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Abstract : Porcine circovirus type 2 (PCV-2) has been associated with various disease in pigs worldwide
including postweaning multisystemic wasting syndrome (PMWS) and porcine dermatitis and nephropathy
syndrome (PDNS). In this study, monoclonal antibodies (MAbs) against PCV were produced, characterized
and applications of MAbs as diagnostic reagents were described. Spleen or lymph node cells from BALB/
¢ mouse immunized respectively with PCV-1, PCV-2 or expressed PCV-2/ORF2 proteins in baculovirus
were fused with SP2/0 myeloma cells using polyethylene glycol (PEG) and hybridoma cells producing PCV-
1 or PCV-2-specific antibody were screened by an indirect immunofluorescence (IIF) test. A total of fifteen
MADbs were produced against PCV. Six MAbs were PCV-1-specific and nine were PCV-2-specific. All PCV-
1-specific MAbs reacted with only PCV-1 and all PCV-2-specific MAbs were reactive with only PCV-2
by IIF test. None of the MAbs was reactive with porcine reproductive and respiratory syndrome virus
(PRRSV), porcine parvovirus (PPV), porcine rotavirus (PRV), and transmissible gastroenteritis virus (TGEV).
Some PCV-2-specific MAbs recognized the PCV-2 infected porcine tissues by IIF or immunohistochemistry
(IHC) assay. From this experiment, it was confirmed that MAbs produced in this study were PCV-specific
and could be used as reliable diagnostic reagents for PCV-1/PCV-2 detection and differentiation.
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&S k= oz dHAY [4]. PMWS 3732 el
e iR ZRE 228 PCVE 7l 96%o)d<] 4
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A, PK-15HZF04 23k PCVel= 80% ©]3te] &
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2L PCV EEFE PCV-2, 183 PK-15 A E3o]
A 23 PCVeE PCV-1C.2 9]t} [13, 24].
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immunofluorescence test: IIF) [3, 41 x4 39
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2 PCV-2ZF #9¥ PK-15 A EE well © 5x10° cells
A7reE & 919} 22 WH O 2 D-glucosamingx] 2] sk
Hjeksla opES R IA S T 20°Ce] HAEHA] F
8A AR

Mouse M

A EEF ) AHE-Z mouses 4-65-% 2] BALB/c strain
S AR o WA A8 FYe & LE e
PCV-1, PCV-222] 3. baculovirugl A & ¥ PCV-2]
ORF2EH A [1]& AHE-3FTH ZH2te] &< (50 pg/ml)
< 539 Freund's complete adjuvaht 2 £33+ 5
mouse&H7d W& 13 Tl 257 F 2 FAS
Freund's incomplete adjuvahtz &313le] 722 ==
22k JESIATE 2 ¥, 28 5 TS o R 3%
HEsta, 2 F mAH o= RE Al 77
olgize) it FAG7HE IFHoE ST A
A7 NEGGs70 TwE Z-Fole ZAE vt
< mAYoR HEST 3U F UAHE 5 FHalo
| &3S AAIBIATE A7 @e ZAf-els 3

=

5=



)R] A kol 2ol e T =

&= | 57
W K=y
Z317] €13led Coyles [9]34 Orlike} Altaner [26p]
HE A5k 22 4% BALB/c mouse] foot-
padl 32 7+A0 2 43] ¥EF&Pen 1= Freund's
complete adjuvas} 235-E]&= Freund's incomplete
adjuvange} &3t 3-8 ARE-BIST

