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Study on multidrug resistance related genes of Salmonella isolated from food and clinical samples
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Abstract: Objective To investigate distribution of integron and extended-spectrum B-lactamase produced by Salmonella
isolated from food and clinical samples, and explore the relationship between different drug resistance genes and multidrug
resistance. Methods Phenotype of ESBL-producing strains were confirmed by K-B method. The ESBL related drug
resistance genes (bla,,, blay,, bla.,) and the mobile element integron in Salmonella were amplified by polymerase chain
reaction. The amplified products of integron variable region were sequenced and the drug resistance gene cassettes were
analyzed. Results Three hundred and nine Salmonella strains were isolated. A total of 138 Salmonella strains were isolated
from food, including poultry (n=96) , raw pork (n=19) and aquatic products (n=23). One hundred and seventy one
Salmonella strains were isolated from clinical samples. The drug resistance rate of 309 Salmonella strains was 78. 3%, and
the multidrug resistance rate was 41. 1%. The antimicrobial resistance rate of poultry was the highest. A total of 56 ESBL-
producing strains were detected, of which 35 strains carried the ESBL genes (15 strains carried bla,,,; 10 strains carried
bla ., 10 strains carried bla,,, and bla., ). The blagy,, gene was not detected. A total of 98 strains which carried class |
integron gene were detected, and the positive rate was 31. 7%. Among the 98 strains, 54 strains carried drug resistance gene
cassette. Forty seven strains carried dfrA and aadA, 1 strain carried linG-aadA22, the rest were empty gene cassette. The
multi-drug resistance rates of integron positive and ESBL-producing strains were as high as 98. 0% and 89. 3%, respectively.
The positive rate of integron in ESBL-producing strains was 76. 8% (43/56). Conclusion The class I integron and ESBL-
producing Salmonella were widely distributed in this area. The genotypes of ESBL-producing strains were mainly bla,,, and
bla,,,. Both integron and ESBL-producing strains were associated with multidrug resistance. The dug resistance situation of
Salmonella in this area was serious, and it was particularly necessary to pay attention to the standardized use of antibiotics in

poultry breeding.
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VW5 Al LA BT A — 3R e N AT 259 T
el AT B 4 2 00T o AR 5% T R BT A R O
Bl geit , LM ENA 135 7 NEQ T3, H
126 500 NTAEBEIAIT . 29 400 2 A2 H 0 17T 1R
P AT o R E L TR S R B T E A
BN BRI R NRZE I RE R
TR, T W AT R i R e 42

ARk B = ARk FL R R Y )T Al L K
Il PRAS B9 T 24, {45 Bk B 22 1 7 18 T 3% B- PN Bt
Wiz it 2% (Extended-spectrum B-lactamase , ESBL) ifit 24
AR K B, 4 I DRI 9T B T 25 ok BRIy
i o IZEE R T R T, BE D B E AL blayy,
blagy, blag, 55 , /N [F] 1y X 7 7118 B KR 25 ASAH R
Bt AT X TS 245 BT 8 TR A 5, K 8 22 fR T 245 BIL
il B K B Horh RS TR AR T AN OB B (1
A b 5 DR SRR 2 3k 1 T A% sl s AL oo, S TR
2 1S 24 RV 245 TR F) A R 2 DI AR OG0 B T
P52 B 24 B DA &, TR Tl 2 Bk [N e B RS 4 T
AT, W AT LUK R 25 HA A i . i T35+
A LA AT 2 AN 25 BRI DA > R G A 3 4 At
M5 5 E UL — RS Z A2 55 . X —
AL A5 0 170 T T 245 e DA A 4 B DAy oL 3 T 24 7 A
DR B B

AW S W A LT AR K E K
T TR P ESBL B AR AL DL KRS 7 a0 A O
5iZ b XY b 5 B I R EEAS B B a1
PEAT XL BRFEAS R R VD 1] 18 £ 86 45§ \ESBL &
PV O3, Ol 4 5l R 5 B 25, TR ABIE 5T 2 T
2y B 4R AR S

1 #MR5F*
L1 F 25

VITEK Il 4 A A4 Ak % A (2 FAg L), &
H S BE AR R 58 \PCR X (Bio-RAD) .

