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Abstract The study was to investigate the differences in antimicrobial resistance (AMR) and the distribution of
resistance genes between Escherichia coliisolates from chicken fecal samples and the environment samples
in large-scale layer farms in Xinjiang under China’s antimicrobial reduction policy, and to elucidate the association
with the implementation of this policy, and to guide rational clinical antimicrobial use based on resistance
phenotypes. In this study, a total of 500 chicken fecal samples and 141 environmental samples were collected
using sterile swabs from five large-scale layer farms in Wujiaqu, Manas, Tacheng, Yanqi, and Kashi. Escherichia
coliwas isolated and identified from these samples, and the minimum inhibitory concentrations (MICs) of 10
antibiotics were determined using the agar dilution method, and 7 antimicrobial resistance genes were detected
by PCR. The results showed as follows: 1) 496 strains of Escherichia coli were isolated, with an isolation rate
of 77.3% (496/641). The isolation rates in each region, from highest to lowest, were as follows: Tacheng
(88.6%, 117/132), Yanqi (79.8%, 99/124), Kashi (79.2%, 99/125), Manas (71.8%, 102/142), and Wujiaqu
(66.7%, 79/118). 2) Environmental-source Escherichia coliisolates exhibited significantly higher overall AMR
than fecal-source isolates. Among the ten antibiotics tested, high resistance rates (=60. 0%) were observed
for seven antibiotics (70. 0%) in environmental isolates, which was significantly higher than that for four antibiotics
(40.0%) in fecal isolates. Specifically, environmental isolates exhibited significantly higher resistance rates to
ampicillin, florfenicol, tetracycline, and enrofloxacin compared to fecal-source isolates. 3) The detection rates
of the tet(A) gene exceeded 70. 0% in both fecal-source and environmental-source isolates. The detection rates
of the blay and floR genes were significantly higher in environmental-source isolates. In contrast, the blayou
and mcr—1 genes were detected only in the fecal-source strains. In conclusion, under the antimicrobial reduction
policy framework, variations in the prevalence of Escherichia coliamong isolates from chicken fecal sources and
environmental sources were observed across layer farms in 5 regions of Xinjiang, China. Environmental-source
Escherichia coliisolates exhibited significantly higher antimicrobial resistance than fecal isolates, indicating that
residual antibiotics in farm environments may drive the enrichment and dissemination of resistance genes. Itis
recommended to optimize antimicrobial usage based on regional resistance profiles, strengthening manure
management and environmental disinfection and disrupting the “feces-water-soil” transmission chain to curb
the spread of antimicrobial resistance.

Keywords large-scale layer farm; Escherichia coli; chicken fecal source; environmental source; drug
resistance

2026 4F 55 31 %

B 2E Yy 25 Wit 25 7 ( Antimicrobial resistance,,
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55 1 I RIGIT ROR | i60 7T g 38 i 1 W) 5 sl A B I
B N I P A2 4 FRE A 2016 R B A
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TAIF 5 %68 A [a) by DX 37 5 37 v K FF T T 245
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Ry B U5 K B i AR AR R L B o 2 IR T
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SR PR T B T A T 245 PR R 5T (2007—2008 4F Al
2020 4F )R 524 R U5 K i AT TR R 22 28 Bt T 2 0 Tid
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an E AR R K IRl YRR R E A 5 M DX s AR BT S 3R i s (IR
RO T J 3% B S T A R P 38 AR & A EB A 194 % 250 5 A K& GB

BT, AW RN TR KR 31650—2019 b M , 254 55 5 © 4 10 A% FE A= K it
G EWRE R A X R B T/ Ak bt AR R AR B AR B BOIR T M v A BRI R 4
X5 5H v I G ZE IR RO B IR AR S A N B TR o B R T OR R XS FE A AR 500 17, A EE
KN AT DA R AT 24 B0 36 5 i 24 25 DR A T, R 4 i A CELEE T RE AROK B XL S R AL 26O FE
HCT 25 3% F5 AE L 2 25 1t 24 KO B X 88 03 AR B, B b 1416y B RE S A 1 mL K BHIE 2 mL EP
T PP B R T 2R AR RS, B R A CCURFE IR . AR BRI R 1,

x1 FEARGRXEGZEFNAREERREFER
Table 1 Information sheet of fecal and environmental sample collection of layer farms

in different regions of Xinjiang

i SRR I 0 SRHGI/ 1) it

Area Sampling time Chicken fecal sources  Environmental sources Total

IR E Wujiaqu 47 17H 100 18 118

¥ 4 Hr Manas 5H8H 100 42 142

I3 Tacheng 6H11H 100 32 132

’# Yanqi 67 30H 100 24 124

% f} Kashi 7H25H 100 25 125

Bt Total 500 141 641
1.1.2 £ &XA 3Rk Ir 4~6 h, R 55 % 4 09 e Bl R 2T MAC fil
MH #% 9% 5t (Mueller-Hinton) .02 W35 92 5 EMB VM 3 47 XU , JF 24k, 4% BE DL E. coli 38 3

(Brain heart infusion medium, BHI) | 2 F ¥l 3 J§ PCRIFIERI E. coli FEZ I M wid A, %t H 0 R Bt
(MacConkey Agar, MAC) | Bt 41 3% % B JI§ (Eosin- B 7= OO % AR T AR TR C i) e A B
Methylene Blue Agar, EMB) I [ & & 1 A= W R O EIPEATIN R . F BLAST 4 b b e 25 51, 2
HIRAF1XTE M 50X TAE I H FifgA: T4 FRABIE=>96. 0 0 T 34 2 B ik ol K AT 1

WA BN ] 52X Tag PCR Master Mix DL 2000 DNA  1.2.2 H#&# A

Marker W [ 4t 50 RARA AL BHE A BR A B 5 i R W B e A B AR 560, 0%0 KB H i de 201
B ATCC 25922 ) F A0 R AR Pk R0 A BR 2 7 . (R HOIREG R -AF 2 —80 C& Hl.