3} e o F7} AEsh 919} 2o

Ot fitl o
)
o 12
>,
N
rr
%
e
i
o
021:'9
ol
2
3
<]
oy
@
)
i
N

N

EIaEE i Y &M hybridoma M

A EGEL zizke] oz MAE mouse] HZA
Z rE APz A e FH|3 A X9 SP/I0M S
polyethylene glycol (PEG) 156D AM&-3to] Lnkz{Ql A
EE% ol whek AlET [16, 19] A E8Fo] &
o E3H A EY-LS 20% FCS HAT (50uM hypoxanthine,
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G EFA &} PCV-2 T ko] wh-3/d-S Elstr] 9
3te] Towbin [34)0] WHO 2 western blog Th3}
Zro] AAEAT &, PCV-2/ORF244 72 A =3
baculoviru2 7% Sf9 cell lysat& sample buffer (60
mM Tris-HCI pH 6.8, 2% SDS, 25% glycerol, 1.44 mM
2-mercaptoethanol, 0.1% bromophenol Isthe):52] B]-&
= 4o} 100CelIA 587k ¥ denaturation| Z{t}. ©1&
10% SDS-polyacrylamide g 2217+ 59 80v= 7
718% S 3 the gels 5t transfer buffer (15.6
mM Tris base, 120 mM glycine, pH 8.1-8M)30%-7} 3
A Z et 2] transfer bufferl] Z1=A1A &2 filter paper
9} nitrocellulose membrane (NEN Life Science
Products, Boston, USA}le]el gels 2 o] semi trans-
blot (Bio-Rad laboratories, Hercules, USR)©]-&3}]
13vellA 2087F o] A1), Nitrocellulose membrare
5% non-fat dry milk/tris buffered saline (10 mM Tris-HClI,
150 mM NaCl, pH 7.5: TBS)A 3= &<t blocking
A1zl & TBSE ZstAl 5™ 33| Al13 5kt Blocking
o] & membran& 71 strip el 2 FH3k & HAlst
37 st SABYA i ATHS M8 B,
183 B4 1:500-1:2,000-2 8]45ke] 117k F<t
AL A E51 RESA17]AL TBSE 33] AlH 3kt 2
%} A2 alkaline phosphatase-conjugated goat anti-
mouse IgG (Kirkegaard & Perry Laboratoriesjt@asburg,

233 FITC-conjugated goat anti-mouse 1gG+IgM USA)S 1:2,00R.% 34 &le] 177+ w3271 5 TBS
(Jackson ImmunoResearch Laboratories, West Grovez 33 A2}t w12 NBT/BCIP stock solution

USAYS #7718l thA] 302 F<t 2 oA whg
AlFtt. 30 ¥ plates PBSE 33| A|3atal 333
7o At PFS YER= well®] hybridomé
PCV Eo] ©aE3A] s EF2 sttt
o] PCVel| st FAE Aitste Aoz Eld
hybridoma= limiting dilution 2.2 23] o]} =23}
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BALB/c mousell 57 W& HEstar T3 gl 55
7t BAERE W 575 AF 8t -20C] Baste] A
Hol| ARg-3HATE.
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Ak 7 oli‘i11‘iﬂ% PCV-2 7+ A 9] =2& A
Hsle] 54z EwjA(TBS™; Triangle Biomedical
Sciences, Durham USHE) Ergt & -20°Col|lA sZ2A
7 6 um FAZ F4-8HE vHE3 PBST(0.05% Tween
20, 0.01M phosphate buffered saline, pH Z.2)1| 2 3}
o] TAXNHE AAS T A 2] °] FolA HES vl
Ast7] Y5k 3% BSA-PBSE 3057} blocking *12] 3}
ot 17} A Z PCV-2 So] daEIAE 3027+ 1t
SAIFHLeH, 22 IAZ FITC-conjugated anti-mouse
IgG+igMS- BESAIZATE IHCE $15t9] PCRES.E PCV-
2 7ZFgdo] geld =Hxe 24 10% neutral buffered

formalin 890 0 2 48N 7F T TN Z] & Aukz el
el ejale] ZHERS sk A Ao 24
AL xyleneS AHE-3le] waxs A AsH12m 0.5% 7}
Akt FHrEle] 9l methanck 30i7F %28t
24 ¢ peroxidase] 242 A 783 5% normal goat  Fig. 1. Reactivity patterns of PCV-2 specific monoclonal
serunf.2 3087F Halske] o) B Sold AL antibody, 4H10 by indirect immunofluorescence (lIF) test.

