—356—

b A 2R
CHINESE JOURNAL OF FOOD HYGIENE 2020 4F55 32 H5E 4

(

1

s

S ZE VDT B BT AR 2 RN 55700 it 25 P T 5%
EE FFER, XN EF A BB AR AR R 4 e’
I R k¥R R¥E, 0 Ex 625014; 2. LT RBEHAFEH PO, EE 200336,

3. W R kFHIFEFE, MW KA 611130)

EZ.HH BMN302HBERR FHRBARIGEDTITH ( Salmonella enterica Typhimurium) %t 4% & & Fo 0§ &

Megat s AR MK EMNAAEARE FHoMAGERITANR AT T ENAGGMXE, ik KAT K
S R AR T H A 16 Fat A Z ey ab2h ik E W A A EE RN T 4 A & A 69 & 49 B K E (minimal inhibitory
concentrations, MICs) , % & 84 X, B & (polymerase chain reaction, PCR) %M HH w5 A R, &R RAHEY
MTH 2> B P 96.03%(290/302) £V af — A3 £ & A &F 2544 ,79. 80% (241/302) £ % & &f 25 (multidrug resistant,
MDR) ##k., 2 B4 F 025 £ %5 (78.81%,238/302) , L R Z & e £ A4 (78.15% ,236/302) . v3 3f &
(75.50% ,228/302) A F 5 HE % (71.85%,217/302) , Fi B 4 B4k ¥ 55 K Tk 5 Ao B e 3 S R, R R R Y
NMAMNSFHRILAH 9HhE ATO®R AZBRPPERREFTORLGENZTAIDRFPARISGETINME , ZF AL
FEEL(P<0.05) ;P RAGEIITAST ARV EFREARVEARNSESZTRERBEFARKGEI A, 257
HHGFFENL(P<0.05) s ARKGEG TR KIEFT o LT ARBEEZ TR R EH, HE
MR  ZRE A REBR A R e B s xf R A5 K 1T 2 B AR 09 MICs € 45 4 2~64.0.031 25~1.32~
1024 #2256~>1 024 mg/L, R REDDRAGET MRS RIS Z /A RRYEMBRG R HEZHTARIY
ETNMA,EZFAAITFEXL(P<0.05), 5 BT H &M 4 KB qacEAl sugE (p) #= qacE # £ 5 5] %
56.95% (172/302) .20. 53% (62/302) #= 2. 65% (8/302) ,qacEAl & B 5 K 45 R I HE *F -7 B e £ R AW F £
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HE Xueping', XU Xuebin®, LIU Aiping', HE Li', YANG Yong', AO Xiaolin',
ZHOU Kang', CHEN Shujuan', ZOU Likou’

(1. College of Food Science, Sichuan Agricultural University, Sichuan Ya’an 625014,

China; 2. Shanghai Municipal Center for Disease Control and Prevention, Shanghai 200336, China;

3. College of Resources, Sichuan Agricultural University, Sichuan Chengdu 611130, China)

Abstract; Objective The aims of this study were to investigate the antibiotic resistance, disinfectant resistance and

their associations in 302 Salmonella enterica Typhimurium (S. Typhimurium) isolates from retail meats, food animals and

humans. Methods Antibiotic susceptibility testing was performed according to the Kirby-Bauer disk diffusion method.

The

minimal inhibitory concentrations ( MICs) of disinfectants were determined by broth microdilution method, and

disinfectant resistance genes were detected by polymerase chain reaction ( PCR) amplification. Results  Antibiotic

susceptibility testing demonstrated that 96.03% (290/302) of S.Typhimurium isolates were resistant to at least one

