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Porcine epidemic diarrhea virus (PEDV) uWaz Transmissible gastroenteritis virus (TGEV)
Fhudehiannlfinaeimaieadsedisguusdlugns [Fohimtaaoariiadaoglundu Coronaviridae
tﬁaw"lﬂﬁgﬂ‘i"laﬂﬁ”lﬂﬁ'uuﬁﬁ antigenicity @A (Pensaert and Debouck, 1978; Chasey and
Cartwright, 1978) minendehiana 2 siianniu deserdumsiondae wouRFAT IR EAe e la
Familariniu bisnniovenldlasgninemsmandiia viennvaneidine wielavmsggiravedia
Inndesganssmisianaseu (DeBouck and Pensaert, 1980) Tailfinsnuaiasnilsznasainguuas
wawealuseningd) a.a. 1976-1978 (Wood, 1977 ; Chasey and Cartwright, 1987 : Pensaert and
DeBouck, 1978) cﬂ'amﬁﬂmmwukm‘ﬁwmvﬂs:mﬁ‘luw‘iﬂqTﬂJ 5 ﬁqﬂizlnﬁ%uuazsﬁﬂuﬁ’;a?}uﬁu
NMInTIvUeUALeA 1nuid ELISA-blocking test ua:mmum%a PEDV (Takahashi et al., 1983;
Pensaert, 1992) luiszinellny duesuaramiy (2538) siwnumsiialsa PED fsmiania dedudu
¥iinvoudehialaudd indirect immunofluoescence as19wuiEe coronavirus u enterocytes V93
ﬁﬂﬁLﬁﬂﬁﬁfiﬂ‘iﬂ‘JUﬁ?Uﬂ’aadi}ﬂﬂiiﬁﬁalﬁﬂﬂiﬂmmuﬁ‘lLI.ENE}E]dlkhuI.Lﬂ:m'il.l.tjﬂ£§B11§ﬁ1HQHQﬂiﬂﬂﬁﬂd

’lum‘suﬂm%a PEDV 'lumnﬁtm:tgﬂq Hofmann and Wyler (1988) ﬁuuumiuﬂm%a PEDV
1 Vero cell line (African green monkey kidney cells) 1aui@x trypsin Tuomsiavalsad wod
AanIWUBALsad (cytopathic effect) szneudie vacuolation, cell fusion uas syncytia #e) Kusanagi
et al. (1992) $199UMIUENITE PEDV Mwi¥e 83 P-5 1 Vero cells wazna s hiatmziaalu
Vero cells anuda 22 a1 anansamulauasiliifaneidaninveaisadlu MA-104 (rhesus macaque
fetal kidney cells), CPK (cloned porcine kidney cells) uaz ESK (embryonic swine kidney cells)
Taodl trypsin Fhidnnlsznerluemaidvaise

nwaiinandansuenido PEDV lu Vero cells ua:ﬂmﬁuﬁﬁmqﬂ‘i:mwmn‘s’a'lﬁaﬁtwn'lﬁ
Fa% PEDV fusnl¥annsanunl$iaiouduueudion [enaaouauRvaireIze PED lugns Tav
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1% Vero cell line (African green monkey kidney cells) 1um°.=uﬂﬂ|.§a PEDV LW‘!:L%{H Vero
cells 'lum‘m‘ngumsaé (growth medium, GM) ﬁﬂi:ﬂa‘uﬁw Eagle's minimum essential medium
(EMEM, Seromed®) 31 tryptose phosphate broth (TPB, Difco®), 0.3%, L-glutamine, 0.03%,
fetal calf serum 5%, NaHCO, 0.7 mg/ml, inuiiFduuardins TndvFuanududugame 100 giia uas
100 pg/ml Mudey Avaluanndvaraduing 5w, Al coverglass 111a 18 x 18 1. Tugougamnil
37 °C uasiimamivoulaoonlad 5% mnl¥uunide PEDV ilaisadiiong 2-3 fuuazulavuemns
Lguqtils,a (maintenance medium, TM) ﬁﬂi:na‘uﬁw EMEM ii TPB 3%, yeast extract 0.02 % uac
trypsin (1 : 250, Difco®) anudiadu 10 ug/ml
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Metadldidnuazveamaameluvesgngnimaasauenida PEDV 91nnisszuiaveslsniii
INIAATY (Audauazamy, 2538) Taoifivdeted didnuazveamamelundmuende 7 U W
uani il 20% organ suspension lu PBS thiusmitlasen nseariunszaiunseng 0.45 um uas
Fova 5 witlu T™ Aewianlduonidelu Vero cells ienaniass cytotoxic reaction

