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Figure 1.

Resistance analysis of isolated drug-resistant E. coli to antibiotics. A: The percentage of E. coli strains

to different antibiotics; B: The number of strains resistant to different numbers of antibiotics; C: The number of

strains resistant to different numbers of B-lactams.
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x 1. ABFESEKRT p-ABEMARELAESBEMNBS FREEEZFIINS
Table 1. Prevalence of B-lactam resistance genes and integrons in isolated E. coli strains
blacrx.m
Strains Subtypes blatgm blacyy  Class 2 integron gene cassette  Class 1 integron gene cassette
Types Subtypes

JN16 D, CTX-M-9 CTX-M-65 TEM dfrA17-aadAS
IN18 A CTX-M-9 CTX-M-65 dfrA17-aadAS
IN22 A CTX-M-1 CTX-M-55 TEM Empty
IN23 A, TEM Empty
JN26 D, CTX-M-9 CTX-M-65 TEM Empty
IN27 A CTX-M-1 CTX-M-55 TEM
JN28 B, CTX-M-1 CTX-M-55 TEM dfrA12-orfF-aadA2
IN29 D, CTX-M-1 CTX-M-55 TEM catB3-arr3
IN58 A, TEM
IN61 A CTX-M-9 CTX-M-65 TEM
JN63 B2, CTX-M-1 CTX-M-55 TEM catB3-arr3
JIN73 B2, CTX-M-9 CTX-M-65 TEM dfrA1-sat2-aadAl dfrA17-aadAS
IN104 A, CTX-M-9 CTX-M-14 TEM Empty
JN106 D, CTX-M-1 CTX-M-55 TEM dfrA12-orfF-aadA2
JN109 A, CTX-M-1 CTX-M-55 TEM dfrA17-aadAS
IN122 A CTX-M-1 CTX-M-55 TEM Empty
IN127 D, CTX-M-9 CTX-M-27 TEM dfrAl-sat2-aadAl
JN130 B, CTX-M-9 CTX-M-27 TEM Empty
IN131 B2,
IN134 A, TEM
IN138 B, CTX-M-1  CTX-M-55 dfrdl-aadAl
IN143 D, CTX-M-1 CTX-M-55 TEM Empty
IN144 A, Empty
JN149 B, CTX-M-1 CTX-M-55 TEM Empty
JN155 D, CTX-M-9 CTX-M-14 TEM Empty
JN163 D, CTX-M-1 CTX-M-55 TEM dfrA17-aadAS
JN166 A, CTX-M-1 CTX-M-55 TEM dfrA17-aadAS
JN170 B, CTX-M-1 CTX-M-55
JN183 D, CTX-M-9 CTX-M-14 TEM
JN184 B, TEM Empty
IN186 Dy CTX-M-1 CTX-M-55 TEM dfrd1-sat2-aadAl dfrd17-aadA5
JN193 B, CTX-M-1 CTX-M-55 TEM Empty
JN199 D, CTX-M-9 CTX-M-27 TEM
JIN202 D, CTX-M-1 CTX-M-55 TEM
JN203 D, CTX-M-1 CTX-M-55 TEM dfrA12-orfF-aadA2
JIN205 D, CTX-M-9 CTX-M-65 TEM dfrA17-aadAS
JN209 B, CTX-M-9 CTX-M-14 TEM dfrAl-sat2-aadAl aacA4-cmlAl
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IN210 B, CTX-M-1 CTX-M-55 TEM dfrd1-sat2-aadAl Empty

IN215 B, CTX-M-1 CTX-M-55 TEM

JN220 B, CTX-M-9 CTX-M-65 TEM dfrA1-sat2-aadAl dfrA17-aadAS
IN221 B, CTX-M-1 CTX-M-55 TEM

