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Autonomous Prefecture from 2023 to 2025, and explore the relationship between serotype and sequence typing (ST),
drug resistance characteristics and virulence. Methods The drug susceptibility test was performed by trace broth
dilution method, and the serotypes, ST, drug resistance genes and virulence factors of 82 Salmonella strains were
analyzed by whole-genome sequencing and bioinformatics analysis techniques, and the correlation was analyzed by
combining with phylogenetic tree. Results A total of 22 serotypes were identified, with Salmonella enterica (17/82,
20.73%) as the predominant type; 24 ST were identified, with ST11 as the predominant type, and serotypes were
highly correlated with ST. The total drug resistance rate was 93.90% (77/82), and the multi-drug resistance rate was
74.39% (61/82). The highest rate of drug resistance was to tetracycline (78.05%) and no drug resistance to 4 kinds of
drugs including amikacin. The 43 kinds of drug resistance genes were detected, with golS (75.61%), blarg.;
(42.68%), AAC(6")-Iaa (39.02%) and QOnrS1 (32.93%) as the predominant genes, and the drug resistance phenotypes
were largely coincident with the genotypes. A total of 40 virulence factors were detected, among which the carrying
rate of virulence factors related to secretion systems was the highest. Conclusion Sa/monella in Qianxinan Buyi
and Miao Autonomous Prefecture shows high multi-drug resistance and complex drug resistance gene profile, and

serotypes are closely related to their ST. Continuous monitoring of foodborne Salmonella needs to be strengthened to

ensure food safety in China and guide the precise use of drugs in clinical practice.
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YRR AE 4> BRI B PN R 2 B K 3k T A= £
H, iR DRSS, BESKRAE T2 A
BEZHE W, S 42 AU VIR E AR R Fb
HEMEEEBORE, 5 RPTTRERD ., fEeH
ZWITREG R EYE, BESmIEmE. kR 15
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BRA 2600 ZFMIER, 7 ECLEE H 200 ZFMTER,
RAGZEDT TR SR U T TR e TR B 32yt 0, A
BEREMIE, YT TR BLAE R 250 2 o 6 R
S E NG 81 AN 714 = 1) o <0 3 W fr) 7 R e /R O T T 2o
AU R XA A S A0 T 3 A R VA I 2 2 0 £
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ERME, EHEMRER, 2016—2018 4 EMETP]
FC B LA L 3 78k B SE VD T TR . R VDT TR IS
FUDT TR, AR M 25 HA7 e 2 i 2 gl SR,
DL 925 M X AR FROAA B . AR 2T I S A A R BE Ay T
(EAEZE S, XU E AT RERZ VDT IR A T4 . B
B E R E BEMNE N R BN ZRIEREK, &
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AR A & ELEAMFEA, % 2023—2025 FE7Y
R F IR M 2 BRI 82 BRYDT TR B TR Ay

Br, EERIBZH DCRA T AR R . 2GR | T2y
SR LA R 1 AR AL, BIFREE RA AT B T b sEizt X
BRIV IR 2 T R8s, AL SRRV T T
BRTERITTE | IR & B2 B A T TR AR A

1 #MR57H%

1.1 E#RKRIE

AR5 BT U T) EC B R R SR 28 7 e A R 1 i
IHM 2023—2025 A IR M H, b 30 Bk
E I A R Al PR SE F R Ah s R Y, DAY (B HEE =3
YOFFAEA FEE MR S5 (RS . AKRR(E . 278008 ol e 1t i
S5 BB IR R B FH TG R hR A, Hop 2023 45 16
PR 2024 4F 8 #k . 2025 4F 6 Bk; 52 #R4r B H IS AL A
KRR SR, o A 44 bR AEER 17
P, AEE A 1S Bk BB 10 Bk K77 10 Bk, 2R
K 7= o B ¥ BBk K B R A& 1 (Escherichia  coli)
ATCC25922 Wy A 2 [E| JL R B = W R ol o
1.2 S