(Fotioan Aujeszky's disease virus (ADV) ioldlummageusiinves nucleic acid 1n

X Yoa
z1ae3lu Vero cells 2 afanouly

Antisera HA: conjugated immunoglobulin :
nl¥lunsnaaeuil 3 vilndas

o e

1. %é’uqni#ﬂﬂ“ﬂﬂuﬂﬂiﬂﬁal%ﬂ PEDV (hyperimmune porcine antiserum against PEDV)
Lﬁaﬁﬂﬂﬂavlga"lﬁﬁ'iﬂﬂ’)‘ﬁ’ cross neutralization test WaY indirect immunofluorescence ﬂﬁi’n
9UIATIZHIIN Dr. M. Pensaert, Ghent, Belgium)

2. vlqaatsawaﬁuauﬁuaﬁﬂaugmmia1§a PEDV (FITC-conjugated PEDV antiserum) o
Wlumnnewe PEDV lu Vero cells Tau33 direct immunofluorescence (ldsveyianzvinin Dr. M.
Pensaert, Ghent, Belgium)

- . - - gy L ;
3. Rabbit anti-pig IgG FITC (Slgma®) iwelemaaeulaeds indirect immunofluorescence

msnunigalosana: serial propagation Tu Vero cells

1 Vero cells 01y 2 71 ga GM s avaddn TM 2 adh idmedndlddngninanea
snzFeadluandsasadiBina 0.5 ml/plate $1U7U 6 plates a‘u'ﬁqmwgﬁ 37°C w1 $2Tua minifuidn
T™ e 5 ml/plate auiigamadi 37 C ludovitiimamivenlaoenlsd 5% aramuiBaniwveaad
(cytopathic effect, CPE) nniu Tuiuit 7 ndamoenie inwadll freeze and thaw 2 A¥audni culture
fluid 11le1:L%a=lu Vero cells ‘!‘sﬁﬂmi 1 serial passage 11 Vero cells Hﬂ‘lﬂﬂ?@lm:ﬂ‘i’mmﬂﬁﬂ CPE
iU (wadngduaiugue LU 2 plates HUBUIALIFULA inoculate Fru TM unufetraelisd

