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ABSTRACT: Objective
mechanisms and cross-sector transmission risks of the Sa/monella Kentucky ST198 lineage in Yangzhou from 2019 to
2025 based on the “One Health” framework. Methods

To analyze the genomic epidemiological characteristics, antimicrobial resistance

Salmonella Kentucky isolates were recovered from clinical
patients, retail foods, healthy food handlers and sewage in Yangzhou. Antimicrobial susceptibility testing was
performed. Whole-genome sequencing and bioinformatics tools were utilized to identify ST, resistance genes and
plasmid structures. A phylogenetic tree based on core genome single nucleotide polymorphisms was constructed to
Among 23 ST198 isolates,
ST198.2-2 was identified as the predominant subtype. ST198.2-2 isolates typically harbored blactx.m.ss, tet(A),

evaluate the genetic relationships among isolates from different sources. Results

genes. Notably, a novel IncFIB(K) plasmid carrying 8 kinds of resistance genes, including gnrS2, was first identified
in an ST198.2-1 isolate. Phylogenetic analysis that food isolates and clinical case strains were highly clustered at the
core genomic level, suggesting the possibility of foodborne transmission. The rmtB gene was detected in strains
derived from health practitioners, suggesting that this group mought constitute a hidden drug resistance pool.
Conclusion The ST198.2-2 subtype has become the dominant lineage in Yangzhou, presenting severe drug fast
challenges. Animal-derived food serves as the primary infection route, while occupational carriers and sewage

facilitate the environmental dissemination of resistance determinants. An integrated surveillance system covering the

“farm-to-fork™ chain, with specific focus on healthy food handlers, is urgently recommended.

KEY WORDS: Sa/monella Kentucky; ST198; antimicrobial resistance; “One Health”
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U1 IR (Salmonella) /& —Fh 23K 12 AL 476 19 3L
SRR SRR, XS TUAE R L T . SR T AR 2
(World Health Organization, WHO)%t i1, & EKE4HELH
LISAZBI I TR YR 6, F58037 5 AgET- i, 5
EILYP T R TE (Salmonella Kentucky) ST198 1% H A H.Z
M 2 REE 32 202 R FERRM, SRR
B RE DL AN EEOR ISR, 2240 ST198 e 4] aT
W EARMRAT RO, SEE AR ST198 kit 5
B A7 M SE Y, %0 7 ATk — 25 Rl 4y SRy B A 32 B4 3
ST198.2-1 1 ST198.2-261, 2019 4ELAF, FEHIIL. I 74,
SR 28 ANBEEOBHE P RAT LAy ST198.2-1, A
2019 452, ST198.2-2 L IRIE—1SHIINZ T X, B3R
T X ERGUR YT RE), HAERREZALEUL ST198.2-1
Bk SR, TR G N IR A AR 25 R 3,

H i Z 5O ST o2l 0 5 T — R IR 0 4 Bk, Uk
PLA R S SR T TIR A ZE NS . Bl SR SR IRl 2h s
FEREHLE . AE<[]— B HESLN, XA A A4 IF )
W fERRRAR, MiR— Mg A il IR
[ AL B Sh A 5 MU o T fff A 2559 5 ik 19 i 24 R AiE B2 3
5 HE Al fe 8 T AR A AR G, i R B 4 e A o SR g L
i U SR O O R R A, AOURPTTIG
T e B AL AR IR AR 2 —, B 25 L R R R [ 3615 %
TR MOl A B R Ry i 1 A 7 5 T SR A S

L AT TS AT 25 RS DGE 1 B b5 Qe £, W]
AEIE A T K W HE ORI 2575 | 7 A PR, T A —1
— NAGERU 31 Bl A % A4 52 10 e o M 10 R 5 4
MERIER R, CHIESE R 2570 1] IR 7E AL X HR 214 i i
ZHEE,

I, R Gee R A IX ST198 1% R LR sh A 5 K
Br, ABFFEREGMHLX, IR T 2019 F 2025 4FADRIR
TURARLH . TS RO G KI5 K ERE R 1 B
FEVPTIRE 7y Btk . BRI SR HM P AR, b H o)
Aii . BEDRAL R W 23, LI 2 B A 2R R PR P
241 (antimicrobial resistance, AMR) Wil 5o B 2 4R ik A
AL IR H

1 MR5ERZE

1.1 EHRESLEE

£ 2019 2 2025 AEI1R], 7P 7B 1 BTy 4 il v o0l
BRI BRI | (R AT
T I TR 24 20 W00 45 W I 4%, RAR Z AR IR Z AR X
FIREAS o BITAT A BRI 359 7™ A ke P TR 8 A T
FMD K (A BRI W T ) SEF A .
1.2 8t

