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Molecular characteristics and antimicrobial resistance analysis of 53

human-derived Salmonella strains in Henan, 2023—2024
ZHANG Xiao-Iu", XTA Hui, ZHENG Hui-ping, WANG Wen-hua
“Xuchang Center for Disease Control and Prevention, Xuchang, Henan 461000, China

Abstract: Objective To analyze the molecular characteristics and antimicrobial resistance of human —derived Salmonella
strains from three cities in Henan during 2023 and 2024, providing a scientific basis for epidemiological surveillance and
disease control. Methods Whole—genome sequencing was performed to analyze multilocus sequence typing (MLST), molecular
serotyping, protein function, resistance genes, and virulence genes. Antimicrobial susceptibility was determined by the broth
microdilution method. Results A total of 53 human —derived Salmonella strains were collected from sentinel hospitals in
Xuchang, Nanyang, and Zhoukou. The analysis revealed 16 ST types and 15 molecular serotypes, with Salmonella Enteritidis
ST11 being the most prevalent (33.96%). Thirty—two virulence gene categories were identified, and all strains carried numerous
genes associated with Salmonella pathogenicity islands. Fifteen classes of resistance genes were detected, with a multidrug
resistance (MDR) rate of 67.92%. Minimum spanning tree clustering identified two clonal groups, and phylogenetic analysis
showed a strong correlation between ST types and serotypes. Conclusion The 53 human—-derived Salmonella strains harbored
diverse resistance genes and highly pathogenic virulence genes, with Salmonella Enteritidis ST11 being the dominant strain.
The high MDR prevalence warrants attention in disease prevention and control.

Keywords: Salmonella; Multidrug resistance; Whole—genome sequencing; Virulence genes; Resistance genes

UITRE B M E 5 WA A, £2
TS5 G R R K IR 222 L IR AR AL 1% 3 B Tl
Geo WIRGAE AR AT T TR ARV TR 2
810> T4 HE M Z M2 A2 57, NPT TR 2
i 245 38— AL T i KP0, 25 0 AR g A AL 25 22 35F

E ST : W rE 8 RYL MRS A T8 2R IE SO S g i 9% s 2 b i
KT H (LHGI20240605 )

TEE R KBS (1989—) , 2o, AR, B, W58 A 1) - (E W)
Kr g

B 1EE . A% E-mail: XCCDCSYS@163.com

A FL RS S kAR . A 5 A2 0 &% PubMed
O SCik & BT T AR 5 T R A AR TR T Y
SEERARE D AT 10 a4 I R 2L Y R 25506
Xt 2023—2024 AEW EG A 3 AT 53 Bk VRS
I VTR A FRRAE R 25 A T 40T, Rl R A AR v
PV AT S R A B S B DL R s B 45 1)
BRFARE

1 #HR5HEx

1.1 ##



PRI BE2F 2025 4E58 52 %55 15 ] Modern Preventive Medicine, 2025, Vol. 52, NO. 15

-+ 2855 -

1.1 BERRSRIE Bk 2023—2024 AEVFE T R FH
7] FUHT E G0 T U I R B N DRV DT T T
353 0k Horp 17 Mok AVFE TN (32.07%) , VSR 5
o XCO1 ~XC17510 ¥Rk H R PHTIT(18.87% ) , T bR i
S0 NYO1 ~ NY10;26 #£3K H Ji 011 (49.06% ) , 18 #k
iR ZKO1 ~ ZK26, [ 1 bR 25 I, oAy 52
Yoreg A2 . BEACRAE DT IS IR o R 1
W AT ) o Brdz sk K5 A T ATCC25922 FIAH
ZRAEEAIERT ATCC27853 H i) Fig 4 2 o B 42 i v
Fe it

