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Calf diarrhea is a common disease in young claves and is still a major cause of productivity and eco-
nomic loss in livestock farms. Fecal samples from Korean native cattle (»=100) with diarrhea from 64
farms in Gwangju area, Korea from september 2017 to December 2018 were examined for shedding
of important protozoan parasitic, viral and bacterial pathogens using culture, rapid test kit and PCR
methods. Of 57 (89.1%) of the 64 Korean native cattle farms examined had samples infected with at
least one of the investigated pathogens. Among 100 fecal samples, 88 samples were positive for at least
one the twelve pathogens and 51 samples were simultaneously positive for two or more pathogens by
culture and PCR assay. Bovine group A rotavirus (BRV) was the most common pathogen, found in
43/100 (43.0%) samples on 32/64 (50.0%) farms. Subsequently, kobuvirus (30.0%), pathogenic E. coli
(29.0%), bovine parvovirus (17.0%), Giardia spp. (13.0%), Eimeria spp. (10.0%), Clostridium per-
fringens type A (8.0%), bovine torovirus (8.0%), bovine viral diarrhea virus (6.0%), bovine coronavirus
(5.0%), bovine norovirus (2.0%) and Cryptosporidium spp. (2.0%) were detected. Nebovirus, kirklareli
virus, bovine adenovirus, Salmonella spp. and intestinal parasites were not detected. Of the 72 calves
sampled in this age group, 64 (88.9%) samples were positive for at least one enteropathogen. BRV was
identified in 34/72 (47.2%) samples from 27/48 (56.3%) farms. Subsequently, pathogenic E. coli (30.6%),
kobuvirus (29.2%), BPaV (22.2%), Giardia spp. (15.3%), Eimeria spp. (9.7%), BVDV (6.9%), CIL. per-
fringens type A (6.9%), BCoV (4.6%) and Cryptosporidium spp. (2.8%) were detected in fecal samples.
A total of ninety-six strains of E. coli were isolated from one hundred fecal samples collected from
Korean native cattle with diarrhea. The presence of stx/, stx2, eaed, LT, STa, STb, ehxA, saa, F4,
F5(K99), F6, F17, F18 and F41 genes in the isolates was investigated by PCR. Out of ninety-six E.
coli isolates screened for specific genes, 30 strains E. coli were identified to harbor shiga toxin-produc-
ing E. coli (STEC) 7 (7.3%), enterohemorrhagic E. coli (EHEC) 8 (8.3%), enteropathogenic E. coli (EPEC)
6 (6.3%), enterotoxigenic E. coli (ETEC) 2 (2.1%) and STEC/ETEC hybrid 7 (7.3%). This study pro-
vides epidemiological estimates of the prevalence of Korean native cattle’s enteropathogens in Gwangju
area, Korea, which would be used for cattle farmers and veterinarians to select appropriate therapeutic
method.

Key words : Korean native cattle, Diarrhea, Bovine group A rotavirus, Pathogenic E. coli, Giardia spp.

*Corresponding author: Ba-Ra-Da Koh, Tel. +82-62-613-7651,
Fax. +82-62-613-7649, E-mail. barada@korea.kr

Copyright © 2019, The Korean Society of Veterinary Service. All Rights Reserved. 93



U2Z 2012 HEY U Ol - Uy U8

o

94 ==l Te
S

Gob] MAb: o2l FolxolA £3] WAt I
wolu], Al koA ol 13| AT A £
o) 8 f9lo] Hrh YA F4L P A AL
38 9 =4 EE Fololu} Yojo| wakE ML
o, Asda 4 A9 o] yehue, S4o] 4l
At 2= FHAfe] o] EtK(Schroeder &, 2012). o

7HA AL FobA] AARE fEstAY Holshe
Aoz dA qlow, &7 gl Apkae], g % |
JFH, HEA HH=et - o 7HA] Al add
of Are] Moy Ao P mFITHChoot
Yoon, 2014).

oA At FH Fobx| o Fa HARIIS
AL o] 42.5~44.4%= 9= 10.5~20.9%}X c} W2 H]
25 AR5kl 9JrtiKang 5, 2001; Hur 5, 2013b; Kim
5, 2015). obx) AR AGA ARt w2
A} R0l 7]Qlgtth(Bartels 5, 2010; Cho2} Yoon,
2019, A QAR olels A o 5
a3b] WAL AAL gt Bisle] glom,

deuts 23 749 de 4% wawEg
(Kang 5, 2001; Izzo 5, 2011). & 7}®] o]Ate] HH
Aol 7HE FobA vl WAl AR Foix
s AAbsae] WA Jbs Aol GHAE o et
(Boileau?} Kapil, 2010).

SoMA] AAE dovl= HHAd BYAlE bovine
rotavirus (BRV), bovine coronavirus (BCoV), bovine
viral diarrhea virus (BVDYV), Escherichia (E.) coli,
Clostridium (Cl.) perfringens, Eimeria spp., Giardia spp.
9 Cryptosporidium spp. 5°| %21 (Cho2} Yoon,

3= = >
=, = bovine

fomy
i1 r{o

2014), torovirus, kobuvirus®} calicivirus 3
norovirus (BNoV), nebovirus, kirklareli virust= AMY
LelA =2 B 1wt Hoet 5, 2003; Yamashita 5, 2003;
Park %, 2007; Alkan %5 2015). 71 ¢]oj|= bovine par-
vovirus (BPaV)1} bovine adenovirus (BAdV)®= A9f A
AAE SEskcH(Kailasan 5, 2015; Sibley 5, 2011).
A, e ESR sl ARishe A2
o e HHUARlr] TR QAN
Qe dgEe WA ARl oE A4t B asi.
ope Aol teh A4EEA ohdenteroha-
emorrhagic E. coli, EHEC), A=A A of& -t (en-
terotoxigenic E. coli, ETEC), %3 4] tfj &+t (entero-
pathogenic E. coli, EPEC), 34 EA o)A +t(entero-
=

=
invasive E. coli, EIEC), A&k

ox o

o A4} +F(enteroag-
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gresive E. coli, EAEC) W BEAFEZPA o) & oH(diffusely

adherent E. coli, DAEC)S. 2 ERFIZ|11 Q)th(Nataro2}

Kaper, 1998; Kaper 5, 2004). EAEC2} DAEC= Al
o AAb i dole=m delA UAINE Ao A
W dblal abAo] gltk(Cassar 5, 2004; Wieler 5,

2007; Kolenda -5, 2015).

Al7FE4A84d A f(shiga toxin-producing E. coli,
STEC)2 shiga toxin (Sx)}& APHSH= WE o]
dhat Qukael golz ALgE|g o, BHECEH: &
L 284 AT 894 85 2528 dovln
LEE (locus for enterocyte effacement)g}+= dl= YA
% (pathogenicity island)®] U<l intimin (eaed gene)
2 3E3slo] Stx-positive strain =, STECS] 3HEE
(subset) S 22X ®7|3517] Y3 AMRE| it = E STEC
7h WA R rEEA kAR A7 ZYoll oS
EHEC= YA 2 7F=%Elth(Nataro2} Kaper, 1998; Kaper
= 2004).

Ao|| A Giardia spp. 2} Cryptosporidium spp.= -
7 Az wAels 9134 HAACIAT, Aol
A= g 7 914 zmrgg doslt @)
CHFeng¥} Xiao, 2011; Ryan 5, 2014). HEHLZS
2 AAo) 7|ASH= Giardia (G.) lamblia (5-2]¢] G.
duodenalis = G. intestinalis)7} QAA 0|t} C. par-
vum, C. bovis, C. andersoni, C. hominis Y C. ryanae=
aoA TESE 4o, C parvumi}t C. hominis<=
Ao A= 7+ ol o 71thRyan 5, 2014). E ChE
A4 A F I £ TAFFE Fobx A4
of W WAL 1 Fas 8F A F sk
olth. AIF] 27] F4HS HAH Hlo] Pz}
Gojo] Eofiportr 2~3% Fo ola Aol Hol
g FH= Al EHAY ASHE AlAS Eo] #hak
FEtHKwonZ} Jang, 2000).

