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Isolation of Porcine Epidemic Diarrhea Virus in Vero Cell Cultures
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mm‘mynma Porcine ep1demlc dlarrhea virus ( PEDV)‘lu Vero cell cultures‘[mlsl‘limamdm
1ﬁtﬂﬂaﬂﬂﬂiﬂﬂﬂmﬂ&lﬁm‘ﬁ@ PEDV ‘N'W‘U‘i U'](’WFNW)GWI‘N L’KE] PEDV ‘YlLlﬂﬂ1@ﬂ11WLﬂﬂWHWﬁﬂﬂ1W?l0\3
L*ﬁaauanwm., cell fusion Way syncytlurn formation ‘lumvmn &N Lﬁamu nypsmmumuﬁsmau 2% 10
ug/ml mmmmwummmama PEDV I@]mﬁdlrect Ay indirect immunofluorescence WUMSE8Y
LLﬁﬂHﬁ’)u cytoplasm ?JENﬂﬁNL‘HﬁﬁV]GI@L‘D’a‘l’ﬁﬁ Winfected cells m‘mmamaaaaamsﬂuamﬂmau
u.uumLmamuwuamm‘lﬁﬂhﬂau coronaviridae sﬂmﬂawsa pleomorphic 8 core aa@mnma
aama‘l_lmﬂenvelop wmmaa 70-100 nm NNMTN cross neutrahzatlon test WU Lﬁa\lﬁammn\l@\
AN neutralize ‘1@161’38 pig anti-PEDV serum mumammuawuu mnmiﬁﬂwmmwwmomu
Wﬁnﬂwaamﬂosﬂmu.an% WU B-iodo-2/- -deoxyuridine(ITUDR ‘1Nﬁ13~lﬁﬁEJ‘]_JHOﬂTiLWNmu’m‘BmL‘HQVL’ﬁﬁ
WAy lipid solvents %mamuzja‘bs&aamﬂuujm.

ABSTRACT

Porcine epidemic diarthea virus (PEDV) was isolated in Vero cell cultures from the small
intestine of piglet experimentally infected with PEDV the fieldisolate which had been isolated during
outbreaks of PED in Trang province,Thailand. The PEDV was succesfully isolated in Vero cells
maintained in the maintenance medium containing of 10 ug/ml of trypsin. PEDV-infected cells
exhibited cytopathic effect, which characterized by cell fusion and syncytium formation. A
cytoplasmic fluorescence of PEDV-infected cells was shown when examined for virus replication by
direct and indirect immunofluorescent test. Typical coronaviruswith enveloped round or pleomorphic
morphology with diameter of 70-100 nm were seen in cytoplasmic vacuoles of the degenerated cells
when observed by transmissionelectron microsﬁcopy‘ The isolate was neutralized by pig anti-PEDV
serum, the Belgian strain by cross neutralization test.The physicochemical properties studies
indicated that virus replication could not inhibited by 5-iodo-2/-deoxyuridine(IUDR) and the virus
was completely inactivated by lipid solvents.
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Porcine epidemic diarrhea virus (PEDV)i&¢
Transmissible gastroenteritisvirus (TGEV) Lﬁm%a
sattvnliFemmweaduethopuadugns Wolhsa
%ﬁﬂa&%ﬁ@ﬁ@ag’hﬂf:ﬁu coronaviridae Lﬁa@mnﬁgﬂ
Tuedei uwid antigenicity §19n% (Pensaert
andDeBouck,1978;Chasey and Cart\Nright,1978)LLa:’,
Lismansnusnsfasaate hidlaodanaanainsma
Aafa (DeBouck and Pensaert,lQSO)I‘iﬂaﬁﬂmm
ﬂ%aLLsnﬁﬂizmﬂé’dnqmmzmm?}aﬂmmdwﬂ
7.¢1.1976-1978(Wood,1977;,Chasey and Cartwright,
1978; Pensaertand DeBouck, 1978) ARSI NUNL
Tsetiumenenlsemetlwriislyla) TaassneAue
filu efuiwnnamaueuiued loeAf ELISA-
blocking test LLﬁZﬂﬁLLEIﬂL%E) PEDV (Takahashi, 1983;
Pensaert, 1992) Twlszmetlng sunsuasaniy (2538)
EeumaAelan PED ASamiamde defuiheiinnes
@ala3alaeA% indirect immunofluorescence,@31a
W‘]JL%EJcoronavirus T enterocytes madéwvlﬁt,?mqn
gnathedundaqansandinaasouuuLdnasdas
w'muazmmaﬂL%avb%ﬁh@nﬁmmam