2% wp 2 1 K (Buffered peptone water, BPW) .
DU B il 1R 4 S % 3 B K (Tetrathionate broth base,
TTB) . VA {2 £ B & B2 (Selenite cystine broth, SC) Ity
F AL SR AT L 0 1) . €0 B 53 6 (i R R B 57 ), il
W 34 T W (Sulfonamide enrichment solution, SBG) .
Mueller-Hinton B5 i (MH) W [ 75 & i 14, 4 % [C P

P SR 2 ORI (g B ) 5 25 AR i (B
Oxoid) ; VITEK A4k % 5 #r (35 E Mg L 18) ; 2Xpremix
(Promega) .
1.2 SEE 5k
1.2.1 YIRS S5 %E

VE L W 2017—2021 4RI TR M E AR
B RKER K REEN . R GB 4789.4—2016
K 7 i, B R AEAS 25 o, B A F 225 mL BPW
H1,36 CHEFE 18 he B 1 mL B9 B ¥ 43 A 10 mL
TTB A1 10 mL SC H1 . £§ 36 ‘CHi 3% 24 h J& , 50 2
FFH) 55 70T B A H L, 36 CCHE SR 24 h 5 PR ICAT BE
AT AR . BUAR M IX BER W TR SR &
TR v 5 RS JR A S AR A 2D T SBG MWW
H1,36 CHi % 24 h J5 R TRV 5 10 1] 607 i,
36 ‘CHiFE 24 h, W Al BE R I HEATAE AL S A2 .
1.2.2  Z§fdEs

P B RS 1. 5x10° CFU/mL ¥ B 1 14
BT, B 100 WL I 10 mL 32 FhoK H | B B I 32 b o
2% PG M T AU B 2 ORI AR, 37 "CIR T 18 h J5 L R
/MR R EE MIC {6 . KIBIR A ATCC 25922 1E
R EE R bR . 14 FhbUAR R A LRSS, 4 I D v
Ji2E - Z8ERR (Nalidixic, NAL) JAN VP & (Ciprofloxacin,
CIP) ; B- W9 Ik e 25 : 3k #0 E i (Cefotaxime, CTX) 3k
il 74§ T (Cefoxitin, CFX) | 2 *F 7§ # (Ampicillin,
AMP) 2R PE AR/ &F BV 3 (Ampicillin/Sulb, AMS) 3k
T Ath g (Ceftazidime, CAZ) . 3k ¥l Mk Wk ( Cefazolin,
CFZ) .} 15 7g (Imipenem , IMP) ; KR N Fig 25 . ff &
7 % (Azithromycin, AZM) ; U 3f % 25 . U 3f &
(Tetracycline, TET) ; A F E X A F =%
(Chloramphenicol, CHL) ; & M H L . K KEZR
(Gentamicin, GEN) ; fifi [t 28 - fiff e FH G ik / FHY 407 g
(Trimeth-Sulfame, SXT) . %5 iy i 24 (Y 5 A4 5
Il PR 01 52 55 %5 5 4 D5 25 (Clinical and Laboratory
Standards Institute , CLST) %5 # M 100-S30-2020.,
1.2.3 7% ESBL 2 AU ik 56

Z: B8 CLSI i 388 $) %2 b5 #fE , A H Kirby-Bauer J
B, o0 B E VD I B AR MH 85 3R 3 1Sk e g Sk
T E Sk 6L 5 / 5 o AR R Sk 64t BE / 5 Hr 4 2 (1 41
WA B AR B 7 Sk AR i Sk A il g oA
iy 5 e P e B A 25 J5 M 3 B R K
25>5 mm, W52 7 ESBL 26 78 BH 1
1.2.4 #4657 K" ESBL A ¢ i 25 3 4 E

B R B 1] DNA, #41LL & ESBL #H
KIS, VRN T A 0L 17, A BmA 12,5 pL
preMix BE TR ,8. 5 pL LB /K, I FiF5 9
% 1 pL,2 pL A 50 DNA B AL 25 L AR &, #E17
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PCR JZ ¥ . PCR KL & FEW 2 2,