antibiotic and 79.80% (241/302) were multidrug resistant ( MDR). Tested isolates showed the highest resistance to
streptomycin (78.81% , 238/302), followed by compound sulphonamides (78. 15% , 236/302) , tetracycline (75.50% ,
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228/302) and ampicillin (71.85%, 217/302). All isolates were sensitive to cefepime and imipenem. The resistance of
S. Typhimurium from food to compound sulphonamides, tetracycline, ampicillin, nalidixic acid, and gentamicin were
significantly higher than those from human and animal origin ( P<0.05). The resistance of animal isolates to ciprofloxacin
and ofloxacin was significantly higher than that of food and human isolates (P<0.05). The resistance of human isolates to
cefotaxime and ceftazidime were higher than those of food and animal isolates. The MICs of benzalkonium chloride ( BC) ,
triclosan (TCS) , trichloroisocyanuric acid (TCCA) and povidone iodine (PVP-I) for S. Typhimurium isolates were 2-64 ,
0.031 25-1, 32-1 024 and 256->1 024 mg/L, respectively. In addition, the frequency of resistance to PVP-I, BC and
TCS was observed significantly higher in food and animal isolates than human isolates ( P<0.05). The gacEAI, sugE (p)
and gacE disinfectant resistance genes were detected in 56.95% (172/302), 20.53% (62/302) and 2. 65% (8/302) of
all the isolates, respectively. Notably, qacEAl gene was significantly associated with B-lactam, aminoglycoside,
tetracycline, sulfonamide, quinolone and chloramphenicol resistance (P <0.01). Conclusion It was indicated that
antibiotic and disinfectant resistance were common among S. Typhimurium isolates and the use of disinfectants or antibiotics

may contribute to co-selecting isolates with acquired resistance to other antimicrobials, which could pose significant threats
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to food safety and public health.

Key words: Salmonella enterica Typhimurium; antibiotic; disinfectant; resistance
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TH A0 AR 250, DL K 3 i o 500 i 24 3 IR A AT
RO HT R FE VD T] B P A 3R T R 2
DA T3 5 0 i 24 5 N 22 [ 9 R O 1

1 #M¥EFE

1.1 #k
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i FIAR 52 T 5 B B R 4 22 5 TN 2R 3L 388 1, [ i &
R 193 £y, FEXS A 195 4y, B4 KT 150 g,
SR B YR it BT T SR A AR S TR VK & I T i [
J2EE 48 h I RE S AT AR B
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(v T 5 s T By A o v C UYL 2017—2018 4E 4y
BTN KA S 4 2 (6] — B 3 B Y 40 RE
i IR B FE VP TTH . KB %RA T (ATCC 25922) (K
[ 5 B (ATCC 35218 ) A S 24 Sl 98 o 42 1 ¢, T
M & /b WO W B ( minimal
concentrations, MICs) | %2 fifi F K % % 75 B ( ATCC
10536) 11 Sy JoT 445 T ik (AR SE 46 3 OR A7)
112 FEALE 5

B 4E K 4% 2 W ( polymerase chain reaction,
PCR) X BE B A& 53 BT A4 1 FI 36 [E Bio-Rad , 5158
AR O B TAES R

inhibitory



R B AR AR

—358—

CHINESE JOURNAL OF FOOD HYGIENE

2020 4E45 32 4245 4 1)

KE 3546 MaxQ6000 IAFEIR K5 3548 . DKT200-4 18 /&
BIm .