IN231 B, CTX-M-1  CTX-M-55 dfrdl-aadAl
IN236 A, CTX-M-9 CTX-M-14 CMY-2 Empty

IN239 D, CTX-M-1  CTX-M-55 CMY-2 Empty

IN241 D, CTX-M-9  CTX-M-65 Empty

IN248 A, TEM

IN261 A, CTX-M-9 CTX-M-65 TEM dfrd17-aadA5
IN262 D, CTX-M-9 CTX-M-65 TEM Empty

IN264 Ay CTX-M-9 CTX-M-65 TEM Empty

IN268 A, CTX-M-1 CTX-M-55 TEM Empty

IN272 B, CTX-M-9 CTX-M-65 TEM Empty Empty

IN273 A, CTX-M-1 CTX-M-55 TEM

IN274 A dfrA12-orfF-aadA2
IN276 A, TEM Empty

JN287 Dy CTX-M-9 CTX-M-65 TEM

IN288 D, CTX-M-1  CTX-M-55 CMY-2 Empty

IN292 A CTX-M-9 CTX-M-14 Empty

IN293 D, CTX-M-9 CTX-M-27 TEM dfrd12-orfF-aadA2
IN294 B, CTX-M-9 CTX-M-14 TEM dfrd17-aadA5
IN295 A TEM Empty

IN297 D, CTX-M-1 CTX-M-123 TEM Empty

IN307 B, CTX-M-1 CTX-M-55 TEM

JN308 A, CTX-M-9 CTX-M-65 TEM dfrA12-orfF-aadA2
IN310 A, CTX-M-9 CTX-M-65 TEM Empty

IN311 B, CTX-M-9 CTX-M-14 TEM dfrd17-aadA5
IN326 A, TEM dfrd17-aadAS
JN331 B, CTX-M-9 CTX-M-14 TEM dfrA17-aadAS
IN336 D, CTX-M-1 CTX-M-55 TEM dfrd17-aadAS
JN338 D, CTX-M-9 CTX-M-65 TEM dfrd17-aadA5
IN339 B, CTX-M-9 CTX-M-14 TEM dfrd12-orfF-aadA2
IN340 A, TEM dfrA12-orfF-aadA2
IN341 B, CTX-M-1 CTX-M-55 TEM Empty

IN343 D, CTX-M-9 CTX-M-65 TEM dfrAl-sat2-aadAl dfrA12-orfF-aadA2
IN344 A, CTX-M-9 CTX-M-65 TEM Empty

IN345 Ay CTX-M-1  CTX-M-123 Empty

IN349 D, CTX-M-1 CTX-M-123 TEM Empty

IN351 A TEM dfrAl-aadAl
(5
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IN463 D, CTX-M-1 CTX-M-55 TEM

IN470 D, CTX-M-1 CTX-M-55 TEM Empty

IN472 D, CTX-M-9 CTX-M-65 TEM dfrd17-aadAS
IN474 D, CTX-M-1 CTX-M-55 TEM Empty Empty

IN475 B, CTX-M-1 CTX-M-55 TEM Empty Empty

IN478 B, CTX-M-1 CTX-M-55 TEM Empty

IN484 B, CTX-M-9 CTX-M-65 TEM Empty dfrd17-aadAS
IN486 B, CTX-M-1 CTX-M-55 TEM Empty

IN495 A, CTX-M-1 CTX-M-55 TEM Empty

IN499 D, CTX-M-1 CTX-M-55 TEM Empty

IN500 B2, CTX-M-9  CTX-M-27 dfrdl-aadAl
IN501 Ay CTX-M-1 CTX-M-55 TEM dfrA17-aadAS
IN507 A CTX-M-9 CTX-M-65 TEM dfrAl-sat2-aadAl dfrA12-orfF-aadA2
IN511 B, CTX-M-1 CTX-M-55 TEM dfr41-sat2-aadAl Empty

INS14 B2, CTX-M-1 CTX-M-55 TEM CMY-2 dfrd12-orfF-aadA2
IN525 D, CTX-M-9 CTX-M-14 TEM dfrd12-orfF-aadA2
IN566 B2, CTX-M-1 CTX-M-55 TEM dfrd17-aadA5
IN567 Ay CTX-M-9 CTX-M-65 TEM Empty

