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Isolation, identification and antibiotic resistance analysis of
pathogenic Escherichia coli and Salmonella from white feather
broiler

ZHAO Taixia"?, ZHOU Yuanyuan’, TIAN Wenxin’, LUO Zhongbao®’, HUAGN Baogqin®,
XU Haixia’, HUA Yongshi’, ZHENG Qianbo’, CHEN Lanming ', FAN Li "’

1 College of Food Science and Technology, Shanghai Ocean University, Shanghai 201499, China
2 College of Tea and Food Science, Wuyi University, Wuyishan 354300, Fujian, China
3 Fujian Sunner Development Company Limited, Guangze 354100, Fujian, China

Abstract: [Background] Escherichia coli and Salmonella are the main pathogens in broiler
breeding, which can cause huge economic losses, and their antibiotic resistance shouldn’t be
ignored. [Objective] To isolate and identify pathogens from dead chickens, and analyze their
antibiotic resistance characteristics. [Methods] The target strains were isolated and purified by
conventional method. Biochemical tests, 16S rRNA gene sequence analysis and growth curve
verification were used for identification. The drug susceptibility test was carried out by disk
diffusion method, and the drug resistance rate and multiple drug resistance were analyzed.
[Results] A total of 10 strains of E. coli and 10 strains of Salmonella were isolated, including
4 enterica subspecies, 1 arizonae subspecies and 5 Salmonella bongori. E. coli isolates were
only sensitive to carbapenems and resistant to other antibiotics. While Salmonella isolates were
sensitive to carbapenems and showed different degree of resistance to other antibiotics. All the
isolates were multi-drug resistant. [Conclusion] The pathogens were isolated and their
antibiotic resistance were determined, which provided reference for the prevention and cure of
E. coli and Salmonella in white feather broiler breeding.

Keywords: white feather broiler; avian pathogenic Escherichia coli; avian pathogenic Salmonella;
isolation and identification; antibiotic resistance
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BUEEORME R L W, JFX Lk
FrptAE R 2 Vo0, DU 389500 1 B ih
FFb 23 2%

1 MR5r%

1.1 &
S RO FEAS B FE IR T 2022 4 10 H iy R4

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BRE F | BPBHHFUERBTE. DIIRENSBEERMERMZ 217 2565

T S ] b b DX SR N R N RS SR T, Il
RIER RGPS E . PIBZEN . TR, K
RIALOENE . A B EIRFES . KEER
F% 266 RS B AT o8 €66 T WA 20 06 40 5 s T DA B
ATCC 25922 Il ATCC 14028 I H ¥ & i1 4L )
BARARAFL
1.2 EFEMEELF . LE

FHEHL. L0 W . SS. LB, MH B3kt
MR AR N S5, S A E ARG R
7w PCR OAHSGIH], 4B TAEY) TR i)k
WARRAF 29t N TR A YR
ARRAF

TERIG A, KAL) ;5 PCR Y,
SN AEYRHABR A A KA, RIS
A BR /N F] s Bioscreen 4= H sh A K fH £ 40 H11%,
Oy Growth Curves Ab A H] ,
1.3 REEMNTEEK

TR R BCI SEAE JF A | R B8 8 s 459 e
ML, QLR T LR FLLRTEFR SS Bifig
S 1O, 37 °CHE R 24 h R B TRV RE , Bk
WEEM TS T LB iR Paaifessas, Jhitr
(O N S 5 N LR N g8 8
14 DEEHRNECEE

W R AR A RO A R N B, %
VLI B UEA TS IR . WERAE L, KPR CF AN
ARG E T VIS Re G AR A T 5 22
1.5 PDEEFk 16S rRNA EFLER RS
XEWHE

YT DNA $EHGH & B oy B bk TR 41
DNA, DLt it , Fi A 5149 27F (5-AGAGT
TTGATCCTGGCTCAG-3")F1 1492R (5-TACGG
CTACCTTGTTACGACTT-3") #4744 . PCR Jx
MWK Z (20 pL): 2xTaq Master Mix 10 pL, ddH,0
8uL, . Fi#51491(10 umol/L)4% 0.5 uL, DNA
AR 1 pL. PCR K454 : 94 °C 4 min; 94 °C

30s, 52°C30s, 72 °C 1 min, 30 PM§¥; 72 °C
10 min, PCR 4" B4F= 1122 1.0%350 8 HEEE I B Ik G
WG A T A TR (R e A BRA W

