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Serotypes, drug resistance, and multilocus sequence types of
Salmonellaisolates in Suzhou

WANG Xiaolong, ZOU Wenyan, ZHU Liqin, ZHANG Menghan, SHEN Qiang*

Pathogenic Microbiology and Biological Laboratory, Suzhou Center for Disease Control and Prevention,
Suzhou 215137, Jiangsu, China

Abstract: [Background] Salmonella is a zoonotic pathogen and one of the most common
pathogens causing infectious diarrhea in humans. [Objective] To analyze the serotypes, drug
resistance, and multilocus sequence types of 176 Salmonella strains isolated in Suzhou, 2023.
[Methods] The serotypes of the isolates were identified by the slide agglutination method. The
drug resistance was tested by the micro-broth dilution method. The multilocus sequence typing
(MLST) was performed by whole genome sequencing, and the sequencing results were
compared with PubMLST to obtain the sequence types (STs) of the strains. [Results] A total of
42 serotypes belonging to 9 serogroups were identified for the 176 Salmonella isolates. The
dominant serotypes were Salmonella enteritidis (26.70%) and Salmonella typhimurium
(18.75%). The resistance rate of the 176 strains to ampicillin was the highest (60.23%), followed
by that to streptomycin (47.16%). All the strains were sensitive to ceftazidime/avibactam,
meropenem, ertapenem, and amikacin. The multidrug resistance (MDR) of the 176 strains
reached a rate of 57.39%, with 51 patterns (including 18 patterns involving penicillins+-lactam/
B-lactam inhibitor complex+cephalosporins). The 176 strains presented 43 STs, among which
ST11, ST34, and ST19 were the top three, with the detection rates of 27.27%, 10.80% and
7.95%, respectively. [Conclusion] The Salmonella strains in Suzhou present diverse serotypes
and STs. The dominant serotypes are S enteritidis and S. typhimurium, and the dominant ST is
ST11. The MDR phenomenon is serious and thus surveillance should be strengthened.
Keywords: Salmonella; serotypes; drug resistance; sequence type (ST)

7011 FC (Salmonel lay J& — i A 2436 g g
DR, A | A R R 1) 3 A
H AT E & BT R £k 2 600 ZF2, 4Bk
BAERDITRERES KB % 5% 6 2
9400 73, AL 15.5 T ASET, i, 29
70%—80% F WL 2 A e TP T T IR 51
SEEATE 987 JTBIiA B S K AR X A
VDT IRTR 2 A BE-F BF, AR A
Foptk 2 SR 247 555143 8 (multilocus
sequence typing, MLST)H] LA Jy {5 Hb 17 25 )
25 MU EOOE, o N AN T PR Y

YRR ARBETE R 2023 AETRIN T AT
176 BRVD T E TR 54 7 037 56 4 156 A MLST 73+
AL, FEXT AT O, TR TR
R A LS TR ST RIStk I8 B it 25 BRAR, R
T ER TR B4 B0 A R IG AR FH 24 B 15 %

1 MHE7%

1.1 #m

176 ¥RUPTTIRE A 174 MRAEIE T AN TH
10 A~ DX B (717) g i s 2 B R X DA i 55 o0 i
TSR BIREAS, 2 MORIET SR K™ 5,
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1.3 EHEREERMFRS

MR 4l 228 SCHR 1510 B AR R T A% 58 0 Je
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14 ZRLFHTE
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R P& BOAF £, AL PRI EU 3% 28 M 5 2 vl
TP T o TRPR 4 28 D A e ZE 6 7 M 4 PR A=
YRk A BR A |l . W )F 58 iU Ui FH CLC
Genomics Workbench 21.0.4 #k {451 72 BRAK 5
4 A1 De Novo DF4%, 4 PHZ 58 L Bl 1%
% PubMLST ifi(https://pubmlst.org/organisms/
salmonella-spp)f5 B R R Y ST A1
1.5 ZHHdE