1.2 Fi& 1.2.3 L H R X E

1.2.1 B#erds%e ¥ M 2018 4F Bk W25 KX I bn

2% Wang 5" 7 L AT E. coli 4y B 52 . (EUCASTO'™ -2 B8 5 [ s IR RS2 56 % b v B 2>
W A D BORE RS E N IR 10 pL B A (CLSD#& % VETO01-S2 (2013 4E )™ F1 M100-S29
1 mL K& BHIHY 2 mL EP 4 th, T 37 “CH K 15 (2019 4O, 3 5 B A s B vk X 73 B A3 B 1 E. coli
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HEAT 6 K2 10 Fh i 04 25 9 19 25 W U PR K85 . 24
Yy AE A AT S (PR R R AMK L K K& &R
GEN) WU ZER (UK E TET BMHE TIG) 4
WS CBET 2 ENR) (BEMBE 2K (R K e %
FEC) |\ B- W B i 28 C2 R 74 Ak AMP . 3k 1l 18 1k
CFF Wi/ IPMD (2R (ZF W ER E,PE)6 K
FE10 P bt i 25 9 1 25 BGRB8, AT CC 25922 1F J s
T I P B AR L 45 SR H 2 LA EUCAST Al CLST s U3
0 TR T TR 24 ) SRR PR a0 P T A o R o
1.2.4 @tz A RAR

MR 24 SO 9 45 21, 76 43 25 19 K W #F 1 vh 4T
FEBE IS Cane (3" )-1a) DU E 25 (ret (A)) (B
Bl 2 CgnrS) kM B2 (floR ) B~ N BBE e 28 Cblarey
blaxm) F1 22 K28 Cmer-1) % UL 6 25 7 Fiiii 25 56 A
Rl , 2 2% SCHR[16-20 ] b 34 i FH s 24 56 (5 5 400
AT A TR RA RS K.
1.2.5 3B H

K HI SPSS 26. 03 1 28 L4341 - Dl it Ry
K 46 ( Chi-square test) Fl1%% Ay KRG 146 46 (Fisher) Fb 38
AN X B 3G 37 E. coli 43 25 2 it 2] 28 K i 245 J5k [R] Ao
HRP<0.05 N ERBE , P>0.05 W EF AR E);
2) 4 B B Wk 20 1 L it 24 35 R 85 77 15 T 2 3 7R A G B
P, R F R 5 w6 9 GO R A8 =5) B 2% A A 1 4
IR HE<<5) , 155 B F CORD 12 9526 8 15 X[

(95%CD, 24 P<C0.05 H ORF#1 M i L1k
ER5H5MH

2.1 AEMERXREEIFE. colipyBLE

MR 2 0], 641 43 A i 43 85 45 21 K AT 1 496
FR, BB R N 77.3% (496/641) , Hh 38 2 AL
fib K B AT BRI G 15 2R R 86. 4% (432/500) , R EE
TERE b K FF 18T 109 43 B8 26 0 45. 4 0 (64/141)

SAML X NI E. coli 4y B R 2l 2% 7 1
WML IX E. coli L 88. 6% (117/132) By 43 B 3 i & &
T H A H X (P<0. 05) 3 55 & # X (79. 8%0,99/124)
A HLIX (79. 2% ,99/125) B E. coli 4y B85 % 5
AN FE(P>0.05 , 2 B #F & T gy H o IX
(71.8% ,102/142) Fl . 5 J& M X (66. 7%, 79/118)
(P<C0.05) o 4% H IX KM AT B 43 B9 R 0 0L 3R 2 b i
T4

B 1 (98. 0%, 98/100) \ B & (97. 0%, 97/100)
W AF(99. 0%,99/100) M X MG VR E. coli 735K i
EETHREGL0%,61/100) M I 4T (77. 0%,
77/100) H#b X X 3 Y (P<<0.05) . T U B 55
E. coli B3R5 100. 0%, TS IRTR E. coli /755
R0, Won B KA HLIX 22 57 (P<<0.05) . 458 %
HIE WL X E. coli AT R d5 i, HASR) b XU 26 5 5
IR E. coli TATRIFAEMKES .

2

K2 FEARMXEBIFGE. colilINBER

Table 2 Isolation of E. coli from layer farms in different regions of Xinjiang %
kI HEE 20 B 3 5E gt Bt
Source Wujiaqu Manas Tacheng Yanqi Kashi Total
X 28 Y5 61.0 ¢ 77.0b 98.0 a 97.0 a 99.0 a 86. 4
Chicken fecal sources ~ (61/100>  (77/100>  (98/100>  (97/100>  (99/100) ’
B85 5 100.0 a 59.5b 59.4b 8.3¢ 0c 454
Environmental sources  (18/18) (25/42) (19/32) (2/24) 0/25) ’
Bt
66.7d 71.8 ¢ 88.6 a 79.8b 79.2b 77.3
Total

T« (8 — A7 s A [ 73R 25 53 .35 (P<<0. 05) A A - B U 3678 28 5 AN |2 35 (P>0.05) . T,

Note: Different letters in the same row indicate significant differences (P<Z0.05), and the same letters indicate no

significant differences (P=>0.05). The same below.