AR AR BRI E 24 MR E5 VDT TR YT 10 28
14 P BT B 25 9 19 B /D 0 B & B (minimal  inhibitory
concentration, MIC), f1$5%{ % Z (chloramphenicol, CHL)
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2 77 Hr i W (trimethoprim-sulfamethoxazole, SXT). ZAhE
& (colistin, CT). JEAthH5 54 (ertapenem, ETP), EX B
(meropenem, MEM) , Vi 5% Fd (imipenem, IPM) | 3k 7f1WE fi5
(cefotaxime, CTX). kPG T (cefoxitin, FOX). 2~ P/
#F B 38 (ampicillin/sulbactam, AMS) . 4 i F§ (aztreonam,
ATM). DU % (tetracycline, TET). #MN¥F & (tigecycline,
TGE). RN A (ciprofloxacin, CIP), B K- (amikacin,
AMK), FFFZiis iR E BD 2wl il i H 5
B B A R 2 B AR (RUONMIC-801), S5 45 9 K 45
RATHEV BRI . SRR A IR ATCC 25922 2
BT bR o FEARYE 2 2% 36 [ I R A0 52 00 5 b ol b 25
(Clinical and Laboratory Standars Institute, CLSI)& A iYL
A 2 Y U K AT FR i CLST M100-34, #N#R
ESHEEEMH MW E S M Food and Drug
Administration, FDA) W #F & B 19 # Ebn il . ZE M2y
(multidrug resistance, MDR)Z= %I 1 1] 5 2 FRVD 1] [ I T 25
PEARAEN
1.3 EFEENF. B PBERRNESFEE

fifi Ff] FastPure Bacteria DNA Isolation Mini Kit $&H{E
PRIEDIZ] DNA, JFifid Qubit 2.0 ZOGTT T &, 1
[lumina NovaSeq V- b #F 47 42 3 R 4 80 T ¥ (132 1
150 bp)o Xf Herp— kR [F B 54 blacrxn.ia 5 qnrS2 FEF B
PRIPR, A1 R A EEGN R FLAS A 3 264 7 58 B IR 2
f#i ] CLC Genomics Workbench 23.0 X U4 il /5> 04 247
JFiE ], 7€ De Novo Long Reads #ider, | Illumina
R B X R FLA S K B A e 2 R BN S B0 AT
AL IE
14 WHERSRZRZAEWOH

H I FE B0 A A CLC Workbench (v23.0) 2 HEAT 9
¥, PAREHFF . R BLAST fil, 54:65i4ER
it 25 B 1 | 22457 557 5143 74 (multilocus sequence typing,
MLST) % PointFinder #17HXF, SHBABINSHEE E it
PR S PSRN i YA - A i Y 3P G ;N = R S R
NZ_CP091997 A £ 54, A CLC Workbench SNP
TREE R 23 BRE BRI RE N R ETRES, I
o FRE L T BAAZ 78R 2 5 1 (single nucleotide polymorphism,
SNP) R G0 & B I TS 70 5 BE IR SR PR TR 0
FEFE T, SNP Z550NT 10 BB RT3 E AR5 E kN,
15 igaE

K A Excel (Microsoft Excel for Mac Version 16.104.1)
X TRARSR TR . 25 s S A SR I A TR B AR iR M S
4345, FIFH ChiPlot 7E£& T.E (http://chiplot.online/)?%%f £
Gk BW AT AL BT . 2RI 3 IRER, Z5 R
— A,

2 FER5HH

2.1 EERKIR

2019 Z 2025 4E[H], ABFFEHE ) 2 05 I ) 25 L5328
FIHEREL VIR 589 #k, HAHEIEILPITIRE S 24 #
(4.07%, 24/589), ZILHEAMFLEE, | B4 ST314, ST198
I 23 #R(95.8%, 23/24), HAFEAAC IR K RAE I R] S5 140

HREBWE 1.