K e PRIZE T 176 BRUDT TR T 11 28
27 FhiA: 2 I 25 PRI . X EEhiAE R NN
PG Ak (ampicillin, AMP) . 2 N 74 Ak /&F 2 30
(ampicillin/sulbactam, AMS). Bl 5 P4 AR/ 5, fi 2
2 (amoxicillin/clavulanate, AMC) . =k 0E/Fr]
2 [ 3H (ceftazidime/avibactam, CZA) ., kP4 T

(cefoxitin, CFX) ., kHIMEMk(cefazolin, CFZ). k7
2% (cefuroxime, CXM) . Sk 7fWE 5 (cefotaxime,
CTX). kHAUfhlE (ceftazidime, CAZ). k{5
(cefepime, CPM), Sk IWENK (ceftiofur, CEF), W%
fiii 7 & (imipenem, IPM). 3¢%' 14 (meropenem,
MEM) . JEAh§%Fd (ertapenem, ETP), KK R
(gentamicin, GEN), % %% % (streptomycin, STR),
Pk A (amikacin, AMI), ZZiE & E (colistin,
CT). Z%iH % B (polymyxin B, PB), [#7 8%
(azithromycin, AZM), DU Z (tetracycline, TET),
BN & (tigecycline, TIG) . Z5BE FR (nalidixic
acid, NAL) ., AN Vb A (ciprofloxacin, CIP), %5
# (chloramphenicol, CHL) ., 87 JE % (florfenicol,
FFC)F1 FH 480 205 WE /i fii FP W K (trimethoprim/
sulfamethoxazole, SXT). Z4fRIRZ7 CHk[16],
LK 7 35 75 [ & (Escherichia coli) ATCC 25922
R R . LS SCHER[16-17128 25 BCH Wbk
e, M2 3 38 K% 3 KL EPiAE R AR E X
“H %2 B i 24 (multidrug resistance, MDR) [ #£ o
1.6 Zitoth

A Excel 2016 BE47 45 B0 & o A A
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43 i ST AU, 42 FhmiE# )& T B, Cl. C2.
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(Salmonellalondon, 8 #k, 4.55%). B4k 1D
I TG (Salmonella goldcoast, 7 #k, 3.98%). 5
EESLYPIT G (Salmonella kentucky, 5 #k, 2.84%)
W N b T] EE (Salmonella thompson, 5 #k,
2.84%)FlI =H V011 R (Salmonella give, 5 ¥,
2.84%), HAMERIARE 5 #k, Hipm/RE
I TG (Salmonella derby) 2 ki, (5 He 1.14%,
TEUWLIE 1. ST BIHEZ |G 3 iAKIKSE ST11, ST34
HIST19, K H 554 27.27% . 10.80%F11 7.95%
M5 AIF ST BUZ Al — & RHEE R, STI &
BRIV TR A(95.83%), ST34 F % H
FRLA5 ZE VDT FC T 2H i (94.74%), R Z i B 2
AT 1-3 B ST MY, WNHE 4 i 7 Vb1 1R H
S3ATF ST358, % Db b TIRTE H 404 T ST26.
B W N NG 70 I € N W N 1L o o
16 ST34, RAGFEWTTIRE K30 AifE ST34
M ST19, V#8346 T ST654, THEILE 1,
22 ZAFRAEER
22,1 27 MInEEWHFER

27 FhHA R 2 RCH e W bR AE LR 1,
176 B B X 25 F A bt Az 2810 2 fl 4 R L 3% 2.
176 AR TR 20 PUARA IR 25 %55 153(60.23%) , IR
JEHETE R (47.16%) 0 JIT AT TR AR 1 08 Sk £ Al g/ B
e | X R L O RS R AR R R R
MITAEZRINRE, WIS SHEPUER
ARG S, BT 3 Rk B S BT
A, AU 1 BREXT R E R A, HAaY
U BT R TIAR . ECR VI AR/AET B

