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Abstract: Molecular diagnostic techniques have been used to identify porcine epidemic diarrhea virus
(PEDV), a causative agent of acute enteritis in swine, but they were difficult to be performed and
time-consurning. To detect PEDV in a rapid and easy way, we developed biotinylated cDNA probe for N
gene encoding the nucleoproteins of PEDV. Formalin-fixed and paraffin-embedded tissues from 24
naturally infected pigs were used for the experiment.

The ISH produced a positive reaction in all cases. When intestinal tissues were hybridized with PEDV
probe, strong signals were seen in the villus enterocytes of the jejunum and ileum. Hybridization signals
were also found in the duodenum from one pig and in colon from dnother. In conclusion, ISH with a
biotinylated cDNA probe was provided to be a useful diagnostic method for detecting PEDV effectively
in routinely processed tissue sections.
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e o E Z2u) vl AES M gene o] H71ME
< L 9 50% Yxo W& AF4E Holu tE
PEDV straing Alo]oll Az 2 BEHOQE B2
HA Qv [7).
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E AY 840 & # A alFe Foldol w2 AL
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" PEDV #lAkE 2417 ool HEE T Uy 41 wE
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Plasmid DNA A A9} PEDV-cDNA probe2] A4t

PEDV®] ¢DNA probe:= Plasmid DNA Vector pUCI9
Yol PEDV M-gene protein 5-$1¢] DNA H¥ (492 bp)
o] AUE E coli #F7E FHUSL SN 2
= F,ERE Rokulel Sambrook er al [22]9) alkali
lysis 3L &4, Fesarh

Probe labeling

PEDV-cDNA fragment®] ¥ A& biotin-14-dATP 2+
BioNick™ labeling system (BRL, USA)S ©]4-3F nick
translation® '8 E3}e] bioting X A|stgon ¥AH
probe= hybridization cocktail (Amresco”, 45% Formamide)
3} Brigati diluent (Reaserch Genetics, USA)oll = 200
ng/mio] EA| 845le] ISHell A}25]7] H7bA] 207 o
BT

ISH

ISH®} A #4372 MicroProbe™ capillary action system
(Fisher Biotech™)g ©]2-3191.2 5, ProbeOn™ Plus slide
E griio] A7) gap AlRlE HARE A 9fste Al
ofo| A AMET FFEAdo] & pad 9ol slideE ¥
274 slide Abo]e] Aleo] A AR L& o) &5
Ao 7 12471 4388 3} tHTable 2).

Deparaffinizationn Dewaxing agent (AwtoDewaxer, Research
Genetics) & AH3H] 110ToIA 287 gatets #34L
33] wHEElT 100% ethanololl 4] 5314 Al 3le] Dewaxing
agentZ A At EFAIFTH

Enzyme predigestion: &vjely 2% =
HAe] ZH3 Fite] 2 LEHEE phulRs] g4l
pepsin (Research Genetics, USA)oll 110C, 2% 30x7+ dt
S AZTh

Heat denaturation and hybridization: Z2 ¥ target
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Table 1. Procedures of ISH for the detection of PEDV

Time Temperature

Reagent Cycle (minute) )
AutoDewaxer (RG) 3 2 110
AutoAlcohol 5 1 wash RT
Pepsin 1 25 110
PreHybe Plus (RG) 1 3 110
Probe

heating 1 2 110
cooling 1 0.5 RT
heating 1 2 105
cooling 1 0.5 RT
heating 1 0.5 105
cooling 1 1 RT
heating 1 0.5 95
cooling 1 2 RT
heating 1 Q05 8s
cooling 1 3 RT
heating 1 05 85
cooling 1 4 RT
2X SSC 4 0.1 RT
Auto Blocker (RG) 1 2 50
2X S8C 3 0.1 RT
Streptavidine-alkaline ) 10 50
phosphatase (DAKO)
Probe Lock (RG) 1 0.1 RT
?l;lé)B LE FAST TR/NP 2 10 50
Distilled water 2 0.1 RT
Auto hematoxylin (RG) 1 1 RT
Distilled water 2 I wash RT

RG: Research Genetics, Huntville, USA.
RT: Room temperature.
DAKO: DAKO, Carpinteria, USA.

viral RNAS} probe cDNA®] denaturationS 918t A&
PreHybe Plus (Research Genetics)®ll 110T 327} ®1-2-4]
71 t}& biotinylated cDNA probeS H7}ste] 110°7C oA
257} denatureA] 713, 303 cooling, 105°C 2% denaturation,
30% cooling, 105°C 303 denaturation, 1% cooling, 95¢
302 depaturation 22 cooling, 85°C 303 denaturation 35

cooling, 85°C 302 denaturation 4% cooling A7 terget
RNA$} probeE hybridization A]7]7 H]Eo|d o2 A
3 probeE A AHE EHoZ 2X SSC (0.3 M NaCl and
0.03 M Sodium Citrate) 2 6327+ 43 &3 & Auto
Blocker (Research Genetics)Z 23] A aled A
peroxidase & A 5} o}

