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M & E@RNMIEKBIFE mer-1 5 ESBLs EEXER W

helF R BAR HE KELS
P BB 2 B L WU 611130)

W OE ATHRONERRDHRRMATE mer] &R R RATH L, LL 58 # - A B8 A W (ESBLs) £
T e S A G A AE R R B AR s A T AR TR B AT 26 4 e OB b KR PCR AR B Ak mer-1 . A B mer-1
Fal@ 4P ESBLs AR XA R AR AEBSHEB KB ST mer]l 5 ESBLs AR EHBeat i, 2R 25
190 4k K W AF B 69 mer-1 #rth % % 36.84% ,75. 71% mer-1 TR M 4 F B it 4 8 ESBLs A W, £ &4 blarpu
blacrsess F2 blacrsov AR FIK BT smer-1 TR 3T R W & (ATM) (k38815 (CTX) A= % 4614 & E(COL) @t 25 41
BEGST morl MERH(P<<0.0D); FAsBEH 47 14% L ¥R mer] o ESBLs AR X 2B 240 F A&
LSRRGS ARRREAR, S L. EWNERRSIHBRRXMAHARA P .mer] 5 ESBLs AR E AL
EHAE ARG ERSEERFEE AR ERGRGFEBLTETEEL,

KEIW Bmsh: KMAFE: merl; ESBLs AR k448

hESES  S852.61 X EHS 1007-4333(2021)12-0129-08 XEARERS A

Analysis of co-transfer of mcr-1 and ESBLs genes in Escherichia coli
isolates from food-producing animals in Sichuan Province

QIU Jianyu, SHU Gang, YANG Chenglin, GAN Ting, LIN Juchun”
(College of Veterinary Medicine, Sichuan Agricultural University, Chengdu 611130, China)

Abstract The aim of this study was to investigate the prevalence of mcr-1 and the co-tansfer of mer-1 with ESBLs
genes in Escherichia coli from food-producing animals in Sichuan Province. The sensitivity of mcr-1 to different
antibiotics was detected by broth microdilution method; The ESBLs gene type of mcr-1 positive strains were detected
by PCR; The drug resistance mechanism of co-transfer of mcr-1 and ESBLs gene was analyzed by plasmid conjugation
transfer test. The results showed that: The detection rate of mcr-1 in 190 E. coli isolates was 36.84% , and 75.71%
mcr-1 positive strains was detected ESBLs gene simultaneously, mainly blatew:s blacrxmss and blacrxmia as the
dominant genes; The resistant rate of mcr-1 positive strains to aztreonam, cefotaxime and colistin was very
significantly higher than that of negative strains (P<C0.01); The rate of plasmid conjugation was 47. 14% . The
transconjugants with mer-1 and ESBLs of co-transfer had acquired resistant phenotype and genotypes from parental
strains. In conclusion, in the food-producing animals source of E. coli in Sichuan Province, the coexistence of mcr-1
and ESBLs genes is widespread and the resistant genes is easy to spread horizontally. which is of great significance to
the production of multiple drug resistance of strains.

