%
(39/199), mrp 4 9.56% (19/199), sly } 46.73%
(93/199), gapdh 3 92.46% (184/199), fbps N
96.98% (193/199), orf2 4 76.38% (152/199).
Hirp SS2 RUAT Bk epf. mrp F sly WK H R0
W 48.08% (25/52). 19.23% (10/52)F1 61.54%
(32/52); SS4 RIS B epf. mrp. sly K 15
35K 44.82% (13/29).24.14% (7/29)F1 68.97%
(20/29), 199 ¥k SS i K/ B bkALAT 19 FhE s
FEHRA, 66 ¥k SS B epf-/mrp-/sly-Igapdh+
Ifbps+lorf2+, &N 33.17% (66/199), J& TAL
P SRR, B AL A BN ISR 6.

Horf SS2 AUAr B AL B 11 FhEE ) SL R A,
SS4 FIFN SS3 RIS ESHRIN 6 . J4h, STI
RIS BRSO Pl 3L H AL, ST7 AUk 8 Fr,
ST94 %Iy 7 Fh, ST117 %%y 4 Ffr,

3 wE&#

SS ME AR R E 2, H AT E O 7EA [ H
A EARZES . HRUEENRITRTZ
SS2 AU, VMM X B SS2 A4, SS3. SS4. SS5,
SS7. SS8 J¢ SS1/2 At HZ L., FRE SS 1Y
S ARLL SS2 Al f iy, HRCh SS3. SS4. SS8.
SS5. SS7. SS1/2. SS16 F1 SS17 HI . Wei
LUV T 2003-2007 4E7E[E N 16 84> 851
385 FRECHPE SS M MLIE Y, L SS2 Al L, H
YRE SS3 M, SS4. SS8. SS5. SS7 Fl SS1/2
RIA R o XUBEEEU2 7 M 3 X% R S B SS
AT IR A A R W], F L WAT I
SS2 AU, HK K SS3 KIFN SS19 Al AHFT4E R
W7, 199 Bk SS Im K Btk 16 Al g
RUFINT &Y, ZEv 2B SS H, HbmE g
SS2 A, Hykly SS4. SS3 Fll SS8 MY, FHE
Il R AFFEZFPIME T SS By, SS2 AU Mt
MER, 5ENHCHRET P —5 2009-2017 4F
SS I PRAF B RLL SS2 AUK I R fw s, Hikh
SS3 AUFN SS4 &I, i 20182019 4EN| L SS4 #Y
o, HWCkh SS8 A, REJEEIGIK E SS 1)
I3 AL AT 4 A7 S B s (R HE RS T8 B AR 4k
X 55 X B A AR W BRI R — 8 TR
WK AP A R & P B W 5k B8 St 245 1
PRI A, T HE G A AR EREA T B F e
B 20 R Ak AT sl R O v e R FE A
H 7 B 45 5 BR 0 1 T 1k iR 4, (B i T SS i
THRIARZ, i ELAS ) 3t X 7 R0 474 O
557, [R5 0 37 7R ] ) G 93 58 AR 1 R A
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| ST316
| $T943 Clade I

=1 ST1274
' ST94
' ST108
' ST1269
' ST1226
+ ST1150
" ST29
' ST1241
I ST3
' ST28
' ST1256
" ST117
+ ST1004
" ST1273
" ST1229
' ST1231
' ST1233
1 ST1232
' ST1271
' ST1304
' ST1272
" ST1158
- ' ST1224
+ ST1234
'+ ST1302
' ST1309
= ST1155
i I ST1156
" ST1310
I ST1225
'+ ST1235
' ST1227
' ST1230
'+ ST436
— — ' ST615
' ST1257 <
' ST1305
' ST1081 j Clade II
'+ ST1084

111

i i i
L] L3 L

0.06 0.04 0.02 0.00

4 199 ¥k SS MIRFZ X B
Figure 4 Phylogenetic tree of 199 SS.
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100 92,46 26.98 59, Et, TR SS AT G B X T4

80 EPE R A R
S . MLST {5 — Flt ELA 15 50 33 1 53 70 )y

g e, AT SIS DX S AN B 43 TR e 2

g PERIF SS MTATREE Y, King 4%
= 20 294 Fk SS AFESHRIEAT MLST 4047, S35 92 i
0 ST A1, Hrp ST1 SefEME . ST27 wwFERFFI ST8T

epf

mrp sly  gapdh  fbps  orf2

Virulence genes

5 BHEEESS N BERPHIEEER
Figure 5 Detectable rate of virulence genes in SS
isolates.

F6 199 SSHIEHERE
Table 6 Virulence genotypes of 199 SS

FOREREN EE ST waleff. Ye SN [ Py ik
TR SS FETE BT SR 45 R B 114 kk SS
106 tkJE T ST1 FufEft. Wang 5% HE
ARG SS A BN A R S LK ST 7%

