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AFANA ol f F

e R

2Y 5T
H A ZFE Circovirus® £39 54

d 537 (postweaning multisystemic wasting syndrome;
PMWS)2 3 A=z do=m HAAQ ATds, ood, AAL &
g "z Foet HdA dAEE SHoE g
of AW HA A 4

+ wysh YA HA A amnto]
2 type-I(PCV-DI= Y& strain®l WL type-II(PCV-ID <3l =AY
Ela=s

Z3to] AF AN PCVel #
du #HA e AAE 2AS A DA EA T

1999 15-¢F 2001l +=H € 1278 X8

ZHA AL WYz

bol % 1359 thrd 7]
St a A A

L

=
=

S (multiplex PCR)S 44|



sle] PCV &S ##elon, A7} =x 20052 5E PCV-Io| A4
ZHd¥® PK-15 Al EujdS o] 83 7FHE LA HIFAC R PCVel st

FAE A A vhe 3 2

) PCVell gt aha] dA&S Het 6% e, 2) [HCE o] &3lo] HAx,
2k "WxE AF o] 9= macrophage® %o AL A PCV-II d4& A
3L, 3) PMWS+ 199990 ojn] Exjglom, 4) PCV-IIRES 13%F <+ 11

F(85%) A FHRAF oz PCV-IIZE AFA oA PMWSS do7= F

& AJAY S & A
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B %] W FZulo] 2] ~(porcine circovirus; PCV)E w®ho|#] 2 nfjoko] ALg-H
T oHA A% AEZFPK-15) edFe] A wol# <& Tischer %
(1982)ell o3l Aoz FJAEUTH o] Hioly e Ho|PWA +x& 7t
A& single strain DNA Hlo] 2] ~ & envelope?} 13, thE nlolg) A x T}
71 22 #F Aol ¢ 17nmel &3t A ZZ(pH 3.0)¢]t} chloroform

= 2206G6TC 2 700)dME E83EXx %= AgAHS 7HXL A= A
o7 dH AU} (Allan 5, 1994; Straw 5, 1999).

PCV+= Circoviridae (Lukert 5, 1995)9] <3ty &4 srz Wi o
AbsE A3 =<2 (Tischer %, 1982), Zivttt (Dulac @ Afshar, 1989), 2
= (Horner, 1991), %= (Edwards ¢} Sands, 1994), &old &= (Allan
5, 1994), "= (Hines ¢} Lukert, 1995) 59 &4 20~80%<] A
FAd&o] FelFol Ao A AAHeZ FHAFHY UL Ao FAHL Q)
=3

Circoviridaeol] &3sl= wviolg] 2ol&= Ao RE Fo JFAjolA 212
2AY Feet HEe 71¥8s f2sh= BFDV(beak and feather disease

virug)ulol gl 2=, HoA wWd3 Z5 olFAHES FIst= CAV(chicken

frt
o

anemia virus)¥to]# 2 PCV To] dow 7]el v E7], &, F SolA
HE Aol M I njo]
ga% YA (Lukert %, 1995; Nishizawa 5, 1997). 12t} 7t7}te]

Hholg A= FdAdol glow wAmbE R shx ¢ Aem 4R 3l

T RauE v 9a FHolE TT virus(TTV)E 9

Ao Aoz FAAAES v dYHS FHsA e Zoz dHA Jd
Z ol F AXNALRA FIF(postweaning multisystemic wasting

syndrome; PMWS)9] S-S YeldE = A 9] Z7]olA] 7]&E9] nlo]#



o= o2 A28 Aableld g AE3AT webs o5 PK-15 AlXE
of o] " HyPYUAY PCV-Iz F+E3}7] flste] £ nloly =&
PCV-IIZ FE39t (Allan %5, 1998; Meehan %, 1998). PCV-II& 7]&
o] PCV-13i= dlak 7] A do] 80% olahyt 2o dHH oz r wapyk
o] o HA7AA wE ] vpe] w2 o] npolel 2w Hlojd H A
7b R A We AR AdFT o] thE oW Huik A
Aol gl Aeg wuEa glon PCV-IIZF PMWSE Uap#<l 414
2 2214 9tk (Dulac & Afshar, 1989; Hamel 5, 1998; Ellis %, 1998).