112 FEH R ALES A0 AL 2 DNA 4230
G CRARAEARHE A A BRA R, AP 20 I it
ML HEIREA A R G0 MGISP-100 7 il il
X MGISEQ-200 (I KRB RHEABRA ] ), H K
Fo I ) 0 ) 24 A K 4 A 3l 24 o i AR
Droplet48 (& FRASWIRHK YA R A T, A i) 4
TEARENN

1.2 Fi&k

1.21 EHRERRARIC RSV E J5 5 i &
J 2.5 A2 [REAN TE 2, (IR A N 41 DNA 2l
T R T A AR IR U B 5 2047 T R I
20T DNA.

122 ARNHAWF KH MGISP-100 A s LA
AR 8 ZRGEHEAT SO A, MGISEQ-200 fry e 0
ASCHEA TN Y L SRR MGAP SR 7 T D FIZE %
1.2.3 2575438 (multilocus sequence typing,
MLST) fior T is T4 e A5 P SR 2 2 PubMLST
BEE D SeqSero2 U FEARAF AR ST A F1 43 1ML
WA,

1.24 [ E H % (clusters of orthologous groups,
COG)TRETERE M 25 5L RGE LB MM #4753
PEA2 BAEK MGAP B AFHEAT TR0 AN AR AR5 21 B AR 1
HEIIRETRE PR 2SR R ST 25 HE DR S5 A
DA fie RABL AR o A At 1 4 5 R A A TR 2 A
(single—nucleotide polymorphism, SNP) &4 & E W .
1.25  FE R FE NMERB 0T B P a4 2
VEFDB 45 245 21 i k 1 55 ) 55 DR 2328 Bodl e 7
(58 KM SPI Finder 2.0 Bl vb 1 1 & 5
1 (Salmonella pathogenicity island, SPI )oK HH Phyloviz
Online f§UR/ N U AT RIS 04T

1.2.6 24800 RS S I R S50 = AR E AL P
4% (Clinical Laboratory Standard Institute, CLSI)
2023M100 FiI {2024 47 [ 5 IR MELR TAEFH )R
PR A 2 B B 2 4 T 0 g /N 410 T 96 2 (minimum
inhibitory concentration, MIC ) %Uﬁéﬂ?ﬁﬁ@@(susceptible,
S) . 14 (intermediate, I) M i 24 (resistant, R).

2 # R

21 ST EBAepFhiFFiE 53 HRARMEDTTH
LRI E] ST A 16 Fh, M5 AY 15 Fh . 5T B FH
MR AT BRI T ST (5 &K, 752
41.18% .40.00% .26.92% . F&UARFE 7 4 VBT TH ST11
dik 33.96%, W 1.

R SIBRATEMEVDI TR ST BUFNG:F M5 22 e 45 R
Table 1 ST typing and molecular serological identification of 53

strains of Salmonella of human origin

ST 1 RRE(H)  MERGERRL T SCARR)  BERRE(RR)
11 18 W& (S. Enteritidis ) 18
19 2 FUG9E(S. Typhimurium) 2
26 1 % NS, Newport) 1
29 5 B AI(S. Stanley) 5
31 2 APA(S. Newport) 2
34 9 4,[5],12:i:~(S. 4,/5],12:i:-) 9
198 2 HIEIL(S. Kentucky) 2
214 2 FIZTIE/RTE(S. Lichfield) 2
358 3 W4 (S, Goldcoast) 3
434 1 AT AR (S, Hvittingfoss ) 1
471 2 L NI (S, Johannesburg) 2
516 2 (S, Give) 2
1541 1 BIELAN (S, Corvallis) 1
5494 1 FEEIELLLIR (S, Telelkebir) 1
7484 1 Z 0K WIARIRE(S. Macclesfield) 1
166 1 A AHR(S. Newport) 1

22 COG EZa ez S3HANRERMDT IS
HHSECH 257 373, B BRI ERE AU H S 143 238,
i b 55.65% . TERERN I E I P RE FEAE P E(Z
fiatite s AT .G (oK A& Pt as AR ) JCRE
MRS R A B4 1) M A O EE | 20 R 40 i Ak
BEA W6 ) 5o, WL 1,

