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Epidemiological Characteristics and Whole-Genome Analysis of Salmonella enterica

serovar Infantis in a Broiler Slaughterhouse
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WU Yudi, XU Chenggang, ZHANG Jianmin®
(College of Veterinary Medicine, South China Agricultural University, Guangzhou 510642, China)

Abstract: This study investigated the epidemiology of Salmonella in a large-scale broiler slaughterhouse
in Guangdong, China, and characterized the genomic features and potential transmission risks of the
predominant serovar S. Infantis, providing evidence for targeted control. Comprehensive sampling
was performed across all processing stages of the slaughterhouse, yielding Salmonella isolates that
were tested for resistance to 12 antimicrobials using the agar dilution method. Thirty-four
representative isolates were subjected to whole-genome sequencing (WGS) for analyses of serotype,
multilocus sequence typing (MLST) , plasmid content, and resistance determinants, followed by

construction of a single nucleotide polymorphism (SNP) -based phylogeny. In addition, 10 389
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publicly available S. Infantis genomes were retrieved from NCBI to clarify the potential transmission
risks using whole-genome multilocus sequence typing (cgMLST) and SNP pairwise distance matrix
analysis. A total of 96 isolates were recovered, with an overall prevalence of 55.49% (96/173) , and
the highest prevalence observed in the evisceration stage (79.25% ). All isolates exhibited multidrug
resistance (MDR) with highly similar resistance profiles, showing 100% resistance to ampicillin,
ceftiofur, nalidixic acid, florfenicol, and sulfamethoxazole, and over 90% resistance to chloramphenicol
and tetracycline. WGS revealed S. Infantis as the predominant serovar (32/34), dominated by ST32
(30/32). All S. Infantis isolates harbored the large IncFIB-type pESI megaplasmid, carrying diverse
resistance, virulence, metal, and disinfectant resistance genes. Comparative genomic analyses
indicated that the slaughterhouse isolates clustered closely with 15 global S. Infantis strains, 12 of
which originated from human infections. These findings demonstrate extensive cross-contamination of
Salmonella across slaughterhouse stages, with MDR S. Infantis strains harboring a wide repertoire of
resistance and virulence determinants. The close phylogenetic relationship with international human-
derived isolates underscores their strong transmission potential and public health threat. Enhanced

monitoring and targeted control of MDR S. Infantis, particularly within poultry slaughterhouses,

should be prioritized to protect food safety and public health.
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B, A7 0] N 26 A% 58 19 KU, 5 2 36 T A il K B
Pl o R PR TR I I A 2 A A LR PR X
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1.1.2  FZEH Luria-Bertani(LB) % .LB
Bilg LK f# 18 25 1 (Mueller-Hinton, MH) A ¥ \MH
AR AN XLT-4 BAIE 40 1 T M R S R oA
FR 2N &l 5 2% vp 25 A i /K (Bulfered Peptone Water,
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Dickinson 24 1) ; ¥ [ 18 J& W 4 55 57 50 [ ik [ R
/NI B S B B mwi P od NS I g X (g
YR A R v 2R P AR (ampicillin, AMP) (BRI
. 91 7K J& % (florfenicol,
FFC) Flfiif i B 18 1 (sulfamethoxazole , SMZ) ) H
[ 2 i 2R R 8 BT 5 Sk A8 E B (ceftiofur,
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FR 2wl 5 2 %6 7 & B (polymyxin B, PB) fll R K &
(gentamicin, GEN) W H 1l 4 & Bt B2 25 I A R
A 3 &N ¥R £ (tigecycline, TGC) Mg H L g I ik 4 9
Bl 2N 7] W B B (imipenem , IPM) ) [ A7 M1 2k 70
25 A BRA T .

113 FEAUM  YI-M450#4 TIEE W A 77
M BE & T SHP-250 A= Ak B F2 56 W A LA %
I A A BR A ] s QHZ-98A/QHZ-98B 4 i #k 1%
FE SR AR H R A T LA AR 5 A400 22 o 4%
PRSI F L v E R A ) R R A F .

