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hlyA (4.5%). hlyE (61.8%). stx1 (22%). stx2 (34%). fyuA (3%). STa (15%). STb (92%), Hi&
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Clinical symptoms and molecular epidemiology of diarrhea caused
by Escherichia coli in calves

ZHANG Dong, ZHANG Hailong, XU Huihui, CHEN Si, ZHANG Ru, GAO Yang, YANG Yanling"

Institute of Special Animal and Plant Sciences of Chinese Academy of Agriculture, Changchun 130112, Jilin, China

Abstract: [Background] Diarrhea is one of the main causes of death in newborn calves, and
Escherichia coli, as an opportunistic pathogen, is the main pathogen of intestinal infection in
newborn calves. Although antibiotics are commonly used to treat this pathogen, the multiple
serotypes of E. coli and the enhancing resistance to multiple antibiotics have brought great
difficulties to treatment. [Objective] To investigate the clinical symptoms of E. coli-induced
diarrhea and the virulence genes, serotypes, drug resistance, and phylogenetic characteristics of
E. coli in calves in Jilin Province. [Methods] PCR, drug sensitivity test, and other methods were
employed to determine the serotypes, phylogeny, virulence factors, and drug resistance of E. coli.
[Results] A total of 92 strains of E. coli were isolated from 150 samples, with the detection rate
of 61.3%. The main virulence genes of intestinal pathogenic E. coli were K88 (10%), K99 (48%),
F17 (85%), F41 (20%), fimH (20%), csgA (87%), eaeA (4.5%), bfpA (5%), hlyA (4.5%), hlyE
(61.8%), stx1 (22%), stx2 (34%), fyuA (3%), STa (15%), and STb (92%), while F6 and F18 were
not detected. Among the isolates, 86% (79/92) were of O-antigen serotypes, among which 0101
(32%) was the dominant serotype, followed by O103 (15%). Most of the isolates had multidrug
resistance, with the resistance rates to ampicillin, tetracycline, gentamicin, and streptomycin
being 52.7%, 53.3%, 40.7%, and 50%, respectively. The strains carried ampC (45.21%), blactx
(42.47%), blatem (56.85%) of B-lactams, tetA (55.48%) of tetracyclines, and addA (55.48%),
aph(3')-la (43.15%), and aphA3 (30.22%) of aminoglycosides. Among the strains, 36 (24%), 27
(18%), 6 (4%), and 20 (13.3%) strains belonged to groups Al, B1, B2, and D, respectively.
[Conclusion] The infection rate of E. coli causing diarrhea in calves in Jilin Province is serious,
and most of the pathogen strains belonged to Al and Bl groups. O101 was the dominant
serotype, and the isolates carried a variety of virulence genes and drug resistance genes,
demonstrating serious multidrug resistance. Feeding management and vaccine immunization
should be strengthened for calves, and the use of antibiotics should be reduced.

Keywords: calf diarrhea; intestinal pathogenic Escherichia coli; virulence gene; drug resistance
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Table 1 Primer of virulence gene of isolated bacteria

Primer name Primer sequence (5'—3") Product length (bp)
K88-F ATTTCAATGGTTCGGTCG 770
K88-R GATTGCTACGTTCAGCGGAGCG

