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Edema disease (ED) in pigs is enterotoxemia caused by Shiga toxin type 2e (Stx2e)-producing Esche-
richia coli (STEC) and frequently occurs in young piglets. Therefore, ED causes enormous economic
losses in pig farms. In this study, a modified Stx2e (mStx2e) antigen was expressed and purified us-
ing commercial E. coli expression system. Monoclonal antibody was serviced by Ynto Ab Inc., using
Phage Display Technique. Anti-Stx2e antibodies in piglets were measured by indirect ELISA using
mStx2e antigens. Naive Stx2e in piglets were detected by Sandwich ELISA using Stx2e-monoclonal
antibodies and commercial Stx2e-polyclonal antibodies. Among 3,480 piglets, anti-Stx2e antibodies
were observed in 2,573 piglets. The 49.4% among 830 piglet serum samples possessed 0.625 pug/mL
or more of Stx2e proteins. The 18.3% of 830 sera had 0.313 pg/mL of Stx2e proteins. The 32.3% of
830 samples held 0.156 pg/mL or less of Stx2e proteins. These results show that indirect ELISA using
mStx2e antigen and Sandwich ELISA using Stx2e-monoclonal and polyclonal antibodies can be use-
ful to detect ED in piglets.
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2014: Tseng 5, 2014: Baldo &, 2020).

STECE #E5t7] fIvt AR o2 717k it} A-5-4]
o8 HEHjRE 5o s 2t & Eo] Leto|nF o]
&3t PCRoJU qPCRE &3l AI7F=4E EQlsh= Wl 3l
t}(Bettelheim 5, 2003; Kim %, 2009). TS, Stx1 2 Stx2
of digt FEFE % tSZE FA7H /= Enzyme Linked
Immunosorbent Assay (ELISA) ¥ 52 53 #&°] 7l
sttt g A QItk(Nataro®t Kaper, 1998; Gehring &,
2017). &, < /= STEC ELISA 7]E+ Stx1 Z49} Stx2
545 st B4 9dUSE FAE AHESt] 4F ofg S
A2 o= UAHGehring 5, 2017), G4 oz Hikd
Stx A 7|9t AGEAH2 Stx2c, Stx2e, Stx2f 2 Stx2g%}
- STECO] trget 8ol o BAH Stxs®| K= 51
RS 45T = 8l 20E A Uk(Feng 5, 20115
Seo &, 2016; Gehring &, 2017).

qPCRZ STEC 74 Age] AFA Zdho] 3lof
=1l Sl AEo)7]= shAlRE, =2 0] ST Juwet
Ho| o9 o]&Z ol 53] W 7HHES At o] Al
Zto] wol 29 =7] g A A& L2 EHF5H AlFol
PCRO gt tigro 2 AFEE I ItHKim 5, 2009; Ahmed
5. 2015).

ELISAE= A4 @, die| 2o}, vlo]HAE HEshe
7 mejsta AukAQl Wolztal A A Ith(Wang &,
2021). o] W2 v ¥iztstal Sol/do] Eom QHYA Sl Al
of}t ARt AHE ARMEsto] w2 AT} Akt AAE A
3T 5= Qlof titke] AAPE 2ad 55 A A
ARE-E T QItK(Fan 5, 2020; Wang 5.,

STEC, &= Z1o] S°]&Ql &5 FAIE AEs17] #ls
At vyHo] ARR-E 1 okl 1 E W It Wang 5, 2021).
ofof] =jx]ofl A STEC Y & P4 Stx2eol that 5ol FA|
HES 9 A2 W3 Stx2e THAS L83 71 ELISA
2 2 WS Stx2e GEE AL FHE HSEE TAE

o

t

oflt o\

Bacteria and plasmids used in this study

k.

