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LTEHESRAFITRENSEIRALE MLST
A E=T I 2l s K ot

Tk, BKEZ, K3k, NiEHE, KEER

L PP B oG, 107 PR 110172

Tk, B, kR, XNEE, KEE. TTATTEERPYITRENEYSRG L MLST 28 51 254081 [0]. #ED
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5 E. IHF] VKA Samondla)2 T2 MATEERRE, TRITHERL T BEHL AL,
SEARMERE RSB, THRTESAT Y ITREARBRFHFELGTGHFL, At TABATEE L.
[B84) TM2022FITHFTESRFIIITRENFT LKA, oFM oK. HWKBRMRE ST RAT
FFAEF L, Wit AR wF A L %158 5 7] 49 & (multilocus sequence typing, MLST). & 25 /4 2 4] 49 %
. [7 %] R4 GB 4789.4—2016 (R4 B FAFER AN FAL VITRKEALRY 457
EATIC R AR S BT M A A E ST, RARA BREFERAITOFF LR, AME RS ETHS
HATH W ER RIS, 127 BioNumerics 7.6 #3425 8845 % . MLST o R & Riti7o47. [ 1]
S3ARITTIRE &4 11 A A AL, A K0 1T KA (Salmonella enteritidis) A £, Zh 8 A 47 4,
W17 KA A A BR (nalidixic acid, NAL)#9 @ 25 £ 3% 3, 4 92.5% (49/53), R NA 25 7 % Ewf 25 4%,
Bt 25 3 ) 66.0% (35/53), LR R E oprd, wiR £ a2 LA tetC 45 % £ R 5 4 45.3% (24/53).
ARIE T HERERGF DV ITREAESH 104 STEA A I ARSRAEF. [£4£] LTHFTES
RNITTTRANTERER AP E, FR S, ERFHKTFRG, ZERGELSE, Lkt
HEITEALTIE.
XHIE: FRW; JITKE; MLST;, aghis; ath AR
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Contamination status, multilocus sequence typing, and drug
resistance of Salmonella in poultry meat in Liaoning Province

YU Miao, GENG Yingzhi, ZHANG Mingyan, LIU Haixia, ZHANG Meimei

Liaoning Center for Disease Prevention and Control, Shenyang 110172, Liaoning, China

Abstract: [Background] Salmonella is a major group of zoonosis pathogens that can be
transmitted to humans through poultry and its products, posing a threat to human health. It is
important for public health to understand the pathogenic characteristics and drug resistance of
Salmonella in poultry meat. [Objective] To investigate the contamination status, serotype
distribution, drug sensitivity, and molecular epidemic characteristics of Salmonella in poultry
meat sold in Liaoning Province in 2022, and to explore the relationship between different
serotypes, multilocus sequence typing (MLST) results, and drug resistance. [Methods] The
collected samples were tested according to the method in the National Standard for Food Safety:
Microbiology Inspection of Salmonella (GB 4789.4—2016), and the strains were identified by
biochemical tests. The slide agglutination method was used for the serological test, and the
micro-broth method was employed to examine the drug sensitivity of the strains. BioNumerics 7.6
was used to analyze the results of drug sensitivity tests and MLST. [Results] The 53 Salmonella
strains belonged to 11 serotypes, mainly S enteritidis. The resistance rate of Salmonella to
nalidixic acid (NAL) was the highest, 92.5% (49/53). A total of 25 multiple drug resistance
spectra were identified, and the total resistance rate was 66.0% (35/53). Among the drug
resistance genes, the tetracycline resistance gene tetC showed the highest carrying rate of 45.3%
(24/53). The strains of Salmonella were classified into 10 sequence types (STs) and 1
unclassified type according to the sequences of 7 housekeeping genes. [Conclusion] The
Salmonella in poultry meat sold in Liaoning Province demonstrates serious contamination, with
diverse serotypes, high overall drug resistance, and serious multidrug resistance. Efforts should
be doubled for the standardization of poultry breeding.

