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Abstract; This study was to identify the correlation between biofilm—forming capacity, and drug resistance and virulence genes of the clini-
cal isolates of Escherichia coli from chickens. The biofilm formation ability was assessed by crystal violet staining, while the broth microdilu-
tion method was utilized to determine the susceptibility of the bacterial isolates to eight antimicrobial agents, including amoxicillin, florfenicol
and gentamicin, etc. PCR tests were performed to detect the presence of common drug resistance and virulence genes of the isolates, while
real—time PCR was utilized to quantify the expression of virulence genes in biofilm—positive bacteria. The results revealed that among the 51
isolates, 10 strains were positive for biofilm formation, with a positivity rate of 19. 61%. Among the positive strains, the highest 0D, value
recorded was 2. 233+0. 702, while the lowest value was 0. 374+0. 099, and all the other values ranged between 1. 455 and 1. 604. The re-
sults of the resistance test showed that the biofilm—positive strains demonstrated significantly higher levels of resistance to cefquinome, flor-
fenicol, gentamicin, amikacin and colistin ( P<0.05), but lower resistance to doxycycline, as compared with the negative strains ( P<
0.05). The resistance rates of amoxicillin + clavulanic acid and enrofloxacin did not exhibit significant differences. E13 displayed the highest
0Dy, value and presented resistance to all the eight measured drugs. Additionally, six of the strains exhibiting ODg,, values ranging from
1. 455 to 1. 604 were found to possess resistance to five or more antimicrobial agents. Strain E39, with an 0D, value of 0. 374, was deter-

mined susceptible. The PCR results showed a higher prevalence of the resistance genes blacix_y_o, blacix_y-v > blagxs_,, mer=1, rmtB, and
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floR in the biofilm—positive strains, compared with the negative ones. Additionally, E13 was found to harbor 9 resistance genes. A total of 16

virulence genes were identified, with fimH, astA, aggR, irpl, tucD, fyuA, ybitA and ompA exhibting higher prevalence in the biofilm—posi-

tive strains than those in the negative ones. Furthermore, the virulence genotype of the positive strains was found to be complex. When com-

pared with the E39 strain with an 0D, of 0. 374, the biofilm—positive strains exhibiting 0Dy, values exhibited increased expression of the

virulence genes fimH, ompA, iucD, and hlyF. Moreover, these strains of Escherichia coli that were positive for biofilm formation possessed