5 o4 A= 25 E 2eH oYY Stx2e” F18 Esch-
erichia coli (STEC) &#5%] STEC150229 ¥ HJL573<& =4
7 #F2 24519021, E. coli BL21(DE3)S pMAL-c5x-
6xHis-MBP-mStx2eA (Fig. 1A) ¥ pET30a-mStx2eB (Fig.
1B) E¢An|Eg FHAALGAA A2 HJP2 #F5 AX5t
% tH(Table 1). STEC150229, HJL573 ¥ HJP2 #5+= LB ¥
A A (Luria-Bertani broth; Becton, Dickinson, Sparks,
MD, USA) E+= LB HH|A| oA 37T & i F= At

6x His MBP mStx2eA

pMAL-c5x

Ndel Xho1

mStx2eB

pET30a

Construction of recombinant protein of modified Stx2e
toxin. (A) pMAL-c5x-6xHis-MBP-mStx2eA plasmid, (B) pET30a-
mStx2eB plasmid.

Strain or plasmid Description Reference
Escherichia coli
HIL573 Wild type Stx2e” LT STa" F18" STEC isolate from piglet with edema disease Lab stock
STEC150229 Wild type Stx2e” F18" STEC isolate from piglet with edema disease Lab stock
HIP2 E. coli BL21(DE3)pLysS with pMAL-c5x-6xHis-MBP-mStx2eA and pET30a-mStx2eB  Lab stock
Plasmid
PMAL-c5x-6xHis-MBP-mStx2eA pMAL-c5x-6xHis-MBP containing the gene for mStx2eA This study
pET30a-mStx2eB pET30a containing the gene for mStx2eB This study
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AZE A2 HIP2 +F5 494 A(Ampicillin: Sigma,
St Louis, MO, USA) ¥ Z}Iuato]Al(Kanamycin; Sigma,
St Louis, MO, USA)°] 23 10 mLo] LB HAuHA] o] 3
okl 37ColA 150 rpm == sHH & HjFstA
o %, v 10 mLE 99 A™ 9 shvmtolalo] &gt
LB HAHIA 1 Lofl E3t ODgdtol 0.57F 2 wj7}hA]
37C %04 150 rpm =2 viFsFAT). Isopropyl p-D-
1-thiogalactopyranoside (IPTG: Duchefa Biochemie,
Haarlem, Netherlands)& #&&% 0.5 mM°] =% 7}t
o 5 18T 2&=00|A 150 rpm HEE 16417 52t #igste]
23} 6xHis-MBP-mStx2eA-mStx2eB T 9] 3bd-&
ottt igE AZEE 4T, 5,000 rpmOllA] 1587 ¥
AR5 5% th2 20 mL &+ HH(10 mM Tris, 1 M
NaCl, pH 8.0)2 A5-5-3}aL, French press (Operating pro-
cedure for high pressure homogenizer [EF-C3]; Avestin
Inc. Canada) o2 o5ttt 4CoflA 12,000 rpmo.2
2587 AAEYs] §&H F F8A dHES 55U,
AKTA Go FPLC system (Cytiva, Marlborough, MA, USA)°]|
AZ= o= Ni-NTA AHZ ol-&sto] 14 ANt o, TEV
TZZ2EoYAZ AFF 6xHis-MBP-mStx2eA-mStx2eB &
o] TEVE Awstal, MBP A o2 22 AAsto] <43t
25 MY Stx2e THAE At

A" A2 DEE 15% SDS-PAGER 2451910
o, YA " B4 WAL buffer C (PBS buffer, GE health-
care, USA)E ©]83lo] EA3t o} centricon (cut-off 30
kDa, Amicon, Merck Millipore, Darmstadt, Germany)<
o] gsto] FFIALE 1 &, 55H XY M3 Stx2e A
9] 55 oA H3FH(Bradford protein assay) L& =43}
FoH, A gz -80T of] Bsty Ao ARSI
o] ZAE FE2 &4 Y anti-Stx2e FA A& A 7+

