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Effects of porcine circovirus type 2 on the pathogenesis of
porcine epidemic diarrhoea virus infection in piglets
I. Serological result, FA test and RT-PCR
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The purpose of this study was to evaluate the effect of a subsequent infection of PCV2 on piglets with
PEDV. The results obtained were as follows: Antibodies against PCV2 and PEDV were detected at 24, 36,
48, 60 and 72h postinfection. And the antibody titers of alone infections with PEDV were gradually
reduced and increased from 60 hpi to 72 hpi. Whereas, the antibody titers of dual infections with PCV2 and
PEDV were gradually reduced all the time. PEDV antigens were detected at 24, 36, 48, 60 and 72 hpi,
being seen almost exclusively in feces and small intestines from PEDV-infected piglets and PCV2-
coinfected piglets. The detection rate of PEDV in feces and jejunum tissues by RT-PCR were 94.9% and
91.1% in dual infections and 87.1% and 83.6% in alone infections with PEDV, respectively. In dual
infected piglets, significantly more PEDV antigens were detected in the feces and small intestines tissues at
24 hpi (P<0.05) than in the same feces and tissues of the alone infected piglets. Thereafter, at 72 hpi
significantly more PEDV antigens (P< 0.05) was detected in the jejunal tissues of the dual infected piglets
with than of alone PEDV-infected piglets. The detection rate of PEDV antigen in the duodenum, jejunum
and ileum by IFA were 91.3%, 91.3% and 83.3% in dual infected piglets and 75.0%, 83% and 75% in
alone infected piglets, respectively. Intense and specific fluorescence signals were more often seen within
jejunal villous enterocytes in dual infected piglets than alone infected piglets.

Key words : PEDV, PCV2, Dual infected, Piglets

A 2 Coronaviridae2) coronavirus®)] &3FA|FF g+HAdo] A

o3t =z S3PA AAHFo] B A(porcine epidemic

PEDL ®z] AHAQRA(TGE)e] WA e} e diarrhea; PEDV)S] Zrge] s &ty o A=
2ot ol SAE, HiGENAE AT 944 HA

Fan S4333.356.372, Bl nnihGmgwemacke S goslt 34 utelalA4 BYolthChasey st

177




178 2.

Flol

X
(=]

e
lok

Cartwright, 1978; Pensaert®} DeBouck, 1978; De-
Bouck®} Pensaert, 1980; Timoney &, 1988; Pensaert,
1999).

PEDV <= single-stranded positive RNA genome 2 &
TdEo] % o] 95~ 190nmol FEHol= ZEEY
o] spikeE 7HA2L Q1AL o Ejoly F= AfFojrt
(Pensaert2} DeBouck, 1978). vlo]#jA Uxp= 2okt
Holl 27T AABEE Ho|o, Holg& i +2
+ & ¢9A YA Foy ofzEr} 54 fpo)o] Al
A A FE(Vero cell)o| A Z4)o] 73t Hofmann 7}
Wyler, 1988; Hofmann¥} Wyler, 1989)

A HZulolH A 2% (pocine circovirus 2: PCV2)
& 1990 Fitof] FfurtolA HFom WHEo] o]
FAE AAA ARAZ I (postweaning multisyste-
mic wasting syndrome, PMWS)& &0 7]= 12}%¢]
elA = olAlxlar Qth(Allan 5, 1998; Allan <,
1999). PCV2:= Hi7] #H 49l AA25 H(porcine
dermatitis and nephropathy syndrome, PDNS), $37]
A =325 X(porcine respiratory disease complex,
PRDC) & ®AZo] 55 23t ohgFst Fooluvt
B34 Aot 9zt 39S 20 thRosell 5,
2000; Allan¥} Ellis, 2000; West2} Bystrom, 1999). |
2= ol& AL 2 porcine circovirus disease
(PCVD)Z AHg:31e] PCV20) ZHeislo] AHg o]
ALE EA35T Arh(AllanT} Krakowka, 2002).
PCV29) THELE Aol YA S4ko] fuEl)
@AY A9g PCVD 542 Uetdisi ey PPVLt
PRRSE PCV2¢} A FHAIZ woll= PCVDe} A 9]
AR SRS QA = S BHIIskTHEis
%, 2000; Krakowka %, 2000).