745 R P42 5] NCBI (https://www.ncbi.
nlm.nih.gov/, %F3EEFE]: 2023 4F 4 J] 24 H)if
17 BLAST LuXd 438, R1G45 73 BRIP40 5,
LI MEGA X #4148 #2 7 (neighbor joining
method) {4 B R 40 & F W, FI28%08E 1000 M2
1.6 DEEHKEKHZANE

BRI bR BEFP T LB iR, 37 °C.
180 r/min {53% 12 h, {5 BhEGAR{CK B ODeoo
PZE 1.0, WK LB 5 F2 54 AT LE 1:99 Ik
TIRE), InZE 96 L, H Bioscreen 4= H 3j
A K A T A 2 45 T AR I A Kt 48, TS
BEE N 37°C, ZIRFATEE,
1.7 S EER YR MR

B R B AR AT LB WK RE 3RS,
37 °C. 180 r/min 3557, 1418 3 K, {53% & ODgoo
H 0.6, BT 4°CH1E, &,

KA AP B0 (K-B 20t 17 25 a5,
Be i MH Z5hE -4k, BERJS, B 100 uL R R
BWIISR AT, R TR, H28utat y
(6 mm) i TR L LW, URBHFE
ATCC 25922 mJR#EH R, 37 °C £55% 24 h,
3UPAT . 12 28 21 B AE 5 RO R A F 4
AT S LR 1. 5 E S HERIGIRS
LI E AR EDFSE T CLSI-M100-S22 #7141,
Iy MU A R 2 o

2 EREG5M

21 WREREDBEER

AT 5% DA A 22 (6] b b DX P 0 X e X R PR X
TR 20 A BHEAS Hh 43 B 3] 14 R EE (LR A%
Syl 4 R1I-R14; WNFPRSFEFE Y 7 A9 BHEE
Aoy BB 6 PREELIE KR, 43 Alan 4 h Z1-Z6.
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Table 1

R P A A @ KT mAR

Drugs used in antimicrobial susceptibility testing and breakpoint standard

25125
Drug category

EUNESLY

Antibacterial drug

AR

Disk content

TR R EAR T R

Diameter breakpoints of inhibition zone (mm)

(ng/disk) fit 24 Resistant R4} Intermediary £BU# Sensitive

5 £ Penicillins ZRVIM AMP 10 <13 14-16 >17
B- M kI IS P PG S AR/ BR AMC - 20/10 <13 14-17 >18
Beta-lactamines A ATM 30 <17 18-20 >21
3 ffi2& Cephalosporins SLHMEN CTX 30 <22 23-25 >26
S Aanfi5 FEP 30 <14 15-17 >18

Sk BER FUR 30 <17 18-20 >21

LA CPT 30 <19 20-22 >23

FH 2L Carbapenems  3EX B MEM 10 <19 20-22 >23
Je A3 r ETP 10 <18 19-21 >22

SIEIETT RKEHR GEN 10 <12 13-14 >15
Aminoglycosides T IR AMK 30 <14 15-16 >17
PUFR % 2 Tetracyclines ZPHZE DOX 30 <10 11-13 >14
M3 RS Quinolones LEHD R LVX 5 <13 14-16 >17
Bz 2 ENR 5 <16 17-22 >23

T2 Sulfonamides 507 SXT 25 <10 11-15 >16
Tt e 53 e SF 300 <12 13-16 >17

KRNI Macrolides 2y 8 & AZM 15 <12 - >13
BKE A TIL 15 <10 11-15 >16

447 %2 Chloramphenicols %% % CHL 30 <12 13-17 >18
Bt BE 2 Amphenicols FAJEH FFL 30 <14 15-18 >19
Z JIkZ& Polypeptides ZFH & ECS 10 <10 - >12

—: JCAH A BT AR

—: No correspinding criterion.

HAEkk R1-R5 ., Z1-25 7fEEFEYLHNE

SRR SR . RIE RS, Hie
290 1.5 mm; FEPHATEEBUR F 2R R A,
AR, FIEHE%, BERZAHN 1 mm; H2
FRUe o B Wi et . BO7E . TREE A B
FATE, BERUCMRIGAT R . Bk R6-R14. Z6
FEF YR F IR A6 REY . BB E
%, HFEZN 1.5 mm; 76 SS Iifs F 2B A6,
B LR adh.os, EW, REEE, HiE
290 2 mm; §2L YL@ AF R . AR
AN PEER, BERURTPTTIRER . #8454 B A
PR P TS S ge (g S 1 iR,

