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Porcine epidemic diarrhea virus (PEDV), an enveloped single stranded RNA virus in the family Cor-
onaviridae, causes acute viral enteric disease in piglets. Recently outbreaks of porcine epidemic diarrhea
(PED) have been rare in Europe but frequent in Asia. In Korea, the increase of PED prevalence is showing
specially in postweaning pigs. The purpose of this study was to investigate nucleotide sequence of nucleo-
capsid protein gene of PEDV field isolates from postweaning pigs in Korea and get more information about
the viruses. A total of 15 postweaing pigs clinically suspected of PEDV infection by severe watery diarrhea
and dehydration were used in this study. Viral RNA was extracted from small intestines and stools of the
pigs. The N gene was amplified by nested RT-PCR, purificated, sequenced, analyzed and then compared
with published sequences of other PEDV strains. Three PEDVs were isolated from the suspected postwea-
ning pigs. The N gene of three PEDV field isolates consisted of 483 nucleotides. These PEDV field isolates
showed nucleotide sequence homology range from 99.6% to 95% with Chinese strains, from 99.8% to
95.2% with Korean strains, from 97.3% to 95.7% with Japanese strains and from 96.5% to 95.7% with Bel-
gium and British strains. The encoded pritein shared range from 98.8% to 95.6% with Chinese strains, from
99.4% to 95% with Korean strains, from 97.5% to 96.3% with Japanese strains, from 95.6% to 95% with
Belgium and British strains. By phylogenetic tree analysis based on nucleotide sequence, three PEDV field
isolates were clustered into two groups which were Chinese isolate groups and other Korean isolate groups.
These results indicated that some of PEDV field isolates prevailing in Korean postweaning pigs may be
associated with those of Chinese strains and other Korean strains.
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2] 384 A AKporcine epidemic diarrhea: PED)=
HRloll A HHdo] As g4 HloleaA 43 AE
o2 HA G AAL vhol# A(porcine epidemic
diarrhea virus: PEDV)7} 1 g¢lA|o|th PEDVE 8
EGAES] 24§ RATAZE] MDA S48
of guATlel WA 9 WAk Gl 923 Bee o
oA BHHole zafeti A& SPIMALE ol
3 Aefde) 1 B2 HES A ] HE
HARE-2 A2l 100%0] Egtci(Deboucki}t Pensaert,
1980).

PED= 1970t & giolA AFo2 dAgstglct
(Oldham, 1972). Pensaert2} DeBouck (1978)+= ¥l 7]
oA flAd AAZL WSR-S of e HApH
2745 A4En g o g {st A3 coronavirus@t
ARSE RS st CV7773E W5t ch(Pen-
saert2} DeBouck, 1978). 0| & £, sivjc} LB, 1=,
me, Wolo, 294 5 GRS GE T4
PED7} ¥H3}l= o2 Bux|7 9icH(Pensaerte}
Yeo, 2006). Yol 19924 Loz 7hHesyst
A Al A PEDVe] et FARES-S 13 7HEAIR
£ Vero Al29] A&0=2 Auiste] 2a]3¢chKweon
5 1993). PEDE B8 A Hof|A] &2l wyg B
of ST FEAH N QlojA] AHEH ALY S glo] Hu
o] ZIFF AAH I Hali= Hzsict.

PEDV <+ TGEV, feline coronavirus, canine corona-

virus, human coronavirus 229E¢} 317 coronaviridae i}
coronavirus£:2} group 122 2 B3 Ft}. PEDVE sin-
gle stranded positive RNA Hlo]8]| A2 t}ae|E viel
W #HoE WAV o2 g E 18~23nme] TE I
Fo] #HEE7IE /AL 9l A H-& 95~190nmo]ch
(Egberink %, 1988). PEDV: o|g|2¢} S22 L2
o8 fA EE3}=m TGEVEL 2% of tish A&
o] 7Z}3}tHHofmann¥} Wyler, 1989). Hlo]# A 2] Z4]
2 ofz a7} A Ygole] AAA|E(Vero cellyo A
7P 8t Hofmann} Wyler, 1988).