K99-F AAACACTGCTAGCTATTATC 533
K99-R ATAAGTGACTAAGAAGGATGC

F6-F ACTTCTAATCTGTCGCAAACC 422
F6-R GAACGAATAGTCATTACTGCAC

F17-F CTGATAAGCGATGGTGTAATTAAC 538
F17-R GCAGAAAATTCAATTTATCCTTGG

F18-F GGTGATGATGATTAGTGATGTG 1 140
F18-R TGTTGCCCCCACTGAGA

F41-F ATCAGCGGCAGTATCTGGTT 643
F41-R GAGGTCATCCCAATTGTG

fimH-F ATTTCACCAGCCAACGTC 643
fimH-R GGGTTTGTGGATTCAGGG

csgA-F GGTAATAATAGCGGCCCAAA 305
csgA-R CAAAGCCAACCTGAGTGA

eaeA-F GAAGCCAAAGCGCACAAGACT 413
eaeA-R CTCCGCGGTTTTAGCAGACAC

bfpA-F CTGTATATTGGGCAGACCAGTT 219
bfpA-R CGTTGCAAGACTAACACATGC

hlyA-F AGCCGGAACAGTTCTCTCAG 526
hlyA-R CCAGCATAACAGCCGATGTA

hlyE-F GAAACCGCAGATGGAGCATT 543
hlyE-R CGCCCGCAGCAATAGAATAG

stx1-F CAGTTAATGTGGTGGCGAAGG 348
stx1-R CACCAGACAATGTAACCGCTG

stx2-F CTTCGGTATCCTATTCCCGG 478
stx2-R GGATGCATCTCTGGTCATTG

fyuA-F TGATTAACCCCGCGACGGGAA 880
fyuA-R CGCAGTAGGCACGATGTTGTA

STa-F TCCCCTCTTTTAGTCAGTCAACTG 163
STa-R GCACAGGCAGGATTACAACAAAGT

STb-F GCAATAAGGTTGAGGTGAT 368
STb-R GCCTGCAGTGAGAAATGGAC

i P E A A B RN AN (B 1D), IS I fE
(E 1E. 1F), - BUAhZRE AR RIXE 5 1 E
TR A AN FET e 2F v R B, A4 s S ™ E R
K 1G)FIE ISR (B 1H), LAS TR H (& 11)
EEMR . ETEC REZRMT 10 HRLLNIETE

A, JUHE K99(FS5). F17 fl F41, # A& E M
RS HEAEE B EMC, BE2 WA
B, SECESTKE, FBARRR
A, R, JETRME G mHA R KT
W2 0T 10-60 H s EIEER , TR - 5

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



SRR A5 | B RS K A R I RAEIR B 20 1 AT I o 741
x2 SBERMAHEESY
Table 2 Primer of antibiotic resistance gene of isolated bacteria
Primer name Primer sequence (5'—3") Product length (bp)
StrA-F TGCTCCTCTTCTCCATCC 197
StrA-R CGCCGCCAATATGTTCTA
StrB-F ATGATGCAGATCGCCATGTA 326
strB-R CGGTCGTAGAGGCAATCTG
mcr-1-F CGGTCAGTCCGTTTGTTC 309
mcr-1-R CTTGGTCGGTCTGTAGGG
mcr-2-F TGTTGCTTGTGCCGATTGGA 577
mcr-2-R AGATGGTATTGTTGGTTGCTG
OgxA-F GACAGCGTCGCACAGAATG 339
0gxA-R GGAGACGAGGTTGGTATGGA
ogxB-F GCGGTGCTGTCGATTTTA 781
ogxB-R TACCGGAACCCATCTCGAT
gnrB-F GGCATCGAAATTCGCCACTG 264
gnrB-R TTTGCCGCCCGCCAGTCGAA
gepA-F CTTGCACTTAGTTAAGCGCC 866
gepA-R GAGGTTTTGATAGTGGAGGTAGG
tetA-F GCTACATCCTGCTTGCCTTC 210
tetA-R CATAGATCGCCGTGAAGAGG
tetB-F TTGGTTAGGGGCAAGTTTTG 695
tetB-R GTAATGGGCCAATAACACCG
cat-F AGTTGCTCAATGTACCTATAACC 547
cat-R TTGTAATTCATTAAGCATTCTGCC
floR-F AACCCGCCCTCTGGATCAAGTCAA 590
floR-R GCACCAGCCCCAACGAAACCAGTA
cmlA-F CTGAGGGTGTCGTCATCTAC 517
cmlA-R GCTCCGACAATGCTGACTAT
ampC-F CCCCGCTTATAGAGCAACAA 634
ampC-R TCAATGGTCGACTTCACACC
blapse-F ATGCTTTTATATAAAATGTG 914
blapse-R TCAGCGCGACTGTGATGTAT
blactx-M-F TTTGCGATGTGCAGTACCAGTAA 544
blactx-M-R CGATATCGTTGGTGGTGCCATA
blarem-F ATGAGTATTCAACATTTCCGTG 861
blarem-R TTACCAATGCTTAATCAGTGAG
blagv-F AGCCGCTTGAGCAAATTAAAC 713
blagiv-R ATCCCGCAGATAAATCACCAC
sull-F TGGTGACGGTGTTCGGCATTC 789
sull-R GCGAGGGTTTCCGAGAAGGTG
sul2-F CGGCATCGTCAACATAACC 722
sul2-R GTGTGCGGATGAAGTCAG
sul3-F CATTCTAGAAAACAGTCGTAGTTCG 990
sul3-R CATCTGCAGCTAACCTAGGGCTTTGA