2.2 AEMRELIGKIBE. coliTiZh R £ 525
=

AN TR) Ml X B 39 33 43 B8 1 E. coli BT 25 1) ) it

2518 FEAFAE U] B Y B 25 S L B I DX AR XS 3ok U

B E. coli X PRRFF 2 (80. 3%) A JE % (91. 5% ) F
SR EIR (74, 4 %6 BT 25 30 2 35 8 T R0 9l
i RS B 1L X (P<<0. 05) 5 F5 409 397 Hb X 26 X 37 5k U 1Y)
E. coli XTEAEVEAR(SS. 2%0) FIPUEE 2 (97. 1 %) BY T 245
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FIN I E T AR S E AL IX (P<<0. 05) ;%
4l X BRI K WY E. coli X 2 2 E(88. 9% Y
i 25 2R i 2 5 T HAbHE X (P<<0. 05) , L 3k 7wk
(11, 1Y) T 25 5k 54N i X 5 1% 5 BT A i IX 36 38 3 5

P E. coli X33 Jin B8 2 1 e 25 R ¥ 4K (3. 0% ~
8.8%0) , H M X [1] 22 5 R i 2 (P=>0. 05) ; B b X 2K
NI VR E. coli XF WX M BT 258 (14. 5%) i
FE T HFEMWEAFENS (X 0)(P<0.05),

x3 HEAREMRXEIBIGHRIFEE. coli 3 10 T E AWM 25 %

Table 3 Resistance rates of E. coli isolates to 10 antimicrobial agents

in layer farms across different regions of Xinjiang %
b 2 ﬁ%@% 299 B 3 E"é ”gff KT
Antibiotic W ujiaqu Manas Tacheng Yanqi Kashi Total

(n=179) (n=102) (n=117) (n=99) (n=99) (n=496)
AMK Oa 0a 22.2b 4.0 ab 0a 6.0
AMP 69.6 b 88.2a 100.0 a 54.5¢ 77.8b 79.2
GEN 21.5b 26.5b 80.3 a 6.1c 11.1 be 31.3
ENR 34.2 ¢ 63.7 a 76.9 a 16. 2 be 17.2 be 43.3
FFC 51.9¢ 60. 8 be 91.5a 32.3d 78.8 ab 64.5
TET 64.6 ¢ 97.1a 97.4 a 79.8b 84.8b 86.1
CFF 49.4 b 49.0b 74.4 a 34.3b 11.1¢ 44.6
PE 38.0 ¢ 36.3 ¢ 70.9b 57.6Db 88.9 a 59.5
TIG 6.3 a 8.8a 8.5a 4.0a 3.0a 6.3
IPM Oa 3.9 ab 14.5b 10.1 ab 0a 6.3

BT AEN E. coli e A7 91 Fhifit 2 1% , HLiiit 25
FRIAE O~9 M A 0 A (4o Hp B I EXS 0%
U8 E. coli W 24 0] R B Sy 52 2%, 7T (27.4 %, 32/
117) 8T (17.9% ,21/117) 9T (6.0% ,7/117) It
(511 35 S 5 A4 i X DA L A S O — At X O R BT
25y ) i) T 24 1 Hb DX, HG TR RR i 24 3 35 O AMK-

AMP-GEN-ENR-FFC-TET-CFF-PE-TIG; % ff
M X A 37 ok U5 R E. coli L4 TR R T (49.5%,
49/99) , it 245 1% % ) AMP-FFC-TET-PE 5 b &%
2, 85. 700 (42/49) , ik Ry 5T (21. 2 %6 s 3 4 iy
o X FE RS 37 IR E. coli i 2535 8 L 4T (23. 5%,
24/102) F1 6 i (22. 5% ,23/102) K F 5 T 52 I i X

R4 FEARMXEBIGFRIRE. coli BT A5 7

Table 4 Analysis of multidrug resistance of E. coli from layer farms in different regions of Xinjiang %
% 2 i 25 %1 HERE 44 47 B 5E e At Mt
Number of Wujiaqu Manas Tacheng Yanqi Kashi Total
multidrug resistance ~ (n=79) (n=102) (n=117) (n=99) (n=99) (n=496)

01 O-resistance 8.9 2.0 0 5.1 4.0 3.6
11} 1-resistance 15.2 2.9 0 25.3 9.1 9.9
2 i} 2-resistance 12.7 12.7 0 15.2 4.0 8.5
3 i} 3-resistance 21.5 12.7 5.1 18.2 8.1 12.5
4 1fif 4-resistance 10. 1 23.5 8.5 13.1 49.5 21.0
51} 5-resistance 12.7 13.7 12.0 11.1 21.2 14.1
6 ffif 6-resistance 8.9 22.5 23.1 8.1 1.0 13.3
7 it 7-resistance 7.6 8.8 27.4 0 3.0 10.1
8 1fif 8-resistance 2.5 1.0 17.9 4.0 0 5.6
9 i} 9-resistance 0 0 6.0 0 0 1.4
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HEXIGORIB I E. coli AST B F, &N 21.5%
(17/79) ;158 M X B XS 7 R I E. coli W LA 1T 2y
T, 25.3%(25/99) 0 45 R b X R
X3 RVRY E. coli Tit 25 0] 85 f5e Sk 28 1 i 24 7™ & A2
JE 6 T A L X (R 3R 4
2.2.1 RREHEMERE. coliwt2h R % 2ot 2 5
A2 5 AT DL EE 3l Ml DX G 3R YR E. coli X RTK R A
(26. 5% ) TR 25 38 1 2 & T 0508 350 90 i A £
M X CH 2R 0) (P<C0.05) 5 X &% V5 Ak B i 245 R
(100.0%) & #F & F M 4 17 (88.3%) . L K %
(63.9% ) F1HS & M IX (53. 6% ) (P<C0. 05) 5 Xf P& K
FF (81, 6Y0) MR V> B (74. 5% MY i 25 R 15 1
%8 T H Al X (P<<0. 05) 3 % 982 8 % (90. 8%)