1.2 Hi&

1.2.1 B mRE G T & A
FARME GB 4789. 4—2016C & & 4B W) = K 56 V0 1]
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SR X AT B X DX TV T XORT A )
X)) B S A58 (DX ) o 38 137 PN 38 7K ) >R 48 PR XS
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RS A A3,
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Hh, 37 CHRIR 8~18 h T B AL B, J i e B 2= TTB
EBEEEER . R S XL ER T
XLT-4 BUIR-FH, 37 ‘CHi 97 18~24 ho #EHCE @
Zx i W B G 638 WG PR TR L IR R 5 5 OR B
FeFE, 37 CHiFR 18~24 h, WRE O TE A 2 WP 1]
T BE DL TR 7%

1.2.3 DNAK4EM PCRY%E  BRECEERIVT]
B 2 LB W P, 37 °C.200 remin ' R BT 57

> B2 (ciprofloxacin, CIP)

4~6 h X EAE R o SR B 2R A Uk B A T
DNA 2y PCR & iz, PCR §" 4 ¥0 '] 1 5 5 1 2k [
invA TS . 2% ORI 13 1R k519, 1E
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L.2.5 WA F Mo R 2555 R 7>
Aii A BT o G 18 4 % 1 T R 4t BB R A ik 4 R
PRLZE0 5 o i FH 40 7 DNA 41 42 320 57) &5 42 B DNA
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¥ % % (https://ncbi. nlm. nih. gov/pathogens/
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9 15 % 78 o — Btk M 38 2 =800 i AR
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Fig. 1 Positivity rate of Salmonella-positive samples at different stages of the slaughterhouse

2.2 HHIKR

5 RN IZE S 4y B U T T R AT 24 K
V- A . T 4 B AR 3 O MDR B AR, FLT 24
T B AR (R D). Hoh AR AR(AMP) |
3k A e vk (EFT) L3R JE % (FFC) | fif e FY I ne
(SMZ) FIZEBE iR (NAL) [ it 25 22 35k 100 %6 5 R K
#HZ(GEN) AEZ(CHL) \JUFRE (TET) M fin
WE(TGC) Wit 25 5 13 90 % ; RN ¥ & (CIP)
(AT 24 2R Sk 4. 17 %6 5 X I i 355 e (TPMD) #1222 B R &%
B(PB) ¥ &8 R #UR (& 2) .
2.3 £ERANFEHH

MR b AR it 25 335 25 2, DA o7 LT = 9 32 i 24
T FR T, i BEE AN () AR BT TR U O G 34 B

LA AR AR T bR LA T X A bR SRR X 4
R FT B X 38k A X8 R TV T B XL RE A
A% DXL BRI R BT 4 Bk o I VE AL T 45 R BoR
X 34 K 43 B Rk AL 43 TR AR O TE AL, 32 Oy B2
JLI s Y, 2 8% 15 B L g A . MLST A & B,
LML BY B R P 30 Bk ST32 AL, HoAk 2 ¥k 7 41
KRR 2 bR 15 S FE AR N 34 0 ST108 8 .,y i
#%ﬁ’ﬂﬁ%@%%*ﬂ%l‘ﬁﬂﬁ@ﬁ%%%,$5L32$$%%)Lm1
HAWTITHMNRELEWN (K 3) . 48R BN, %50
m%zwn%%w@%.ﬁﬁ:ﬁﬁ PR B LT BB
PRLAE 12 8 5 3 AN [) B0 715 22 18] A e A7 76 o B % 1 F1
LG
AL A3 B b A 2R T 2 R A 4 SR R B A



1628 F oW OB

[ESR 57 %

®1 DIIESERNTZEE ST

Table 1 Statistical analysis of antimicrobial resistance spectrum of Salmonella isolates

¥ TR 24315 28 Al (2 BB i)

Number

[ieR7316

Number of strains

Types of antimicrobial resistance spectrum(Number of types)

1

AMP+EFT+GEN+NAL+CHL+FFC+TET+TGC+SMZ(9)

AMP+EFT-+NAL+CHL+FFC+TET+TGC+SMZ(8)
AMP+EFT+GEN+NAL+CHL+FFC+TET+SMZ(8)

