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Evaluation of the virulence genes and Shiga toxin-producing abilities
of Escherichia coli field isolates causing edema disease in pigs
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Porcine edema disease (ED) is a communicable disease of pigs caused by infection with Shiga toxin
(Stx)-producing Escherichia coli (STEC) which expresses F18 fimbriae and/or Stx type 2e (Stx2e).
While STEC causes a severe illness including hemorrhagic colitis and hemolytic-uremic syndrome in
humans, it induces damage to the vascular endothelium, which results in edema, hemorrhage, and micro-
thrombosis, leading in high mortality in pigs. In the present study, we cultured Stx2e-producing E. coli
field isolates from conventional pig farms that experienced sudden deaths previously with symptoms
similar to porcine edema disease, which were further investigated with Shiga toxin profiles. A total of
43 strains were identified from the collected samples by F18 or Stx2e specific PCR. Based on the PCR,
42 isolates out of 43 isolates were proved to carry one of F18 or Stx2e genes and 14 isolates to carry
both F18 and Stx2e genes. All of the 30 isolates that harbored Stx2e gene induced the cytopathic effect
(CPE) in vero cells and especially, the isolate 150229 produced the highest level of Shiga toxin.
Therefore, we identified the virulence genes (F18 and Stx2e) and demonstrated Shiga toxin-producing
abilities from porcine edema disease causing E. coli filed isolates. These results suggested that one of
the isolates could be a vaccine antigen candidate against STEC through further investigating to elicit
an immune response.
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A = FcH(Cornick 5, 2000; Bertin 5, 2001; Imberechts 5,
1992; Cornick 5, 2000; MacLeod -5, 1991; Matise 5,
R HE=ZH(Porcine edema disease)> Al7}=4 Ak 2003; Oanhet 5, 2011).

A48 A at(shiga toxin-producing Escherichia (E.) HZ 2Y AR 9stH Z{AE=oA= F4
coli; STEC)o] 2oJ3] A= AYog Fg 4~8F (K88), F5 (K99), F6 (987P) 52| HzQIx}7} A Af
B o] fFAR=ol wol IAYolH, thakto] EH|sk= Al Ao FARRE o] & ZA(FE LT E= SThE &
7h =aof o B 284 HHS yehdoh # Hgtoen AAE FEstled, olf Fol= 72t
T WA ® ook} vt %%01]*1 LFERLE IAF7E F18olehe AR ez vy thefdt =
Aol Al= 884 255 284 ddd= % 2(LT, STa E+= STb, Stx2e (F-FHUAh)7F Hois)

of olff HMof Ueht= B vt de the
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BEEE Utk dzel Bulshs A7t B4
= ol A subunitx} %ki] 121 B subunit® 2 0|
FolA Qlal, EgA|o EAleFe 58~70 KDalo & -
A Eo] A Qlth(Fraser &, 2004). A subunitS& A|xE ot
o= 5017} E‘JE—%—-O— 5L7:l'5-}.o:] 1:]—HH;<1 —C‘TLMJL HEH
5, B subunit> A|EZ 4832 globotetraosylcer-
amide®}o] AgF 9 Az =X Eo|A, AZ 9 AZ
d B FAF Aol Tofsh= A2 dA ATHSong
5, 1998; Cho &, 2005; Takao 5, 1988; Cummings
5, 1998). w3k REW U oz & ghgatel My
gt A E(Fimbria)o]™, thto] AUl = ol 7}
A AR Y F FI8o] HEHS 0 Al7]= dle]
A o] stk HIE3 QJri(Tseng %, 2014;
Gentry 5, 1980).
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R tH(Table 1). HjA] ¥ 2 A7|(H), v 4 3
1 g phosphate buffer saline (PBS) 9 mLoj 3]4]3}o]
MacConkey H}j A|(MBcell, Seoul, Korea)of] 37°C 270
2 24A)17F vfeFatgith. MacConkey Ao A] & =AY

2 vehs Al colony)S B #AI(MBell
Seoul, Korea)o] 37°C 270 & 24A|7F vfjokslo] et
43 (B-hemolysis)= UEFH = © L Aot JghS SH

Table 1. Information of edema disease cases used in the study

Case Age Tissue Farm Region
14005 90 days Intestine  JH Gyeongsan
14011 40 days Intestine  CS Yeongcheon
14169 Piglet Feces JH Changwon
14171 60 days Lung KS Unknown
14234 66 days Feces OH Icheon
14307 Piglet Feces BJ Hongseong
14338 Unknown Spleen w Yangpyeong
14351 10 days Intestine  HL Iksan
14414 60 days Intestine DS Gimhae
14422 Piglets Feces GD Hadong
14434 Porker Feces AT Boryeong
14443 25 days Feces YD Gangwon
14459 60 days Spleen BH Jeoneup
14499 Sow Feces BH Yeoncheon

