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(1. b &5 2 A BRI IEbE, BRI 430075; 2. WIdLA &5 24 Wi TAR A Futs, &I 430075)

B E: B8 S E R 82 MRVDT IR M U I 2 5 . B3R AR SE EIG R A
SEIG 2 bR fEY 2 (Clinical & Laboratory Standards Institute, CLSI)AHR bR EFRAS V1] B B Tt 25 SC 56 Fh 2 Fnk 2,
E 2, R B AR B 4k 5 (minimum inhibitory concentration, MIC)JEA 725 {525, i PCR 74
Tt 25 FE R GG 0 . G5 BB A R R, 82 BRI IRAXS DU R T 24 % 05 /i, A 66 BRIAHE
XFPUPRERTR 2, it 255518 79.52%, X5 Ty e AW PUARAO R 25 5 B0, I 25535000 49.40% 11 48.19%;
X SR AE YT i 2 SR A, X S e s e A 2 B0 S T 24 o T 24 R DRR: DU 45 2R s, 82 BRI R A Y P 3 i
R terd R R m, HA 54 BRI TIR AT 22 B 25 5L N, S22 25 5L blaCTX At R4,
1N 3.66%. @i IHTE IRV T IR B 2508 U T 5, 8405 WPt A R 25 PR, *Hi R 253697
VT PR B T D)7 3 B L K S

X IR, W2 T2 AR

Analysis of drug resistance characteristics of food-borne Salmonella
in Wuhan area

HE Ming-Yang'?, ZHU Bi-Ting'?, WANG Ming-Qiu'*", LIU Yan'?, LI Shi-Yao'?, LUO Tong'?, FU
Wen-Wen'?, SHAO Cui-Cui'?, MA Yi'?
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2. Hubei Provincial Engineering Research Center for Food Test, Wuhan 430075, China)

ABSTRACT: Objective To analyze the drug susceptibility and drug resistance genes of 82 strains of Salmonella
isolated from meat sold in Wuhan. Methods According to the corresponding standards of the Clinical & Laboratory
Standards Institute (CLSI), the type and concentration of Salmonella resistance test were obtained, the drug
susceptibility plate was customized, the drug susceptibility experiments was performed by minimum inhibitory
concentration (MIC) method, and the carrying status of drug-resistant genes was detected by PCR. Results The
results of the drug susceptibility test showed that 82 strains of Salmonella had the highest resistance rate to
tetracycline, 66 strains were resistant to tetracycline, the resistance rate was as high as 79.52%, and the resistance rate
to compound sulfa and ampicillin was higher, and the resistance rates were 49.40% and 48.19%, respectively. The

resistance rate to cephalosporins was low, and none strain of Salmonella was no resistance to imipenem. The results
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of drug resistance gene detection showed that the tetracycline resistance gene fet4 had the highest detection rate

among 82 Salmonella strains, and 54 Salmonella strains carried multiple drug resistance genes. The detection rate of

the cephalosporin drug resistance gene blaCTX was low, only 3.66%. Conclusion

The drug resistance of

food-borne Salmonella in Wuhan is relatively serious, and some common antibiotics are highly resistant, which has a

huge impact on clinical medication and prevention of food-borne bacteria.

KEY WORDS: Salmonella; drug resistance; drug resistance gene
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0 3l

WITIREE T 2 RSB, &% LA E L
FRR IR 2 — U U AT AR 2R L B, S L 37
A e A A P A N R R S R AR W L
FREA RGZEDTRE . BRYTTIRE . BELDTIR
wU WITREAMT 2, A, B8R, 4FR. &, 1%
B 5 Z 2T TR s 3, ERE, 1 7 L Erd
W b AR VDT T IR TS Y s A H L filhn, 2020
HEWTTT AR SR T — & LRE & A S A A 2E VD 1T IR vh
B, 2 27 AhECL HAT, WU R B W A
JERYIR YT FE Em v YA, Pk FE AT UGS R
AT TR R AR . TR T AR B AT G . e AR T
2P0 P 35 LA A0 ) A2 R ) A i s s 2 Oy Xk R A T
MR AR, AR B AT, H AP E R R
DA R R B T A s i 2450k 0= A, R BT 2 EH it
ZYTARR, (A5 2 A ) AR A bk ™ S A
AR RIATTH R T E KM BRR, T AJSm
fit e .

