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Abstract: [Objective] Streptococcus suis is a major swine pathogen and a zoonotic agent. Swine tonsil
is a natural habitat of S. suis, and the tonsillar S. suis from healthy pigs is considered as an important
source of infection for susceptible pigs and humans. Thus, the epidemiological investigation of S. suis
from healthy pigs in slaughterhouses is of great significance for public health. [Methods] We collected
healthy pigs’ tonsils from a slaughterhouse in Zhejiang in 2020-2021, isolated and identified S. suis,
and serotyped the strains by the serotype-specific PCR assay. Through the resistance gene detection,
antimicrobial susceptibility testing, and zebrafish infection experiment, we examined the antimicrobial
resistance and pathogenic characteristics of these isolates. [Results] The positive rate of S. suis in 131 tonsil
samples of healthy pigs was 62.59% (82/131), and we isolated a total of 68 strains. The strains were
dominated by serotype 16 (16.18%, 11/68), followed by serotype 31 (11.76%, 8/68), serotype 9 (7.35%,
5/68), and serotype 3 (7.35%, 5/68). In addition, tonsil samples containing 2 or more serotypes of
S. suis accounted for 15.85% (13/82). The antimicrobial susceptibility testing showed that the isolates
were mainly resistant to lincosamides (100%, 68/68), macrolides (98.53%, 67/68), and tetracyclines
(100%, 68/68), and all isolates were multidrug-resistant. It is worth noting that 18 isolates were
resistant to penicillin, 3 resistant to cefotaxime, 2 resistant to rifampicin, and 11 resistant to linezolid.
The detection rate of both macrolides/lincosamides resistance genes and tetracycline resistance genes
was 82.35% (56/68), which was the main reason why these isolates were resistant to the above
antimicrobials. We selected 25 representative strains for the zebrafish infection experiment, and the
results showed that 5 strains were highly virulent with mortality of 80%—-100% when challenged with
the dose of 3x10® CFU/fish. [Conclusion] Healthy pigs in this area had a high detection rate of S. suis.
All isolates were multidrug-resistant, and some were highly virulent. These results contribute to
understanding the incidence of S. suis and formulating relevant prevention and control strategies in this area.

Keywords: Streptococcus suis; Zhejiang; slaughterhouse; healthy pigs; antimicrobial resistance;
pathogenicity

http://journals.im.ac.cn/actamicrocn



3238

Liu Zhaoying et al. | Acta Microbiologica Sinica, 2022, 62(8)

WEEERA RN EEBORE, T30S
SFEATR L RS RINMUIMAE 2, 45 3R ML R
KT RN, 1%l 5 0 SR
YN, REENF IR RN R
BEER T H s 3 S #5 |, K E R s £,
AEE . R, BESE, XKW S TR
() I W A ST, 2 UL (e B4 485 T e 4 BR AT 1
P A, e 2 8O AN 0 B AL e P
M6 R BT I i 22 5, X AT 43y 29 Fhfse
GEMLIH R (1-19, 21, 23-25. 27-31. 1/2)PVHI
Chz I 75 R B oh | AR 48 S IR R FR 14 22 572,
WAER A BLT 27 FhoBT A9 € B 3L R T Ak
(NCL 12657 NCL 21, ¥24-, J&Je A
MRSk 10 #, AAEmiER 2, 4. 5. 7.
9. 14, 16, 21, 24, 317191,

WEEEER AN 25 R i, FEBT
TEFRFE Y, i RAE 25 W SCim RS il 9 ok
WA EAYMEEMS R, ki)
A 3 2R AR m AR A AR I iR 2 3 TR 7 A i 2
LI TR RTAE A 25 56 DR 0 it g, e it 2 35 [
FEREER R (A 4R, ARBESE A 2020-2021 4F
A TEHE T B 5 3 2R S Al R I RAARAE i, 40
K S BR A IR UEA T I R4 A A
PRI 25 56 R 5T AT 2 006, e PR R bk ik
TBE 8 S S0, AT e TR 25 M 5 ) HF
TE o BIF9E &5 5 0 T fifk i 1 IX R itk Bk TR 1) % 9
TN ] 5 AH G 19 Bl 45 SR s $R {1 52

1 #H57%

1.1 E¥k

AT R REREBR A TR T 2020-2021 4£53
BB WL T B S (B I Ak A4 o SR/ VAR R
TR IR (MIC) BT A T 1% J57 428 T Pk 46 180 0 7 72
BRE ATCC 29213, B 5y ff1 55 7 5250 A 5if 85 00 #R
FEEERRTA LY 2 BUTEAR SC070731 Filss a5 x) if

