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Abstract: Objective To understand the antimicrobial resistance and the mobile colistin resistance gene mer carrying
status of Salmonella isolates recovered from foods in China’s Mainland in 2022. Methods Broth microdilution method
was used for testing the antimicrobial susceptibility of 575 Salmonella isolates against 17 antimicrobial compounds which
belong to 11 categories, and mcr genes were detected by PCR for all tested isolates, followed by whole genome sequencing

and bioinformatics analysis in terms of the mer gene PCR positive isolates. Results  The resistant strains accounted for
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84.70% (487/575) of the 575 Salmonella isolates and the resistance rate of the tested strains to nalidixic acid was the
highest (58.61%, 337/575). We found one Salmonella strain resistant to imipenem and another one to tigecycline. The
rate of multi-drug resistance of all isolates was 61. 39% (353/575). Some isolates could be concurrent resistant to as much
as 10 classes of antimicrobials. There were 147 kinds of antimicrobial resistance spectrums. The dominant resistance
spectrum was SAM-CT-AMP-NAL, accounting for 28.57% (42/147). The antimicrobial resistance rates of Salmonella
from different sample sources were significant statistically, with the highest resistance rate (95.51%, 85/89) of
Salmonella isolates from frozen raw chickens. Salmonella isolates recovered from both Hebei and Heilongjiang Province
got a 100% resistance rate. Six Salmonella strains recovered from Hubei, Hebei, Anhui, Liaoning and Shandong and
harboring mer-1 gene were detected with a detection rate of 1. 04% (6/575) , all of them were multi-drug resistant strains.
The predominant resistance genes among these mer-harboring Salmonella isolates were aac (6')-laa, mer-1. 1, fosA3 and
so on, the main plasmid replicon types were Incl2, IncPl and IncHI2, respectively. Conclusion The Salmonella
isolated from foods in China’ s Mainland in 2022 got an overall high level of antimicrobial resistance, with serious

phenomenon of multi-drug resistance and complex antimicrobial resistance spectrums. In addition, there were also some

2024 4E45 36 &5 12 1

isolates with multi-drug resistance while carrying mer gene, which should be given sufficient attention.

Key words: Salmonella; antimicrobial resistance; mer-1; colistin; foodborne pathogens
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Table 1 Primers used for PCR detection of mer genes

Ay 5194 5% 5IYFH(5°-37) BRI (bp)