SoA] AAPEZ ARIAZ} v =T et 4
AreE7] ol ekt FAE Bastd, &
A3 sy LJAA e X 52A4 A

a5t % A o2 oA Algstal Ql=

(ol F A|14235, 2017.12.29.)0)| =

\ QEH‘E}% 4=85 9 BVDV Aol 7]

FEABAIE a0 Ry
T2 SEE= A A&

% (BRYV, BCoV, E. coli K99, Crypto-

sporidium spp. ¥ Giardia spp.) QARG 7E, A+t
Hlok, E8HAQl Bgue o8t 4% AX e
11 "lo]g A 3% (BRV, BCoV 2 BVDV) RT-PCR kit
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(Lili"™ BD-Multi RT-PCR kit, iNtRON Biotechnology
Inc., Korea)2 ©o]-8-3to Zehstal Qlct
ot Rz FFEAY T AARY YA of digh

A48t Akt 55 $8)] e|Hy|E &8t A
A ALAEE Fall FEFE7tol A&t Fkst
A4 AAY AT Hu|AE AFsta AYEF
ghotyl SRR o S=gstaizt 177] LAl
gk A el et EaE)gt igtoll disiA Bl
A5 ZAFSH T
ME Wy

NE=SNES

SFY- AALEHL 2017W 9HHE 2018 12€7}1A]
B ARGl A 645571 1004-S A FH s A=
= 438 HEAES 28 T A A=FS 9
EHE AHsAY dFSAAE Kol JHA FAL
of A AR HAMEHE AFHstAt AR P4
e 2 AR Rlete] FA| Fobx] A 5%

(BRV, BCoV, E. coli K99, Giardia spp. & Crypto-
sporidium spp.)E AlEZ 7| E (Rapid BoviD-5 Ag,
Bionote, Korea)= A| XA} X Alof whal AHAVSHE LS
o, 12417t ojujof ol HAL At &2-54 %
714% Al ALgSAT. ol FAFEL BE 17
7N BEA= vlely 2 AW BRV, BCoV, BVDV,
torovirus, kobuvirus, norovirus, nebovirus, kirklareli vi-
rus, BPaV 9 BAdVo|H, Alat a2 HAd i+,
Salmonella spp. 2 Cl. perfringens©|™, 7| A% AAFSH
E-2 Eimeria spp., Giardia spp., Cryptosporidium spp.
2 Ay 718FeI ek A E EHE Yolof w4
N IE 5, S (=6719), /41|85 (=24), 4

9 (29) @ vholEy AR HRshqc

Mzt AL

| AEG4AL A2 A -, Salmonella spp.
% Cl. perfringenso|n] HAPEHS s=dW s Aot
B (APQA, 2017)° whet HAfstick mdE 54
2 Vitek IT system (bioMérieux, France)S ©|-8-3}o] 2|
T AU o5 mAEol uit HYd dARet
s A4 AR S e BT A
1=

EN

tryptic soy agar = 5% HF P A gHul =] o

A viFet ohs, YA dE=
mLo| AEA|A 100°Co| A 1587t &
of Al 5EZE AR5t 1 A5
2 ALgsich

Ao HYA AR} stxd, six2, eaed, F5(K99),
F41 ¥ STa9] §H R HAF= Franck 5(1998)0] A|A|
3l mutiplex PCR ®HH-2 ©]-8-3} %t} Enterohemolysin
(ehxA)e Schmidt 5(1995), F17 &4 HAAF= Van
Bost 5(2001) 18|11 saa -3-A A= Paton¥} Paton (2002)
o] Bpof wet PCRE ~3Y3513itt. 3 F4, F6 17
i1 F18 ZAke} LT} STb ZAbolli= ZH2zh AccuPower™
ETEC-Pili 5-Plex?} ETEC-Toxin 4-Plex PCR Kit
(Bioneer, Korea) 2 AF-31910.0], A|2AFe] A AJo]
2} polymerase chain reaction (PCR)S =33} %ith

Cl perfringens =2~ AHY SHAZ A= Yoo 5
(1997)9] "fof whet AHsHATE o|jl ZAbo]| AHE
3} ME primer:= Bioneer (Korea)ol| ©]&|5}o] A &ts}
9t PCR %42 Maxime™ PCR premix kit (i-Star-
Taq) (iINtRON biotechnology, Korea)Z A}8-3}o] pri-
mer (10 pmole/uL) Z+ 1 uL, template DNA 2 uLE 4

SHTE F 20 uL7b HA 245k

HEO|2{A ZA}

AAFEH-2 0.01 M phosphate buffered saline (pH
74) Ao =2 108 3]Aste] A2-0f4 107t 2,000%g
2 ganelstgc. daRee 429 150 uLg 3
3}o] Viral DNA/RNA extraction kit (iNtRON Biotech-
nology Tnc., Korea) & AF&-5t0] 2] zAke] | Alo] ufe}
FAAE FEsHh F2E A= AY A7A|
—20°Co|| 235}t

BCoVe} BVDV ZAZE ¢siA= Lili"™ BD-Multi
RT-PCR kit (iNtRON Biotechnology Inc., Korea)S A}
gabglon], AzAe] 2 Ao kel RT-PCRS S5
2t} BRV, torovirus, kobuvirus, norovirus, nebovirus,
kirklareli virus, BAdV 2 BPaV A& 9|39t primerT}
annealing &% A2 Table 13} Zth

RNA Hpo]|HAREE first-strand c¢cDNA §HA] 1}
PCRE $=8)3}7] $]al|4] Maxime™ RT-PCR premix kit
(iNtRON biotechnology, Korea)E A3} .01, one-
step RT-PCR A2 primer (10 pmole/uL) Z+ 1 uL,
template RNA 2 uLE Yol 2F42 & 20 pl7} &
Al 243} T} Reverse transcription step< 45°C, 305
H-$-5F $o]| RTase inactivation step2 95°C, 582 I}A4
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Table 1. List of the oligonucleotide primers designed from target genes of the viral enteropathogens used in this study

Target disease Sequence (5 —3")* P(E):Sl;c;;rz)e Target gene T?;Ez?:tti Reference
Bovine group A GCCTTTAAAAGCGAGAATTT (F) 1,062 VP7 52°C Park et al., 2006a
rotavirus GGTCACATCATACAACTCTA (R)
ATGTATGGTATTGAATATACCAC (nF) 885 52°C Gomara et al., 2001
AACTTGCCACCATTTTTTCC (nR)
Torovirus GTGTTAAGTTTGTGCAAAAAT (F) 741 Spike protein 55°C Hoet et al., 2003
TGCATGAACTCTATATGGTGT (R)
TGGATTAATTCAGGAGGTGCC (nF) 653 55°C Kirisawa et al., 2007
CACTCTACATAGAGCGGTGTC (nR)
Kobuvirus GATGCTCCTCGGTGGTCTCA (F) 631 3D protein 55°C Yamashita et al., 2003
GTCGGGGTCCATCACAGGGT (R)
TGGAYTACAARTGTTTTGATGC (nF) 216 55°C Reuter and Egyed, 2009
TGTTGTTRATGATGGTGTTGA (nR)
Norovirus AGTTAYTTTTCCTTYTAYGGBGA (F) 532 Ra’RpJr 54°C Smiley et al., 2003
AGTGTCTCTGTCAGTCATCTTCAT (R)
GTCGACGGYCTKGTSTTCCT (nF) 326 50°C Park et al., 2006b
CACAGCGACAAATCATGAAA (nR)
Nebovirus TTTCTAACYTATGGGGAYGAYG (F) 549 Ra’Rp—MCPi 52°C Smiley et al., 2003
GTCACTCATGTTTCCTTCTCTAAT (R)
CGCTCCGTGTGGGATCACGA (nF) 194 50°C Park et al., 2006b
GCACGGGCTTCTTCTAGAGA (nR)
Kurklareli virus CCACCATTATCACCAAATTGC (F) 300 Capsid 55°C Alkan et al., 2015
CATAATCAGAATAGAAGGCGC (R)
Bovine CAGTGGTCHTACATGCACATC (F) 599~725 Hexon 55°C Sibley et al., 2011
adenovirus GCATAAGACCCGTAGCAWGG (R) (nR)
CATGCACATCGCSGGNCAGGA (nF) 588~714 55°C
Bovine CTACAATGATTTGGTGGTACATTT 281 Unknown protein 58°C APQA, 2016
parvovirus TAGAAAGCATCATGACTAACCAGT

