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W& IR 75 2 B (Porcine circovirus type 2, PCV2) 42> 51N R S Thie 2 aL . i,
2P R4 R R FNR A IR, 4R TS O R Ik . PCV2 FREME IR Gy 5 B0 BE I L7 Bi
RBAVER B @A T, B RN PUA S BRI A PR TR R X 4, X2 H AT i
PP G Rk R . ST ik, AT 7@ Ik I B 19G A IgM PUR ISl A B, KL
PCV2 iS55k 1gM B IAEE I [ FIAE LR S E X 70922 1 Sy AU BRIk Gy T R # S AR Y, 2
T, 3L 7 HT SPG AN PCV2 19G FLiR B3k ELISA MILAHUSE 1gM Z 5t 3 kiR
I PCV2 1gM HLAR IR ELISA J532, Z56 WA TR 12 I 7572 10 4 58 25 SR T Sy T e A e
AR W HEFI LI BERL 248 T . FFANE T 48 WL =AN 857

1. 43HT PCV2 S G AN G o 4 HE 7= A2 1K) 19G AT IgM FTAR i KR A

FIH PCV2 T A K v AN I 53 B BEAR 20 ) e SR U e i AR B I, b s 5 R &R Ab
JAIMIEr B, #E1R7E& INGEZIM 1gG/IgM Kit £ if i A . 385 W T4 i 38 K A8 4k,
R PERRGL S 1gM FUik 58 4E, B0 19G fitdk, HRFERAFE(E: AN TLI&G PCV2 41
FEEM IgM TEAER ] 20-30 d,  FHARIERGE OBYALRIPH XTI P25 /1 IgM $5:4E 55 d, 1
FpRVE R B 4 IgM IAFERS R ANEE IS 14 do PCV2 IgM H0AA 7= AR 4E ] DAL S R 7
DX J3973 BRI YL RIS T 0%, 1 S S AT OIZBETT 1gM HUARBRYE T S f5 45 1gM Buii s B i,
TE R UREEFIE B 2 AU R 25 S BV, B4 e B T Hi— 50 1 PCV2 BR 4%, B A g BGE N
Tt o

2. T SPG &AM PCV2 1gG 14l $k ELISA

I L SPAL SPG Al PPL = Fh fuy Bk R 1 45 & 8 /R Nl P . HRP FRic ) PCV2 Cap
ERZHUHiSRIE ELISA, #iE SPG RNEL b, ALK, %] ROC 2 Ik A
(cut-off point, cut-off {E) >y 0.61, I B FREBUBE M AIRE S 12 70 30l oA 93.9% 41 90.3% . 187 i1l K
FEA IR GE BB o, 12071657\ Ak i) INGEZIM Circovirus 1gG Kit [ B & %A 96.23%.

3. HESTHIE ELISA K PCV2 IgM $ifk

DL native IgM 1= e ML (U R  HRP ARG R2346 1F 8 — 3%, @ ST A6 3% i PCV2
IgM HUARH] ELISA J7 1% AZTT ik B OV 64 5, 2 ROC HITZR#05E cut-off {8y 0.492,
XoF 7 FR B RRE S M 93 ) 96.79% 11 97.2%; A5 U FH [B] IfL &5 4 & 1gM 5 INGEZIM 1gM Kit 32771
BREEN 92.1%.

AW G 3 LA PCV2 1gG AT IgM HLiR A 3k ELISA, AL i Sz e 7. PCV2 (1)
FLIATRIE S W AN X 7 13 G R B G e R AL T T B RO AR, it — P sl PCV2 TR
PIRAT AR AR AL T T SR AR 40

REEIR): EEIAE 28, REIREN G, REIREA M, B RN , ERYAR



Abstract

Infection with porcine circovirus type 2 (PCV2) causes immune dysfunction and
immunosuppression in the body, resulting in secondary and mixed infections with other pathogens and
occurrence of diseases,which give great losses to swine industry. PCV2 persistent infection caused a
high positive rate of serum antibodies in pigs, and the antibodies produced by vaccination could not be
effectively distinguished from those produced by natural infection. It has became the current biggest
challenge of vaccine immunization prevention and control. In view of this, it was found that the
existence time and state of PCV2 specific IgM antibodies play an important role in distinguishing
vaccine immunity from viral infection by monitoring the dynamic changes of 1gG and IgM antibodies in
pigs. Based on this, the capture ELISA method for detecting PCV2 IgG antibody based on SPG and the
capture ELISA method for detecting PCV2 IgM antibody with anti-pig 1gM polyantibody as capture
antigen were established, respectively. The diagnosis results of the two antibody detection methods can
provide scientific guidance for judging the status of swine infection and the timing of vaccination. The
content of the study can be divided into the following three parts:

1. To analyze the regularity of 1gG and IgM antibody growth and decline after PCV 2 infection
and immunization in pigs

We used PCV2 commercial inactivated vaccine and cell-isolated virus to immunize and infect

antibody-negative pigs respectively, and collected peripheral blood and separated serum regularly after
inoculation. The commercial INGEZIM I1gG/IgM Kit was used to detect the serum samples. By
monitoring the dynamic changes of the antibodies, it was found that the IgM antibody was first
produced after immunization and infection, then transformed into 1gG antibody and persisted for a long
time.The duration of 1gM produced by PCV2 cytotoxicity after artificial infection lasted for 20-30 d,
and the duration of 1gM produced by natural infection (positive control of the infection group) existed
for 55 d, while the duration of IgM in the immune group inoculated with inactivated vaccine was less
than 14 d. PCV2 IgM antibody production characteristics can optimize the immune process and
distinguish between virus infection and vaccine immunity. The first immune should avoid IgM antibody
positive phase. After 7-14 d, the IgM antibody becomes negative after immunization. If the test result is
positive before the next vaccination, then a new round of PCV2 infection must occur, and additional
immunization is not recommended at this time.

2. A capture method for detection of PCV2 IgG based on SPG ELISA was established

By comparing three immunoglobulin binding proteins SPA,SPG and PPL as capture antigens, and
HRP labeled PCV2 Cap as the second antibody, it was determined that SPG was the optimal coated
antigen. After the reaction conditions were optimized, the cut-off value of ROC curve was 0.61, when
the sensitivity and specificity were 93.9% and 90.3%, respectively. The total coincidence rate between
this method and commercial INGEZIM Circovirus 1gG Kit was 96.23%.

3. A capture method for detection of PCV2 IgM antibody was established



By using anti-porcine native IgM polyantibody as coating antigen and HRP-labeled R2346 as
secondary antibody, a ELISA method was established for detection of IgM antibody against PCV2.
After optimizing the optimal reaction conditions, the ROC curve was used to determine the cut-off
value of 0.492, the corresponding sensitivity and specificity were 96.7% and 97.2%, respectively, and
the coincidence rate between IgM and INGEZIM IgM Kit kit was 92.7%.

In this study, the capture ELISAs for detection of pcv2 1gG and IgM antibodies were established. It
provide a simple and effective way to optimization of vaccine immunization procedures, early rapid
diagnosis of PCV2 and distinction between viral infection and vaccine immunization., which lay the
reliable basis for further control of the spread of PCV2 in pig farms.

Key words: Porcine circovirus type 2, 1gG, IgM, ELISA, Infection and immunization
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R HaRG R

RVGE T EFR I #A R

aa Amino acid AR

APE Acute pulmonary edema SV 7K S

bp Base pair EE=30)

BVDV Bovine viral diarrhea virus A R MRS T B
CSFV Classical swine fever virus BRI

cut-off (& cut-off point [RIEN

DC Dendritic cells W FEAR G L
DMEM Dulbecco, s modified eagle medium —PhA G R A
DNA Deoxyribonucleic acid WAL WE A TR
ELISA Enzyme-linked immunosorbent assay PR FE 0 128 PR B 6
h Hour ZINE

HRP Horseradish peroxidase AR ALY
IFA Indirect fluorescent antibody assay ) 22 G 8 2% 3 B
IFN Interferon FIER

Ig Immunoglobulin RPEERE A

19G Immunoglobulin G HIEEREA G

IgM Immunoglobulin M HIEFREH M

IL Interleukin SEH) P

kDa Kilodalton T-18 /R i

L Liter SAR

LAMP Loop mediated isothermal amplification ISR 1 PCR
mg Milligram =37

min Minute 438h

mL Milliliter ZTt

NF-xB Nuclear factor-xB %A+ «B

nt Nucleotides BH R

oD Optical density JHE

ORF Open reading frames TT T3 B AE

PBS Phosphate buffer saline WML Eh o2 Pl
PCV Porcine circovirus type br A BN ==
PCVAD PCV-associated diseases X8 1B 95 25 AH SR

VIl



R4S T EFR I E TR

PEDV Porcine epidemic diarrhea virus RAT YIRS

PK-15 Pig kidney-15 =)

PMWS Postweaning multisystemic wasting syndrome Wi i34 £ R4 vl 4551
PPV Porcine parvovirus B0 /N T