(F#2)
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Primer name Primer sequence (5'—3") Product length (bp)

addA-F GTGGATGGCGGCCTGAAGCC 525

addA-R AATGCCCAGTCGGCAGCG

aph(3)-la-F TGACTGGGCACAACAGACT 717

aph(3')-la-R TCAAGAAGGCGATAGAAGGC

rmtB-F ATGAACATCAACGATGCCCTC 756

rmtB-R TTATCCATTCTTTTTTATCAAGTATAT

aphA3-F TGACTGGGCACAACAGACAA 697

aphA3-R CGGCGATACCGTAAAGCAC

*3 MMETERGLAEHERSY

Table 3 Primer of the four main phylogenetic

groups

Primer Primer sequence (5'—3') Product
name length (bp)
chuA-F  ATGGTACCGGACGAACCAAC 288

chuA-R  TGCCGCCAGTACCAAAGACA
yjaA-F CAAACGTGAAGTGTCAGGAG
yjaA-R AATGCGTTCCTCAACCTGTG
TspE4-F  GAGTAATGTCGGGGCATTCA
TspE4A-R  CGCGCCAACAAAGTATTACG

211

152

R Stx1/Stx2 FEUEANETE S iE i SRRk
WA, BT R Z MIRA MR
22 KPHESBEFRLEHEKLER
AT 92 MREEMUKIAFF A RIAR . XKLL
MRAEZZ FRDIBIR R IR 5L Lo G55 . RIEDEHE
14 R S5 1R BT A0 21 € BBV (B 2), PR AT 36
W R IR O SRR A JE R R 1RV
(#1 3) PRECHATR VR T8 22 [Q YL a,, WAEE
SR L BAASA A 1R 21 €0 P st i 58] %) 26 A 7T (T 4) o

B1 RS ImRAEIR

Figure 1 Clinical symptoms of diarrhea calves.
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w2 B 4 3y 2 4 4 BZRABHERLERA 000x)
? ERERREFEEFER Figure 4 Gram staining microscopic results (1 000x).
Figure 2 The result of McConkey agar medium.
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fimH (19, 20.7%). csgA (80, 87.0%). eaeA (4,
4.3%) . bfpA (5, 5.4%) . hlyA (4, 4.3%) . hlyE (57,
62.0%). stx1 (21, 22.8%) . stx2 (32, 34.8%) . fyuA
(3,3.2%). STa (14, 15.2%). STb (85, 92.4%),
B3 ROXEEFREEFRER ﬂiﬁ@ﬂ F6\ o %%%%; ﬁzﬂﬁ:‘{g?:%ﬁ%
Figure 3 The result of eosin methylene blue FERA IR R R, RN 7558
medium. BRI H .