PMWSE thAl A oz 4~1453 9] sixdA 2AeH, 2 oF F 2~
3F T AF 5~6F0] thEste Holw Z=EA EZHAEANAN LAEE
AE Atk ol#& Y HANE S FHwth thgEtn o] fabEo A o] gk g
& Ge HolAnk QT AL B Aol HAREel oF 10~50%7H4] =
A Yeyr = g (Harding, 1997, Meehan %5, 1998; Allan ¥} Ellis,
2000).

TEo AYUttE AHoR ofddE ~AFl, g T1Ea va e
A S0l A PMWSS 5AHSE S0l BauE i, SFoas 2 Y2 n
F3k ointa dZoA Aol FIEa vt (Onuki &, 1999 Choi <t
Chae, 2000).
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PCV e e wpolg] 2 Fejof o Aol o ol Sl wlole
& 2EE s = PCV-Iol o] <tdl free PK-15 A7} dasta
BE 2~3t AdZT ot don, AXUAYCPE)S do7A] Fonw
e voly 253 st sAgH. dd AARMORE AW ay
(in situ hybridization; ISH), 3% & 4 s ¥F-3-(polymerase chain reaction;
PCR), W< %7 3}8F(immunohistochemical technique; IHC) %o] on
A AAEorE 7 33AA Y (indirect immunofluorescent  antibody
test; IFA), &4 9 W (enzyme linked immunosorbent assay; ELISA) 5
o] St

AFEs FeEitdd £2 Ag4d 2313 84s 7HA L o A=
gkt A FAs o5 A
S7F FAC e dm FaEd =94 wid qAstE A Tom A
oled A qAol M, AFA M= PMWSSH fFAE o] 4
oA B4 mu e A AF npole e diE FA A E
S ZASEAL AT Aol PMWSE oAlse] §4 o= HHES F
Hog PCV 9 Aol L types gelstH, o] A dex PCVE Az
Abet mpolel s~ fElE B3 hEAW o VAR HE Wdeta Q)
= olfrabE #HARe] dQle] PMWSeE edo]l l=Ae tial] w3l oA
ofof thgk A3 Wy
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II. As 2 24

1. Alxw g

S HF R GG Yo EF e PK-15 AEE o] &3le] nlolejx ¥
2 2 4, HAIFFAYAFA), FHE2ANWS(PCR), WA x7 55
(IHC)2] A& Ab&3ldth PK-15 AlE£E 10% $elol & A (FBS, Gibco,
USA)o] #H7}E a-Minimal Essential Medium(a-MEM, Gibco, USA)<S
AHE3Fe] 5% COx7F F3 5% 37T incubatoroll A vl 938} ot

2. PCVel digk &3 A7t A

1) A¥A=E

20000 69 F-E 2001 59 Aol AFA A 107 FEolAd AbSTA

074 % 20072 AHL

td

5
o mgdoz APse  3,000rpmol A

g F @A PoaAn, 5as wA BHL U
8

2) AFAAA

PCVel did IAHAE=S flste] F2H o2 PCV-Io]l #dEol e
PK-15 MEFE A&t om 3 AMAFA) S 913 vtolg = HF
plate #12F 2 HAPEH-E Tisher (1995) < Wel wal AA st &
A A Euf kg 96-well strip microplate(Costar, NY, USA)o| PK-15 Al X

1000/ wellS ®F3Fo] 5% CO: incubatorell 41 monolayer7} A2 wj7}%]



w93k S Hank's buffer salt solution(HBSS, Sigma)® 300mM
glucosamines WEo] Z well & 50uS 7F3E & 3087 HHYsg
HBSSE A7 3% % phosphate buffered saline(PBS, pH 7.4)e] A1&3 %
a-MEM=S ZF welloll ThA] A@=F 2 9] 2443 o] wiFetaiet. 2-dd
S 80% cold acetones ZF welloll 100p02 7 sle] -20CeolA 1087 2
A3 oHES A A F PBSE 53 A thE o] ghel 20T
o|sloll Al Bttt ol H A A= plate= AW FAFHF FAA3
of A&t o AAHe v 2o