Tumsusnide PEDY lusadinziaes Hofmann
and Wyler (1988) ﬁmmmsu,am%a PEDV 1 Vero cell
line (African green monkey kidney cells) Toendia
trypsin MoWNSEBITRE  WenFEnNadTad
(cytopathic effect) sgnaueael vacuolation,cellfusion
UaY syncytia §ias Kusanagi et al.(1992) TEUNTI
weinifa PEDV eide 835 1 Vero-cells uawnam
Ao ssfimuAnly Vero cells auda 22 oy
sansaldulauasyn Rewe Samwearad 1 MA104
{thesus macaque fetal kidneys cells),CPK (cloned
porcine kidney cells) wag ESK (embryonic swine
kidney cells) loedl trypsiniusaussnenluawns
Braida

unemsfinamfonuends PEDV Tu Vero
cells waAmanTfivszues Fol3uenlddode
PEDV fluenlgensnsnhan Hisdnaienfion o
veseuuowivafivadlsnpED g lneiemedsainen

13 sl
a1lnsaiazIsne

waévwm.gmLtaza'\misémwaé:

1% Vero cell line (African green monkey
kidney cells)‘slummanéa PEDV LWWSLE%HQ Vero cells
slummﬁﬁumlfma‘ (growth medium, GM) flseney
e Eagle's minimum essential medium (EMEM,
SeromedR) & tryptose phosphate broth (TPB DifcoR)
0.3%, L-glutamine 0.03%, fetal calf serum 5%, NaHCO,
0.7 mg/ml, wwiiFaumesaasulndeuanudady
govhe 100 gile UaL100 ug/ml MG dnluan
Buaradann 5 au il coverglass 1w1m 1818
s ludogoingfi a7°C uasiihaeniuonlasented 5%
vounuunde PEDV ey 2-3 Sunaiion
mwmgméa (maintenance medium, TM) ﬁ
szneudiy EMEM & TPB 3%, yeast extract 0.02%
Wa trypsin (1:250, DifcoR) emandiandis 10 ug/mi

saathadela¥e:

G”nasham‘lﬁté‘inuazﬂuamaqnwﬂwz)aagnqns
yiRBdENEa PEDV FnmTIneadlsenTenian
1 (EvwasuavAn 2538) loafushathed didnusy
ﬂaoma’smﬂmﬁmaa@t’%a 7 vhanuaviitu 20%
organ suspension 1% PBS ﬁuuﬂﬂ%%lﬁ@ﬁﬂ NTAINT
NAYAENIANIA 045 um wadeans 5 whilu TM
Aovharlfuenel Vero cells flavnides cytotoxic
reaction

L%aﬁadﬁ Aujeszky's disease virus (ADV)
Woltlumsmageusfiaues nudeic acid haww
Brilu Vero cells 2 afimauld



Antiserum Wag conjugated globulin :
#ldlummeseud 3 wilade
PEDV

(hyperimmune porcine antiserum against PEDV)

1. Fugnshifigiduiulsadoise

dinlinaseuide3alne?® cross neutralization test
Wa¢ indirect immunofluorescence (\16’1’%’umm
mgl.ﬂiwﬁmﬂ Dr.M Pensaert, Ghent, Belgium)

2. Wopelsmanduaudvafnauginasiaie
PEDV (FITC conjugated PEDV antiserum)iiia 14l
mInsade PEDV 1w Vero cellslaed? direct
immunofluorescence (‘15%1Jmmawmwﬁmn
Dr.M Pensaert, Ghent, Belgium)

3. Rabbit anti-pig [gG FITC (Sigma®) o

Tivaaaulned? indirect immunoflucrescence

s I.wm%’aul'a%'ﬂ LAY serial propagation 1% Vero cells

1 Vero cells 81t 2 9o GM e &raaderae
™ 2 o5 méha&méw\lﬁngnqmmamwaxL%aaﬂu
A BaTRAUTIN0A 0.5 m/plate 3143 6 plates adsorb
figranndi 37°C v 1 Falsis anshadis T™ snos 5
ml/plate oufigomgd 37°C udauiifitmensuaule
00N (16 5% ATIAWE BAMWIRITAS (cytopathic effect,
CPE) yniu Twiudi 7 Mﬁdwaam%a hiradly freeze
and thaw 2 Faudvh culture fluid el Vero
cells ﬁ@ﬂmi ¥ serial passage sLu Vero cells wmaﬂ%
uREAITIAMANA CPE NN lwadnguaaugudmn 2
plates Ygwdenu uel inoculate ¢ TM Wnu
dhathadia e