O TR B s R 3 L B RS 2 2 /), BRES K B
BENR KGRI (F S 1A W B AR A BRA WD), 2% FR B 4
TR R 0k [ 2R g BLIR A ) ) 22 ISP T 2 Bl (3
[ ERFE CHRBHE A ) e Bon & . SR EE0R
£ H R G #H% IV (polymerase chain reaction, PCR)G IR
3 (A 5 S A A R B A BRZA D ); Tlumina SC%E
il R0 K ALEC A (32 H L9 A F) .
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H]); Sensititre AIM 4> F B 25 RIS BT . Sensititre Lt
4% . Quant Studio 5 SZHT2¢ 2 & PCR AL (GE E FE R KA
JRBHE 23 F]); Tllumina NovaSeq 6000 il 7374 (35 H K SE 40
NGNS
1.3 ZEkiilie

MR # 26 H i R 52 3% = 4% #E 1k B <5 (Clinical and
Laboratory Standards Institute, CLST)#EF7AYHE: A 7% B
IE B R AR . BARP BRI e B >
[ I R 2 R 156 B 5, BRIV 5, 5 2~3 mL AR PR
7K, F Sensititre LLIMAXHFAT LLIR, JEAEEWIRE R 0.5
7 B HLA o f# ] Sensititre AIM 4 H sl 25 UL AT ks B
RN R 2R, T35 °CIFF 20 hJ, F Sensititre AIM 42
F B2 BT (S TR, JFARYE CLSI M100-2024 £
HESRIS AR IURR . TP A AT 25 25 5 . W A2 3 28 &% 3 2R
EHAERNERE L hZEMLEK. URKGIRAER
(Escherichia coli) ATCC25922 MR itk LA 27 Fird
A2, 43 9ok IR K B & (gentamicin, GEN) ., P[>k | &
(amikacin, AMK) . %% %% & (streptomycin, STR). S % &
(chloramphenicol, CHL) . PiJ#} %3 % (azitromycin, AZM), %
HiTE ZE B (polymyxin B, PB), ZHi# & E (colistin sulphate,
CT). ¥ E (ciprofloxacin, CIP), Z%WEFR (nalidixic acid,
NAL). & J7T# % (sulfamethoxazole trimethoprim, SXT).
7 Je % (florfenicol, FFC). %R Vi (ampicillin, AMP), 2
RV M/ET L 3H (ampicillin-sulbactam, AMS) | P[5 PE K/ 78 7
4 B2 (amoxicillin-clavulanic acid, AMC) . % fn ¥ &
(tigecycline, TIG). PU¥fZ (tetracycline, TET). JEMi%
(ertapenem, ETP), 3% £5 54 (meropenem, MEM) . V. i 5% 1
(imipenem, IMP) ., SkfifllE (ceftazidime, CAZ). LHIMEN5
(cefotaxime, CTX). k7HPY T (cefoxitinv, CFX). kfntlls
(cefepime, CPM). Skl (cefuroxime, CXM) . k7fmpAk
(cefazolin, CFZ) . Sk HuAh e /Ff 4k 2 3H (ceftazidime-avibactam,
CZA). SkHiBEnk (ceftiofur, EFT).
1.4 EERHENF

i FAAZ R B IO G, ™A% e HR 7)1 B 4R L
VI TR B AL IR o W12 BCPH 22 DR 2 002 vl A7 D e
PHiE, %A Illumina NovaSeq 6000 W54, % X
150 bp MFFHmE, PEATROHMT . JFEAAI T ol 28 4% 1
&, REREHETH ., ARPTEIE(0<20 MRS S R T
50%) M A FITRFEN & H>10%)Y reads. = 5t T reads
{5 FH 3 (K] 41 4 %% %K 4 (St. Petersburg genome assembler,
SPAdes v4.2.0)ZE1T kD%, DFHESEE MBS HOMR
Fi careful 2455455, k-mer S48 B 2hid B PHERARH
S A 4] R P R 3 DR A e R TE Al 1 H (quality
assessment tool for genome assemblies, QUAST v5.3)i#17 )i
B, LA Scaffold S <100, N50=100 kb, Q20=90% .