INS73 Dy CTX-M-1 CTX-M-123 TEM Empty

IN583 B, CTX-M-9 CTX-M-65 TEM dfrd17-aadAS
INS92 Ay CTX-M-9  CTX-M-65 dfrd17-aadA5
IN593 Ay CTX-M-9 CTX-M-14 TEM dfrd17-aadAS
IN597 Ay CTX-M-1 CTX-M-55 dfrAl-sat2-aadAl Empty

IN598 B2, CTX-M-1 CTX-M-123 TEM dfrd12-orfF-aadA2
INS99 Ay dfrd17-aadAS5
JIN600 D, dfrAl-sat2-aadAl Empty

JN601 B2, CTX-M-1 CTX-M-55 dfrAl-sat2-aadAl Empty

IN602 B, CTX-M-1  CTX-M-55 Empty

IN603 D, CTX-M-1  CTX-M-55

IN604 A, CTX-M-9 CTX-M-65 TEM Empty

JN606 D, CTX-M-1 CTX-M-123 TEM dfrAl-sat2-aadAl Empty

IN608 A, CTX-M-9 CTX-M-65 TEM Empty

IN610 B, CTX-M-1 CTX-M-55 TEM dfrd1-sat2-aadAl Empty

JN615 B, CTX-M-1 CTX-M-55 TEM dfrd1-sat2-aadAl dfrA17-aadA5
IN616 D, CTX-M-1 CTX-M-55 TEM dfrd1-sat2-aadAl Empty

IN617 D, CTX-M-1 CTX-M-55 TEM Empty

IN631 D, CTX-M-1 CTX-M-55 TEM Empty

JN633 B, CTX-M-9 CTX-M-14

IN641 A, Empty

IN660 D, CTX-M-1 CTX-M-55 TEM dfr41-sat2-aadAl dfrd12-orfF-aadA2
IN662 D, CTX-M-9 CTX-M-65 TEM CMY-2 dfrdl-aadAl
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Table 2.
antibiotics

ABEFERGLR B LA SHE ZMAEERMEURMEER 2 B8 XTS5

Statistical analysis of the correlation between E. coli phylogenetic subgroups and resistance/sensitivity to

Sub-types CAZ AMP CTX CPE NAL CIP STR

FOS TET TMP CHL KAN CFP GAT  Overall

Ao 1n 22 (o) (15 @ @n @y
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B2, ®) © (10 @) 1o ©» ©®
PR 0.2 1.0 04 0.8 04 08 06
»S 0.9 03 1.0 0.5 1.0 06 038
D, 12) (1) (20 (16)  (18) (20) (19)
PR 0.8 04 04 0.6 09 04 05
PS 0.4 1.0 07 0.6 02 09 08
D, 21 (25 (25 (24) (24 (1) (25
PR 001 04 0.7 0.006 04 1.0 0.02

pS 1.0 1.0 1.0 0.7 09 02 1.0

73x10* 0.1 02 0.9

@ 22 (15 (22 A7) @ 16 (24)
09 09 10 05 09 04 02 1.0
02 04 001 08 02 08 09 001

S @n @71 (22) (18 (I A6  (30)
09 09 02 10 1.0 1.0 07 1.0
0.008 0.005 0.06 0.4 2.7x10”°

® @3 (@4 “42) ¢y O @ @
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PR and pS: p-values for correlation of antibiotic resistance and susceptibility, respectively. Significant correlation is marked with bold

numbers, p-values smaller than 0.05 are considered statistically significant.