I iE B 10 x Tag DNA Reaction Buffer, ExTaq
DNA % 45 [ . dNTPmix , 10TPmixNAA Re ¥ [ X
HFAEY TRARA A, BE A MR ZBUE B3R
FE (tryptic soy agar, TSA) K fift i 8 H P 17 35 97 5 |
JK A T A AR B 5 k| fL R SR AL B A T B R
HeOREBR I SR M R Bk TR B IR AR RO
P2 JIt B 3R BB B 9= B 208 B T AR B L AUAE W R
TeABRA T, E 22 SST g & U 171w A R0 € U0 1T 1
PR %55 1 & (Salmonella Sero-quick ID Kit, J} 3£
B 23 BF 58 B ) o B-PN B M . Sk ik g
(cefepime, FEP,30 pg/F ) .3k fil BE f5 ( cefotaxime,
CTX, 30 pg/ k). 3k 78 fibh B ( ceftazidime, CAZ,
30 wg/ ) JAMP (10 pg/R) | B 5395 K/ 50 $i7 4 iR
(‘amoxicillin/clavulanic acid, AMC,20/10 pg/F ) ;
T B 25 . WIS 7 (imipenem , IPM, 10 wg/ H ) ;
FEEMEH IS K K% R (gentamicin, CN,10 pg/F) |
4R &K (streptomycin, S,10 wg/F ) ; WA E IS TET
(30 pg/F) s METE TS . Z80E IR (nalidixic acid, NA,
30 we/F) RV A (ciprofloxacin, CIP,5 pg/F) |
F I A (ofloxacin, OFX,5 we/ F) ;B iz 2% . 1 i
2 5% (compound sulphonamides, S3,10 wg/ ) . &
77 #r W B ( paediatric compound sulfamethoxazole
tablets, SXT, 1.25/23.75 pg/f ). W & F 0
(trimethoprim, TMP,5 pg/ R ); A HEEZLX . AE R
( chloramphenicol, C,30 wg/F), VI 16 Fi 2y &4t
Jr B0 8 AT A A BR S A T R R AL A R AL
A % ( benzalkonium chloride, BC ), & 4 [ filt
iodine, PVP-1), = & % % JR M
acid, TCCA ) f = &
(triclosan, TCS) ¥ [ B &S D1 8 45 605 A R 2 A
Sl b AR ) TR R A IR A W) AT AL,
W21,

( povidone

(' trichloroisocyanuric

e R T EE SR R

Table 1  Primer sequences for detection of disinfectant-
resistant genes
- it K SE kR
514 SRR (5737 it

fg‘/hp JE/C

F:AATCCATCCCTGTCGGTGTT
qacEA1 175 56
R:CGCAGCGACTTCCACGATGGGGAT

F:AAGTAATCGCAACATCCG
qack 258 50
R:CTACTACACCACTAACTATGAG

F.:GTCTTACGCCAAGCATTATCACTA
sugE (p) 190 57
R:CAAGGCTCAGCAAACGTGC

1.2 i
1201 VTR 43 B Sl i 2 28
Z M DENG 2% 1 J5 3 pE AT BB 5 A J A N

FYDTTR 50 8 5 %% . R PCR L invd & A
XiF G DL TR V5 R AT S Y G A 4 E B TSA PR
b3~ 4 A PABEVE AR 1 mL JG R 4K O
B IRBETR 2], 100 C 4/ 10 min, 12 000 r/min
B 5 min(BO¥HRN 13 em), FIFWAE N PCR
B2 ., PCR 7= 41T 1. 0% B g B € i ok 47 46
W, SR FH 88 I R R G0 IR, PCR BHME =ik &
WA T A TRA BRA w7 Y, ff F§ BLAST Xf
I PP &5 3R 347 Ee X 437 (hitp . //www. nebi. nlm. nih.
gov/BLAST) .

Z W PE A2 SSI W 2 U0 171 T A B A FE VD 1) T PRk
SooE R & A R B BEER B E VTR Y O
PUE A H P JE 2 A8 45 2 41 )57 205 A5 B White-
Kauffmann T JR 2, #5017 18 A9 L35 AL,

1.2.2 $iARAHIAE

K I R 52 56 2 b5 fE fk 2% 52 2% ( Clinical and
Laboratory Standards Institute , CLSI) UL A AT
PO e B0 FE VD 1] TE B AR 2R 2 3 A
Fie I8 CLST A o 0 132 25 f 48 - 245 1 0 o o Tif 24
e
1.2.3 JHEEA MICs M &

ot AR PR3 s R K W 2 9 5 R ) BR A 2E 1
ITB MICs'™ L 96 FLAR o4 W 2 1) 40 g nl 0l 2
14 S5 AP T 75 vk B2 AR MICs
1.2.4 IR i 24 35 P A )