100

JdH H Bl ens-EBEE_BEN

K88 K99 F6 F17 FI18 F41 fimH csgd eaed bfpA hiyd hiyE stxl stx2  fyuA STa STb

5 KB ESHEREELS

Figure 5 The result of virulence gene identification in Escherichia cali.
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3 Wik
A X BOR PE R AT iR S ek, eI
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Figure 6 The result of O serotype in Escherichia coli.
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7 KBETEMAMEER

Figure 7 The result of drug resistance in Escherichia coli.
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Figure 8 The result of drug resistance gene in Escherichia coli.
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Figure 9 The result of phylogenetic group in
Escherichia coli.
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Table 4 Relationship among phylogenetic groups and virulence genes

Gene Phylogenetic group (n (%)) Total
A (N=36) B1 (N=18) B2 (N=6) D (N=20)
K88 6 (16.7%) 3(16.7%) 0 (0%) 1 (5%) 10
K99 25 (69.4%) 15 (83.3%) 1 (16.7%) 4 (20%) 45
F17 36 (100%) 18 (100%) 6 (100%) 19 (95%) 79
F41 10 (27.8%) 5(27.8%) 2 (33.3%) 2 (10%) 19
fimH 10 (27.8%) 4 (22.2%) 4 (66.7%) 1 (5%) 19
CSgA 36 (100%) 18 (100%) 6 (100%) 20 (100%) 80
eaeA 1(2.8%) 3 (16.7%) 0 (0%) 0 (0%) 4
bfpA 2 (5.6%) 2 (11.1%) 0 (0%) 1 (5%) 5
hlyA 1(2.8%) 0 (0%) 2 (33.3%) 1 (5%) 4
hlyE 33 (91.7%) 12 (66.7%) 6 (100%) 6 (30%) 57
stx1 19 (52.8%) 2 (11.1%) 0 (0%) 0 (0%) 21
stx2 17 (47.2%) 13 (72.2%) 0 (0%) 2 (10%) 32
fyuA 1(2.8%) 1 (5.6%) 0 (0%) 1(5%) 3
STa 10 (27.8%) 3 (16.7%) 0 (0%) 1(5%) 14
STb 36 (100%) 18 (100%) 6 (100%) 20 (100%) 80
n: MAEEBEAE; N: RERFHNEE.
n: The number of virulence genes; N: The number of phylogenetic groups.
RS RELXERS O MFARMEXM
Table 5 Relationship among phylogenetic groups and O serotype
Serotype Phylogenetic group (n (%)) Total
A (N=36) B1 (N=18) B2 (N=6) D (N=20)
06 1 (2.8%) 1 (5.6%) 0 (0%) 1 (5%) 3
o7 1(2.8%) 0 (0%) 0 (0%) 0 (0%) 1
012 4 (11.1%) 2 (11.1%) 1 (16.7%) 1 (5%) 8
015 3 (8.3%) 2 (11.1%) 0 (0%) 2 (10%) 7
016 1 (2.8%) 1 (5.6%) 0 (0%) 1 (5%) 3
018 2 (5.6%) 0 (0%) 0 (0%) 1 (5%) 3
078 1(2.8%) 3 (16.7%) 2 (33.3%) 1 (5%) 7
0101 10 (27.8%) 6 (33.3%) 2 (33.3%) 8 (40%) 26
0103 7 (19.4%) 2 (11.1%) 2 (33.3%) 1 (5%) 12
0145 2 (5.6%) 0 (0%) 0 (0%) 1 (5%) 3
0157 2 (5.6%) 1 (5.6%) 0 (0%) 1 (5%) 4

n: O MiERIAECE; N: RELFRECE.
n: The number of O serotypes; N: The number of phylogenetic groups.

12 A% 2021 4 7 AUl IX 4 K A9 s J1 2R 5 PCR AN 45 SR [RIFEIER] 1™
FREEAG R A 97.3%; — JLAEISHRGEI LS R R KGR K99 (48%). F17 (85%). F4l
T IX A Ty 85.7%; EE T MER M (20%) BTG AT, o e @A B (0 2
A K99/F5 F17 . F41 & BBk by e sk, s, 28 K99/F41 8iE M EIH