PBSZ 108] A3t 7k dEA 100ulE IFAE plated] Z+ welldl 3713t
283 92 100N HF 3 tha, 37Tl A
W plates PBSE welld 30002 3 7}3ho]
53] AlFg 5 20082 31X 3 anti-swine IgG(whole molecule) FITC

]

d

conjugate(Sigma, F1638, Lot 110K4886) &< 7 wellol] 50u0® 23
T 37CoNA 4587 wbs AT dhgo] v & PBSE ZF wellol 30040
A H7bsle 53] MlFe g 89S A3 AAG & FFFA A A (IX

70 Olympus, Japan)< ©]-83le] 353}t
3. dteld &= £ % 53

D A=

405 AAAVIEAA, o9, Ax, 94, 3, o8E, AE 1ImM
Na-pyruvate, 2mM L-glutamine, 100 U penicillin-100mg streptomycing 7}
gk 10% a-MEMell a1 vt 83k A7l & 5000rppm o2 4Tl 1537 <

0.45im syringe filter(millipore membrane filter)& A}

gote] o3 & HFodom AR
2) Hiolg & £3

PK-15 M2+ 96 well microplatee] 100u/well EF38to] vkt Ay A



W8 75-ar flasksoll Wit aith. @Fol A PK-15 Al A4 F

°of 24 FAYE HEsto] 39 F 70T YEssh 33l 24 4

Zewde] uqF 5 sebwe] Tuld 2497 24 3~5mTFAR 2
¥

o] W} Hematoxylin-Fosin(H&E)S A& A 33514

WMoz et AAE fste] zAAANA AR e AAT F A

AAE AAS] 913 03% Hstrart EFE SR 2087

_ﬁ

T
oo
>

(1 @ 2000, gMAEATL)eR F7CoNA 60837 WAz oH, FAYR
biotinylated anti-rabbit IgG= WS- % avidin-hiotin complex reagent® s}l 3,
3 " ~diamino-henzidine tetrahydrochloride(DAB, 0.5mg/ml [Zymed, San Francisco,
CA, USADE 2AA AT} 183 Mayer's Hematoxylin® 2 thx 4 A 35}o]
g5 Y3 434S AXH BY F #Fd v 4 (CK-2 Olympus, Japan) S 2

a2agh

4) Immunocytochemical staining

o E vy 25 FA4s7] 5ke] 6-well plate(Costar, NY, USA)el
£ coverslip $1°l PCV free PK-15 A EZ wj4slo] AlEhZo] FAY
el gk volel =5 FHAAA 37T 2447 vt & PBS®E 33] Al

(R ol

2183 80% cold acetonel 2 153+ 1A 3FS T blocking buffer 100ulE
3 1037 incubation$t t& o] & A ASIL 12 &A1 PCV-IIEel djsh

oL



E7] A0 0 2000, T AAEATAL) S HUksh
2 53] A& & biotinylated anti-rabbit IgGE WFS-A]

607 WHSAI T PBS

o

1

N

¢

kS avidin-hiotin complex
reagent= *2]3}aL 33 " ~diaminoberzidine tetrahydrochloride(DAB, 0.5mg/ml [Zymed,
San Francisco, CA, USADZ MAIZl & 33} v (CK-2 Olympus,

Japan) & 2 #&3c)

5) PCRE ol 4% Holg 29 57
DNA wpole ¢l PCVE] So] A48 A&57] A FRasdqus

(polymerase chain reaction: PCR)& A A&}

(1) "ol 2~ DNAFZ

AAX7]1= 10% Antibiotic-antimycotic(Gibco, USA)°] % 7}Ha-MEM
of Wi wAs} A7l T A=l QIAamp® DNA mini kit(Qiangen,
Germany)E ©|83le] DNAE FEsdth. oF&Estd Al 2004000

proteinase K 20u¢} #5331 Buffer ATL 200uE 15% <t £33 o}

R
.