14546 Unknown
14561 Unknown

Intestine AM Imsil
Intestine BK Kimhe

14612-1  Growing pig Feces D Jeju
14612-2  Porker Feces JD Jeju

14618 100 days Feces w Cheonan
14724 Piglets Intestine ~ ML Sunchang
14762 Piglets Feces LH Yangsan
14796 Growing pig Feces BL Hadong
14819 Unknown Feces MW Goryeong
14925-1 60 days Lung WA Jinju
14925-2 60 days Intestine WA Jinju

14977 30 days Intestine IS Unknown
150029  50~70 days Feces GS Hongseong
150047  Weaning pig Intestine  TH Heanam
150088  Unknown Feces KTJ Jeonnam
150100  Unknown Feces YGM  Gyeongnam
150201 7 days Intestine  BE Wanju
150229  Weaning pig Feces GC Haman
150298 100 days Feces WDG  Hapcheon
150311 120~140 days Intestine =~ HA Pochen
150315 40 days Feces Y Gyeongsan
150477  Piglet Intestine  DJ Daejeon
150505  Weaning pig Feces BL Pochen
150561 60 days Intestine ~ EL Wanju
150653  Unknown Feces JK Gyeonggi
150707  Unknown Feces DY Pochen
150834  110~130days Intestine  HS Hwaseong
150837  Unknown Intestine WA Unknown
150926 ~ Unknown Feces SY Hapcheon
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stglom, 24 wjoF U A7F B4 AAS SelEHA
$3l LB (Affymetrix USB, CA, USA) 4] Hj
37C 22102 48417F wljef Sto] i Aol ARGk

BEEZH QU i HAES 28 PCR

ofe] Ha| giahatof st HYAd U =S4 FHAE
A% 2R1skT). Zhang 5(2007)9] wwof whef,
A L Z4 FHAAE AE5H] Y8 primer= Table

N
|

A2 3 uL template DNAQ} 1 pL2] Z} primer (10 pM),
17 uL DWE PCR premixture (AccuPower® Multiplex
PCR PreMix, Bionneer, Daejeon, Korea)ol| 37}5}o] 2|
% volume©o| 20 pL7} EE=2 3to] ALE3}9ch PCR
4332 SimpliAmp Thermal Cycler (Life technologies,
Carlsbad, California, USA)E AFg3tg o, vh-3 =4
L pre-incubationS 95°Coj|A] 1587F ¥F-&-31 & dena-
turationS 95°Coj|A] 30%, annealing-2 63°Coll A 90%,
extension 72°ColA] 90% & 253 WhESFL 72°Col| A
1027+ ¥h-g-8kick. PCR 43 - PCR 4H= 10 L
3% agarose gelo]] Red Safe™ (iNtRON Biotechnology,
Seongnam, Korea) 7150 #7]95S AAISHAH
Zhang 5(2007)9] "ol wel, DNA Ri= Apo]=E

Table 2. Detection of virulence genes from E. coli isolates

Target Primer sequences Product
gene (5'to 3" size
K88 TGAATGACCTGACCAATGGTGGAACC 484 bp
GCGTTTACTCTTTGAATCTGTCCGAG
K99 GCGACTACCAATGCTTCTGCGAATAC 230 bp

GAACCAGACCAGTCAATACGAGCA
987P (Pig) GCCAGTCTATGCCAAGTGGATACTTC 391 bp
GTTTGTATCAGGATTCCCTGTGGTGG

F18 TGGCACTGTAGGAGATACCATTCAGC 334 bp
GGTTTGACCACCTTTCAGTTGAGCAG

F41 TTAGCAGCGAAGATGAGTGATGGG 515bp
GTACTACCTGCAGAAACACCAGATCC

LT ACGGCGTTACTATCCTGTCTATGTGC 275 bp
TTGGTCTCGGTCAGATATGTGATTCT

STa GTCAGTCAACTGAATCACTTGACTCT 152 bp
CATGGAGCACAGGCAGGATTACAACA

STb GCTACAAATGCCTATGCATCTACACA 125 bp

CATGCTCCAGCAGTACCATCTCTAAC
Stx2e (Pig) CGGTATCCTATTCCCAGGAGTTTACG 599 bp
GTCTTCCGGCGTCATCGTATAAACAG

=
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ofe] 2| o) A7l B4 A4S BES] 9
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ANE HS oA THSchmitt 5, 1991). ok &2 4
o= LB HA| vjA| &2 37°C 2 o= 487t st
Ao, wigE g2 4,500 g2 3027 LR
gto] FSHe 24 shick 022 mm o3 FE(500
mL Corning Filter System, NY, USA)E Al A|3lo] AF
2o o} 9 AlFEe wE AL}