olo &
Rl =
ELISA coating U2 ARSI oH, dEE W U2 3

Primers for polymerase chain reaction in this study

A& o] &3t 5 Stx2e FY AEE Standard YO = AL

U SN AT HA FHOEZRY EeH i+
= WS =E Table 2914 7]&% 5o] Zeto|HE AR5t
Stx2e" F18" Escherichia coli @ Stx2e’ F4" E. coli7} A&
EA] & Stx2ef] 5489 BELERE EARtE A= 25FE
TAste] BE 5UPol| 2+ IFTF 5FH FESH] T1F A 2
i PBSE, 1% B, C, D= oM A" A= ¥ Stx2e &
W28 20 pg/mL, 40 pg/mL, 80 pg/mLA ZF 9 1 mLA,
1% B+ A% w4191 HIPRA VEPUREDE AIAIE Aol ot
2 12+ FFskL, 357F0] Hde W &2 §F o= 22 4Fst
Aok 23 FF A, 2EAL 22 HE § 25 Fof 22 s
BHE 2sto] -80T ofl Eatst Aglo] ARgskaltt & AF
oA EiE 554 Korean Council on Animal Care9)
7he e AEYTE FERT 929 $ANON2023-
070-001)Z ®rof A Pst3ict. o] Az ¥ Stx2e T
T SEEFE AT @2 HA 518 A o F Z2Ae A
o B O AMGE

AEE 24 20371 F=EFIA F712 02 A 2= 2
S4 - HlSE 3480FEHE ARt EHS YR Az
Y Stx2e TElF o] tfet FEH o5 5] s A
AREotoitt. ol €3 E3t -80T o Eoh Agof A8
=9

Stx2e0] gt FEFE FAl= W AFAl &4 YntoAb Inc.
of oj=|sto] A= Ut Stx2e0] et HFEE FA = AlTEH
1! Q)= Shiga-like Toxin 2 antibody(Biorbyt Ltd., Orwell
Furlong, Cowley Road, Cambridge, UK)E Fuljsto] €3

Primer Sequence (5°-37) Size (bp) Reference
F4 F TGA ATG ACC TGA CCAATG GTG GAA CC 484 Seo et al, 2018
R GCG TTTACT CTT TGA ATC TGT CCG AG
F18 F TGG CAC TGT AGG AGA TAC CAT TCA GC 334 Seo et al, 2018
R GGT TTG ACCACCTTT CAG TTG AGC AG
Stx2e F CGG TAT CCT ATT CCC AGG AGT TTA CG 599 Seo et al, 2018
R GTC TTC CGG CGT CAT CGT ATAAAC AG
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W Stx2e &4 ofF &R1E 93 Sandwich ELISAE
290 DA A AR,

coating

FLISA& 96 well plate©] H %3 ¥9 Stx2e TS thoF
=2 345t 100 uld 255t0] 4TolA] SR HEGA|
# plate°l] F2HA1711L, 4 Ei—. FEEE gt 529 skim
milk® blocking At #4|¥H WY = S It 5=
2 gHsto] ZF 2 5= wello] £5dt0] FLT} vESAIA
o}. Horseradish peroxidase (HRP) conjugated goat anti-
pig IgG (Bethyl Lab Inc., Montgomery, TX, USA)Z 1A4]
7t W3-A1Zl & o-phenylendiamine dihydrochloride sub-
strate (OPD; Sigma-Aldrich, St Louis, Missouri, USA)Z
1587 YA A)7] 11, Stop solution (Sulfuric Acid, DUKSAN,
Seoul, South Korea)2. & S 2| A]7] & ELISA 47|
A(Multiskan Go, Thermo Scientific, Waltham, MA, USA)
oA 492 nm IO Z optical density (OD) #+= &35
=8

A AYS 59 HE T4 A ZA0T AFEL
A FEAol A A ote] FH)E Oézé% gixto 2 7+ ELISA

r
r:i
Y
m
&

£ 59519t} T3t 7+ ELISA plate e 4 dxe 2 44
270 AL F715k0] ELISAS 35ttt
Sandwich ELISAO|A& Axg MY Stx2e THiZ

o
rulm rﬁ

d
FEoE ARGESIT 2 AFolA AZtE SE HEE FA
E]- Fot 5= 2 ELISA-] 96 well plate©] 24171 & 1% skim
milk® blocking 3ttt A2 HE Stx2e THIAS 282
s|Asto] HEE AL RESAIX] & ARET e S22
Shiga-like Toxin 2 antibody® 2*} WF3-A]Z T}, HRP-con-
jugated goat anti-rabbit IgG (SouthernBiotech, Oxmoor
Blvd Birmingham, AL, USA)E 1A]7F ¥+-3-A]71 & OPDE 15
27 H““/\] o2 Stop solution (3 M H,SO )22 ¥4 4
14171 & ELISA E4=7|A(Multiskan Go)°ll4l 492 nm Tt