Detection: Streptavidin-alkaline phosphatase detection system
(Research Genetics)S ]88t 50T 1087F k-2 A7) &
2] target RNAS} hybridization® probe?] biotina} 2%t
st sk

Chromogen: Chromogens ¥HS-A1717] Zlof| alkaline
phosphatase 2] 4718 FhAl7]7] $]8te] Probe Lock
(Choromogen Enhancer, Reseach Genetics)2 ]33 3L
stable fast TR salt/naphthol phosphate (Research Genetics) &

Table 2. Results of ISH for PEDV detection in the
intestinal villi of naturally infected pigs

Farm Pig Age ISH
No. No. (days) Duodenum Jejunum Ileum Colon
1 50 + + + -
! 2 50 + + + -
5 3 70 - + + -
4 70 - + + -
3 5 120 - + + -
6 120 - + + -
4 7 45 - + + -
8 45 - + + -
5 9 70 - + + -
6 10 60 - + + -
11 80 + + + -
7 12 80 + + -
8 13 75 - + + -
14 75 - + + -
9 15 90 - + + +
10 16 150 - + + -
17 150 - + + -
1 18 28 - + + -
19 28 - + + -
20 90 - + + -
12 21 90 - + + -
22 45 - + + -
13 23 45 - + + -
24 45 - + + -

+, detected; -, not detected
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Fig. 1. Red positive signals were observed in the
cytoplasm of jejunal epithelium. ISH. x200.

Fig. 2. Red positive signals were observed in the
cytoplasm of ileal epithelium. ISH. x100.

Fig. 3. Red positive signals indicating presence of the
nucleic acids appeared in the cytoplasm of duodenal
epithelium. ISH. X 100.

Fig. 4. Red positive signals indicating presence of the
nucleic acids appeared in the cytoplasm of colonal
epithelium. ISH. <100,
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HE I8y AEuAE £ viiono] ¢}
2 WP Eo] ot} [9, 13, 15, 20]. &1}, u}o)
FHE ATE A 7Y A ol B
| Bostn A3 dud B2 Azt
1 ZAbe] 57ldlz ol go] gl
E o] &g HAx s e x2
el WygeR gelel wamhsol

g vehd & 9t [9]. 5ol primer
LX}—% -&5‘—8% PCRZ 4479 ulo]g
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377bp2] ¢cDNAE RT-PCR HIH & —‘r—BH AL & digoxi-
gening EA|3}T ISHe| o} &3p3ich 1y, o] 7He
430 ISH g2 hybridizationg  $l8h 37Tl A
ovemight sjof &tHE 29 o]4o) Alzhe] A @) u}
3}1\1 51_1:]( A.:-o}- ﬁ,g 1401 ISH 7]}3{110] %ox—lo} o
e} B Aol 443 w2 Microprobe™ capillary
action system © 8 H#upHo] of-p whdle] A A4

K

o%

\JEHE

L
Y

f

=
[}
rlo
N

2 £ o
o o 10 W
b

H
Okﬂﬂ
OZZO[‘
)

. o

L Il.d
o,
ol 2
ox
i
A;i

iy
ru
oft
% 2

O af B~ rlo B oo oot
lg

o 2 o g |¥
op
QL‘
)

ol i

$
e

2
2

o Mt
tlo ol 2

Loy
o

o
e

op o oan o 5L
©
g
35"
2N S
>2 e

& [o
),

o

122170 o w3 &= glg W ol)e) AMEE = Aok
A probeo] & HAst @ F ke APl oA =
Well A BAElT 9l PEDE A&ey A3 g
& 4 A = 1]

PED:= TGES} WA, A5+ 3 Helx3 sty
Hol mj9- FAlstEz 7 agsl= el Fa st [8
1] % wleldae 343 8% FHE 4 Ee
AEZAAH BEAEo] ZdaAxe) ¢ 38 o
SAM HREBEAE PaAZICh o]F Qlste] 23k} &
8] B-Hg kel 4dh dAle) grt dojuA B
o} (8] whEbd, Wz atE HALR F vy 2E 7}
a7l o g7l dlFol ulolei 2 dite) BolR9E
ot A& she o) 7 Adsl=d a3l