Q30=85% M B hrifk .
1.5 MEFN. ZUNLFINFRERAE
#BeBEEATI FAE R IRE AL
(Salmonella in silico typing resource, SISTR v1.1.1)R ¥
(https:/sistr-app.onrender.com), FE£E T ML 7 . 4 FE
NP5 _E A% E T4 T TR Y 3L R A ZREE AL
45 % (public databases for molecular typing and microbial
genome diversity, PubMLST) (https://pubmlst.org)iF{7 £
J5 74143 B (multilocus sequence typing, MLST), i b Xt
aroC. dnaN. hemD. hisD. purE. sucA VIJ thrd 7 &
FEL, i B Rk B4 751 (sequence typing, ST). #F 82 ¥k
DI TIRTA 1 4 B2 7 51 1A% 2 40 A 4 DR 41 41) 43 T
P& /£ (bacterial whole genome sequence typing database,
BacWGSTdb v2.0) (http://bacdb.cn/BacWGSTdb), FAZ%.CrEE
K20 MLST (core genome MLST, cgMLST) V2 Fikibs:
cgMLST f5e/ VA R AN BLAZE 1 iR 22 25 14 (whole genome-based
single nucleotide polymorphisms, wgSNP)3RJ5#

1.6 TWHER. SHETFIR

T RBEEAITH, LRGP K25 E0E
(comprehensive antibiotic resistance database, CARD)
(https://card.memaster.ca)PEA T 2 5 RE RS, I bR R ¥
G| — B0V 35 KT 80% o 1 FH 35 1 IRl T84 22 (virulence
factor database, VFDB) (https://www.mgc.ac.cn/VFs)JE17 7
TIH RS A2, T EAR N 381 —E R T 80%.
1.7 HiELLE

KM SPSS 25.0 A XS EHE HEAT Ge it o Hr,
GraphPad Prism 8 #{EAT Kl THECFOR DI (R)FROR,
AR LR 2 R . SIS 36K #E 0=0.05

2 FER5HH

21 WIKRENERS MLST 5% 1ER

82 BRVPI TR WL 43y 22 Rl i AL, b 42
VIR £ (17/82, 20.73%), HIKBEAEEVDT TR (13/82,
15.85%) F1 B 475 FE V0 11 FG 1A R AH A8 57442 (12/82, 14.63%) o
MLST 4r#rdtdsed 24 b ST, b STIL sy
(17/82,20.73%). TR MG RS ST 455N 0y R4t . B9
VO TR TR BAR S SR RS 1 MO ARAT ST RLK 1 BRR
ST8333 Al Ab, HAx 10 ¥k¥h ST34 Y, Hofh i i #Y 11
VO XA ME— X ST, Hd g R TR E R
ST11 B, &3 b I TR B A ST155 &, W 1., cgMLST
T /INVAE S SR AH [E] IS T P B[R] ST HoA 8l i SR 2%
KFR, WEGIEVDT] R SR A SR M IS LAY ST34 RUFN
ST8333 AU, pbAb, FlHZEVDT TG IR BAH AR Sk 5 Rl 25 VD
ITICH(ST19 B M # Z MR I H VIR R, WK 1.
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R 2023—2025 F 82 BV TREMERS ST 5%
Table 1 Distribution of 82 Salmonella serotypes and ST from
2023 to 2025

o0 1 375 78 ST WMEC MU %
BRI €U0 1] I ST85 1 1.22
By SR Vb 1 R A ST13 6 7.32
TR LY A ST40 5 6.10
IRV R STI15 2 2.44
XMEUITRE ST27 2 2.44
RGP TR ST19 5 6.10
R TTCTH ST29 1 1.22
LI ST34 10 12.20
A ST8333 1 1.22
A 1 1.22
HAWE RV T TR ST358 1 1.22
IV TR ST198 1 1.22
WAV ST469 3 3.66
FIFRAEIREEVD 1] G ST214 1 1.22
IBPER R R ST413 2 2.44
SR BWTIRE ST82 1 1.22
W MR ST26 1 1.22
BILUT TR ST32 2 2.44
W RV T TG ST11 17 20.73
ESUA I ST2 2 2.44
HRWITRE ST516 1 1.22
RET R ST155 13 15.85
FRIREBVTTICEH ST365 1 1.22
LA AN ST64 2 2.44

