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Investigation and co-transfer of resistance genes and virulence genes among
Escherichia coli producing CMY-2 in large-scale poultry farms
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Abstract: The co-transfer of resistance genes and virulence genes among CMY-2-producing- Escherichia
coli from large-scale poultry farms in China was investigated. PCR was used to examine the presence of
blacyy> in 549 E. coli. Antimicrobial susceptibilities were tested by diffusion methods. Gene detection
and co-transfer were performed for 19 resistance genes and 4 virulence genes by PCR, conjugation exper-
iment, and PBRT. Results showed 6. 0 % (33/549) isolates with multiple resistance carried blacuy-
gene. 15 resistance genes and 4 virulence genes were detected with high rate of floR, blartgm., sul2.
sull, traT, and VagC. Co-transfer of resistance genes and virulence genes by plasmids of IncA/C or In-
cll was detected in 63.6 % CMY-2-positive-E. coli. This study demonstrated E. coli producing CMY-2
has become reservoirs of resistance genes and virulence genes and plasmids coharboring these two factors
lead to its dissemination among large-scale poultry farms.
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BB AR B A0 L 5O 1989 AR K B LA it 45 2
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TERIBATFE T CMY-2 3PN I i o 2 T i)
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KW K AT UE T Bk (ATCC 25922) | Jiili 4 o2 75
1F T 5 7 B Bk CATCC 700603) V0 1T IS B A% 1 B4
PRCH 9812) th sy e B ¥ 5 B i % 20U 1| 48 &
ML E AT DT R R R R A BRI
A A AL MH 3R 8 SR 3R . W A b 5 BB
HARGWRFAEA A Xba 1R EIVERG. W B K& E

YA R E]L TSA Bilig. 1 A b st 2 X 4 BT
ARABRAEL 2580 0 A AR AR R 25 5 B A
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2.2.1 Rm#Ads s E%ER 201349 A%
2015 4F 12 H R4 20 D HLBIAL NG 37 FEAE A i 396
By A WARE L 238 f . BeRbh T O 20 36 i IR HE T I R
B .37 CHEFR 16~18 h R4 J&8 L 1y A
AT 2L R YA, R JEAT 16S rDNA T8 Fft %€ .
2.2.2 7 CMY-2 Far ey it o0
AR R 1 A TR AR B T 5 AT 8 g/ mL Sk AP T Y
R SR b, 37 CHER 16— 18 h, PRI H M
FRBR 5 SR FH 200 35 42 A v 5 T 4 DNAL PCR 37
88 blacyy. BYEH #k. PCR 519 8 F.5-GCCGTT-
GCCGTTATCTACC-3", R: 5-TGTCGCTGC-
CGTTGATGA-3";PCR e MK & K. I FiE5 9
£ 1 pL, Tag Master Mix 12. 5 pL, DNA Mg 2
wL IR ALK b 75 % 25 uLs PCR R R 4 - 94
C 5min;9%4 C 30 s,55 C 30,72 C 1 min,30 4>
G35 572 °C 5 min. 347 Y& 1 0 BUIRBEEER H
VKA IS S U L JF #5417 BLAST HoXF o34

2.2.3  Rkk B vk (PFGE) 5 & )~
CMY-2 R A BT BH P 77 ok 60 381 /08 Jie e v, 288
X-ba 1EgY). IF4% LLF 454 7 CHEF-DR 11T % &
AT R UK B 14 C L HL R 6.0 V/em B A5 92 of
B[] 6. 76 s, 28 1k 2% pirif (] 35. 38 s, HLYK 16.5 h.
SEOCAL K, FHBE I AR & G2 R 4R EIMR L IF ] Quan-
tity One (4. 6. 2) B4k B4 #r B 7€ T PR 8] 7Y 352
((FUN T

2.2.4  HHKE KM KB ERN P CMY-
2 K FF TR BH P R Rk X 13 Fh T R 24 W B0 T 2
HARD PR 2 I8 56 [ s R 52 90 % pn AL 22 51 2 CLSI
(2015) HETF 1Y 92 B #4715 B i AR e