n1sasaalaeifduylurgaatsaiaud
(Immunofluorescent test)
1 Vero cells fIlA89UY coverglass {10539
{50 PEDV |93 direct Wa indirectimmunofluorescent
o d’ L g o v 'y
test WiWfl 5 ndmeaniEe ¥ coverglass &198n8 PBS
105 udurluacetone Wi 1017 ik coverglass
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w1 wdhindaamengesissigurinauginaaslse
PED Lﬁam‘i’m‘[mﬁ% direct immunoflucrescent test
8n 1 wiu a799leeAT indirect immunofluorescent
test 11333984 Kawarnura (1977) mwmt%a PEDV
lu Vero cells shendosgooissmaust wadngu
AIANYIITWARATY

msms‘né’auné’aeqawssﬁﬁsﬁumLtazné’mqamﬁﬁﬁ
SlannTauRUURILEIE

fMIUNMIaTIRIENADIaNSTETETINN th
infected Vero cells WaHaANANAIQNTIALILL
coverglass 3n&ade PBS 1 ada udndiandned crystal
violet AN 0.13% T 5% formalin Win 10
gt 2 e vinlusiondn mount §a8 Canada
balsam G170 INABIRAVIFEiETINM

AWTUMINTINAILNADIANTIFNEIR AN TEU
IR Lﬁaﬁnm;sﬂ‘i'nmeé’nwmzmau%avb%’a
WwhEENGTDERe infected Vero cells fimuatsiia PEDV
passage 9 21 WaLMSALM 48 $al 1fin CPE
avans 80% &196eiphosphate buffer pH 7.4 7 4°C
3 ﬂ%ﬁ fix M 2.5% glutaraldehyde Wa¢ 1% osmium
tetroxide 9 4°C NAGL FILILAMS dehydration
fwalcohol series MY infiltrate WAY embed §at)
epon mixture Wavnifhiugan ¢ section Wlduwn
700°A taneud uranyl acetate Wa¢ lead citrate
mﬂ&uﬁﬁﬂmmﬁaﬂné’aaqawﬁﬂﬁﬁmﬂmawﬁﬁ@éw
usEa9W Y (JEOL model TEM-1200)

e infectivity assay

v virus titration oA infectivity titer
Towihide PEDV passage 71 21 W Vero cells uazifiu
cutture fluid WA 3 winmuamFariain ten-
folddilution s TM Bennaida PEDV &g 101 R 108
uh inoculate {0 PEDV usiat dilution &9M Vero
cells 81g) 2 'Mﬁt.ém‘lu 48-well tissue culture plate



512

(Costar®) 133 0.1 mi/man dilution 8 4 igunam
inooulate 813 Vero cells &2 TM 2 esanflgnangf 37°

" Cumit 5219 i TM 153004 0.5 mimgal a31amsiie
CPE w7 ushsndwanien TCIDS loe/iFume Behrens-
Karber (1931)

M5 cross neutralization test

s TSeufuafvadePEDVETianmgd
56°C Wik 30 wifl yhms@aanedsadin two-fold
dilutiondondised 12 B9 1:1024 W mEsESsiay
dilution ﬁmﬁga PEDV passage 'ﬁ 21 fensudades 200
TCIDgy/0.1ml oudNEEsH- e fignimnfi 370w
1 4l udn inoculate Smnanusiay dilution U304
0.1 ml/mgx Uw Vero cells 8¢ 2 Sufidely 48-well
tissue culture plate (CostarR)?f’mmamt: 2 wells ¥ad
adsorption 1fi3 TM 0.5 ml Fiaviga auﬁqumqﬁ 37°C
wasfimaeniuenlasenlad 5% asamsifa CPE wiw
7 %4 81uNA neutralizing antibody titer \neAN
%NL%aawagaamﬁé’uganWiLﬁﬂ CPE

Manadautaras Nucleic acid

yamsneagauTiiauas nucleic acid 1oEIf 5-
iodo-2/-deoxyuridine (IUDR, SigmaR) 133004 50 ug/
ml 9 200 ug/ml b TM 1h Vero cells agy 2
L?:mslumwé’ymmaéwam%a PEDV passage ﬁ 34
LBans 0.5 mi/ane uazideriash ADV 1Rnos 0.2 my
10 THear 3 10 wé’mﬂauﬁqmmﬁ 37°C wiw 1
Falu9 16 TM 711851 TUDR, & IUDR 50 ug/ml et 200
' ug/ml et 5 ml aufigaegdl 37°C v 24 ki 1
infected cells 11} freeze and thaw 2 ¥y waeily
Tuanaznewead th culture fluid ueiaefhathan titrate
fuwane infectivity titers

manasauax 12 lipid solvents
ynmanesauas esta PEDV ¢ diethyl

ether Wa¥ chloroform I@Uihl,%a PEDV passage ‘?I 34
153104 5 ml Lfial diethyl ether %38 chloroform 138104
05 ml adliizeiathouss i Saelammniias
Y114 15 Wifl Thafteniga 2000 sauni win 10 wift o
culture fluid 40 titrate MWIAAN infectivity titers