80

~N O O W N

AMP+EFT+GEN+NAL+CIP+CHL+FFC+TET+SMZ(9)
AMP+EFT+GEN+NAL+CIP+CHL+FFC+TET+TGC+SMZ(10)
AMP+EFT+GEN-+NAL+FFC+TET+TGC+SMZ(9)
AMP+EFT+GEN+NAL+CHL+FFC+SMZ(8)

8 AMP+EFT-+NAL+CHL+FFC+TET+SMZ(8)

e I N

AMP. A FVEMGEFT. kAIEEN ;GEN. JKR&EE ;NAL. ZE0EMR ;CHL. % % ;FFC. HKJE % ; TET. WK E ; TGC. ¥

JNFRZE ;SMZ. fifi i B g s CIP. ARV 2

AMP. Ampicillin; EFT. Ceftiofur; GEN. Gentamycin; NAL. Nalidixic acid; CHL. Chloramphenicol; FFC. Florfenicol;
TET. Tetracycline; TGC. Tigecycline; SMZ. Sulfamethoxazole; CIP. Ciprofloxacin

100

75

50

[DETERA

Resistance rates/%

25

0
AMP  EFT IPM CHL FFC

0

4.17 0

TET TGC  NAL CIP GEN  SMZ PB

AMP. ZFPUMGEFT. kAN IPM. WM s CHL. W% 3% FFC. R JE % 5 TET. W EH; TGC. B R ;NAL. ZR0E
2 ; CIP. BRIV 2 s GEN. JRREH ; SMZ. ik [ EME s PB. ZFH R B

AMP. Ampicillin; EFT. Ceftiofur; IPM. Imipenem; CHL. Chloramphenicol; FFC. Florfenicol; TET. Tetracycline; TGC.
Tigecycline; NAL. Nalidixic acid; CIP. Ciprofloxacin; GEN. Gentamycin; SMZ. Sulfamethoxazole; PB. Polymyxin B

B2 WITESBEHRINNE S 12F e RPN R

Fig.2 Antimicrobial resistance rates of Salmonella isolates to tested 12 antibiotics
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aac(6") -laa . aph(4) -Ia F& [H F13- P Bt i 25 i 25 14
blaCTX-M-653 [N | il B2 2S 0 25 1) floR H [N 15 4
R 10056 5 Br b Z A, U3 2K i 25 rer (A )FE R #H
3 96. 8800, A A i 480 WE 19 dlfr A 14 B A ik

J¥ie 8 it 24 14 sud1 485 47 2% 43 5 2 93. 7526 .96. 8824,
B IEMEF IS 25 aph(3') -la FE R HEHF R 71. 88 % .
HR I 4 T | 35 00 0 S DA s A R A ) )
ST 12F Bt SE I, ¥ R HE R i L & JE Pk
MBS FAMESED e . 2L 75 AL 5w b, I S b
SN gacEN 1 #5741 %3k 96.88%(31/32) . [T,
WL I T 7Y R PR BT 5 A 0 4 S B vk R R B Y
T I I T R B AR . 7E 32 FRk B L IV A B Rk R
3LRRHE AT 11 Fh 4 )8 bk 5L 1 (93.75%,31/32) , 1%
LRRHE T 6 Fh 5 1T 2 bk 15 38 2k 1 v 789 B bk X (0 H85 Y
4 FP 4 JE UM B L (A AR Y b M AR
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(arsH . arsR) 15K 5t Pk J& I (GmerD . merA . merC .
merP .merT .merR)AUAESE LML BY T Bk rh & 3 o
FERE 7 3 K 7 T, A 2 e 143 FhEE ) B
AN B 215 1(SPI-1) (#7118 2(SPI-2)
9 i B = AU 43 W R 48 (type Il secretion system,
TTSS) . F W40 M5 T 56 R BB+ 5808 7 o ik
BCOME R OREZ NS (K2, 2L
I35 7Y Bk T 8 A 1 B ) BRI R B T