I 2 1 1 45 A B DNA BEAR 25 pl PCR 37
WK R K. 10 x Tag DNA Reaction Buffer 2.5 pL,
20 pmol/L I F ¥ 51 # 4 0.5 pL, dNTPmix
(10 mmol/L) 0.5 pL,ExTag DNA B4 (2.5 U/plL)
0.5 wL, DNA Bi#g 2.5 wL, JC & # 4l K #b & =
25 pL, PCR S 195 C HiZ8¥E 5 min;95 °C 4%
P 1 min,50~57 CiE k 30 5,72 °C ZEf# 30 5,30 4
PG 5 72 CHEM 10 min, PCR ¥ T 1. 0% 3%
JIE AT Je 1A A7 A SR FH B R R R S 40 IR W %
o
1.3 Gil*abr

i SPSS 20. 0 # 47 - J7 K 5 3 B £ g, P<
0.05 N ZESFAGIFENL,

2 BERE5HW
2.1 IR b AL TEVD TR o B

M 388 Z A S (FE A 193 £y XS 195 1)
B3 157 BRUP T, Horh G 48 B9 1T e
93 ¥k (59.24% ,93/157) , X N 4 B Vb 1114 64 B
(40.76% ,64/157) . IMLVE % 53 B 45 2R W, 16 BT 43
B 157 BRI b, A FEV TR 40 Bk, 405
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R 25.48% (40/157 ), Horfr U A o 43 55 1) 23
e, o A B FE VD TR I BR B9 57.50% (23/40) ,
MG R o B B 17 AR, 42.50% (17/40) . A
MGV TR A KRG FED T H B EE 7T
Gt FE R L (XP=2.62,P>0.05)
2.2 RGFEVD TR R AR 2t 24

302 PR B3 FE VD T AL 290 B (96.03% )
Syr A RA N H R E R w25 M, Hoh 241 B
(79.80% ) h Z E it 25 v ik, BT FE VD TR X S|
S3. TET. AMP it 25§ & 8 @&, 40 5l K 78.81%
(238/302) . 78.15% ( 236/302) . 75.50% ( 228/302) .
71.85% (217/302), Fit 41 18 ¥k X FEP | IPM 5 &
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Figure 1

F L2 AT R [ Ok U 1Y LA FE VD 1) B 22 i
GNP R 2N Ll &I R %
VOB £ B 245 K 5 84. 58% (181/214) , T Eiifit 24
A g N M 25 (35.98%, 77/214) 5 1 OH it 24
(27.57%,59/214) , sh¥ I R A FE VD116 2 HE it 25
RN 68.75% (33/48) , F ETif 24 2 1 o DU & i 24
(22.92% ,11/48) FI/NFE i 25 (18.75%,9/48) . A
T R FEVD TR 2 FE i 258 0 67.50% (27/40) , &
TR 25 2 R Sy DU i 24 (25. 00% , 10/40) 1 T 5 i
25(20.00% ,8/40) , 1 WL, & fh IR R A ZE VD 1T B Y
EA PSS R Y/ R R DN =X 7 S N G|
S V5 BR A3 FEVD T BRI 7 AR I T 2 5 A BT R )
i U8 4 B Bk 3G 7 AR 60 i 25 93, 1 B 243
AMP-C-CN-NA-S-S3-SXT-TET-TMP (n = 31) . AMC-
AMP-C-CN-NA-S-S3-SXT-TET-TMP (n = 23) , AMP-
C-S-S3-SXT-TET-TMP (n=18) , ¥ I 7 & bk 4t =
A 20 Fh 2535, T 25 3% DL S(n=5) , C-S-S3-SXT-
TET (n = 5) . AMC-AMP-C-CIP-CN-NA-OFX-S-S3-
SXT-TET-TMP (n =5) R ., AU 5 &t 3L = 4
19 Flifis 25 3% , P 4 i 25 3% 0 NA (n=7) ,AMP-S-S3-

