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Abstract: Among the 282 E. coli strains isolated from ducklings typically showing E. coli septice-
mia in large-scale duck farms in Southwest China, the serotypes of 210 strains were identified.
The results showed that totally 37 serotypes were obtained, of which serotypes of 093, 078,
092 and O76 accounted for 43. 8% and were the prevalent serotypes, and serotypes of 046,
0328.093, 0608.093 were isolated from ducks at the first time. The pesticin receptor gene
(fyuA) within the highly pathogenecity islands (HPI), iron regulatory protein gene (irp), type
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1 pilus essential protein gene ( fimC) ., the pap pilus structural protein gene (papA) and serum
tolerance associated gene (iss) of the 210 pathogenic E. coli strains isolated from ducks showing
clinical signs and the 28 E. coli strains isolated from cloacal swab of clinically healthy ducklings
were detected by the method of polymerase chain reaction (PCR) and nucleic acid sequence analy-
sis. The results demonstrated that the genes of fyuA., irp2., fimC, papA and iss were detected
from pathogenic E. coli strains isolated from ducks showing clinical signs and account for 41. 0%,
43.3%, 92.9%, 97.6% and 96. 7% respectively, and the corresponding genes detected from E.
coli strains isolated from clinically healthy ducklings account for 21. 4%, 25.0% ., 92.9% ., 100%
and 92. 9% respectively. The results showed that there were no significant difference (P>>0.05)
of iss, fimC and papA gene between the E. coli strains isolated from ducklings showing clinical
signs and that isolated from clinically healthy ducklings. With the respects of papA gene detec-
tion, there were significant difference (P<C0. 05) between the E. coli strains isolated from ducks
showing clinical signs and that isolated from other hosts of chickens, swine and humans. The
fyuA gene was widely distributed in ducklings and its detection rate in ducklings showing clinical
signs was significantly higher (P<C0.05) than that in clinically healthy duckling. There was a
close positive correlation between the fyuA gene and the pathogenicity of E. coli. Furthermore,
the fyuA gene was closely related with the specific serotype of O78. The detection rate of fyuA,
irp2, fimC, iss and papA in ducklings showing clinical signs (37. 6%, 79/210) was significantly
higher (P<C0.01) than that in clinically healthy ducklings(14. 3%, 4/28).

Key words: ducklings; pathogenic E. coli; serotype; virulence associated gene; molecular epide-

miology
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B 240 5% B 1 K, 8 B0 M R W A 1T CE. colid) )
TR M Y e 5 A B 2 B R H 25 L i B
i A 5 75 0 M 5™ B AL i 2 —

WA & 5% K B FF B (Avian Pathogenic
Escherichia coli s APEC) ¥R 4t K Z Bk E T3,
FLpE e it 3 20 B SR 48 FE 22 01,02, 035 A
O78,1fif [ N M35 7 22 Hoah X 22 R K, & h
AH O JE DR 19 485 4 1 O J2 B B APEC Eup AL 1) B
TESRT A WE S 2% IR [ a5 R A S ) T Ak (7] 4
ORI OCIE A TE 2 R B H AR 1k %R U
BURYE E. coli MK BLWRAT IR F BT 5B = REG
B AR WS IR E. coli B 77 HH 5 Fk A 4 A6z I 412 38
AT 5E A ] s DRSS A 57 1 7 S 280 R M A T
LA AE T A 4 RS O B9 ) 282 Bk E. coli, X HPEAT
O MfiL i B8 25 8 AR 35 J1 2 ] CfimC L papA s,
irp2. fyuwAD K, I 5 1 DR e R S DR A T 2 R
HEAT RS EE 70 #r O B RS R B VE E. coli B EUR L
FHUR ) 72 A R By ] e 5 R S Xl