B 25 R I E T 9 (50.6%) L LR B
(39.3%) IS & HiIX (32.0%) (P<<0.05) , 5% f}
X (78.8%0) 25 5 i 2 (P=>0. 05) 5 % 3k i WE mk
TR 24 23R (77.6%) B FE & TR A X (11 1%
(P<<0.05), 5 WA E36.1%) Fyy i (35. 1% ) F1
15 E HLIX (34, 0%0) T b 3 22 55 (P=>0. 05) ; XF &
R M 258 (10. 2% B F & T A (3.0%)
FUE (1. 6% ) K 340 3 4 X (1. 3% ) (P<C0. 05) 5 X
W R R 25 R (17. 3V B EF R/ T HFKEO K
W AF M X (0) (P<C0.05) o Mg Hi X 38 2 VR E. coli
YEZFWREMM 25 K889V BERTESE
(57.7%) g (39. 0%) Al AL Z M X (37. 7%0)
(P<<0.05).

RS FEARMRBERE. colixt 10T EH YR T EZE

Table 5 Resistance rates of E. coli from chicken fecal sources to 10 antimicrobial agents

in different regions of Xinjiang

%

bo i % ﬂ%i% 90 B 3 %% ﬂ‘%ﬁ Bt
Antibiotic Wujiaqu Manas Tacheng Yanqi Kashi Total
(n=61) (n=77) (n=98) (n=97) (n=99) (n=432)
AMK Ob 0b 26.5a 3.1ab 0b 6.7
AMP 63.9 ¢ 88.3 b 100.0 a 53.6 ¢ 77.8 ab 77.3
GEN 9.8¢ 19.5 be 81.6 a 4.1¢ 11.1 be 26.9
ENR 18.0 ¢ 57.1b 74.5 a 14.4 ¢ 17.2 ¢ 36.8
FFC 39.3¢ 50. 6 be 90.8 a 32.0c¢ 78.8 ab 60.4
TET 55.7¢ 97.4 a 100.0 a 79.4b 84.8 ab 85.2
CFF 36.1 ab 35.1ab 77.6 a 34.0 ab 11.1b 39.1
PE 37.7¢ 39.0¢ 79.6 a 57.7b 88.9 a 63.7
TIG 1.6b 1.3b 10.2 a 4.1 ab 3.0b 4.4
IPM 0b 5.2 ab 17.3 a 10. 3 ab 0b 7.2

HFREIX I E. coli th 1~3Ti 5 61.0%
(37/61), 61 F1 8T 25 10k, 455 1. 6% (1/61) ; 144
W X W8 28R E. coli H O~T7 T ¥4 4345, LA 4 1t Ky
F, 5 1 29. 9% (23/77) 5 S IR L X XS 2R E. coli it
2 FE AL DA T WM W, N 52.0%
(51/98), [FI B O i B A& (7 b 7. 196(7/98) 545 & HiL IX.
X E. coli L 1T R 3, 5 b 25. 8% (25/97) , 5
30k 8T TR bR, o5 3. 1% ; B8 A b X 4G 22U E. coli it
G P AE AT AN S, 5 71.0%(70/99) . L ikgh
SR B I X X8 2V E.L coli i 24 72 A ™
7 RA LB RR A 59. 2%, H R ME— A 9 T B AR
HIX .

e

2.2.2 RAREMRRWRE coli wth & % 2hatth
2

MFZ 6 A FAON R M X IR 35 IR E. coli X2 R 78
OEEV R AR E R AR E(P>0.05, f
FOE M X R B R E. coli ¥ DU B K B M 25 K
(94.4%0) i 3 i T35 3 b X (84. 2%0) (P<<0. 05)
54455 (96. 00) M 55 & Hi X (100. 0%6) 22 5 A i
H(P>0.05), B4l X A BE IR E. coli X} 3k 7 0E
Ik (92. 0% ) FEE IR 25 (32. 0%) W i 25 2R 5§ 3 75
T8 Bk (57.9% . 0) M iS5 & Hb X (50.0% . 0) (P<<
0.05) . kb X BEIR E. coli % A e % 0 i 25

R(4.7Y) B F T EE X (50.0%) (P<
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0.05), 5 LR E 94, 4%) K 4 7 #h X (92. 0%)
ZFAREP>0.05) ;15 & M X R E. coli Xt
By K R AL (50.0%0) 1Y T 24 2 b 3 i T At dh X
(P<C0.05) ; X} JR K8 2 MY 25 (100. 0%) B3 =
T 3 45 b X (48.0%) (P<<0.05) , 5 H K &
(61.1%) Ml 35 3 M X (73.7%) 2 % &~ B #
(P>0.05) ;X% Z 1 £ E it 25 % (50. 0%) 5 H
i Hb X 22 5 OR L (P=>0.05) . FF A Hb X 26 55 U4
E. coli %0 i 55 o 0O Tt 25 ¥ 0, o i 2 F

(P>0.05), HEEMXHEIRE. coli it 2515 5 LI
6 1t A1 7 15 o~ L, 455 33. 3% (6/18) .45 1 ¥k Jy ST,
17 5.6%(1/18) . Hh4 i b X IR 5 VR E. coli it 25 1%
FEAERIES~TIMH, & 84.0%(21/25) . Il X
WEER E. coli 8 3~T W B4 /A, L6 o 3,
47.4%(9/19), B E M X INELIR E. coliTif 253 % LA
AT A 8T R 2, 4% 45 50. 0% (1/2), 45 R0, 3
B8 E. coli I8 %5 i K ma 56 4 BUBAN b AR BT 7
25 ) 1 TS 2 S R T S Y I 2 5