<l actamicro@im.ac.cn, & 010-64807516

M3 9 BB kk SH040917%0, 34 A 5286 58 R A7
1.2 EERXFIFNEE

THB. MH }; 553500 T 5 S A A Al
LS T = (1 5 BN <02 e o | (1R N
B 96 fLAR . JCRH I T I TR A E A A
wl; PLAERW A BB kA LA F]; 2xRapid
Taq Master Mix , DL2000 DNA Marker ., FastPure
DNA Extraction Mini Kit T g & i MEBE A )
/N w s FastDigest BstN 1 B il 4 42 R N V) il
PCR §"$#4{% g { Thermo Fisher 23w ; B0 LI
HHLAH S50 A MP A H]
1.3 EFERIE RACH

THB. MH 5525457 s it W il & %
FERR R IEPEVERT R AL . THB 8RB imA
RN 1.2 mg/L 2558, 1.2 mg/L JRRER
i 30 mg/L ZEEFER

25 I BT T AR 2B S B SE [ I R R
S ZR AR AE 2T (M100-Ed3 1) HE A7 7 L ER i, £F
WA E R 2 560 pg/mL, F 0.22 um JEAFILIE,
B T-20 °C /17
14 HFmRERLE

Ji 5 Hh B LR A (gt A Jm BRI i, IR
T2 s 125 RS E . [ JCH PBS Pk i Bk
PRIRIA, oy TS S AR A R, ¥
PSR G, W 2UVE TR KT K Or oy Pk
Krke . MmN ST T /N ZL(2) 0.1 g)&
FAI%EF, A PBS Bl Fm, BT L
WS 78453 o
1.5 BEEKEIBEEE

S JEHE 200 pL SRR E 5 mL 5k
BRI PR AR FR e rh BT 37 °C CO, 15 3¢
i E IR 8 ho BUNM KRG MW, LG
T BR T AR S S R —— A R A 3 R
gdh Fl DNA &5 BEFE A recN 4 H ) A BEsE Y
SIPIHEAT PCR RN, 35 350 A BHA: T 6 5 A



R FFEE | AP, 2022, 62(8)

3239

FERRTAFIEAE S, 515 B R 1, JorE
P HCBEPE TRV, R 2 B R A ok B 1
Be, BT 37 °C HFRFEP SR 8 he B M
B AT U 22 FAS[R) ( FE T TE A, BRIBURE B BR TR e
Wk CRATE . g5 . K, HRK/h.
& o IR TETE) T THB Wik R 3k, 40y
Ak 8 MMHEVE, BT 37 °C 2K 180 r/min
KRR =X H0H . B R DAL gdh FN reeN %3¢
SIHEAT PCR SN, T35 359 Sk BEE DU S5 5 Jy
HEERTAT, B MR VRAE 280 °C VKAA TRAE
1.6 MEEIkEIMMER 5 H

W VRAF I REBR A TR AR K26 2= THB 1 F
Wi 75, PRBBCATR 75 E THB WA 3R dkrp, &
F 37 °C $ZJK 180 r/min 3555 2 WM . HRIK
L 29 PSR (119, 21, 23-25, 27-31.

1/2). 26 FUgT I B 3L N 7% R MR (NCL 1-26) . Chz
ML 5% 8 511 E4T PCR SO, BHE I % 5 oy
PR IR, SI9E R %R 1. & F—mkik
53 B B 2 A AR T8 R — i 78, IS AR B3
1 BRAVE R URAAR 73 B Pk . T35 PCR ik
Xy 2 M5 12 81, 185 14 8, XfJE T
4 g R R K, 2% Matiasovic SEAY N
P AR copsK FERMERSIPIPI(E 1), K
W 5E G i iR & FastPure DNA Extraction
Mini Kit (F i MERE, 985 DC30D)#HFT" )
P2lifb e, B IR Beadb AT BseN T RR il
N YY) (Themo Fisher, 595 : FD0554), i
e o 1 RURN 1/2 BTG4 N DI RER B, b
JE =Wk 486 bp, 2 FUAN 14 BUnT g, ;24
A7 347 bp F1 139 bp 2 P B

=1
Table 1

BUHKEIBLEESMER

The primers information for Streptococcus suis isolation and identification

Target genes Sequence (5'—3") PCR product/bp References

gdh Forward: CCATGGACAGATAAAGATGG 689 [14]
Reverse: GCAGCGTATTCTGTCAAACG

recN Forward: CTACAAACAGCTCTCTTCT 336 [15]
Reverse: ACAACAGCCAATTCATGGCGTGATT

SS 1&14 Forward: TCTTATAACAGGCGTCAAAACA 153 [16]
Reverse: ATCGGTATAAAAGCAAGACACA

SS 2&1/2 Forward: TTCGTATTAACTTACTTGGCGT 363 [16]
Reverse: TAAATCCCCATATGCCAAATCC

