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A Study on the Serotyping and Whole-Genome Characteristics of 99 Salmonella
Strains Collected in Yixing, Jiangsu Province (2023~2024)

LIU Yuanshan, QIAO Jianjian, ZHANG Tao, WU Yiqin
(Yixing Center for Disease Control and Prevention, Jiangsu Yixing 214206, China)

Abstract: Objective To analyze the molecular epidemiological characteristics and antibiotic resistance profiles of Sa/monella
isolates in the Yixing region of Jiangsu Province, providing a scientific basis for regional Sa/monella control and prevention.
Methods Serotyping, whole-genome sequencing, and antimicrobial susceptibility testing were performed on 48 Salmonella
strains isolated from patients with foodborne illnesses and 51 strains isolated from healthy food industry workers during physical
examinations in Yixing City from 2023 to 2024. The analyses focused on serotyping, multilocus sequence typing (MLST), antibi-
otic resistance genes, virulence genes, phylogenetic relationships, and resistance phenotypes. Results Among the 99 Salmonella
strains, 25 serotypes and 21 sequence types (ST) were identified. Salmonella typhimurium accounted for the highest proportion
(42.42%), representing 56.25% of the isolates from diarrheal patients. The predominant ST types were ST19 (26.26%), ST34
(19.19%), and ST11 (14.14%), with ST19 being the most prevalent among isolates from diarrheal patients (37.50%). A total of
28 antimicrobial resistance genes were detected, 20 of which were present in all isolates. The TEM-1 gene showed a significantly
higher prevalence in isolates from diarrheal patients (75.00%, x’=15.72, P<0.001). A total of 107 virulence genes were identified,
with 79 genes present in all isolates. The detection rates of sodCI and ssel/srfH genes were significantly higher in isolates from
diarrheal patients (77.08%, y’=4.55, P=0.036). Correlation analysis revealed significant positive associations between the resis-
tance genes TEM-1, tet(B), AAC(6°)-Iaa, and multiple virulence genes. Phylogenetic analysis classified the 99 isolates into six
major clades, with clade I having the highest number of virulence genes (106.96 + 0.20) and the greatest proportion of diarrheal
patient isolates (68.00%). Antibiotic resistance analysis revealed that Salmonella isolates exhibited high resistance to Ampicil-
lin (65.66%) and Tetracycline (59.60%). Conclusions Salmonella isolates in the Yixing region exhibit diverse serotypes, ST

types, and resistance phenotypes, with a certain degree of multidrug resistance, and display characteristics of synergy between
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resistance and virulence genes, showing the importance of prudent antibiotic use and the coordinated surveillance of both resis-

tance and virulence genes.

Keywords: Salmonella; serotyping; whole genome sequencing; Yixing Region
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P BRI e A Ban kg
1.3 7k
1.3.1 BRFPIGIE A i 23 28« RIS S 2 AT 1] G T R
F I8 B i 2 R E AR B U E Y E R 5/ V0]
[G 7R 6 50 NGB 4789.4-2020) W EAT 15 3%, 3 1l
Mk ATalifl, 22 EXS1600 42 F 3l il A= ¥ i v e il 2
G EE I VDT IR RS W IS R AT 107
A4 % I White-Kauffmann-Le Minor 71 JR 264
[Tz IIRC
1.3.2 ARy M2 A 05 2250 B s 99 BR TP T IR
T DNA 2 30, AR P | 22 3 i n AR TR
N F) 52 A P A NMDC 10019769 £7fifs 76 [
F A WL % d)E 0 (National Microbiology Data
Center, NMDC) (https://nmdc.cn/resource/genomics/
project/detail/NMDC10019769) . ¥4 M\ 23 7] 3 15 Pf 2
J& ) fasta SCAFF) FH Prokka(version 1.13) T. B.ifE471E
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LA 11.76%(6/51) o [ 2 5 A M k4l MLST 437444
AR/ NV R