WA R . IR RMZENERR G 5 itk RKf 2
KF] 30%L F.
222 AREMBBEMMARLER

f 4 0 1T G B NAL YT 245 %(95.74%) 1t
T B FEVD T R (21.21%) A0 H A 1fn, 37 %1 v
TR (22.92%), 2R HEAG = L (P<0.001,
INF225: Bonferroni K 1EH) P=0.016 7), 5%
VoI PR A M 5 B VDT T IR Z A% NAL 1Y
it 2545 R ICHE ¢ 7 L (P=0.840>0.016 7). A&
IR ARG FE VTR X AMP [Tl 24 %
(89.36%F1 90.91%). AMS FTi 24 4(61.70%F
54.55%) . CFZ T 25 2R (42.55% 1 42.42%) & T
LA i 3 VDT ER R XTI 3 R A R W 24 %
(35.42%. 18.75%F0 12.50%), 253 HA L1t
277 X (P<0.001, /NF£id Bonferroni 4% 1E [
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(P<0.016 7) (K 2).
223 ARMBREDIIRENZEMS
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Figure 1 The minimum spanning tree of the results of serotypes and STs distribution among 176 Salmonella
isolates.
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Table 1 Drug resistance breakpoints of 27 antibiotics
i R 23T A5 Drug resistance breakpoint (ug/mL)

Antimicrobial agents

B Sensitive H14 Intermediate {24 Resistant

ZEVEHK Ampicillin

R P M/ET B3 Ampicillin/sulbactam

T B PG A/ e i 4EFR Amoxicillin/clavulanate
Sk s e /BT 4k (2 38 Ceftazidime/avibactam
LAV T Cefoxitin

SRRk Cefazolin

kAL Cefuroxime

S FHWENG Cefotaxime

LM IE Ceftazidime

SAEMEAS Cefepime

SkALWERK Ceftiofur

V57 75 Imipenem

%% K5 H Meropenem

JEA R R Ertapenem

KK ## Gentamicin

BEFE K Streptomycin

oKk A2 Amikacin

ZFH R E Colistin

£ %% % B Polymyxin B

P[44 & Azithromycin

PUIFZE Tetracycline

BN K Tigecycline

ZENERR Nalidixic acid

NV A Ciprofloxacin

A # K Chloramphenicol

K JE % Florfenicol

FH 4205 2 8 g /it Jiig P BEME Trimethoprim/sulfamethoxazole

<8 16 >32
<8/4 16/8 >32/16
<8/4 16/8 >32/16
<8/4 - >16/4
<8 16 >32
< 4 >8

<8 16 >32

<1 2 >4

<4 8 >16
< 4-8 >16
< 4 >8

=1 2 >4

=1 2 >4
<0.5 1 >2

<4 8 >16
<16 - >32
<16 32 >64

- < 4

— <2 4

<16 - >32
<4 8 >16
<2 4 >8
<16 - >32
<0.06 0.12-0.5 >1

<8 16 >32
<4 8 >16
<2/38 - >4/76

—: T A

—: No drug resistance breakpoint.

WIS E 57 AE

SR 6 A X 4> B (A7) Bkt b T ER A
MVERA £ B RS . W, Tk X, B
i, R X ., EREBT BRI TTRE N E
BMTE R, & HERAE 29.55%43.75%2Z 0] . 4
o DX T X0 LB A FE VD 1T IR T A P #
AL, KRB 33.33%F0 30.77%. RIT

23

X o3 B AR 0 M5 BB 3 B, KRBT . AR IX
oA Rl ey Al = 1R L e QO W 7 28 11
B, BRPITREEZEET ST, RAGED
[T EG T %k ST34 F1 ST19 4 % B& KB Hi4h,
& XK T 2R ST TS Bl 2 & iy
AW R 2 TAEZ E 25 Ak, 1= LX)
HHEC (K 4).
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Table 2 Drug resistance test results of 176 strains of Salmonella isolates