msnsaalov355uuluwasisavuc
y iy X g i
W1 Vero cells Miagduu coverglass wasavye PEDV 1agds direct was indirect
- at H -l x L] x
immunofluorescent test Tuiun 5 ndanoeaiya 1 coverglass 1d1A29 PBS 1 A51 uduslu acetone
- v, : . .
Wiu 10 wh IMni coverglass 911U 1 ukwindeumongestsaisudaeuginavealsa PED (e
e 5 i . = (] [l I 5 .
71231035 direct immunofluorescent test 8n 1 uWY A1291A835 indirect immunofluorescent test
- X i\
#135M5v09 Kawamura (1977) a539mi¥e PEDV 1u Vero cells Mundoangesisalaud (wadngu
AUANNUFUALIAY
MsSns9102UNAJINANS SAUNANAIINANS SAUIIANNSIURUUANAIFDIUNU
o v Y il P <4 &
AmiumIngm UNAvIYANIIAU U infected Vero cells LazisaanquAILANNIAYILU coverglass
3 PBS 1 A3y udrffoudaod crystal violet ANty 0.13% 1u 5% formalin w10 wift
DALANMDh 2 A% iliudaund mount My Canada balsam axI9fundoayanssend
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dmunmsasiaiiondesvansimidiannseunuudiudede sy tﬁiaﬁnmgdﬁaua:ﬁ’num:mauga
i 1n3undI06na infected Vero cells iw1ziavai¥e PEDV passage 71 21 LazimziABauTy 48 $alua
\in CPE dszantu 80% a19n2u phosphate buffer pH 7.4 fi 4°C 3 n%1 fix §2u 2.5% glutaraldehyde
was 1% osmium tetroxide # 4'C @ W&1@Y WIUYLIUNT dehydration #2u alcohol series Imiu
infiltrate WAz embed #26 epon mixture WevinThiuden @a section 1HAwUIA 700°A Goudaud uranyl
acetate ua lead citrate MM ansiundesvansimidiannseusiindudsdeariu JEOL model
TEM-1200)

NISM infectivity assay

A3 virus titration o infectivity titer Tﬂuﬁuga PEDV passage fi 21 W Vero cells
Wazify culture fluid Tuiui 3 wéamnmveaFethu ten-fold dilution Tu T™ (Jon1a1%8 PEDV
Fausl 10" @1 10° w8 inoculate 130 PEDV ustaz dilution aauu Vero cells 01 2 Tufitaualu 48-well
tissue culture plate (Costar®) YSuu 0.1 ml/vau dilution a¥ 4 MU Aeu inoculate 813 Vero cells
10 T™ 2 a¥a oufigaungit 37 "C w1 $ala (An T™ 13sias 0.5 mimau asa9mistiin CPE uu

7 3 vdndiuam TCID_ Tnei5voa Karber (1931)

NISM cross neutralization test

aumsuﬁﬂiﬁuuaumuamm% PEDV ﬁ‘qnmﬂﬁ 56 'C wwm 30 mﬁ ﬁ1n1‘stﬁai}wfﬁ§’utﬁu
two-fold dilution mum Ay 1:2 Da 1:1024 uﬁwﬁnmwum" dilution ﬂ'l.li‘)iEl PEDV passage 1‘1 21
fianndutdu 200 TCID_/0.1ml pudunandiu-hia nazumgn 37°C wu 1 $3Tus udy inoculate
duwanudar dilution Lﬁmm 0.1 ml/Mau vy Vero cells 91¢ 2 'Jumauﬂu 48-well tissue culture
plate drunduaz 2 wells d3ou 1@n TM 0.5 ml Aonqu aui‘}qmﬂqu 37°C uaziiemiveulasonlsd
5% am9msfa CPE wiu 7 Ju g1wa neutralizing antibody titer Tnoinoindsuionageqai

dugamaiia CPE Tavanysal

MSNNAIUBUNUII Nucleic acid

WMsnaaaustiavued nucleic acid nulAN S-iodo-2'-deoxyuridine (IUDR, Sigma®) 15110
50 ug/ml v30 200 ug/mllu TM 11 Vero cells 91y 2 Sulidvaluriadvasadnuenie PEDV passage
# 34 Vi 0.5 ml/na Lazi¥eveail ADV Vi 0.2 ml/na ¥ilaaz 3 130 WA NneuR 37°C
w1 93T 1in T™ #hidl IUDR, #50 # IUDR 50 ug/ml waz 200 xg/ml vIaaz 5 ml auf‘;qmnqﬁ

37°C 11U 24 $2Tue ndaniuih infected cells 1 freeze and thaw 2 53 uazilifuanaznauisad

1 culture fluid uRazAIBE1NN titrate ATUIUA infectivity titers

msnnaaunnwlana lipid solvents
. &4 R L S
ynmsnaaouauveaie PEDV @ diethyl ether uay chloroform Tagrin¥ea PEDV passage
4 151a 5 ml (@u diethyl ether w38 chloroform Y 0.5 ml adhl wdredrausaliinnug

ce 3.