Keywords: poultry meat; Salmonella; multilocus sequence typing (MLST); drug resistance; drug
resistance gene

WITRE R —MEEMAF I BRREE B, SR ETT R R R Tt

PR PR B, A SR AL AT S R Y
FERE R Z—. WITREMERARZ, AFH
I35 RSO P S 25 P — 22 5 . AR
TR AESR T T Z A G B,
DT IR 25 K24 LT, B 2515 d A
Wik Ak, IR i & Z R 256 .
DR, BIF 5 e ) D 1T B 194 I 3 2R % it 2

FAEEE X, U4 5L 4100 7 5 AR S
K&, RAZE AT LA 5 5 i e it 25
JE DR I A9 20 T ) i 25 PR RE ) -
AP IL T4 2022 AETHE BN E
W ATD 1] B R Gk DL e i B oAl . 208
¥ 41437 (multilocus sequence typing, MLST) AT}
2P0, BRI T & A T T QR R A 3
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MEARL L R 254 K iin 25 BE R i ol , LA
A G W TTRE RN I 25 PERETE
B L2 1 23 BT B A B I AR ) 2 3l

1A

1.1 #&
1.1.1  #&

2022 AR TAHENTTEE R (S LA
7 40 fy . PLMTE 20 . AR 20 fy  2RIAT
20 17, BB 20 4y il 15 4. SN 1S 4)
it 150 fettdn, e 53 pRUPTTIRE, Hr
45 103 A fEE e 38 HRIDT TR
47 A7 E S R St (A RIS IR DR 43 25 1 15 Bk
PITIRTA o 24 Bl e Joe 428 v ke e FH R W 33 A T
ATCC 25922, P T11 7744 $ 0 T 7 il v
1.1.2 FERXFMNE

UrREZHnG, 7N E LR
R 5 22 B o 2 il , g 1 A&
AR A RN ; GN b %R, Wi ik
NH]; AN DNA SR BOR & (PR ), VLI AR
AR A A PR F . VITEK 2 Compact
4 HEME K E RFEME R T, R R
BNH A R, VLI AR YR
H A RA A
1.1.3 EHEE

VI REAHL 5 B ORI, iR Ay
BT R RY R (27K 1000 mL, &
FRFHEEFRIET R 21 g, HALES 61.05 mg, &
fb8E 43.54 mg), B EZWRHEHRAF .
1.2 7k
1.2.1 EHREREMEFEE

AR 53 BRI IR BRI T 2 4%
K% o A BRRR VDT T IR B AR p) A0 %
JG 4 VITEK 2 Compact 4= H Zh 4l 7 % AU 4%

SE DT TIRE o SRR BEAEVE, MR
brifE GB 4789.4—2016 VP[] [C T2 Wi i i
UL, XPVP T IR AR JEAT O AHBELE SO A H
ARIMLIE S T2 8, 288 Kauffman-White V0[] G
PURSREEE VDT FR AT LT 2
1.2.2 AU I

K FHARCRR: TA) 2 s R 02 00 5 e /0N A0 T Ik
(MIC), SZ50 10 25 14 il E M 25 i 2
A 74 Ak (ampicillin, AMP) . %% 74 Ak/4F £ 38
(ampicillin-Sulbactam, AMS) . k#9P4 T (cefoxitin,
CFX). 3k mgmk (cefazolin, CFZ). =k 1 WE fi5
(cefotaxime, CTX). P K% % (gentamicin, GEN),
% % % (chloramphenicol, CHL) . P4 ¥ %
(tetracycline, TET) . ¥/ N ¥ & (ciprofloxacin,
CIP), Z5WEfR (nalidixic acid, NAL)., & /i fi%
(compound sulfamethoxazole, SXT), Z%i# & E
(polymyxin E, CT). Skffufth /B2 38 (ceftazidime
and avibactam sodium, CZA) fl W & £% r4
(imipenem, IPM). K i bk ZE 2 WAL AR SR
J&, AR 0.5 22 Rk B RIEIR, B 60 pL A
A 12 mL 2GRN SRR A IS R, SRR
A), BEJE AT 8 18 38 o i B M AR UK I 100 pL
TR WA B BR B P RESLAM Y 95 L2 Bk
L BEXS BRSLINJC B A 5 R 100 pL, R
RIS 2 HARUBCE T 36 CCIR AR TR 16-18 h,
S 45 R 2 IR S8 [ i R A S 06 5 AR AL 2R Y
4> (Clinical and Laboratory Standards Institute,
CLSD™ il & ) 25 SOR B0 AR EzE A 7 5
1.2.3 2EFANFRIH

B U0 T PG TR PH A T PR 3R A AZ R 1% 2 b T
WARBRAWE BRI R W] i1 A4 5k
RV ZH 0 7 o -0 235 S (Science DB %04 /4, DOIL:
10.57760/sciencedb.09123) 55 https://sppt.cfsa.net.
cn:8207/bacsys/software [l B4 22 254 7 HL X 43
B, 5B J5 45 20 BEARAH L %) ST B 551 B2 AH I 9 TS