2.2 B-PIBRARZST 245 B e B 43 El

XF 3 R LR B-INEEREIT 25 55 blarem |
blactxm I blacyy #ATREMN, 3 B HEH blacrxa
blarpwm T 25 HE N (Y AEAE B 5 i, A7 AE 2R 53 1) )2
86.7%H1 81% (1 2) A TX FEAEZ I = 1 blacrxm
KIGHAT T 40 R, Hhl 77 %R T blacrxowt
ik, B 60 BREET blacrxmo (A 2).
blacrxm1 ZIEH, blactxass T blactx w123 FIAFTE
KB 90.91%H1 9.09%; blacrxm.o FIEH,
blactxusss blactxaia M blacrxoar FHEIAFAER
SR 58.33%. 30%F1 11.67% (& 2), {XAE 54>
SYEMRP R T S AmpC B - 1N B
blacwy 3, FFHIIN blacuy, Fi. bk
blacuy> 5 blacrxu W3 ELE [ —A~ 40 gtk i oAy

CTX-M

§ 140 Sum=137 128

2 120} . ‘

0 CTX-M-1

-2, 100 Sum=77

5 —

o 80 CcTX-M-9 70

-§ 60 Sum=60

= 40 35

2 50l 18

e LI - 5
& " 5 5 oSN 4
N oV © 5 v
N NN &

¥ & &
& &S5
B-lactam resistance genes

2. P-AIBLRRTH A EERRITIE S E

Figure 2. Prevalence of B-lactam resistance genes. TEM:
blatem; CMY: blacyy; CTX-M: blactxm; CTX-M-9:
blactxm.9; CTX-M-1: blactxa.1; CTX-M-14: blactxa.14;
CTX-M-27:  blactxma7; CTX-M-55:  blactxasss;
CTX-M-65: blactxm.¢5; CTX-M-123: blactxm-123.
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* 3. P-ABERMZARIES p-NERNAREEFENEXE

Table 3. Correlation between B-lactam resistance and the prevalence of f-lactam resistance genes
B-lactam resistance and resistance genes blacrxw blarpn blacwy.- Number of B-lactam resistance genes
prevalence prevalence prevalence
Correlation 0.607 0.107 0.001 0.448
(n=158) (n=158) (n=158) (n=158)
P-value 2.64x10 " 0.181 0.988 3.68x10°
(n=158) (n=158) (n=158) (n=158)
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Table 4. Ratio of conjugation of B-lactam resistance

genes and integrase genes

Number of strains
Gene-harboring strains 135 29 137 128 5
Successful conjugation 5 3 42 45 0

intll intl2 blaCTx_M blaTEM blaCMy_z

count

Ratio of conjugation/% 3.70 10.34 30.66  35.16 0.00
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Detection of extended spectrum pB-lactamase producing E. coli
from broiler chickens

. H# # . . *
Ziyun L1", Yanyan He", Juan Wang, Mingyu Wang, Hai Xu
State Key Laboratory of Microbial Technology, Shandong University, Qingdao 266237, Shandong Province, China

Abstract: [Objective] We detected and analyzed B-lactam resistance in E. coli in broiler chickens in Shandong
province. [Methods| The viscera samples were obtained from broiler chickens in the slaughterhouse. We screened
B-lactam resistant E. coli, used the disk diffusion assay to determine antimicrobial-resistance, extracted bacterial
DNA, conducted phylogenetic and biochemical assays, identified B-lactam-resistance genes and the structure of
integrons and performed conjugation assays. [Results] More than 80% isolates were resistant to 3 or more
B-lactams. The blatgy and blacTx.m resistance genes encoding class A B-lactamases have a higher rate, 86.7% and
81%, respectively, but only blacrx.m and B-lactam resistance showed a significant correlation. The rate of B-lactam
resistance genes in B, and D, subtypes of E. coli was higher, and the resistance was significantly enhanced, while
the Ay and A; subtypes were more sensitive. Although integrons were commonly detected in E. coli, their
correlation with B-lactamase genes is low. [Conclusion] The results show that broiler-derived E. coli has highly
resistant to f-lactams, and multi-drug resistance is widespread. The relationship between the resistance of B-lactams
and the phylogeny in E. coli is clarified, and it provides a reference for the epidemiological surveillance of B-lactam
resistance in E. coli from broilers.

Keywords: extended spectrum B-lactamase, E. coli, integron, multidrug-resistance, broiler chicken
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