ARG I RSB R4 AR B 82 AR E
FEVD I B B AT 245 1 S0 e AR 2% 25 DR RS2 365, 0BT 3
YD1 QR V5 YL R 25 15 0, i 24 25 R il 43
AL H WA BT A AT 25 56, A R FIRA T %
BBUTT B IR VD 17T B RRT 1% 22 35 1 24 1 M A DG T 24 8 R 1) 3%
IRTEOL, FEE R XTHE R SRS R H b T B R 2454 19 40 A kb
AT 25 RIVD T TR B AT RS, LUMIG R G L 25 &
i B A B R AR AU BRI

1 MR5ERE

1.1 X5
111 FBEK

AT IR BRI RAGZEVD T TR AL 82 ¥k, HHib]
6481 i 28 4 i it W G 0 T 5T o A A W S 6 == R AP AR
Ho TERRES B B R A KRR R Ak T R AR RS ) K
T PARES, A4S B XS RS P RS 43 7k, B A%
PRIFE A I R RR 2L 39 BR(ETRRMG R LR 1) FRUERMRIDTTIR
A ATCC 14028 4 PCR 4 FH PR X BRTR Bk o FRUETRIRE R
W77 IR ATCC 25922 Mtk

1.1.2 SR A

W 22 PGB AR R 2 RO AR (e A A R R
FRZ\ wl); TaKaRa Taq PCR Mix PCR #™ % 1ijR i 7 . TaKaRa
MiniBEST Universal Genomic DNA Extraction Kit J&[K 21
DNA $2HG£ 7] . DL2,000 DNA MarkerDNA HLJkFRic (5 H
BEAYHARARA ),

Fz1 EHER
Table 1 Strain Information

SKAENT G2 RAEHbAS ERREGH AL A]
w30 R 26 2018.6~2018.7
oyl T 17 2018.6~2018.7
Rl T 2 2018.6~2018.7
A ] 12 2018.6~2018.7
Al KT 25 2018.6~2018.7

1.1.3 B %E

HerathermIGS400 A= fk3%3746 . LEGEND MICRO2!I
iR £ 2O ML (S R BRI R B A BR 2 D),
C1000 touch TM PCR ¥ . CFX96 Deep Well 52 3¢ 't 5
PCR {¥ (2 [# BIO-RED Laboratories 2\ #]); QIAxcel
Advanced 4= H sh %R 23 H {3 . QlAxpert 7% FR & 1R FE I &
% (% [E] QIAGEN A #]); OSE-H H iR 4 J8 i [ KR A Ab Rl 4%
JAtzm)HE R,
1.2 ZWIE
1.2.1 SR HEE

()EEE IR L b5 55 % 82 MRV IR B AR O A7 A% 1
IR T E RN T, 36 °CHi 3% 24~48 h; 4 E 555 B &
RN P T8 FR5UE AR |, 36 °CHEFF 24~48 h,

Q)BT % PEURTEE 3 mL KAk, M
0.5 2 [ by A& JE AT Bk, R B RO R 1.5%
10® CFU/mL %45 .

Q)R W EREFE® 60 uL, WA TH RS, i
BERRAGEFR L2 mL), R,

(@At RMGERB WA, TR 100 pL #RS I
W, AR 2RO, BIPEXT B FL N JC B 8 9% R i R 5
T, KRR S I 24 SO 22 F 35 °CH 5% 18~20 he
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G)aE R BB IR B 258k, R GUEY
Y8 IO RGBS R o AT il
1.2.2 @25 3L B PCR A2

FH Takara 2 &4 77 (IR0 G 3R B F R A 1Y) 6L DNA,
YAt 25 2 R PCR ASMARAR o 228 SCRRIEE T i 25 3L
PCR 51#, N3k 2 FIT9 5 p NI . etk . 20k
VRIS . RIFNERZS . PUPREZS . BEARESE 10 P2yt
B2 PCR WK £ (25 pL): 1.1xPCR premix 22 pL, |
TFHE514(10 pmoL/mL)4% 1.0 pL, itz DNA 1.0 uL, PCR
Py 24K 95°C Smin; 95 °C 30 s, 55~56 °C 30's, 72 °C
30 s, 35 MIEFF, 72 °C 10 min, PCR 45#/5, ## PCR # 5
5 DNA maker —[Fl & T4 B ShZ IR /A0 Bl 44, i
SESLEEE R . ATCC14028 1E2k PCR FiFsFitk, TTHKIEN
DNA #5AR Jhy BAPEXT B