®2 RKBILNBFESBEHRENERIBRER

I 75 780 PR MR, 7 32 Bk L I v B B AR R, 28 R HE A
143 Fh B¢ S FE R (87.5%,28/32) , 3 ¥k HF 142 Ff
LARHEAT 140 Fh 5 M0 2 Bk 5 15 25 10005 289 T Bk S AL 4 iy
130 Fp 8 L . b, TTSS-1 41 K FEH (sopD2 .
sspH2) (AR W B A R BT (shd A raiB) FIE 33/
A 5 T (fepC L ybtS . ybrX  ybiQ . ybtP | ybiA |
yorU \ybiT ybiE fyuA /psn) AXFE S LML Y Ak rh
R

Table 2 Virulence gene annotation results of 32 S. Infantis isolates

251 Bt 7 ) Ak

Category Number Virulence genes

SR G 42 steA \steB sipA/sspA sopA sopB/sigD sopD sopE2 .avrA .espO1-1 sptP

T3SS-1 (Type Il sipB/sspB .sipC/sspC .sipD \hilC hilD .iagB .orgA/sctK .orgB/Sctl .sprB .

secretionsystem-1) hilA \invE \prgH .invA .invB invC/sctN .invF .invG .invH .invl .invJ iacP
orgC .prgl . prgJ .prgK .sicA .sicP .spaP spaQ .spaO/sctQ spaR .spaS

=R R G 44 steC \s0pD2 sspH2 ,pipB2 \ssel sseK1 \sifA \sse] \sifB .pipB .sseK2 slrP ssaX .

T3SS-2 (Type Il ssrA (ssrBLssaT ssaU sseB spiC/ssaB \ssaC .ssaD \ssaE \ssaG ssaH \ssal .ssaJ |

secretionsystem-2) ssaK \ssalL .ssaM .ssaN .ssaO .ssaP .ssaQ .ssaR .ssaS .ssaV .sscA .sscB . sseF .sseG

sseA (sseC \sseD \sseE

ANET W RS 2 taed \tldel

T6SS (type VI secretion

system)

W B R T 21 fimA | fimW fimH \fiml .fimY .fimZ .csgA .csgB .csgC .csgD \csgE \esgF . ¢sgG

Fimbrial adherence determinants fimC fimD fimEF [pfA | [pfB . [pfC .[pfD . [pfE

AL TE B AR R B A 5 shdA ratB .sinH .misL .ompA

Nonfimbrial adherence determinants

I 4 i 75 = I 1 mig-14

Macrophage inducible

BEB T I 2 mgtB .mgtC

Magnesium uptake

B Tk 2 Fur fepG

Iron uptake

B/ 14 allB.entB fepC . ybtA .ybiE \ybiP .ybiQ .ybtS .ybiT .ybiU .ybiX . fyuA/psn .

Nutritional/Metabolic factor irp1 .irp2

P45 I F Regulation 6 phoP .phoQ .pmrA .pmrB resB . rpoS

€ #7Y Immune modulation 2 galF .gndA

H412% Unclassified 2 acrB.ibeC

RLAR 7 Oy BAT #5154 22 S ) 2 0 2 9 (N2 100 20 45715 )

Virulence genes shown in bold font indicate differential carriage rates (less than 100% prevalence among isolates)
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ColpVC,

2.4 53BN FRDTEAKBBEELR
PAASHIF 5 vh 3545 1) 22 it 25 22 L i v B Vb 1)
WY R NS WEE cgMLST 2 5% A # it 54
A7 FE R A7 5 (cgMILST<CH) A Jhy i B A o, I 4 Bk
10 389 ¥k T & 7 1E Y 667 Bk Al 75 B A B Ak, oE—
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AT i SNP BT BE 825 46 B Ay B o SR WoR LA 15
R 4 BROR VR 1 B2 L 7 A VD 1) B 5 A I 5 40 S AR
Z ] (9 SNP 25 5 K # 3 20 (SNP<C20) (K 4) ., X
15 B B AR AL 12 Bk U5 43 35 4K RN 3 0K XS U5 20 B 4K
A3 AR R T O e KRR OR] I A R