®1 234 ST1I98 BEEDITRESBHREALXER
Table 1 Basic information of 23 Salmonella Kentucky
ST198 isolates

7% e TR U5 FEARASTH RAEAFAY
Sal-1956 HAbE A Jie 2019-02-08
Sal-1996 JETE R A FEf 2019-08-24
Sal-2011 JETE A Fefd 2020-07-16
Sal-2112 PN NN 5] 1Kz 2021-10-26
Sal-2217 JEE R A B 2022-06-30
Sal-2222 JETE R A FEf 2022-08-25
Sal-2248 i e 2022-10-20
Sal-2375 HoAth i JHe 2023-12-20
Sal-2440 Mol A B (7R AT 2024-07-22
Sal-2464 i =X 2024-05-30
Sal-2485 PN NN 53] A 2024-08-25
Sal-2495 Bl PPN 2024-10-09
Sal-2496 1Thh X3 2024-10-09
Sal-2502 PPN ) IR 2025-03-20
Sal-2503 PN NN 53] A 2025-05-12
Sal-2534 [CRCTPN B 2025-06-20
Sal-W2432 78I 2024-04-16
Sal-W2436 E7813 2024-04-16
Sal-W2454 W5 2024-08-30
Sal-W2460 7N 2024-09-13
Sal-W2499 78I 2024-11-28
Sal-W2530 7875 2025-04-07
Sal-W2540 W5 2025-04-22

TE: R TREA

2.2 SEEWITIKE ST198 A4 ER T BIER
221 wHEA

PSS R, 23 Bk ST198 Bkt 2T 3 Kk &
it 2, ZEMZ5%N 100.00%, ST198.2-2 FKIH #H) ZHY
i 2 3 Y, Ko T e P R I B 2R it 24 Rt 3 80%(F% 2).
ST198 f4 1~ 7 TU Tt 24 S AFAE 25 57 (3% 2), ST198.2-1 TH
FR(n=T)%} CTX, ATM. TET #il CIP 541 24(100.00%).
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F2 F[E ST198 LIS 14 I E AT 25 R EL R (%) ST198.2-2 B kE(n=16)fIMH 2515 iz, JLH*¥ CHL.
a4 inds ot it g G TET ST AMK S RASEIL 60 03 6102
P BE 25 ST198.2-1 ST198 2.2 3 %M%A?%Dﬁlﬂ%Xﬁ%ﬁ 8 Y2y . TR

AR (n=T7) (n=16) Pix el &m2E . CT REFUR.
T e e 255 AR 71.43 81.25 222 WHERSH

idiieS SLT7 57.14 68.75 AW K T 25 5L AH G R R 4G 9 28 22 Fiifit 245
ZHWFEL  ZHEEE 0.00 0.00 FEDUAN 2 280 2 AH G IR R 28 A8 (B 1) T 2 B AU FE W B R
JE A R 0.00 0.00 (floR) . BN (sull . sul2, dfrAl. dfrA7. dfrdl4). 8]~

ERME KT 0.00 0.00 BB P9 TR B W T 25 3k B (Blactxais « blactxowss -
T e e 0.00 0.00 blactxmes)~ Il B-NBERENE(blaren.1); TUIRER S [ter(A)];
Sy O 100.00 75.00 WE 5 B 25 (qnrST . qnrS2) LA % R B AT 25 T 25 3
KA T 71.43 62.50 [aac(3)-11d . aph(4)-1a. aac(3)-Iva. aadA2. aadAS . aadA7 .
pmencn © DT s 3125 aadA13 . rmtB). T 25 R XHE PR 575 v AR S 2 5
L e 10000 57 gvrd ﬂfl;')arCo L"J\&"%%@Iﬂifﬁéﬁyiﬁ X (quinolone ie51stance
determining regions, QRDRs) gyrd 2 AN AR

R K i 100.00 8125 (S83F. D87N). parC H:H 3 4y s 5848 (T255S . T57S.

aliid 0.00 0.00 SSON). 3 25 370 T2 30N X, 650 5 R % LA

VR RPRE 10000 10000 REHE St L AT CIP 2500 B bR S92 1 QRDR fi7 44

RN PPRRA 71.43 68.75 G S HAE ETH LM blacrs.n KA .

[HEE S
T Sal-W2432 W
Sal-W2540 ST
— Sal-2375
| Sal-1956 Il ST198.2-1
- Sal-1996 W ST198.2-2
Sal-2440
L Sal-2011 FEAKRIR
‘|__ Sal-2464 R
Sal-2222 A
s :ziijﬁ A B ()
— E Sal-2503 Lk
Sal-2495 | EERIITSPN
———  Sal-2496 )
E Sal-W2530 ﬂ
Sal-2217 2019
— Sal-2502 W 2020
— Sal-W2460 2021
——  Sal-W2454
W 2022
= Sal-2485
Sal-W2436 2023
Sal-2112 12024
Sal-W2499 172025