Keywords food-producing animals; Escherichia coli; mcr-1; ESBLs genes; co-transfer
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PRI A K, PR — Bt a) , I AR R A BE
4 TR X 22 %6 TR 2R A T 24 P A R AR B KO, B 24
P g R T, BT AR . IRk T 2 1k
W e R b S0 P U 20 DA 22 R R i 2 R g
Tk 2015 4F Liu 585 25 I B U5 K A 14 485 4 1
JORL A mer 1 R, H kB0 IZ N g S
MCR-1 45 [ 8 2040 Ml BT iR E AR BT A 8 05 1R & %
Jle Se et A AN A A L AP IR S5 Z R R R R MR
M. B Z /W R LMW, M5 Eekaih, 1
AP GE IS NS S 2 eI R R
K o100 B W 2 B, A 40 80 4R
A G U5 K AT T T A AE o1, Bl B[R] 4
B FE DR 3 B e X BT LA B S Bh TR
AR ARG HE R A L AN 2018 4R 3R IR K g
FFE H mer-1 K R E Ik 76, 2%, 5 i 3h 8 R
AN mer-1 BAPETE R 20 FHEIE B R B, i &
Wik oK S AR IR S W) B R A 2 R A TR
MW s s Ay rlfig, X A3 2l T
JE
W5 R A mer-1 B BURL R B A ZFE 1,
B WA Incl2, IncHI2 il IncX4 BY i ki, 3% 26
KAl ITE AT TR TR 8] & LR #5576 7% o Incl2
Fl IncHI2 #] [F B #2447 ESBLs, PMQR Fi1 H fth it 24
I I EA NP B AR A PP i
223 WAE o i A B . & X mer1 724
PEBEAE T AT mer-1 B4 HORI 24 [0) 808 i ™
a4 S E & POl R R B Y K, 2
Tt 245 TR PR 7 L0 B ™ B O o B AR T Y R R R
K FF T AE £ il Sl ) A N S i DL %) 500 o R A7
T ST 25 PR AL 4% 00 AN B L 2 H AT RGE e S 1
M omer-1 BB Rl 2015 mer1 FHPER R 91265, A0
22 i 24 e DR A% 338 20y A 5005 0, 0 0o PR B L B
GRS A Y A, H I, A KT R
e 245 JEE DR A SR AT A 0 R I A8 1 T 24 P R R
ew EER . AWMSE LA 44 £ H 4 19 AN 7] 3
WY UE K I AT B 0 X A I 1 DL K HR )3 B
Wk e filf ESBLs B PR A 718 100« 38 3ok oo 422 6 7% % 1K
06 45 7~ it 24 35 D] e A L RS it 245 AL 7

1 Rl 57F*®

1.1 H#k
190 ¥k K FF T 20172018 4F AU I 48 A
[ 37 58 73 S8 3 0 L G A P o M E AR AR

156 BRAG IR KM FF 1R 25 AR5 I8 K FF B, 9 PR S U
M AT BB B ATCC25922 Fiiit B 2040 K W #F
W J53 AZT i Hp L A R 2 Tl R o R R s 2 B
SR B
1.2 FERFA

S MR AE G [ Y2 R A RS D s N R
g BUik 7 & W 3 OMEGA /4 F]; 2 X Taq PCR
MasterMix % Wy 5 5 #0 %€ B} FF BR A 9 80R A R
YNEI
1.3 ZoyesEiog

SR i PR 2 s B A I 190 % K T B 4
EPGH (AMP) |3k e 5 (CTX) L2 il B (ATMD |
RK & R (GEN), fif >k K 2 (AMK) | 3 5 ¥ &
(CIP) F1 £ & % E(COL) & /M B v BE (MIC) , L)
KIGFF T ATCC 25922 #RAE Ny BT Wbk . 245 B A
%3 CLSI-M100-S29 Fil EUCASTO. 0 7 i H13%
1.4 & # mer-1 K ESBLs ERE &M

%M E.Z.N. A.® Plasmid DNA Mini Kit I #%
B 190 ®k K B 4T B 10 ki DNA, mer-1 FH M B bR
B ESBLs 3 K (blaren « blacrsvi grow ~ Olacrsvs gouw
blacrsos grow ~ DlacTxons 25 groun  Olasuy T blaoxa ) R H
PCR i, #0EE R . 51 ) )7 5 55 W3 1, PCR ¥4
FEIZE 1.5 Vo 1) B R AR S R VK ARG I A% A
BEEE B A o Oy . 8% AR AR 0y 25 &R I F 8O
GenBank #7447 BLAST Xt
1.5 RuESHEBIAR

A mer-1 BAME KW FF 3 CHEAR D 5 K W #F 5
J53 AZ (CZARE) T R a1, #46 F &
25(2 pg/mL ZHH £ E M 200 pg/mL &4 B
AR BRI T . SRR R
i B 1 A ) 2 5 25 ) R L 4R IR S BRE
DNA 9" 34 A X fiif 25 B [
1.6 BIEFHITEDWT

i SAS9. 0 ¥ FREQ & )7 it 17 fif 25 8 41
i) 22 5 ML 4p BT, P=>0. 05 A 22 R W3, P<<0.05 2
EREE P<0.01 HESKBE,