22 WIREMNIE RAMWIER

82 BRVDIT] Q9 25 Wy U IR 25 2R R (R 2),

ARGV T TR B XT TET M 25 R 55, R 78.05%; H
WJ& SXT. CTX. EFT, STR FI CIP, Tif25443 5 K
47.56% . 45.12%. 43.90%. 37.80%F1 36.59%, % HAHi
HE A 25 BT 30%, X AMK, CT. TIG Fl CPM
I TC 25 R AT 25 B RE 77 #8(93.90%), Hih £ &
2GR 61 #k, TR 74.39%, 82 #RVDI TR
27 P E R A 61 FPH 255, T BARSAGER . S
2 3% v i 2 TR bR LA 2 19 % B S CIP-NAL-TET Al
NAL-CHL-SXT-TET-STR-FFC, ¥ f 3 #; H &k N
CIP-SXT-TET. AMP-CHL-TET-AMC-FFC. CHL-CFZ-TET-
PB-CEF # AMP-CAZ-CFZ-ETP-CZA-GEN- TET-MEM- AMC-
IPM-STR-FFC-CEF, #4471 2 #k, W3 3. {LFumysiid s sis
FIERH . RAGTEVD T ERB ARAE A (B0 TERE L BT 5T
HOVD T EC TR AR BLVD T R TR Y 2 2 3w, a5k
70.59% (12/17). 100.00% (10/10). 61.54% (8/13). 100.00%
(6/6)F1 100.00% (5/5), MM AL E 25K L 7T
Bt 7 L (¢*=9.090, P=0.059). 1T &hRIEMIFkE, M2l
BN 94.23% (49/52), ZEHMLHHK 75.00% (39/52); I
REEAOR IR A B bR, T 2524 93.33% (28/30), ZH 25
R 73.33% (22/30), T LH DA AK [ i 2 256 K 22 R I 24 2%
Z R TLG2EE L(P>0.05),
23 WIREWMAEEETER

BT 82 BRUDITIREA LR ZH 1, LA INE] 43 Fh
MY 3EH . A ka5 5L, T2 RER 15 F
MY 3L, T/ | R 25365 Bl BIN-5: p- N RS
T2 T 2 3L A 11 F, L blagg,, 1 golS FHE
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Fig.1 Minimum spanning tree of 82 strains Sa/monella based on cgMLST for the period from 2023 to 2025
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Table 2 Drug resistance situation of 82 strains Salmonella from 2023 to 2025

CTX-CXM-TET-CEF
CTX-NAL-TET-AMC

11 CAZ-CFZ-ETP-CZA-GEN-TET-MEM-AMC-IPM-STR-CEF
CIP-AMS-CTX-CXM-CFZ-SXT-GEN-TET-STR-FFC-CEF

AMP-CHL-TET-AMC-FFC
CHL-CFZ-TET-PB-CEF
CTX-AZM-SXT-TET-AMC
CTX-CXM-SXT-TET-CEF
CHL-SXT-GEN-TET-FFC
CTX-CXM-TET-STR-CEF
NAL-SXT-TET-STR-FFC
CIP-AMP-CTX-NAL-FFC

12 AMP-CAZ-ETP-CZA-GEN-TET-MEM-AMC-IPM-STR-FFC-CEF
AMP-CAZ-CFZ-ETP-CZA-GEN-TET-MEM-AMC-IPM-STR-FFC-CEF
CIP-CTX-CXM-NAL-CHL-CFZ-AZM-SXT-GEN-TET-STR-FFC-CEF
13 CIP-AMS-CAZ-CTX-CFX-CXM-CFZ-AZM-SXT-TET-AMC-STR-CEF
CIP-AMP-AMS-CAZ-CTX-CXM-CFZ-AZM-SXT-TET-AMC-STR-CEF
CIP-AMP-AMS-CAZ-CTX-CFX-CXM-AZM-SXT-TET-AMC-STR-CEF
CIP-AMS-CAZ-CTX-CFX-CXM-CHL-CFZ-AZM-SXT-TET-AMC-STR-CEF
AMP-CAZ-CHL-CFZ-ETP-CZA-GEN-TET-MEM-AMC-IPM-STR-FFC-CEF