PEDV Q| ¢l 4 A& HEdh7] 3t 7oz o
AP FHANY, ELISAY] 50| ARg-E[o] ghon} 2o
= UHEe Bolxrt 1 wE Xtto] M3t 5%
B2AHEZ(PCR)O] U¥HA o2 AMZE T 9}
(Mahbubani®} Bej, 1994).

PEDV 2] genomic RNAO]l&= major peplomer glyco-
protein-& codingdl= S gene, membrane glycoprotein
€ codingdl4+= M gene, nucleocapsid proteing coding
&h= N gene 50| Atk (Murphy, 1999). o FoilA
N gene-Z coronavirus®f ZFGE AEoA 713 Wol
B 5] mRNAO| 2 & N gene2 PEDVE] PCR #HA}
off lojA At 23 {4471 9 4 AeKSiddel &,
1982; Siddel 5, 1983; Yamada -5, 1993).

Bridgen $(1993)¢] 2|8}o] CV77739] 3° Weta} N
geneS EFE @74 go] ¥ H o, Kubota 5
(1990)2 CV777%, YR ETF, =829 N gene
@l EE reverse transcriptase-polymerase chain reaction
(RT-PCR)Z ZZ5to] 7|4 de v mEAs A}
(Bridgen %, 1993;Kubota 5, 1990). Duarte 5(1994)-2-
Br1/8752} CV7773 9] N gened} spike protein (S)
gene?| H7|MH BAE F3to] 37]9] 54 open read-
ing frame (ORF)¢] M gene, small membrane (sM) gene,
ORF3 geneo| A2 Bl

At PEDO] W oFE =7PE Zol7h vehe
Ao ®usuglen, PEDS UHE U A2 ¥
AR Y F7tolA W 3, L U2 5
o] ofxJobe] F7tol A wfe £& Aom RIEIIG]
th. ol A= PEDVHALS HEstar IA|9E PEDO
o3 A= ALAo| 2 HAstet 53] S} o]wA
Eo 4] WAsHE FH vtole Ay HAHES rotavius
BAFo|g o o PED] MHE S5k 2
Alo]cHOh 5, 2000). TFebA £ A7 F o gAHE
oA 8-35H= PEDV Y] N gene-g RT-PCRYLZE 4
Z31L NH7|AEE& 148k 7]& Eud Fe

= 71

g7 @ TR A S4S v nRAsg

ME g 4y

M=

20079 1€~12€70% S FEAIA PEDY A

Al QTS Rl ol FAE 15579 a4=
Ko X

RNA 222 Accuprep® viral RNA extraction kit
(Bioneer, Korea)& AF8-8o] AJALe] Aol wha} AA|
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Ist PCI};EI”)”XLN ¥ 1327bp PEDVN-R

+
PEDV/N-F2 540bp PEDV/N R2
2nd PCR =2

PEDV/N-F: 5-TTGGCATTTCTACTACCTCGGA-3
PEDV/N-R: 5-AGATGAAAAGGTACTGCGTTCC-3
PEDV/N-F2: 5-AGGAACGTGACCTCAAAGACATCCC-3'
PEDV/N-R2: 5"-CCAGGATAAGCCGGTCTAACATTG-3

Fig. 1. A) Schematic representation of the gene coding for the N
protein. [The positions of the oligonucleotide primers used

for PCR amplification are indicated by arrow heads. B)
the sequence of the primers).

ST

Oligonucleotide primer

PEDV N gene®| %Z primer=
T U et thFig. 1.