S 56TColA 10+3F AA3A Y. 100% cold ethanol 200ulE Y3 15% &
¢ &3 & QIAamp spin columne] &7 ©& 8000rpmol Al 187+ A E
2] Atk thAl Buffer AW-1 50008 #7FsE & 8000rpmoll 4] 183 ¢
Ag] sttt Buffer AW-II 500ulE H7FsE & 4T 14,000rpmel 3&3F

e

AEE g DW 200E #H7Fske] 8,000rpmoll A 1837 94 8 F
oJES 15ml ependorf tubeo] ¥ 5EZF %<2l ©E& 4T AHX s}o]

o

-20Col A RIAsHA AF o o] L34



(2) Oligonucleotide primer &4
PCR primers© Larochelle 5(1999)¢] X .13 DNA sequences (Gibco
BRL)oll webA] A =}k 3d o

Primer Nucleotides sequence Expected PCR product size

CF8 5" TAGGTTAGGGCTGTGGCCTT 3’
263bp (PCV - 1I¥)
CR8 5 CCGCACCTTCGGATATACTG 3’

PF2 5" TTGCTGAGCCTAGCGACACC 3’
349bp (PCV - 1¥)
PR2 5 TCCACTGCTTCAAATCGGCC 3’

(3) Multiplex PCR

PCV virusgE $%317] 918 PCR&EZ2 PCR W&o FHF 8 o] 50ul
HEE 3. &, PCRE DNA Premix tube(BIONEER, Taq DNA
polymerase 25U, dANTP 0.25mM, 10mM Tris—HCI(pH 9.0), KCl 40mM,
MgCl, 1.5mM)e| DEPC(diethyl pyro—-carbonate) 43uf, forward primer 1
w, reverse primer 1pl, % DNA 5ulES Y32 GeneAmp PCR System
(Perkin-Elmer)& ©]-§3te] PCRE A Alst3ith PCR vbgx12 95T
] 187t denaturation, 65Cell A 187t primer annealing, 72Ceol A 183t
extensions 353] WHEStE 2o Festa wpA|wto g 72TelA 10+

7F extensions A A|&te] PCV Eo] f2A 9 ZZ& A Z=319T)



}. PCR products® &<l

PCR =% & 10E 10 gel loading bufferet &3 & 2%
agarose gel’olA TAE buffer(40 mM Tris-acetate, 1 mM EDTA. pH
0)E AM&s  100VelA  30%7t H719EE  AAEa ethydium
bromide(EtBr)&2 @&ttt &% A& A7Ie syl 98 100bp
DNA Ladder(Gibco)E molecular size marker2 Al&3t3 3 @A7]95 F

UV transilluminator® PCV virusell 3t E0]3 bandE &H<l& 9t



. 2

Table 13} 2t}

Table 1. Clinical signs and lesions of 25 pigs collected from 13

farms to be used. ‘Average age = 8 weeks old”.

Parameters No. tested(N=25) No.(%)
Clinical signs
Pale (Skin) 16 64
Weight loss (emaciation) 23 92
Jaundice 8 32
Respiratory signs (tachypnea, dyspnea) 15 60
Diarrhea 7 28

Gross lesions
Enlarged and pale

- inguinal lymph nodes 21 84
- mesenteric lymph nodes 23 92
- broncho-tracheal 14 56
Interstitial pneumonia 20 80
Pulmonary interlobular edema 14 56
Pleurisy 12 48
Pericarditis 13 52
Edema of colon 15 60
Dilatation & watery contents of Caecum 17 68
Spleen (Enlarged) 14 56
White foci and/or pale, enlargement of kidney 21 84

_10_



2. [FAS ©] €3 A £X A

Table 2. Distributions of antibodies to PCV following IFA

Ages grou No T 0 ity No.0O)
Sow 50 12 24
Fattening pig 50 8 16
Grower pig 50 15 30
Weaned pig 50 17 34
Total 200 52 26

3. Porcine circovirus Hlol8&]| & £33 2 &34

1) mrolg = 29
PCR &<l

it

W FEer AAHE 2 v A= "HE 2HoREH 2F

-
o] dermz HF 3~49 F 33 ZA 2} FlE I HA A

2) A9 x4 83H(HC)E °]&

PMWS= o] 5= Al 2Ae4 2790 AAeA tdAd A9

L
=
o
v}
>
o
o

Tad BaT Aed AARe At HEAYD, 9 24N E A4

_11_



Fig. 1. Immunohistochemical detection of PCV-II in tonsil(A), small

intestine(B). There is intense labeling of PCV-II antigen
(arrows). Optimized Immunohistochemical technique: x 300.

