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from livestock and poultry and characterization of
antimicrobial resistance
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Abstract To detect and characterize plasmid-mediated f-lactamase in E. coli isolates derived from livestock and
poultry, the prevalence of §-lactamase in E. coli isolates was investigated by conventional test. Genotypes of extended
spectrum B-lactamases (ESBLs) and AmpC were detected by PCR; Genetic transmission of -lactamase genes was
carried by plasmid conjugation experiment; Antimicrobial susceptibility of donors and transconjugants was tested by
using broth micro dilution method. The results showed that the detection rates of carbapenemase, metallo-g-lactamase ,
ESBLs and AmpC in 467 E. coli isolates were 0.00% ,0.00% ,36.83% and 13. 70% , respectively; The prevalence
rates of blaTEM, blaCTX-M, blaOXA, blaCIT and blaDHA in 176 3-lactamase positive strains were 84.09% ,60.80% ,
14.77% ,35.80% and 1.70% ,respectively; The positive rate of plasmid conjugation was 50.00% in the study,and the
majority of transconjugants had acquired antimicrobial resistance phenotypes and genotypes originated from parental
isolates. In conclusion, ESBLs or/and AmpC producing strains exist widely among the isolates tested, blaTEM, blaCTX-
M and blaCIT are dominant genetypes,and horizontal plasmid transfer plays a major role in the spread of g-lactamase
genes in E. coli.
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BT 5 P bR A5 2y ) 3 2 AR T Sk A
flwE CCAZ) | 3k i Al BE / 38 $L 48 IR (CAZ/CAD |3k
fILE fi5 (CTXD 3k e Ji5 /5 $ 48 R (CTX/CA) |
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¥ 1 ESBLs B N 4 # 0laTEM. blaSHV |
blaCTX-M-1 A blaCTX-M-2 B plaCTX-M-9 BI |
blaCTX-M-8/25 # 1 blaOXAM*'™; AmpC A
blaMOX ., b6laCIT. blaDHA . blaACC. blaEBC FI
blaFOX"™ ;hla NDM-1 2k bla NDM-1", DL 514
FPA LR 1. DL Bk DNA Sy &4 , PCR )
KEH L. FHBI W 0.5 ul. 2 X Tag PCR
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% 20 ul.. PCR M SR 1,
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PLJ53 AZ 2 AR 7 i T o A T AT
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XEAS T Bt B 25 40 59 MIC, H ik 17 245 9 43 8% )
W5 DL RE A 7 OB DNA W A5 A 57 58 A 56 i 24
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Table 1 Primers used and its PCR parameters
, GREE/C FEMREE/C
i1 3 14 91 (5'-3) Jr B2 /bp o o
L Annealing Extended
Target gene Sequence (5-3") Amplicon size
temperature temperature

CATTTCCGTGTCGCCCTTATTC 800 60 72
blaTEM

CGTTCATCCATAGTTGCCTGAC

AGCCGCTTGAGCAAATTAAAC 713 60 72
blaSHV

ATCCCGCAGATAAATCACCAC
BlaCTX-M-1 AGGAAGTGTGCCGCTGTATGC 505 62 72
group CATTGCCCGAGGTGAAGTGGT
blaCTX-M-2 ATGATGACTCAGAGCATTCG 876 60 72
group TCAGAAACCGTGGGTTACGA
blaCTX-M-9 CGCAGATAATACGCAGGTGCT 495 61 72
group CCGGTCGTATTGCCTTTGAG
blaCTX-M-8/25 AACACGCAGACGCTCTAC 326 60 72
group TCGAGCCGGAAGGTGTCAT
BaOXA GGCACCAGATTCAACTTTCAAG 564 60 72
e GACCCCAAGTTTCCTGTAAGTG

GCTGCTCAAGGAGCACAGGAT 520 64 72
blaMOX

CACATTGACATAGGTGTGGTGC
aCIT TGGCCAGAACTGACAGGCAAA 462 64 72
La\s

TTTCTCCTGAACGTGGCTGGC

ACTTTCACAGGTGTGCTGGGT 405 64 72
blaDHA

CCGTACGCATACTGGCTTTGC
A ACC AACAGCCTCAGCAGCCGGTTA 346 64 72
ota U

TTCGCCGCAATCATCCCTAGC

TCGGTAAAGCCGATGTTGCGG 302 64 72
blaEBC ) )

CTTCCACTGCGGCTGCCAGTT

AACATGGGGTATCAGGGAGATG 190 64 72
BlaFOX

CAAAGCGCGTAACCGGATTGG

GGTGCATGCCCGGTGAAATC 661 60 72
bla NDM-1 .