SS3 Forward: ACATCCATTGCAGGAGTAGT 210 [16]
Reverse: TGCAGTTCCAAAATTCTTCGT

SS 4 Forward: TGATATTGGCTATCTTTTGGGG 542 [16]
Reverse: TTCCCCCTTCAAATAAACTCTG

SS5 Forward: AGGTATGTCTTCTTATTCGCAG 428 [16]
Reverse: ATAATCCCTCCTGATACTAGGC

SS 6 Forward: TGGTGTCTTTCTACCTGCAA 705 [16]
Reverse: TCACCAAGATACGTGAACCA

SS 7 Forward: AAAATTCGTTCCATTGTAGGTG 609 [16]
Reverse: TGAAGTTGAAGCTGGTGATAAA

SS 8 Forward: ATCGCTTCAAATAAGGTAGGAG 268 [16]
Reverse: TGTAGGCCGTAATATCAACAAA

SS9 Forward: TGAAAGTAGGTATATCTCAGCA 809 [16]
Reverse: AAAGAATTGAATCCCACCTGAG

(#555)
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(B3R 1)

SS 10 Forward: CTATCACTACCACGGAATGC 303 [16]
Reverse: TAACCGTCCGTCTAGAATGT

SS 11 Forward: ATTGTTACGATTTGGGCGAT 512 [16]
Reverse: GAACCCCATGTAGTTATGGC

SS 12 Forward: CATGGGAACTGTACAGGATAAG 171 [16]
Reverse: CCACCTTACTACCTGTTTTACC

SS 13 Forward: GCTTGTAGCGAATTTTGGTATT 741 [16]
Reverse: CCATTAGATGTATTTGCTCCCA

SS 15 Forward: ACCTACTCAAGAACATCCTTTC 458 [16]
Reverse: GTAACTAAAACAGCAAACGTCA

SS 16 Forward: ATCAACAAACATTTTCGAGGAC 223 [16]
Reverse: GCTGAATAATAGATTCGTCCTGT

SS 17 Forward: TTGCCGTATAAGGTCTTAGTTG 380 [16]
Reverse: ATCTGACGGTAAATGTTCTCTG

SS 18 Forward: ATAGGCTGTACTTTGATAACCG 310 [16]
Reverse: AGCCTATCGCTCAAAAACTTAT

SS 19 Forward: ATTATTATAGGGCAAAGCAGGG 674 [16]
Reverse: ATCGTACACAACAAAACGATTC

SS 21 Forward: TGGCAGACTTCTTTTCTCAC 858 [16]
Reverse: CCTGTAGCGCCTCATAAAAC

SS 23 Forward: TATTATAGTCCGATGCAAGCAG 461 [16]
Reverse: ATGAGAACGAAACGGAATAGTT

SS 24 Forward: GATAGCAATGTAATCCAATCGC 204 [16]
Reverse: GTAGGTTCCCCTAGTAAGAAGT

SS 25 Forward: ATTGAGTCCTTTTACTGGTAGC 390 [16]
Reverse: TACTGAGCTACATAATCCCACA

SS 27 Forward: GTGGTTTTGGAGGATATTTTCG 530 [16]
Reverse: ATTGAGATAAACTACTCCGTGC

SS 28 Forward: GGGCACTTGTTTTACTTCCT 896 [16]
Reverse: GCCAAGTAATACCCTACCTG

SS 29 Forward: AAAGTGCCTATTCTGGGATTTT 263 [16]
Reverse: TAAAGGCAACTTCCACATTGTA

SS 30 Forward: TTGGGCTTGTAAATAGTGAGAG 625 [16]
Reverse: CGATTAGATAAGCGCATTTGTT

SS 31 Forward: CATATGTTTTCGTGGGGAGT 1 006 [16]
Reverse: GTGATGAAAACATCGTTGGTAG

Chz Forward: AATGAATAAGGAACTTGAACTA 424 [4]
Reverse: CGTATCATCTGTATTAGCTAAA

NCL 1 Forward: ATTCACATAGTAACATTGCGGA 254 [17]
Reverse: CAACATTGCGCAGGAAATAATA

NCL 2 Forward: TTCTTGATTATGCTGTTCTCGT 333 [17]
Reverse: AAACACAACATCCTGTACTTCA

NCL 3 Forward: ATTCAGGAGGTATTCAACCAAG 370 [17]
Reverse: AATTCACTAGCATCAACAAACG

NCL 4 Forward: TGCTTATTATGACTGTTGCCTT 293 [17]
Reverse: ATCAGTTGATAAGGTTGCTGTT

(G
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Ez3))