Counterstained with hematoxylin.

_12_



3) Immunocytochemical staininge ©]§ 3% ulojzglx &34
229 vloly A~ GAAE PCV free PK-15 Al Eo 7dA71 Ay Ao

ZAoR gAE Be Fo F4 ALE 2 5 UArHFig. 2.

Fig. 2. Immunocytochemical staining of cells in microplates, the tissue
culture. PCV free PK-15 cells (A), PCV free PK-15 cells
infected with the PCV-II (B)

4) Multiplex PCRE& ©] &3 vlo]g 2~ A

PMWS= ilso] 24g Hd779 ZAFAHdA DNAE F=3T
e PCRE AAg A3 F 13% F 11 sampledlA PCV-IIE ¢
band(263bp)7} &<l E A oW (Fig. 3), PCV free PK-15 A ¥EoA nwj3F
wEntelg ~e] mMAFFAY PCV free PK-15 A%, PCV-I
persistently-infected PK-15 Al £5 PCR3F A3} z}7te] Eo] pandE &<l
s tH(Fig. 4).

_13_



Fig. 3.

Fig. 4.

300bp->

PCR product from several tissue homogenate of a PMWS field
case. Lane M: 100bp DNA Ladder; lane 1: pancreas; lane 2:
inguinal lymph node; lane 3: tonsils; lane 4: lungs; lane 5: liver;
lane 6: spleen; lane 7: kidney; lane 8! positive control.

2% agarose gel stained with ethidium bromide.

263bp->

Specificity of the PCR for the differentiation of PCV-II and I.
Lane M: 100bp DNA ladder; lane 1: lysate of PCV free PK-15
cells infected with the PCV-II isolate (263bp product); lane2:
lysate of PCV-I persistently-infected PK 15 cells (349bp
product); lane 3: lysate of PCV free PK-15 cells)

_14_



o] f & AN ARA F 3T (postweaning multisystemic wasting syndrome;
PMWS) 1980 df $wkak 1990 th %= Hulel fFHe] F=idel 2ig
s 713 A A7) £F7] S5 vkol 2 2(PRRSV) Ol 5 Al 54
dPgom AWoRA e AdAE (Harding, 1997)F AAASE T8
AAA dor e s gloew AA7EA PMWS tig 4t

ot ofn

o

PMWSel #Hofst= HAAE T wolgfaA diorme HA A7 =
71 S5 vl A (PRRSV), A strute] & 2 (PPV), A 1&F <At
upol 2] 2(SIV), sHA dE Zute] = (PEV), AdAdozs F34 AdHd

oX,

p

i)
rr

o7 &<

S

o=

n

(Mycoplasma hyopneumoniae) 5°| A <
HA oy (Madec %5, 2000) o & A&l B3 (Balasch &, 1999)°
m2W PCV(type-ID7F PMWSe} 334 77 ZF(Congenital tremor)ell 7+
F Tash AJAAd E-FgiT

© A3 Az A PCVel ek @SS B Aol F 26%
G+ ol & oAy uEte ZAFA 3 (Horner, 1991; Edward ¢} Sands,
1994; Tischer &, 1999)Eth= Y& vl &olil 1l FAHHE (&, 2001)

o P 20%% M5 FAE wth FARAN AT nep AFE

o WAEE POV o]y 43l gasel g Ao And
DAz o fET FHENA Be FHEL wolE ol fE BEA

o FAZ s) EHAENA FP Lol FopATAE mA YA

a2y = ARA ABF 6859 olFA=clA vl PCV-IIYt PRRSV7ZE

d& YErd= =i A9 oF 50%

7} PCV-1IIE 7} == 2735 vlo] #] ~(PRRSV)7} &3 744

ool
N
o|\
L
=Y
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o] gt} Aol Bl (Mardassi 5, 1994)E o Aufo] AASAE= &
fo} AAZ B Ao AlgwH dH oz 7Aa ELISA 2
60% (15 of 25)7F PRRSV &4 ¥A4& veldt &5 PCVe o5 4=