2 HBRESH
2.1 HYPHRMEDR

YRR S, 2 W RURSE RIS AT 25 R (R) | AR A
(S). HAAIM)3 2K, 82 RRIPITTIRIAXT 14 AL 25 R I
TR TR A 2 o X U R R R 2 R A,
79.52%, FHRNE BRI MR VUM, 40 49.40% 0
48.19%; TiX} SkAUfnE | kTR PG T 0k 760 fis 14 T 25 S 45
I, 235018 1.2%., 1.2%H1 4.82%; 82 ¥R G 23X I
e RE AU, T 25 0, TEANILER 3.
2,12 MW Fr R ¥ B IR 69 L
TR IS, A 43 Mok A T8 REE
W, 39 BRIk B TRE PURE RS, 43 BRXS PIRE AL 0 AR BV TR
PR 14 FHT TR 25 TR 247 1 () 82 Mk 4T v I T PR RE RO i 24
PERIAARAR], XFPUSRER . Z ik . 2R MR R
BE R 252%(69.77% . 46.51% ., 48.84%), XP3kfftne, sk
PG T kA g 19t 25 32 40018(2.33% . 2.33%. 9.30%).
[RIRE R B 39 #ME AR Th A B AR BIVD T TP RE XS DU £ 3R
PR R AT 242, T 242K 5 0k 89.74%; E(ER 1T A2,
39 RFE PIRE SRR Sk A2 T URR, 39 ARG &

2,11 S2ARIITH 64 2 R it

PR SKAABE | SKALPY T KA G I U, )k

TEFE 14 Bk ULHT IR 2500 82 bk A FE VD 1] IR A kA 7 MERRUL(LA 6 tREATI 2. TR IR 4, % 5.

2 WZHEE PCR 51HFH"

Table 2 PCR primer sequence of drug resistance gene

& 97| 5IYIFH1(5°—3%) 7K/ M bp
FP: ATAAAATTCTTGAAGACGAAA
blaTEM 1000
RP: GACAGTTACCAATGCTTAATC
FP: GTGGTGGATGCCAGCATCC
blaCTX 500
RP:GGTCGAGCCGGTCTTGTTGAA
FP: GATCGTGAAAGCCAGAAAGG
469
qnrB RP: ACGATGCCTGGTAGTTGTCC
FP: ACGACATTCGTCAACTGCAA
417
qnrS RP: TAAATTGGCACCCTGTAGGC
FP: TCATTCCGTGGCGTTATC
aadAl 343
RP: TCGGCAGCGACATCCTT
FP: TCTAAAAAGCATGTAAAAGAAA
533
ermd RP: CGATACTTTTTGTAGTCCTTC
FP: GCCGGTGCTCATGAACTTGAG
420
ered RP: CGACTCTATTCGATCAGAGGC
FP: AGTATCATTAATCACTAGTGC
345
mefd RP: TTCTTCTGGTACTAAAAGTGG
FP: GCTACATCCTGCTTGCCTTC
tetA 210

sull

RP: CATAGATCGCCGTGAAGAGG
FP: GCTCTTAGACGCCCTGTCCG

RP: TGCAGTCCGCCTCAGCAATAT

161
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#3 RHPITREAFIEER
Table 3 Results of drug sensitivity test of 82 Salmonella strains

it 257 (R) IR (S) AT
ERAEE
RIbREL H /% TR AR S A4 /% TR S HAr /%
ORI 40 48.19 43 51.81 0 0.00
A 1 1.20 81 97.59 1 1.20
fadias:| 20 24.10 45 5422 18 21.69
e B v 0 0.00 83 100.00 0 0.00
PUER 66 79.52 17 20.48 0 0.00
ZRNEIR 12 14.46 71 85.54 0 0.00
KAPET 1 1.20 81 97.59 1 1.20
AER 35 42.17 48 57.83 0 0.00
KA NG 4 4.82 79 95.18 0 0.00
KA 20 24.10 46 55.42 17 20.48
RRER 15 18.07 67 80.72 1 1.20
T 41 49.40 42 50.60 0 0.00
P %5 2 10 12.05 73 87.95 0 0.00
EINTRA) =S 9 10.84 31 37.35 43 51.81
F4 BAFPIREABIRER
Table 4 Results of drug sensitivity test of Salmonella in chicken
LEE TR (S) PA (D)
E/RAE
WAL HAr % [EL7 A HAT /% TRIRREL HAT /%
RV 21 48.84 22 51.16 0 0.00
S ff At 1 2.33 41 95.35 1 2.33
FFELIH 17 39.53 23 53.49 3 6.98
RIAsra] 0 0.00 43 100.00 0 0.00
IIE7NE 30 69.77 13 30.23 0 0.00
ZEMERR 7 16.28 36 83.72 0 0.00
LALPE T 1 233 41 95.35 1 2.33
AER 13 30.23 30 69.77 0 0.00
kA g 4 9.30 39 90.70 0 0.00
ST (ILAY N 14 32.56 21 48.84 8 18.60
PRKREER 4 9.30 39 90.70 0 0.00
52Tk 20 46.51 23 53.49 0 0.00
W23 R %= 3 6.98 40 93.02 0 0.00
WA 6 13.95 11 25.58 26 60.47