(BF 1, W OSID JF e RR 22 B dls 5 &) o 28 B
AW TS B RS [ AN o L B A
JU IR R W 2 () HL A e B e A AR B B
] RE AT AE B R BS i AL AR AR I x4 3 T AR 22
oAy JCHE A R o

| =T

& 4

5 W3 100.00
# 50 EDS-5

6 GOt 80.00
REIEA| SF-3 60.00
4 50 EDS-10

4 50 SF-1 40.00
4 53 WT-3

BER <s.2 20.00
4 53 ST-2 000

GCA_007007885.1
GCA_007652195.1
50 GCA_007687165.1
48 GCA_007341855.1
48 GCA_032691845.1
48 GCA_007907705.1

GCA_036958665

GCA_017926495.
GCA_007908265.

GCA_020159045

GCA_007007885.

GCA_007652195
GCA_007341855

GCA_032691845.

GCA_007907705
GCA_020142305.

GCA_037021835.

GCA_020158335.
GCA_026288035
GCA_007687165.
GCA_036958645

Z)LmER S B 15 R E SR ILME R 1T E SNP 4EFEE

Fig. 4 SNP matrix of S. Infantis isolates and 15 foreign S. Infantis strains

33

T P XS TR B B4 5 A A i A5 P U0 1T RN XS
P B 7 i B35 Qe ik At R E AR M . — 2 A
MAERETEER TS SR 2R
ZEE S N T R B IR b R S 0 e TS

Yo AR GATIRFE VA T RGBT
PR3 B3ROl 55,49 %, R UK TS Yok F 8, B
AN TRV ERTT () G o % 2 S i 3 0 LI 5, VA TH
B X438 R R 20. 00 %0, 5t B — 5 B B 110 7 15 2 11
il , T BE 55 190 T 5 DX 0 AU I Ak R 3 A 3 Y R
i FF A G 5 R T, 4 Jhee DX 0 2 o B IX 4 B R AT



1632 R

SR S 57 %

K 79.25% F175.56 %0 , 3 PN R T ] AN A£G %
KL B S WD TG R 6K AR E . (A
F, UESE T8 52 3 N BB A TE e BE 5 B 1k RIS R TS
geo TERM KB ENIESFERAER Bk &S A
BYHE fih F75 K X ] R R R B8 TS G A o BRAE
22 TUMIF 5% S5 0F 52, JSL A TR Ak B RT — o R R T I
AT G AR 220 T3R5 AT A7 72 85 B9 V0 1) TR A
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55 FAE Ry S5 20 Wi b o 7 DI Ak 43 R A 2k B S 2k
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o

FEIAC ARG A 7= i R v, S B VR Y T R R
PUAERB T Z M W — FhoR DR . T 4R
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Bk #1002 . MDR [ Bk B 15 56 XF 208 2 2 m A
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Bl A5 5 AR 4 gk B 41 W ¥ (whole genome
sequencing, WGS) £ AR 19 % Ji& , M 77 A< K e B IR
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PR 53 85 B HEAT A0 AT, 45 R B w p0 5 i v A S )Lt
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A EL M VE A TE R ¥ 8 MDR B bR, B 2
IncFIB B kL . % L I3 A Vb 11 1R 2 B 15 28V 1T 1
(non-typhoidal Salmonella, N'TS) i T 22 IfiL 35 £ =2
—, A 20114 Dok, e sk A7 R K5 BT 78
WS, X R HE AT pEST E UKL A9 8 2% 22 L i ALY 7]
WO RS LA FEmE Rz —, i
11075 e 0 Bl 22 B 8 e FEE, 2 E A

R XA 5 Tz LT T A il , 8 R AE 5 P pEST
FPES LM BV T E R 2 w25 R B % m T
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ASG S 90 1) T8 A8 S A PR P i & A BT . Sl
[Fi) B, A Y 8] e A 00 380 B2 )L R ke B4 485 Y O T 24 ik
PRUREE Jy B PR o, B L v AL 43 2 bk 5 21 19 e
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JL I 35 R 171 b L & 5 19 PR B N R O ML B
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