Wa

2 ¥
namsuanids l35auasy serial propagation 2891da
PEDV ‘lu Vero cells

a A
ANMITATIANNTENINGBS Vero cells #
inoculate ¢he §hatumlFiangnansmaaasienide
PEDV luownsideamefid trypsin udullseney
wuhlussezusn dunemafia CPE ennuassaangsl
A A ' ¢ A
AUANANITIUREuLYaIFUIIYD ITARIUDIRIN
UifBedle wypsin lnuigadazvedn luiud 5 vl
X P .
RUDALTHNIIAINY  CPE  bUulbuy  syncytium
formationnetiasadazmall fia cell fusion o
syncytial cells Usenaude 2-3 nucleisio syncytial
cells apmaduavqeans luansiaeee Wath Vero
cell lt] freeze and thaw wawsh culture fluid v serial
N s ~ . [~
propagation SIM Vero cells I@EJEN@M;J trypsin
dsznouluawnsiduats CPE aufinethasioi
. o a X PP o -
A passage TRNTY wadideite laavsl
e cell fusion WasANA syncytium formation
o A ¢ o
(MR 1) NMIeTEIMIUaEWIaInERR  ALFUNe
hendlafiansned crystal videt Wwszagiangaamsiie
CPE wilsirasazmeily) iie cell fusion @379 nuclei
SEANBLRTINE9LAY polykarions NAFNHMENAN FiBsN
nuclei asnReullotrseanses synoytia YlAfa
daeiualig AT9NANYBY syncytia et nucled
slp (pyknotic) WAIINUM syncytia WwHINANA
uwimgaass wammsideseag (Mwi 2)
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Figure 1  Cell fusion and syncytium formation in PEDV-infected Vero cells with trypsin in the medium.

Uninfected culture (a) and infected culture (b) x 40

Figure 2  Cytopathic changes and cell fusion in PEDV-infected Vero cells. Uninfected culture (a), early stage
of cytopathic change, single cells lose their individual demarcation (b), numerous nuclei are
accumulated in the center of polycarions (c) and late stage of cytopathic change, pyknotic nuclei

are accumulated at the periphery of polycarions (d). Crystal violet staining. X 100
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NAMSAFIALTS PEDV loe3aaay luwgeaissiaut
AnMIh coverglass lersravide PEDV 9193
direct #a¢ indirect immunofluorescence WU Vero
oells 7 inoculate aeshathalddngns Tumauen
Foedausn uamhinaa i 5 avamanunsEes
LLﬁdLﬂWWﬂ%d’m cytoplasm 2989 syncytialcells ‘ﬁ
Ussnaudne 2-3 nudlei dawds hiafinzdedln Vero
cells passage 7 15 lath coverglass #6157 LHINA
WUMT30Us I cytoplasm 289 syncytial cells s
sIY (it 3) el 20 Flumdmeanio du

lugadngueueuesia linums@eausaamag

Figure 3 Cytoplasmic immunofluorescence of
syncytium in Vero cells inoculatedwith

cell culture-adapted PEDV. x 100

HAMEETIAR AR e TS BI AR WYL
mﬂmiﬁﬂmgﬂmuazﬁﬂwmﬁnmL%a PEDV b4 Vero
cells dnendpsansseidianaauuuuduasdosu
mmwmajma%mmaﬂa%aaﬁu cytoplasmic vacuoles
apazadifanden L‘}‘flw,%avb%asluﬂzjmm coronaviridae
JUnas 19euMAZLsI pleomorphic & core 8y
gssnansdnumsielectron densea opaque ADTALIE)
envelop fahe Usvanow 70-100 nm LLagm’mwumj:u
aymaresh¥feuninenssasaade (i )

Figure 4  FElectron micrograph of typical coronavirus
particles obtained from PEDV-infected
Vero cells (passage 21 of PEDV in Vero
cells.) x 20K.