A RIS Btk AR PR/ E ) Number of strains/Ratio (%)
Drug classification/Code Antimicrobial agents i 24 A U
Resistant Intermediate Sensitive
5 E 24/A Penicillins/A SR TEA Ampicillin 106/60.23 1/0.57 69/39.20
B- A oL e/ B- A BE R R R 25 90/B B R P A/&F 3R 65/36.93 34/19.32 77/43.75
B-lactam/B-lactam inhibitor Ampicillin/Sulbactam
complex/B o] 5 PG A/ vy 24 8/4.54 23/13.07 145/82.39
Amoxicillin/Clavulanate
Sk 0 At T /B 24 £ 3H 0/0.00 - 176/100.00
Ceftazidime/Avibactam
3 f2/C Cephalosporins/C Sk T Cefoxitin 6/3.41 3/1.70 167/94.89
3L FLMEME Cefazolin 46/26.14 58/32.95 72/40.91
SLFLIESE Cefuroxime 22/12.50 7/3.98 147/83.52
AR WENG Cefotaxime 22/12.50 0/0.00 154/87.50
L AIMIE Ceftazidime 14/7.95 0/0.00 162/92.05
Sk G Cefepime 4/2.27 12/6.82 160/90.91
SLHIERL Ceftiofur 23/13.07 1/0.57 152/86.36
KT R IE/D W e hii % % Imipenem 0/0.00 1/0.57 175/99.43
Carbapenems/D 2% i Meropenem 0/0.00 0/0.00 176/100.00
JEAth 5 FE Ertapenem 0/0.00 0/0.00 176/100.00
SAHENETTIE PR K% #E Gentamicin 12/6.82 0/0.00 164/93.18
Aminoglycosides/E #EFE#E Streptomycin 83/47.16 - 93/52.84
B>k B Amikacin 0/0.00 0/0.00 176/100.00
Z Jik25/F Polymyxins/F £ ZE % E Colistin 16/9.09 160/90.91 -
ZFiH % B Polymyxin B 6/3.41 170/96.59 -
KIFNEEZL/G Macrolides/G Fi[ 27 25 & Azithromycin 11/6.25 - 165/93.75
PU¥RZE JE/H Tetracyclines/H VO3 E Tetracycline 78/44.32 1/0.57 97/55.11
BN % Tigecycline 0/0.00 1/0.57 175/99.43
WA A5 ) D 0 34 P 215 /1 ZENERR Nalidixic acid 74/42.05 - 102/57.95
Quinolones and fluoroquinolones/I ¥Ry {H A Ciprofloxacin 14/7.95 88/50.00 74/42.05
RN/ 4% % Chloramphenicol 51/28.98 1/0.57 124/70.45
Phenylpropanols/J A JE % Florfenicol 48/27.27 7/3.98 121/68.75
IR A A 4 o /K P 4, s T /i i P T el 46/26.14 - 130/73.86

Folate pathway antagonists/K

Trimethoprim/Sulfamethoxazole

- TP A

—: No drug resistance breakpoint.

3 W54 ®

P 55 RO ) HGE , B R0 1T B A0 R
RIEVL T R e ROV ] BRI AT R
I3 FIO-200 M T 2023 AR HE V1T S I I

HRIDI R VDT IR A B FE VD T IR o 32
S0P IGE Y 2015-2019 4EVT 0548 T 15 9%
K H B VD T R R LS YA ] . Ae T
BGAR T | P A8 T AT R 2R A EREAS D]
FG B 100975 20 DA SR A% FE VD 1) FR B R A VD 1] R A

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



(DGX7ES ik

Microbiol. China

4252
E
wn B
5 5
2 E .
5 = o
— a o
g S8
—l: AMP Antibiotic_class
NAL A
— CT
B
CIP
CEF c
CXM £
€TX
i AMC E
GEN P
CAZ
AZM G
i { CPM H
PB
CFX !
] TIG B
AMI
K
ETP
MEM
CZA
IPM Rate
SXT -0.8
CHL L 0.6
FFC 04
SIR -0.2
TET
-0.0
AMS
CFZ

E2 DIREARMBFERR 27 #itE RO Z
WE PUEREIMCS AR R 2R
W 2

Figure 2 The heat map of the resistance to 27
antibiotics in different serotypes of Salmonella

isolates. The antibiotic classes represented by the
antibiotic class code were shown in the table 2.