Kubota S(1990)3}

AU A ZH DA AHYHt2(Reverse transcription

polymerase chain reaction: RT-PCR)

RNA template Sulo] 0.2uM 2} PEDV/N-F19} PEDV/
N-F2 primer, Smart Istep RT/PCR premix 18ulS A7}
B HRg-ol 25u18 42°C 408, 95°C 25-9] ¥k Ao
A 13 A8t o2 Al&dte] 95°C 20=, 55°C 40%,
72°C 159] vh8-2 A 353 yhEsgia 72°C 55
b RkgEA A 15] A|gstglct 13} PCRYA 52
¥ AAE Sulef 0.2uM 2] PEDV/N-F29} PEDV/N-R2
primer, Smart 2x PCR-premix 25ul, E’FLEJ 8L
18ulE H7Feh wh-2-o 50ulE 95°C 2E-9] w82 A0
A 13) /\}z‘sﬂﬁ} q_g Al &3le] 95°C 20%, 61°C 40%,
72°C 182 Z A A 353 vkESIg T 72°C 58
@ g2 m} At

2% PCRAHE Q] #1018 TAE buffer (40mM Tris-
acetate, ImM EDTA, pH 8.0)& ZI322 AE3 1%
agarose gelof A A719%5 LS AAIZE &, 40mM ethi-
dium bromide-8-Y ol 4] gel-& FAEF] UV transillu-
minator (Vilberlourmart, France) 2 A4 ¥ bandS ¢l

sheley.

600bp—

«540bp
500bp—

Fig. 2. Amplified N gene of PEDV by nested RT-PCR. [Lanes:
M, 100kb size DNA ladder: 1, KPEDV1: 2, KPEDV?2, 3:
KPEDV3].

JHoL X Hoi ML BA

PEDVE] @7|A ¢ 8418 ste] N geneoflAl 52
%l 540bp<] PCR 434 &S GENECLEAN® Turbo kit
(BIO101, USAYE AA|8Ith DNA 971492 Mac-
rogen Inc. DNA sequencing service (Macrogen, Korea)
gato] B45HT, 24E 47142 Mega
1-§5te] 71&o d&% PEDV €7] &
otulicAl M gat ¥4 9l phylogenetic tree & 2]

shof EAslele

% o

version 4.02

PEDV 7ol o4jEl= oAb 1559 &74o)4
RNAE Z2%3}31 nested RT-PCRE 0]-85}o] N gene
2 %“%*VJ & PCR A E2 1% agarose gelol A A

7} 3709} PEDV N gene- 30l 3 4= 919}

N gene0] Y NG 2A

H AF o4 AE&H PEDV N gened] 4714 4< 7]
2o AEd S ¢ =] Bt vjmiAsigict
(Fig. 3).

N gene ¢7]4Ho)4 KPEDV1-L KPEDV229} 37
HAolA M2 & AEE Yehglal o2 EeF
KPEDV39} H]iLA] 227) H$lofA A= o A9
LFER 9ok

KPEDV 13} KPEDV29] @7]A g & 228 a3DX
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Fig. 3. The nucleotide equence comparision of nucleocapsid protein gene (N gene) in KPEDV1, KPEDV2, KPEDV3 and PEDV reference
strains by MEGA software. ’
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9l LJB/03)Q} v A] 2~37] B9 =28 8]&(Korean
% Chinju99)2} v A] 13~237] F9], R EeF
(KKN 96-1 Z SDI} Bl A] 137 9], 7] o &5
(CVTTNHe} HlA] 177 K9], == F=BR1/8T)S}
HIAL 1770 F-9lellA A= o2 HES YeRoich
KPEDV39] §7|A 492 F=125~DX ¢ LIB/03)<t
BIWA] 22~237) H.9], dh=+E 2] F(Korean 2! Chinju
99)9F WA 1~1571 £-9], YR EH(KKN 96-1 &
SH%F BlmA| 157) 79, "7l 2FCVTT7)} o]
A 2170 29, F=Ee)F(BR1/ 87)2} HALA] 2174
FoolA A= ot & A LS veElgIch