2 HRESW

2.1 HE# mer-1 BEEEN M5

190 B K M #F B B mer-1 K R 36.84%
(70/190) (I 1), Hovr , X 5 FBE IR A BR mer1 K th
ARk 41,67 % (65/156) F1 20. 00%(5/25) , 4 £
FE G UR R PR IR AL
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Table 1 Information of specific primers for mcr-1 and ESBLs genes
, B R EE/C
LU (5 —>3") PR/ bp Anncali 27 Ik
nnealin;
Target gene Primer sequence (5'—>3") Amplication size § References
temperature

F.CTCGGTCAGTCCGTTTGT

mcer-1 ) 311 56 [4]
R.CTTGGTCGGTCTGTAGGG
F.CATTTCCGTGTCGCCCTTATTC

blarem 800 52 [11]
R:CGTTCATCCATAGTTGCCTGAC
F:AGCCGCTTGAGCAAATTAAAC

/)lasnv 713 55 [11]
R:ATCCCGCAGATAAATCACCAC
F:AGGAAGTGTGCCGCTGTATGC

blacrx i group 505 59 [12]
R:CATTGCCCGAGGTGAAGTGGT
F:ATGATGACTCAGAGCATTCG

blacrx e group ) 876 55 [13]
R: TCAGAAACCGTGGGTTACGA
F.CGCAGATAATACGCAGGTGCT

blacrs 9 growp ] 495 57 [12]
R:CCGGTCGTATTGCCTTTGAG
F.:AACACGCAGACGCTCTAC

blacrxm s/25 group , , , e 326 56 [1 1]
R: TCGAGCCGGAAGGTGTCAT
F:GGCACCAGATTCAACTTTCAAG

blaoxa 564 56 [11]

R:GACCCCAAGTTTCCTGTAAGTG

bp
1200

900
700

500
300

100

M,DNA #5ic DL 2 00051~2,mer1 BIVERE #K
3~6,mer1 P R
M, DNA Marker DL 2 000; 1-2, mcr1 negative strain;
3-6., mcr-1 positive strain

B 1 #4938 EKFGFFE mer-1 EE PCR i1

Fig. 1 PCR amplifications of mcr-1 of E. coli in chickens

RO R L 190 KR BR X R K8 &R (GEND
Mif 25 3 Ry 27. 37 %6, %t Ho 4 25 1 (T 25 R 35 8 i
30 %, Hor it A P M (AMP) 5 3k 95. 79 %, Hik 2
A M B CATM) 65. 26% ., £ i Wi ¥ E (COL)

47.89% . 3k J61 wE 5 (CTX) 35. 26% . B >k F &
(AMK)32. 63% ¥ N I A (CIP)32. 11%,
mer-1 B AT BA P B Ak R It 25 P 0T DL, meer-1 PHAPE A
T2 R (ATMD kel (CTXO ME R W E E
(COL) fiif 25 4% i % & T merl B MR (P <
0. 01), X A 25 9y 1) Tiif 24 5% 22 57 9 A I 3 (P >
0.0 (W 2), HF mer1 FHERBHFEX ZH R R
E(COL) i 25 % & ik 92. 9%,
2.2 mcer1 PFAMEEH) ESBLs & E &

70 Kk moer-1 FHAE TR #5457 BURL K /NZY S 2 kb>
15 kb, 75. 71 Yo B kK th T ESBLs £ [H . I P 2%
R blaress ~blacrsvss Fl blacrsou B H 2R 5 5]
71, 43% . 22. 86% Al 17. 14%., K K H b
ESBLs 3:H (F 3) .,
2.3 merl AEBEHRNRNESEB SN

mer-1 PHPE B RR R 32 B 5 B R N 47. 14%
(33/70), 33 ®k mer-1 BHE 424 7 K H AR B 10
MICs . fiif 2 % L8 v] WL, $2 f F J H At 1A o i 2 26
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A mer—1 BAPETE R