FREEAT ARy EE FUYoR E woldsg £F 499 F 4%

=2
nj
N
=
Ll
P
&
ol
rr
po
(o
fr
o
N
it
auj

2 w23 g PCRE AA typeddz, HETHoRE vloly~ Fe 4
I[FAE &3 o] FHupetopzlon, F3lutt PCV-IIE #9 xde] &3
g2 A 71 Jfdte]l Fasitha o Ax)

PCR A3 13% % 11594 PCV-II& (263 bp)e] o] =elxglon,

PCV-18¢] td Eo| band(349 bp):= 5l 5 gl= o=@ Hol A|FXH
Aol A TAS Y PMWSe A= PCV-IIE ol A5 A FoM =

PCV7 AEe] A3 A7 8 & 92 89 & & gk Tony

1999 d e AEH o] x=2dde nAHE ZAqAME A DNAE F=3}
o] PCR Zlghe] AF&E 4= g3 PCV-IIE 3ol A&HE Ao Ho}
PMWSZ7F S-glyete] &#A7] Hdeo| ¥ FT=o=28EH ALt @A

of ol Fg FAHel ® Aom AAHM, A ALg A=A PMWSS

wdste] PCV-IIEel 5 WlAds & & Ay e 2374 &

ARSI 2 Azt
PMWSol & ufolgi 29} AdEo] A2 EsHA = A7) wiFel
EAR WA gk A5 2D guge 2 g3 | oJ7t}. ulebA

i
N
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ol ot

©

4/\].
RS (PCR)S A Al

e

3]

78

&
=

il

e
R

a4

sﬂl—

=
K3

(IFA)S o] &3

AFE=o A =% A =Zulo] 2] ~(porcine circovirus)ol| o

A

P2
(IHO),

T
Tor
Nd
in
en

ol

b e,

Bl

=

bspal

13%F & 11 el 263bp=

=

2007 & 527(26%)°l A

o] fr£(34%), &4 =(30%), E+=(24%), ¥l H=(16%)

-

o

=

o

CRREE!

(Immunocytochemical staining), PCR 23} PCV-II&

4. Multiplex PCR 2}
olg o =4 PCV-IIvto]

A
AN

= HA olw] 19991\ o]l PCV7E Al

Re.

AEH =

]

2o

~
.60
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AF= 137) F=gelA 74 =5 E 4~145F9 9] 2= 5 PMWS 5

[}
Arol oA E = 13%F9 1070 %3 20059 d Ao sk PCV 1Ay} 52

F(26%)0 A FAYES el e, PCV-IIY S o] band(263bp)et ¥

o @ada PCV-IIE el Hgoms AF=u FEFIA Y37

-1 L= S RS =1

oo} HAE Holt oJAUAE F XL PMWSF SAAH glqe
7.

32

o]
2R

&

PCV-IIE A= A
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Abstract

Postweaning multisystemic wasting syndrome (PMWS), an apparently
new disease, is characterized by progressive weight loss, dyspnea,
diarrhea, jaundice, lymph node enlargement, and interstitial pneumonia.

This new disease is occurred by pathogenic porcine circovirus type-II
(PCV-II), a variant strain of non—pathogenic porcine circovirus type-I
(PCV-I), which is first isolated from porcine kidney (PK) cell lines.

In this study, detection of PCV antigen and serum antibody was
attempted to investigate the presence of PCV-infected pig in Jeju.

PCV-II antigen was determined from various organs of total 13 field

cases, including 12 collected in 2001 and one in 1999, using
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immunohistochemical technique (IHC) and multiplex polymerase chain
reaction (mPCR). Antibody to PCV was detected by indirect
immunofluorescent antibody test (IFA) in PK-15 cell line culture
infected naturally with PCV-I from 200 healthy pigs.

The results indicated that 1) antibodies against PCV were found in
26% of serum samples tested, 2) PCV-II antigen was detected by IHC
in macrophage-like cells in the tonsils, livers, lymph nodes and small
intestines, 3) PMWS has already present since 1999, and 4) PCV-II
appears to be the main PCV type which is circulating in Jeju pig
population because only PCV-II antigen was present in 11 (85%) of 13

pigs.

Key words: porcine circovirus, immunohistochemical technique(IHC),
multiflex polymerase chain reaction(mPCR), indirect immunofluorescent

antibody test(IFA)
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