Frequency of antibiotic resistance of Salmonella enterica Typhimurium from different sources

TET(n=7) .AMP-NA-S-TET (n =3) il AMP-NA-S-
S3-TET(n=3).
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Figure 2 Multi-drug resistance of Salmonella enterica

Typhimurium isolates from different sources
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32~1024 2~64.0.031 25~1 mg/L, W& 3, 54k
BT B R Bl R R N R B0 JE VD TT TR Y MICs
TE 1 024 mg/L 4347 i 2 (44. 04% ,133/302) , Hill i
50% 323 AR KT MIC (MIC,, ) FHMH] 909% % ik
A FTAT MIC(MIC,, ) 735140 1 024 #1>1 024 mg/L,
=S PR R G R N 3 W R R A3 FE YD T T Y
MICs 7£ 512 mg/L 43 4 iz 2 (49.34%, 149/302) ,
MIC,, A1 MIC,, 4344 512 F1 1 024 mg/L, KILHA
i Xof £ it YRR Bl 40 R R4S FE VD T T Y MICs SR £ 4y
i fE 16 mg/L, 15 59.93% (181/302) , NV R A5 FE v
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M MIC,, 4% %14 0.125 00 F1 0.500 00 mg/L, U
22, THTEFIXF A ) o VR B BT FE VDT 1 MIC,
M MIC,, WA BT AR, 5 4B | — &5 UK R K
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Figure 3 Distribution of disinfectant MICs among Salmonella enterica Typhimurium
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Table 2 MIC,, and MIC,, of disinfectants in Salmonella enterica Typhimurium

; AR =&t =R R EIRRR R 2 Tl At
KR

- MICs, MIC,, MIC, MIC,, MICs, MIC,, MICs, MIC,,
B 16 64 0. 125 00 0. 500 00 512 1024 1024 >1 024
EILY/R 16 64 0. 062 50 0.500 00 512 1024 1024 >1 024
N 8 32 0.031 25 0.125 00 512 1024 1024 1024
JIT A T 16 64 0. 125 00 0. 500 00 512 1024 1 024 >1 024

Z ISR K R R RUR R
AL A = ST BRAGZEYD T MICs KT 256,
256 .8.0. 062 50 mg/L F BBk E SRR 245 76 B, I R
PR FEVD 1T 1R X L 25 2R 43 51 A 85. 43% (258/302) |
72.19% (218/302) . 78.81% ( 238/302) . 54.30%
(164/302) , SR, AT 5 v 3R 4 i fx B 47 €
TR I R 5 55, = S E MR R R, AR ]
S U B0 FE VD 1T TR R AS [ R 2 0 R SR B R
) B2 B ek, £ U5 5 2 W TR 4y B R X 4 RO
LTSRS B o N NS =87 D0 I B 1| O
203 HL IR 0 R A I A R FL SR B R — SR Y T

HHEGANFE BRI ERASEIT¥E XL (P<
0.05) . B &IES W iE B A%GZEV T X 4 Fhil 3
R 25 7 N B by 58 4 it > o L S i > — 7
FURMR > =GB, R B3 2800 171 B X 1 25 50 T 24
8 B = G UR R > 5 A A i > O L 58 4 >
=& WL 4,
2.4 BRGFEVD T IR I o ) 24 5 PR AR

TH B 700 1 25 2k D78 43 B bk b 3 A A ) JL e
qacEAT BHYE TR AR 3L 172 Bk, K2 R 5 i (56.95%
172/302) ,sugk (p) ¥ R4 20.53% (62/302) , 1
qacE 6 H R AR (2. 65% ,8/302) , A [] ok I L 4
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Figure 4  Frequency of disinfectant resistance of

Salmonella enterica Typhimurium
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