mer—1 positive E.coil

mer—1 BHVERRE —

" mer—1 negative E.coil

FLF 254 Antibacterial agents

x FoR 2 AR (P<0.01) ,ns KR ZEF AR F(P>0.05),
#*% indicates extremely significant difference (P<C0.01). ns indicates no significant difference (P>>0.05).
AMP: SR PGM CTX Sk ALWE NG s ATM: & it ¥ s GEN: KRR 2 s AMK: KR 2 CIP . RN AL COL Z R R E
AMP; ampicillin; CTX: cefotaxime; ATM: aztreonam; GEN: gentamicin; AMK: amikacin; CIP; Ciprofloxacin; COL:Colistin
Bl 2 mer-1 BREF0BA M B AR T 20 2R B B

Fig. 2 Comparison of resistant rates between mcr~1 positive and negative strains

(a) bla,

. (b) bla

CTX-M1

hp

() bla

CTX-M9

M, DNA #7ig DL2 0005 (a) —1,(b) —1,(c) =1, (d) —4 Ny BHVE BBk s oA o B P v
M, DNA Marker DL2 000; (a) —1, (b) —1, (¢) —1 and (d) —4 were positive strains; The rest were negative strains.
3 p-HBELRZEE R (ESBLs)PCR ¥ 3
Fig. 3 PCR amplifications of g-lactamase genes (ESBLs)

W% E M MIC 78 2~8 pg/mL, 3 B B Bk % 2 6 18
% E(COL) 2R AKFMmt 2. 46 F xSk vkl
(CTX) & i m (ATM) | JK K% E (GEN) (Bl >k R
B (AKM) B H 7 R (CIP) fI £ %6 @ 2 E(COL) 1y
MICso {EAR T HE A TR  E 1 35 (1) MIC,, A 25 % T
BEMERGEED,

XF 33 MR A TR AR R, 19 RIS T R
Kt mer-1 FER, 14 Bk [ B A% 8 me~1 F1 ESBLs
FLIR, o R B A blaremy (13 #RD . blacrxwss
O MO blacrsns (2 ¥R s 5 ARG AR L, R4 14
WAL 8 4 & 7 X R K& R (GEND Bl >k | &
(AKM) FRTH 70 B (CIP) % 24 1y 15 MIC {4k {4k
B 1/2 50 1/32 B Z KT J53 AZT iYL+ 4L
FILEAE AR T 2R R BB A Y

B I 25 28 (3% 3) s p M4 5 F BORL AT UL, K/
MR 5.8 F>15 kb FkL, Hrpr~5 kb B (L #;
o omer-1,~8 fMl~>15 kb ki[5 B #EH mer-1 F
ESBLs 3£ (3 3),