WNAYBIPEDV infectivity WAZA1SY1  cross

neutralization test

NNMavh culture fluid “IJENL%E] PEDV W4 passage
“7; 21 a1 titrate ¥ infectivity titer 1%’“5%“7; 2 wé’maam%a '
wurhide PEDV & virus titer i 1052 TCIDy, 6o m
floh PEDV s oross neutralization test TS
e Suaufiuediviade PEDV wurh e PEDV fusnlé
neutralize F5wgnafiassiuidansgoganiiu 266

namanasaLiiaues nucleic acid wazasibadia lipid
solvent

et 1 s DR lalfiadorsiia
Snuredsa PEDV W Vero cells A8 trypsin
dautnayluamnaaede @ diethyl etheriay
chloroform axvhaneida PEDV athsaaiysnd

a 3
Q19

QWﬂﬂWTﬁﬂHWﬂW?LLEIﬂL%@ PEDV 1‘% Vero cells
Yo 1 oMy a o X o
I@ Eﬂ‘ﬁ@?@ﬁmaﬂﬂmﬂ@”ﬂﬂqﬂw% U@@L"ﬁa‘b‘iﬁ“/ﬁgﬂ?@&%
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Table 1  Nucleic acid determination of PEDV by the addition of IUDR
Infectivity titer1 Change
Virus no [UDR TUDR 50ug/ml IUDR 200ug/ml a-b a-c
(@) (b) (c)
PEDV 5.75 55 5 025 0.75
ADV 7 25 1.0 45 6.0

1 virus titer expressed as log TCIDgo/ml

VTS nnTa(@uaduacaAny,2538) MNSouLNIZe
PEDV T Vero cellsloemenianmansmadicnie
PEDV §ianumu cell fusion WaeiRm syncytium formation
Zamlowiun1ameaasas Hofmann and Wyler (1988)
fmEUnIULNga PEDV 2 seigafisvine lugluas
Kusanagi et al.(1992) iTaaumsueniza PEDV &t
‘e 83P-5 Missmediu loeimeh¥afiuenldiidaoms
trypsin. @03 NdY 10 ug/ml Wudmwsenavlu
A X «1 X \1 o a Ao sl,”A
aWNTAENTe  unmsuenize havaertiafivh A
bassuumaduemstugnauaslalog |4 wadmsdes
trypsin fudin e siae@ouas usheths (inoculum)
a4 o e
WNNINBDNTNNAIUIN (replication) saaigelss Tu
¢ A 4 ey A a
ERANEIRENAMIEEN  Lash IvgaaRanenSamm
(CPE) #wazdanalel lumisueni®e Transmissible

gastroenteritis virus (TGEV) T CPK cells uaite

Porcine rotavirus 14 MA-104 cells trypsin ﬁl@ﬂu
inoculum LLaﬂmm‘JLéﬂ\n%a %Lﬁmmmm plaque
Lmzﬁﬁﬂ%wam'amstﬁuﬁwmmaaL%a‘h‘%fﬂuaznmﬁ@
wenBenmeeaad(Komaniwa et al., 1986, Fukusho et
al.1981;Honda et al.,1990) Mmiu,am%a bovine
coronavirus 1% bovine fetal thyroid cells (BFTy cells)
trypsin dnluemsidsade alnasendin plaque
way cell fusion (Storz et al 1981) daMmsuenise
PEDV 14 Vero cells snfiudaadin trypsin luawns
Avsdaitetslimadisinnnssdehiuasmsin

cell fusion (Hofmann and Wyler,1988) ainmsnasay
physicochemical properties wau%a‘h%faﬁuﬂn‘lé’ WU
DR e dufmsdas e e h3suazether
. Xy, P

WAy chloroform azmamvﬁa‘bsﬂammumm P
Sotutnalé dalsadiue nl#iu enveloped RNA virus
(Siddell et al.,1983 ; Hofmann and Wyler,1989) a1n
m‘sﬂ@aﬁé@%%ﬁi@ﬁ% cross neutralization test Wu
.’SWL%’EJ\I’J%'H‘I?;LLHT)‘@%’ neutralize pig anti-PEDV serum
o iy S Gofs antigenic
relationship ﬁ’umm%aﬁuaﬂ\léﬂuﬂiﬂ NN
Buylungeausaimuivgd amanumadesusiams
sluﬁhu cytoplasm U84 syncytial cells Wiauriy
NLNUIBI Hofmann and Wyler (1988) way Kusanagi
et al.(1992)

yInmsfnmgiuasdnemsrasde s
unfasqansseiBlanaTauiuuduasie 30 a3
uenlsl agflungauas coronaviridae uszdlavie 70-100
nm {(Doane and Anderson,1987: Palmer and
Martin,1988) Lwﬂsiwu projection Lﬁaamn projection
agmgmaonanaymalidalaie Tudunaumaisa
§nBEN

mftnmedeiitetuiunmaiolsn  Porcine
epidemic diarthea Wilsunelnauaside PEDV #
wenlsnansmsilwamBesiu diagnostic reagent
ansaalan PED Iugnseiely
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