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



SRIR S5 | B RS K AT e i PRAE AR B 201 AT I 27 747

i) ETEC EHRIRYLFE; MAEZR F17/STEC
LTS PR R AR . R RUK
i 346 1 1L 4 TR Bk S K99/F17/F41/STEC Jakjt . s
A K AT R R A T4 K, ReiE—2
e ) 5 45 B R TR A K W AT T 928 T e S )
R, RZBU R IR SR A BT A A W R SR
SRR , I SRR A T BRI A KA TR
B T O TR A A B KA AT TR S B RS
RIGFFBR MG R 5]z, % E, A
WFFE R 92 BRI AT 1R 4468 1ML 38 56 5 A A 645 3
11 AN gAY, HA L 0101 AEHMmE R, X
5 R Z B 58 48 0228 8 TS R AT o 2 3%
TS 43 i XA A8 o 37 TR AR — 35710 AR o
FIFH YA R 250k & 8 Jsbik Fiif 243 [
R, g5 EoR, Kb 20 1A 3
251k, 5> AR 2 i 25 ) s, TR 8 A
PrAE R 2y, U0 T M X B A IS K AT
PRI 247 15 AN 25 AR WL o L v DU A 3R it 24 288 0
H53.3% . AR EHRMGRZ R 52.7%, T
fhb A 2R T 25 SRR R o B R AR HlL DX DK
X S BT A R, 2 X i X A R
G NERE, FEARPUA R R, 2G5 2
YA B = A i 23 L 22—, ARBFIE R 92 #R 4
Bk, BN RERE. ZREEL. %
WEZE . IR WEHERIE . B-INBEREE .
Rl P 2R N SEWE T2 8 itk B2y 5L, H
P A 245 2L 4351 strB. mer-1. ogxB., tetA.,
floR. blarem. sul2 fil addA, & 3 HAG £ & (it 24
YERE R S KIGAT R AEAE 2 FE i 25 AR G, (W]
L s T KM AT BE A B A R 24 3R A A v
e . RELRBEREYN, BAMEE KT
WEHETRELBR A, HKET B1 Ml D,
X5 B AN AT TR A R B AROR TR
Rehman 250505 H 140 Bk KW AT s R 008

T A Bfo REKRTHSEEHFHULIE R Z [
FETE—EMECR, AR R, REKFH
A R B1 #5407 98 I 3L IR ) O I i BYHE =5
X5 2Z A EoE SR E 2R T D B B2 #EY
TR Es A ERY, AT 25 H N B4 I8 TS K
FF VR TEA T R AR 19 20 A7 Al st AL E L3R 525

gE BT, TR VS e 20 S il
N T 43 B8 10 K 1T B R R M 3 PR B0 1
MR, EE IR R KGR ™
FREAWITE, KR IMFER A 0101, A, Bl
M D RKGITE EBENARFELER, REL
BHE A M Bl & A 248 H I Kl i A,
VIR Z BN, W YA R A IS AN [ 1Y
Il ARE AR b e A= R R S m , ANRETH H
WAPUEFORIITIRYY, LR RSP R
R R PUAER . BET, BNA R
AT K99 T TG B 1 LA K AR A8 B4 25 ) 4 K
I gal E JE PRIl 2 KIS 1 (29 #%), Al
SR E B R 6 2 A K W AT TR IR S R AT A R0 B
o WA, EHRFENZEEESEK, &FE
EEETE NI EANR R, DRSS N RAFR T
W E W, RABRIGY, S HAT
Bii, B R TI6 7 IR

4 Zik

WA I B AT R B A AR L S
TR TR B X R R FE R . A,
XM Z M R BRA G, 4
KM AP A 2 BOR 7 KI5 ke i 2 4
TG HERE IR . A S8 i PRI 5 bR F2 %
PN A= 7 50 5 B O B TR R LT TR A RE T R, 9
EATRIEUN R, XN IRE L PR
R ML T 2%, ORI BT A R AT
NV E R B E T AR

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



748 WA

FiE Rk

Microbiol. China

REFERENCES

(1] =5, 25, K/ g, T3/, EE, FiX,

RN, TS, AR RE TSR], PR
BE2h 2475, 2020, 39(5): 35-41.
YAN'Y, LI XP, WU XH, DING XZ, YAN ZT, WANG
SY, LI HS, WANG XR. Advances in Escherichia coli
of bovine origin[J]. Journal of Traditional Chinese
Veterinary Medicine, 2020, 39(5): 35-41 (in Chinese).