PEDVe] EAFAR 2 deix T 34 o]99
ool gk Fgnbge] B APy #aEgich
PEDVE =)o A¥Fsty Hdgagos A4S
AE3 A3 235 W) 526 dE AdHA 2
Al ekdurgo] BEHACET RIE AT [6]9 ISHE
23 )&= ol dt kAWML T FHE 4 gtk
AT [12] 59 ME OE Bur) ok B AP An
g SdlolA Ao ksl «WJEI%P v Sl
H go]x]xl—g/] ookMuLQE:_ go]zﬂ 2= ‘;’lli’iq' )v]zng:]:TL
A Axd WA Yo] B Apoa a8 ISHe}

Hinsted 7| HelAo] Hoj strabie Kimwt
Chae [12]7} A Qs Agmo] Zalol M uh vlehd 3, vlo)
HAFE o] abol, HAAH, 7Y @ E2e) 7
T4 2ol Fo] B Wl 7] "l 43 A&
ﬁzi ZlaE]ojo} g Aotk

B A3l giide] = siAE 28U 15098
71}21 AHEEE Hold rk ol 53 109¥ olst
¢ ZHEE R o AT (129 v E o chekdl
AFREAEE HRlth o)== PEDV el o] HAE o)
100%9 ‘36}-— 8L 508 o|3le] =0T 10y o)
gl AE AEAME 10% olste) HAMES Btk
H (8, 2315 B3l AF7HA] PEDV Y oJR2 ZA}
e el F2 10d3olsle] AHEolginy L,
PEDVE slx)9] A dAgo] HA Z4AS Jehfjuz
109 ol4te] Aol sl PEDV 7ol that 2Al:
128 Ao AztE|Ych uEld, B A7 Aol

Pugo] Ao A 15027 AA e AL T4
PEDV 7-9go] AAHgS W%k thorst o) A4 A
A2 HEEE A B @ S AT

B 7ol 293 ISH 7198 4HE 12417 ol
o AAE FAT £ Sliz dolth oIF Asje) Y 5
23 Fio] ZRARE] ALY WAL w27 9



482

dAolth HALS EAIF]Z] A% DEE §4EE
trypsin, proteinase K, pepsin, protease £©¢| AR =u)
B2 Ao M pepsing AMSEAY 49 REG &
Aol FehE FAS=E W S ZUSE IE T
Ao 2 108714 wEA7HS 835 43 28 3029
pepsin (2 mg/ml)2] WH-EAZe] Y G AL & F
Uick

E3 2 Ade AHL r|Ee 2wy 1A% o
2w ZAZRAE HAPL 7hesithe Helth o= PED
o] G5 ZAE F2 wWyo] E Zlolw JE
wlol# 2, AlgAd Ao g 9% ISH7 ¥ 3
A FA o] B AoE A7t}

4 £

PEDVS] c¢DNA probe (492 bp)ell biotins H A3}
PEDVel 7@ #A] Zx2e 220d 1A% =
1 AHo| A Microprobe™ capillary action system$: o] &
&t} ISHE F3stdd v thaah 22 488 4 &+
AATE

Aol ol &g BE oo I I FE AIA
¥ AEAU A PEDVE ¥4 vH3-E &olslith =
3 AR oM Aol At Ao B R AHHE
AME FAdwrSo] FAHAT H AFAA Y
8o} pepsin L Z2HE 3 hybridizatione} 2% 5}E
A 24 BYs o olF a3l Al 2aHE
NZHE Y F ANk

o|Are] ZAFolA bioting FAI cDNA probed
Microprobe™ capillary action systemol] 223k ISHe] %
& PEDE 443ty Fain] adxos dd ¢
AE A2 E 7¥elar &+ Stk

#Atel 2

T 3 o & F 51 7(1998-2000) V&

Q.

&

rlr
o]ob

g

o
1 1T

#nFEd

L A5A, updg. =A A7) 2R 357 FF
©2 9|8t in situ hybridization7]'g 9] &, o
|83 %), 1997, 37, 793-807.

2. b8, 239, 2AF, &3 HA KP4 A
ulo)gi2e] ¥ T4 disrefAls|A]L 1993, 29,
360-365.

3. Callebaut, P., Debouck, P. and Pensaert, M. Enzyme-

M

2
g

v

e

10.

11.

12.

13.

. Debouck,

vhtg, 234, A5, gy

linked immumosorbent assay for the detection of the
coronavirus-like agent and its antibodies in pigs with
porcine epidemic diarrhea. Vet. Microbiol. 1982, 7,
295-306.

P., Callebaut, P. and Pensaert, M.
Prevalence of the porcine epidemic diarrhea (PED)
virus in the pig population of different countries. Proc.
Int. Pig. Vet. Soc. Congr. 1982, 7, 53.

. Debouck, P., Callebaut, P. and Pensaert, M. The

diagnosis of coronavirus-like agent (CVLA) diarrhea in
suckling pigs. Curr. Top. Vet. Med. Anim. Sci. 1981,
13, 59-61.