NAL-CHL-SXT-TET-STR-FFC
CAZ-CTX-AZM-SXT-TET-AMC
CTX-AZM-SXT-TET-AMC-CEF

CIP-CTX-CXM-NAL-CFZ-TET

CIP-AMS-CAZ-CTX-CFX-CXM-CFZ-AZM-SXT-TET-AMC-STR-FFC-CEF
CIP-AMP-AMS-CAZ-CTX-CFX-CXM-CFZ-AZM-SXT-TET-AMC-STR-CEF

E/WAEE WUIES BUER AR MRS T 2528/% BRI iR A i 24 TR R 2K i 245 38/%
o GEN 17 20.73 — TIG 0 0.00
SAFEWETT AMK 0 0.00 TET 64 78.05
STR 31 37.80 ETP 5 6.10
RN IR CHL 20 24.39 e B MEM 5 6.10
KPR AZM 18 21.95 IMP 5 6.10
. CT 0 0.00 CAZ 16 19.51
PB 3 3.66 CTX 37 45.12
s o e 2 CIP 30 36.59 CFX 5 6.10
— R NAL 24 29.27 CPM 0 0.00
TE e 25 SXT 39 47.56 KRS CXM 24 29.27
AERK FFC 24 29.27 CFZ 23 28.05
AMP 12 14.63 CZA 5 6.10
HEEL AMS 16 19.51 EFT 36 43.90
AMC 24 29.27
=3 20232025 £F 82 BRIV R EM 251t
Table 3 Drug resistance spectrum of 82 strains Salmonella from 2023 to 2025
gg i 2t bR gg 25k bR
0 G CAZ-CTX-AZM-SXT-GEN-TET-FFC 1
. TET 7 CTX-CXM-CFZ-TET-STR-FFC-CEF 1
CIP CIP-CTX-CXM-NAL-SXT-TET-CEF 1
CIP-FFC CIP-CTX-CXM-NAL-CHL-SXT-TET-CEF 1
NAL-STR 0 CIP-CAZ-CTX-CXM-AZM-SXT-TET-STR 1
5 NAL-TET CIP-AMS-CTX-AZM-SXT-TET-AMC-CEF 1
CHL-TET CIP-AMS-CTX-CXM-NAL-SXT-TET-CEF 1
SXT-TET CTX-NAL-CHL-AZM-SXT-TET-AMC-TER-CEF 1
TET-STR CIP-AMS-CTX-NAL-AZM-SXT-TET-AMC-CEF 1
CIP-NAL-TET 9 AMS-CTX-CXM-CFZ-SXT-GEN-AMC-FFC-CEF 1
CIP-SXT-TET AMS-CTX-CXM-CFZ-SXT-GEN-TET-STR-CEF 1
AMP-CHL-TET AMS-CTX-CXM-CFZ-SXT-GEN-AMC-STR-CEF 1
3 CHL-SXT-TET CTX-CXM-NAL-CHL-CFZ-SXT-GEN-TET-FFC-CEF 1
CHL-TET-STR AMS-CTX-CXM-CHL-CFZ-SXT-GEN-AMC-STR-CEF 1
1
TET-PB-CEF CIP-CAZ-CTX-NAL-AZM-SXT-GEN-TET-STR-CEF 1
CIP-CTX-NAL-FFC CIP-AMS-CAZ-CTX-CFZ-AZM-SXT-TET-AMC-CEF 1
4 AMP-CTX-NAL-FFC CIP-CTX-CXM-NAL-CHL-CFZ-AZM-SXT-GEN-TET-CEF 1
1
1
1
2
1
1
1
1
1
1
1
1

5
5
3
2
2
1
1
1
1
3
2
1
1
1
SXT-TET-STR 1 10 AMS-CTX-CXM-CFZ-SXT-GEN-TET-STR-FFC-CEF
1
1
1
1
1
2
2
1
1
1
1
1
1
3
1
1
1
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RIZ L, 35 40%LL o AR NE T2 Wi 24 iy 24 S 1
A 10 Fi, Hrh A4C(6")-laa Tit 25 3L IR (R4 R, M
39.02%, A FRMEE TS WITH 2T T 2536 A 5 B, 2
LL OnrSI R, HE2eh 32.93%, Al BhmEneds | iRkt
HFEDT R 3FP, SR dfird12 (7.32%)Fsul2 (18.29%) N .
KIAWMRZE, FIFRER RIS IR DL IR 2 2 3 R
h 2 B, RIEHR . AT DL S AT 2 5L 4 1
T, AT A, 82 BRVDT TR RS 2. p-IN MR
(BFESRMERBMETERI) . FEHETSE R IR R
B2 3, IR FXTIX 4 ZTAE it 2y A 25 2L Rt 2
WA R, RN 2R AN SRR AR &, WK 4,
24 WITKRESHEFETER