H7IM ol o3t 454 4 Z3 KPEDVIZ
KPEDV2%} 99.4%, KPEDV32} 95.4%2] AHEAlLS U}
Bl ¢t KPEDV2= KPEDV3&} 95.4%2] AMEAL
el itk KPEDV1F KPEDV2S %3 Ha]2(DX
4 LIB/03)€} 99.6%, gh=t£ 2]5(Korean ¥ Chinju99)
2} 95.2~97.3%, UXE)Z(KKN-96-1 2 S1)2} 973
~96.9%, A7) EFHCVTTNHS} 96.5%, F+H el
(BRI/87)9} 96.5%2] AFEAS UERQITH KPEDV3
+ SR FHDX U LIB/03)8F 95.2~95.4%, Tk
2]F(Korean @ Chinju99)2} 96.9~99.8%, YK g
(KKN-96-1 % S1)9} 95.7~96.9%, W 7| o] 3=(CV
7T} 95.7%, F=+E 2] =(BR1/87)} 95.7% 2] AH5-A
<= W $ltk(Table 1).

N gene| OHO| AN Y E4

B AlS o)A 7Z%E PEDV N gene?] obu]iAb A<
2 7120 AEH S W =9 Eej5et vju it
% CHFig. 4).

N gene o}ujizil A Hoj 4 KPEDVI-2 KPEDV29}
270 BRollA AE ohE e el o2 &
Z= KPEDV32} H|WA] 77] B0 4] A2 T2 HE9-S

Table 1. Percent homology of nucleotide sequence of nucleo-
capsid protein gene of PEDV

Uehp e,

KPEDV 17} KPEDV29] obu|:eAb Ao Z3tEa)
(DX ¥ LIB/03)&} v]uA] 27] §-9|, &5
(Korean & Chinju99)e} H|A] 5~77] K¢, 4 2Bz
SHKKN96-1 W ST} H]WLA] 4~57H F-9, "7|of &
HCVTTNEE HWA] T7] £-91, d=2 8] 5=(BR1/87)
of ul A 7 B9l M ThE HdL e,

KPEDV39] 97|A g8 2ZHeFDX W LIB/03)
oF Al 770 H9, stEEE5(Korean 2 Chinju99)
oF Al 1~67 F-9, YEEFKKN6-1 & S1)
oF H|AA] 5~67H F-91, 7| &2} 5HCVT7T)et Hla
Al 87 29, === S(BR1/8T)2} HLA] 87 H-9]
oM A2 thE HEE eI

ofuleAl Ajodo] oleh APEA] 34 23 KPEDVI &
KPEDV2¢} 98.8%, KPEDV32} 95.6% 2] A4S U+
el it KPEDV1Y KPEDV2: S2283&(DX 9
LIB/03)2} 98.8%, S5 2]5(Korean & Chinju99)<}
95~96.9%, UEEZF(KKN-96-1 ¥ S1)2} 96.9~
97.8%, W 7] Z=(CVT77)e} 95.6%, H=+H BRI/
87t 95.6% 2] “5/d& UetHidch KPEDV3+= &
=E.2]22(DX 2 LIB/03)9} 95.6%, 3=+ -2]5(Korean
2 Chinju99) e}t 96.3~99.4%, U FH2]Z2(KKN-96-1
2 SO} 96.6~96.9%, H7|of| B Z(CVTTT)L}t 95%,
o =HE e F(BR1/8T)}F 95% 9] A5/ Vet lrt
(Table 2).