Wik, S 27 AEEA R, rBfE)
10 BRI HT TR BERLIAT, 10 BRVDT] IC B BE LA -
22 HNHETES

RIS R oK, 10 BREERI KA 1
M. FURE . RERE . INAEE . HERME. MR i
K. BALE . BUEARRBOREE . IR KR
YR BAPE ;s MItRIR . VP IR | PR R B Y
B dedt it rk R1. Z5 RBAPESN, Hith
B

T3Ah, 10 AREERIVD 1T EC R A . H RRmE
ONPG. MR k%, fifba . Bl . fil
RRERIE JFUR I oy A s M . K VP ik
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1 NBEEEFAREEER ENEERSREEER
SEAR. E: SS BAEFAR. C. F: #22RYL(1 000x)

Colony morphology and staining results of isolated bacteria in different agar plates. A, D: Mac

Figure 1

A, D: FEIBHNEFER. B: FraEikmniig

Conkey agar. B: EMB agar. E: SS agar. C, F: Gram staining (1 000x).

5. BERLIT . REBE. FLEIEY R I
FUBHA IR R7 A PHYESL, HA A B 5 11 B EE
RIS R Z6 A FAYES, At R FRYE; T RRER K
IBFR R6. R13. R14 JFHMEAN, HAth R EHME
23 16S rRNA EFLEERRAGLZEN
T

XPor e B 20 BRANTE #E1T PCR %8, B
FIE W R J5 H Dk & SR AN 2 T/ o 7 38 4% T A
K/NZSh 1 500 bp, S H MR BASE, Ui
B A PCR 7™ 40 5 ] LA A2 0 25K

B 20 BRH 16S rRNA JEHFHRZ E
NCBI, F-45 AR N wE R, gk
BRI RS, R IE 2,

I MEGA X # /4 A B4R 1LY 10 BR R B
FEEF 10 MRV T IRIE S AR EE R G LB, a0
Bl 3 iR,

20 BEFFI Y 16S rRNA FEHJT51 ] GenBank

HiZJE N RO 16S rRNA JEE B AF 5 L
XF, B E # bk RI-RS . Z1-Z5 A KB HF &
(Escherichia coli); [Etk R6-R14. Z6 H{PT]IR
i (Salmonella), HH @tk R6. R13. R14. Z6
9 B i VP 1] I B I Fh (Salmonella enrerica
subspecies), Bk R7 Jy LA FEARYST] IR EE A
(Salmonella arizonae subspecies), ¥k R8—R12
MRV 1T A (Salmonella bongori) .
24 HKHIZLER

SrE R AR M Zean & 4 B, 10 BRK
Wt I SR ERR R IAATF I ATCC 25922 A iif
oEH—8, ZHRARE; 0-1h B, 1-9h
FRIBHE R, X8, 9 h 5 4 i 58 4t S5 5t
TG T, CARER. 10 BRUPTTIREE S
FRUERRVDT TR ATCC 14028 A= K £k B #—
#, ZRAEFE; 02 h R, 2-9 h ¥}
B, 9h JEut ARREM .
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bp M N Rl R2 R3 R4 R5 R6 R7 R8 RY RIO bp

ey w W W W W W e R

N RI11 RI2 RI3 R4 ZI Z2 73 Z4 Z5 Z6 bp

R e g e e e e e e 1 500

M
[
\od
s
S
L
v

2 16S rRNA £FH) PCR ¥ #E45R  M: DNA Marker DL2000; N: B#kx) it
Figure 2 Results of 16S rRNA gene amplification. M: DNA Marker DL2000; N: Negative control.

£2 HEFHREY 16S rRNA EE FHIEELE 5
Table 2 16S rRNA gene identity analysis

Wtkams FAIKE B3RS [ P51k B A& Homologous strain AL
Strain Sequence  Accession Identity
No. size (bp) number (%)