LK E] 40 Fpag )1 HF, HEREINRERT LAY Mikia
ARG, EFRARME A REEAEX . S FiE
G, BRI ERZE . LB . oA 2
R M RGAHCHEEADC, db 9 R, WM
B E SRS W RGO, Wi 39 kb
TTSS (SPI-2 encode). 34 #k#EA SPI-2 encoded T3SS. 26
MR#EHT TTSS-1 translocated effectors, 26 K747 TTSS-2
translocated effectors, 25 #RkffEHy TTSS (SPI-1 encode). i
ARSI A F RpoS, WA HEE 1 F AIDA-I,
LPS. RatB. ShdA. SinH. Stc. Stj. Tcf, /R GFH X
F R F T7SS, 1R K 1 HF type IV pili, Invasin,
Ibes, ¥%iafE A7 J1[FF Cah, UpaG, UpaH 7E&/0H)
bR A, W 2,
25 WIIRESBESWHA. FHEFREMEST

BT 82 HRIPTTIRE M LR A M & RGE K B R,
PEAR R 7R K 22 HOMA TR) L 335 780 A T R SR e —il2, HoRZ
KBS, FEEES, [F— ST @ik [\ pEE R
ARG . M VDTG (ST64) . BB v 1T & (ST29) .
W NPT TR (ST26) . 552 VDT R (ST82) AH) ARk
IREEVR T TR (ST214) RAE Rl — 43 3, RIS IR
(STLSS)RAE [ — 433, WGARERYD I ICTR (ST 15) AL [l — 43
¥ RARF VST TR (ST27)  RAGZEYD T TR B (ST19) AR
4y BARFEUDT T ER TR A AR SR (ST34 F1 ST8333) R AE [ —
33, TR ST TR BE (ST A —#k RGP R H B
FHAE SARPARR(ST RANRAER —43 3 Tl 785 78 TR R 3R
R =432 BMR L, RIS Ry 24 3L g 5 S0 br
it 25 E AR R AR S o B FE VD 1] R TRT R A8 S A% i 75 784
2y SE RS RO S 2 T 215 LI R

J 5 U1 IR B 5 5 R R £ HERR R Z 80T
MRAEH 8 1 7, AR DB Bk (n < S)#EHF I #E
THERAZRGELEM T . HERMI RGN F Agf
SEFF I BE R R YT TR 1 AR R R TR b . AR
B A 5625 1 BT AIDA-1#1 BapA H BUAEAS S0 T TG
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Table 4 Carrying status of drug resistance genes of 82 strains
Salmonella from 2023 to 2025

M ZPiAERMAE  mZGEEE R EREGR T R%
blacryy14 2 2.44
blacrx.is 1 1.22
blacrx..ss 8 9.76
blacrxass 6 7.32
blargs 35 42.68
BT CMY-2 2 2.44
golS 62 75.61
LAP-2 2 2.44
mdsA 17 20.73
mdsB 15 18.29
OXA-10 6 7.32
AAC(3)-11d 10 12.20
AAC(3)-IVa 2 2.44
AAC(6"-Iaa 32 39.02
AAC(6")-Iy 3 3.66
SRR aadA 4 4.88
aadA2 5 6.10
aadA5 14 17.07
APH(3")-Ia 2 2.44
APH(3")-1la 1 1.22
APH(4)-Ia 9 10.98
RleHAk cmlAS 3 3.66
s mphA 12 14.63
RIPER Mrx 11 13.41
dfidl2 6 7.32
Ak mE ek dfrAl4 1 1.22
dfrd27 5 6.10
OnrS1 27 32.93
ogxA 2 2.44
TR RS 0gxB 2 2.44
OnrB6 1 1.22
onrvCl 1 1.22
sull 12 14.63
Ttk i 25 sul2 15 18.29
sul3 11 13.41
o e arr-2 6 7.32
AERRX arr-3 7 8.54
MRT R linG 2 2.44
NN FosA3 2 2.44
Bz FosA7 2 2.44
D 23K sdid 18 21.95
tet(A) 1 1.22
KIS NDM-5 1 1.22
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