significant drug resistance and up-regulated expression of virulence genes.
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*1 s5|HF5
314 A (5'-3) 314 A (5'3)
blacrx-y-uy=F ATGTGCAGTACCAGTAAAGT stx2—F GTTTTGACCATCTTCGTCTGATTATTCAG
blagrx-y-u—R TGGGTRAAGTARGTCACCAGAA stx2—F AGCGTAAGGCTTCTGCTGTGAC
blarx-y-o=F GAGATGGTGACAAAGAGAGT vat-F TCCTGGGACATAATGGCTAG
blagryy-o-R TTACAGCCCTTCGGCGATGATTCT vat-R GTGTCAGAACGGAATTGTC
blagyy-1—F TTGAAGGAACTGAAGGTTGT ler-F CGCACACAACAAGCCCATAC
blagys—R CCAAGTTTCCTGTAAGTGCG ler-R GATGAGTTCCGGCGAGCAA
SloR-F CACGTTGAGCCTCTATAT ipl-F AAAACTICTITGAGGCGGGTGC
floR-R ATGCAGAAGTAGAACGCG ip1-R GTTGTCTAACACCGTACCG
tetA=F GCTACATCCTGCTTGCCTTC ip2-F AAGGACTACAAAGCCGTCA
tetA-R CATAGATCGCCGTGAAGAGG im2-R GGTTCCCACCTCAAGCAG
tetB-F TTGGTTAGGGGCAAGTTTTG iuch-F TCAGAACTTCAAAACGGTGGT
tetB-R GTAATGGGCCAATAACACCG iucD-R TATTCGCCATCAGTTACTGGA
te1C-F CTTGAGAGCCTTCAACCCAG frud-F ACACGGCTTTATCCTCTGGE
tetC-R ATGGTCGTCATCTACCTGCC fruA-R GGCATATTGACGATTAACGAA
tetD-F AAACCATTACGGCATTCTGC ybtA=F CATGATGGATCCCCTGCAAACGATGGCAATATTCCT/
tetD-R GACCGGATACACCATCCATC ybtA-R CATGATCTCGAGTTACATCCCGCGTTTAAAGGTCGA
rmtB-F ATCAACGATGCCCTCACCTCC iroN-F AATCCGGCAAAGAGACGAACCGCCT
rmtB-R TTCCACGCCCGCCTAAACT iroN-R GTTCCGCGCAACCCCTGCTTTGACTTT
mer—1-F ATGATGCAGCATACTTCTGTG ompT-F TCATCCCGGAAGCCTCCCTCACTACTAT
mer=1-R TCAGCGGATGAATGCGGTG ompT-R TAGCGTTTGCTGCACTGGCTTCTGATAC
SimH~F GGCTCATTAATTGCCGTGCTT ompA~F CATACAAAGCTCAGGGCGTTC
fimH-R ACCACCACATCATTATTGGCGTA ompA-R ATACCATGCCACCCAGACGA
fimC—F ATTCTCTGACGCTGATTAACCC papC—F GTGGCAGTATGAGTAATGACCGT
fimC-R AGGCAATTTAACCGTGCTT papC—R ATATCCTTTCTGCAGGGATGCAATATT
1sh=F ACTATTCTCTGCAGGAAGTC ler—F CGCACACAACAAGCCCATAC
1sh-R CCTCCGATGTTCTGAACGT ler-R GATGAGTTCCGGCGAGCAA
caeA-F GCAACACGACCGATGACA escV=-F ATTCTGGCTCTTCTTCTTTATGGCTG
cacA-R AATCTGACCGCCCTGACT escV-R CGTCCCCTTTTACAAACTTCATCGC
eae-F TAACGGCTATTTCCGCATGA {utA~F GGCTGGACATCATCCGAACTGG
eae-R TCCCAGACGATACGATCCAG iutA-R CGTCGGGAACGGGTAGAATCG
sfa-F GGCAGAGGGCCGGCAACAGEL iss—F AAAACAGCAACCCGAACC
gfa-R CCCGTAACGCGCCAGCATCTC iss—R CGAAACGAAGAAATGATGAGTG
astA-F ATATCCTCATCGCCTGTG colV-F TGGTAGAATTGTGCCAGAGCAAG
astA-R ACGGCTTTGTAGTCCTTC colV-R GAGCTGTTTGTAGCGAAGCC
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stx1-F CGATGTTACGGTTTGTTACTGTGACAGC inwk-F CGATAGATGGCGAGAAATTATATCCCG
stx1-R AATGCCACGCTTCCCAGAATTG invE-R CGATCAAGAATCCCTAACAGAAGAATCAC
aggR-F GCGGCTCATACAGGAACT q—fimH-F GGCTCATTAATTGCCGTGCTT
aggR-R GGAAATCATAGCGGGTGT q-fimH-R ACCACCACATCATTATTGGCGTA
hlyF-F GCATTCCGATACTCAGTAGCTTG q—fimC-F ATTCTCTGACGCTGATTAACCC
hlyF-R CGCCTTATGTTAAAAGCCATTCG q—fimC-R AGGCAATTTAACCGTGCTT

elt—F GGCGTTACTATCCTCTCTAT q-iucD-F TCAGAACTTCAAAACGGTGGT

elt-R TGGTCTCGGTCAGATATGT q-iucD-R TATTCGCCATCAGTTACTGGA
estA-F CAACTGAATCACTTGACTCTT q—hlyF-F GCATTCCGATACTCAGTAGCTTG
estA-R TTAATAACATCCAGCACAGG q-hlyF-R CGCCTTATGTTAAAAGCCATTCG
estB-F TGCCTATGCATCTACACAAT q—ompA-F CATACAAAGCTCAGGGCGTTC
estB-R CTCCAGCAGTACCATCTCTA q—ompA—-R ATACCATGCCACCCAGACGA
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XiF 10 A P B B PR AR 25 S e €5, UL oD
. 45555 E13 Bk oD Kk 2.233+0.702;
El1l, E21. E24, E30, E42. E44 OD {H/-TF 1. 455~
1.604 ZJa] (£ 2), E32, E39, E45 BRk4, b &Yy
)5 0D {E4F 91K 0.325, 0.374. 0.418, B