PCV2+= Circoviridae 2 255+ A% 17nm=17] 9
envelope©] €137 1.76kbQ] genomeE H-8-3}11 Q=
single stranded DNAH}o] 2] ACHMcNulty 5, 2000).
POV2E ERE uiolglz F 7P e wolgan
(Mankertz -5 1997). PCV2+= 271 523} open reading
frames (ORFs) 2.2 1A %o Q) 1§ ORF1 (945 nucleo-
tides)= Hlo]2 A EA|of] ofsl= replicase protein-g
encoding&}37, ORF2 (702 nucleotides)= Hestx o &
%93} structural capsid proteing- encoding3tt}, PCV2
2] ORF2 capsid protein< 3+AU AT} HFHo]olo PCV2
o W W WYUATE BAYE HOR 2HHL. of
capsid protein& HE2 A}F3tH A1) AJE 2 A
7}A} 2 Q 3l Cheung, 2003; Fenaux %, 2000).

PCV2%= PDNS, PRDC, PNPS 232359} 715
4|, perinatal myocarditis, congenital tremors, S0}
A A¢(granulomatous enteritis) W AN I X <
(necrotizing lymphadenitis)5-9] &= A3 TojQ)
CHHarding, 2004). L 3Z-FA=0| A PEDVE} PCV2
9] EH3rgo] HE ¢l (Hirai®} Nunoya, 2006) &
% pato] o5k PCV20] ZUE EHAEA
PEDV7} 2k914] 417ke AL Q4HS viepigich o 2
o PCV2E EgAFE0] PEDV 74l 343 e
Z o2 713t cthung 5. 2006).

=Wo Al PCVD9} PED7} We H3li=
o2 24T} o)9} BRAFe] Ffe|A BelE PEDV
ol POV2E 24 AT Unkghalo] Ba7heiAzl o
T o] FO|RIA] ok Qlck webA FuofA Eeld
PEDVY} PCV2E 285 A3t Uyt 2821=0 7
N7 0L AR, HelaE HAE Fobol
PCV27} PEDS] mIAlE 5 PEskadt Adss

o},

Yo7t A

1

PEDVO} PCV2 BANE

PEDV= =tUjol A 22| Hlo]H A wAlRp4=0ek
FTAGAL Ataol A oL FtYso] FEAE
(Vero cell)& o]&3}o] vjok3t DR135(1.5%x 10°
TCIDsyml) & &40t AHE319TT PCV2E il o) A]
22 o] AE Mgt oatfst |y ET}
WA R AFA ZF0PK-15 cel)E ]85+
v 9}t 99R Z(10° TCIDsy/ml) S A3}t

NRSE 2 NBa

A TEistel 268 MAT 429 ZHAHE 40
T2 AYFRE AUsdch 482 2o g
AL 217ke) HEEYel Hol 24A13F Fot 2gA17)
T 3930 FAYES AU ABRL 420
2 PRl AY LIRS 1254, A% M9 7
2 271 1%, ST4 WA 3hech A (group D 6
AYuj PEDVE 25ml/54 77 458 2, 4% 12
(group )& 3Yew} PCV2E 2.5ml/=s Z+z} w7
2 2% FE% ohg 620y PEDVE 2.5m/5H T
7% 4 2, 48 Migroup IS 3YF) PCV2S
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Group 1 I 1
(0=12) o o 70 DOAQ DA® DOA® OA® 0OA®
Group 1T SRR R CEb e - SERER
@=12) T DOAD DA® DA® DOA®
Group 111 [ 1
n=11) I,Q’A > > o 00 A® 0 A® 0O AD 0OA® 0O A®
Group 1V [ — ]
(n=5) Y > o 'y DOA® DA® DOA® 0A® DOA®
3 days 6 days (Days old)

0

Group 1 : Piglets were challenged with PEDV in 6 days old

24 36 48 60 72

(Hours post-inoculation of PEDV)

Group II : Piglets were challenged with PCV2 in 3 days old followed by PEDV in 6 days old

Group III : Piglets were challenged with PCV2 in 3 days old

Group IV : Piglets were adminstrated with sterile saline in 3 days old
< : Administration of dexamethasone from 3 days old every day