*E, forward primer; R, reverse primer; nF, forward primer for nested PCR; nR, reverse primer for nested PCR. TRa/Rp, RNA-dependent RNA

polymerase. iMCP, major capsid protein.

2 1 cycle 3519521, PCR ©A = denaturation
94°C, 45%, annealing2 Table 13} -2 2T oA &
T8 3 extension 72°C, 1& AL 403 HHESHS
t}. FZ extention2 72°C, 75 HAS 13 A=
A5t 53], BRVe o]5 U4l RNAC]7] o9
first-strand ¢cDNA A Zlo]| %35t template RNA=
ool S B AT F dgEe] F43) 4
ZAsfe] wslom Wk & ATl Agsiark
RNA v}o]#| A 9] nested PCRY} DNA H}o]&] A 9]
PCR %/4d-& Maxime™ PCR premix kit (i-StarTaq)
(iNtRON biotechnology, Korea)2 AF8-3}¢] primer (10
pmole/ul) Z+ 1 uL, template DNA 2 L& Yo 55
TR F 20 uL7t =A 245k tE PCR 2712 pre-
denaturation 95°C 5% 142 1 cycle =343t & PCR
WA= denaturation 94°C, 45%, annealing> Table 13}
e 2mofA 18 18] extension 72°C, 15 13
2L 353] BHESIY o1, FZ extentionS 72°C, 75 3t
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13] wHEatel A stk

14s HM

AR ) 7S AAE SIo & AR A%
7] E(Rapid BoviD-5 Ag test kit, Bionote Inc., Korea)
= o]g3sto] ARAre Ao Wt Giardia spp.2}
HAFSFH 2™, Eimeria spp.2}t
ESAQI RHoR Axele

Cryptosporidium spp.=
o} ?E} A /\]_
o},

WA FHA 252 HiolH A HARA AE
3t 108 3]A4%F AJFA 1 mLS MagNA lyser green
bead (Roche, Germany)ol] £38}31 Aol A 1087k
12,000¢ 1B ITh BAET AELS b
231 A= nucleic lysis buffer (Promega, USA)
300 puLe} proteinase K (10 mg/mL) 10 pLE 715}
MagNA Lyser (Roche, Germany)~7|7]o] Y3l 6000xgo]|
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A 4027} 28] BAF = 65°Col A 3027F A e}
At} o] g9 300 uLE NX-48 Stool DNA kit (Geno-
lution, Korea)of| g i1 Nextractor™ (NX-48) (Genolution,
Korea)5 ©]-&8to] A|xAte] 2| Ao whef fHAE
29T 228 A% 4R A7 -20C
of Rsieict

2 AA ASETEo A 7|F0] PR
BelE AAMEHS PowerChek ™ real-time PCR kit
(Kogenebiotech Co., Korea)E ©]|-835}o] G. lamblia®}
C. parim 2% o155 izt on], A A2
o] Z|AJof| we} real-time PCRS =33} it}

E5x.0 BM® SPSS® Statistics ver. 25.0 (IBM Co.,
Amonk, NY, USA)E ol g5tk 423t Lolo] u}
£ AAP LA E443tof whet Fisherd] g& 4
A (Fisher’s exact test) .2 %74]?54-75, S o8 Axfs)

oul, pgro] 005 Hlgrl AS EABHA og 2
o7 fosigith AR S EH%EE gk PCR3} 4l
EXE7|EALo] 9] X == Cohen’s kappa #4]-& 4l
A8+ cH(Fleiss?} Cohens, 1973).

_4_,

2 1

rot

S SARRH M2

20179 9¥=E 20184 12°J7/}x] EIES oax]oa
64t 7Iol A B9 AL Bl & 10048 A3
Sold) 127, R4S 127, 49 571 Lo b}
o] B & 117108 EEEQtKTable 2).

A2 1004 % AR AHASE BG~5Y) 227,
o] 2(6~8Y) 147, 7Fe(9~11%) 394 183 AL
(12~249) 2574010q o, olx] BHA|R 724 = H
A o) AL E 197(264%), 92 64(8.3%), 1S
317(43.1%) JaL AL 167(22.2%)°] 2 tH(Table 3).
SobA] AAHE 7hge] 3IAMEI%)C.E 713 wo] ©f
=59, 9URE 129 Aolo] T wWol walsA
thFig. 4). AR ol A4 17]9eo] 257407 7}
% ok, 253 2 Yol A 27 128 A8

At

Z 1007 oA A=t 9571 &

Holl A 96 w+=7F R E =], ol AL TN ERIA|
Eoﬂ/ﬂ WA At 2 wt=7F 22 = Q7] wiolth
Z 967l19] A+ PCRE A3t A3}E Table 69
ﬂwo}oﬂu} A 96 w5 F 60 T F+(62.5%)+= oW
Aol Al BEAd A} 5 s ol HA-st
I Q% P ol HEE e dA= FI7
(35/96, 36.4%)0|2) o, The O 2 sl (14.3%), eaed
(143%), F6 (13.5%), STa (9.4%), stx2 (8.3%), ehxd
(8.3%), saa (5.2%)7} A=E YL, LT, STb, F4, F5
(K99), F18 1)1 F41& 3 A% AZE A P}

HAA A+t 30 5 FollA 7 ®ol dEd H
DA JA = stxlT}; eaedZ ZH2E 46.7%0]% o, oFS

O FI7 (40.0%), STa (30.0%), st2 (26.7), chxd
(26.7%), saa (136.3%) L2]TL F6 (10.0%)0]1T}.

Z 100719 HAREH F 2971(29.0%)2] EHH A
Hed didte]l 30 #F7F £ A=, g A Al
F(2F)olA STECE} ETEC7}F FAlo| &2 = it
=9 B ddd 30 45 F EHECV} 84
(8.3%)& 7H&F Wo] e ¢lal, STEC 7 H3(7.3%)
STEC-ETEC hybrid 7 335(7.3%), EPEC 6 32(6.3%)
9 ETEC 2 #3(2.1%)7} 22]=¢tTable 7). 2+ =
A e HYd dAEE FE8 EH, STEC
o] HLo|x= st} stx27} saa, F17, F69} Z3$HE o]
B 59ty EHECE: stxl+eaeAi}t stx2+eaedA7} F6,
F17, saa 9 ehxAQ} Z3t=]o] HE=Qitt EPEC=
eaeATt 1 5, eaed+F1 4 H5F 18]l eaed+ehxA+
F17 1 #37} 22|59tk ETECY STa+F6 29}
STatehxd 37} 2+7F 170W Hal= ot STEC-
ETEC hybrid 3= 7707} A&= 9=, stx/+STa 2
FZ stx2+STa 3 2=, sox2+STatF17 2 F327F B
Boich WA gEE F 36 e oW o]
A 2ARRE AR st HEEA] 0T

9671 At el 5 67EE olst ﬁo}xl"ﬂ*ﬂ
Hed Eelae 23 o124 0%)01 AL, 5/ H|&

5 EF(5.2%), AL yol =9 2xolA 7 1 :ﬂL—r
(1.0)o] Atk FoFx|of A 27]1%3ﬂ 7 AF(13%)= 7}
% wo] B laL, 11 the2 450l A 6 F(6.3%)
7F F4 = Utk(Table 8). A hwto] AdE=

7HE (50.0%)°l 7MY wol AEHUN, HEer A
=(23.3%) 5(16.7%) =olAARE, FASHA Fofgt
Atoli= §loltHTable 9). THH, oH Aol Al AARE
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Fig. 1. Distribution of samples according to the number of enter-
opathogens detected in one fecal sample (n=100).
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Fig. 3. Farm detection rate for enteropathogens detected in Korean

Fig. 2. Prevalence of case detected single enteropathogen (7=37).
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Fig. 4. Prevalence of fecal samples by months Korean native calves

native cattle.

with diarrhea (n=72).