[2] NAVANEETHAN U, GIANNELLA RA. Mechanisms
of infectious diarrhea[J]. Nature Clinical Practice
Gastroenterology & Hepatology, 2008, 5(11): 637-647.

3] ER®K, WIRY, B9, WA, B8R, KUK, 5
AR AR AL B b g | R B A IR R R 9
)] EFLE, 2021(10): 67-71.

WANG CY, HU XY, WEI Y, CHEN J, CAO MY,
CHEN MJ, QI YY. Investigation on the etiology of calf
diarrhea in a large-scale commercial farm in
Xinjiang[J]. China Dairy, 2021(10): 67-71 (in Chinese).

[4] DALL AGNOL AM, LORENZETTI E, LEME RA,
LADEIA WA, MAINARDI RM, BERNARDI A,
HEADLEY SA, FREIRE RL, PEREIRA UP, ALFIERI
AF, ALFIERI AA. Severe outbreak of bovine neonatal
diarrhea in a dairy calf rearing unit with multifactorial
etiology[J]. Brazilian Journal of Microbiology, 2021,

52(4): 2547-2553.
.S HEWRERE,

[5] MRS, A R A 8 B9 55 36 ]
2019, 35(1): 103.

[6] VFUbHE. 44 KA R I2 W X Biia (7). ARk 52 H]
RHEEE, 2007, 13(9): 26.

[71] MOHAMMED SAE, MAROUF SAE, ERFANA AM,
EL-JAKEE JKAE, HESSAIN AM, DAWOUD TM,
KABLI SA, MOUSSA IM. Risk factors associated with
E. coli causing neonatal calf diarrhea[J]. Saudi Journal
of Biological Sciences, 2019, 26(5): 1084-1088.

[8] KASSE FN, FAIRBROTHER JM, DUBUC 1.
Relationship between Escherichia coli virulence factors
and postpartum metritis in dairy cows[J]. Journal of
Dairy Science, 2016, 99(6): 4656-4667.

[9] KOLENDA R, BURDUKIEWICZ M, SCHIERACK P.
A systematic review and meta-analysis of the
epidemiology of pathogenic Escherichia coli of calves
and the role of calves as reservoirs for human
pathogenic E. coli[J]. Frontiers in Cellular and Infection
Microbiology, 2015, 5: 23.

[10] ALGAMMAL AM, EL-KHOLY AW, RIAD EM,
MOHAMED HE, ELHAIG MM, YOUSEF SAA,
HOZZEIN WN, GHOBASHY MOI. Genes encoding
the virulence and the antimicrobial resistance in
enterotoxigenic and shiga-toxigenic E. coli isolated
from diarrheic calves[J]. Toxins, 2020, 12(6): 383.

[11] P, Befifn, £, JPIO, K%, XIBGE, Hk
W, EX, TR, BRse, LR — 64 EE0R TR
FRIRI 0 B S E 0], B BB, 2021(12): 14-15, 46.
QIN PW, CHEN NN, WANG Y, YIN JY, ZHANG J,
LIU QJ, TIAN QF, WANG H, WANG S, CHEN L, SHI
TR. Isolation and identification of a bovine pathogenic
Escherichia coli[J]. Modern Animal Husbandry Science &
Technology, 2021(12): 14-15, 46 (in Chinese).

[12] B o, sKEAEZE, ZoUf4s, MRS, #5048, XISCHE,
ISR, MBI, BRI T e DA PP R I S A
G5 7 1 B R KRG H I AE PCR ik i &7 5 b
FAD]. A EOCEIE B2 3R, 2006, 22(2): 153-156.