OD {HUA R AR OD {HEHRXTEE, W 2 WTLUE ) E13,
E39 ARSI )5, EYg A I

R2 10 BREMWIRFAEE OD &

PR TR oD {8 Ly oD {H
E13 2.233x0. 702 E44 1. 455:0. 044
Ell 1.4670. 021 E42 1. 604=0. 127
E21 1. 5040. 088 E32 0. 3250. 039
E30 1. 5030. 106 E45 0. 418x0. 051
E24 1.4670. 089 E39 0. 3740. 099
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ESE7N — e S i B A FReH RKEZH 15/ Sy S FHE ZVHE
HEYIBERATE (n=41) 92. 68 63.41 90. 24 68.29 53. 66 14. 63 2.44 58.54
B TE (n=10) 90. 00 70. 00 90. 00 80. 00 70. 00 50.00* 40.00* * 20.00*
Mt (n=51) 92.16 64.71 90. 20 70. 59 56. 86 21.57 9. 80 50. 98

T SEYPEBERE R, = fUR P<0.05, = = {3k P<0.01, T,

2.4 EMWEPAMEKRTZEER

10 BRAEDI GRS B M R AR, oD {E IR Y E13 XF
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PITERRRT 5 B S DL EHUR 2577 R 251 oD fE/NT
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BEARERCH+ R REZ PR R RE+BHE, £4 57
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T 1 B 3 3 94 R R T 24 B O 4

x4 SREHYITEDREEERE RN MIC
MIC ff/ (pg- mL™")
kT Bﬁgﬁﬁ; Sl WRE RERE RKEE BDRER H PLEs

El3 5512 512 64 256 >512 >512 4 16

Ell 5512 5512 32 256 >512 >512 4 8

F21 5512 5512 32 256 5512 >512 4 8

E30 5512 5512 32 256 5512 5512 4 8

F24 5512 5512 32 256 5512 5512 <1 8

F44 5512 8 32 128 16 <1 <1 8

F42 5512 256 32 256 <1 <1 <1 32

£32 128 <1 8 128 8 <1 <1 8

E45 >512 <1 16 4 <1 <1 <1 <1

E39 4 <1 <1 4 <1 <1 <1 <1
2.5 WHAERETE R5 TEEWEEREEENBRAGITEMZEER

TS THN, blacy yos blagy yy~ blag, . mer— 1o H R XL 2 R
1, rmtB ., floR 1€ 4y 4 55 BH M TR B v ARG HE 3 1 PRI (Kt 2) .
GIRE B, T2 S A I s DU B % K i 25 3 M oo Bt ey
tetA | tetB ., tetC ., tetD FEA Y4 IR BH M B Bk vh 0 4 teiA 5 (50%) 21 (51.22%) 26 (50.98%)
AT B 138, 5 275 2R 2 T 24 A D 225 SR tetB 2 (20%) 9 (21.95%) 11 (21.57%)
PO AN teiC 5 (50%) 31 (75.61%) 36 (70.59%)
2.6 FEHERETER tetD) 0 (0) 5 (12.20%) 5 (9.80%)

XF ST AR KT P73 1 JE AR, Hodr 31 A blagys v 5 (50%) 20 (48.78%) 25 (49.02%)
BRI 16 A (E13), &KFEHKHEILEG, blagr yo 5 (50%) 12 (29.27%) 17 (33.33%)
S fimH, astA, aggR. irpl, iucD, fyuA, ybiA, Blagy,., 1 (10%) 3(7.32%) 4 (7.84%)
ompA TE A W9k IR B PR TR A B R E T R AR, mer—1 6 (60%) 18 (43.90%) 24 (47.06%)
HZESBZE, SYeiE vk D0 4 i & B 1 (10%) 2 (4.88%) 3 (5.88%)
B, by 13 FhsE, A7 10 Fhag Jp3E R A, Il floR 6 (60%) 23 (56.10%) 29 (56.86%)
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M. DL2000 Marker; 1 ~16. iroN, astA, iwA, fimH, ybtA, impl,
ompA, fimC, aggR, iss, fruA, colV, hlyF, iucD, tsh, ompT; 17. B