A 282 AW IR A T o B bk RPN
PR 2o Fg 3 N8 (DY 9 AN AS [7] i X B0 R AL 218 37
TG P R SR R i A T L Y K e RS b o)
H DU AN R 27 Bl B 27 e 8 0 7 36 W1 5 rh o AT Y
T R K2 8 WE S8 BT M 0 FURAF . S5 R K
T SYWO004 ¥k fyuA™ Lirp2" | fimC" | papA™ .
iss )M 28 BRI R £ FRE G O 1 T 4 5 R X oh VY R
PR R 2 B 3 T 58 i 46 78 IR AR AT
1.2 FERFRMNE

PCR e i 57 Wy A 3¢ @ MBI 22 @], DNA
Marker [[ (4t5% TIANGEN A #]) .pMDI18-T %k {4
W H TaKaRa 2% w5 {0 5 3R #8 (3¢ = OXOID 2
A]) s PCRAX (L [H Bio-RAD 2 #]) 5 BEK AR 73
4 (GELDOC2000, 2 [# Bio-RAD 2 &) ; & .0 #l
(7%= Eppendorf 24 w)) 5 BB H A A I AL (36 [H Bio-
RAD v #]) .
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ML 375 245 7 4 v ] s 2 W R T B AR 1 7
il FH UGB IS AT HRAE . AT 43 B8 0K 1 S 4 I A 4R
PRI A 07 2 AT RERY O I T L, AR 5l i i A
B A H O IV R, AR oE Ry Il T
BEEM AT 1 640,
1.6 FHmEHEiRE

PG il 3 80 e 4% 3% 8 #k L Ak 32 Bk 43 i 42
FE NG R F: 3L, 37°C R %% K 3% 18 h. 4 000
r/ming 0> 20 min, H K B A #E AR KB h & 0 D
10°CFU/mL B BAEBCE T . 4 1 R AERS 165
Rk 33 4141 5 Hs i 32 412 MRS LN £ Fh

0.2 mL K. %6 33 4l h s (XA ., BREVTT
A0 — YA TS 9 FE T 006 48 L I LLGO i B DE AR
WP B A HEER S 7 d k.7 dJEENRAT
FEE I AR LS A8 IR A A A B 4 e . S IR
RO 10 72 43 B8 Mk 19 B - 50 0 S 5004 LA b i1 4
TS B8 T Ay o S50 1K 5 B RS 8 T2 AN B A 50 %6 K v
SO IR s e ARG AN BB T AR BUR R 4T B Mk . A
AIOL B SO 5 TR R R R AR

1.7 ZSHEEH PCR &

1.7.1 DNA BiMrry s Z Mgk 10107 2 it
1 | a1 50 pll TE ZZ i 45 F

1.7.2 51¥ M GenBank & K EWIF . 5>
AT X HPL A 1 BV B Iss SR AN P AU B
B irp2. fyuA. fimC.iss fl papA KRBy 5 X H5H
M5 AL B R A W A B GERZE D,

F1 FAABRERNHEERRESY

Table 1

Target genes and its oligonucleotide primers used in the study

[ERibE-5|

Target genes

518 K ¥ (5'-3")

Primer and sequence(5'-3")