-

J - 'y dl ® . .
fandligamgiivioau 15 il fuiinamanda 200 souand w10 Wi A culture fluid 1 titrate

fAuduAT infectivity titers
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WAMSHUNIGI[ISANAIM serial propagation UJIGD PEDV TU Vero cells
- o ey s X
INMIATIINYIBANINUBY Vero cells 91 inoculate fgdretvdldiangnansmaasauenise
3 & . : -
PEDV Tuemisiasadenil trypsin iudiulszneuwuitluszezusadaunanmsiia CPE 1denuazivad
1 =4 -= ) o d{ - ey [ ; o s ar nl' [
naumuAuIMsaruulasplinvearaditioanindjisode trypsin Taoiyadeznada Tuiui 5 wda
A’ . . -t - .

nyaasensIony CPE Huuuy syncytium formation lavmiiaadezmell 1ia cell fusion Tng
; v i . 3 B K
syncytial cells 1s¥neauais 2-3 nuclei foun syncytial cells 9tnanILa :HQﬂafJU"lua“lmil.a RGO RRTRA T
Vero cells 11 freeze and thaw uazii culture fluid v serial propagation lu Vero cells Tnoganadl
T | 4’ 4!" - i - o a a &5 <=
aypsin tudinnlsznevluemsiavays CPE w:ifinatniasiamud vl passage MANIU 1yadn

- ! s = ar . - . . d‘
Aatrahsavriidnuzves cell-fusion uaziia syncytium formation (31!11 1) A1sasIINIG
Wasuuasvesadezdanadiiiedoudaed crystal violet luszuzusnueamsiia CPE wiaiwades
mulliia cell-fusion ATI9NY nuclei AzanayATINAIIVEY polykarions NHANUUTNAN foM nuclei
srindeullegnsavouues syncytia inlMiiagesinsvnalvg asina1aves syncytia waz muclei vrlo

H a % = - X i
(pyknotic) M9y syncytia vzaenvnAIufIgaastluemsasaad (jUn 2)

wamsnsaudd peov lnu3ssuuluwasaisawun
: X ¥ s o) P .
1AM coverglass lasianiye PEDV N335 direct war indirect immunofluorescence
1 4: . L at L] ° vV o A’ :: L] w 4
wudl Vero cells N1 inoculate Me@megdldidngnslumsuoniensausnuaninnasvluiui 5 o
- : ' ; &
ATIINUMsITBuAIawIzludiu cytoplasm Y93 syncytial cells Mlsznoudiv 2-3 nuclei dmie
e d = 4 b .
hiamwiziavaly Vero cells passage N 15 (o coverglass H1ATIVITATIINUAITITRIUATY
: ' g z 4 & .
cytoplasm @4 syncytial cells Nivnalng) (UA 3) melu 20 $AMandmveaide diuluiradngu

“'JU‘FJMF]TJ'iﬂiiW‘UﬂTiI.%Bdl.tﬂd”uﬂdl'ﬁﬂﬁ

WaNSNS9109UNAIINANS SAUDIANNSIUNVUAMAIADIuiU
L} s X 14 v -

nnMsAnuliuazdnuuzvease PEDV 1u Vero cells fAundesganssmidiannsouuuy
. (] J s . -"4: - i = -l'
Hudadesrunnanungueymavedliideglu cytoplasmic vacuoles wouwaaniianmisidon (Juiye
...a'luﬂamaq coronaviridae 'z'ﬂ'i“l»!ﬂall maaumﬂiﬂﬂa pleomorphic il core ﬂUﬂiQﬂﬂNaﬂHfu 1y
slectron dense W30 opaque ADUTBUAIY envelope Hwimvszaner 70-100 nm ua:mwwunqu

e - o« 4

sumavedhiafiauuiiuenveusadimy (Un 4)