Table 4, Prevalence of detected enteropathogens on 64 Korean native cattle farm in Gwangju area, and in fecal samples from cattle (#=100) on

those farms
No. of farms positive (%) No. of cattle positive (%)
Pathogens
Single Two or more Total Single Two or more Total

BRV 7(21.9) 25(78.1) 32 (100) 10 (23.3) 33 (76.7) 43 (100)
BCoV 0 5(100) 5 (100) 1(20.0) 4 (80.0) 5 (100)
BVDV 0 5(100) 5 (100) 0 6 (100) 6 (100)
BToV 0 6 (100) 6 (100) 0 8 (100) 8 (100)
Kobu 521.7) 18 (78.3) 23 (100) 6 (20.0) 24 (80.0) 30 (100)
BNoV 0 2 (100) 2 (100) 0 2 (100) 2 (100)
BPaV 1(9.1) 10 (90.9) 11 (100) 4(23.5) 13 (76.5) 17 (100)
E. coli 5(20.8) 19 (79.2) 24 (100) 10 (34.5) 19 (65.5) 29 (100)
Cl.per 2(25.0) 6 (75.0) 8 (100) 2(25.0) 6 (75.0) 8 (100)
Giar 1(8.3) 11 (91.7) 12 (100) 2(15.4) 11 (84.6) 13 (100)
Cryp 0 2 (100) 2 (100) 0 2 (100) 2 (100)
Eimeria 2(22.2) 7(77.8) 9 (100) 2(20.0) 8 (80.0) 10 (100)
Total* 23 (35.9) 34 (53.1) 57 (89.1) 37 (37.0) 51 (51.0) 88 (88.0)

*Number and percent of detected farms or fecal samples for enteropathogens.
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Table 6. Virulence factors of 96 E. coli strains isolated from diarrheic Korean native cattle

. No. of Virulence factors (%)
Pathotype .

strains stxl stx2 STa ehxA saa F6 F17
STEC 7 5 1 0 0 3 1 1
EHEC 8 7 2 0 5 1 1 5
EPEC 6 0 0 0 2 0 0 4
ETEC 2 0 0 2 1 0 1 0
STEC/ETEC hybrid 7 2 5 7 0 0 0 2
Subtotal 30 (100) 14 (46.7) 8(26.7) 9(30.0) 8(26.7) 4(13.3) 3(10.0) 12 (40.0)
Nt-EC 66 0 0 0 0 1 10 23
ND 36 82 88 87 88 91 83 61
Total 96 (100) 14 (14.3) 8(8.3) 9(9.4) 8(8.3) 5(5.2) 13 (13.5) 35(36.4)

*STEC, shiga toxin-producing E. coli; EHEC, enterohemorrhagic E. coli; EPEC, enteropathogenic E. coli; ETEC, enterotoxigenic E. coli; Nt-EC,

E. coli strains did not have toxin genes; ND, Not detected virulence factors.

Table 7. Distribution of virulence factors of 96 E. coli isolates from
Korean native cattle with diarrhea

Pathotype No. of isolates  Prevalence (%)
STEC 7 7.29
stxl 1 1.04
stxl+saa 2 2.08
stxI+F17 1 1.04
stxl+saa+F6 1 1.04
stx2 1 1.04
stx2+F17 1 1.04
EHEC 8 8.33
stxl+eaeA+ehxA 3 3.13
stxl+eaeA+F6 1 1.04
stxl+eaeA+F17 1 1.04
stxl+eaeA+ehxA+ F17 1 1.04
stxlteaeA+saa+ F17 1 1.04
stx2+eaeA+ehxA+ F17 1 1.04
EPEC 6 6.25
eaeA 1 1.04
eaeA+F17 4 4.17
eaeA+ehxA+F17 1 1.04
ETEC 2 2.08
STa+F6 1 1.04
STa+ehxA 1 1.04
STEC/ETEC hybrid 7 7.29
stxI+STa 2 2.08
stx2+STa 3 3.13
stx2+STa+F17 2 2.08
Nt-EC 66 68.75
F6 6 6.25
F17 19 19.79
saa 1 1.04
F6+F17 4 4.17
No genes 36 37.50
Total 96 100
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W 10040 digt A%A7 B4 E. coli K99 3]
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Cl. perfringens A1}
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(8.0%)7} &= o, alpha toxingt HEZE O] type
AR ZRIEE Folr|o| A HEEL 6.9% (5/727)
o|glemn, 25w ol A 33.3% (4/1271), 27N B ol A 8.3%
(/127)&2  2AESS 48504 HEES
8.3% (1/1271)2 YElth(Table 2). & oA
A 21.1% 197 E AEE°] 7P =, 9454
I AgH = HEHA FotthTable 3).

7145 AAZa

o AR 10074 ZF 1074(10.0%)) A Eimeria
spp. WHdo] AZE ) 47 T Bl 257 %
772(28.0%)° A FExgo] HEEUN, S48
127 & 271(16.7%)0l| A dixgo] HEE U rh(Table
2). 54 ANmoA = FAE Foo] LA sk
, 538 AR 147 F 27(143%) 0 & Fobx|et o
=9 oA 242 118 FEE AT Eimeria spp.
AEES 7FHEE 154% (639)= 78 =A et
wom, o]F FobA o AHES 129% (3171)= =
AFE] Q1tHTable 3).

4 AA e ASHETEo| A 22t Giardia
spp-2} Cryptosprodium spp. ¥ 02 FQlH A7
o3| A PowerChek™ real-time PCR kit (Kogenebiotech
Co., Korea)=2 AARSE A1} G. lamblia ZFEE-ES 13.0%
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Table 8, Distribution of 96 E. coli by age of Korean native cattle with diarrhea

Pathogenic E. coli (%)

Age Nt-EC Total
STEC EHEC EPEC ETEC  STEC/ETEChybrid  Subtotal
Calves (<6 mo)
<lw 1(1.0) 1(1.0) 2(2.1) 33.0)
2w 1% (1.0) 1(1.0) 1* (1.0) 33.0) 10 (10.4) 13 (13.5)
3w 1(1.0) 1(1.0) 2(2.1) 33.0)
<4w 1(1.0) 33.0) 1(1.0) 1(1.0) 6(6.3) 17 (17.7) 23 (16.7)
<2 mo 2(2.1) 2(2.1) 3.1 7(7.3) 5(@3.1) 12 (10.4)
<3 mo 1(1.0) 1(1.0) 2(2.1) 3301 5(.2)
<4 mo 1(1.0) 1(1.0) 1(1.0) 33.0) 5(5.2) 8(8.3)
<5mo 2(2.1) 2(2.1)
<6 mo 2(2.1) 2(2.1)
Subtotal 6(6.3) 8(8.3) 3.0 1(1.0) 5(35.2) 23 (24.0) 48 (45.8) 71 (69.8)
P-value 0.792 0.904 0.336 0.676 0.301 0.615 0.615 0.876
Young cattle 3(3.1) 1(1.0) 1(1.0) 5(5.2) 7(7.3) 12 (12.5)
Adult cattle 1(1.0) 1(1.0) 2(2.1) 33.0)
Unknown age 1(1.0) 1 (1.0) 909.4) 10 (10.4)
Total 7(7.3) 8(8.3) 6(6.3) 2(2.1) 7(7.3) 30(31.3) 66 (68.8) 96 (100)

*STEC and ETEC were isolated simultaneously in one fecal sample. Statistical analysis was conducted only on calves less than 6 months of age.