K6 FHEARMKINEFRE. colixt 10 T E YRI5 X

Table 6 Resistance rates of E. coli from environment sources to 10 antimicrobial agents

in different regions of Xinjiang %
Si 2 ﬂ%%’i 4y B 4k %% Rt
Antibiotic Wujiaqu Manas Tacheng Yanqi Total
(n=18) (n=25) (n=19) (n=2) (n=064)
AMK 0a 0a 0a 50.0b 1.6
AMP 88.9 a 88.0a 100.0 a 100.0 a 92.2
GEN 61.1ab 48.0b 73.7 ab 100.0 a 60.9
ENR 88.9 a 84.0a 89.5a 100.0 a 87.5
FFC 94.4 a 92.0a 94.7 a 50.0b 92.2
TET 94.4 a 96.0 a 84.2Db 100.0 a 92.2
CFF 94.4 a 92.0a 57.9b 50.0b 81.3
PE 38.9a 28.0a 26.3 a 50.0 a 31.3
TIG 22.2a 32.0a 0b 0b 18.8
IPM 0a 0a 0a 0a 0

2.3 AREMRXEEIGEIEE. coli it 25 & F & H
1% 7 TR0 5 A M IX BR324 B B E. coli T 25 %
PRIAG: 3 5 a2 S RS IX XS 2805 E. coli v ane
(3")-1a(89. 8%) JloR(79. 6 %) K blaxmu(20. 4 % )3k
DAL A A 1 R I 2 v T At b X (P<<0. 05) , IR BE IR
E. colifrant(3")-1a(68. 4 ) Fl floR(78. 9 Y # i 3
o T 4 A b DX o I R 24 R R Y 2 R T A
PE o AT b X XS 3R E. coli W tet (AD BY RS R
(93.5%) W & & T 3 Wk (82.7%0) Ml wg A1 #b X
(80.8%)(P<C0.05) i FE I 7E AL A IR (52. 5Y0) I ES
HEHLIX (42, 3V A R B AR, BB E. colith
it 245 K et AD) (88. O YOO K HE R i T Hifth 4 X,
2 W - R i 24 5 PR [ B A A R R 2 RS R . R
A XIS E. coli F i 25 FE A blar(61. 6 %) K
W T HE IR (33, 7%) ML B (26, 8%0) H X
(P<20.05), blaxon TE 1 BEXG SRR E. coli R H K H

FR1.0% . HOyHT I A X XS R E. coli
HognrS R R 70.0%, B E S TEE
(27. 8YO)O ML ZIEHLIX (47. 5% (P<<0.05) o mer-1
TE X 2R E. coli B RKG R B AR AN TE B I
3. 1Y) FEE 2. 1Y% XK, mer-1 1 blaxou TE
FITAT i IX BB TR 2 A 4G Y WL IR g R )32
TLR% . ik DA I 5 SR 2 B < 38 3l b DX A ane (3" )-Ta
JIOR (bl 25 T 245 1 R 5 521X B B X ree(AD
S 1 3 IR () 20 A% B AR AR 5 B 0k X1 A i X
IS E M XEIRIEE. coli PR H blaxo /B mer-1
e XU 5 BT A D G 1 R A PR B v
2.4 AEMREIBIFGRIBE. coliTZ5RE T H
it 24 B [E B9 48 X M4 A

FH R J7 K6 56 70 2 A 250K 1 G2 56 43 BT 496 Bk AN [R]
Hh DX G 37 R R E. coli T 24 3¢ AR K H3 it 24 3 (A
(A SE M (3R 8) , 45 1 R, 496 Bk AS [ 3t [X 2K 0 3
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Table 7 Comparison of detection rates of antibiotic resistance genes in E. co/i from chicken fecal sources and environmental

sources in different regions of Xinjiang %
X 28 2. 7 X 288 PR PLES 73R PSS 21
#x  Chicken fecal Environmental Chicken fecal Environmental Chicken fecal Environmental Chicken fecal Environmental
Area sources sources sources sources sources sources sources sources
ant(3")-Ia tet(A) gnrS JloR
5
ﬂém 39.3¢ 66.7 a 52.5d 83.3a 47.5¢ 83.3a 18.0d 72.2 a
Wujiaqu
i 20 Hp .
75.3b 68.0 a 93.5a 88.0a 76.6 a 68.0 ab 48.1¢ 76.0 a
Manas
& Ik
. 89.8 a 68.4a 82.7b 68. 4 ab 71.4 ab 31.6b 79.6 a 78.9a
Tacheng
. 19.6d 0Ob 42.3 e 50.0b 27.8d 100.0 a 17.5d 50.0a
Yanqi
1738
gﬁ“' 23.2d - 80.8 ¢ - 70.7b - 59.6b -
Kashi
s
it 51.2 72.0 59.5 50. 4
Total
X 3% R4 A PLES R A X 3% Y 2N
b X Chicken fecal Environmental Chicken fecal Environmental Chicken fecal Environmental
Area sources sources sources sources sources sources
blaren blaxpm mer-1
;
£%7% 44. 3 be 83.3a 0a 0a Oa Oa
Wujiaqu
4 4
skl 48.1 ab 76.0a Oa Oa 0a 0Oa
Manas
i)
A 33.7¢ 78.9a 20.4b 0a 3.1a 0a
Tacheng
%% 26.8d 100.0 a 0a 0a 2.1a 0Oa
Yanqi
l]r‘-—
%ﬁ, 61.6a - 1.0a - 0a -
Kashi
A
At 47.4 4.2 1.0
Total

T« [ G H e AN [ A R 22 7 i 2 (P<<0. 05) M ) S U 36 /R 22 5 R i 3% (P=>0. 05) .
Note: Different letters in the same column indicate significant differences (P<0.05) , and the same letters indicate no significant differences

(P>0.05).