1 ESBLAIRIERH A SE AT PCREIY)
Table 1  The PCR primers for ESBL-related genotype and
integrons

H b % 4 SIYEAI(5—3) B 3 < B /bp
F:GATGCGTGGAGACCGAAACCTT

K h 303
[xgaT R:TAACGCGCTTGCTGCTTGGATGC

F:GTGCAACGCATTTTGCA
N :
sy R:CAACGGACATGCAGATG 403
F:CATTTGTGTTGTGGACGGC

R:GACACATACGTGTTTGGCAA

RELTF F: GGCATCCAAGCAGCAAGC K ji
] AR X R:AAGCAGACTTGACCTGAT e
b F:TCGGGGAAATGTGCG 97

TEM R:TGCTTAATCAGTGAGGCACC

F:GCCTTTATCGGCCTTCACTAAG
blag,, 898

R:TTAGCGTTGCCAGTGCTCGATCA

" F:ACCCTTTCCAATGTGCAGTA 436
Gerv-w R:ACGTCACCAATGCGCGCCC

2 PCRY" &M

Table 2 PCR amplification conditions

WAEE/ Bt/ Rk AR/ ZSEAR/ (R
(C/s)  (C/s) (C/s) (C/s)  (C/s) WH

EEUE-YA]

“AET 94/300 94/30 58/30 72/30 72/600 30
nj 7 X 94/300 94/60 56/45 68/300 72/600 30
f': ESBL

N 94/300 94/60 58/45 68/300 72/600 30
A / / /

1.2.5 JERMF

AT AR I ER, Bl K —
HE AW w4 S 3E i CARD dE
JE HE X 43 AT o

2 &R
2.1 JZESBLIWE5%A T/

A 2017—2021 47 2 WAl 8 5 b 4 25 138
BRYDTTR , Horb 96 BRoR A & 25,19 R AHAEHE IR,
23 Rk A K™ o NI RAEAS th k489 171 R TT]
W o 309 BRVDTTE AT 56 Bk ESBL 3 7Y fH M
WL BAPE R 18, 1%, 5 HoA & U5 P 00 B AR F g
R B AA R RAEARFBRWE ™ ESBL &
TR PAPE R A, ik 3 31.3%(30/96) , HL vk Hy il IR
FEAR 14, 0%(24/171) MK =i 8. 7%(2/23) 56 A
HOR RS o SRR R I PR o 15 BREEAY blayy,
FH 10 BRHE AT blag,, 2 F 10 SR AW blay,, S5
bla ., WHREH , HoAp FF Rk o

309 BRIV TTER P ALK Y 98 Bk T 28 A 7 FH
WLBHMEREN 31 7%, Ak T MEREF. &
PCR B & F 0l A8 X P8, & B 54 R4 Tiid 24
N A, R A BEM 150 bp #1800 bp A%,
PCR ¥ 34 7= Wy ol 0 5 6 A5 00 ) o b 6 ARV TT 08
M) 150 bp R B zs B & o Hx 48 BRfbal 3 Ak
Kl & - 43 BRHEAT T 25 B K & dfrA17-aadAS , 4 BRHEF

sr 40.6 [ JESBLs
401 W # 47
35t
30t
S
850
H
= 20
= 15.8
15F
10} 8.7
5 .
\ ‘ _ 0} ,
KR TR i A I R AEEA

1 AFDRIRVS 1B A5 T 1577 ESBL A FH 4%
Figure 1 Integron and ESBL-producing positive rate of

Salmonella from different sources

it 25 5L F & dfrAl2-aadA2, 1 Bk 254 T 25 3k &
linG-aadA22, dfr j& — E M R4 5B 3L N | aad 1%
TREBMAEN ., WA G TN & TR
WMA B NFE W linG-aadA22 ., linG =& FK ] 2541
AR R P AE R F A TR 2 KA
B IR YT AR linG B4 T3 M &XT D IR A &1
A KO TERE MR BT AT L3 i A K £ 4 ) 2L
b 2R 2% I PH M 20 A, 2 0 T 5 LA R B IR T
FEA LA o DA R R R VD ] R R A 5 A 1 O
o ZEREH DB B I THEILES 7 5 i
{5, 0 40.6% (39/96) 5 Ho Uk N Il IR FE A Sk 5,
30.4%(52/171) . RGN 5K &G #5700 2 0
Wk 17.4% F115. 8%