PRI/ bp
PCR fragments/bp

SyuA

SyuA-L:GCTTTATCCTCTGGCCTT; 947

SyuA-R:GGCATATTGACGATTAAC
irp2 irp2-L: AAGGATTCGCTGTTACCGGAC; 267
irp2-R: TCGTCGGGCAGCGTTTCTTCT

fimC

fimC-L: TAAGGAAATCGCAGGAA; 542

fimC-R:GCTGTGGGATAA TGGACTG
iss isssL: AACCGACAGCAGTAACAC; 275
isssR: ATGAAGACCCGAGGGAT

papA

papA-L:GGAACGAACGCAGAAACG; 297

papA-R;CGCAATGGGCGAATACTT

L.7.3  fyuA Mirp2 BEP Y PCR A R C
ST PCR 795 - % 210 BB K FT 1290 43 5 bk
128 Wkl PR ekt BRSO M AT 1 23 B Bk fyuA Tl irp2
FER PEAT R . PCR R AR % : 10 X PCR buffer
2.5 uL Mg*" 2 uL (10 mol/mL) .4 X dNTPs (10
mmol/L) 2 pL. fyuA firp2 B FUESIY (3R
10 pmol) 45 1 pl..Taq E#(5 U/pl) 0.15 pLL.DNA
Bt 1.5 pLs i HO & 25 pl. PCR Jz B 4 -
95°C 5 min; 94°C 40 s,52°C 40 s, 72°C 1 min, 35
AMEHR; 72°C ZEAH 10 min, LAS % MR AE A BE A X
HRRTE Al K A 2 EL ) B BEBLIBC fyuA A

irp2 FHYETE K 5 Bk X PCR = ¥y kA7 [l fie 2l 4k
yefE ZE pMDI18-T B4R Fe AL K #F & JM109 ., B EH
PETORE R AR T A TR/l HEATI0 ) , JF AT
AN 2% T

1.7.4  fimC.iss Ml papA FeH 1) PCR & %
F PCR J5 ik IR R F3& 210 BRI AT B 40 25
PRI 28 A I A £t RS K AT T 43 B AR 1Y) fimC L iss
M papA FPR o3 50 BEAT RN PCR S A4 28 0 S
£ EL 5185y BN fimC-L. fimC-R.iss-L.iss-
R.papA-L il papA-R. FEHLEL fimC.iss Fl papA
FHPE TR AR 45 5 Bk 4% 1. 7. 3 J7 i % PCR W) 17
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282 MG R AT B 3 B AR L BR 67 Bk R fiEE
AL5 Bk B BESL. 210 BR AR 37 AL iE B (T L&
2), Hirh 093,078,092 Fl 076 3t 92 ¥k, S #e i
B 046.0328-093 JRA N ,0608.093 R4 B 1
e v DA B — TR R B
2.2 R

32 BR G F il T8 YR K M AT B 43 S A 4 D Al
M8 7 b3t g PO PR SR AR, TR S 10 h JF

BT . BIRAE NG, 24 h AR T By 4G m] W,
JHE BB R L. 24 h DUJG FE TG AE SO UK
OB 1 JRE VR I 5 L LS I R . R BB T AR
B 5 1 TSR B AN [A) 78 B 0 A L R R S
PS8 NFE TN E) A ARG 0 JHAE b 28T 6B 20 B
S5WEBEMRAF MERK E. coli, £ 30K MR 5K
o, T EORs ME AR 078 (100%,8/8),092(87.5%,
7/8).093(75%,6/8)F1 O76(75%.6/8) 3 27 £k,
h IR R R 84. 4% (27/32) s AR BN TE B KR A 5
Bk 5 Z AR R AG 15. 6 %6 (5/32) . Xof A 4 4k g 34 £
T FNAS IR DA A PR R 722 4 o o0 I JHE 55 4 B R 2
B AT AT A A

F£2 210 R KEFITER D SR M FE

Table 2 E. coli serotypes of 210 isolates from ducklings with colibacillosis

13 B [k 733 H R/ % 13 A k73 B/ % L7 B [isR7 3 R4
Serotype Number Percentage Serotypes Number Percentage Serotype Number Percentage
093 33 15.71 022 5 2.38 0117 2 0.95
078 28 13.33 077 5 2.38 02 1 0.48
092 23 10. 95 018 4 1. 90 011 1 0. 48
076 8 3. 81 036 4 1. 90 043 1 0.48
09 7 3.33 045 4 1. 90 046 1 0.48
051 7 3.33 061 4 1. 90 063 1 0.48
0142 7 3.33 088 4 1. 90 0104 1 0.48
0149 7 3.33 0101 4 1. 90 0141 1 0.48
021 6 2. 86 0154 4 1. 90 0192 1 0.48
060 6 2. 86 0158 4 1. 90 0608.093 1 0.48
079 6 2.86 020 3 1.43 0328.093 1 0.48