_ oaqs o PCV-2 specific monoclonal antibody, 4H10 was reacted
HAIBESATE. A 716l 13} FAI = PCV-250] =2 3A with: A; F|;CV-1 infected PK-15 ceIIsy B; PCV-2 infected

& A2olA 3027 vEEAIZ - 221 A= biotinylated  PK-15 cells, C; mock infected Sf9 cells, D; PCV-2/ORF2
goat anti-mouse antlbody (Vector laboratories, Burlingame,recombinant baculovirus infected Sf9 cells.

USA)E 307k REEAITL 5 ol e} 22 o 2 A

Z3}3 ABC reagent(avidin DH-biotinylated horseradish

peroxidase complex, Vector laborator@syd <-4 30 2| 5 IgA, 19G2a, 19gG2BF 2+ v, 21 2 i
£7+ 8932171 5 ovbalel (0.6 mg/nh DAB, 0.03% HO,, 2 UeEty 5ie IgMeZ UEebs

0.01M PBS, pH 7.2.2 5107} WkSA7 & =7 PCV-10] E°]%<l e7ll<] u}zﬂﬂzﬂ% % PCV-1&
2 MA3IAL haematoxyli®-2 2 HA3A T 2 ZYEAT PK-15 M EAE IIFHOZ kS0
vehtou} PCV-22 7+dA %l PK-15 xﬂzg‘r PCV-2]

4 1} ORF2 32} A1 %% baculovirug 7ZHgA1Z1 Sf9 Al

M e S-SR e S o]F BT PCV-2

IR EEH (o] Mt Aol gl HA 2HAME 2HHEFgAY 2 W
T 88 PCV-102 HYAIZ] mous& AH8-3hd Az o rE RE 2GR0 g LEhyith
MEZETS 5t el PCV-1 50| T3 =23 = HbA o PCV-2 50] 93 &A= PCV-122 7Hd

AT 3 gfle] PCV2Eo] T 23] = 47) PK-15 Al ZolM e SA4o2 velgoy PCV-22 7+
o] dIEFAE £ BEld PCVL2ZE HoYoer 1 AZ] PK-15 A| 39} PCV-22] ORF2 f3=} A %%
22 9] @GZZ2AE baculoviruglc] EEE PCW- baculoviru® 7ZFGA171 SfO A Eol| A= oFAdukg-o &2 1}
2¢] ORF2f-A2} 4HE-g Moo g ARR-3 Zo|UT), Ebt

PCV-1E0] B 234 &= IIFE2E PCV-17+ PK-15 kg 22849} PCV-2 Tl ho] wh-gAdS ghe)
Mz AT Fo] YEepPd vhH PCV-2 5o] T2 317] fl3ted PCV-2/0RF25-2F 21 &% baculoviru&
A= PCV-2719Y PK-15 4132} PCV-2/ORF2- 4} A AH&-3te] western blotting: A A1$F 23}, PCV-1 5]
%3} baculovirugl ZF3E Sfo A oA ut &go] e} GIEA = 25 &40 2 Ve on PCV-2Eo] &

WHHFig. 1). A2 o] e FYoE Yehgti(Table 1, Fig. 2).
e DB YR 9} O SR vlo]2zstke] WA

BHAEEN e SY < IFHo2 AR A= Table 2+ 2t} PCV-1E
Aok G2 0] 542 Table B Zth PCV-1 o] SaAEFA = PCV-1 099 thE nloje]zoh= vt
of et A2 6/ T 409 isotype IgMoIL. 32 BHA| eiker] PCV-250] HAEA] 3k PCV-
™ IgGL} IgG2art 2tz vi# ©]9ith. PCV-2 5] & ol9]9] tE siA] nlelE|iok= WHES SHA Gsiktt.