BT 23 B M IEHVD IR B ST198 23 B MR A% 0o J6 PR 21 foe K ALK
Fig.] Maximum likelihood tree of the core genome of 23 Salmonella Kentucky ST198 isolated in Yangzhou
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ST198.2-1 ¥ blacrxn.14(7/7) . tet(4) (7/7). sull (6/7).
1 aadA7 (5/7)f#5H R85, HARKGH dfird14. blatpw.
aadA2. aadA13 F rmtB, Wtk Sal-2375 #545H — ik
pSal-2375-72k, % PlasmidFinder ¥t R4 &, %k 8 T
IncFIB(K)2, 4K 72073 bp. M2 iE A0 R, &R
Y sul2  dfrA7 . floR . tet(A) . qnrS2 . aph(4)-1a , aac(3)-Iva
aadA7 8 AT 25 L . HE — 2 0 HoxE o B BOR
pSal-2375-72k 5 NCBI £tz g Hh i) 24~ Bk 2 A 5 2 [a]
P BRE, B 5508 B KIGH AW STk CP034107.1 1Y
FP N w5 A 78%, [Fl—PE R 99.99%; 55— KipiRd [k
R B 25 1R 58%, [l—+HER 99.95%; S5Vb1 TR i
R MW025958.1 BB TN 53%, [F—PEN 99.91%. 751
C RS 2 EHE A YR EE ol B R R g
NMDC60215163.,

2T, ST198.2-2 I N2 A 4= 1T 24
FERTE, HP, blacrxwm.ss (12/16). tet(A) (14/16). dfrAl4
(13/16). floR (14/16). blamgn., (13/16). aadA2 (12/16)F
aadA13 (12/16)F3E7 R I8 o A B Ol A 5t R 5 14 ik
(Sal-2485 ., Sal-2503)KH T rmeB FEH, % HEH A A F% 411
FEBTK R AL N 1 R0 s FE T 25257 A = KT 2
Mo, Sal-2485 #5451 M RFEIRIMH 25 3LH, B3 f-NELE
J5 UFRER IS BERS S (qnrS DR FEREF 2 (rme B
) Z R 2 2L

(EAERE RS, AR B 1R ST314 R BLH A
AFBFHE. 5 ST198 ML B2 RAAHLL, % ST314
PRXS WE T2 25 1) o S 2R 40 BT o, HAHET blacrxow.ss
2GR ik — 5 B M b X4 38 v ) PG 114 s /K
S 24 R A7 7 B AR P AR ST198 X — i E #hAb 23k F o
23 ETOEREEMEREREREZEIR

RGK B BoR, 8|5 B Pk (Sal-2464 |
Sal-2495) 5 Iifi R ME 1555 6l £k (Sal-2217 . Sal-2222 . Sal-2534)
TEAZ O B R 2 K V- B R 2K . 15 K FEAS (Sal-W2454
Sal-W2460) 5 iR & 5 S Bl kAL T 7] — i 153 32

3 Wit5%R

REGEILVTRE ST198 % R M W EERIERFKE M
ZEM L TLHEE W IZ M, (B RZHUF5TEE T8
— SRR (N ) I 4 B RR, BB = W A Hb B R G
PR ARBIE 5 3 T ) — fe B B, 4 3 M X
2019—2025 A 2R IEMEA AT RGN, AT ImAT0
2% T 2T AR K 5 FALR F 2 4 4R /R T ST198 i1 & B
THRRE, ARG VB Rt T B 224K 5 .

AHIX ST198 i Z A9 RY AT A 3455 [ P L Ak i AR
J5 1 —3) BEgE & B ST198.2-2 CLHLAL ST198.2-1 i k%
P i XA A XA AR, 3 — R 5 TR PRUR R AR

Bl AE LS R AP, S —BUESL T 2019 4%
RUAEFR E R X 2 4k, 3 — DX A A o B 11 U
e, RS HEL IR PR R e R T DL R R e
LR HiAT A U0, ZBRTREAHUE, ABFscTE R R A
JRyBRE, F G B 35t A AL 1) 5 4 T R e R i A
PR, TE B T ARG A Jmy 3 el v rg AR 3R