0137 6 2. 86 0106 2 0.95
017 5 2. 38 0109 2 0.95

2.3 HPIEAHE fyuA Mirp2 & PCR &

SyuA FMirp2 () PCR 9714 73 3R 29 947 A0
267 bp HLVK AR 5 WU H M R Be R/ AT CIL 1
D, MFFgE RS GenBank § fyuA.irp2 I FF 3]
MAR UM 5 T 9820, fyuA Bl irp2 BIPE AT K
T FF TR 96 43 B MR 43 R 41, 0% (86/210) F1 43. 3%
(91/210), 7 i PR e e 1 Ok W #F B 23 15 Ak 23 il
21.4%(6/28)F1 25. 0% (7/28) (FEWLFE 3) . K
AR 3 B RRBE AT SyuA Flirp2 B LSRR
e T FREG  FF TR 43 B R (P<<0. 01),
2.4 fimC,papA T iss §J PCR #& i

fimC. papA Fliss ) PCR 7=#4: 1% Brifig b
E IS LUK AT A BIAE 542,297 F1 275 bp 247 B

— R M A5 L T AT 45 5 U E Y i BER /IR
FFOLE D W45 R 5 GenBank Hifit i) fimC,
iss Fl papA2 By ZAHMPE R T 98% . fimC,
papA Fliss PR 2760 KR AT TR 43 85 0K 43 30l oy
92.9% (195/210), 97.6% (205/210) #1 96.7%
(203/210) , 72 Wi DK ft B 1 K 1o #F B 43 25 0k 43 501 hy
92.9%(26/28),100% (28/28) Fl 92.9% (26/28)
(FEULER 3) 15 KM FF 505 43 B R4 AT fimCLiss FI
papA PR BV 22 5 RS K i FF 7 43 5 0k G 2
X (P>0.05),

5 K Ji K TR 9 4 BS AR AT 37. 6 %0 (79/210) [A] At
AT fyuALirp2, fimC.iss fl papA KA, kB F
o T f BRI K FF B 43 B AR 1 14, 306 (4/28) (P<<
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M. DNA maker 1[I ;1. HPI 7 J7 &% 3£ A i & PCR
PEXT IR 2. YA-1 4) BI bk HPL # 1 5 3 M A& PCR 2
B 3. fimC FE TR B PE X BR 5 4. MY-13 43 B0k fimC
FERI S HME 5. papA F K FBH M XTI 6. CD-5 43 55 #k
papA FER B PIVE 7. iss & R B9 BT PE XS 5 8. LS-3 4
BIR iss ZED S BH M 5 NL JC R AR X B

M. DNA maker ][] ;1. Positive control of double PCR
of HPI island gene; 2. HPI island gene positive result
from YA-1 strain ; 3. Positive control of fimC gene;
4. fimC gene positive result from MY-13 strain; 5.
Positive control of papA gene; 6. PapA gene positive
result from CD-5 strain; 7. Positive control of iss
gene; 8. iss gene positive result from LS-3 strain; N.
Negative control

B 1 HBEiE E. coli 4 F# HPIL, fimC, papA 1 iss &

PCR &5 %
Fig. 1 PCR results of HPI, fimC, papA, and iss gene

from ducklings E. coli isolates

0.0, FEILF% 3,
2.5 AEMBFREBAXHITERS BK HPLGH =
210 #R WS K iz A1 TR 9 20 B9 bk HPT K MY 5 L 3%
4, FEAG B 3 R b, O78 BH PR R d & (85.7%)
092,093 F1 O76 435K 78.3%.27. 3% F1 25. 0%,
FEAE L B il vE B BBk L R R m A 0158
(100% ,4/4),0137(83.3%,5/6).061(75% ,3/4)
A O142(57. 1%, 4/7) %, i O149 (7 k) F1 O60 (6
o) S R A .