N gene9| phylogenetic tree £4

A7 g1} ofnlic Ak Fof 23t phylogenetic tree
24 A} KPEDVI, KPEDV2E= £ Z(DX 9
LIB/03)e} 2+ Algoll 431912 KPEDV3E =&
2] $(Chinju99) 2} Z-2 A doll £3FGth(Fig. 5A, 5B).
7] of| 2] H(CVTTT) 2 B2 el5(BR1/8T)= T2

Table 2. Percent homology of amino acid sequence of nucleo-
capsid protein gene of PEDV

KPEDV1 KPEDV2 KPEDV3
KPEDV1
KPEDV2 99.4
KPEDV3 954 954
DX 99.6 994 95.4
LIB/03 99.4 99.6 95.2
Chinju99 95.2 95.2 99.8
Korean 97.3 97.3 96.9
KKN96-1 97.3 97.3 95.7
S1 96.9 97.3 96.9
Cv777 96.5 95.7 95.7
BR1/87 96.5 95.7 95.7

KPEDV1 KPEDV2 KPEDV3
KPEDV1
KPEDV2 98.8
KPEDV3 95.6 95.6
DX 98.8 98.8 95.6
LIB/03 98.8 98.8 95.6
Chinju99 95 95 99.4
Korean 96.9 96.9 96.3
KKN96-1 97.5 97.5 96.9
S1 96.9 96.9 96.3
CvV777 95.6 95.6 95

BR1/87 95.6 95.6 95
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KPEDV1 RRIPKGENSVAACFGPRGGFKNFGDAEFVEKGVDASGYAQIASLAPNVAALLFGGNVAVRELADSYEITYNYKMTVPKSDPNVELLVSQVDAFKTGNAKP
KPEDVZ  cmm e s m e e e e s o e Koormo e e e e e
KPEDV3  ceeeeaenn | L b LT T T T E | L
DX = aeeeea--- Ve m o e m e m e e e e e e e e e e e e e Ao
LIB/03 -ee--i-eeeo- 7 R R
Chinju99  ---------- Rocmmmm e 2 S Acccrcmam--
) =+ e e e R I
8 (1 L T R R
)
47 i i e L R LT
923 2 1 L R E LT L LR L

160
KPEDV1  QREKKEKNNKRETTQQLNEEALYDDVGVPSDATHANLEWDTAVDGGDTAVEINEIFDTONIY DDVGYRSDATHANLEWDTAVDGGDTAVERNEIFDTGN
KPEDV2 - K
KPEDV3 - K-----I--Q Vv
DX e K -
LIB/G3  ~eee- K -
Chinju99 - K-----1--Q v
KoreanH =~ ----- K Q-v v
KKN96-1H ----- K Q--V v
SIH e K Q--V %
CV77T oo § L-QH AV
BR1/87 - K---—- L-QH A---V

Fig. 4. Deduced amino acid sequence comparision of nucleocapsid protein gene (N gene) in KPEDV1, KPEDV2, KPEDV3 and PEDV
reference strains by MEGA software.

A 78 KPEDVi(Korea)
4..{5 :DX(China)
99 LIB/03(China)
82 KPEDV2(Korea)
 CV777(Belgium)

100 ' BR1/87(British)

KKN96-1(Japan)
S1(Japan)
Korean{(Korea)
| KPEDV3(Korea)
100 o Chinju99(Korea)
0.005
B : KPEDV1(Korea)
86 KPEDV2(Korea)
DX(China)
29 LIB/03(China)
1CV777(Belgium)
98 'BR1/87(British)
Korean(Korea)
88] KKN96-1(Japan)
S1(Japan)
| KPEDV3(Korea)
98 ! Chinju99(Korea)
0.005

Fig. 5. The phylogenetic trees were produced by the MEGA software based on the nucleotide (A) and amino acid (B) sequences, showing
the relationships of the Korean and PEDV reference strains.
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ALl &8kl YEFEBFHKKNG-1 U S1)9} dh=t
F &5 (Korean) & ZH2- Al G ol 43} T}

€ B
Park 5(1995)2 PED®] A% OJ AL vhe
e ZRAES] ERoA 9 PEDV N gene®] 7]
A LS W7 R FCVTTN Hlﬂé R W 97%]
AEAL YetY it Bt o v, Kubota 5