23 WHEE S ARYE CARD i 24 3 PR R
99 KRV ] B T 4G 1 28 Fhifif 245 LK R 2 /R T
ST 245 A, T AR 4 1% AR 20 Fh R CRAE A
R . T 24 - 45 715 4k - 40 i 43 4L (resistance-nodu-
lation-cell division, RND) #7142 AMIEFE L (CRP
sdid . baeR . cpxA . acrA . acrB . acrD . mdtB . mdtC), T2
TR ] K% (major facilitator superfamily, MFS)
YU RIMIERIERH (emrd . emrB . emrR), 22245 ) 7k
A& WHE T (multidrug and toxic compound extrusion,
MATE) ¥ iz {4 %&£ [H (mdtK), kdpDE % [X (kdpE), ATP
2% & A (ATP-binding cassette, ABC) Pt 4 & 41 &
FEH (vojI . MsbA), +— 5 I FEw R AH OC 2R 1 3R A
(BacA), H-NS [A i} 5 & T (RND 1 A4E Z AR FE R |
MFS Hii A R AMIEAR LK), marA [FEHHJE T (RND T
A RN SE DR | BEAIK B - PIERGS 24 Py i M 1y
JFHAN B FLEE D, tol C TR H & F(RND HiA: 46
HEZRFE N L MFS AR AN ZE N L ABCHL A R Ak

HEZE L) . LAk 73252 % CARD AMR Gene Family
(https://card.memaster.ca) . X T A7 i 24 B PR 5 HE AR
VR IR OGS AT, H P A 25 5 TEM-1() 3% B -
PRI B L X)) SRR AR IR BAT Ge 22 A G, it 2y
SN TEM-1 75 215 [ 73 B R P B 5 R 75.00%
(36/48), 25 i THEHEN B2 B HR 19 35.30%(18/51),
2R HAG#RE X (=15.72, P<0.001),

24 FALBESA  ARYE VEDB R )5 R B
99 BRYDT T ERRAGIN H 107 b ) LA L 181 2 s 1 28
FhEEJJBEA , BT A BRI LATR 79 e CRAE &
J7R): Curli - 4EA I FER (csgd | csgB . csgC. csgD .
esgE | esgF . csgG), 1 BT A IR (fimC . fimD |
SfimF | fimH ., fiml), T3SS(SPI-1 4 %) 17 2% #H ¢ 3
(invA4 . invB . invC . invE . invF . invG . invH . invl . invJ),
BB TV L (mgtB . mgtC), T3SS(SPI-1 4t 2%
W 45 H 5 [H (sicA | sicP . sipA/sspA . sipB/sspB. sipC/
sspC. sipD . slrP ., sopA . sopB/sigD . sopD . sopE2 |
sptP), T3SS(SPI-1 % %) #H OC 43 Wb 25 #6) 2 11 &
(spaO . spaP . spaQ. spaR . spaS), T3SS(SPI-2 Zwlih) %i
R AR HFE N (pipB | sifA . sifB. spiC/ssaB . ssed . sseB .
sseC ., sseD . sseE . sseF . sseG . sseL . sted . steC), TTSS
(SPI-2 % i) 43 b &5 #4) 7 14 3k Rl (sscA | sscB ., ssaC,
ssaD | ssaE | ssaG . ssaH . ssal . ssaK . ssal . ssaM .
ssaN . ssaO . ssaP | ssaQ . ssaR . ssaS. ssaT. ssaU .
ssa V), HUHE BRI 25 2 (1 3K Mig-14(mig-14), MR
1 AL (ompA), 118 2 FE AR 11 BE DA (sinH) , BRE AR
HHIIE I (fep G), T3 SR IEHEIN (entB) R VP T ER AT



BARHE 6 = 22 2k

$i41%: 531 202645 H T Mod Lab Med, Vol. 41, No. 3, May 2026 83

B SIS REASRIRHEAT T A SR /8, P
ALY AL B R sod CI A T3SS(SPI-2 Zifi%) - JhE 4
TR 7, 11 Tt 2050 1 A 1 i PR ssel/srfH 55 REAS SR 5 BLA 4t
T2 Ve sodCH ssel/srfHAE NG TE /B35 43 B Ak

EthRES MFE STE HARWAER
X044 S.Poona 3095 @
x02 . Wichita 450
X074 . Singapore 1

X06. . Kentucky 8
x04 . Thompson

FME RN G343 B AR b EL AR R, RIS BB
PR Y B 2604 R 77.08%(37/48), 14 ik 2% vy T A B
N GUAT B RRIK BAPE % 56.86%(29/51), 2% % BA 45 it
2278 X (=4.55, P=0.036)