ATGCTGGCCTTGGGGAACG

B S Sy 4 (84.09%) :6laCTX-M 107 ¥k (60. 80%) , H: 47
IR B dr blaCTX-M-1 %, 60 # & blaCTX-M-9 %I, H

B AR B- P B A g A i
A6T R R AT T B AR AG H 7 Bl T R 0 L )R

B-PA B B A, 172 Bk (K% 3 3% 36. 83%0)  ESBLs,
64 FE(13.70%) 7 AmpC,H 4 ¥R AmpC il .
60 B[l Bt = ESBLs F1 AmpC fif .
2.2 EH P-RBRREEE E PCR &

176 &k 7= B W b K H 6leTEM 148 #k

il blaCTX-M %I i & K 15 6laOXA B 26
(14.77%) ;61aCIT H:[H 63 #(35. 80%) ;6laDHA
3Kk (1. 70%); M & K i 6laTEM, blaACC,
blaEBC,blaMOX ,blaFOX il NDM-1, 7£ 176 ¥k~
B P . 14, 20% B Bk R #E 4 — F0 B 9 5 A
85.80% TH kA 2 Fhak 2 AL b H AR
(% 2),
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Table 2 Detection of genotypes of p-lactamase-producing positive strains

e TR 1R 2 o7 B PR IR M I TR R AR % (n=176)

Genotype Strains Rate to all g-lactamase-producing strains
blaTEM 6 3.41
blaOXA 3 1.70
blaCTX-M 9 5.11
blaCIT 6 3.41
blaDHA 1 0. 57
blaTEM~+blaOXA 1 0.57
blaTEM~+blaCTX-M 84 47.73
blaCTX-M—+blaOXA 3 1.70
blaTEM+blaCTX-M+blaOXA 6 3.41
blaTEM~+0blaCIT 38 21.59
blaOXA+blaCIT 2 1. 14
blaCTX-M+blaCIT 2 1.14
blaTEM~+blaOXA+blaCIT 10 5. 68
blaTEM~+blaCTX-M+blaCIT 2 1. 14
blaCTX-M+blaOXA+blaCIT 1 0.57
blaTEM~+0blaCIT+blaDHA 1 0.57
blaCIT+blaDHA 1 0.57

2.3 WHRMNEBREMZGRE

AU W B R 25 5 e B R Ol 50. 0006 (88 Fk/
176 Bk o AEAR TR A 5 5 X AN [R] BT B 25 9 14 25 )
BRI S5 R s S OUAR A I RS TR T
X B B PR | Sk 7R b Sk A mE k2 il e LR R

DUPR 2GR 25 T U B2 RS e S s 6 5 ) it 245
P XSk ALV T Sk A0 il R | Sk R i | Sk AR S 1Y
it 25 P KRR FRAR AR H b A e g X 2 TS T
XiF 3 6 25 ) 1) MIC {H 55 32 04 B8 TH 8 o (HL o A 3k 30 i
AP SECE 3,
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Table3 Resistance comparison of parental isolates with transconjugants %

N ESEY HBEAK T (n=88) Parental isolates 4 T (n=88) Transconjugants
Antimicrobial agent UK S AT M 24§ R Uk S A1 Mif 245 R
Fi] 55 5 Ak Amoxicillin 0. 00 0. 00 100. 00 0. 00 1.12 98. 88
Sk fu Mk Cefazolin 3.37 0. 00 96. 63 12. 36 10. 11 77.53
kP T Cefoxitin 44, 94 3.37 51. 69 84. 27 10. 11 5.62
Sk fuEnk Ceftiofur 3.37 1.12 95.51 8.99 3.37 87. 64
LR # Ceftriaxone 6.74 6.74 86.52 34. 83 51.69 13.48
L AmEN5 Cefotaxime 5.62 15.73 78.65 31.46 37.08 31.46
Sk 5 Cefepime 46.07 14. 61 39. 32 88.76 8.99 2.25
Z M F Aztreonam 0. 00 8.99 91.01 22. 47 15.73 61.80
#E 2 Streptomycin 2.25 1.12 96. 63 12. 36 7.87 79.78
PUFRZE Tetracycline 4.49 16. 85 78.65 21.35 13.48 65.17
%% £ Chloramphenicol 0. 00 3.37 96. 63 4.49 12. 36 83. 15
Bt B Enrofloxacin 0. 00 1.12 98. 88 6. 74 17.98 75.28
fifh [ 5 WM Sulfafurazole 0. 00 - 100. 00 3.98 - 96. 02
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¥ AT B-PA TG M I 25 B [H) PCR 4521 7R, 88
MREEAL T A 38 Bk (43. 18%) PCR ¥ 34 4% I 15 fit
PRI S8 A 6 - HOAY B R 9 19 i 3 B () 5 ik A
WA AT s ASAHAF I L AmpC 5P Ry 32