PEXTHE

B3 BERERABHEARSHERR PCR QMR

Fx6 AEEYEBEBENBEXBTESHER
HMHERITEER
- VBT RE (K %) e
fAdE (n=10) Bt (n=41)
SfimH 10 (100%) * 38 (92.68%) 48 (94.12%)
fimC 7 (70%) 38 (92.68%) 45 (88.24%)
ish 2 (20%) 12 (29.27%) 14 (27.45%)
astA 6 (60%) * 13 (31.71%) 19 (37.25%)
aggR 3 (30%) * 2 (4.88%) 5 (9.80%)
hiyF 7 (70%) 30 (73.17%) 37 (72.55%)
ipl 3 (30%) * 3 (7.32%) 6 (11.76%)
iucD 8 (80%) * 30 (73.17%) 38 (74.51%)
fyuA 2 (20%) * 2 (4.88%) 4 (7.84%)
ybiA 3 (30%) * 3 (7.32%) 6 (11.76%)
iroN 2 (20%) 18 (43.90%) 20 (39.22%)
ompT 5 (50%) 25 (60.98%) 30 (58.82%)
ompA 10 (100%) * 39 (95.12%) 49 (96.08%)
iutA 4 (40%) 22 (53.66%) 26 (50.98%)
iss 3 (30%) 18 (43.90%) 21 (41.18%)
colV 0 (0) 41 (100%) 11 (21.57%)
6 000 =

incDEE AN FIB R
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fimHIEE Mk &
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6 000 I
104
,Iila
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-
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10/I H I
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E30 E24 E44 E42

R7T EVHERAEEKRSHERE
B b TS AR R

E13 isstaggR + astA + fimC + ompA + ompT +iucD +iroN + tsh +fimH +

ybtA+irpl

El1l astA+fimC+ompA+hlyF+fimH

E21 ompA+iucD+iutA+fimH

E30 astA+ompA+ompT+hlyF+iucD+iutA+fimH

E24 isstaggR + astA +fimC + ompA + ompT + hlyF +tucD + fyuA +tsh +
SfimH+ybtA+irpl

E44 astA+ompA+ompT+hlyF+iucD+fimH

E42 isstaggR+fimC+ompA+ompT+hlyF+iucD+iroN+fimH+eaeA
E32 astA+fimC+ompA+iucD+fyuA+fimH+ybtA+irpl

E45  fimC+ompA+iucD+iutA+fimH+hlyF

E39  fimC+ompA+hlyF+iucD+iwtA+fimH

2.7 BHEERZEEER

YN BE PCR A TN A= ) 48 R BH A Tk rh
WRE M fimH (100%) . ompA ( 100%) . fimC
(70%) . hiyF (70%) . iuch (80%) % )73 K%k
G, WE 4 iR, DL oD HE/NYHEE E39 AXE
B, WSE E13, E11, E21, E30, E24, E44. E42 14
PR IE R IR, 5 R R T MRAE YIS AR A
SEAEE AR, BR E44 P fimH £k F RSN, HARTHE
PR B F R R

6 000
y . I I ——
i T

ompAFLH AN Rk B

E13 E11 E21 E30 E24 E44 E42

173
4000 5000
1 iz
ﬁ 50 ﬁ 10 7
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= E
= g )
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BB Btk
EYWEREERESENEEBENRIEE