3 iR 54it

Wt 5 0 A 2R K o D T 24 1 )
R A BRI A e R A M Z —. “One
health” Bl b, B W) 18 N e—3h ) — 3R 557 B R {
R M . AT A Sl W R AR T T 2
N0 B3 S B A R g i PR S PR SR 25, AN =
PRk AL TR T S A 2 BT R T AR WA 2
PRI 25 2R o DU 1] A 8 it 30 0 18K AT 1 Bk F
FUNVEAR RR B R VRN VD R A B Rl R T 25 )
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*F2 33HKESF(TCs) R EMEEH MICs, 1Mlcsoﬁmq§€$
Table 2 MIC;,, MICy, and resistant rate of 33 transconjugants and their donors
MIC;, / (pg/mL) MICy, / (png/mL) it 25 % / % Resistant rate
BB 254 — — —
o PR TR “eT MR T HAET CLYENT aET
Antimicrobials
Donors TCs Donors TCs Donors TCs
AMP =256 =256 =256 =256 100. 00 100. 00
CTX 32 1 128 128 60.61 42.42
ATM 128 16 128 128 72.73 51.52
GEN 16 2 64 64 51.52 30. 30
AMK 16 2 32 32 30. 30 15.15
CIP 1 0.25 8 4 36. 36 21.21
COL 4 2 8 4 100. 00 100. 00
F=3 14 KRBEEFESTF(TC) M MICs #H RALK/NE ESBLs E R
Table 3 The MICs. plasmid size and ESBLs gene of 14 donors and their transconjugants (TCs)
T bk 4 5 MIC/ (pg/mlL) ok ESBLs 34
Strain number AMP CTX ATM GEN AMK CIP COL Plasmid ESBLs gene
blarpm »
EPZC17-73 >256 >256 >256 16 16 4 16 ~3 kb, ~>15 kb
blacrx v
blargm s
TC EPZC17-73 =>256 >256 =256 8 8 2 8 ~>15 kb
blacrxau
blarem
EPZC17-110 >256 >256 >256 1 128 <0. 25 2 ~3 kb, ~>15 kb
blacrxss
blarem s
TC EPZC17-110 >256 128 =256 1 64 <0. 25 2 ~>15 kb
blacrx mss
’\“2 kby ’\“3 kby [71[1'1‘]-;\/[1 .
EPZC17-116 =256 32 >256 0.5 <0. 25 1 2
~8 kb,~>15 kb blacrxmss
TC EPZC17-116 =256 32 128 <0.25 <C0.25 <C0.25 2 ~8 kb, ~>15 kb blarim
~2 kb, ~3 kb, blatgm »
EPZC17-119 =256 32 =256 8 0.5 32 8
~8 kb,~>15 kb blacrxwss
blarem
TC EPZC17-119 >256 16 128 8 0.5 16 8 ~8 kb, ~>15 kb
blacrxss
blarem »
EPZC17-124 >256 64 128 >256 2 1 4 ~3 kb, ~>15 kb
blacrx v
TC EPZC17-124 >256 32 64 >256 2 0.5 2 ~>15 kb blarem
blarem
EBCC18-1 >256 >256 =>256 64 32 16 2 ~3 kb, ~>15 kb

blacrx
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2% 3088
T PR Gt MIC/ (png/mlL) TR ESBLs 3k
Strain number AMP CTX ATM GEN AMK CIpP COL Plasmid ESBLs gene
blatpm »
TC EBCC18-1 =>256 64 =>256 32 0.5 16 2 ~>15 kb
blacrs
”\“2 kb, 3 kb9 [7161'1'1-;\/[71 B
EBCC18-2 >256 <<0.25 8 32 16 4 4
~8 kb blacrxss
hlaqu B
TC EBCC18-2 >256  <<0.25 8 16 2 4 4 ~8 kb
blacrxmss
blarem »
EBCC18-12 =256 >256 128 16 128 8 4 ~>15 kb
blacrxmss
blarem
TC EBCC18-12 =>256 =>256 64 <0. 25 64 <0. 25 2 ~>15 kb
blacrxmss
~3 kb, ~8 kb, blatem »
EPZC18-3 =256 =256 =>256 8 2 1 2
~>15 kb blacrsass
blarpm »
TC EPZC18-3 =256 =256 128 4 0.5 1 2 ~8 kb, ~>15 kb
blacrxmss
~2 kbv 3 kb, blarem s
EPZC18-27 =>256 =>256 =>256 >256 <<C0.25 8 16
~8 kb, ~>15 kb blacrxss
i blarem »
TC EPZC18-27 =256 =256 =>256 >256 <<C0.25 8 8 ~>15 kb
blacrxmss
EPZC18-32 >256  <C0.25 <<C0.25 1 32 1 2 ~3 kb, ~>15 kb blarem
TC EPZC18-32 >256 <<0.25 0.5 1 32 1 2 ~>15 kb blarim
~2 kb, ~3 kb, blatgm s
EPZC18-34 =>256 >256 128 8 2 2 4
~>15 kb blacrxass
blarem
TC EPZC18-34 =>256 64 32 4 1 <0. 25 2 ~>15 kb
blacrxmss
blarem »
EPZC18-44 >256 256 64 >256 16 16 16 ~3 kb, ~>15 kb
blacrxmss
TC EPZC18-44 =>256 256 64 =256 2 8 4 ~>15 kb blacrxmss
~3 kb, ~8 kb, blatem »
EPZC18-45 =>256 64 =>256 64 16 16 8
~>15 kb blacrxass
blarpm »
TC EPZC18-45 =>256 32 128 64 8 16 8 ~8 kb, ~>15 kb
blacrxmss
153 AZ" 0.5 <C0.25 <<0.25 2 2 <C0.25 <<0.25 — —
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VU1 A S R A AT I mer-1 5 ESBLs S£ R 3L 5% 78 43 Bt 135