Table 9. Prevalence of 30 pathogenic E. coli by season of Korean native cattle with diarrhea

Season STEC EHEC EPEC ETEC STEC/ETEC hybrid Total
Spring 2(6.7) 3(10.0) 5(16.7)
Summer 1(3.3) 1(3.3) 1(3.3) 3(10.0)
Autumn 2(6.7) 4(13.3) 3 (10.0) 1(3.3) 5(16.7) 15 (50.0)
Winter 2(6.7) 1(3.3) 2(6.7) 2(6.7) 7(23.3)
Total 7(23.3) 8(26.7) 6 (20.0) 2(6.7) 7(23.3) 30 (100)

P-value* 0.901 0.474 0.657 0.369 0.241 0.528

*P values for the season were determined by the Fisher’s exact test.

Table 10, Comparative performance of RT-PCR and rapid test kit in
detecting BRV and BCoV from fecal samples of diarrheic Korean

native cattle 4
Rapid test RT-PCR % agreement
kit* Positive ~ Negative Total (i value) AL EN =X

BRY A =
Positive 20 0 20 77 (0.498)
Negative 23 57 80
Total 43 57 100

BCoV
Positive 3 6 9 92 (0.389)
Negative 2 89 91
Total 5 95 100

AEL 25.0% (/1272 vebdet. G lamblia®] F4E
FRAN 72 Al 5 A= ATH(Table 2).

% 6457F 1007 FollAl 5757F 8871
(88.0%)0ll 4] AL A 12F0] HEE U H, BRV

7} 43.0%2 713 wo] AEEQal, o292 kobuvi-
rus 30.0%, HYA WA+ 29.0%, BPaV 17.0%, G.
lamblia 13.0%, Eimeria spp. 10.0%, BToV 8.0%, CL
perfringens type A 8.0%, BVDV 6.0%, BCoV 5.0%,

*Rapid BoviD-5 Ag test kit (Bionote Inc., Korea).

BNoV 2.0% 133l C. parvum 2.0%cC2 HEESA
CH(Table 2).

old, C. parvum® ZFEEL 2.0%0] A THTable 2). %

o}x|ol| A G. lamblia ¥ EE-L 15.3% (11/72
4o A FAEL 28.0% (7/257), 270<Y

eI,

A& A 1004
EH A8+ 51710 th(Table 4).

ol 2 F O ol dEE Al 2F 287, 3% 147, 4%

< dUAPT BEo 2 HEE Al
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71(4.7%), BNoVe} 171(2.3%)°] &3 A= ek

BCoV9e] & AHAEE-L 80.0%°]™, BRV, kobuvirus
2 B et Z2H2F 270 (40.0%), BPaV, BVDV,
G. lamblia 12831 C. parvumd} Z}ZF 174(20.0%) =3+
A=) Kobuvirus®] S5 HEE2 783% 7%
ol A 80.0%= LFEFyrod, o]% BRVE} 157(50.0%),
WA thRFI 137(43.3%), BPaVel 77(23.3%),
a9 WA= 1-37(3.3~10.0%)°0] FEAAIR
t}. BVDVe| 2 AEE-2 80.0%°]9, BRVS}: ¢
A WAL ZH2ZF 374(50.0%), kobuvirus®}; G. lamblia
= 24(33.3%), BCoVe} Eimeria spp= ZtZ+ 14
(16.7%)3} &3 7rd=]9lck. BTovi BRV 57 (62.5%),
BPaV, BNoV, Kobuvirus 12|31 YA tha+2 7zt
Zr 27(25.0%), Eimeria spp.2} G. lamblia= ZYZ+ 14
(12.5%)1} &% A A=Atk BPavVel 5 HHES
76.5%0]1], BRVE} kobuvirusel ZHzF 77(41.2%),
LA AT 574(29.4%), BTovel CL perfringens
type A7} 212y 274(11.8%), BCoV, G. lamblia, C. par-
vum L Eimeria spp.2} Z+ZF 174(5.9%)°] &3 9=
peasg

Cl perfringens type A2 ZE ZFHEL 75.0%0]H,
BRV9} 471(50.0%), BPave} 271(25.0%), 181 G.
lamblia, C. parvum X Eimeria spp.2} Z+ZF 17(12.5%)
o] &% HAHUY. G lamblia® FTEH HHAES
84.6%°] 1, BRV7} 54, kobuviruse} ®H A A+
Zv7y 44, BVDVS} Eimeria spp.x= 22+ 274, BToV,
BPaV, BCoV Y CI. perfringens type A7} Z+Z} 17190]

ZB A=Y} Eimeria spp.Q FE IEL
80.0%°]| 1, kobuvirus@} 37, BRV, HYA A+ ¢
G. lamblia2} Y2+ 274, BVDV, BToV, BPaV 4 (I
perfiingens type ASk 742t 1710] 3 2=
AULKTIHI|EQL PCR ZAL H|w

- AARER 1007390 et BRVeF BCoVoll Higk
ASAT|E A} RT-PCR A4} Afole] wlaw 2
TH= Table 100 QoFalqich HARE M= HAREH
ZollAl RT-PCR HAL= 437§9] AlZof|A] BRV {7
g "HEPon, ol A&7 Eof o) 2le
T A BEPE=20) 20} 2370 Wkt HhEo| ohE =
< ME@E=S)= F A APERolA 25 BRV] 24

o|itt. webA BRV Al&2 7] EQF RT-PCR7ES]
AP YA EE= 77%R A, « ZHE 0.4989]%th BCoV A
Z£9] 49 RT-PCRE Al&A 7| EQ} v|wstoe] BCoV
of sl FHom 2709 AmE Qlst= W, 414
7| Eo ot 67]2] ¢/ Al== RT-PCRe| 23]
BCoVel tialf S/dolsith & 7HAl HAF Abol 9] YA
T 9209 k g 0.3890]91Th

Giardia spp.oll Hgt AEXG7E HAA FA
A& 24710] th3} real-time PCR AR A 11710] G.
lamblia= ZR1E|Q) O, Cryptosporidium spp.o oSt
AEAG7E HAPIA 4 AR 470 FollA real-
time PCR Ao A 2A40] C parvum S 2 Bl %] Qi th

Fotx o] AR U

[e)
1_]_\__
o
u

%37 5 that aclo] BgHo
Foba AP MALR Q3| HAY, TR

A g 2Rl A olti(Cho?} Yoon, 2014). = ghg- A
Aboll gk At chtehs B0 B 7hA] A
gt 2ARR Rkt Aol tigh FEA] Bt
=

=), 58] YA o0) AAH

o |
i)
=
QL
I

o 7= 20174 9
WA B A2A S T AL BES
Fo) Ay AAA ] T g

oWl ZA} 7|7k Feto] 9 Hobx] AAHE 9~12
2 Apolol] Thsela, 74eut Aol b7k 39.0%2}
25.0%% AA|SHA T, T Fobxlol A 257] Ak
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S5

of olgt HAb= 7HE(37.3%)0l thskeithE Kim &
(2015)9] R a1o} [ARSFIAINE, 43l7] AgROo R of
E40] HAE-o] Erh= Kang 5(2001)9] Hi19b=
At atolE UEi k- FobR| ] HAbs Bt
3 75 oluol Aol o8 = WAHKang 5,
2001; Kim 5, 2015). o]¥l &Aoo A 1~85 9] 4o}
A AAMY AR S57Co=® RAME|QTHTable 2).
Jeong 5(2012)2 A 67Hd= olst Fopx| A
AH8 S HRo|2{&(BRV, BVDV 9 BCoV) #HHEC]
B 48.4%, o]E 25.8%, 7} 6.2%, AL 19.6%= Kl
SHA=Tl, oI/l AfOlA] o]F violE 2o thelt Fof
A(n=72)°llA HAES & 208% (157), oI5 5.6%
@7, 7 22.2% (167), AL 12.5% (9)E ZALE
o Z}ol7}F AUTHTable 3).