82

B dn 2 4 R R I A 4R

12

=5
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Table 5 Results of drug sensitivity test of Salmonella in pork

i 25 R (R) THUEIRY(S) sPA (D)
AR

HHREL B/ % HIHREL Hor /% TSR A%
FRPEAR 19 48.72 20 51.28 0 0.00
KA A mE 0 0.00 39 100.00 0 0.00
#TELIH 3 7.69 21 53.85 15 38.46
W 0 0.00 39 100.00 0 0.00
IIEZN 35 89.74 4 10.26 0 0.00
ZELERR 5 12.82 34 87.18 0 0.00
KAap T 0 0.00 39 100.00 0 0.00
AER 22 56.41 17 43.59 0 0.00
KA gE 0 0.00 39 100.00 0 0.00
Sk mebk 6 15.38 24 61.54 9 23.08
RARER 11 28.21 27 69.23 1 2.56
25T 21 53.85 18 46.15 0 0.00
By 75 2 2 7 17.95 32 82.05 0 0.00
HHV A 3 7.69 19 48.72 17 43.59

213 QMK HA % Eafhn

82 MRV ITIRIE T HA ZEM AN EHA 54 %
(65.85%). HH St 8~10 FhHLEHWTH 25 MR 6 B
(7.32%); X 4~7 FhbU iR 250t 25 R AR 29 #K(35.37%);
X 2~3 FHHUTA 25PN 25 I TRAR AT 19 #R(23.17%); XF 1 FL
B 25T 25 BB ARAT 17 BR(20.73%); T AS LA TR 24 1 (4 T
Rk E] 11 #R(13.41%), TEWRE 1,

S 30 3537

)

@ 30 +

i 251 073 B

& 20

® 5L 1341

Z 10 J 732

2 |

a —
OFf 1Fh 2~3F4 4T 8~1071

[DETTLES

U] IR BB 22 T 25 1 25 2R

Multi-drug resistance of Salmonella

1
Fig.1

2.2 TAHERENER

Xt 82 MR VDI FR B Mk Y 3 R 2 DNA MEF 7T 25 56K PCR
P, e 10 P2 IR E S50 B NBERESS . METERZ
RFMEEIE ., KIFNEEZE . MUIRESE, M2 6 REHH
IR 25 R . SHA R TAE 5, it 25 PCR
PrHgE R R, 5 VU IR 2 2 S TR AR B S ik 65
PR(79.27%), A5 i PR 29 Wi 25 2 ) . 5 R
IR 25 5L B AR S B b, VB 1 BRI AR
ered KEIH, 82 MR I MO R IR A RS 24 W B 25 25 R I if 2 5%
WAL 12.05%. blaCTX S5 p-INEREISHUI 259 h I
LB R A 25 PEAR O, i 253 PCR A 25 5 (g H
RN 3.66%, 527 71 H L6125 254 1A% 25440
— 3, At A% ST 2 5L R R LK 6.

SR 2GR FLEA 7 FhLA b F i 251 A9 2 it
2 PR 14 TS 24 35k D5 AN 24 2R R R AT AR A BT (R A L3R 7).,
RIEA Z B 25 E R B Z A 253 N . R
AT 25 B LS T 2 N 2 2 B 1 4, K
HFaS 17, 21, 43, 46, 69, 73, 863X 7 BRI 254k A it
2RI 2 R R AL A 0, FBUH W R A — Boh
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F 6 THAEE PCREMEER
Table 6 Resistance gene PCR test results