NCL 5

NCL 6

NCL 7

NCL 8

NCL 9

NCL 10

NCL 11

NCL 12

NCL 13

NCL 14

NCL 15

NCL 16

NCL 17

NCL 18

NCL 19

NCL 20

NCL 21

NCL 22

NCL 23

NCL 24

NCL 25

NCL 26

cpsK

Forward: CAGATGAGTCAGCAAGTAATCA

Reverse:

AGGGAAGAGTAAGATTCAAGGT

Forward: TGATACGGGTACTGTTGAGTAT

Reverse:

ATTACTACTTCTGGTTGGGTCA

Forward: GTTGATTTATTTGCGGGACTAC

Reverse:

CAGAAAAACAATAGCAGTGACC

Forward: AAAATTTTCACTTCACCTCGAC

Reverse:

AATCTTCCAATCAATGCTACGA

Forward: GGGTAGATACGTTCTATTTGGG

Reverse:

GCGACGGTATATAGAGCTATTC

Forward: ACAAAAATAGTAGACGGGCTTT

Reverse:

TTGCACGCCAAGTATAAAATTC

Forward: GCCTTAATAATGGTGGGTTTTG

Reverse:

TACCTAAAACATTTTGCCCAGA

Forward: GTGAGAGATTTCGGTGTAGTTT

Reverse:

GCATCAGCATACATCTTTCCTA

Forward: TCTTGCTAGGTCTAATCGTAGT

Reverse:

CTCGCTTCCAATTAATAAACCG

Forward: AAAAGAAATGGAAAGCAGTGTG

Reverse:

TCTTTGCTCAGCTATTGAGTTT

Forward: TATGCTATTGTTACGATGTGGG

Reverse:

CTTGGAGAGTAAAACGATAGGG

Forward: AGGGTTATTCTTTTTGGTGGAT

Reverse:

TCTTGTAAGCAGAAAATCGTGA

Forward: ATGAAGGTTGTTTTTGATAATAGGG

Reverse:

TAGTGCGTCTTGAATAATAAAC

Forward: ATGATTTATATTATTCCGTCAATTATT

Reverse:

TATATTTGGCCCTGTCAAACTTTTA

Forward: ATGCGTACAAAAAATAGAGTTG

Reverse:

CATATTATTCCCACAAATATCT

Forward: ATGTTTATTTATTTATTCATTTTTATAG

Reverse:

ATAAGGATAGGACTTAGCAAAA

Forward: TGAGAAAGTATCCGTTTATGGC

Reverse:

TGGGCCTATTTCAAAGAATGTC

Forward: TAGAAAGTTCAATGTGCTCGGA

Reverse:

ACTGGTAAAGGAAAACTTGAAGCG

Forward: CAAAAATACACCCCTACTCAAC

Reverse:

ACCTAAGAGTGACGGAGTATGA

Forward: GTATTTAACTATGGCTACTCCT

Reverse:

TTAAGTAACAGTTGAATGGCCT

Forward: ATTATAGTAGTTGCGATGTTGT

Reverse:

TTTCCCACAGCGTAGCACTAAT

Forward: AATAGCGGAAATTCGGGCGGAG

Reverse:

ATGAGTGCTGAATAAATAATCC

Forward: GTTGCTGGTTATGATAGGGTAG

Reverse

: AAGCTTCTTTTGCTGTTTGCTC

262

220

447

390

309

231

454

380

179

178

169

200

621

276

414

207

416

560

660

833

523

737

486

[17]

[17]

[17]

[17]

[17]

[17]

[17]

[17]

[17]

[17]

[17]

[17]

[17]

[17]

[17]

[17]
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¥, X Log rank (Mantel Cox) test #1741 15
G

2 BEREAW

2.1 HEHKETBEETE
AT 2020 4E 10, 11 A & 2021 4F 3,

4 J1 SR S5 W VLR T RE SE b fE O i B A4
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Table 2 Detection rate and primers information of antimicrobial resistance genes