. Debouck, P., Pensaert, M. and Coussement, W. The

pathogenesis of an enteric infection in pigs, experimentally
induced by the coronavirus-like agent, CV777. Vet.
Microbiol. 1981, 6, 157-165.

. Duarte, M., Tobler, K., Bridgen, A., Rasschaert, D.,

Ackermann, M. and Laude, H. Sequence analysis of
the porcine epidemic diarrhea virus genome between
the nucleocapsid and spike protein genes reveals a
polymorphic ORF. Virology. 1984, 198(3), 466-476.

. Ducatelle, R., Coussement, W., Debouck, P. and

Hoorens, J. Pathology of experimental CV777 corona-
virus enteritis in piglets. II. Electron microscopic
study. Vet. Pathol. 1982, 19, 57-66.

. Guseetti, F., Bernasconi, C., Tobler, K., Van Reeth,

K., Pospischil, A. and Ackermann, M. Immuno-
histochemical detection of porcine epidemic diarrhea
virus compared to other methods. Clin. Diagn. Lab.
Immunol. 1998, 5, 412-414.

Helps, C., Reeves, N., Tasker, S. and Harbour, D.
Use of real-time quantitative PCR to detect Chlamy-
dophila felis infection. J. Clin. Microbiol. 2001, 39(7),
2675-2676.

Horvath, 1. and Mocsari, E. Ultrastructual changes in
the small intestinal epithelium of suckling pig affected
with a transmissible gastroenteritis (TGE)-like disease.
Arch Virol. 1981, 68, 103-113.

Kim, O. and Chae, C. In situ hybridization for the
detection and localization of porcine epidemic diarrhea
virus in the intestinal tissues from naturally infected
piglets. Vet. Pathol. 2000, 37, 62-67.

Kim, O., Chae, C. and Kweon C. H. Monoclonal
antibody-based immunohistochemistry to detect porcine
epidemic diarthea virus agents in formalin-fixed,



14.

15.

16.

17.

18.

In Situ Hybridizations] ©18} 9% §844AFS (Porcine Epidemic Diarrhea)s] 2I¢H

paraffinembedded intestinal tissues. J. Vet. Diagn. Invest.
1999, 11, 458-462.

Kubota, S., Sasaki, 0., Amimoto, K., Okada, N.,
Kitazima, T. and Yasuhara, H. Detection of porcine
epidemic diarrhea virus using polymerase chain reaction
and comparison of the nucleocapsid protein genes among
strains of the virus. J. Vet. Med. Sci. 1999, 61(7),
827-830.

Lee, H. M., Lee, B. J, Tae, J. H, Kweon, C. H,,
Lee, Y. S. and Park, J. H. Detection of porcine
epidemic diarrhea virus by immunohistochemistry with
recombinant antibody produced in phages. J. Vet. Med.
Sci. 2000, 62(3), 333-337.

Martin, W. J. Polymerase chain reaction: A tool for
the modern pathologist. In Molecular Diagnosis in
Pathology. Fenoglio-Preiser, C. M. and Willman, C. L.
(eds). pp. 21-46. Williams & Wilkins, Baltimore, 1991.
Murphy, F. A. Coronaviridae. /n Veterinary Virology,
pp. 495-508. 3th ed. Academic press, San Diego
California U.S.A., 1999.

Pensaert, M. B. and Debouck, P. A. New coronavirus-

19.

20.

21.

22.

23.

483

like particle associated with diarrhea in swine. Arch.
Virol. 1978, 58(3), 243-247.

Pensaert, M. B. Porcine Epidemic Diarrhea. In:
Disease of Swine, 8th ed. Straw, B. E., D’Allaire, S.,
Mengeling, W. L., and Taylor, D. 1. Towa State Univ.
Press, Ames, Jowa U.S.A. 1999, 179-185.

Posischil, A., Hess, R. G. and Bachmann, P. A.
Light microscopy and uitra histology of intestinal
changes in pigs infected with epizootic diarrhea virus
(EDV): comparison with transmissible gastroenteritis
(TGE) virus and porcine rotavirus infections. J. Vet
MED. B. 1981, 28, 564-577.

Risatti, G. R., Callahan, J. D., Nelson, W. M. and
Borca, M. V, Rapid detection of classical swine fever
virus by a portable real-time reverse transcriptase PCR
assay. J. Clin. Microbiol. 2003, 41(1), 500-505.
Sambrook, J., Fritsch, E. F. and Maniatis, T.
Molecular Cloning a Laboratory Manual, pp. 125-128.
Cold Spring Harbor Laboratory Press. 1989.

Wood, C. N. Transmissible gastro-enteritis of swine.
Vet. Bull. 1969, 39, 239-248.