- 92 - Animal Husbandry & Veterinary Medicine 2024 Vol. 56 No. 6

3 g

R T X e W A 2 — TR AT I
A IR B2 S B0 R e 1) & AR LR IR TR M
YR AR A SN2 R, Al
by B T4 ik 2 T TR B A L IBOIR P o, X
AR R I SRR A T A A — R AR A LA R
W T PR I X BT 25 T 52 PR 4R 10~ 1 000
F50 20 ARG 3 ik ISR 2T B G 6 0 5 2 9 0k i P
PR KR A R 19.61%, 5 i CE BF gt 4 )
(27.66%) AL, JTAFER, 20 TR A= 1 9l IH 1 7R Ak
BWE 2, MR E , AU R, A e
PERRNT Sl | AR B R, KRER.
BT oK B AR TS 25 2843 51 R 70% . 80% . 40% . 70% .
50%, = T EAVEGIRRE 24548, 10 Bk A= 4040 1B B 1 T
PR, A 8 BRXT 3 R L HUE 22, 22
80%, FLAT 8 R 24, 5 W BRI | JA R4
GRS R AT, oD [Ef K E13 B 8
FRPTEE 245 24Tt 24, 4 9 Fh A HIF 7% K I i 24 3 [
E11, E21, E30 BRI 25 3% 04 (B 575 bR + 5 17 4k
f2) +Aumlls+ Bas b B +BURE % + IR K% 2 + BT
KARER+RW R, VLAY RBIE MORE ) B, i 24
PEBGR , 2R, T2 R Y Ry, R A
BRIk,

TR AR W) B IE IS 22 R RE ) R s R
g, MR, BERENSEA X, UENET
DNA JBt, BB 2 % 40 o8 SO SN 41, 15 40 8 B
P RO —E R R, A BEIER IR w SR
TS B B A B A A G, R T LA K
FERTAYEE g B R 7 S 3R 38 7K - BIF 5 1 ik 1 B0 AL
B ARIT ST BRI B T 0
W, PCR %5 R W/ A iss. aggR. fimC. fimH
ompA %5 16 T 5 J1 R A A Y, FE A aggR. asiA.
ompA | iucD . fyuA . fimH . ybtA . irpl T£ 4 ) 9% B BH
PERMR AR s TR bR, HER B, ler,
eaeA | sfa. escV. eae. estA. estB. elt YJARKIH, 5
Mrmam' éﬂaﬁmuﬁ%ﬁﬁ%—ﬁﬁommAZ§ﬁﬁ??
KA AL EE b g o SUZ 2S5 A R AN 1, REAS I
S 2 B X ) R 1) 32 i R ) SR BLALIAR G, ST
AT 250 | 12 28 Y FAE g Y i 565 fimH
FERTEAE Y O iSRRI R R ], 25
A R AN T 3 R B B B R 6 2 R R ompA |
SimH FE PUTE AR W S BH PR T AR P B R R R
100% , 7& B PE B b i K iR 2 5 o 95.12%
92.68%, ZSFHAGIFE L ompA . fimH K H R
SR R AR Al A — B, A s

FRERZEREY | B S RARGL, ¥7E 90% 22
fio, HrpEE /13 ompA | fimH | fimC | iucD | hlyF ¥
AR, L OD ER/ING E39 EAR X R, I
5 RhEEAE OD {HA T°1. 455~ 1. 607 Wtk P k2=
Ak, qPCR 25 5% 7 A 4k 6 I 28 T ok v o 44
fimH Rkt NS, HARTER A E R ILES B,
AR SRR A R R A, TRERE R
PHIAETEE O T A W I A TR B, 3 30T 24 B 42 7™
i, AR Y ARG 2 I i A ) T B RE ) B AR
SimH LR PR R 5 T 55 BUBSE S RE 1 B AR, R
IXEETE ) 5L R AE AR ) o B TR i R P R i
YEH .

ZH B A 0 I P T i 5 BT 24 0 5 ok ™
TV B 0 B ) 240 D B S VR T B IR, A R &
FIpLEY . HATIRR 2Pt M 25ia 7 s 22, R
B G 25 N 2, R AN A W e s
FEA BT ZGALE 2 AR R I8 Hh A 4 R PH M A R T
MG E, HA SR 205 JEE R, Ui 2
P, B E KL E LS AR NIE R R
M,

SEW:

(1] REEE, Wi, REE, % SEARSFIE WM A i
Ptk R WA E A (1] RSB, 2022, 54 (1)
43-48.