2.2 il s R

309 BRVD TR i 25 5% 78. 3%(242/309) , Ho
FEXKEFE L5 82.3%(79/96) , HAlL K vk it R AE
A 80. 1% (137/171) AEFE A 73. 7% (14/19) LK 7™
i 52.2%(12/23) . it =R FE L RPER WL E
fif 25,309 #& VP '] & 2 S 253K 41. 1%(127/309) ,
KB 52.1%(50/96) i IRFEA 38. 6% (66/171) .
K7 b 30.4% (7/23) R 21.1%(4/19) o H
3 Rl i 2R B AR I 30% AR R A NAL,
TET . AMP AMS .CFZ. & 5 Fdid: 23500 10 fif
P4 ZE  NAL B8 — R S b A =, AMP,
AMS . CFZ ¥ 85 — % B- N BE R A= 2 o Ik 4h,
BRIV TTH AT CFX 5 IMP Y40
2.3 46T JPESBLE S 25 R 1 L&

e Xt A 7 5 77 ESBL B A BT AR i 24 R (1 5
Wi, 3 4 Pl LUE L BR CFX 5 IMP 4F, & & T 57~
ESBL B X HABHT A= RS 25 2B A 50 . 56 #& ESBL
PHAE PR B T MRl 76. 8%(43/56) . BAT 5
7= ESBL B ¥ AT i 41 RGBT AR K A 24 3 S5
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Table 3 Resistance rates of Salmonella from different sources to 14 antibiotics (%)

NEES SRl

EIGER

11 (n=309)

I KR AR (n=171) R & (n=96) HEHE R (n=19) KT i (n=23)

cIP 20(11.7) 29(30.2) 0(0) 5(21.7) 54(17.5)
CHL 30(17.5) 28(29.2) 3(15.8) 6(26.1) 67(21.7)
NAL 86(50.3) 70(72.9) 6(31.6) 8(34.8) 170(55.0)
GEN 27(15.8) 16(16.7) 0(0) 4(17.4) 47(15.2)
TET 78(45.6) 43(44.8) 9(47.4) 8(34.8) 139(44.7)
CTX 22(12.8) 25(26.0) 0(0) 3(13.0) 50(16.2)
CFX 0(0) 0(0) 0(0) 3(13.0) 3(1.0)
AMP 106(62.0) 62(64.6) 8(42.1) 9(39.1) 185(59.9)
AMS 61(35.7) 34(35.4) 2(10.5) 3(13.0) 100(32.4)
CAZ 6(3.5) 17(17.7) 0(0) 2(8.7) 25(8.1)
CFZ 55(32.2) 36(37.5) 1(5.3) 5(21.7) 97(31.4)
IPM 0(0) 0(0) 0(0) 0(0) 0(0)

AZM 11(6.4) 11(11.5) 0(0) 2(8.7) 24(7.8)
SXT 56(29.8) 28(29.2) 3(15.8) 5(21.7) 87(28.2)
AMR 137(80.1) 80(82.3) 14(73.7) 12(52.2) 242(78.3)
MDR 66(38.6) 50(52.1) 4(21.1) 7(30.4) 127(41.1)

TE < DU R P 24 25 0 v 3 B o

B T ORI G T R A dfr
aad FEW , ZH 0 HIE MR I G W) H R BT 2R 4y
Pruy s 25 ZE ) ol 3% 4 nT0, B G 7 BH AR R P,
259 SXT & HBEH I 251 GEN Tt 25 5 73541 1

81. 6% Hl 43. 9% , 5845 W1 T it 25 54 B oR %
S UL BTG T B A ST 2 R A A R — B
Pk B A T it 25 3 W &bt Rk B 5 B-IN
Tk Jeie 2 0 26 28 AH DG A i 25 BE 1A

F4 G F AT ESBL XA R 255 19 5 00 (%)

Table 4 The effect of integron and ESBL—producing strains on antibiotic resistance rate (%)