3 it 54ie

1) Bl Sk 9828 245 W A 37 5FM0 09 1 1 S 3 1 95 40
W™ ESBLs Fl AmpC A5t S 3 n#a #, wmAT
ESBLs #il AmpC fiff & £ ¥ 4k, H it TEM, SHV,
CTX-M.DHA 1 CMY B2 = B i 17 %, o HAE
BN RTURA 3 CTX-M # ESBLs fl CMY
A AmpC i , 3% 26 i 53 25 SN WE I 0 A Ju T
Ko H G i sk S il 5 DXL 55 LA AR B P gk e Tt 24 5
A7 7E T R — JSOkr L, 5 302 Rl ifit 24 56 PR o
LALRED T AR B F I AR IR R A AT
PRRR H R R Bk T R M B R G B BTN I G
ESBLs #1 AmpC K H 2 4> 3 ik 36. 83% Al
13.70 %%, /& F 5 IR Hb X 43 25 1) 2 ) U5 B8 #& ESBLs
K 12 5. 83 % Ml AmpCl. 84 %61 ) 7R 4% B 1 £ b
SR AR ESBLs Kt 3 19, 37 %6 K - 5 4
BN PR B Ak ESBLs76. 7% 1l 2R 4 B 09 0 YR B
# ESBLs83. 13 %6, i W 3% [ 7= 1~ 3% - P 1k Jic il
PRIRR S TT P AT o AR RA I 8 & B 64 Bk AmpC
H kR h 60 Bk W B 46 Y ESBLs, [A] if 7# ESBLs #il
AmpC T ¥ H B UR %5 2 5 25 KW FF o B G 3R
57 T Jomn R

2) i 25 35 [ PCR K1 45 5 7%, 176 #k ESBLs
FHPE B LA 6la TEM (K H 2 84. 09 %) Al 6laCTX-M
(K % 60, 80%0) S . 5 [ W it i 3h ¥ U8 =
ESBLs B f % B & — 8, L Eu W T
blaTEM .blaCTX-M J& 3% [ 37 4 Wi 7= ESBLs X %
FETE T MR AT L B, CTX-M K & A [F T
TEM 1 SHV %I () ESBLs Jiff, %} 3k 76 W8 Ji5 22 30 1
E KT 25 . 0laCTX-M 3 N % 5 4 5 5000 3 i
J8 VEFEAEAY S VU IR R 2 R - TR AR I T 24 3 TR
AFAE T TG B L, 8t 25 PR L i # (L3R ik
L) . AR 6laCTX-M EE R blaCTX-
M-9 BRI blaCTX-M-1 B, B4 M\ N IX 2 Fh &l
J& blaCTX-M Wi AT e )2 R R ALY . HARR

K i 6laCTX-M F B 5 blaTEM, blaOXA Fi
blaCIF JE Wl & A2 T R fr W, RU T
blaCTX-M BUAT 1Y 22 FF 1P A2 2 P, A ) 25k A 78
g 20 & AE — i S BOMOK SR Ig )z . X AR A
S T AS RS DN A o o Sk At 1 g A 5 ARk TR
RAPIR B-NBE R 25 W) 2 5K 2. A,
B B & 14, 77% blaOXA R L T 1L R 43 5
Bk 47. 83 Y0k Hy 3R (H 22 3 PR G S i B 3h 4 TR
K AT bk = ESBLs K& M () ZRE1E