(2] JAME, JFITEER, hardr, 4. FREEIEAG IR A P R
MG PEAH G R R W SE sk e [0]. b 2y 2x ik, 2021, 55
(7): 59-68.

[3] KOZAK G K, BOERLIN P, JANECKO N, et al. Antimicrobial
resistance in Escherichia coli isolates from swine and wild small mam-
mals in the proximity of swine farms and in natural environments in
Ontario, Canada [J]. Appl Environ Microbiol, 2009, 75 (3).
559-566.

(4] XB/NFy, 0B, JUIml, 45 S ORI A Y B BIE K
BB R SC R A [ 1], B mUAROL R 2 2 4, 2021, 44
(5): 918-926.

[5] ALMARRIT, ALMARRI A, ALZANBAQIR, etal. Multidrug re-
sistance, biofilm formation, and virulence genes of Escherichia coli
from backyard poultry farms [J]. Vet World, 2021, 14 (11):
2869-2877.

(6] ™™, WA, &M, & BEXMHENIEEE, &4
PO R 2 B B BRI [T, RV E MR,
2021 (10): 85-89.

(71 BRiEsR, s, B, % 19892 B v R AT i )
PRI S i 25 ML 43 A (0], PR O B, 2020, 47 (8):
2615-2624.

(8]  JuEAE. KAy 1 A= W w5 X0 0 A 3R I 22 790 24 8% 10 52 i)
[D]. ¥ PHdLRMRHE R, 2019.

[9] Z=uy¥y, sRE%, skoCs, 5. SO 58 KT i i 5% e



[12]

[13]

[14]

[15]

FHEEE 20244 His6 s HoMl 93
SRR [T T EEEER, 2019, 39 (3): 432- 108752.
437. [17] LIZ, DING Z, LIU Y, et al. Phenotypic and genotypic character-

HRAK, PhigRE, XIBE, S5 SRR T R 005 K AR
50 [J]. BAESAR, 2021, 42 (1) 81-85.

RAZERE. B KA T T 5 DR T8 B 1 R T R 7 ) B IR AR
Kt SR FIE 2 S O fisk RGBT [D]. M. B
MR, 2008.

MRfEoR, WAL, TKIIEE, S ISR IRE0R T KA R A
PIBES T2 M RO (D], BE~F i, 2016, 43
(10) ; 2234-2241.

K, R, R B8NS I AR ) A O R AT
[J]. PAesEsmG RIEG 22 (TR, 2021, 15 (2):
129-132.

XV, AR, MR0E, 5. S UREOR MR I AT T T 24 1
g SR (1], PEZE, 2018, 40 (13): 21-25.
JABGEL, sRME T, SKRAS, S SRR R AT R R D R A
L 25387 [1]. A, 2019, 40 (2): 264-268.

LIU Y, GONG Q, QIAN X, et al. Prophage phiv205-1 facilitates
biofilm formation and pathogenicity of avian pathogenic Escherichia

coli strain DE205B [ J ]. Vet Microbiol, 2020, 247 (8):

[18]

[19]

[20]

[21]

[22]

istics of biofilm formation in clinical isolates of Acinetobacter bauman-
nii [J]. Infect Drug Resist, 2021, 14 (7): 2613-2624.
EFV, ZFEC, T, & RAFTE =AM R S 2 Bk
5T ErA X8 BRI RS BORER W [T]. B
W, 2020, 47 (5): 1515-1523.

BIAVAE, ZEHEAR, BV, ORI CTX-M EHERS R FF 3
B RATRAE [J]. T E CE LB =ik, 2016, 32
(2): 152-155.

it wIEVE, UG, AF. PRIEBON KR B I R 3 B R A
FOPRL | I RE B R AR R AL [T]. SEHIE R 2
R, 2022, 26 (5): 24-29.

GUPTA P, SARKAR S, DAS B, etal. Biofilm, pathogenesis and
prevention ; a journey to break the wall; a review [J]. Arch Micro-
biol, 2016, 198 (1): 1-15.

PARK N H, LEESJ, LEE E B, et al. Colistin induces resistance
through biofilm formation, via increased phoQ expression, in Avian
pathogenic Escherichia coli [ J]. Pathogens, 2021, 10 (11):
1525.