B SR BIREL Aot
Virulence genotypes Isolates Percentage and

No. proportion

ST R0
ST types (total)

L5
Serotypes

epf—Imrp—/sly—/gapdh+/fbps+iorf2+ 66 33.17% (66/199)

epf—Imrp—/shy+/gapdh~+/fbps+iorf2+ 38 19.09% (38/199)

epf—/mrp—/sly—/gapdh+/fbps+iorf2— 22 11.06% (22/199)

epftimrp—/shy+igapdh+/fbpstiorf2+ 19 9.56% (19/199)
epftimrptisly+/igapdh~+/fbps+iorf2+ 15 7.54% (15/199)
epf~/mrp—/slytigapdh+t/fbps+iorf2— 12 6.03% (12/199)
epf—Imrp—/sly—/gapdh—/fbps+/orf2+ 2.51% (5/199)
epf~/mrp—/sly—/gapdh—/fbps+/orf2— 2.01% (4/199)

epf—-Imrp—/sly—/gapdh~+/fbps—/orf2+
epf~Imrp—/sly—/gapdh—/fbps—/orf2—
epf—Imrp+i/shy+igapdh+/fbps+/orf2+
epft+imrp—/sly—/gapdh+/fbps+iorf2+
epf—/mrp—/sly+/gapdh—/fbps+/orf2—

1.51% (3/199)
1.01% (2/199)
1.01% (2/199)
1.01% (2/199)
1.01% (2/199)

_—= = = NN W R WD,

epf~/mrp—/sly+/gapdh—/fbps—/orf2— 0.50% (1/199)
epf—Imrp—/sly+/gapdh—/fbps+/orf2+ 0.50% (1/199)
epf~Imrp+/sly—/gapdh+/fbps+/orf2+ 0.50% (1/199)
epf—Imrp+/sly+/gapdh+/fbps+iorf2— 0.50% (1/199)
epftimrp—/sly—/gapdh+/fbps+iorf2— 1 0.50% (1/199)

ST7,ST28, ST1, ST117,ST9%... (42) 2,3,4,8,9,16,7, 12,

15, 10, 21, 29, 30, 24,

NT

STI1, ST7, ST117, ST308, ST94... (20) 2,3,4,8,1,9, 16,7,
15,NT

STI1, ST28, ST117, ST308, 2,3,4,16,7,12,21,

ST1256... (17) NT

STI1, ST7, ST94, ST1224 (4) 2,4,1

ST1, ST7, ST1299, ST94 (4) 2,4

ST7, ST289, ST485, ST87... (11) 2,3,4,8,1,9,16,NT

ST28, ST1156, ST1257, ST1081 (4) 2,6, NT

ST1081, ST1084, ST1229, ST1302 (4) NT

ST13, ST373 (2) 1,7

ST684, ST1150 (2) NT

ST1, ST7 (2) 2

ST1, ST7 (2)

ST94, ST108 (2)

ST87 (1)

ST94 (1) NT

ST957 (1) 3

ST117 (1) 3

STI (1) 2

TE: +: %AER PCRARINES R N B —:

PZHE R PCR A6 45 2Ry B 7

Note: +: PCR results of the gene are positive; —: PCR results of the gene are negative.
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PERER ST27 sl ff R B2 WMATE AW AW
H 199 Bk SS m K Bi kA 72 Fh ST 2,
12 D FORERER 32 AN FAS ST AL, Hidr 21 Fh
S E B ST &L, 12 ANJafEffrh ST1 valff
di 23.12% (46/199). ST27 wilERE S 20.10%
(40/199), KW SS KT Etk ST AR Lok
I3Ai, ST1 TERERERA ST27 SElERE N SS Ay T %
WATREY, 5401 E N ST B &Yt —
. UPGMA R4k BW B/ A[E ST B 1R #k Ak
TAE ALY S, PR R &y, B e
Z R, Al — S ERE R AR [R] ST B B kR Ak T[]
—EAr S, RGOCRWIE ., HikE 21 Fp
ST BU=E& T MLST %l , Ho A nl RE 2 i T
ANTR) ST Y () BT RE =2 () 30 B fh , =2 BOAS [R) D
(1] 25 {57 i PAL (%) 7K 1 2 7% 53R ML 1 5 DR A6 e 58
g HE— 2B RIS Y SS G IR 43 B Bk 1Y
ST M, 259 R SS2 R4y Ei#k ST1 Al ST7 A
g ST Y, 5 ENAh SS2 43 B MR I ATHY ST Bl
RIS SS3 RIS B HRALH ST ARy ST117,
AT Goyette-Desjardins %5 S HF 97 45 5
SS4 AU B KRS ST AN ST94, 5 [ENAMY
B WIFAESE AR, F E VLY 3 DR Sk 8 b
SS4 P ST 4 k ST850M, £ | ZRHE AWM
H SS4 JrESkRIAT ST BN ST94M20 ) 21
SS 1y ST BIZAE , FEA A ML IF Y SS Hriid i i
A5, H 5 I R L A8 SR G .