(1999)2 PEDV N gene®] 7|4 g HA04 1996
YELEF(KKNI6-1 W ST)= H7] o 2 FCVTTT)
oF 242} 97.2%, 97.4% 9} 459 YEIAT dE 8
HFESD = =i F(Korean) 2= 100% 2] 454
& Uehyginkn B sk

2 A9 N gene G714 EF ofn) il AbA
KPEDV1#} KPEDV2i= 98.8~99.4% ©]
R @ A9 KPEDV39} 95.4~95.6%9] 1]
BA2 wo T o SAEAH 12E PEDVE 4
A #}o|7} g A o2 M7bE Tk KPEDV1 T KPEDV2
© S8 5(DX 9 LIB/03)2} N gene 2] 7)Ao
#1199.6%, ot Ak Hojl A 98.8% 2] mf¢- =2 A
JE& B3N gene 2] phylogenetic tree HA41 A3} 2

Beoje} 2o Aol d3to] AT o] 4] Ral
B Ho| Y FHEUFo|A $2iE PEDVE]

A+ A}ef| pointmutationo] HAYE Ao w ZAE )
KPEDV31= $H252]%(Chinju99)2} N gene©] &7]4]
HollA 99.8%, otul At Holl A 99.4% 2] ol $- o
A5/dS B3 N gene? phylogenetic tree £-41 2 1}
SrEele} 2 Addo] £ajol TRRoIA &
g5t PEDV || pointmutationo] TA3F Ao 7 2
o},

2 dtolA ol A=A H&H KPEDVI, KPE-
DV2, KPEDV3+ N gene J7| A dofA dEE

hL

=
N

(KKN-96-1 9! S1)9} H|@A] 95.7~97.3%2] AFEA-S
B W7o Bel3CVTI7)e} Bl wElE-L o 95.7~
96.5% 2] AFAE Ko T/AE AAMHE 0] 835}
A3t Kubota 5(1990)1} Park $(1995)9] &1z z}
o= ZpolE VERf St

A3 AAbE el ¢2lA|Ql PEDV= type2 Coro-
£:3]= RNA virusZ 4] RNA viruse] E4
A} mutation©] uj$- wZ A o] o)A Ao|n, A 7}A|
o] A=tofl &t A AL A0 7] = field type

naviridae ||

3} vaccine strainZ7+9] - 2}A WHo |7} uf 2 wo) 0] =
o7 AL gt 2 *E‘%*OHH olfAt=el A H

H S=tE28F F99] PEDVE 4 %= KPEDV1 ¥
KPEDV29} 3t=2He|F Sajo] PEDVEZE A HE=
KPEDV3: A 2 ofjA] AMRE= dEumAIZz0] o
719} on| AL 2] B TANE TS FolS Liehy
= Aos wohdth A Sy FEAeA A&5E e
2 PED 82 A8e1T Qgol® Beia o] 4
of M ge A3 ZolSx ki 08)d o ek
FH0lE, 720 HTHYY TRAES O B
ATAT o ohjet o GAELS O o 2
T Aol A= o 4= Qo] %1414 PEDV= 4
A ool o Frhetn 1o wE AT 57t
S Alolck kAl Sl A fR5Hs PEDVE] &
A g oF £ o LAFe A3 Rask Aow
REEEY

2 &
¥ A A3 20079 = =g
o} A 3712] PEDV N gene¢] A& %3
AHz= 37)¢] PEDV £ 27]= N gene 2]
M AR GoflA] Ferd e et Bl 52 A
B 08 Hol Uhs Bl

%—E—-fi— eI AFEE Hol S oliAHEA
L OPEDVE 33 U 93 elde} gAk ¢
%@% vreRi e,

ol =l olfAREelA EAI7E HaL 9l
1%011 HEY 3 Bels wmat oy
EF Wil—fEH*E oA Ao #AIZE Ha gled
PEDVE Xj&£4 02 N geneo] point mutation©] Z&§
B Aoz Algdch B A= =y PEDV A%
FAe et ArE AFstH, sUolA {3 stk=
PEDVE] B4 1L 917 & o FAH A7)
83 Aoz AbREHH.