XFF AmpC 5 FH AW 5T o, 36 = 3h 915 K
FF B 18 bk EE L 6laCMY Fl blaDHA K A B R 3
FALTF 100 S F, 0 A K K T 6laCIT
(35.80%) F1 blaDHA (1. 70%), i)t B AmpC ¥
blaCIT FE R 2 14 i a3,

3) SR A T T 245 1 PR G vy 52 A8 8L ) e RS PR
ZEM P2 2B . AW 176 B B- Bk
it TR PR 28 TR 45 4 e B I T AR A 88 MRIE A T (45 G
R 5000) UL T 7 BN Mk e il 5k R 5 kR
MR, A T RER T OB B G | Sk A e bk | Sk
W i 2 PR AR X R R IR R R
JELVE v L TRV e S Ve A, A R T 25 1L A T A
T3P e T 1 R DR T R M 2 AR B AR AE T
AR R] B BRE o AT e 25 AN AR DG Tt 24 3 P L 5% 7%, &
HAMH L2 EW Y B BiEEFx kBT k
o0 b A LSk FE N5 | Sk 0k Bl 25 1 R R A AT RE
5 — S G 7 HARAS 1A B 8 40 PR AT G, sl 44
B A A7 e Ho At it 25 AL 4 PBPs B A8 | 4h B 8
T Rk 3 Sh A HEDL I

2 % X #

[1] Moyaert H, de Jong A, Simiee S, Thomas V. Antimicrobial
resistance monitoring projects for zoonotic and indicator
bacteria of animal origin; Common aspects and difference
between EASSA and EFSA [ J]. Veterinary Microbiology »
2014,171(2) .279-283

[2] Boulianne M, Arsenault J, Daignault D, Archambault M,
Letellier A, Dutil L. Drug use and antimicrobial resistance
among Escherichia coli and Enterococcus spp isolates from
chicken and turkey flocks slaughtered in Quebec, Canadal J].
Canadian Journal of Veterinary Research +2016,80(1) ;49-59

(3] EdF, 85, 0 Rk, o S0, OB, iAW, EER, ER
Hi. ASTF S0 UK T AT BB 24 P A e LD DL b R R g
#,2013,49(11) :64-67
Wang J,Huang X M, Liu S K,Gai W Y, Zhang S J,Qu Z N,



% 8 1

FFRNAE . & & IR AT B

R T 3~ P Tt M T A 0 e LTI 24 5 PR R M F 97

[4]

(5]

(6]

(7]

(8]

9]

Wang Y D, Wang ] W. Antimicrobial resistance monitoring and
analyzing of Escherichia coli in different animals[J]. Chinese
Journal of Veterinary Medicine, 2013, 49 (11). 64-67 (in
Chinese)

U S XUTE T, 2R B, A, RIE WL 800 Bk W) Bh 4 T K
Jon A v A 24 M DU LT ] R 4R, 2011, 47 (4) : 12-14
Lai J,Liu Y,Wang Y,Qin S S,Li Y, Wu C M. Surveillance of
antimicrobial resistance among Escherichia coli isolates from
different animals in Sichuan Province in 2007 [ ] |. Chinese
Journal of Veterinary Medicine, 2011, 47 (4). 12-14 (in
Chinese)

Rubin J E, Pitout ] D. Extended-spectrum-p-lactamase,
carbapenemase and AmpC producing Enterobacteriaceae in
companion animals[ ] ]. Veterinary Microbiology ,2014,170(1-
2):10-18

oL SR I U 19 S e o TR B B o A
VK LLEL. ) AR M XA £ S IR K 1 T 1 ESBLs #l
AmpC B AT o A A A [T ], v B85 BE 242, 2012.32(2) 1 242-
248

Tang D,Zhang H J,Ji X X, Liu J,Guo Y F,Wang . H,Fu X
P,Zhang X H, Sun Y X, Jiang H X. Prevalence of plasmid
mediated ESBLs and AmpC-type B-lactamases among E coli
isolated from sick food-producing animals in Guangdong[ ] ].
Chinese Journal of Veterinary Science,2012,32(2):242-248
(in Chinese)