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Tk F | ITEMESATPIIRENSMALE MLST 52 5214 51

2489

i, e FER 4 7 515 A BioNumerics 7.6
B S /N A R

2 HZRE5OM

21 WESAYPITREANGRERIRRT

2022 AP SR AR AL TA N T EE
P 150 fAE Ry, Horb 53 0 Vb TR, FEE
N 353% (53/150), ABETKHEEEN
35.8% (19/53), kISR %4 17.0% (9/53),
BT A A 15.1% (8/53), Bl 4R N T .
PENF T A6z R 10 9.4% (%% 5/53), BBk
N 3.8% (2/53),
22 MERSH

ARWEFEH 53 BRI IRA 43 T8 11 4> S A,
Hodr g 46 v 1] IS T (Salmonella enteritidis) 4 H
I E N 58.5% (31/53), Hoftifn v A44 5 Ho il
= B KA R R 3 VD 1T G A (Salmonella
Kentucky) (17.0%, 9/53). EN&52cahvb 1R
(Salmonella Indiana) (7.5%, 4/53). FEAGZETHT]

F1 S3ERPTTREX 14 MInE BT ZAER
Table 1

[X. 74 (Salmonella typhimurium) (3.8%, 2/53). %
VP[] (Salmonella Potsdam) (1.9%, 1/53) ., %2
JLYPT TR (Salmonel la infantis) (1.9%, 1/53) . %
YD (Salmonella Sao) (1.9%, 1/53), [1%
7017 G (Salmonella Menden) (1.9%, 1/53). Fif
TN VP ] G (Salmonella Agona) (1.9%, 1/53).
HEVPT R (Salmonella Reading) (1.9%, 1/53).
A7 A& % 5 5 10 1T FG T (Salmonella: Brendonlup)
(1.9%, 1/53).
2.3 HHPIRELER

X} 53 ¥RVDT TR UEAT 14 Pl Y 25 it
IR, SR BN, VITIREXZEERR(NAL),
R TUAR(AMP) . PUFRE(TET)IIMH 253800, 4%
Fok 92.5% (49/53) . 71.7% (38/53) . 45.3% (24/53),
X I Jie 15 i (IPM) R T 25 228 0.0% (3R 1) (U
1 BRVD T T BB BT A 25 3 s A 35 sk
TR A B AR 3 A & 3 FPLL E259y, dhpma:
25 PhZEMI 21, S22k 66.0% (35/53),
ol BRIPT T RERE, BA 12 FeiPrditt.

Antimicrobial resistance of 53 Salmonella strains to 14 antimicrobial agents

Y24 FR it 245 Resistance

F 4} Intermediation R Susceptibility

Antimicrobial agent TRREL it 24 %% BHREL LAFHES R EL U
Number of  Drug resistance Number of  Intermediate Number of  Sensitive
strains rate (%) strains rate (%) strains rate (%)

VIR AMP 38 71.7 0 0.0 15 28.3

LA fhbE/ T4 CAZ 10 18.9 1 1.9 42 79.2

SR VU M/ES L AMS 12 22.6 22 41.5 19 35.9

W R IPM 0 0.0 0 0.0 53 100.0

VUIfF 2 TET 24 453 1 1.9 28 52.8

ZENERR NAL 49 92.5 0 0.0 4 75

SLEPE T CFX 1 1.9 8 15.1 44 83.0

AEE CHL 16 30.1 1 1.9 36 68.0

S AmEfT CTX 18 34.0 0 0.0 35 66.0

Sk mEmk CFZ 19 35.8 11 20.8 23 43.4

K K% ZE GEN 14 26.4 1 1.9 38 71.7

ZHHEECT 11 20.8 0 0.0 42 79.2

NP A CIP 14 26.4 25 472 14 26.4

Tk SXT 21 39.6 0 0.0 32 60.4
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2.4 MLST HBIZER

PRI AN P a5, 53 RIPTTIREH
P 7 FAEFIL P A9 50 10 4> ST B, 43
B ST11 (58.5%, 31/53), ST198 (17.0%, 9/53).
ST17 (7.5%, 4/53). ST19 (3.8%, 2/53). ST2039
(1.9%, 1/53). ST32 (1.9%, 1/53). ST413 (1.9%,
1/53). ST13 (1.9%, 1/53), ST321 (1.9%, 1/53)
1 ST22 (1.9%, 1/53), 1 ¥REE A A BIE M
2 IE R H P41 5 A BioNumerics 7.6 20444 2 fx
JINAE R (L 1)
2.5 OITREMT 25 E E 25 R