BRV:= URbA O = 1~239 9] Folx|of|A HALE
do7l= Fa7 U oJtH(Cho®t Yoon, 2014). &
ofx|o 5] BRV HEES Uolef A&l wg &4
A Z1F el frolgt ZFol7t lith BRV HES &
ofAJof| A 277 573(56.3%) 3471(47.2%)01 A1, =

A

of
/J-8] S-S Al 41.7%, /$-ollA] 20.0%0] AL, -E
73.0%E 7H wol HEE %tk SHollA] BRVE]
S5 Heo 5(2008b)°] RT-PCRZ ©|-8-5}o] Fofx|
AAHEHO A 40.8%E 19UF o]sto A 55.1%, 27)
A o]idollAl 412%= Hiskelar, ofH A el &
ARt AatE B It 3FA|4E Jeong 51(2012)3} Kim &
(2012)2 BRV AZ&Eo0] Z}HzZ} 8.4%9} 14.4%2 B 115}
At

BCoVe] o AMEI= 57 53H(7.8%) 574
(5.0%)N A 7FE ALt AEE ATk Fobx]= 4
N 57B8.3%) A 47(5.6%)°] HEEHUeH, &4
H|5--0 Aol A= dEEA] Fotoh =Hjol A RT-
PCRE o83 BCoVe HEES ALHE A A
H o) 4] 58.2% (Park S, 2006b)18] 11 %0}7] HAF E
= A BdoA 0~124%2 213G tHHeo 5,
2008b; Jeong 5, 2012; Kim -5, 2012).

BVDVE] o xAPAI= 57 53H(7.8%) 67
(6.0%)0ll A HZE Ut SoFAl = 47l 578(8.3%) 511
(6.9%)°0] HEEGlon, 4 -v&NA= HEEA
okttt =oll Al BVDVE] HEE2 RT-PCRE ©|&-
sto] FolR] AAREHOA 2.1%~25.7%°]H, F& 4
Fgolstoll A HEE 2 ™(Songy}t Choi, 2010; Jeong
5, 2012; Kim &, 2012), o|§l AtofAe 2 453
Folsto| A HEE UATE A -3} Lolof & BVDV
o HEE2 SAH R Fo/do] glolct skA|vk
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Heo -3(2008b)2] ZAlol A= BVDVE] HE&E©°] 19Y
2 0]} 5.1%, 3928 0|5} 7.8%, 6021 0|3} 17.4%,
604 o] 353%= FobA| Yo7t HErE 7t
grohal ®askqict

BToVe] o] ZAFATH= 67 %21(9.4%) 871(8.0%)
o AEEGh FotAl= 571 57(10.4%)0l 4 671
83%)°] H=E=EHSGloH, F4-8]59-eF dfoA=
AEEA Fodrt SobrloA AHE FEES A
At FEol 2H7F 18.8%2F 10.5%= £AHE ¢low o
Solle HEEA ZoUh FUHolA BToVe HEES
RT-PCRZ ©]-8-8to] Folx] HAHEHoA] 6.9% (Park
5, 2008), A4 1.1% (Park %, 2006b)= H 1%
Atk BToVi= 3558 ©31e] Folx|o|A HFolA
9 HAARE dovl= T3 AdaA S YA o
), 29] 90~95%7} A& HAskar glon, et
UES HZS o] yetoA FobA] HAREH A
BToV A& 113}t Cho2} Yoon, 2014; Maclachlan
<, 2016).

Yamashita 5(2003)¢] Picornaviridae®| <3}= ko-
buvirus& A7 & EW 16.7%9A HE&sHAchal
%2 W3 0% §¥), oblok n] 123 ofme)
7} Aol A B a1E It Reuter?} Egyed, 2009; Mohamed
= 2018). Jeoung S(2011)S ZU & MAME T} A
4 W 1078 5 37 (34.6%) 1ol A Aol EHelE %L
o, o]F 2571 17§EF o|ste] FHotxlo|A HE
Al 971> BRVE HIE3E th& Hiolg|Aet &3t
A=At Haskgiek o ¢15-of A kobuvirus=
2371 &735.9%) 307104 AEE I OoH, Fotx| 9
A 177l 57335.4%) 2174(29.2%) oA ZE¢] Jeoung
520112 HEE 34.6%2} FA3FITE Kobuvirus2)
A HAEE2 6719 0]5te FokR|oA 7
41.9%= 7H w9k, 24 o]st SA-H|SoA=
7S AL ZHZF 40.0%2F 100.0%2 ZALE ¢ AT,
volst Aol we ZaEe] BASE folg 2ol
= ek

olf  ZAROIA] calicivirus 37FX] ARJA FollA
BNoV¥yto] o] o] 27} &4&3.1%)°A o] &+
W 4 2A4Q2.0%)0A4 HAEE 2T, BToVe} BRV &
Zrel 14, BToVe}l kobuvirus &30 1402 3+
=] 3Tt BNoVi= 47| AujAl|sze] Zr =il 574

1ol g &S doHA HAAES {sAL
Ao R A%eE 49 B AE EeEHtH(Cho2t
Yoon, 2014). =iHfol| 4] BNoVe] HEES FoFA] A
AR A 9.3% (Park 5, 2007), A-&d ¢ HA

e

oo & opo o



BRI B2 U] MARE WA FA} 107
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o] Al 1.6% (Park 5, 2006b)= X 115t}
BPaVi= 54 1 2o AAfAl AR 22

A7) AZHS oo 7Itk(Kailasan 5, 2015). BPaVi=
53] 25l TS doA HTY 4 At
82 A Ze| oA MAS doz 4 glck AAR= 4~

= =

6 B¢ A&t vholH A Y & A 119 &
¢t vi&EE 4 tHMaclachlan -5, 2016). o|¥1 AL
A BPaVE 117 52K17.2%) 17A(17.0%) 0.2 F=2
FolR oA HEESGoH, FolX ] HL- 107] 5%
(20.8%) 1671(22.2%)° A HZEZ= AT} o H Ao A
BPaVi= 7F&E(3.2%)= AlQstal o2 AL HEE
L 31.6~43.8%= ZALE|Qith. BPave HEELS U
o2} AHof| mE EAA LF Zroll Zpol7t U
oh & AARER] tig BPaVe] tigh dFAE A
AAFCZE mje EE0, FHdAE AFEHILE
AL ZopE 4= glloh

ot Aol A EelH E. coli= TH- AAREH 100
A FolA 965 skl on, o5 WA i+t
2 297} AlRoA 3055 55Tt Kolenda 5
(2015)9] H|E}E A (Meta analysis)of] W2 AAA| &
oA EPEC, STEC 4 EHEC HA=E2 Z+7ZF 7.5%,
18.2% 128]1l 6.0%= EAslga, ol dAjoA=
Z}7} 6.3%, 7.3% —L2] 31 8.3%E WEFELA1 9] STEC 7
282 olul aATel AT Hol7h Uitk