FHER
= j

X023 S.Infantis

X055 S. Thompson

X063 S.Wandsworth 98

X097 S.Goldcoast
X06 . ParatyphiA
. Idikan

Idi
X06 . Newport
X05 . London 6
| |yx031 S.iondon 6
X060 .ge{b i s g
- X04: . Enteritidis
x03 . Mbandaka 413
X064 . Rissel 469
_‘ X05/ . Rissen 469
X08! . Rissen 469
X054 S.Derby 4
| Vx034 S.Derby 4
08: . Derby 4
06! 3 5 a 8
X033 S.Goldcoast 8
78 S. ans 358
| 79 S. Corvallis 8
89 S. Bowsmarblﬂcans 8
65 S.Agona
_‘ 24 S.Agona
80 S.Agona
(058 S.Bredeney 55
036 S.London 55
072 S.London 5!
. London 55
ondon 55
ondon 55
ondon 5
don 5

. Enteritidis
. Enteritidis
. Enteritidis

35
SUO®NR©

(Y=}

5 erby
. Thompson
. Enteritidis

ERERARERNNANN

[T

[T

SS55665
3

o

G
w

SO000000
COOBIIS
ARWNWO !

o
N
153

‘_
N
©

R R R R R R X X R R R R X X X X XXX XXX XX XXX XXX XXX XXX XIKRRXIIXXRRXRXIIRRRRIRIIIRRIRIRX
o

B O T O O T F O O P T T T ST m D

— yx098

35 3025 20 15 10 5 0

5 &
v

Blegdam
-
= ol —|
H
; -
= |
14
: =
- I
|
= e
4
4
4
: :
y
L g N < 5 N o
O «‘0‘“ SIS F& %3’ Fe FLES T Es °0° TS SSFS &‘“ $ e*& FL£E & o S £
‘o
HHER - REHER

2 WHBEESENERSHRE

25 EHAARLEABHARGHLESH  ILES,

o B 7 35 DRRITTR 245 5 PR A T AR OGP ERG 56, R4 i 3R
(AR NN 5 AT T 25 56, s 25 3L 9 5
FEE S AR A B >0.05 , TUIAE g 22) o i
IR AAC(6)-Tlaa(RIENETT LB REIEIN)., tet(B)
(DU Z MR (L), TEM-1 5 2 Fh i )7 4 2 90
AN (P<0.05), HARSRE 13 sodCl , ssel/srfH
H1 gogB(SPI-2 BT A RN A A FE ) 30 I - AH DG

26 HFALBALBERGENRNL LN K4K
AT T 99 MR A AR LB R 2% (8], I LSRR iR A
B {5 M N = 50 FIN = 101750 )2 B R . B da~b 7E
Tiif 245 35 PR SR AR5 B 1) S B I 285 v T 245 3 TR golS

(mdsABC #MEZE 42 7 3L ) . mdsA (Rl A 3 H
) mdsB(N AR I2 8 L) . mds C(HM R 1
A3 ) 7E P BIE T 48 R Ry LB R[] 4a v
ifit 25 FE K tet(B) 58 3 FE PR oL, 1] 4b rf U] i 3
TR B de~d 7E LLEE ST BE RIS B AR AL
PRI 2R, 75 SR misL( A 43I BEMEE L), orgd/
B/C(SPI-1 R G 45 ¥y 1 L )., pipB2(SPI-2 & 454
N AR FISE D prgH/J/K G RAREE A B L ) | ssad
(SPI-2 % i 31 4K 11 HL ). sseJ(SPI-2 £ %t T3SS &
FE LD ZE TS BT 34 R A i AR L A 1] 4c
8 1 55 K gogB(SPI-2 Bt 48 500 3K 1) 5 24 5 [
ToILH, [ 4d TR B0 T A AR