53 BRUDTTER BT 24 5 R 55 3R I3 2.
2 A AL R A3 At 7 28 24 Rt 25 38 1R, £

ST32

LN20225M0086

s O

LN20225MO0083

ST413

LN20225M0092O

O1LL LINZUZLSIRINAYE SPIIYEE DMUUDY
LN20225M0084K-/

ST17

1 53 ¥R ECEAY B /N A AR
Figure 1

LN20225M0086

LN2022SM0073 O

F& 5 FhaE FLpE IS 25 5 [N [aac(3)-11d, B,
aac(3)-1Va, aac(6')-laa, aph(3")-la], 3 Fi B-N it
JHe 2t} 25 3% K (blarem.1s, blaoxa.1, TEM), 3 FfiZk
I 25 KL A (catB, floR, cmlAl), 2 AUk
KA 25 3L [H (tetA, tetC), 4 s v B 2 it 24
[ogxA, ogxB, gnrS1, aac(6)-1b-cr], 3 Ffiii i 2
fif 25 3L R [Sull, Sul2, Sul3], 4 Fhi 8 Z2Km 2
FH: [ (blarem-141, blarem-1e, blacTxm-ss, blaoxa-1)o H
 tetC HEHY BRI = N 45.3% (24/53), Hk N tetA
TR 41.5% (22/53), #5738 AR i T 25 3
KA emlAL, A 1 BR A EE 1.9% (1/53). 7 2530
A ER M 2y 3R BRI 24 2 DR A S Rl
66.7%-100%, PIRRELEFFE RN 100%.

ST2039 LN20225M0098

LPNZGZZ5Mmdas0 ? OLN2022SMDDSD

LN20225M0056
LN2022SMR062)49

ST198

LN20225SM0065

LN20225M0058

LN20225M0077
~ ()

LN20225M0057

Minimum spanning trees of 53 Salmonella strains.
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R2 SIWIPITIREXNHAEERETHR
Table 2 Drug resistance genes carried by 53 Salmonella
strains

PRI (SR Ko g
Antibiotics Drug resistance Number of Carrier
category gene strains rate (%)
ST aac(3)-11d 9 17.0
Aminoglycosides SrB 16 30.2
aac(3)-1Va 4 7.5
aac(6')-laa 14 26.4
aph(3')-la 12 22.6
B- NI 2 blareu-18 7 13.2
p-lactams blaoxa.1 4 7.5
TEM 18 34.0
ELES catB 3 5.7
Phenicol floR 15 28.3
cmlAl 1 1.9
POFR K tetA 22 41.5
Tetracycline tetC 24 45.3
W il OgXA 2 3.8
Quinolone ogxB 2 3.8
gnrS1 6 11.3
aac(6')-1b-cr 5 9.4
i Sull 14 26.4
Sulfonamides ul2 16 30.2
Sul3 2 3.8
HHEL blarey-141 21 39.6
Penicillin blatem-1s 7 13.2
blacTywss 18 34.0
bla oxa.1 4 7.5

2.6 tHXMSH
2.6.1 [MEFRS ST BUMEXM D

53 BRYPTTIRE IR 11 Fhmigs, 2050
B 10 Fh ST Y 3), Horprigh BLyb 1] PR TR B B
ST R — 2543 A,
2.6.2 [MERFTZEMEXME S

ARG 53 MRV T IR AT 25 25 3 2w, 1
T B 55 2 PR A A — e H . R B VD T EG B X
kB AE R BHUE; K 9 MBI EITTIR
W2 EMZYE R 6 HE 11 8, HAPim 10 Fbt
R R EH 55.6% (5/9), % AMP .GEN .
NAL iX 3 FiiA: =i 255340 100% (9/9), il

*x3 S3HPIIKRBAEMARB LM ST &
ki)

Table 3 Distribution of serotypes and STs of 53
Salmonella strains

L5
Serotype

WHEGE ST &Y
Number of ST type
strains (%)

5 IR Salmonellaenteritidis 31 (58.5)  STI1
WLV TG Salmonella Kentucky 9 (17.0)  ST198
ENS5 220 vb 1 G Salmonella Indiana 4 (7.5) ST17
BURFEVDT TR 2(3.8) ST19
Salmonella typhimurium

B IAYP TG Salmonella Potsdam 1 (1.9) ST2039
BLYPI TG Salmonellainfantis 1(1.9) ST32
1BV G Salmonella Menden 1(1.9) ST413
I 5T4h v R SalmonellaAgona 1 (1.9) ST13
HEY R Salmonella Reading 1(1.9) ST321

A B VDT R
Salmonella Brendonlup
BEHLYDT G Salmonella Sao

1(19)  ST22

1(19) ST

PP R EE s IR VDT TEG TR X NAL i 25 %
7 100% (31/31).