Classes (rate) gRete;sstance Rate Primer sequences (5'—3") Eriiuct/bp References
Macrolides/ ermA 5.88% Forward: TCTAAAAAGCATGTAAAAGAA 645 [18]
lincosamides (4/68) Reverse: CTTCGATAGTTTATTAATATTAGT
82.35% ermB 80.88%  Forward: TCATCTATTCAACTTATCGTC 639 [19]
(56/68) (55/68)  Reverse: CTGTGGTATGGCGGGTAAG
ermC 0.00% Forward: TCAAAACATAATATAGATAAA 642 [20]
(0/68) Reverse: GCTAATATTGTTTAAATCGTCAAT
mefA 2.94% Forward: AGTATCATTAATCACTAGTGC 348 [21]
(20/68)  Reverse: TTCTTCTGGTACTAAAAGTGG
msr(D) 4.41% Forward: CCTTATCGGCACAGGTTCAT 494 /
(3/68) Reverse: GCCTTCCGGAGCTCCTACTT
Isa(E) 0.00% Forward: TTGTACGGAATGTATGG 675 [22]
(0/68) Reverse: TTCGCTTCTATTAAGCACTCTT
Tetracyclines tetO 67.65%  Forward: AACTTAGGCATTCTGGCTCAC 519 [21]
82.35% (46/68)  Reverse: TCCCACTGTTCCATATCGTCA
(56/68) tetM 17.65%  Forward: GTGGACAAAGGTACAACGAG 406 [23]
(12/68) Reverse: CGGTAAAGTTCGTCACACAC
tet(O/W/32/0)  1.47% Forward: GGAGGAAAATACCGACATA 750 [24]
(1/68) Reverse: CTCTTTCATAGCCACGCC
tetL 11.76%  Forward: ATAAATTGTTTCGGGTCGGTAAT 1077 [25]
(8/68) Reverse: AACCAGCCAACTAATGACAATGAT
Amphenicols fexA 0.00% Forward: GTACTTGTAGGTGCAATTACGGCTGA 1272 [26]
0.00% (0/68) Reverse: CGCATCTGAGTAGGACATAGCGTC
(0/68) fexB 0.00% Forward: TTCCCACTATTGGTGAAAGGAT 787 /
(0/68) Reverse: GCAATTCCCTTTTATGGACGTT
Oxazolidinones  optrd 33.82%  Forward: AGGTGGTCAGCGAACTAA 1395 [27]
33.82% (23/68) (23/68)  Reverse: ATCAACTGTTCCCATTCA
Aminoglycosides aph(2’)-Ib 1.47% Forward: CTTGGACGCTGAGATATATGAGCAC 867 [28]
51.47% (1/68) Reverse: GTTTGTAGCAATTCAGAAACACCCTT
(35/68) aph(2')-Ic 0.00% Forward: CCACAATGATAATGACTCAGTTCCC 444 [28]
(0/68) Reverse: CCACAGCTTCCGATAGCAAGAG
aph(2')-1d 0.00% Forward: GTGGTTTTTACAGGAATGCCATC 641 [28]
(0/68) Reverse: CCCTCTTCATACCAATCCATATAACC
aph(3')-1lla 17.65%  Forward: GGCTAAAATGAGAATATCACCGG 523 [28]
(12/68) Reverse: CTTTAAAAAATCATACAGCTCGCG
ant(6')-la 16.18%  Forward: ACTGGCTTAATCAATTTGGG 596 [28]
(11/68) Reverse: GCCTTTCCGCCACCTCACCG
aac(6')-aph(2') 33.82%  Forward: CAGGAATTTATCGAAAATGGTAGAAAAG 369 [28]

(23/68) Reverse: CACAATCGACTAAAGAGTACCAATC

http://journals.im.ac.cn/actamicrocn
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Table 3 The isolation and identification of S. suis from healthy pigs’ tonsils collected from a slaughterhouse

in an area of Zhejiang Province

. Number of
Collection Sample Isolate

Number of serotypes

ositive
month number Sample number 2 3 4 5 7 8 9 1012 15 16 21 28 31 NCL4 NCL17 Unknown
2020-10 40 18 16 24 0 0 01 0 0 O 1 2 1 1 1 0 0 3
2020-11 30 28 23 o1 2 1 0 3 2 3 1 04 1 0 2 0 1 2
2021-03 31 22 15 00 0 01 0 1 0 0 01 0 0 3 1 0 8
2021-04 30 14 14 0O 0 0 0 0 0 2 1 0 04 1 0 2 0 0 4
(7.35%, 5/68). 10 %1(5.88%, 4/68). 8 #1(5.88%, 2.2 ZHHLKLE

4/68). 21 %1(4.41%, 3/68). 2 %1(2.94%, 2/68).
4 71(2.94%, 2/68). 5 H(1.47%, 1/68), 7 W
(1.47%,1/68) .12 BI(1.47%, 1/68) .15 %I(1.47%,
1/68). 28 %1(1.47%, 1/68). NCL 4 (1.47%,
1/68) . NCL 17 %I(1.47%, 1/68)LA K oA S it 7% 7!
(25.00%, 17/68), ZERWE 1. J&8 FREGPEAL
10 Mg A2, 4. 5. 7. 9., 14, 16, 21, 24,
3T A AR 48.53% (33/68). LA, &
2 Al K LA b il 37 2 R R 9 e MRS o A i R A P
PR Bk 15.85% (13/82).