mer-1 mer—1_F  AGTCCGTTTGTTCTTGTGGC 320
mer—1_R AGATCCTTGGTCTCGGCTTG

mer-2 mer—=2_F TCTAGCCCGACAAGCATACC 715
mer—2_R TCTAGCCCGACAAGCATACC

mer-3 mer=3_F AAATAAAAATTGTTCCGCTTATG 929
mer=3_R AATGGAGATCCCCGTTTTT

mer-4 mer—4_F  TCACTTTCATCACTGCGTTG 1116
mer—4_R TTGGTCCATGACTACCAATG

mer-5 mer=5_F ATGCGGTTGTCTGCATTTATC 1644
mer=5_R TCATTGTGGTTGTCCTTTTCTG

mer-6 mer—6_F AGCTATGTCAATCCCGTGAT' 252
mer—6_R ATTGGCTAGGTTGTCAATC

mer-7 mer=7_F GCCCTTCTTTTCGTTGTT 551
mer=7_R GGTTGGTCTCTTTCTCGT

mer-8 mer—8_F TCAACAATTCTACAAAGCGTG 856
mer—-8_R AATGCTGCGCGAATGAAG

mer-9 mer=9_F TTCCCTTTGTTCTGGTTG 1011
mer—=9_R GCAGGTAATAAGTCGGTC
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Table 2 Antimicrobial susceptibility testing results for 575 Salmonella isolates against 17 antimicrobials
MCELES B 1A 24 ) 1 B it 24 TR AR B/ %% A AL % U R B %
PN T i / PR T e it 400 o) 550 288 SAM 272(47.30) 57(9.91) 246(42.78)
e 75 B 9 25 IPM 1(0.17) 0(0) 574(99.83)
IR GEN 134(23.30) 9(1.57) 432(75.13)
K R AZI 67(11.65) — 508(88.35)
PUERE TET 283(49.22) 100.17) 291(50.61)
TGC 1(0.17) — 574(99.83)
R CHL 230(40.00) 8(1.39) 337(58.61)
FFC 233(40.52) 89(15.48) 253(44.00)
ZEWHELE CT 175(30.43) 400(69.57) —
HERE AMP 331(57.57) 0(0) 244(42.43)
A RS NAL 337(58.61) — 238(41.39)
CIP 107(18.61) 28(4.87) 440(76.52)
e f1 2 CAZ 96(16.70) 16(2.78) 463(80.52)
FOX 10(1.74) 63(10.96) 502(87.30)
CTX 142(24.70) 0(0) 433(75.30)
CFZ 188(32.70) 107(18.61) 280(48.70)
itk e 2% SXT 159(27.65) — 416(72.35)
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2 TR R 52 B TR 25 W R 2R DL LI 1.
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T RO~R10 /R U0 1111 43 Bk 5 I 1 52 BT 10 2640 141 24 4 f e
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Figure 1  Types and proportion of Salmonella resistant to 10

classes of 17 antimicrobials (n=575)
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Figure 2 Multi-drug resistance of Salmonella isolates from different provinces
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Figure 3 Multi-drug resistance of Salmonella isolates from different sample sources
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F3 6 bk mer HE K PCR BHE B R 51 43 382 280 Rk K] 2
Table 3 Information of 6 mer gene PCR positive strains in this study
R i 1 35 A STH Z T 255K iiif 2 3% i 245 s [ SR A2 ] ¥ 8 Al
aac(3)=Iv.aac(6')~Ib—cr.aac(6')-laa .aadA22
SAM-GEN-AZI-TET-  aadAS .aph(3')=Ia .aph(3')-1b .aph(4)-1a .aph(6)-
2022560 Indiana 17 10 CHL-FFC-CT-AMP-NAL-  Id .armA \ARR=3 \bla .y  ss-bla,y,_, bleO .catB3 IncP1
CAZ-CIP-CTX-CFZ-SXT dfrA17 .fosA3 .Inu(F).mcr—=1.1 .mph(A) .mph(E) .msr
(E).0qxA .oqxB .sul2 .tet(A)
aac(3)-Iv.aac(6’)=Ib—cr aac(6')~laa .aadAS5 .aph
SAM-GEN-AZI-TET-
(3')=Ha aph(4)-la .armA ARR=3 \bla .,y  ¢5-bla-  Col156 IncHI2
2022875 Indiana 17 10 CHL-FFC-CT-AMP-NAL- S
oxa.1 CatB3 \dfrAl7 floR fosA3 .mcr—1.1 .mph(A),  IncHI2A \IncX1
CAZ-CIP-CTX-CFZ-SXT
sull \sul2 tet(A)
SAM-GEN-AZI-TET- aac(6')-laa .aac(3)-Iv.aac(6')-1b~cr .aph(4)-1la
Col440 1 .Incl
202251970 Indiana 17 10 CHL-FFC-CT-AMP-NAL-  ARR-3 bla . y v 123 bla,y,_, catB3 .dfrA12 floR
' ’ i (Gamma) . IncP1
CAZ-CIP-CTX-CFZ-SXT SosA3 .mer=1.1 .mph(A) \sull \sul2 .tet(A)
aac(6')~laa .aac(6')~Ib—cr .aadA2 .aph(3')-la .
SAM-TET-CT-AMP-NAL- IncHI2 . IncHI2A |
2022S175 Schwarzengrund 241 7 ARR-3 \])Z(L(‘T\,eréS J)lu()x il vcatB3 \dfrA12 fosA3 |
CIP-CTX-CFZ-SXT o ) Incl2(Delta) . IncR
mer—1.1 ,0gxA ,oqxB \qnrS1 sull \sul3 tet(A)
SAM-TET-CT-AMP-NAL- aac(6')-laa .aadA2 \bla,, \ ,, bleO .dfrA12 fosA3 .
202251610 Schwarzengrund 241 7 ’ IncHI2 .IncHI2A
CTX-CFZ-SXT mer=1.1 ,qnrS1 \sull \sul3 .tet(A)
SAM-GEN-CHL-FFC-CT- aac(6')-laa aac(3)~1ld .aac(3)=Iv .aph(3')~la .aph
202252230 Kentucky 198 7 AMP-NAL-CAZ-CIP- (4)~Ia blag, v ss blagpy o blagey o blagey o0 IncI2(Delta)
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