R1 1430 0Q891220 Escherichia coli strain 85-b 99.65
R2 1412 0Q919470 Escherichia coli strain Goll1l 100.00
R3 1 441 0Q891222 Escherichia coli strain N13-2 99.86
R4 1435 0Q891223 Escherichia coli strain SCU-175 99.90
RS 1439 0Q891224 Escherichiacoli 118-a 99.86
R6 1434 0Q915457 Salmonella sp. strain Enteritidis S84 04536 99.72
R7 1436 0Q915458 Salmonella enterica subsp. arizonae strain DSM 9386 99.72
R8 1 443 0Q915459 Salmonella bongori strain DSM 13772 100.00
R9 1451 0Q915460 Salmonella bongori strain VGM7 100.00
R10 1491 0Q916428 Salmonella bongori strain NCTC 100.00
RI11 1429 0Q916429 Salmonella bongori serovar 66:z41:- str. SA19983605 100.00
R12 1427 0Q916430 Salmonella bongori strain VGM7 100.00
R13 1 444 0Q915464 Salmonella enterica subsp. enterica strain AD19 100.00
R14 1 443 0Q915465 Salmonella enterica subsp. enterica serovar Enteritidis strain ATCC 13076  99.72
Z1 1430 0Q891225 Escherichia coli strain SCU-102 99.86
72 1388 0Q919469 Escherichia coli strain 100.00
Z3 1424 0Q891227 Escherichia coli strain CCFM8336 99.93
74 1427 0Q891228 Escherichia coli O78:H4 strain APEC E12049 99.93
VA 1 400 0Q891229 Escherichia coli strain PNUSAE145743 99.93
Z6 1430 0Q915456 Salmonella sp. strain Enteritidis_S85_04530 100.00
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Hrxt CPT. TIL fif 25 %51k 100%, X} DOX.
SF.AZM . CHL . CS Mif 25 % =ik 90%, % AMP,
CTX. FUR. SXT i3k 80%, % ENR. FFC
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Tree scale: 0.01

B3 ETARBIFEQFIDITRE®) 16S rRNA EEFIIHENRZLENR 55 NF 50 GenBank
BT A SCRBUE Y BB HB RN B
Figure 3 Phylogenetic tree based on 16S rRNA gene sequence of Escherichia coli (A) and Salmonella (B).

Sequences in parentheses are GenBank accession numbers. Numbers at the branch points indicate the
bootstrap values. Tree scale represents the genetic distance.
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4 FEHMRKBHEOAFMDIIRE®B)REKIZ
Figure 4 Growth curves of isolated Escherichia coli (A) and Salmonella (B).
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5 SBUHNXBHEQ@)FPIIRE®)R 21 #FitE ZRHm AR
Figure 5 Resistance rates of isolated Escherichia coli (A) and Salmonella (B) to 21 antibiotics.

RN E IR 80%; XA FLMHF IS5 W b BT 24,
HrpXt GEN i 255K 50%, XF AMK i 25 % N
40%; XF Bk wE A R 2 W AR R U, H ot
MEM 90%ANTif 25, %F ETP W 100% AN 24 .

A 10 BRVDT TR BERS | KANERE . £
BRIS W 25 PR AR, X R IR N R P 2l
Y1 AZM FI TIL it 25 % %5535 100%, XF SF. CS
2581k 80%, X SXT Mi25:%81k 60%; X B-I
P e S A Sk F 25 25 ) S BN R AR T 25 e, o

X AMC it 25 240 9 30%, 1fii %F ATM it 24 ]
ik 70%, XF FEP Tif25%{ 4 10%, X CTX,FUR
M 25% % 50%, X CPT M25 R &k 70%:;
X EBRI TS DU mdeiiis
RE RS WERREE Y rh i 2, X AMP
DOX T 255K 50%, %F ENR Tif 25580 40%, %f
AMK ., CHL M#25% K 30%, %f GEN, FFC fi{2y
R 20%; MR RIS B, Fodoxt
ETP 90% A2y, X MEM Ml 100% A2y
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26 DEKZEMAMSH

PPN 3 2 LA TR 25 R
320, #EFR o 2 FE i 24 (multi-drug resistance,
MDR)#!", W3 3 fiiR, BT B wtk h £
218

A 10 BRRFF I 208 7 Efif 2y, 1 10 &
T2 B 2 #k, 11 I 25 NA 4 #k, b R3
LI RXT 21 PP 0y 18 Rt 25, R1 0
XF 19 FhHTE 2P 24

A 10 HRIP TR 20 4 W ZS, 9 &
i 245 R A 1 Bk, 10 B 25 6 A 2 Bk, P R13
Z6 FRILNXT 21 FHTiE 25 iy 13 i 245, R10
WX 15 Pt iR 25 i 24 o

3 WREER

B B 1 K W A 1§ (avian  pathogenic
Escherichia coli, APEC)j&—Ff #1151 (1) i 18 &1 35
S M K B #F B (extraintestinal pathogenic
Escherichia coli, ExPEC)!"®, ] 53 & 2 i i 4
JR e A BRIy, AR R R O
R.MEG . RATREN WA ER, W
MFET-HF, WERE RMAFEHRP, WITK
1 (Salmonella) 7 | 2 & 28 S ksl ig P& Jeis, Al
AR B R A5 KOS5 46 Fn 2 ELALHE, Hoh R
FTIRE . W T TR N & LR e, ™
Ei070 7 YNE Y512