WaudJ PEDV infectivity HA:NISM cross neutralization test

1M culture fluid v8ai¥e PEDV lu pdSSdge i 21 an titrate M infectivity titer Tudi
2 Hﬁdﬂﬁﬂﬂl%ﬂﬂﬂﬂmﬂ PEDV 3 virus tltel’ Ay 10°* TCID /ml Luam PEDV uM1 cross neu-
'*3.]1zat10n test ﬂU‘BiuﬂﬂiﬂulLSUﬂUBﬂﬂﬂlﬁiﬂ PEDV wul¥s PEDV mwn"lﬂ neutralize miu
:-‘-ﬁm:ﬂuwamaqqqmmnu 256

WAaMSNOAAUBUNUDY nuclei acid mazpwlana lipid solvent
={ 1 1 ) 4: ) X = =y .
91015190 1 9zwud1 IUDR Lifinademsmusiuiuvediye PEDV lu Vero cells il trypsin

X X
Sudnnlsznevluomsiasaye du diethyl ether uaz chloroform sz¥iau1¥e PEDV at1aauysal
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Table 1. Nucleic acid determination of PEDV by addition of [IUDR

Infectivity titer!

Titer difference

Virus no [TUDR IUDR 50 pg/ml [UDR 200 pg/ml a-b a-c
(a) (b) (©)

PEDV 5.75 35 5 0.25 0.75

ADV 7 2.5 1.0 4.5 6.0

'virus titer expressed as log TCID, /ml

971

vInMmsAnINsuenTe PEDV lu Vero cells Tnol¥dathud idngnansimuendelrsai
sanaluviesiisaninni (Aupiuaranly, 2538) AnNIOLENED PEDV lu Vero cells Tnowgnsaniw
voaradnAAEe PEDV fidnyae cell-fusion uaziia syncytium formation Fanilourunimaasaves
Hofmann and Wyler (1988) #51897UM35UsN1%0 PEDV 2 mm%aﬁs:mw‘luq'isﬂ war Kusanagi et al.
(1992) #i51997uM3uLNI¥e PEDV Meuide 83P-5 f!lﬂi:mﬁtﬁﬂ‘u TnuiFehianuunl¥iiseants trypsin
adindy 10 wg/ml Judulszrevluemisidvade lumsuonidelianavsiiaiil¥iAalsaszuy
matﬁummﬂuqniua:’[ﬂ‘[muﬁwnﬁtwmﬁrm trypsin AanluamsidvaFeuaslumedia (inoculum)
sxiinadonsiius (replication) voadehidlumadimz@aiionnzay  waninl¥isadidane s
ann (CPE) ‘fd%:ﬁdlﬂﬂ"lmuﬂ‘l‘ﬂwﬂlgﬂ Transmissible gastroenteritis virus (TGEV) 1u CPK cells
Wazi¥o Porcine rotavirus 1 MA-104 cells trypsin fday inoculum wazeMsIABAUTE VRN
VNAYes plaque uwariiwademsiiuinnuveudehiauasmiianeBanmusuwad  (Komaniwa
et al., 1986, Fukusho et al., 1981; Honda et al., 1990) ’lummumga bovine coronavirus 14 bovine
fetal thyroid cells (BFTy cells) trypsin fimduemadvadorziinadanisida plaque Was cell-fusion
(Storz et al., 1981) daunisuenise PEDV u Vero cells suiludaaiiu trypsin Tuomsidvaidoiite
srolumsinsnnueadehiauazmaina cell-fusion (Hofmann and Wyler, 1988)