U, XA BT B, R B SR R L R B R 30
R K FF B ESBLs Jk 5 28 e i K ik 24 ¥ 43 47 LT 1. o 11 751 B
B ,2009,6(31) :438-442

Yuan L,LiuJ H,Hu G Z,Liu Z M,Mo J,Pan Y S,Kang Y,
Wei Y J. Detection of extended-spectrum f-lactamases
genotype and antibiotic resistance analysis among 30 E coli
isolates from chicken [ ]J]. Chinese Journal of Preventive
Veterinary Medicine ,2009,6(31) :438-442 (in Chinese)
S, XA, B4 RS R AR R0, M A, 3 0, B
Bh. T & IX 7 ESBLs 38 UK W KT 1 Tt 245 44 98 2 15 0 35 5 W
ALY P E A B, 2015,48(10) :2059-2065

Qu Z N,Liu H Y,Wang J,Zhao S J,Li Y Q,Huang X M, Gai
W Y, Wang J W. Antimicrobial resistance investigation and
dominant denotype analysis of ESBLs- producing Escherichia
coli strains from chicken in Qingdao[ J]. Scientia Agricultura
Sinica ,2015,48(10) :2059-2065 (in Chinese)

Lahlaour H,Ben Haj Khalifa A, Ben Moussa M. Epidemiology
producing CTX-M type
spectrum B-lactamase (ESBL) [J]. Médecine et Maladies
Infectieuses ,2014,44(9) :400-404

of enterobacteriaceae extended

[10] Cockerill F R. Performance Standards for Antimicrobial

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Susceptibility Testing : Twenty-second Informational Supplement
[M]. Pennsylvania: Clinical and Laboratory Standards Institute,
2012

7 XV IEHRE AR 0 W A0 B Y 245 i AmpC &I 7 25 19 1L
BT, PE B BE 2 4435 . 2009, 30(3) : 223-224

Li L,Liu Z X,Li X L, Liu Na. Comparison of detection method
in bacteria drug-resistance enzyme AmpC [ J]. Medical
Journal of National Defending Forcesnin Northwest China ,
2009,30(3):223-224 (in Chinese)

Kojima A,Ishii Y,Ishihara K, Esaki H, Asai T,0Oda C, Tamura
Y, Takahashi T, Yamaguchi K. Extended-spectrum-beta-
lactamase-producing Escherichia coli strains isolated from farm
animals from 1999 to 2002: Report from the Japanese
veterinary antimicrobial resistance monitoring program [ J ].
Antimicrobial Agents and Chemotherapy,2005,49(8):3533-
3537

Dallenne C,Da C A, Decre D, Favier C, Arlet G. Development
of a set of multiplex PCR assays for the detection of genes
encoding important beta-lactamases in Enterobacteriaceae[ ] ].
The Journal of Antimicrobial Chemotherapy, 2010, 65 (3):
490-495

Perez-Perez F J, Hanson N D. Detection of plasmid-mediated
by using
multiplex PCR[J]. Journal of Clinical Microbioliolgy ,2002,
40(6):2153-2162

Mulvey M R,Grant J] M, Plewes K, Plewes K, Roscoe D, Boyd

D A. New delhi Klebsiella

AmpC beta-lactamase genes in clinical isolates

metallo-beta-lactamase  in
pneumoniae and Escherichia coli, Canada [ J]. Emerging
Infection Disease ,2011,17(1):103-106

TrME A B A AR AL, A5 T 2% RE RS I T R S AL VG T T
2 FORLSE A R NI L] K50 B, 2008,23(1) :62-65
Fang Y, Li X Y, Yang J H, Li F Q, Han Z. Influence of
subinhibitory concentration of cefoxitin on resistant plasmid
conjugation in wvitro[ J]. Laboratory Medicine ,2008,23(1) ; 62-
65 (in Chinese)

Trott D. B-lactam resistance in gram-negative pathogens
isolated from animals [ J . Current Pharmaceutical Design,
2013,19(2):239-249

KEE, AR BRI A BRELAR L 236, 3 IR K AT
RER S 3 B P I g5 Sk R T 3R R R AR AR AT () ). B O I
2 4,2009.40(6) :898-903

Zhang Z Z,Wu ] W, Wei S Y, Tang J] H, Chen H W, Li S.
Analysis of genotype of Escherichia coli-producing ESBLs and
AmpC p-lactamases isolated from farm animals[ J]. Chinese
Journal of Animal and Veterinary Sciences,2009,40(6) ;898-
903 (in Chinese)

WAL AR gk