2.2.5 @tHARAAEHAE PCR AR ZH%H
SRICHRS T ERIE M S, R PCR J5 A6 19
Fifr it 25 5 I Cblarem » blasuy » blaoxa s blacrsow » tetA
tetCysull s sul2, sul3, gnrABCDS, aac (6')-Ib-cr ,
qgepA,oqxA,rmtB, floR)Fll 14 Fh3 J3 E KA GutA,
traT, fyuA, hiyA, VagC, papC, papEF,
papAH,katP,stxl,stx2,eae,espP,kpsMTIII).
PGP 1 Vo SR M IR PR DK A D S L T L O
#E4T BLAST X 04t
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2 R I FF T FH A T R A A TR R I AT B C 600 2K
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Tab.1 The source and number of E. coli in poultry farms
FE R U5 FE TR R B i o e A7)
Eey=a 396 367 92.7
e 238 182 76.5
J=%an 634 549 86. 6
3.2 7 CMY-2 [HEEKIFIELSE R

SR E] 33 KR CMY-2 KRIFF g . FHPER
6.0 Yo HoP 2SR 21 R G HI AN 5.7 %6, &
AR S 12 MR R R 6.5 DoL 1 R TRy

PFGE-Xba |

LI L L
L
(RIECRY
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Strain
D22
SC32
SC49
SC92
HeB9
SC12
SC19
SC8
SC31
SC41
SC81
Nz
SC35
SCIS
SCI8
SC8
SC39
HeB2S
SC43
HeN30
SCs1
HeB3$
SC67
Neil
NX§
SCl
HeBl
SC76
SC61
Ney
SCn
SC86
SC64

7= CMY-2 K g #F 58 PH 2 B AR blacay- FE R A

4

5Kb

3Kb
2Kb

——
[—

[—

-— D A Ew - - e -

-

1Kb
750bp
500bp

250bp
100bp

B 1 blacuy: ZARFH TG4 R. M % DNA Maker
1-8,10-12 Jki& N blacwy 2 FEF F B, 9 Yk A [ o4 % B8

Fig.1 Results of amplification for blacuy» gene in a part

of E. coli producing CMY-2.
Lane M: 2 kb DNA ladder, lane (1-8, 10-12): 11 amplified frag-

ments of blacmy2» lane 9: Negative.

3.3 BkAIFHER Bk (PFGE) yBI4ZE R

2 Quantity One(4. 6. 2) BAF43 A A BE L 48 A1
PR T 855 T 90 U6 Y TR bk 75 1 R U5 AH W] 09 49 B8
R B 2 7 CMY-2 K i AT 1 B A 8 ik 43 B A 5%
AIAT, 33 BRI AR LR B, ook B T R 2
BARERR N = AN 53 B 1 5 BB AR KT 90
%0 J& T IRl — ek, Hofth 28 BREEAIIME /N 90 Y.

Place Date Antimicrobial resistance profiles
Shandong 2013 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-CN-DO-SXT-FFC
Sichuan 2014 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-CN-DO-SXT-FFC
Sichuan 2015 FOX-AMP-CTX-AMC-CAZ-DO-SXT-FFC

Sichuan 2015 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-CN-DO-SXT-FFC
Hebei 2013 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-DO-SXT-FFC
Sichuan 2013 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-SXT-FFC
Sichuan 2013 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-CN-SXT-FFC
Sichuan 2014 FOX-AMP-CTX-AMC-CAZ-DO-SXT-FFC

Sichuan 2014 FOX-AMP-CTX-AMC-CAZ

Sichuan 2015 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-CN-DO-SXT-FFC
Sichuan 2015 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-CN-AK-DO-SXT-FFC
Sichuan 2014 FOX-AMP-CTX-AMC-CAZ-DO-SXT-FFC

Sichuan 2015 FOX-AMP-CTX-AMC-CAZ-DO-SXT-FFC

Sichuan 2014 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-CN-SXT-FFC
Sichuan 2014 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-CN-SXT-FFC
Sichuan 2014 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-CN-SXT-FFC
Sichuan 2014 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-CN-SXT-FFC
Hebei 2014 FOX-AMP-CTX-AMC-CAZ-CIP-PB-FFC