23 FAAR  VEDB EEE BN EI AW H 5
BEE BT BRI 28 T i R
Ge GBI PE RIS N RE R A2 32 FhEE ) A
o335, Hoh 7ZK26 8 A CH TR E RZ N
308,ZK05 ¥ H /b, 78, Frfs Wk K
SPI AHICFEN , 3 kT VDT TR FE R 2H 5 1(Salmonella
genomic island 1,SGI1) ;15 BRAF7E A WG AR O FE A
32 BRAELE A 638 BRI AH DG HE [N 5 53 MRAEZE A 15 T fig
FHICHEA 5 20 BRAFAEMIEPLLI AR CIEIA 529 #RAFTE
TR WV AH G 5 16 BRAFZEIR ZEAHOCHE A 530 MEAE
TERERAMCIEH, Horp 8 BRAFEMGFE R R A I A
cdiBOANMEBOBEI MK 2 IL ) M puA(H H %R
FER) ;7 BRAFAE S IRAR I N . ILER 2.
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Figure 1 Functionally annotated classification of 53 human origin Salmonella COG strains
R2 S3ERNUMEVDT RSB D B SRR G HE A
Table 2 Major classification of virulence genes and related genes in 53 strains of Salmonella of human origin
TS AHICHE
SPI-1 hilACD \sptP .invABCEFGHLJ \avrA .sopABDD2EE2 spaOPQRS .sicAP iacP .iagB .sprB .prgHIJK .orgABC .sip ABCD .sitABCD
Pl ssrAB sscAB sifAB .spiC .ssaBCDEGHIJKLMNOPQRSTUYV \s0pDD2 .sse ABCDEFGIJK1K2L .pip BB2 .ste ABCDEF slrP . gogB .
" sspH2 . spvBD
SPI-3 misL. mgtBC
SPI-5 pipB . sopB sigD
SPI-6 saf \tcf
Ak A spvBD rck \pef
WE pil fim
T H—HLH X . flgABCDEFGHIJKLMN
5 IEHIX IhABCDE
45 = X . liABCDHIJKLMNOPQRSTYZ
BBFEIE :mot AB
L W3 2 75 mig—14 .mig-5
e probable wbaZ. .manC .algU .rmIB .galF .ugd .weal \wzb .wecC wbjD/wecB
Af%izEH ehaB .upaG/ehaG
127 ibeBC .cheBRWYZ .motA
P ThEE phoPQ .rpoS .csrA (gacA
[IRE A rek .rmID .rmlA ;rmID «wbbO
W sodCl katG
BHE spuB .cdiB pltA
gk i girA galE .;rmlA . galU .mrs A/glmM \pgi .acp XL
2.4 s 2525 BE AT 8 (1D ZEM 2 : ompf sdia. hns

2410 AN PNEIZEN LY AP B~ ramr 2908 100% , msba.iber Y904 1.30% ; (2) i SR Uy
INBEREZS . DUMRZRIEAEIL 15 R 236 . FHAOCHE WiZE cpare \gyrb \gyra 4 100% ,qnra. qnr. qnrs 57
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N 5.67% 15.09% .20.75% 5 (3) i £ i 2% < folp
suliii sulii suli 5y 3 4 100% 3.77% .62.26% .
13.21% ; (4) Tt B— P BERE S 2 cix .dha.imp .omp36 .
oxa tem wim lap 53 B A 45.28% .11.32% .11.32% .
20.75% .20.75% .56.60% .3.77% .1.89%; (5 )il 4 #E 2
2K icata.cath flor .clma 437 H) A 11.32% .16.98% .
30.19% .5.66% ; (6 )i PUR 3R K steth \tetrm teta tetr
tetd 735114 20.75% .20.75% .28.30% .32.08% .5.66% ;
(7)WL « glpt .mura ptsl .uhpt ¥4 100% ,fosa N
7.55% ; (8) T 4 K& B H 28 raac6—prime .al6s .
aph3—dprime . ant3—dprime . aph4. aph6. aac3 .rrsh.