20

Number of strains

wn
T T
w
L)
(%)
oo
=

VR 11 28 23 FhuA R ik T2 s, 45
R 4. 100% (68/68)57 B BR Xt VU R AP
RURRLZVEIHRR) . RAT BRS04 2R (b
A5 R KR ) 24 5 98.53% (67/68) 73 i bk
XPRISNERRPIAE RN 2y, Hh ok 2 Kb
WEEMIERE N 98.53% (67/68). IR N
95.59% (65/68); 67.65% (46/68)77 B Bk Xt 4 kAl
TRPUERM ), KRRKERMRINE R 255
55R 54.41% (37/68)F1 52.94% (36/68), %
ZHHWEE Z 439k 32.35% (22/68)F1 17.65%
(12/68); 36.76% (25/68)4) B bk X Bt & B 25 itk
Rz, Ho R e S 2550 33.82% (23/68).
B E N 5.88% (4/68); 26.47% (18/68)7) E5Hk
XF B-NIE P AE R T2y, HrhH&EEm 2%
1 26.47% (18/68) . kfBENT K 4.41% (3/68),
EAREERIE, 2 BRI RIAE T2y, 11 BRXT

e e s R - ; ; g FIZS R BRI 25 . %F =28 8 =25 DL FHiAE Et ey
o— “" 5 AL S Z T2, MR EAR A, 68 Bk

1 TSR M B =2 17 0 R M R b A 3 S Bk i i
BRI

Figure 1 Distribution of S. suis serotypes from
healthy pigs’ tonsils collected from a slaughterhouse
in an area of Zhejiang Province. The number on the
Y-axis refers to the number of S. suis isolates, and
the symbol or number on the X-axis refer to isolates’
serotypes or genotypes.
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Table 4 Resistance rate of S. suis isolates to 23 antimicrobials tested

Classes (rate) Antimicrobials Rate
B-lactam antibiotics (26.47%, 18/68) Penicillin 26.47% (18/68)
Amoxicillin 0.00% (0/68)
Cefotaxime 4.41% (3/68)
Rifamycins (2.94%, 2/68) Rifampin 2.94% (2/68)
Glycopeptides (0.00%, 0/68) Vancomycin 0.00% (0/68)
Oxazolidinones (16.18%, 11/68) Linezolid 16.18% (11/68)
Quinolones (13.24%, 9/68) Enrofloxacin 11.76% (8/68)
Marbofloxacin 13.24% (9/68)
Amphenicols (36.76%, 25/68) Chloramphenicol 5.88% (4/68)
Florfenicol 33.82% (23/68)
Lincosamides (100.00%, 68/68) Lincomycin 100.00% (68/68)
Clindamycin 100.00% (68/68)
Pleuromutilin antibiotics (19.12%, 13/68) Tiamulin 19.12% (13/68)
Valnemulin 13.24% (9/68)
Aminoglycosides (67.65%, 46/68) Gentamycin 54.41% (37/68)
Kanamycin 52.94% (36/68)
Streptomycin 32.35% (22/68)
Spectinomycin 17.65% (12/68)
Macrolides (98.53%, 67/68) Erythromycin 95.59% (65/68)
Tilmicosin 98.53% (67/68)
Azithromycin 98.53% (67/68)
Tetracyclines (100.00%, 68/68) Tetracycline 100.00% (68/68)
Doxycycline 100.00% (68/68)
25¢ 33.8% 2.3 THZAEEEN
2ol R 19 FIUBGEBRE L2500, X 68 Bk
£ WHERRIUEAT PCR DL, KrdZE R ILZ 2.
2 P r0% lag 1% 17.% 82.35% (56/68)4 B Mk A7 TE I FF Py Bg 25/ bk T 1Bk
g 10} M2 HE N, T 98.53% (67/68) 73 B bk Xt K FR
z 4l 5 9% m HKHERIZE, Hrh 11 B AR At RIR

2.9% 2.9%

3 4 5 6 7 8 9
Classes of multiresistance

2 BEUKESBRZEMHLER

Figure 2 Multidrug resistance of S. suis isolates.
The number on the Y-axis refers to the number of
S. suis isolates, and the number on the X-axis refers
to the class number of multidrug-resistant isolates.