Sichuan 2015 FOX-AMP-AMC-CAZ-DO-SXT-PB-FFC

Henan 2014 FOX-AMP-CTX-AMC-CAZ-DO-SXT-FFC

Sichuan 2015 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-CN-DO-SXT-FFC
Hebei 2014 FOX-AMP-AMC-CAZ-CIP-NOR-CN-SXT-FFC

Sichuan 2014 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-CN-DO-SXT-FFC
Sichuan 2014 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-DO

Ningxia 2013 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-DO-SXT-FFC
Sichuan 2013 FOX-AMP-AMC-SXT-FFC

Hebei 2013 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-CN-DO-FFC
Sichuan 2015 FOX-AMP-CTX-AMC-CAZ-DO-SXT-FFC

Sichuan 2015 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-CN-DO-SXT-FFC
Sichuan 2015 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-DO

Sichuan 2015 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-CN-AK-DO-SXT-FFC
Sichuan 2015 FOX-AMP-CTX-AMC-CAZ-SXT-FFC

Sichuan 2015 FOX-AMP-CTX-AMC-CAZ-CIP-NOR-CN-SXT-FFC

33 #% = CMY-2 X AT ¥ X-ba I'.PFGE B i# 5 &} 25 i 5 4 4 R

Fig. 2 Results of X-ba I-PFGE typing and resistance profiles of 33 E. coli producing CMY-2
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TE77 CMY-2 K A1 1 BH P T8 A s kil i
15 Fp e 25 J R, H o pgopy kR 2 i 2h gk
blarpn, - VU BF Z Tt 25 £ 4 ter A, B e 25 it 25 45 4
sull ysul2 DL K floR FHE K H B 5., 20 9 R
84.8 % (28/33),72.7 % (24/33),75.7 % (25/
33),81.8 % (27/33) LA J% 90.9 % (30/33). Fify
FH 4 P bR 22 /0 5 7 D R 2 56 R, B 9E 26 A AN ]
() 22 Bt 25 L D 20 6 s B o i 1 205 R blacuy -
blaren: F1 floR(n=28,84.5 %) ;¥ twtA,traT,

VagC, fyuA PUFP 8 T3 HE B K i RAR IR tra T
(29/33, 87.9 %), iuwtA (18/33, 54.5 %) ,VagC
(24/33, 72.7 %), fyuA (11/33, 33.3 %).97 %
(32/33) 1 BHA: TR bk 22 /D 54 — Fpsg Jy 3 4, o,

18.2 ¥ (6/33) BH M B A% [ B #5721 U F 2 ) JE A
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Tab. 2 Characteristics, other resistance genes and virulence genes of E. coli isolated from poultry farms

Wbk P Hb g oAb T 24 5k A i S 3E

SC1 FRE Wiz 1 blatem1 stetA,sull ,sul2, floR wutA,traT,VagC, fyuA
SC19 Eey =3 Wiz 3 blatem1 »0qxA,sull ,sul2, floR wtA,traT, fyuA

SD22 Eey=d 37 4 blatem 1 ssul2 . tetA, floR iutA,traT,VagC

SC39 ZHE iz 8 blatem s sull s sul2, floR iutA,traT . VagC
HeB35 FERE 3% 10 blatemi soqx A, sull,ysul2, floR iutA,traT ,VagC., fyuA
SC21 Eey=a W17 5 blactxss »blaoxa saac (6" ~Ib-cr v sull stetA iutA,traT,VagC

NX5 FE Wiz 12 blatem »sull ,sul2  tetA, floR iutA,VagC, fyuA
HeN30 Eey=a Wi 11 blatem 1 s sull s sul2  tetA, floR traT

HeBl1 Eey=a W39 blaoxa1 saac-(6')-Ib-cr,sull ssul2 ,tetA, floR wutA,VagC, fyul

SC18 FE i 7 blatem ssull s sul2, floR iutA,traT VagC

HeB9 FAE 17 6 blaoxa1 »sull,sul2,tetA, floR iutA,traT VagC, fyuA
SC12 Eey=a Wiz 2 blatem 1 sblaoxa1>qnrD,oqx A, sull ysul2, floR iutA,traT,VagC, fyul