rpsl 539 A 100% .79.25% .60.38% .13.21% .5.37% .
58.50% .11.32% .7.55% .56.60%

2.4.2 TZGFER T =K EAg 25 B
iy 25FR A Z T2, 53 bR AVRMVD T T h 2 E it 25
BRE A 36 ¥k (67.92% ), [RIASH B =281 25 17 #
(32.07%), 42Tt 25 5 #k(9.43% ), ST 25 11 Bk
(20.75% ), /N2 24 3 ¥R (5.66% ). 15 Fheh¥h &
PR 25 R 5 155 (67.92% ) , Hk W5 T 2 (66.04% )
SLALABRE / BTAE LR BRI R Yok
M2, W3 3.

353 UL TR

Table 3  Phenotypic results of drug resistance of 53 strains of Salmonella of human origin

s s TRARES I B 43 L (%)
Eace =S| B R AR HUR(S) F14r (1) iy 4(R)
HERL EERNLTIN 16(30.19) 1(1.89) 36(67.92)
HE RIS B~ NBEERE S ZURVEAR / EFELIH 17(32.08) 10(18.87) 26(49.05)
DS S A 42(79.25) 0(0.00) 11(20.75)
kAL A E 46(86.79) 3(5.66) 4(7.55)
SKALTE R /8- Pk At ] 571 SLAAE / BT L 41 53(100.00) — 0(0.00)
TR JEALRT RS 51(96.22) 1(1.89) 1(1.89)
e 51(96.22) 0(0.00) 2(3.78)
I Pk A2 53(100.00) 0(0.00) 0(0.00)
R 18(33.96) — 35(66.04)
78 PUIRZE 29(54.72) 0(0.00) 24(45.28)
FERE ARR 37(69.81) 0(0.00) 16(30.19)
HREMEIAFEL Bz 53(100.00) 0(0.00) 0(0.00)
TR TS ENINR A= 13(24.53) 28(52.83) 12(22.64)
WS ZEER 28(52.83) — 25(47.17)
T e 52 75 T g P g s 40(75.47) — 13(24.53)

TE: —H MIC RIS

2.5 FAAERM AT 44 LL AR SR EE D B TR PR
& S v BERE (clonal complexes, CCs ) o B2 HT /R
HPA CCs, Hidr CC1 L5 S, 4,[5],12:4:— A=V
[TEE 11 ¥k (20.75%),ST %4 ST34 F1 ST19;CC2
L5 22 v R IR R B VD TR A R VD TR 36 19 B
(35.85%),ST AUk ST7484 F1 ST11, —FHAEMHI K ZR
L ARREARIE ,ST214 (ST19 . ST471 HH B HoAth ST #Efk %
Fipg, W 2,

26 ZAKAAM MEEERAEVHEAGETOK
PPE N8 B2 5L 20 NC_011294.1 26 Y01 T ST11
PL K NC_003197.2 BRAGFEVPT T ST19, 5 53 #R A
PRV T TR L IR R Gk B, 250 s DA ST A
Oy FIMIE R , [A]— ST HU[a]— IiiE B v 1] B 5
AR — b 3 b TR RGO R BRI s N aS [R]HE
B, IR DT TR RS R T . RAELER—
HEAR AT 3 A ST R R B R [RIIR T, TR F 2R eIk T

(g FH T RIS 20 B B RR R B AR X HE L A1
TLIE 3,

N : )
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<Y
oo

TE: BRI, ) 1 e A ST Y s [0l 2 ] e He
BT IR AN ST BLZ [t L 22 5
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Figure 2 Minimum spanning tree constructed from different

serotypes
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