OlHALE 1557

7l o

O
—

e 2

B ATE AAAARe A7 EB7e] 4
b ARSI FRAPAINE ] A
Ao sHdg o



18 HHT AGE - Ml -

o

A @

L

[

Ho

Bridgen A, Duart M, Tobler K, et al. 1993. Sequence deter-
mination of the nucleocapsid protein gene of the por-
cine epidemic diarrhea virus conforms that this virus is
a coronavirus related to human coronavirus 229E and
porcine transmissible gastroenteritis virus. J Gen Virol
74: 1795-1804.

Debouck P, Pensaert M. 1980. Experimental infection of pigs
with a new porcine enteric coronavirus, CV777. Am J
Vet Res 41: 219-223.

Duarte M, Tobler K, Bridgen A, et al. 1994. Sequence analysis
of the porcine epidemic diarrhea virus genome bet-
ween the nucleocapsid and spike protein genes reveals
a polymorphic ORF. Virology 198: 446-476.

Egberink HF, Ederveen J, Callebaurt P, et al. 1988. Charac-
terization of the structural proteins of porcine epizoo-
tic diarrhea virus, strain CV777. Am J Vet Res 49:
1320-1324, 1988.

Hofmann M, Wyler R. 1989. Quantitation, biological and phy-
sicochemical properties of cell culture-adapted porcine
epidemic diarrhea coronavirus (PEDV). Vet Microbiol
20: 131-142.

Hofmann M, Wyler R. 1988. Propagation of the virus of por-
cine epidemic diarrhea in cell culture. J Clin Microbiol
26: 2235-22309.

Kubota S, Sasaki O, Amimoto K, et al. 1990. Detection of por-
cine epidemic diarrhea virus using polymerase chain
reaction and comparision of the nucleocapsid protein
genes among strains of the virus. J Vet Med Sci 61:
827-830.

Kweon CH, Kwon BJ, Jung TS et al. 1993. Isolation of por-
cine epidemic diarrhea virus (PEDV) in Korea. Kor J
Vet Res 33: 249-254.

Mahbubani MH, Bej AK. 1994. PCR Technology, Current
Innovations, CRC Press, Florida, USA: 307-324.

Murphy FA. 1999. Coronaviridae. In: Veterinary virology, 3
eds. Academic press. San Diego, California, USA: 495
-508.

Oh MH, Eun GS, Kyon YH. 2000. Investigation of disease
incidence to pre and postweaning piglets. Kor J Vet
Res 40(1): 173-186.

Oldham J. 1972. Pig farming (Oct. suppl): 72-73.

Park JY, Kim CJ, Shin KS. et al. 1995. Sequence analysis and
cDNA probe hybridization of the nucleocapsid (N) pro-
tein gene of transmissible gastroenteritis virus (TGEV)
and porcine epidemic diarrhea virus (PEDV). Kor J
Vet Res 35: 515-530.

Pensaert MB, DeBouck P. 1978. A new coronavirus-like par-
ticle associated with diarrhea in swine. Arch Virol 58:
243-247.

Pensaert MB, Yeo SG. 2006. Disease of swine, ed by Straw
BE, Zimmerman JJ, D’ Allaire S, Taylor DJ. The Black-
well Publishing Professional, Ames, IA: 367-372.

Siddel S, Wege H, Ter Meulen V. 1982. The structure and repli-
cation of coronaviruses. Curr Top Microbiol Immunol
99: 131-163.

Siddel S, Wege H, Ter Meulen V. 1983. The biologyog cor-
onavirus. Gen Virol 64: 761-776.

Yamada Y, Yabe M, Yamada A, et al. 1993. Detection of
mouse hepatitis virus by the polymerase chain reaction
and its application to the rapid diagnosis of infection.
Lab Anim Sci 43: 285-290.