it 245 b o o Sk A 5 L 2 it R L B OK R AR AR S R I R
A £ Y 245 9 b B ™ 24 M O 24 3R 5 [
32.63%~65.26%) . X Ui BT 245 Pk = R R ALY
PUTA 25 16 F 3 5 A G, T BB AR 5 A [ 0 T8 24 4 1)
FEAE 38 Xk S 25 4 20,

AFGE 190 BB B W IR KW FF B8 mer-1
i 35k 36. 84 06, o rpoXS Y5 FNRE R T BE P mer 1
K 343 R 41,67 X 20. 00 %% 4 i35 T-HE 25 Hi IX 4
TR BR K M R 36, 66201, 5 AR M 5 4 2011 —
2014 AE SRS P ARG R 21 WHEE ™ K T IR 1 H A
B X R B PR IZ L G R R (430 8600 ~
76.20 Y0101 U 7E 3R B A S W IR K B AT
mer-1 JIZAEAE AZSE R AT FAE L IX 25 57

WF5T 2 B, mer-1 0] L5 H Aih i 25 56 B 3G A7
FEN . ARBETEIN 70 Bk mer1 PHAE B RS 75. 7104
Wk #EAT ESBLs 3E [ X 5 HAW R E NN mer-1
5 ESBLs J:Ae e FIIL i 78 — 507 X R T
mer-1 BRI RR FO B T R X 8 = ARk 2 oA T
SR 25 PE R B B T AR 3R R S TR K
FFE I blacrxvit ESBLs B F 2R3N R, Hodh L),
blacrsmss T blacrswn 7 EN2 . R ITHE mer1
FHE B RE Y Olacrsonss B blacrson BRE H R 43 51 3K
22.86 %0 F1 17. 14 %, 5 A B9 & B 2010—2016
R RR blacrom FE AT LA blacrsvss Ml blacrsvs M
PEAIER R AH AT T g 85 1) CTX-M i A 5 %) 5 55
FIOMAE 3 AR M W 257 . pedh . mer1 P
KW AT B blare, K% & ik 710 43%, Ui B
blares 76 VU )1 48 £ & 3 W0 UR K AT 1 b 2 43k 1%
TREAEMER NGRS . RE blaww N RH
RPN Ik iz it o AHL PR Tk R 25 5 A 28 78 R OB Y
TEM [ 3. 5 ROK I Wi, = 302 it 24 14 ik
WATH

R kLA Ry A 5 Tiif 245 35 PR 56 3% 1 W & s oo
FEM 3PP AL 6 b R R AR . AT 70
PR mer-1 PHPETR 2 BN 4% G 7 %3k 33 MRiE &+ (5%
BB AT 14%) , Hdr 14 ¥k k4 T mer1 5 ESBLs
SRS, H 2 5 TR 25 PE 0 335 52 14 1R X
ZRWRM BN B SEY r A T 2. G T 37
B mer-1 BAPE TR PR A 25 6 5% % D), T g 2 TR Ak 5
Y BORL IR T AR5 A B UKL, 5 S0 o e A sl S
75 A AEA [ T Bk ) A58

g L ik ARBIE 5% 26 B 7E DU 148 & sh 4 TR K
J AT T T 2 A 71 o, L I 2 M R A ) 1) O e 25

YL S 25 0 . Tl 25 R AR T mer 1 AT RS
ESBLs He PR A7 70 5003k o Tf 24 255 P A Bl s &) &
A KPR 1 B 2 T R 7 AR AT, X
25 W) N2 OO B A R U » 3 5 I
5 mcr F PR At T 24 5 PRI g A A R i 24 1 1)
RO U™ 5 7 25 4 i VA TR S B R0 1 T B AR
B DR T 240 1) 7 AR AT B L DR 5 B0 ) 9 B A T
JEFNE &7 B 4
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