A F AT He K £ 8 IEE P TR 24 DR 45 1 2R/ %
blaTEM 15 18.29
B SR
blaCTX 3 3.66
gnrB 9 10.98
W P 2
qnrS 39 47.56
RIS aadAl 31 37.80
ermA 0 0.00
PN ered 1 1.22
mefA 0 0.00
PUFRZ A tetd 65 79.27
TE e sull 26 31.71
F*7 WHEERMAE LGSR
Table 7 Comparison results of drug resistance genes and drug resistance spectrum
HHRAS gz =23 LA 24 BE R ifif 2453
HBQT008 pETo| blaCTX, tetd, sull AMP-CAZ-TET-NAL-CHL-CTX-CFZ-SXT-AZM-CIP
HBQT039 XA blaTEM, blaCTX, qnrS. aadAl. tetd AMP-AMS-TET-CHL-CTX-CFZ-GEN-SXT
HBQTO075 XA qnrS. aadAl, tetd, sull AMP-AMS-TET-NAL-CHL-GEN-SXT-CIP
HBQT082 XA blaTEM , qnrS. aadAl, tetd AMP-AMS-TET-NAL-CHL-CFZ-GEN-SXT-AZM-CIP
HBQT092 XA blaTEM , gnrS. aadAl, tetd, sull AMP-AMS-TET-CFX-CHL-CTX-CFZ-SXT-AZM-CIP
HBQT096 A qnrB. aadAl, tetd. sull AMP-AMS-TET-CHL-CFZ-GEN-SXT-AZM-
HBQT002 XA qnrS
HBQT004 XA gnrS., aadAl
HBQTO017 A
HBQTO021 A
HBQT029 A ered
HBQT043 XA
HBQT046 XA
HBQTO048 XA qnrS
HBQT069 XA
HBQTO073 A
HBQTO086 A
3 % @ F 41 F T 25280 A SRR 14190 AR IFGE R B 82

PUERTER S I RAARY B2, (AT
FRBR AT 25 A R AF BT, #5715 TS 24 5 DR ) 4 o T 3 el T 24
FORLEA T AL R DB, BRI Al A 2 2 AR, 2P
TR RIS T A 2 A el ) b1 PR 2
ZGAEIN L ISR L AR IR AR BASE, AR X p v

BRUD T G T AT 24 P24 A0S 24 BE DA G DL b A7 1 EEXE, &
BAEREA TR 82 MRUDITTIR B, A 215 71 BRI
M 2428, ELIXSET 24 bk B A A R AT 2515 00, XF Z2Rhit
ARIGA TR (), WP 25 2L AT R
W, RSB E Th AR R B XA R A 254 . B ikss
SRR 25V 17 PQ TR 78 2 D0 X P 281 B v o AR,
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it 25 1 R BN 2, B AR B XU

R RV TG B A £ 2 Rk O R R 5 IR
7200 A NGFBUM T A TR A S R R
FTCH R 251k, & BAEDBREIN 66 #RIVPTTIRE T, £
69.7% M XS 2 FPLL bt AE R AT 251, 2019 4F-pf
A8 X B IRV 1] IR T 25 R i W, i X &
BAEW ITREPA 722% 0wk 2% 3 ik K i
U R R 82 Bk BRUGFE VD] IR B R RE A Rk
65.85%(n=54) Htk HA ZHE M 254, HHA L Elf 250k
A T PR — e 5 A7 Z2 it 245 36 IR i ad X 82 #R VT T IR B AL
RGP0, KB 82 MRUDT] G B h AN A7 78 W 85 7
M 25kk . AR, ARBFSE AP AT 1] B B 2 B0 R A A DU 3R 3R
it 251k, DU R AT 255 Rk 79.52%(n=66), PUPF 2 it 24
FEIN tetd W THMRECN 65, SHICHIFR 4R —5B XA
Ry U VD 1] ER A TR 25 S /R E I RYA 7 R b 48 4 b
BRI U E . SR, AR T PUR R S 25 5%, A
WFFTH R 82 RRUDTT G X Sk f1 S 2 Wy B AR A i 24
R, LA LGP U, MG 25 ] blaCTX WY
FHALUH 3.66%.

AR 5T B A U0 1 G R TR 24 e T 2 5 R 4 45 SR
PR, DU X VDT ] FC M AF e 25 B S, HLVbTT IR
BRI A A A AE — 2 B PR . s W sk Ty VT )
FQ BT 2Pk, T kAN DX V5 930 7 £ 20 42 45 PRI AT
OB SR, BN AN PR, INE NN 25
JE, eI RPN R B RN VR R AN B Ty AT — 2 4R
FEX.
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