3 iFigfNG
3.1 X TFHREEH KB E Mm% R

E. coli J&—Fp S5 AR BUR L35 B 2% s AT
shWy . [E)Fh s ) A 5] 3 X R G E. cold W LT A HH
s R E AR APEC fAFSE B & b Ty
E. coli, TR E E. coli [ 1ML Y L E A E S 2 0%, 4
H AT E RS 67 RS0 i B N A U5
E. coli MIERIWEAEIF A L  FE0 R E X N2
b DX AL R A S 1) I8 2 9 AR UK A 4 SRR S
T [ 7Y pig b X RS AL 57 15 37 % 0E Y 210 A E. coli
I3 BRI MG TGk 37 D2 2L 4 AR TE B R
078 4}, 093,092 F1 O76 I A 2 X B 1k E. coli
OB I Y . (B T R A A IR 43 B8 31 O46
0328093784 K 060809318 & A &0 B rh iR

x3 BEXBIESHEEN PCRENER
Table 3 The virulence genes detected by PCR of E. coli isolates from duckling

8 K FF 0 40 1 ik e R i ke RS A i A 4 25
e | Isolates from duckling with colibacillosis  Isolates from clinical healthy duckling fecal
The virulence genes T R X Bt/ % ek "o/ %
Count Percent Count Percent
fyuA 86 41.0(86/210) 6 21.4 (6/28)
irp2 91 43.3 (91/210) 7 25.0 (7/28)
fimC 195 92.9(195/210) 26 92.9 (26/28)
papA 205 97.6 (205/210) 28 100 (28/28)
iss 203 96.7(203/210) 26 92.9(26/28)
FyuAirp? 86 41.0(86/210) 6 21. 4 (6/28)
fimC., papA 193 91.9(193/210) 26 92.9(26/28)
fyuA.irp2 | fimc.papA.iss 79 37.6(79/210) 4 14.3 (4/28)

H¥-

BAMREE W mE R EEURERLE .4 S EXfTEEX

L B AP Y 32 A 32 1 PR 24 58 B0 T G B0l W B e APEC By — i B 2 BUw N 1. A 7 & A
PEBE bR 84, 400 R AEEORPE R BR G 15. 60400 1B B 2 AE APEC BUR 9 5 — Bir Bk 1R
3.2 fimC % papA BEEEMIEE. coli FRISHER M PRI B W 7540 0 1 3 — 25 8Os hl2 A
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Table 4 Detection rate of HPI of different serotype

E. coli isolated from duckling with colibacillosis

17 % PR L 7] 1M & A FH 4 L 7]
Serotypes  Positive ratio|| Serotypes  Positive ratio
093 9/33 022 1/5
078 24/28 017 2/5
092 18/23 077 2/5
076 2/8 018 1/4
09 1/7 036 2/4
051 3/7 061 3/4
0142 4/7 0158 4/4
0149 0/7 088 2/4
021 1/6 0101 1/4
079 1/6 0154 1/4
0137 5/6 045 0/4
060 0/6 HoAth 9/19

B LU HPT BH 1 A Rk 550 /40 D 14 M 80T 2 45 1
The data were presented in form of “the number of HPI pos-

itive isolates/number of isolates”.

MY fimC i 8 FimC 2 TR EEAEY A
iR uR e TSR -l = I U1l I Wil I SR K
papA Fitth (1) H PapA W& P B B 1 3 2
G3 R P AR B AR AR A B 58 1845 fimC
M papA VERWGIR E. coli 53 F FAT W 5 A 1) §2
L, K B R, 91, 9% (193/210) 3 K Mg
BEIR A BRI 92. 9% (26/28) 1ifi R f BRE S K i 1 B
Sy ERRFEI BA fimC RE T M papAP T
TORER L EFRARE. fimC el PR R R+
HT B AR TP A W s R R, 5 E R AN
SimC JUF BAFAE T BUR I3 E. coli v, 7] LLAE
R BUR IR E. coli %558 1 bR Ak ) BF 52 45