SC8 ekt Wiz 2 blatpm1 ssull ysul2, floR iwutA,traT,VagC

SC31 Eey=a W7 13 blaoxa-1 » sull ytetA iutA,traT ,VagC

SC57 ZHE Wiz 16 blactxss »blaoxai saac (6" ~Ib-cr v sull stetA iutA,traT . VagC, fyuA
SC67 ZHE Wiz 17 blatem-1.blaoxa-1 Yaar(G/)*I/}*('r,si,:ll,sulZ,floR iutA,VagC

SC81 Eey=a W17 18 blatem 1 sblactx mss »0qxA s sull ysul2,sul3 ., tetA, floR,rmtB traT,VagC, fyuA

SC43 ZHE Wiz 15 bla»n.;Mrl_aar(G/)’I/r(r,anD,sull ysul2  sul3 . tetA, floR traT

SC28 PE 7 5 blatem 1 sqnrD, aac-(6")-Ib-cr, sul2  sul3,tetA, floR traT

. " blatem-1 s blactx-mss s blaoxa ,anD,aar(G’ )-Ib-cr ysull,sul2,

SC86 i 55 20 sul3.tetA,tetC, floR tra

SC61 FFE W17 16 blatem1 »oqx A, sull ,sul2,sul3,tetA, floR traT, fyuA

SC71 P W17 18 blatem1 »0qx A, sul2,sul3,tetA, floR,rmtB -

SC76 Pl Wi 19 blatem1 »0qx A, sull ,sul3 . tetA, floR traT

SC49 b W17 15 blatem 1 sblactx-mss »0qxA s sull sul2,sul3 ., tetA, floR traT,VagC

SC92 PN W37 20 blatem 1 sblactx mss sqnrByoqxAssull ysul2  sul3 tetA, floR traT,VagC

SC51 Py W17 16 blatem 1 s0qx A, sul2,sul3 . tetA, floR traT,VagC

SC64 b W17 16 blatem 1 »0qx A, sull ysul2  sul3, tetA, floR traT,VagC

SC41 Pl Wiz 14 blatem 1 sblactx mss sblaoxa1»0qr A, sul2  sul3 . tetA, floR traT,VagC

SC22 i Wiz 3 blatem 1, 0qx A, sul2  tetA, floR traT,VagC

SC15 i Wiz 16 blatem 1 ssull s sul2, floR iutA,traT ,VagC

SC32 paii] Wiz 14 blatem sblactx-mss s blaoxa ssull ssul2 ,sul3  tetA, floR iutA,traT,VagC
HeB25 i Wiz 15 blatem sblactx-mss sblaoxa sqnrS,aac (6 "“Y-Ib-cr, floR iutA,traT . VagC., fyuA
SC55 e W17 16 blatem 1 »sul3,tetA , floR traT
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LG LR 21 Bk blacuy. VRS 7 A
R R 1073 ~1078, Hip 18 ¥R E L T Incll JFfE,
SHRENL T IncA/C BrAL, 11 Bk A ¥ [F] 1 #5407
blarese: » blacrsoarss » tetAs sul2, aac(6')-Ib-cr,
SloR B P vh i) — Fp sl LA, 3 i 8y B A dur A
traT F1 VagC 53 5I1E 7 ¥k .2 BRAT 1 MRS TPk
o ) AE A5 T8 B 02 8 MR 5 A I A 22
TS 24 35 DX R ) B DA T L3R 3.
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Tab. 3 Characteristics of transconjuncgants with co-trans-
ferred resistance genes and virulence genes

gt mohss et R ok
AHARE [ESES G-
A SC28-1 IncIl aac-(6")-Ib-cr traT
. blatem 1 »
SC92-1 Incll blacrss + floR traT
HeB35-15 Incll floR traT
HB25-9 IncIl floR iutA
SC12-1 Incll blatem » floR traT
SC57-7 IncIl aac(6")-Ib-cr traT
SD22-3 IncA/C sul2,tetA, floR VagC
SC19-1 IncA/C sul2, floR iutA
SC86-5 IncIl aac(6")-Ibcr -
B SC21-2 Incl1 aac-(6")-Ib-cr -
SC1-2 IncA/C sul2 ,tetA, floR —
SC55-2 Incl1 traT
C SC76-2 Incll - traT
SC71-2 IncIl - —
SC61—1 Incll - -
SC8—38 Incll — -
D HeN30—2 IncIl - -
SC67—3 Incll —
SC41—2 IncIl -
SC64—2 IncIl - -
SC51—1 IncIl - —