vnmsAmnaumnianaeiidndveadehiafuonléwudit IUDR hifinadudamsiusiuou
wue1id ether uaz chloroform whmudeliidethamnysal dafu Iedudldidelhsafuon
1¥ifu enveloped RNA virus (Siddell et al., 1983; Hofmann and Wyler, 1989) 1innisivgaviidio
1¥alae3% cross neutralization test wuinFehiaiuonld neutralize pig anti-PEDV serum @v
Woitwululaibon SauanainFeilil antigenic relationship Aumodeiuontdluglsl s1nniai
duylugeaisasudimanas awunisiiaauauamizludu cytoplasm w83 syncytial cells inilauniy
7199714903 Hofmann and Wyler (1988) ua: Kusanagi et al., (1992)

snﬂmiﬁﬂmgﬂs'mLtazﬁ’num:mmt%a'hi'a%tlﬂf'\'ﬂqﬁ;n‘nﬁﬁﬂ'ﬁmﬂmammuﬁmmﬁaqdm 3o
1ﬁﬂﬁtttjﬂ1ﬁ'ﬂg'luﬂ@:mlm coronaviridae wazivuia 70-100 nm (Doane and Anderson, 1987; Palmer
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and Martin, 1988) ufn329linWy projection ﬁ?ammﬁmmn projection ﬁ’ﬂﬂf}ﬂaﬂﬂﬁ!maqmﬂhfﬁ
Wiholuduneunissioudiatie

msfnuasaildunstugumsidalsa Porcine epidemic diarrhea Tulszimenouazide PEDV
fugnlFannsmithanneioihidndasusiieaslsa PED lugnseal

nnnnssuvus:mA
Q’L%wamamm Prof. Dr. M.B. Paensaert, University of Ghent, Belgium mﬁﬂimm,'lmi“l:ﬁ
hyperimmune serum against PEDV uar FITC-conjugated PEDV antiserum War uW.aw.iiias
3 o o' o ar 4 L dl - = e 4’
lasnnsssu gannumsguiidouazfugaslindainnld Amivayunsivoil

19nA1S9133J

aus ATuNYUS, dam ATaeN, Feand duasiay, @ udgdssel uaslwsau wiadioa. 2538.
318971UM5INATSA Porcine epidemic diarrhea fivamianda, daunnums 46(3) : 11-19.
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Figure 1 Cell fusion and syncytium formation in PEDV-infected Vero cells Uninfected culture (a) and
infected culture (b) X40
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Figure 2 Cytopathic changes and cell fusion in PEDV-infected Vero cells. Uninfected culture (a), carly

stage of cytopathic change, single cell lost its 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. X100

<
Figure 3 Cytoplasmic immunofluorescence Figure 4 Electron micrograph of typical
of syncytium in Vero cells inoculated with cell

coronavirus particles obtained from PEDV-infected

Vero cells (passage 21 of PEDV in Vero cells)
X20K

culture-adapted PEDV X100
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Isolation of Porcine Epidemic Diarrhea Virus in
Vero Cell Cultures |

Chongmas Antarasena' Ladda Trongwongsa® Prontip Jearasuk'

Praison Prommuang' Somjit Rujikwan’

Abstract

Porcine epidemic diarrhea virus (PEDV) was isolated in Vero cell cultures from the small
intestine of piglet experimentally infected with PEDV, which had been isolated from pigs in Trang
province, Thailand. PEDV was succesfully isolated in Vero cells maintained in maintenance medium
containing trypsin 10 ug/ml. PEDV-infected cells exhibited cytopathic effect, which characterized
by cell-fusion and syncytium formation. A cytoplasmic fluorescence of PEDV-infected cells was
observed by direct and indirect immunofluorescent test. By trasmission electron microscopic
study, typical coronavirus with enveloped round or pleomorphic morphology and diameter of 70-100 nm
were observed in cytoplasmic vacuoles of degenerated cells. The isolate was neutralized by cross-
neutralization test using pig anti-PEDV serum against Belgian strain. Physicochemical properties
studies indicated that virus replication was not inhibited by 5-iodo-2'-deoxyuridine (IUDR) and the virus

was completely inactivated by lipid sovents.
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