KR E. coli WPk KE RKFER UK B
B OEOREH EE P MOR e B e 7 R 2 Y it 2
& R RRE A T 2 3 DS AR W 3 A OC (OR>1,
P<<0.001) ; % 2 fin 5 22 04 T 24 3% A4 15 L 24 i ]
tet(A) 5 5 E A X (OR>1, P<<0.05) ; 3k i mge nk |
Z R & E it 25 R A5 A A i 24 2 R A G
(OR=0.70,95%CI=0.49~1. 00, P=0. 058) Fl (P
=0.084),

SRILE M — P R AN A L X S8 3R R E. coli T

2 TUFNS 24 B DA A SCIBR R i &1 1) o B 3ulc il X 209
YRR E. coli XU FR AR JEH KRR B R 1T 24
FAVIF 5 tet(A) \floR cant (3" )-T1a F& [H 35 B, 3
43Tt X XS oK IR E. coli VUM i 25 KA GEH 5
tetCAD PR 5 SCHK , [A] I 2R VAR blaey R TD 2
55 qnrSTEPR S5 0CHK o WA XN PUART 245 i blarey
FF L UARERG ter(A) A FHH floR He K 1 25
KUK T X LI YRR 245 A% R AL, 5 ter(AD
SROCI . A E M IX W25 AN, LAY PR Z T 24 Ry 8
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Table 8 Correlation analysis of drug resistance phenotype and drug resistance genes
2 X ]
B EZEE kw e+ EWE FW- WM %ﬁ”fc'f] it
Drug Drug S+ SR — A+ HEH — OR [;5/ Comelan
95 “orrelation

resistant  resistance  Phenotype —  Phenotype + Phenotype + Phenotype— odds ratio | ’ erretatio
. . . . Confidence P value

phenotype gene Gene + Gene — Gene + Gene — .

interval
AMK ) 229 5 25 237 5.18 1.95~13.70 < 0.001
ant (3" )-Ia
GEN 131 32 123 210 6.17 3.94~9.62 <0.001
TET A 4 74 353 65 77.53  27.03~200 <0.001
tet
TIG 328 2 29 137 6.06 1.42~25.64 0. 004
ENR gnrS 133 53 162 148 3.40 2.30~5.03 <0.001
FFC floR 5 75 245 171 111. 11 43.48~250 <0.001
AMP bl 4 162 231 99 35.71  12.66~100 <0.001
A

CFF " 141 127 94 134 0.70  0.49~1.00 0.058
IPM blaxpy 6 16 15 459 37.50  15.65~89.88 <<0.001
PE mer-1 0 290 5 201 — — 0.084

TE  RA — B 4o BB T 2 R AR SR 2, T 2 R R R A+ R — T bR T 2 3R A R T 2 (H R 4 2 0 B

F A SEIR + T RR T 24 70 W R i 2, BT 25 RE ) . R — SEIRl — « B RRIT 24 R BN R 25, AN HEA i 25 LRl . P<<0.05, 22 5% i
FH;P<0.001, 2R M B, P>0.05, 2% A BE ORMK T 18R 24 H AR IEM K ORE/N T 138 24 H AR GG OR S T
1R 2 Z WA I . — 7R PR B A A KD T 7k 33 A R B8l
Note: Phenotype —Gene+: Strain resistance phenotype does not show resistance, carrying resistance Genes. Phenotype+gene—: The strain
resistance phenotype shows resistance but does not carry resistance genes. Phenotype+ Gene+ : The strain resistance phenotype shows

resistance and carries resistance genes. Phenotype—Gene— : The strain resistance phenotype does not show resistance and does not carry
resistance genes. P<<0. 05, the difference was significant; P<<0. 001, the difference was extremely significant, and P=>0. 05, the difference

was not significant, OR value greater than one indicates that the two events are positively correlated ; OR value of less than one indicates that
the two events are negatively correlated ; OR value equal to one indicates that there is no correlation between the two events. — :means that

the number of positive samples is too small to calculate the relevant data.

T, WA, ZFE R E M 25 R B ARAS H 32 2 OCHR
HE, HR M Z R R E it 25 R A Himt 25 A
mer-1J0 B A (P=0. 08O MHEENE, 450,
N TR s X 3G Y7 50 IR E. coli i 25 36 B - R SR B A7 AE
BEMEER.

3 ®
3.1 AEAMEBANEREZLSHRFERIGER.

IRIRE. coli IR ITIE R 547

FH Y h 2R E. coli 0 B K (86.4%,
432/500) i FIIEIR E. coli(45. 4% ,64/141) , %
WIEEXG 2 SR b R 0 B2 m £ N
X A3 R F , LR UE(66. 7% ML (71.8%)
H X Y 37 R IR E. coli 143 B FAR T HoAh 34~
DX, 00 G 25 5 T RE 5 OR R 2R YT R b 3 R 05 TR A
Ko HEEWLOY) MILYGIHT(77. 0% ) Hb X X 2
IR E. coli B9 73 85 AR T & W (98.0%0) (5 &
(97.0%) A A (99. 0% ) Hu X, i 1% Fh 22 5 ] g
55 ORME Y LR A DG A R IR IR 4—5 A