FOo= OD%E S4st3irth

re
=
0Q
0x
lon
40
0Q
M
2
rot
AA
iell
Rl

:I.o

% Sandwich ELISA ZA°
27 FEgolA AEsto] FHE BHE o=
% Stx2e9 55 Sandwich ELISAZR Z=%3}3ic}. ESt
ELISA plateol] A2 MY Stx2e THAL 2652 A 3
sto] el sk 54 #E JAS A AEE ARSI

9 42 B9 B 24
AN

L/ e )

A A2 MY Stx2e THA-E SDS-PAGERZ ERI5}0]
2 Z3H= Fig. 2014 H= viel 29tk & mStx2eA%F THgA|
mStxZeBﬂ- geotA ZRl= it

Anti-Stx2e A AES ASH 7H8 ELISAY] coating T
X+ 0.5 pg/mLelleH, blockings 93t skim mﬂk—J =
= 1%k 182 249 3 34 sE= 1:2002.% 3
Alsto] 7H ELISAE 3532 o 249 A 97p7F #z
Ho] AFgEE 424 FEAA H3F BE 9 A=A 9]
anti-Stx2e PA| A7 58 e 7H ELISA 24 2708
S5t T3, A2 H1E Stx2e BHAS JE9 A=}
HHE =9 €4S 714 ELISA A5 $9)sto] &2 Ay} v

TEV
M () (+) inj. FT

——

—
e
—
—
.—
——
—
-
— i1
-—

— —

— SBae /v mStx2eA
-—mStx2eB

Confirmation of purified recombinant proteins by 15%
SDS-PAGE. M, Molecular marker; TEV, TEV proteinase; (—),
Before TEV proteinase treatment; (+), After TEV proteinase
treatment; inJ., Before MBP column purification; FT, After MBP
column purification.
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AESY A 7t dFE 0.4°04 0.5 F=Fol9om i
9] ODZF 0.7 uwte 2 ¥aE Qti(data not shown). B&
of Bl & ¥ B & oA EeE S g
02 Six2e B4 $HAE PCRE Eéﬂ Azolge v BT 2
‘gojglon], A& Al & B Ao REH o4 F4Jo] THEA
dorth A2 ¥1E Stx2e HHES ZQ AET = 254 A2
H @AM BT =2 A 97 HEEI wEb 24
iz F 29 FFEAE B @ H52 5 AAT T
A A7HEE R LE T = 22 $F02 BHE)E H 4
S B5F 802 7F 71 ELISAE 38 o &7 =3
d 22 FBERT P dE2TY S8t ﬁ% ELISA
plate FolA 7HEY] FF=7E 24 R &%
BE G U279 8= EAY 11 oY }:IJB}E—
2 7ot anti-Stx2e A FF 2= 5T

ATRE FEAYARL ARA2olA AFEL AeRE
27 FEZIA gt HA EHE EAHAEAH(ELISA,
enzyme-linked immunosorbent assay)& %3 mStx2eBoll
gt IgG A A7 S74sHAT AleE2 3.480712 €4 5
B EA2 6277, TS B2 285372 HET £4

£9 TEsl0] BASG FHOE SHelE BES F 5307
A= A BE 85%e) s v g0l SHEANA F

doz gRlE A= & 2,04371A1 = A %‘é%—J 72%01l sh
Foh= o] thTable 3). &3, A 7oA @42 &

S AZER FESke] BAR A3, Aol gt 1,034709]
P HE T e @ AES 3L, 1F 82%C] siFs

Seroprevalence of anti-Shiga-toxin antibody in pigs from
different regions in Jeonbuk province

Region No.of Prevalence (no. of positive/tested)
(no. of farms) pigs Sow Growing pigs