N



T

SA] # kel 2 sol ek B FA Y4 B A 3-8 263

Table 1. Characterization of monoclonal antibodies (MAbs) against porcine circovirus (PCV)

Reactivity by the following tests

MAb Immunogen Routé Isotype InFe
wB* IHC®
PCV-1 PCV-2 Sf9cell Cryo

4E2 IP IgG2a +5 - - - - -
7A10 IP IgM + - - - - -
7E9 IP IgG1 + - - - - -
10E8 Pevl FP IgM + - - - - -
14F11 FP IgM + - - - - -
15C9 FP IgM + - - - _
1A11 IP IgA - + + NT - NT’
1B5 IP 1gG2b - + + NT - NT
3C2 PCV-2 P lgG2a - + + NT + NT
4C7 FP IgM - + ++ ++ ++ +
4F2 FP IgM - + + + ++ +
4H10 FP 1gG2a - + ++ ++ - +
6C6 PCV-2/ORF2 FP IgM - + + + ++ ++
7B4 FP IgM - + ++ NT - NT
7G2 FP IgM - + + ++ + ++

!PCV-1: porcine circovirus type 1, PCV-2: porcine circovirus type 2, PCV-2/ORF2: recombinant baculovirus-expressed ORF2
protein of PCV-2.

2IP: intraperitoneal inoculation, FP: foot-pad inoculation.

3IIF: indirect immunofluorescence test using PK-15 cells infected with PCV-1 or PCV-2, Sf9 cells infected with PCV-2/ORF2
recombinant baculovirus (Sf9 cell), cryosection from PCV-2 positive porcine lymphoid tissue (Cryo).

“WB: western blot analysis using PCV-2/ORF2 recombinant baculovirus infected Sf9 cell lysates.

SIHC: immunohistochemistry assay using PCV-2 positive porcine lymph node and lung tissues.

6—: negativex: weak positive, +: positive, ++: strong positive.

’NT: not tested.

HIEEN e TH 23Y

i 4 e S C e st .
KD ] ‘ 1 y | A GEEZA L] PCV2 Xl 3o &8 7}
97.4 : | | , AL 2AFE] flsle] PMWS 4573 31 PCRES.
68 ‘ | | 2 PCV27rge] F18 Bix 9] 4L ol8-slo] IIFe)
- i | Rozggeaage AAs A9, i) 9aEeA
Ed ! 6C6} 7GZ= 9 ¥FEH o= 2183 polyclonal anti-
43 ) | — | PCV-2 847} Tt M4 gsd o= PCV-
| 239NES Soldor YEsIn(Fg. 3). 3 I
| | rl =284 4C7, 4H10718) 3 7G2= IIFE-O.2 PCV-
- | 2 7 AxA AEES G HAEATHFig. 4).
|
\
| |1 .
|
2 " ‘ |‘ Porcine circovirus 2 (PCV-2) ©|-fFA=221d A5A
9

S5 (postweaning multisystemic wasting syndrome:

Fig. 2. Western blot analysis of PCV-2 specific monoclonal PMWS)e Uehll= SIX 278 354 o= g9l= o
antibodies. M: molecular weight marker, 1: PCV-2 positive PMWSE 3351 1314 QA2 ge4 9o, 3
serum, 2: PCV-2 negative serum, 3: MAb 4C7, 4: MAb o= pMwSo] 9o % 2] 7] 2= 351 (porcine

6C6, 5: MAb 3C2, 6: MAD 1A11, 7: MAD 185. dermatitis and nephropathy syndrome: PDNS} A ¥
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Table 2. Reactivity patterns of monoclonal antibodies
(MADbs) with other porcine viruses by indirect
immunofluorescence (lIF) test

Reactivity with the following viruses by ItF
PCV-1 PCV-2 PRRSV PPV PRV TGEV

MAb

4E2
7A10
7E9
10E8
14F11
15C9
1A11
1B5
3C2 -
4C7 -
4F2 -
4H10 -
6C6 -
7B4 -
7G2 -

IReactivity patterns of MAbs were confirmed by IIF test
using cultured cells infected with porcine circovirus type 1
(PCV-1), porcine circovirus type 2 (PCV-2), porcine reproduc-
tive and respiratory syndrome virus (PRRSV), porcine par-
vovirus (PPV), porcine rotavirus (PRV) and transmissible
gastroenteritis virus (TGEV).