PN AL X ST198 i3 R M 24 T H™1R, H 2 BT B A
RIZESE . i RN, A ST198 HkXT ATM ., TET M
CIP T2 & Z Eifi 255335 100%. L, ST198.2-2
G TR P e B2 R R B R AW I 2K B E ST
ST198.2-1, HEBAMolk N FRIEMRFRILE £21% 8 FS2iH)
I itt. FEEB T — SR, AL ST198.2-2 14
R ST blacrxomess. tet(A). dfirAl4 5 RBEM 25 RLA
XAz Hos 3 R 25 2R AL, A REA AL T L33 K
KIZE T 25 FEhl, WEsR T HAEP 208 ) TRy
IR SR AE P AR A, B ST198.2-1 W
AR DR (GO0, E B B w0 BE T 2438 N AN 2%
Z ., Z N ATM Fl CTX RO 265 2 51k 100%, 53
W blacrxowis FEF B UIMIIE . Feillid Sal-2375 a7 iY
IncFIB(K)F i, JEF T ST198.2-1 WIHIFEFEAL I 2 FP 3R HL
HNIRTH 2538 A 0 R A BE T o T JBOR A 3 10 e 5 il i 2 32
A 5y ek gyrd 8 parC ¥ QRDR KA FER, &%
FOZ W HIXE CIP 77 Az 8 7K i 24 9 43 F- ML) 32 ok i
T FE 1815, Tn3 M 1926 (952 7285 shik & Tu i i = 45 4y 4t
[T gnrS2 W EBAH AR FLRE o X RMHLHIAR B T I
B RS BB AAR A Ik, T RIS s s T i 2% 7 A A v 1)
P, X—RMIR, ST198.2-1 MIEYRiAHL W IFmATHR,
RAE R i 2 vh— > i i 2 1 (1 Ak 43 2, Hail Ko7 3
DRI 7% SIS 245 1 1 — 2 PR 0 8 IRy A7 5 ™ 42 e

RELEWIN T ST198 Hkkim i sh i bk
AN BRI H FHORG IR, MidEREYL R R A B
LG o 33X 5 [ PN A i IX 56 T £ U A5 46 1) SCHR 26109 BFF
FEEIE B, SR T S IR B AR ST198 TRkkA
(EINSIPS IN BN S 3 R EiR 95 A hE Y S W ¥
ARSI REAS R 400 55 SR T i sh ), (R o A B
T 2013—2019 4E4 5 5 45 A9 ST198 Wi Beds, iF 52 % i
24 ST198 TR HLEE X . 51 EAL RIS, EuUmsRxT
R RERE AT RN . SR XSGR RAE
A5 M H X 0k BURL E EDIE, Ui ST198 AT
AR B DX AR I B 271 bt X 14 5 DR 2 A
b2, ST198.2-2 43 37 TR AE s IR 1 2 & 55 11 IR
A B A7 B A A i A R R, IESE TR - A28
R AL AR BEAE h [ ) I AP BeAh, V5 KEEA A
T B R R B AR, 0E— B ENIE T IR AR 1 25 T 9 b A 1
FH o i fgRR Ml A 53R IERE TR i 25 3R rmeB, 3878 T
TR Sy BV i 245 i () AU o G B A 5 3R B, BT
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WX AT ST198 3% 2= H rmtB H 5 blacryass 347 TR
A9 IncHI2 Y IncFI1 BAL I, W BT B KR R S5
FEH 25 B K 25 Y AR, Y
rmtB ) e K ST 24 5 X A 3 R AS 7 A A R AR
Wy, BEMEAEShIIR 5 A2 22 IR EA T AR . Akl 2L
BIVfef 7 e = B 0 2 ) 0k R T BRI R, o BB AR EREIA
HRRFEAEAE I B S — A RS T s Mol A B
T[] —{g BB 4 T R AL

AR MAFE—E W RIR M. &5, REVRE R
BEWRTE 7 4F, (HEZN AT ST198 R R AE AR A X
N, HIRBERT ] 242 Hr e 2024—2025 4E[A], 13X 1] GEFR
T RIS T AR AR O T4 T R AR A A e b, RSk i 3
115 NCBI %A M HE e (O TR L LT, JFas G 2 B
KIS 05T, HE—0PA ST198 1% RAEFK [ (£ 7% 3h
T3¢ S 25 A o AR, AT ST198 11 5k K 4 Wi 4 3=
AT a8 43 H DX W BRI AF R R S 1, IR T T
I 2 (1 ] — f B W A 2 DA SEL AN S R e 11 001 £
AT, M M X VDT G AL S B R AR
Tl 5 1t e A A o RIS 24 P22 0 XU XU, . A 88
il ST198 By & 4 K M 2Pk ik fb, " EEZ Y. &
fh . FREEANAEERY RS A UK R, JE SR Mol
INGE SS/ YN bl EC
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