Sy A2 g Al AR TR T R M
TS ] PP V0 1) EG B 0 P PR LT Y T 2R 1
HIPIIIRE, HUORBRDTIIREY, Wi

B0 43 b DX VD 1) QB = 2 M 35 B 98 A B
o DAFEZ2 MU 9% 2 B AS R B T R R 2 4 TR
FEARTP TR AR H B EEMmER 2 —, e
Ay B RR A BRI AE 18% L BT ARG
HE IR BLUDT T IR ARG 3R AR, O 1.14% M
3RS B R BLvb 1] G B A Hh SR 1K, o
4.60% , {5 TH4 A H I ML Y A H 2R (25.42%)
T VD S A H B PR BV T IR AR N IEAE A rh
g7 FEACR 1.16%, (AFE R 01 AR R R e o L
i 73.33%P8, R BLUD T RGO B AR R AR RE
AT 2 H R A L AL —, E AT RETEAE
PRFEAS AT o

AT LE R B ST BB 5 i 74 1) = ) ¢
ko ST11 ZF2ny ST B, Kk 27.27%, K5
J& ST34 1 ST19, i k45124 10.80%F1 7.95%-
ST11 FEMBHRIPT TR A 8(95.83%), ST34
F B RAATEVD T R A1A(94.74%) . ST11 5%
R IR 833X Fofr ey JE DT A 7 A A 5% 35 1Y)
T Hp A AR AR, X RSB ITR
—RE SR XY, ASBIFSY B DA AR 5 2
RN, —AmyERIAT RS 1 Fhek 1 AL R
ST &1, —f ST BRI Al GEAL 1 APl 1 LA L
I3 U230 & b XK H G 88 ST MBIt Ay
—E 225 . Weng PRI (BT 1T V5 55 191 43
BIRRLL ST11, ST19, ST34 Jy FomMB|; P
SR T A BB T G Y5 9 191 43 B AR U LA ST34
FIST19 Sy BRI 5 iy A S5 PR T8 A Jb 3 s [X.
B RE VS I 1) 4 B RN L ST198 fe, Hik
STI1., BAM T STI1 B AH L. £ H 5
AR, 055 #HRiE ST40 5 RmAT, Kt
RADFE R — B 5 A 0T

AR P TREZEN 25 E, ZEN
2R 3K 5] 57.39%, KT 20152019 4E VT4
JE VS s 1) b 4 B YD T IR B Y 2 I 2 R
(67.38%)1. 4 22 MR Vb 1 FC I ) 22 B i

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Fhk F | AMNTLIRELER, MARSMUAFINIESHR 4253

A+B+C
A+B+I Serotype

A+C+I

A+E+H . Enteritidis
A+E+]

A+F+1 . Thompson
A+I+K

E+H+J . Kentucky
H+J+K .

A+B+C+E B rissen

+B+C+
:-H];-Hg-t-l£ . Goldcoast

A+B+E+H
A+B+E+ " London

A+C+H+ imuri
A+E+HAT . Typhimurium
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Figure 3 The stacked bar diagram of multidrug resistance in different serotypes of Salmonella isolates.
Serotypes with less than 3 multidrug-resistant strains were classified as other serotypes; A: Penicillins; B:
B-lactam/B-lactam inhibitor complex; C: Cephalosporins; D: Carbapenems; E: Aminoglycosides; F:
Polymyxins; G: Macrolides; H: Tetracyclines; I: Quinolones and fluoroquinolones; J: Phenylpropanols; K:
Folate pathway antagonists.
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Figure 4 The sankey diagram of distribution characteristics of Salmonella isolates in Suzhou. Serotypes and
sequence types containing less than 5 strains were classified as other serotypes and other sequence types,

respectively.
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