Gochang-gun (31) 573 89 (85/95) 74 (354/478)
Gunsan-si (2) 32 0 88 (28/32)
Gimje-si (15) 242 0 64 (154/242)
Buan-gun (19) 320 93(52/56) 61 (160/264)
Wanju-gun (2) 32 0 72 (23/32)
Iksan-si (9) 144 0 92 (133/144)
Imsil-gun (1) 16 0 75 (12/16)
Jeongup-si (124) 2,121 83 (393/476) 72 (1,179/1,645)
Total (203) 3,480 85(530/627) 72 (2,043/2,853)

www.kojvs.org

2870A7F g S, &4 - HSEY ¢ 8
g 1,00071 & F 70171 A&l FHo=2 ZlFof o 70%
o sigst= A5 HEFHEHData not shown). &2 A2
31644709 €34 % 2= D4 110719 86%°ll g5t 95
el FEoE gdHgen, S B4 115071 &
71%%1 8187129] @ MEo] FFo& ERIEAH(Data not
shown). FEA[EFo 2 o Fdof APt 832709 BF 5 11074

fr

(

o] = FA9] 86%°l aiFst= 957h2] EAgollA F/gol &
Q=glom, 703709 4 - HlS= @HNA] 75%°l fdst=
524709] oA F/dol &Rl ArKData not shown).

A2 MY Stx2e DAY 284 TA 340 gt &
& TAoNA RFrol 0.97 olidoln 2T WY Stx2e THA
o] £ HA] ¢k gko] 0.03 °Iskl Stx2e Y HES AT
Sandwich ELISAS 93t 2AL coating YYUO ==
om, coating ¥Y 5%+ 0.8 ng/mLolAtt. Blocking&
3t skim milkS] 5= 1%9oH, 49 4 54 5&
£ @4 Y99S HIE ARESH A0l L, Stx2e B AES
3} Shiga-like Toxin 2 antibody¥] 3|4 55X+ 1:750°] 4t}
ES, 23 HY Stx2e THAES 26 TA| 3|45to] A
T FAS Aot ofe] HEA
S L

E
) % D SAE B9 Sz SEE Aol 2 A

AT 3,480719 €4 5 FA 1eG A7 ¥ &
EE F=FT 20w gl do] Bud
F= Xc}% Z}7F s, & 83071 A4S R JY A=
< 98l Sandwich ELISAE 335kt 0.625 pg/mL o4
1.25 pg/mL v|9te] 52 §lo] A&EH dHo] 204702 A
Al 83071 27 F 25%°l Boh= 7MY =2 Hle2 A5
0.313 pg/mL °14 0.625 pg/mL T|9te] 5= & o] 4
H EHE 152712 & ¥AE 22 BleS Eloh g 1%
I AFAIAE 5 pug/mL ©14, 10 pg/mL PR v A =
= = 61‘°J°] AEE A S0l 247 370, 2707 T
AHTable 4). T4 HE AE AREH 83071 BF F 49%°l
Stz 41070 B4 0.625 pg/mL &= o0& gHo]

Jil

M m{w
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TN QM RYF - 0FE 5| 7
Detection of Stx2e toxin in pigs from different regions in Jeonbuk province
Region Number of samples according to antigen concentration (ug/mL)

(no. of farms) 10 5 2.5 1.25 0.625 0.313 0.156 0.078 0.039 0.020 0
Gochang-gun (6) 0 3 18 19 23 11 6 1 3 2 26
Gunsan-si (2) 0 0 1 10 10 5 1 1 0 0 4
Gimje-si (6) 0 0 7 25 33 14 7 2 0 1 7
Buan-gun (3) 0 0 0 6 16 10 2 3 0 1 13
Iksan-si (4) 0 0 1 18 21 17 2 0 0 0 4
Jeongup-si (32) 0 2 27 69 101 95 45 33 11 3 90
Total (%) 0 (0) 5(1) 54(7) 147(18) 204 (25) 152(18) 63(8) 40(5) 14(2) 7(1) 144(17)

Comparative analysis of antibody and/or antigen positive pigs from different regions in Jeonbuk province
1 r M- 111 1 0,
et No. of No. of antibody- and /or toxin-positive pigs (%)
tested

(no. of farms) pigs Antibody and toxin Antibody Toxin*
Gochang-gun (6) 112 70 (63) 15 (13) 11 (10)
Gunsan-si (2) 32 12 (38) 309 13 (41)
Gimje-si (6) 96 45 (47) 24 (25) 18 (19)
Buan-gun (3) 51 18 (35) 18 (35) 2 (4)
Iksan-si (4) 63 12 (19) 14 (22) 13 (21)
Jeongup-si (32) 476 163 (34) 140 (29) 33(7)
Total 830 320 (39) 214 (26) 90 (11)

*Sample containing 0.625 pg/mL or higher concentration of the Stx2e toxin without antibody was determined to be toxin-positive sample.