EPECO] U3 TAE QAR = eaed A1
shiga toxin &+ shiga toxin FAA= HGSHR] U=
w+77F 970 dfFRtty. EPEC= AARS/Ado] Sl
FE A% FEOA Eu&S ZH 7.5%¢ 14.6%
2 ArsAo] = seEEths 1A FE0lA o
2 AE T B sk thKolenda 5, 2015). oW
Aol A Fhe- A EHAA 27t F 9670
71202 671(6.3%)°] AZE UL, olF 5 wFollA
F170] HZ= Stk

ETEC©|| £A3}+= heat-stable enterotoxin (ST)-> A
Aol Sle ZhAIQF A FEolA Ree 2
7+ 7%} 0.3%9©]t}. heat-labile enterotoxin (LT)2] A&
B2 03%= 143 = AASAdel e s=ol
Ao Belxx] o=t ®H 115} thKolenda 5, 2015).
ETEC ¥-Z}A(adhesin) < F5, F17 12|31l F41 fimbriae
L ZF7F 9.5%, 30.4% 181 11.1% =E=2H2HE 2
Hopar Hasiel=d offl dA+tollA HE% ETECY
A= ol fimbriae@} LT7} HEEA] &9kaL, w24
% E. coli & ETEC= 23(2.1%)7) £ =k

Lim 5(2006)2 Aehdk A oA 2|3t FobA]

AR A STEC7} 10.2%9] Hl&=2 ZAgicia
B389 1, Kang 5(2014)2 2010W 37} 2011d o] 3t
Ao A AT B 5687104 STECS] A& H]
£& 18%e1 Bustglisd o5 9 Ao STEC
(¢)

jug)

|&olli= EHEC7} 3255 o] it} o] A-A o] A
&% STEC 7713 EHEC 871& 9totH AAREH A
A 10040 H3t AEEL 15%=2 o]59 Ao}t &
Abstsie.

Kolenda 5(2015)2] w|efEAof wp=™H EHECS| 7}
ARG ol gt AESEL stxl+teaed ¥4 5.3%, stx2+
eaed °FA) 1.5%, stcl+stx2teaed FA 1.0%9]%91 31, STEC
oA Stx HEEL stxl 6.1%, stx2 7.1% 123l stxl+
stx2 4.6%0]%131, STECE AALe} Heo] glicta Bl
SHTE Hur 5(20132)2 FobA] AAREHOA &2
gk 3145 Fol A 2550.6%) 7} stxl T} sex2E s Aol A8
Abeh= welsetal ®a1stgal, Kang 5(2014)2 &
O Ewo| A 4.9% (28/568)7} stxl'/sex2 2 RA1E}G]
o} ol AtolA EeE AA tiEE %65 F
EHEC+= 830|H, stxlteaed ¥ T73(7.3%), stx2+
eaed A 153(1.0%)0] Q3L stxl+stx2+eaed P B
=X Fokth swio] HEELS HEHEA A 5.3%
o|al o|¥ AJLAIE= 73%=E ThA o]z} i,
sex22] HEE-S HEREA oA 1.5%0°]1L o] A4
T 1.0%% SAFSHA

A EE HEF0] Sl SobxlolA Belw e
A oA FI7 fimbrine7} Bo #amsh Ao w
&4 A QIthLe Bouguénec®} Bertin, 1999). o] A+
oA F17 FHAA7E 96 Hel5= FollA] 355(36.4%)=
7P wol AEEHed olde A-aTel 36.9%
(Hur 5, 20132)2} w9~ F-AFSEITE o Aol A
Hed g+t 305 F 95:(30.0%) 0l A F17°] HE5
QAN Arsdr dAE dEo] Qe F5e: F4l
fimbriae S-AA= HESE R ¢¥¢koH, LT, STb, F4,
1AL, FISE HEEA ggteh wehEAlo] o=
E. coli®] F4 fimbriae H-§= o} AA}} THo|
UANE, F172 Fopr] AAaLe] 7| o] # = of
1L BA3519th(Kolenda 5, 2015). E3SE F57F %]
2 Azk f3o] A Ao oA WA J

5

A7 &

o2 AP 4 Slok. oA 1986\ o] Hargh
oFx|ol| A E. coli (K99)2] AEE-2 30.6%°] % 1L(Kim
= 1986), 1988W FEG 0] 3+ Fol x| o)A E. coli
(K99)9] AZEL 147% (Kim 5, 1990)2 ZA}E] Q)
t}. Kim S5(2012)2 2010~2011 o] 2335t AR H S
o2 AAZE FRARFAYHAA E. coli (K99)=

N L oxo

0 op
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|_ I-IEE} HI-;HA-{ 0|x|.|7| |_|.§ Ig_il_}

HEEA Gokrhal Hisiglar, ol doAe 4
SEA 3tk

2204 shiga toxin 9] Fito| A}
7] diZol AlE W& Ol?:}ﬂxl o tE A=
W] Boto] 4L Aot A
7 Aol Wee B4sn e BREg ob)
AT Lol st wninel G 0 e
- AANA WS FAdeith EHECTE 49 &
HO E vy 2o As, S 9 fAES
22 odE & f FAE B 29E &, A A
QEX) oo A gRoh Aad Aol suEow
4] EHECo]| 7<%l th(Nguyen®} Sperandio, 2012). Kim
5(2009)> At AARgERlo A E2]gt STEC (EHEC
LS 2 69%7) eaed lehxA /saa FAAF S HG

BEA AR s%et & B 4

PEES
B2 36%7) eaed lehxAd'/saa’ SAAF L HS
2 SISIEk oI AFANAN AT B
Hle 3209 87X (eaed Jehxd Isaa )o] 271LH

OH Lol o At 571(33.3%)0] AZEG T, L2

G ARt 8 S - (eaed fehxA'lsaa’)-
AEEA AT Kim 520090 2ol4 Hew
STEC7} B Abgtoll Al HHAdS U= A& ofy
2kl B s A|gl o] At Aol A= ARl A
AAE Yo y)= 8HAF o] HEE QtH(Table 7). tf
Tk 271 o]ske] ofd FopA] EHojAnt HEE
71wl gt o= #eo] glo] Holm, AA|
E5oA EotE = 307MER oY A5 tide
2 & o Wug a7 Bas,

STEC/ETEC hybrid 45+ shiga toxin (stx)¥} heat-
stable (esf) = heat-labile enterotoxin (elf) HHA <l
A& wgelaL Sltk obAlol, 3, 13 SoA 0|5
571 AEYAT B 154Gt Nyholm 5, 2015;
Leonard -5, 2016; Akiyama 5, 2017; Johura &, 2017).

S| WEO| A Gobx FWomRE hybrid FEo dE
B2 4.7%%01, stl/STa 1.8%, stx2/STa 2.9%=2 1
13k o H(Aref 5, 2018), 2014 Ao A 224]
o] AR =R sexlalelt RS HA5 STEC/
ETEC hybrid #37} 2% 215 QtHOh £, 2017).
ol ¢IToll A hybrid HEEL 7.3%= stxl/STa 2%
(2.1%), stx2/STa 3%2(3.1%), stx2/sta/F17 275(2.1%) %
c}.