KKE, G BRI B I 6—7 H SR ke, AR HLIX 3R
BUR E. coli (43 85 %6 25 ek, b 58 08 Ml IX i
55 (100.0%) , 344 1 (59. 5% ) 5 85 3 (59. 4%) #b
XK Z 5 & (8. 3%) A A1 0D b IX 5 AIG, i I 53X
T K 25 53 0T Rl 55 3% 58 3 20 55 1 2% 15 it 1 g A 7
BERRCR A O . a5 BRI L AT UL AR B S
WY IR E. coli 4 B TR (86. 4 Y)W i T IR i He Y
e B A KA 6 FKAY IR B I FEE R Ay B R
(81.9%) RIL F X4 5 = FE YL I3 4 8 A 35 X% 4 1
WF 9% 45 B (99.4%) . ¥ 8 W E. coli 4y B K
(45.4%) 5 Mandal 25" %} PJ 48 3 3 55 (& 3 75 7K
T E. coli HFSE 25 5 (71, 0% AH 25 B8 A, i Il 2%
5] BE S5 IR BT RE AR IR [F A 56, A5 ) R 8
TEAE AL R ROK L HL S L 28 TR,
AR H X E. coli 43 85 % 1) 2% 5 7T 58 32 Hb 3R 3% 0 2%
F R 7 B S )
3.2 AEAMRBMSZEREGLIFRFENBER.

INBIRE. coliITH A RE 47

AN TR b X A 38 37 IR E. coli W TR 25 1k 45 5 B s

B
2
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%—5 Drug res@t%ﬁ%henotype Drug r@%&%ﬁ genes
— e, - ani(3")

AMK : B B s AMP: 2 S PG GEN: PR 5 ENR BBV B FRC KR % s TET  PUFR % CFF S J0MEk ; PE: 2 851 % E; TIG & nEk
FIPM RGBT o A [ B (A 36 397 86 5 1 b X 28 X8 37 KM T T 1940 B85 ok, 208 R 400 9 7% 12 . DX i 24 3 180 5 e SR IR 22 1) S IR A i 55 , 22 2Bt £

FAL RIS

AMK: Amikacin; AMP: Ampicillin; GEN: Gentamicin; ENR: Enrofloxacin; FFC: Florfenicol; TET: Tetracycline; CFF: Ceftiofur; PE: Polymyxin
E; TIG: Tigecycline; IPM: Imipenem. The different colors represent the E. co/i isolates from five different layer farms in Xinjiang. The thickness of the

lines indicates the strength of the association between the drug resistance phenotype and the specific gene, with thicker lines representing stronger associations.
1 HEBEARMXREBIGREE coilMARBEEMAEFEMXBEELRER

Fig. 1 Sankey diagram of the association patterns between drug resistance phenotypes and resistance genes of E. coli from layer

farms in different regions of Xinjiang

DU PR 2R 5 R A el e KO TR 25 (64, 6 00~97. 4%6) L {H it
LA AE 0 M B 25 S o B I Ml XX T P
(100. 0%6) 58 41 25 , X} AR Je % (91. 5260 5 R K%
K (80. 3%0) My Tt 245 [nl I Sy 28t [R) B %o SRl i v 1
(76.9%0) T 5 F 200 30 b IX X 2208 PH AR (88. 29T 24
PR 5 W AT b X 22 78 B R E(88. 9 Y0 it 25 5 Ry 45 i
X228, RIS S P ARC77. 8 %6) R K Je % (78.8%)
e i 5 5 0 Ml X LA P AR (69, 6 %0 TR 245 08 3, 4
(AT 25 7K - 25, X PR AR B I e85 T 8 2 Bk (0D
5 b X R 245 7K A 54 Hi X SR i Of 7 R i
IR 25 3R <C34. 3%, F B X PUER E (79. 8%t
2. BIFIY BRI PR R VR S 3 i T 24 < G SRR E
coli R PUIAZR (85. 2%0) (E R VUM (77, 3% FI 2 Fh A
R E63. 706 MY 25 % 5 , 76 63. 020 LA b 5 1 PR 45
E. coli ¥R PEAR UK 2 % F DU B FE i 2 32 3 5 ik
92.2% , X PR KB K (60. 9% B IE TP (87. 5V 1
it 257KV I e TS IR B bk . AWFSE T A 2RIR E. coli
XiF DU 2K (4T 25 3 (85. 2%0) R T 2= JE 4572019 4F
TETRAE 3RS I 00 15 I XS U5 K F B X6 DU 34 2R
(AT 25 336.(78. 6 %0, [AAIR T i 5 45 ' 2017—2021 4R 7

TR VLV AR R R R B G DU B R Y 24 R
(93.7%), 5 FEFRZE2019 4RI R 44 14 D37 O AIF 5
S (87, TR s X 2R PRI 25 22 (77. 30 =
T2 PF2020 4 7R 1L T8 34 IR NG 3 1 BT 5 45 R
(55.6%), 5B A H 25212016 4F 2 38 AP AL 4 X 22 ik £
3 I RS TR A BT 24 SR AR (74, 496D, i % 3
e (60. 4% JRIEYD B (36. 8% Ay ifit 25 R A% T 4L
WFSE45 - (71.1% .65. 9% ), $ 7% X k] fif 24 < 2 57
A A8 55 AN ) DX 470 A 2R D7 S0 60 FH o B AN B i AT G, 7
TR T 52 T, AR X 25V A A AE 22 5
T o BRI 2/ R EAE IR YT BT B 0 2S it
2P IR I BT — BB AE R 2R IR AR VR E.
coli EL BB = i 25 %2.(63. 796 .31. 3%«