R3 TEEKRNAGIE
Table 3 The drug resistance spectrum of isolates
Witk g

Strain  Drug resistance spectrum

[BESTLE

Number of

[FESER
Number of
resistant species multidrug resistance

(species) (multiples)
R1 AMP/AMC/ATM/CTX/FEP/FUR/CPT/GEN/AMK/DOX/LVX/ENR/SXT/SF/AZM/ 19 11
TIL/CHL/FFC/CS
R2 AMP/ATM/CTX/FEP/FUR/CPT/GEN/DOX/ENR/SXT/SF/AZM/TIL/CHL/FFC/CS 16 11
R3 AMP/ATM/CTX/FEP/FUR/CPT/GEN/AMK/DOX/LVX/ENR/SXT/SF/AZM/TIL/ 18 11
CHL/FFC/CS
R4 ATM/CTX/FEP/CPT/DOX/LVX/ENR/SXT/SF/AZM/TIL/CHL/CS 13
RS AMP/ATM/CTX/FEP/FUR/CPT/GEN/SF/AZM/TIL/CHL/FFC/CS 13
Z1 AMP/AMC/CTX/FUR/CPT/DOX/SF/AZM/TIL/CS 10
72 AMP/ATM/CTX/FUR/CPT/AMK/DOX/LVX/SXT/SF/AZM/TIL/CHL/CS 14 10
73 AMP/CPT/DOX/ENR/SXT/SF/AZM/TIL/CHL/FFC 10 8
74 ATM/FUR/CPT/MEM/GEN/AMK/DOX/LVX/ENR/SXT/TIL/CHL/FFC/CS 14 11
75 AMP/ATM/CTX/FEP/FUR/CPT/DOX/LVX/ENR/SXT/SF/AZM/TIL/CHL/FFC/CS 16 10
R6 AMP/ATM/CTX/FUR/CPT/SXT/SF/AZM/TIL 9 5
R7 ATM/SF/AZM/TIL/CHL/CS 6
RS ATM/SXT/SF/AZM/TIL/CS 6
R9 DOX/SF/AZM/TIL/CS 5
R10 AMP/CTX/FUR/CPT/GEN/AMK/DOX/ENR/SXT/SF/AZM/TIL/CHL/FFC/CS 15 10
RI11 AMP/AMC/CPT/ENR/AZM/TIL 6 5
R12 ATM/CTX/FUR/CPT/DOX/ENR/SXT/SF/AZM/TIL/CS 11 7
R13 AMP/AMC/ATM/CPT/ETP/GEN/DOX/LVX/ENR/SF/AZM/TIL/CS 13 10
R14  AMP/AMC/ATM/CTX/FUR/CPT/AMK/SXT/SF/AZM/TIL/CS 12
76 ATM/CTX/FEP/FUR/CPT/AMK/DOX/SXT/AZM/TIL/CHL/FFC/CS 13
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A IF 5 DA 22 8] b DX 1 3P %8 PR X8 R e X
FRAEIH AL 27 AR A B E) 20 B R .
SR AT IE 2SS L A S8 E I 16S rRNA
FER %, 5 R1-RS, Z1-Z5 31X 10 SREA K
JAFF A ; R6-R14., Z6 X 10 BRE ANV TR,
H R6. R13, R14, Z6 Ml b1 ] FC B WAl
R7 JEA RIS IR WA, R8-R12 KX
IRUPTTIR B AP . A KMt — 2L 500 1 4 Rkk
PR AR MM ZOE R —3, 56 KIGHT @
oI IR Y AR KA

WITRE BRI E SR, /A ANFE
W o IR MR AP ABLIART 438 2 600 24
MERL, JEARE AL A5 7 A AP (L, IT,
Ila, IIb, IV, V Al VI), J5i@id DNA 2232 il
Z v 15 L K (multilocus enzyme electrophoresis,
MLEE)#E—B3FAl, At v 427+ —4~pl
SEEYYIA, B RT3 2828 SCRRZ R AR TE A
Yfb: i IR RS enrerica) FIFR XKD
[CHFI(S bongori). HI#E XA 6 NWEFP, 4
2 1% Jig 18 7 Fh (enrerica) . T1% % 37 48 37 A
(salamae) . I11a BV AR Ff (arizonae) . 11Ib
FUSURH ) S5 08 3V (diarizonae), VI I3 il
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