1 :PEDV challenge 1t :PCV2 challenge

A : Blood collection O : Feces collection @ : Autopsy

Fig.-Text 1. Schematic draws of experimental design.
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PEDVQ} PCV2 [}ioF g H2iot ZAL

AR Aee] Peges A)la] A A
7HIARE Sfsted Aol EHe A skl SaA
2 3,000mmolA] 3087t %@%E\ﬂ@l Az
eppendorf tubeo]] £71 th2 56°CollA 3057t v]53}
X171 5] AH8stele,

PEDV] i3t EA4W FAH7F SHELISA)S Z
d3LE 10% skim milk7} 355 PBS-Tween 20
(0.05%)°] 1:1,00022 3]4l5}to], ztzho] utolajA &
2o] ¥ = microwellol] 100ul%] E381c), 37°C, 1/1]
7F 2<¢F microplate & A XJA}7] th2- ZF welldte] 83
S A ojlit}. HRP-conjugated anti-porcine IgG& 10%
skim milk7} &85 PBSo|| 1:3,00022 345}
100wl ZF wello)] B5:3tc) 37°C, 1A4)7F F-9F micro-
plateZS A X A1Z] th-2, microplates PBSTE 33], 5&
7kA o8 Mol t}-& substrate solution (ABTS)-&
100u18 7 wellel] E3F3HETh A20A 1AZE 5%

AAA]7]aL 0.1% sodium dodecyl sulfate
(SDS) solutiong 50ul& ZF wello] EF3lo] HF--&
AR A7 3 405nmEFEE A6
PCV2o] widl Xy dH A7t 2FH(ELISA)Z
PCV2 ORF2 Mab F2 coating buffero}] 5-3-A]# micro-
plate©]] 100ul%] Z}z}e] wellofl £33 &, 4°Cof| over-
night3} 3 th. PlateS 7 U]o] PBS~Tween (0.05%)2
5 ~6§] A| 23}t & blocking buffer (1% gelatin)E 200ul
& 7}8F Bof A&ofA 30839 AXAF T PBSTRE
5~ 6ﬂ AASE & g2 1:2000.8 343ted 100
A 7}3 & 37°C, 308 E¢F vk2-A|Fth o]= PRSTE
5~63] thA] A& st ?— conjugate (anti-swine IgG-
HRP)E 1:400 2.2 3|43t & 100ul¥ EZ5to 37°C,
308 =2t vhgA7l 3?—01] substrate solution (ABTS)=
100ulA 7}8F & AlLof A 308 HoF ¥H-3-Al7] L, stop
solution (0.5M HCI)—% 50ul¥ Z+ wellol| B33} Wt
171 ¥ 405nmoA] FF g 248

microplate &

RT-PCR, PCROjl OBt PEDV, PCV2 A=

PEDV & PCVIE BE B BIFAAZS 1)
o B, ke, 4%, . 20 v, WE % 42 5 v
48 3 248 2300 w2
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Primer A

PEDVo| tjjst oligonucleotide primer+= PEDV 2]
nucleocapsid gene S E0|Fo 2 HEY 4 Q= Ao
2 forward primer= 5'-ACAAGTCTCGTAACCAG-
TCC-3', reverse primer+ 5-GTATCACCACCATC-
AACAGC-3'2 691bp Z7]|9] fragment’} FEZE ==
AA I F 5, 1997). PCV29| T3} oligonucleotide
primer+= PCV22] capsid geneS E0|Z 02 H&g)
T P AL Z forward primer= 5-GCTCTCTA-
TCGGAGGATTAC-3', reverse primer—= 5'-ACCAGC-
GCACTTCGGCAG-3'2 540bp 2.7]9] fragment”} %
25w & A 5}9 thHamel 5, 1998).