N [ b X 26 08 375 5K 08 E. coli 922 25T 2451 B ™
IR, 3 K 3T LL B ARG 78.0% , MBI E. coli
(95.3%) Z 24T 25 K T W F IR E. coli(75.5%) ,1X
— 22 SRR FRBE R AR T AE A I 6 A P A R e R
JE 7, AT R S 2 3L Y. 3T 54 Ml X Tiid 24
JE Oy /W AT > g i > R R IR > 58D 5k
SRR 22 5, I BT UK T S X SR AR AE vE A D Z E
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TirF 245 X, CH Sl s - X 200 %ot A T % B T 2
RRBER PTG W Z R R EW AR IRE R
2l (T8 B 5 2) 4 Sk [ 4 DU A 2R OR 0 P AR D B
FYN KBS B AE R TE , SAT X2 b
SR 5 SR P ARAE PR 25 X (LR R B & H X
AR Ay R 35T 577 P T 24, 7 e T 24 DX OR300 35 490 Jor o
1 XOAE R ARG T PEAR FH 24
3.3 AR R RE /AN EG G RIENGERE. IR

BB E. coli M 25 & E & 17

FE BT KR DG B IS B R AT b X
B0y B B E. colih TP R rer(AD (W 17 )
2 gnrS B R PEZE floR F1 B- PN BE W B 288 bl T 24
R DR G 1 28 3R A i (1 >45. 0%, 6 I 3 1Y 2 it
2 5L A TE 54> b X R XS R 56 37 h ) iz A% B AN [A]
Hi DX T 24 3 R B AT R AR AEAE R 25 R B i X
FIEWETF 2 Cant (3" )-1a,86. 3% ) FIE M B2 2 (floR,
79. 50Tt 2 HE PR R 3 Al X, 2
M — [ BF A 1 Bk 7 2 M 2R Tt 25 B X b lann (17. 126D
ML B Z 2 25 B X mer-1(2. 6 %) Wy H X, # 7~
TETERRTR 0 T 25 KU 5 35 490 30 b [X O 3R 2% 2K i 24 3
[ zer (A YA 2R (92, 2% 0 54 Ml IX Fe 7, (] B
RIS Cane (3" )-1a,73. 5% MR (gnrS,
74,506 )T 2 5 PR U AT 2 5 WA b DX B~ P T Y il
e blaven K 13 (61,6 %0) = T oA M X, DU BR R 2
(tet(A),80. 8%0) FME 5 il 2 CgnrS, 70. 7% ) i 24 3
DRI AT R v, AR M B T R 28 T 2 3
blaxp , K R 1. 0% 5 05K 3 b X P 36 25 25 it 24
FEH et CAOKS R (59. 5%0) M iZ L IX e i, A K
B 77 B M it 25 R R bl TN 22 %66 A 38 2 1t 24 3 1A
mer-1; 75 & b X ane (3" ) -1a (19.2%) | tet (A)
(42.4%) . gnrS (29.3%) | floR (18.2%) | blarey
(28.3%) 22 25Tt 25 F RS 350 54 b X fe fik, HL
A B T R M T 25 3 X blaow, AT BB
LM IX Z R RIS 2 I A mer-1 R RN
2.0% , /& TR F 44 17 R A 1l X (345 00, 42
WFHE IR X (2. 6%0) o 3R X Sl 22 5 0T fig 5 3R
] U B SR 1 S i A7 A T A DG BK : IR IR gnrS |
blayey ant (3" )-1a floR 5 25 3 PG H R 8 T 09 3%
Ui, PR TEPTBOR T, B XY R N H 24 06k 20 ] e B
ARG 485 17 it 24 5 DR %) 8 6 1 g, T A 5 v ke B A i
A R Gl b 8055 58 K HE IO AT 7 35 22 it n 18 8% R
73, S B 24 R R AE IR b AR W R OQ T i

B M ST 25 IR b Laon OB 11 38 4200 AN TE 35 3 FD
W A1 b XX 2R R D B £ B i 3R S 2 g
mer-1CRE 38 1.0 %0, AR 35 38R 55 5 b DX 3G 2% 5
TR D AR AR 2020 AR 7E BT R 3R TE
mer-1 KT 3.C0. 3%, LR PRI A T bk rh R A
R B {H Bl - P B IR A% B XU AR SR A AE
PR IHG kA0 B T O ) PR B A B AR LY IR A
i Bz oKk A B1L, B U it 245 5 A 1) 20 85 7, AU Sk s
TR 245 1k AE < B Wy - B - B S AR AR oAb
3 TR AR A7 T TR 24 35 DR B 1 200 A 3 S0 AH 107 Tief 2 3 A
Bt IR 24 3 7R A R ARG AR DG i 24 R R iy B 4, 42
75 ] BB A7 8 A G T (1% i 24 i PR g G Al i 245 B 1] A
YT 24, B A A T 24 i PR S 3R 3K A T
T PN OTE T 25 R A

4 &

T U BT BORE A 22 4 7E T, B i S 1t DX a4
AR P X 7 4 b B I R T 25 B AR T XS AR A
YW L £F T T (ELT 24 1 (] RIS 7 I EL T 24 4% I
e A7, U0 PO ER 32 K B- 9 T e 2 25 Wit 24
i i, BT U R X S R M AT 7R ik R 2 2 Tt
2y, HLBR BT PR 24 A R R A 2 YR T L o R i
25V IR B KR 5 A2 e, IR B 3 FT LR
o2 AP 25 W, ol e 25 W T () I g A R AR
Yy IR 5E L5 i B CAN TS BT IR AL Ak BRI K I 58D
L VB Tk 24 ik PR3 5 /K O b o JE SR IR AR L 1 L [
R 58 3775 G UK <
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