ZESERIY, papA He AR KA B 43 B A%
7 g /a9 AL AN 77 S S I 7 U o F R 1
97. 6 %1 100 % , L it 7 T Dozois ZE XY E. coli 4y
BRI papA FEH 447 B KL H 3D H Delicato %
XX E. coli 73 B§HR Y papA K YK A 2
20617 . —fBiA Sl APEC BB L T B £ 0 3.1
P AR B AR D EE RS R WL T BUFD P 7Y g
BEMIR E. coli | {ZAF1E . P BT B 5 5 (1 45 47 %
BEETHAMSE FIE E. coli, i P HEE FE W T IR
EERME E. coli FIFMEER BB T E. coli R TR
B EEM R AT R TR 25 AN IR

HE. coli BRPAHEYIXR", PRIEEANE E.
coli T VZAEAE W 28 e T A 38 SCME A5 56 T XS 1)
BORALEE AR UE— B AT
3.3 iss EEASEME. coli BIRERNXE

I3 it 57 He A (Increased serum survival gene,
iss) R E APEC BUW IR R Z — . iss FEE AL T
ColV ki b .4t (& A Iss J& TAMEE A i —H6
53 5 M EPUAMANE A OC, AMA ST X5 B )
JEMIC R EEMBURHE R, O R R R
Wt E. coli 1 iss Kt 56 5 2 = G DR i R AS 20 B9
(1) E. coli, il Pfaff-McDonough %5 % 38 X8 80 14 E.
coli Hiss B K 78. 7%, (il FEXG I AL P E. coli
Sy BRI iss K RALK 18. 7261, Delicato %4
B PE E. coli WP iss By HYER K 38, 5%, {d Y
FREP AT B E. coli 1 dss K% 1626, AR
T 5% 15 R o AF A 43 85 A RIS IR {82 5 1 K i 4 T 43
BRI dss R B AH T L 30 ik 96. 700 92. 900,
B T ABURE E. coli FUEFEXSIR E. coli, NIk
1 RS H 23 e 5 BO AR 1 1 06 R A il — B ESE
3.4 HPIEZEHB 5 E. coli Bz

HPI 3 J) B 2 i EZ W B0R B R b2 E.
coli FH T JI T, fyud M irp2 ZAY AL HPT Y
PSSR BE R AR I HPT & & A7 7R Y
FRRILH Y, — 28 E. coli A irp2. fyuA 5HE
IRFR R HE LT M . W HPT #] 78 BB /R 7% S 5
E. coli Z JAIK ALK . ARWESE 45 3 Bon . 18 K g
FFHE I 43 8 Bk HPTAG 30k 43. 3%, 5 4 UK %4
W 216 #EAS B HE E. coli AT 44. 9% 1Y T Bk 1 4
A HPT AW, 25 & F W7 0347 5 U8 K W A 18
(12. 8V N 7= Bt R AT B8 (14000 =35
BREEE R E. coli T (18. 06 Y0 Z2 T Mk ) HPT #45
F, GG AMREE R G WG IR E. coli i) HPI
Aot 3R i T VR At Bl O TR A

HPI7ERS IR E. cold "h o3 AT 18 K AT B s
3 AR 3 R T I DR £ BRI K W T 43 85 bk HPT 3
77 By WA H A5 T AR 1 B ) 5 WY TE A O G
078,092,093 F1 O76 [ty HPI £ F7 & (K H R4 5]
h 85. 7% .78. 3% .27, 3% F 25. 0% , 5 FHAHNS I Y S
X A G J 1) BE T 356 43 Sl & 100240 .87. 526,75 % Al
75% . [AlE A [ I B RS U E. coli 54 HPL 5 )
B 1) PR M R A AEAR K 22 57 R WA AN () 1l ¥ 28 7R ok 485
i HPT {0 [ 4 S AS TR A9, 2 O149 1 O60 £ Hy 2 1
k0, 1f7 O158 M) 100 % ###s HPI,
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