Z=|9/cHTable 4). WAL Avteh ula B8] 2 2, 830
3% 3US /AT A %1 A A7k FHoE e
82 26%%1 21471, A A7H= 5401 0.625 pg/mL °]
o) 9lo] A2E WAL 1% AFale 07z B2

LR WY AE Aol A8 BY F 32079 83
A 7H FelwA 0625 pg/ml o =] o]
AZE9T ol AA B9 30%9) ¥ 2L A Table

oo
rusaL'

By

Mo & ox m&

ook

STECE 8elst= tofli= o1& 7147} o] £41ict. o)
ARE ARE] or YHont AMAE B A &
At % 914 29t Sol efolot o}83 PCROM GPCR

B A7FEAE &Rt R0l Att(Bettelheim 5,
2003; Kim ‘& 2009; Monaghan 5 2011; Barbau-Piednoir
S 2018). T3 Stx1 ¥ Stx20] gt HFEE € tEE2E A
7F 7 e o] ELISAS &8 A& AH7IEZ A83tH0] o5
Sl A Aol 7hssittal 424 ek (Nataro®t Kaper,
1998; Gehring &, 2017). &, STEC ELISA 7]E& Stx1 ¥

gloll=

I

i

T 3loH, HLo] £4
! Stx2 oFgS HES
2017). SHAIRE A i %
¥k ELISA RE 5}9]
o2 H1=3 JcKFeng 5
5. 2017). & A= '—'—ﬁﬂoﬂl‘ﬂ =]
‘3‘1 63’% s &5 5 Wl =AM 2
o Zolth. &, Azt MY Stx2e &
A5k {ﬂ"ﬁioﬂlﬂ A E BHNA Stx2e
ql 017} BIEE ZAIACH, HES Az

I 9 Stx2e HEEE FAE 71‘:'?0?&
Sandwich ELISAE &3l Stx2e &% H

Stx2 H4AE
gto] 4

tHGehrin

5

x4
Stx1

O

1=: Ke)

g

u
ng
=y

, 2016; Gehring
g Agstgen »

WA Q] 23NM Z425
].

aad
st E@ U2 JF

] 5]‘1‘ QV] Hz1go] of7|®ltkSato 5, 2013; Casanova
2018; Yoshimura &, 2023). Shiga Z4 2 &9 -T“é%
Stx2e= EAO|E B B4 T4 B ZoHo|E

— /|-

O

o
=

°H ‘rr;f_
o= HPH 2T WY Stx2e EAC|ER A0 AEE
Tt B E A Qi (MacLeod®}t Gyles, 1990; Gordon 5

T Moo
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HEX|] FEROINO| HX| HEY SN L SN YHE TN

1992; Bosworth &, 1996; Johansen &, 1997; Yoshimura
5. 2023). o5 AZF W3 Stx2e EAO|E WAL =
A BEHol tigt o] Ay 95shARt, @AolA a5t
= WA s AJitgro] o5 ¥ Ao w dEA Ut
(MacLeod 5, 1990; MacLeod®} Gyles, 1991; Acheson 5,
1993; Mesonero-Escuredo &, 2021; Yoshimur &, 2023).
SHARE o] F-AAF HE 719 MY Stx2e E40|E WA2 o
Q3] oFstA EActe 54 FHOE Qg B9 90|
Aote= AL 2 A UArHYoshimur &, 2023). IHA = &
Tkl S EE ] Amo] WEE 20229 %0 HA 5
W WAl ol A oF 1,863,0005 w0l TujElotal Bl
=k

£ AoA = ool EaE WS A Hysto] 2T
Hy oA (mStx2eA ¥ Stx2eB)S #Hd L HA|F O H(Seo
5, 2022), o] AAE FLZ 7|22 dto] IH ELISAE A&
sto] =2 FFHol digt A A7HE 45t FAES A
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