Vero cells Dulbecco’s modified Eagle medium
(DMEM, Welgene, Korea)o] 10% fetal bovine serum
(FBS, Gibco, NY, USA), 1% L-glutamine 200 mM
(100X) (Gibco, NY, USA) 2 1% Antibiotic-Antimycotic
(100X) (Gibco, NY, USA)E AF&35}o] 5% CO, 242
B 37°Co| A v eFstich

ofe] £ i+t T B I ol A
= A7F Sl gt Al 54 7= 96 well tis-
sue culture plates (Falcon, USA)o]| F=9 3 of%
oy AEele AlEnjop WA AX 3G,
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2 1
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Table 3. Detection of virulence genes from E. coli isolates

dlof AEole AR 10714 B4sieo
H, 96 well tissue plate®]] monolayer= HJFE vero
cellso]] £oI3}It}. 72417t vero cellsS v k3l Al
7} Bl o3t A% 5AS AT AT, ofe] el

Table 4, Evaluation of cytotoxicity for E. coli isolates in vero cells

Dilution

Strains

Case virulence gene
14005 Stx2e, F18
14011 Stx2e, F18
14169 Stx2e, F18
14171 Stx2e, F18
14234 Stx2e, F18
14307 Stx2e, STb
14338 Stx2e
14351 F18
14414 Stx2e, F18
14422 F18, STa
14434 F18, F41, K88, STa
14443 F18
14459 F18
14499 Stx2e, K88, LT, STa,
14546 Stx2e, F18
14561 F18, F41, STb
14612-1 F18, F41, Sta
14612-2 Stx2e, F18, F41, STa
14618 F18, K88, Sta
14724 Stx2e, F41, K99
14762 Stx2e, LT, STb
14796 Stx2e, K99, LT, 987p
14819 F18, STa, 987p
14925-1 Stx2e
14925-2 Stx2e
14977 Stx2e, F18, LT, STa
150029 Stx2e
150047 Stx2e, F18, LT, STb
150088 Stx2e, 987p
150100 Stx2e, STb
150201 Stx2e, LT
150229 Stx2e, F18
150298 Stx2e, F18
150311 F18
150315 F41
150477 Stx2e, F18
150505 F18
150561 Stx2e, F18, LT, STa
150653 F18, STa, STb
150707 Stx2e, STa, STb
150834 Stx2e
150837 Stx2e
150926 Stx2e

14005 +
14011 +
14169 +
14171 +
14234 +
14307 +
14338 +
14351 - - - - - -
14414 + + - - - -
14422 - - - - - -
14434 - - - - - -
14443 - - - - - -
14459 - - - - - -
14499
14546
14561 - - - - - -
14612-1 + - - - - -
14612-2 - - - - - -
14618 - - - - - -
14724

14762

14796

14819

14925-1
14925-2
14977

150029
150047
150088
150100
150201
150229
150298
150311
150315
150477
150505
150561
150653
150707
150834
150837
150926
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“Cytopathic effect.
None cytopathic effect.
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WgE F Snde HAAE ETHE V7oA AE
MARTE Bl I 5 gglon, fREy oky &
2 ol BAEE A7E Sat 84E4 10

A 10712 AEARYEIE ehy ek ofe] e
g 5 1502295 3] 4ul5= 10702 HZHAE
Bk e b e AL B4 A4S Belskin
(Table 4).

1%
FEH 574 A- AtE o] SAYEA ¢
w A7, A4 719 B 5o Aol WA
O HARS Ueho] FE Aol 2 HAIH
08 2L Aol 2 wEue] 444 e
1005 T2 SARol A HEd A o 30%
A AU A9 W0 22091 Al A7)
s, HAbE A E8-2 Aetetd gdls v A
A Ao HuEolA Ati(EA 4, 2015). T F=
A Biig Atmols Ao A AT gt E
% FEHol AASh= Hl&o] 5~10% HreolH,
5] B~14dzo] 2 For F7HE AR 2RlE
TH(Emerging Threats Quarterly Report, 2014). FE3gt,
Zhang “5(2007)2] Hilo] o5hH, wA| 2 E 2tHE
w9 gomye 3047 dgEe Helstgon,
I 2 107709 tiAFolA] fimbrial SR} K88
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