RNA, DNA %5

27t 23z A o)A RNA £%2 RNeasy® Mini
kit (QIAGEN, Germany)E AH&-3t51aL #H%, 7ML, H]
4 He 9 g92d 59 2404 DNA &2 DNe-
asy® Mini kit (QIAGEN, Germany)S Al-g-3}te] A3}
pisg

PEDVQ| ST Al 2k2(Reverse transcription; RT)

&AL HE2-2 RNA template Sul, 0.2uM 2} 142
reverse primer, diethylpyrocarbonate (DEPC) 2 =#]% &
£4= 31ul, 10 X RT buffer (MBI, Lithuania), 0.2mM
dNTPs (MBI), 40unit RNasin (Promega, USA), 2.5mM
MgCl, (Promega)E 3718} 65°CollA] 1027+ ¥H-g-A]
71 % 200unit Molony murine leukemia virus reverse
transcriptase (MB)S A 7}3}o] 50ul9] vBHSjo g
42°Col A 1A]ZL, 94°CollA] SE 2.2 Icycled AlY3}o]
cDNAE FAJst3ih

m Group I
m Group II

Group I1I
o Group IV

PEDV ELISA SP

hours post-inoculation of PEDV

Text-Fig. 2A. Antibody titers against PEDV detected by ELISA.

PEDV2e| =55 4 kS (Polymerase chain reaction;

PCR)

AL BEZo A A E Sul cDNA®] 0.2uM 2]
primer, 10 X PCR buffer, 2.5 unit Tag DNA polymerase,
0.2mM dNTPs, 2.5mM MgCl,, B+ F55 2ulE
2713t 50u19] wH2-H-E 95°C 54, 52°C 45%, 72°C 1
22 jhg2710) A 13] Al o3 A48t 957C 45
%,52°C 45%,72°C 189 gr-8-Z Aoj A 303 vlE 3}
AL 52°C 45%, 72°C 587 Wh-g-2 7oA 13] Als}
St

ZIZ 5] PCRAHE S| #1918 TAE buffer (40mM Tris-
acetate, ImM EDTA, pH 8.0)2 As|AZ AL3 1%
agarose gelo| A A7]9%5S A A3 £, 40mM ehidium
bromide-§-2Hof A gel& FAM3sto] UV transilluminator
(Vilberlourmat, France)2 AJAH bandS #QI5t 2o
), DNA marker2+ 100bp DNA ladder (Promega,
USA)E AH&sHSIT

PCV29| Zat& 4 HMLES(PCR)

QAL WG oA 22T Sul DNA] 0.2uMe]
primer, 10 x PCR buffer, 2.5unit Tag DNA poly-
merase, 0.2mM dNTPs, 2.5mM MgCl,, B3 $57$
UE BN SoulS] MGG 04°C SEIF 13} kg
A7) T, 94°Co) 452, 52°C 45, 72°C 154 303]
T3AZ & HF 72°ColA 1087 ¥REAI AT &
H PCRAME 2] #9212 TAE buffer (40mM Tris acetate,
ImM EDTA, pH 8.0)F A= A3t 1% agarose
gelof A A7) 95 AAISH &, 40mM ehidium bromide
LB A gelS FABFd UV transilluminator (Vilber-
lourmat, France) 2 AJAlE bandE Q13 21 DNA

m Group I
B Group II

& Group 111
M Group IV

PCV2 ELISA SP

hours post-inoculation of PEDV

Text-Fig. 2B. Antibody titers against PCV2 detected by ELISA.
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marker 2=

g3t

100bp DNA ladder (Promega, USA)E A}

YFYHAM

5’1}‘_3 —‘?—7\3% AABEe] 4o
Z& 10um FA=
A AZA 58 sk Zﬂi*lﬁ =
o7 4°ColA 108 FoF ¥&
PEDV monoclonal antibody (MAb) (%%—’?—ﬂﬂﬂ@ o
U $PE W 37C0) SAIA 4SBT W84
7t o 29 MAbE A A3l PBS (pH 7.2)2 587
33 A& stk FITC conjugated anti-mouse IgG(=+&
SBEAAY HoPT H7HE TS 3TC S
308 %ot HRSA]7] 3 PBS (pH 7.2)& 557+ 338] A)
238l thS mounting mediaZ X ste] L&A
(Olympus BX50, Japan)2. 2 #7433t &37H-g-
e RS RIS U 519949 o] wret 24
20,1~29% 9] FHA Rz vehd 2 1,30~59%
o A g AL 2, 60~ 100% &) Al A%
of \eh AL 302 TRslel BRslgon, 449
RO BT PHUSASE 2AAAARE PR
$A5E Hatel APPAAE F2 1ol A5
ok