RS2 HE DN 5 AN, BT AT o0 B RS bl Mt i

KYiE R 2y, Horp 12 BRI A AT e
Mt 253 . 82.35% (56/68)4F B bR AETE DUFF 225
M 25, A 4 B ikt ix sy Bi 2y, H
12 B TR A A R A L 24 3 DN 0 51.47% (35/68)
OB TE 2 T I 25 2L, T 67.65%
(46/68) 73 BS M IX T A R 24, Horp 12 BRTA
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A AR 2L, 1 Hﬁ%ﬁmﬁéﬁ%

{HICTR 25K, 33.82% (23/68)43 B bRk AE7E R

Le ST 25 3L 9 optrd, {HAY 16.17% (11/68)53\
BN R e e 2, o 2 BR R RS A LY
Mif 2536 R, 12 BRIGAEAEMM 25 3L X, HJC 25 3%
R, R T 25 R AETCH NI 25 2, AT RE
TS A A A L T 2 S DR R AR I & 5 TS

24 WE&EEHLW
FEATRIHER A B BB, 2 25 ARIFTRE
Iyt g ) S0, A5 L2 5. TR kKR 2020WUSS020
2021WUSS006 . 2021WUSS009 ., 2021WUSS010.,
2021WUSSO014 X B th 1 8o J158, HR N
3x10° CFU/JE I FET- %A 80%—100% , 5 5% #
Pk SC070731 #H4; T& Bk 2020WUSSO019 |

B D G SRS L T o A T 24 B A 2020WUSS025, 2021WUSS028 X} BKE & 1 51 4E
HTCT 2537, AIREXEEM 2GR IR IEH R N 40%60%; HoA BT BE 5 0 350K 77 55
IR B AETE SRS HIEFMLT 33.3%.
x5 BEKEISHHEDIESNIRER
Table 5 The results of zebrafish infection experiments

. Death in each period/h Total  Mortality L
Strains Serotypes P value  Significance

12 24 36 48 60 72 84 96 deaths rate/%

SC070731 2 9 1 0 1 3 0 1 0 15 100.00 — —
SH040917 9 0 0 0 0 0 0 0 0 0 0.00 <0.000 1 HFx**
2020WUSS016 16 0 0 0 0 0 0 0 0 0 0.00 <0.000 1 ****
2020WUSS019 2 1 3 1 1 0 0 0 0 6 40.00 0.000 4 *xx
2020WUSS020 2 8 7 0 0 0 0 0 0 15 100.00 0.1848 ns
2020WUSS025 1 3 0 2 0 0 0 0 6 40.00 0.000 3 *xE
2020WUSS030 8 0 0 0 0 0 0 0 0 0 0.00 <0.000 1 w***
2020WUSS036 21 0 0 0 0 0 0 0 0 0 0.00 <0.000 1 H***
2020WUSS043 8 1 2 0 2 0 0 0 0 5 33.33 <0.000 1 ****
2020WUSS047 12 0 0 1 0 0 0 0 0 1 6.67 <0.000 1 w***
2020WUSS048 10 0 0 0 0 0 0 0 0 0 0.00 <0.000 1 H***
2020WUSS049 10 0 0 0 0 0 0 0 0 0 0.00 <0.000 1 ****
2020WUSSO051 5 0 1 0 0 0 0 0 0 1 6.67 <0.000 1  w***
2020WUSS055 9 0 4 0 0 0 0 0 0 4 26.67 <0.000 1 Hx**
2021WUSS001 16 0 1 0 0 0 0 0 0 1 6.67 <0.000 1 ****
2021WUSS002 16 0 0 0 0 0 0 0 0 0 0.00 <0.000 1 w***
2021WUSS006 7 11 0 0 0 0 0 0 1 12 80.00 0.2085 ns
2021WUSS009 31 5 5 2 0 0 0 0 0 12 80.00 0.293 1 ns
2021WUSSO010 31 1 7 5 0 0 0 0 0 13 86.67 0.2384  ns
2021WUSS013 9 0 2 1 0 1 0 0 0 4 26.67 <0.000 1 H***
2021WUSS014 9 6 6 0 0 0 0 0 0 12 80.00 02796 ns
2021WUSSO015 21 0 0 0 0 0 0 1 0 1 6.67 <0.000 1 Fx**
2021WUSSO016 NCL 4 0 0 0 0 0 0 1 1 2 13.33 <0.000 1 HFx**
2021WUSS020 Unknown 0 0 0 0 0 0 0 0 0 0.00 <0.000 1 ****
2021WUSS025 Unknown 0 0 0 0 0 0 0 0 0 0.00 <0.000 1 k***
2021WUSS027 Unknown 0 0 0 0 0 0 0 0 0 0.00 <0.000 1 H***
2021WUSS028 10 5 3 0 0 0 0 1 0 9 60.00 0.0133 *