MA GQ, ZHANG WIJ, LUAN JJ, LIN SQ, YANG SH,
LIU WQ, GAO YD, ZHONG JF, ZHAO HK. Direct
detection of the enteritoxigenic Escherichia coli in
bovine feces by multiplex PCR[J]. Chinese Journal of
Zoonoses, 2006, 22(2): 153-156 (in Chinese).

(31 XU, A2rmm, =aad, FrE b, Jks, 6k,

KA. 1L PG A 2R T o v R I A T T
TR [I]. o EE AR, 2021, 41(8): 1552-1557.
LIU Y, LI HL, YAN YB, QIAO GF, WEN YL, GUO
JL, ZHANG GQ. Screening of virulence associated
factors of pathogenic Escherichia coli in calves from
Shanxi Province[J]. Chinese Journal of Veterinary
Science, 2021, 41(8): 1552-1557 (in Chinese).

[14] GULER L, GUNDUZ K, OK. Virulence factors and
antimicrobial susceptibility of Escherichia coli isolated
from calves in Turkey[J]. Zoonoses and Public Health,
2008, 55(5): 249-257.

[15] COSKUN MR, SAHIN M. Prevalence of neonatal calf
diarrhea caused by Escherichia coli and investigation
of virulence factors, serotypes, and antibiotic
susceptibility[J]. Polish Journal of Veterinary Sciences,
2023, 26(3): 335-341.

[16] WAYNE PA. Performance standards for antimicrobial
susceptibility testing, 32th ed[S]. Clinical and Laboratory
Standards Institute, 2022.

7V B, ki, kR, WRAEESE, kA, Ak, g,

RiE, R, R@ﬁiﬁﬁj‘i{ﬂl:ﬁ&tl:ﬁﬁfﬁ%ﬁlﬂ
I BED | T2 BRI R 2 A ST,
F W EEE, 2022, 49(12): 4820-4831.
JIA T, ZHANG D, ZHANG ZT, CHEN PL, ZHANG J,
LI YH, ZHU Y, QIN JH, LI Y. Detection of virulence
and resistance genes and drug sensitivity analysis of
Escherichia coli derived from diarrheic calves in
Beijing-Tianjin-Hebei partial regions[J]. China Animal
Husbandry & Veterinary Medicine, 2022, 49(12):
4820-4831 (in Chinese).

(18] K— L, ZWF, ®WAk, Wiz, Bk, BT,

Zeae, RO 2L e iﬁé}i&EfﬁFﬂﬁiﬁﬁ%ﬂi%ﬁ
O B 1 395 75 7 0 K e 4 B RO BOR PE(T). e
224, 2021, 41(7): 1282-1289.
GUAN YF, LI Y, GAO YT, CHANG LY, YANG XT,
JIA ZX, QIN JH, ZHAO YL. Screening of predominant
serotypes of Escherichia coli from calf diarrhea and
isolation and identification of facultative fimbriae strains
in some areas of Hebei Province[J]. Chinese Journal of
Veterinary Science, 2021, 41(7): 1282-1289 (in Chinese).

[191MA L, ZHU YK, La TENG ZHU LA A, LOURENCO
JM, CALLAWAY TR, BU DP. Schizochytrium sp. and
lactoferrin supplementation alleviates Escherichia coli
K99-induced diarrhea in preweaning dairy calves[J].
Journal of Dairy Science, 2024, 107(3): 1603-1619.

[20] REHMAN MU, ZHANG H, IQBAL MK, MEHMOOD
K, HUANG SC, NABI F, LUO HQ, LAN YF, LI JK.
Antibiotic resistance, serogroups, virulence genes, and
phylogenetic groups of Escherichia coli isolated from
yaks with diarrhea in Qinghai Plateau, China[J]. Gut
Pathogens, 2017, 9: 24.

[21] COURA FM, de ARAUJO DINIZ S, MUSSI JMS,
SILVA MX, LAGE AP, HEINEMANN MB.
Characterization of virulence factors and phylogenetic
group determination of Escherichia coli isolated from
diarrheic and non-diarrheic calves from Brazil[J]. Folia
Microbiologica, 2016, 62(2): 1-6.

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




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