SHYH Mz

AL Edlo] AL AnE BASHA JoA4 AAl=
SAS package (Ver. 6.12, USA)E ©]-4-3F Mann-Whitney
U testE AA|8FGH

2
Xt

b | i/}

FU) FEARY Bk ohfet A A FEARIS] o
oA oejst A A 23 Qi A BAK
#el PCV29h EHAHE 431724l PEDVH] 4
g st FANUE Aol hewt 2
238 Ak

o m

PEDV S PCV20j| LHSH 2ALH SHHItA A

sh7) # kol 2| 27t $iA) 8 At B)ile
2 WA Ystel POV2E BHHEI M 7Y

Foll PEDVE ZAAZE 24A)7Y, 364178 48A7E, 604
ZF 2 724700l AEto] 44 2% B2 35E, aRT
22y 155, A71EE A Esto] A Y7HE 735
H(Text-Fig. 2A and B).

PEDVY| A%, 3AYE A, PEDVE F47
247}, 36 4|17F, 48A17E, 6017t & 724]7F PEDV &
A% AY 123} PEDVE PCV2 237 54 A
Ay w9 H FFA7e 242 F88F Aele
2.65+0.11, 2.79+0.07, 3FZAHZF 24A17F Zofl= 147
+0.07, 1.25+0.12, ZAAZE 36A17F o= 1.28+
0.08, 1.19+0.10, ZAHE 48A|7F Tojl= 1.17+0.09,
1.09i0.15, TAAZE 6047 T 1.09-£0.08, 1.03
+0.13, TAAZ 72417t ZToj&= 1.23+0.11, 1.05+
007010*1:} PCV2E ZAAEs AF NIy 23
o] Y EAFA = 2t TAFFE Ao 292+
0.13, 2.77 £ 0.06, ZAHZE 24A|7t Tojjl= 2.48+0.09,
2.35+0.12, TAAZE 36A|17 Foll= 24340.11, 2.22
+0.11, 22 A2 48A417F Tof= 2.32+0.08, 2.18+
0.10, 223 Z 60A|7F Lo 2.27+0.15, 2.07+0.07,
TAHE 72A7F To= 2.15+0.13, 1.97+£0.110]2}
TtHP<0.05) (Text-Fig. 2A).

PCV29] A%, 324%Z A, PEDVE F23E

A 7F, 36 A| 7, 48|17k, 60417t L 72A]7+ PEDV S}
PCV2 &3 374 AZ3t A I3} PCV2E 3EAZE
gAY M9 Bot BT 7= 22 3AHF
o= 0.82+0.07, 0.86£0.09, T2 HZ 2447t F9
0.69 £ 0.06, 0.66+0.04, FAZZE 36A17F ZFojli= 0.65
+0.05, 0.62+0.06, FZZZ 4847} Zo= 0.61+
0.09, 0.60 +0.05, ZAHZE 60A|7F Tol= 0.59 +0.09,
0.56+0.07, ZZAAZE 72A17F o= 0.54+0.05, 0.52
+0.030] I tHP < 0.05) (Text-Fig. 2B).

PEDVE ZZAHZ3 Ad [Z42 LTAHE T 244]
7t 4] PEDVE] FH717t 543 Zi statgl o ¥4
AE T BAZANE FEPS T 12473 vlgt
S A8 PEDVEL PCV2 &8 34 HF5H
AY 3L FEHFT T 24A7tol 4 PEDV Y] 347}
7} PEDVE @& A7 AY 123 vls AA 8] 2t
a5t o FARE & FAYE AL FRE 34
AE T2AZ Z7hA E HEE Holx| ghottt.
PCV2E ZAAZS AF IIF 2 PEDVE} PCV2 &
o A HAF 72 AFAIRRE F8713
PCV2 B+ A7} At
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RT-PCR = PCRO| 9|8t PEDV, PCV2 A=

PEDV & POV2E U5 Bi BTLEARS 1
o Bat &40 M PEDVE 4% 23Hs Table 13}
Zth. PEDVE 32 AT A8 1294 32385 24
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