P BHET ESBL

Lo BT M (n=98) Bl (n=211) B (n=56) [ 1 (n=253) P
CIP 50(51.0) 4(1.9) <0.01 29(51.8) 25(9.9) <0.01
CHL 38(38.8) 29(13.7) <0.01 33(58.9) 34(13.4) <0.01
NAL 70(71.4) 100(47.4) <0.01 40(71.4) 130(51.4) <0.01
GEN 43(43.9) 4(1.9) <0.01 29(51.8) 18(7.1) <0.01
TET 85(86.7) 53(25.1) <0.01 45(80.4) 93(36.8) <0.01
CTX 37(37.8) 13(6.2) <0.01 29(87.5) 1(0.4) <0.01
CFX 0(0) 3(1.4) >0.01 0(0) 3(1.2) >0.01
AM 94(95.9) 91(43.1) <0.01 56(100) 129(51.0) <0.01
AMS 53(54.1) 47(22.3) <0.01 29(51.8) 71(28.1) <0.01
CAZ 16(16.3) 9(4.3) <0.01 23(41.1) 2(0.9) <0.01
CFzZ 56(57.1) 41(19.4) <0.01 49(87.5) 48(19.0) <0.01
IMP 0(0) 0(0) — 0(0) 0(0) —
AZM 23(23.5) 1(0.5) <0.01 10(17.9) 14(5.5) <0.01
SXT 80(81.6) 7(3.3) <0.01 28(50.0) 59(23.3) <0.01
AMR 98(100) 144(68.2) <0.01 56(100) 186(73.5) <0.01
MDR 96(98.0) 31(14.7) <0.01 50(89.3) 77(30.4) <0.01
3 Wig i 225 5%, 3% 5 A% Ml X 88 S SR o A b 3R A R 0 T

3.1 ON[AISRUE VD A T 245 1 10 43 Bt

AW 5T 25 AL R W AN R SR IR VD T B it 2 A T
25 TR AT 24 500 & 2 F N 245 %, Bk
TR VD T BA B i 24 R 35 FR 4 FPORIR Z 1, 2 ) e ik
82.3% 1 52. 1% . A[FRBE (IR AR KRG K
KT i) BT T B B0 5 — AR T R 2 BT A R NAL
e — A% B-NBE RSP A R AMP L AMS (CFZ 7= /E
BRI 250 o BRPUAE R CFX AL IMP LLAh , &2k
VRV TT X HoA 12 R R 25 R m TR

A 37 A A Rk v P A= 2R T R) g U0 R DG B0
FEB SR o B B e AR R A0 A IR WA
XFF P2 ESBL U 116, X CFX A IMP 45 4 08,
X AP R AT IR b 7= ESBL BB G B I IR IR YT
25, I oe 45 5 5 H Ah I RIG J7 ESBL & 51 & /Y
PERT 7 A — 2
3.2 AHb X 77 ESBL B 3 K R A7 0

LYK 56 Bk ™ ESBL B LA 3 FpJL 7 |
blaggy  blag, X — 35 e IF AL, 7 40 5 R 26. 8% .
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17.9% 17. 9% , 15 B A= 1y [X 35 P AU Ay i 3 A S R Y
At s E] 62. 5%, 5 E NI AL XA L, blay,,
5 blagy, 5 HCBAR > TR, A3 AR A A I it 25
S i HR 37, 5%, I EG B R T 0 i X g B
AR HiL X AT BEAFAE LA 3 AT 6 PR otk 21 BR R A A
ORI 24 B R A o i — 20 8 38 R IR R RS A

3.3 AT 577 ESBL T A £ 5 24 i 5 0

56 Pk ESBL PHE B4 8% & + FHME 2 35 43 %
(76.8%) A FIIMEZAL 13 $7(23.2%) . HILA]
WL FE7” ESBL W& & F A e )z s R 5
TR AT AR P s S e ™ ESBL 5 dE 7 ESBL
KGBEAHWETES FHERSGE R, EE T8
Z 5 ESBL WM 25 P T8 5. 1 88 A B A 7 ™
ESBL % £ T ifif 25 28 43 5l &5 35 98. 0% 1 89. 3%, FH
PE TR B 3 AR B 45 A A S TR 25 Bt v S R AR X
WETET S DU R R NERR HER S AERE
WE A 2 UL B A R A SN Z R E
F | T 245 ML 25 2 A 0 W I, B AR S o, 02 4 JiS F Y
Tiif 245 1 1) B Ly )

i LR L T XV TR P A 7 57 ESBL
WAz 258 34 1% . A F 5™ ESBL 4
A BEAFTEAH S 41 B 1 22 5 Tif 25 B 35 A B
L I RIE T R, PF ESBL B Al LL ik $E IMP AN
CFX, JCit 76 I R 40 J2& 25 B AT M, ¥ 7 fin i s 4, &
L P .

5% Lk
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