T A2 [ IS5 0 25 56 R 5 2 g TR 5 B 2 (S48 1 24
5 C 4 AL T S B D 21 ARG I 24 26 K 5 3 ) ZE A

4 7 8

AT XF T 20 A HUBE AL AG 37 S48 15 15 W A
A P CMY -2 K i FF 1 9 T 24 56 T8 5 2 ) 6 I
PEAT T A IR i 2 5 R T B AL AL BEAT T )
RS, blacwy H R B 260 6.0 6.5 2013
ARER T I AN BRI (2,09 Y0 A AT B 5
VLT blacwy-» HE R AE LB AL XS 37 vh B2 b T 3 (H
TR R AR 5T 1 A v I LA NS 17 ik
AT T A I 2 blacwy, FEPR AL AR 6.5 20, 1
HEFP R b Ui W] 5 W AR 8 4 A T 25 B X AR XS 3 vh
GH7E. WA AW blacyy, AP R R £
H 24 o 4% b T R 245 9 00 T 25 56 D SR B — E Y

WATHE  blarew: »tetA, sull F1 osul2 ¥ H R 5. F+
Y 3 S 5 K] 2 2 A 240 1 O JHL A O T T 24 ) i 245 1)
EBPAT I L X 5 H A AR G5 A — 3T

R )k IR 2 5 B A BOR PE A — B R
AT L5 T 24 5 R H A 0 T e B A T e
Yang % 4 36 T X 9 B 4> B CTX-M K #F
PR B T R I AR (RO TR Y 37 v
CMY-2 K AT 0 B 77 5 A A 41 8 AR X85 20, A
FEAE 32 #k5 CMY-2 R A& A I 21 4 Fh 5K
1o TR B M AR G B B 7 kYL 45 R JR Y 12 Bk
PR TR AR b 11 AR A I 2 28 ) BE I A7 e A 9
ke [m] B #5 7 Ab A b %) B 1 35 DXL R 22 v 24 5 ]
e WIAE LB A XS 37 vh 55 i 1Ay T 24 6 PR RN
LR — A E S A7 2 0 I 7R 25 5 W AT BB —
it o L () AL B A

S T EAUESE T A0 P 2 B P R ) B
9 IZAFTE AR 35 6 R AA PR IHE D, Bl
— NN BB R R  RANR 25 5 3 )
B0 — A~ EZHLH . AP RS T 21 B
blacuy . BT ¥ &+, Bk & il + 43 T 7R, Incll
JoREAE A B R T2 AT . X S Guo AN A
(IR s IR 7= CMY-2 K g FF B8 3 A7 ok
(IncA/C) WA [a] . AT RE L 5 4 it of TR LA % b Jsk
ST AT 5. e Ak, Inell R A IncA/C iR A 5
blacyy . 5 P 5 1t 25 I blarew « blacrswss ~ aac
(6')-Ib-cr. tetA. sul2. floR Fl# Jj 3% TutA .
traT VagC W —mal LA L H . JLHZ traT
FEIH L R B B AR (80,0 V), X P RE
LA LT R A R A P (AR T
s AW E AR CMY-2 RIBFFTE Incll Fik:
E R —A blacyy:blartem: ~blacrxass~ floR-traT
i 24 3 DY 15 7 ) ke A e B 40 5 ABL AR B AIL TR AT o
k2GRS

A B 5E 45 R R WAL AL X 37 77 CMY-2 K
FF TR 22 J i 24 ™ T, HL U AT 1 1 0, R 0l 2 A e U
KIGFETE blacwy-, B R B KE H  2 8 WAE [ 38 37
8 GRS T A R i 24 R TR — A A A
V. Z i 24 Be P 5 B O B N Tz A Hoal BLE
AT [R) ok b i e Rz S8 ARG 3 5 3 8 DL &
N Z B B A% 388 T LAXT RLBE AR 3 375 72 CMY-2 K
FE TR Hh e 24 35 PR 5 B g ik DR A S92 i M D ) Sl i
2P AL R SO B R 2 %

S % Uk
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