SS B 71 14 22 5 5 HBE 1 IR 1 4 A %
YIME, SS BT ARZ, FEMUFE MRP,
EPF, SLY. GAPDH, FBPS #il ORF2 &%
T FsE A SS MECHE. AREE R TE
SS Hoi it B ThReAR I, Hh gapdh Z S5
FhME SR AR, fops 15 SS EFHM AT EH H
G g kst R R R HEAERRY, mrp . epf M sly
J& SS WEE bR, B2 SS 1R8] .
BBy DL AE M i AEIG RE T, A R —

P &

TEFRE L RENE S SS B 1 i 55 22 ARAFF 5T
GiR BN, 6 i WLEE 5L K A AR A e Y
J& fbps 1 gapdh HEH 53578 96.98% (193/199)
1 92.46% (184/199), J iZ434i T4 1L i &Y SS
Pk, IR 2 58 S AR RE I FE SS EAF .
S RYE FIFEUR L R R AR .

mrp. epf F sly FEAN[RIALIE Y 43 B kK P (R #5747
FANR, Horh SS2 TR Ak M #E A %(19.23% .

24.14% 1 48.08%) Fl SS4 TH Bk 1y #5 K
(44.82%. 61.54%F1 68.97%) %M T SS 1y
S-IHET #(9.56% . 19.60%F1 46.73%), 1% A] fE
5SS AN [ i i Bl R 43 B vk B v 25 e A
Ko 199 Bk SS IEIR T B pRIL 2 B 19 Az oy 5
A, HA epf-mrp—sly—gapdh+fbps+orf2+%1
i IR, 7R 33.17% (66/199). 1
BRI, B SRR AR epf-mrp—sly—F) TR AR 18 5
BRI S, RS EPESEE T SS
LR UL VG A8 53 B BB 9% o & 3% 3
PR B bkt A BOWME ] . Fittipaldi 55T
W R B =t 3 FhEE S bR R A TR — 8
R RN, L, BRI RESE A
i TR AT I DR B e 1) B 15 55, s ik e ) 2
o 00 TR R B T 5R SS IME— A i . i — TR
IR 7Y SS #ay # Jy SE I J L2 25 R R
199 ¥k SS Il K4 B AR5 1-6 Fheg S5,

Horfr SS2 AUF SS4 HU4E 2—6 Ffr (SS3 AU 24 Fifr;
SS2 AU P 11 Fhag Sy KL AU, SS4 #UFN SS3 #Y
& 6 o R SS Il R 73 B AR 1Y 75 ) R IR 40 A1 A2
e, BIIERBEIZFEAL, 1 B i 7
o 6] — MG AL SS T iy aE 1 SE IR Je HL 2%
RIYSAFAE 22 5. Ah, SS AR ST M af & Ff ST
T A R 18] 10 7 1) i IR ROt A7 A 22 5 o 0 A )
XF 22 ¥k SS VLR 43 B4k MLST K w7 K546 i)
i BN, [FFP ST B[R] B bR A5 5 1 B ) 3
IR Zhu 2595 180 #k SS2 Hv [ 43 B bk itk
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17 MLST Jegg Sy RE AL AT, $ih ST R 5 &
JIFER T 53 A Z (8 R AL OCHE . AR 45

R [A— ST BUEMRAL S 20w S LAY, AR
ST RIB MR BE S AR tORE], FKIT ST
A58 ) SRR 2 (8] F JC R A DG . 48T

SS BN L Az BN A =Z 18] &R
PUBCEHERT, R 2 A0 2 ) BRI i 4l AL )

SER A ZREARAEAS SS X FRAH Al S A ki 4

PR R, g R DG

25 TR, 199 #k SS I R 43 B bk i 775 4 ol
Kz, SS2 MLHMER; ST MLoifk, Fh
Ko ER; fHRNAERZEL, mE
RIS ST RUfFfE—E s Pk, MyEAl, ST Al
B I SER A 2 [R] 3 JOAH M
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