84 BACK I R Ak 41 5300 20264E 5 A T Mod Lab Med, Vol. 41, No. 3, May 2026

avrd

.- oo [ [ o [0 v 14 IR R G R BT, 99 RRVDI TER TR AT X143k 6
JC ol e A EERL S, HIFFIRISTR) 5 25k FRIEE
o oo 10w 1o [ PR — e Herb, 4332 T 25 BR4E R ST19 AU R BkAL
by s s Ao AL 5 198k ST34 75 % 11k ST19 B B £ (yx038) .
o 43 SCIMFH 148R ST AU B 2l 22 R 2. 43 IV A 757
e 13 Fh STHI BB . 34K ST40, 28k ST413, 1 ¥k ST198., 5tk
i - ST358. 1#£ST2529., 344 ST13., 34k ST469. 34k ST516. 1
e PR ST450., 11k ST3095, 11k STSS . 14k ST32. 144 ST1891.,
Sy V i 8Bk ST155 BB MR 4l ZR R4 3 VIFL 5
L. AR ST B bk . 11k ST46. 31k ST26. 1 ST1498. 1k
L STSO1 Horft yx038 Al STIORY, {HE RS Frbfh 5
. . Hopth 19 Wk ST34 RUBEASE T 153 43S 1L,
MR VIR, Gt T RGERE WA L FE %R
ke Ko WETE BB AR L | i 23R R # 2
sspH2 1.000 0323 0323 0323 0323 ﬁ%o ﬁil EP ) HE?E’:}%\ %‘é}%‘% ljj 6800%(17/25>

R TR ST BIRR, 433V BIIEYS - o B bk
FEABERAI 12.50%(1/8), HAR 53 SZ IREASC IR 73 A AH XS
S ISR S A OE AR PNk ST e WA e = N |
B3 FHHERSWAEEEMNXEBERE (106.96 + 0.20) 543 37 11(106.85 + 0.37) [ 75 1 K R %L

.
=]

27 RGERFTEEHH WS IETLILEAFTY) R, 433 IV IR R BGE 5 f1R(97.46 + 3.02) .

steB 1.000 1.000

R R
o8 & g ¢ §F F F ¢

stel avi

=
S\

N\ N} i

”-/%%%ﬁ
i 4 /// /I’ 1/’/‘/
7

14
1, \
/ ,,/;Z//Ijl 7 LAY
/7 /74 /,// \ AN

\\\\\\\\

prg pi B
a. TN ZHEFR T HAR (n = 50 )5 b, M5 EEFCHBSE H AR (n = 10); ¢ B 1 HEFATRGE HAR (n = 50 )5 d. 2 5P RRSE HAR (= 10) .

4 WHERMZNEREDTRES BHRLIAMETRLE



MK I B2 e 4145 3 2026 455 1 J Mod Lab Med, Vol. 41, No. 3, May 2026 85

o _DOR®EST®
[ ST34 I ST1498
I ST11 I STSS
. ST19 I ST501
I ST1891 ST32
— §T2§ I ST2529
. STI -
ST450 _EBREE
I ST516 ® <5
ST358
[ ST40 75590
o s @ 91-100
[ STISS ooy
I ST3095 _BERR
ST469  SIEREE DB
I ST46
|STI98  ERERARDERR
WAERLKE
® E'
SHhER%E
& - =l
B 5 2023~2024 S£EMH 99 i TRE RS L TN
x1 RERBWMED ZTERIERFRRES EFSFESIT
AR 32 bRA TS R 3 bR L 1 it 2 3 R A i I
I 25 68.00% 26.88 +£0.33 106.96 +0.20
1l 20 55.00% 27.20+0.83 106.85 £0.37
11 14 57.14% 25.64 £0.50 103.79 £0.43
v 26 34.62% 2524+1.13 97.46 +3.02
v 8 12.50% 26.50 £0.53 103.75 £0.71
VI 6 33.33% 25.00 £0.63 103.17 £0.75

28 HMHBMRIESE R ARUFIEXFT IR
B BRI T T 25 USRI 56 . o, AMP T 24
K B, N 65.66%(65/99); TETIH 25 % K 59.60%
(59/99); CTX i 25 %} 10.10%(10/99) ; SXT ifi 24
41 27.27%(27/99); CIP F1 AZM Tt 25 2 1 A 11
(11.11%) Ak, FRA H AT ETP . MEM | IPM 22651
R oE A T 2 BE S BT T 99 BRVD TT EGTA 43 B bk
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