FolX| oA CI. perfringens type A

ozﬁ_aﬂgmm

JE -3 2 0 =
o7)a, SFA AV S84 ol EAHoIH,
olghE2 WA HARE] 72 100%0] o]27] wi&
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of AAHeR Fagt Ao|tkLebrun 5, 2010). =
WollA A=dFoes lﬂ/\}d 20 ¥ 5 AR
o A type AS} D7} AEE Y tt(Jang 5, 2010; Lee 5,
2011). oy AGt-AIte A FobA] HAREHAA CL
perfringens type ATt HEE] 0, ALZ AL]gt U
A Aol 87 F74(12.5%) 871(8.0%)0l A H=H
SolR)9] AL A7) E=AH83%) SA6.9%) 07 E
2704 HEES 333%= the APl Hldl
ULt oJHEOfA HARRE 20 =3 A
Fol Q= A Fobx| o £ 2277104 EeEgt &
1547 E-8]5=9] CI perfringens+= X5F& type AZfal ®
1519 tKSelim Z, 2017).
ao|Me= =5 AH-gH G duodenalis assemblage E
7} 7V E3lAuh, 914259l assemblage A2} B
713 AZEE tH(Thompson, 2004; Fengi} Xiao, 2011).
Z oA Lee 5(2018)2 FH- HAF EwlolA
PCR ®H O 2 G duodenalis®] AEZEL %= HIl
391 a1, o]0 A G. duodenalis assemblage A7} ©]-&
A otxle] HAk wulolx FHHUGT Hz Ba
S191th Kim 52016 A&7 ES ojgalo] G
lamblia®] HEEL 255%= K 113}9ch O]tﬂ oL
oA AERAGTEE 0|85} Giardia spp~= 247
(24.0%)°] HZE AL, o5 P4 A=l et G lam-
blia real-time PCR 9P o A] 12%-2H(18.8%) 1371(13.0%)
o] Alde| Akgle]l AEHUAL, 47 271 P Y
AEEL 717} 28.0%%} 25.0%E L}E}wq
Cryptosporidium spp.= U4 7185 9 slyo]
™, 30F o]/4do] thE %ol 7|AgshH, /\Oﬂfﬂ T
FEE o B 94 AR gaes AERA,
A7 A A eF T E tHRyan 5, 2014). Lee 5(2016)-2
ol A 37HE " o]ste] Fopx| o] HARZHof A PCR
0|23} Cryptosporidium spp.2] AZEL 9.9%,
parvum} C. bovis/ryanae= ZYZ¢ 6.1%2} 4.1%%
R
Cryptosporidium spp. 47(4.0%)°0] AEEHULL, °ol&
A=) 3t real-time PCR WO 2 274(2.0%)9] C
parvum®©] Q1= 131 °ﬂ/‘1 Agoll 171(4.0%), 2
NEgollA 7Hol 174(83%)01 AEE et 2001~
20020l C. parvum®| &l An HAibm Ak
e AT A7E SHIAlelA ARSShE Aol A
ZY7F 98.2%2} 8.9%= H I3l ZAFoA ARS:
Stz 240 A9 IEEC] 100%eL B s th(Yu

ox m}r gv _L

O m1o

FY 67N Afole] ok
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Catchpole, 1994; Daugschies?} Najdrowski, 2005; Bangoura
2} Daugschies, 2007). o Ao A Eimeria spp.~= 9
7 5%(14.1%) 1071(10.0%)° 4 =2 AL 1
Q] Adel 1w AL, FotA 9] AL T7H(14.6%) &
& TAOT% R BE 470 Fopx|o A HEEH
oh ol A AAREHONA Eimeria spp.2] HEE
o olg A g9 Folx AAEHGIA 309% (Kim
=, 2018), 1A o]5}9] A AAREH 46.7% (Heo 5,
2008a), 31~60L oA > oA 44.5% (Chon
5, 2007)= thE Aol Bl FEEC] Erhal Hil
sheict.

o] FAlo| A 57 HYA =, nebovirus, kirklareli
virus, BAdAV, Salmonella spp. ¥ AU 7|AWE=S HE
A eFetth Kim 5(2012)- AAIZE F-AAH AR
O 2 Salmonella spp.7} HAEEA] oty R 11819
A|5E, Heo 5(2008a)2 4~ AAREHE vijeF HAFSH
Salmonella spp. AEEL 7.2%%2 B3} T} Park 5
(2006b)> A=A HAF S0l U= gl digk A
AL A Salmonella spp. 23%57H2.7%) 374(1.6%), nebo-
virus7} 9%2H(12.0%) 127(6.5%)1 A AZE| 9o
o Ao A TFER] UQIE Mycobacterium para-
tuberculosis7} 3°§7%H4.0%) 374(1.6%)°] AEE ATt
H 75k

9 HolAl S 1AL olsjolA thaksin
o] Al o® MR =T} IA 2ol 7} Upn o] F
7hebE AAPY S Fslo] Agitk(Kang 5, 2001).

i

YR ZFU AR ol B0 dTAT A
Apel AR 9ol wushs 297} gk o
S ARRETLA Sk Fobd AAPYE Al
W A 2o 2XE B ARANE B
S oglom, @A A% AAES B 57t
o ASAAAA T ANE FPOEH Folx|]
REE Pl W 282 Z 5 Ak oY A7A
1S B FFAYG BN chiksts Arbye)
AAAE sorst 4 Ugla, Zrol AT ER A
2 sk FA Bk AeEORH s A2
WS AASI, ABA AU Aot AAS
Y 5 Aow], FF WARL Ae|E A
]

st
Z4 E

Sobx] MMz ofel FobxolA B3] WAIsHE A

wolm, A5 7holA oA AT AAA =4

o 20 sloltt. oWl ZAbE HF Ao] B HA}

W AAAE A7) S 64 Tbel A Ak

10048 2017¢ 9¥EE 2018 12€¥€Y71A] A F 514
At e, Al&ZS7] EQF PCR HAFES o]&3to] €
78 7185, Brolgl 28t Alatd BEAlE AAEA
ok AA| 64 57t 5 STE7ElA 7 ) ol AN
HJAAZF HE= Uk 29 AR 1007 FollA| 887
oA 12F ®AAZE FEEHUAeH, st1doA= 270
oo WAL SAll HEH Uk BRVE= 327 &
(50.0%)0ll A 437 Al =(43.0%)0 4 HEE o] ofH
ZAto| A 71 o] HEE AAF Aot thE2
= kobuvirus (30.0%), pathogenic E. coli (29.0%), BPaV
(17.0%), G. lamblia (13.0%), Eimeria spp. (10.0%), CI.
perfringens type A (8.0%), BToV (8.0%), BVDV (6.0%),
BCoV (5.0%), BNoV (2.0%) 183l C. parvum (2.0%)
%02 AZE]9) 01, nebovirus, kirklareli virus, BAdV,
Salmonella spp. ¥ AU 7|WFL AEEHA %och
o] A-toll A Fobx| EHAIR 48571 7271 FollA
435 7H89.6%) 6471(88.9%)° A= A7t A==
11, BRV7Z} 27557 oA 34A472%)C.2 71 @ol
AEEoH, oz Hudi HEES ¥4
&t 30.6%, kobuvirus 29.2%, BPaV 22.2%, G. lam-
blia 15.3%, Eimeria spp. 9.7%, BVDV 6.9%, CI. per-
fringens type A 6.9%, BCoV 4.6% 121l C. parvum
2.8%-0 2 HEE G $ EH AR 1004 Fo
A WA 96 #5F7F B85 o, stxl, stx2, eaed,
LT, STa, STb, ehxA, saa, F4, F5(K99), F6, F17, F18 %
FAl FA2= d=E3t7] S84 PCR= HAFsHIT-
96 w0l tht AR AArA T} HAA e 30
T2 el o, STEC 7 (7.3%), EHEC 8 (8.3%),
EPEC 6 (6.3%), ETEC 2 (2.1%) 12|31l STEC/ETEC
hybrid 7 (7.3%) @52 Uepge. oyl A B
A9 Fr-F7rel A AT ARl digh B AA
ZAHE S8l kAl 7 upE g} ek A 4
OJatel] AHgt A w S Aest=t AHgo] d A

olct.
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