3 W54 #®

ARWFFERIR, 2022 4FL T T B & LA
KA 35.3% (53/150). (AR ERIA TR 2020 4
TS WV T TR 2R 22.5%; H RIS
SEPURE BN BT A S AV TR B E N
31.0%; BB HECIRIE BoR 2019-2020 4F |1
i 7 K& RIPT TR 3 20.5%; T
SGUHGHE T 2019 4D T AR & VDT IR B G HY
RN 16.4%. &F PEIEE A, L TATELEER
HVD TR 175 e i F A K, Ttk — 2
RAEBMIE, BELERAMN T wE., &
SEIR L R PR A, AR TR IR E
WHYD T RIS 4 iy ko

UITIRE MG R sz, FRE 2, A
WFFTA 53 MRUDT T ERBRIZE LT S8 /2 4 A5 3 114>
MER, HA GRS, X
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X A PR TE I R A U1 EG B TR S 0
X & URUDT R LS i IR A —2, 5y
e S5 CURGE A JL UL X B R YT T IR K 2 8 T
APEFAR—B, ubn s, REEHRPVITRE
TATHIIMIE B Z UG R TTIRE R o AFRSS
REMIER S ST RUEAKRAHIEM:,
ML RIS b —Fh ST B, X —gh 5 5 g2 Ry
WFsE e RIA—F . Hik, MLST LT HT&
fi . SHIETE R VDT EG B A I AR S

ABFFE LR 10 28 14 Fppi RiEA7 24552
5, S5 SR, WITIRE LA 25 Fi 2 5 fif
251, AR 255K 66.0% (35/53), HWHkIA
ANFFREET 25, — LB bk 2 E T 24 n) R ™
Ui B AL 7748 L X T B 8 IR Vb ) TR 2415 1
ANEEIR o A 2R E R N 24 R AR S 92.5%
(49/53). ZA RPIMRI 25 Z R 71.7% (38/53),
G RA T MG PS> 1] R T 28 e iR A
PG AR 25 R 2 AT, 2 s AT
AR EEIZE TR . VDT G R TR I PR A 4 T
2l J Mt I 2R A = AR S A MY (EARHF A
— RV EAZE T 250 92.5% (49/53), —ACHETH
B2 25 50 26.4% (14/53), o R ALIK 47.2%
(25/53), $&7- A< 1l Xl DA 245 10 2 4 P e 5 P 28
259, FRAUSRZIY R, TR 0, X
5 23 XA TS5 AR, S b B R AT R
RN UEM 2, AR TREA G, ZR0W
FETE 2018 4E9 A5 1EF Fah ikl s, A
AT Z R R 2455 20.8% (11/53), 2
71N 22 1l DX S T X RIS ) B M o

T 245 5 DL 2 20 7R 7 A it 245 Pk B AL 2 —
ARG 53 BRAr B bk, 284 B A P 45
MR 2E L B-IN BRI . ARINEESE
PURRER IS MEIRMIE . BEG2S . HERF T H
PiAE Z M2y B, RS 25 B K 45 B
TEM. floR. tetC. gnrSL. Sul2. blaTEM-141,

£ 2SR 24 e DRAS: Hh 155 100 5 T 2 2 TR 85 A i T 21
HIFF G REAE 66.7%—100%, FLrp PURRZ 194F
B A= 100%, 156 i 245 22 78 55 i 245 5 D5 71
PEERYIRR, BNAAAEES . MinihE
N ZENE MR R LM 25K 1 49 R, B R Tt 25 (0K
1L B, A BT LR R i 24 SR Y R — N R
SR P E ATSE ¥ 27y et A LN SN U SN
5 ERTR, 2022 FEILTATTEG A BT
PG TR S B AG: HE R | I R A I | TR 2 ()
RO B R IR G o A SR P RSN g 12 R 4 i
PRLZH I 3 43 A7 7 i i TR N T S R TP
R 24 P R A T A BT 5, 45 it 24 B DRI AE V0 1T IR TAT
) Feak A LGN 7 2 — 258 i 24 1]
RN 5 | RS A5 1] v o EE AR, ot 10 A= WA 1 [ el
FRIEHTA: 20 FH T RIS Y45 it , LAl il
IR 250, (RS 4,
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