The virulence of each strain was compared with that of the virulent strain SC070731 (as a positive control) in the same batch,
and the Log-rank (Mantel-Cox) test was used for statistical analysis. *, *** and **** indicate P<0.05, P<0.001, and P<0.000 1,

respectively. ns indicates no significance.
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3 itk

J: 5 3 3% XA BRE 1) 8 B B AT 485 Al R AR
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PRI, TEARRERETR, B SE i R 1 s
A R L A i 3K TR ) SR U, LM
2 AL HMIE A . Dong Z5%) 1 634 BE4MES A
NG B R84 K B 2R A 7 KRR R Gk Ak 43 A
P A B N RER BRI — %, 8 TI%ik
F14) it R A VAL P TR PR EL A SR SO I, BOR
i R AT PR B BR TR A AR R
DRI, X fede B A R e BR BT I A 7 2 T £
HAEFEM AL TASRE L, 274, BREAD
ME RIS 10 Fp, BRILTE 14 8, 24 #0546, H
b 1L 775 7Y PR MR AE A BT R SRR Ay B E L tAb,
I X 52 375 [R] L UCRE i R 6% 3K T o 32
FMLTE B A A AR, XAl S &R B 52
PIREREAN A G, AT 2019-2020 4F 71
I T S 1 R e R A i BR TR 43 51 O
e R B2 VTR IX 108 £ e o i k1A
PSR, FEBEBR R FHIE RN 51.85% (56/108),
MARHTVLHLIX h 62.59% (82/131), 381t
50%; VLIpHLIX 3 BRI R e ARy 10 B
MIE RS N 55.17% (48/87), WLy 48.53%
(33/68), LR ; PIHLIX Ik 16 A4 5 R i
i, HER 16 U AT fE A R M X f B A P A i v
AL, HWR R 31 A b X 3847 R — 13 i Bk A4
SRR Y S R R T 7 S A N Ll )
35.71% (20/56), WiilA 15.85% (13/82). KL
T3 55 %F b v b X FORE S (e R AT T R K T
K, PHME SRR 58.11%, PL3v i 5k 7 (4
BIRN 42.86%), MAMFFEALS B 1 R
7 W #k . Thongkamkoon Z¢ M\ 2% [H 180 1) fidt i
o m Ak o BB EERR TR 196 B, 23 1(10.2%)
el i R AT ARG Y 23 TR Rk .

ARG IREIR il BRI B R A A SR
. BB ZERE DS 2 F DL E s 5%
BEERTE , (HAS ) b X5 B () 40 34 o 375 780

BEhfadE ) SR, BAR K Z AR B
o AL, B S KRB EGER: Mg
31 BUBE Bk 2021WUSS009 F1 2021WUSS010., Ifil
W 7 MK 2020WUSS006 ., M3 2 BITE bk
2020WUSS020 ., IfiLiE 9 A #k 2021WUSS014,
X4 Al vE RUVER R IR g AR MV AL AR
BT R BE, 47 #RILHE 31 B R E
A7 RECRERE, S A B 21 dRif
7 RMRERRR R 7 MREUR TR,
B AREESE, M H A 2 MRS AR GX69 [F]
J&F ST373, #&/R ST373 AYIMLIE 7 M B bR(E S
o,

T REBR A T AE Ry it 25 FE DA e, 2 i 24
SR A SO PERERR R 3 CY . i T
RIREMH, AR EFEEENT, %
FEER AT 2 MG 8 AR, A
T RERRTE 4 B AR X MRAT eGP AE R 2, K
RN RS AT 24 R 5 3k 98.53% (67/68) . Jifit
BR BT K IR P IR 2P0 AR 2 A TS 24 el H O AL i
Erm AAMEEEE Mef 0%, FEH ermB Fl
mefA %ihy, HATMZ 5K ermB W] 77 4E MLSB
Mif 252270, BPRIRNERZE . ART I e 5 Fn i PH
% B P E KA ermB 183 B bk b
I3 AR IR 80.88% (55/68), iX A BESE 43 B AR X K
IRNBRZE . AT IR S oA T 20 K i )
JRIH . AN, 82.35% (56/68)H4 43 B Wk 4 A1 A Y
IRERM LG LN, terl bt 5 0K DU RE K HE
WAL, tetO. tetM ., tet(O/W/32/0) 4wt %Ki
PR PR A 1 BELLE DU PR 3R 5 Al A% M 14 30 W1
MIEEA PO, b 25 3 R AT R S BN
PR IX P A R 25 1 F E R A . BEER R 40
TR A B il X 2 SR oA 2R S B 24
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