I+ + + 4+ + +
I
I
I
I
I

++++F
I
I
I
I

+
|
|
|
|

Fig. 4. Confirmation of PCV-2 infection by indirec
immunofluorescence (lIF) test using PCV-2 specific
monoclonal antibodies. Lung tissues infected with PCV-2
were reacted with PCV-2-specific monoclonal antibody
4C7(A) and 7G2(B). Arrow indicates PCV-2 infected cells
by IIF test.
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AP E (proliferative and necrotizing pneumonia: PNP),
27792142 (congenital tremorsi W22l 5 thaFs
Fejo] AR #Ho] Y= Ao R FAHI Ut (11,

‘ ¥

=83 15]. 3k PCV-2 Aol Sloj= PMWSS] 542
25 8 A Ij ! 2R

o R 2 2U4F 3l el 2] 4
z 3 ‘f-}“s‘fi ol AL e PCV-2] IRt RE PMWS?] X
,‘5»-1 -A A ﬂ? 4 ?_]-o] o}x] o,_‘ 74_§ OLE%X-‘] )\}\E]'. u:]—?,]—/\-] _E_ ;g
Ly PN B AT Hols 1% 2o PMWS AP
ﬁﬁ Py %VJ%*OP:% gelata Aol SRlE 7 w2
5 e H7lolN Solue selsiu] 2 ol N PCV-2E
e, dete Ag FFHoR sy vt [28]. PCV-Z
5 golake W os PCV-2 3ike] EAlE SHske &

raAds-ga 22 Ul hybridizationy 283 =
2 ) pev2 F9le] 2AlE FYshs Wz s}
Fig. 3. Immunohistochemical staining of porcine lymutde A & 38} s 2 -

infected with PCV-2. Lymph node infected with PCV-2 was ' o R ;i_]# Bel 7}]1 4] F&QLO Nb:t 3.
reacted with PCV-2-specific monoclonal antibody 6C6(&) an 4, 12, 14, 22, 27}53] 2% W PCv-2 &91& #lst
7G2(B). 7] flsto] Mz st d A I TG ZA ol A
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§5= PAIE PCV-1h A & w82 314 9452 PCV-
29 Bolxog a3 &2 affinity2 vHEE F e

E4E AU Jlofof gtk wEbA, & Aol A= PCV-
13} PCV-2] 718 gl g /dstr] 918t PCV-
13 PCV-2] 5ol o & nhgohs HAaEdAE Aat
3le] o5 EAS s Fkel] &E Vs =
AFsitt.

SGAZAE ABAEH] €8k mous& HA AT 7]
Y3te] == £33 PCV-1} PCV-2= Milsteinz} Kohler
o] W [19]] 3] intraperitoneal rou@ zHzt HE
A71E Wt Coyle S [9]aJr Orlike} Altaner [26F]

HE A8l 728 Y-S foot-pade HEAZ|= WA
= st “*ﬁuﬁl‘r myelom% 92 AAE 4
s ZEA Aol 9ol PCV-1 PCV-2l| So14
2 HAEA A E ] AR ol ATkt Xpol7t

e} foot-padz HEA17] mous& AlE-3lo] Aﬂi
S 3 A5 D G329 isotype> -

o] IgM type® 2 LFEFsTE ol Al A 2 ol A i
719 IgM typee] F& R HY o ThE JEfe]
isotypee. 2. W 3ksl=d foot-padz HEA1Z1 mouse] 73

T, YA & 12-1410) MEFFS AAlste] o] Al
71oll& oFd ®& AMEo|A class switchingl LA
32 o= F2 IgM typeo] AAHE F o R AT E
HESH intraperitoneal rou@ HEE 7%, mouse™ & ol
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