PRDC Porcine respiratory disease complex ANl R ey

PRFD Porcine reproductive failure i LA R

PRRSV P_orcine reproductive and respiratory syndrome & 58 5 FE 550 R £
PRV \I;Ic:?csine pseudorabies virus FEANIERIF IR B

gPCR Quantitative PCR E & PCR

RFLP Restriction fragment length polymorphism PRI B B 2 S
rpm Rotation per minute R4y HEIH

S Second i)

SIv Swine influenza virus Y B 7

TLR Toll-like receptors Toll #5214

TMB 3,3, ,5,5, -tetramethylbenzidine VY R LB %

TNF Tumor necrosis factor J IR A FE R ¥

ng Microgram e

uL Microliter Tt

Vil
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g5 3 =
1.1 BEFRE 2 2R

Y& A B 2 B (porcine circovirus type 2, PCV2) &2 4 K B /P R G L 3h 90 1) DNA T
B, MRS SR nIIA 1.2>10° £ &1 /4 (Firth et al., 2009), 5 EURATHR ST H BUBAR1E,
BN TG FE IR R F 1 BT JR 2 — . PCV 2 e 55 I W41 4 % 22 45 35 35 £ 41IE (postweaning
multisystemic wasting syndrome, PMWS). 4 % ¢ 5 5 i 27 & 1k (porcine dermatitis and nephropathy
syndrome, PDNS). &I i 47 A 1iE (porcine respiratory disease complex, PRDC). “ZH [ 75 (porcine
reproductive failure, PRFD)Afl & 14: il /K il (acute pulmonary edema, APE)ZEJIm I & A %5 P A 5%
(Gillespie et al., 2009;Harms et al., 2001), K| 1 £ 5955 B A% B 34995 2 AH 5<%  (PCV-associated
diseases, PCVAD). PCV2 F- B4 5-12 JH R I Wr ity &, i Herh 3L LA 6-8 JERE (AT 48 5 9 2 %
RIFEN) F LRI R E AR . WP D REREAT . MRV EE I X, RIS . Ik Rt i R s /D>
Eilm AR (Vigre et al., 2005). 4 AiHE ] PCV 2 BYL AT 07775 35 BRI ik B K g 2 vy
AIFER TR, UL E A MR R B, PCV2d FE KW RS 3 pk K & B IR AT T v % e
W% 37 (Opriessnig et al., 2013;Salgado et al., 2014;Seo et al., 2014;Zhan et al., 2016) , 25 PCV2 4% 7
RHTHIPRAR, A7 Rdz ] PCV2 R GL R A [ A S B 45 iUk i) — M F AL B . AT PCV2
WRIRS I TIRATI 5 BURHLE] S SR B SSBR « v2 W 7 iR i s 45 55 7 T E — 233k .

1.2 BERMNFEEREZE
1.2.1 PCV2 &R 02

1974 4, Tischer ZF &I, EZMRESAL AR HANE R (PK-15 41/l %1 ATCC-CCL33 4
MR HORILT — R EERER BT /NERL”, 2 B A A AT I % R 7 B2 1 4 v %
Y, IR E H AR UE (Tischer et al., 1974). 1982 4, %0 77 /)N 438 i #1290 J7 VAT 4
af, GRS MK IR % 5E 5 B 20 8 X M AR S G e — AT/ DNA 88, AR 2Rk 11
T AR F o iy 44 9 3% R 349% 7 (porcine circovirus, PCV)(Tischer et al., 1982). &, 1R 5% i
SRt — P R I BRI A EUR %, Har 48 PCV1(Allan et al., 1995;Tischer et al.,
1986).

1991 4F, TEIMERVEH—3E AN EH PMWS 158 B 70 25 3 —Fl PCV AR MR, 1200 #5751
TEERRE . BRGNS PK-15 At B PCVL fEERE X R, RIMNFHHmHE N
PCV2. PCV2 figfE PK-15 4 i sl I e 4n i b AR K58, (HAE AR B i B ok ). wFAe
KIL, PCV2 7L FiT B G% 1) 8 5 40 g L 355 AN B8 7= A= 410 P 995 22 248 (cytopathic effect, CPE) (Allan et al.,
1998). ZJ&, TEFZ 1) PMWS i il il 42 3 55 31 PCV2 ##k, JFER] PCV2 72 51k PMWS [#13:
B3 Jii 2 — (Ellis et al., 1998;Mankertz et al., 2000;Meehan et al., 1998) .

2016 4F, FEEEMIE T M HAE M E PCV3, X —REHRY S DIERIZ KRG RE
KRR B AR 5 A FE T RE 3 v A5 5% (Palinski et al., 2017; Phan et al., 2016), HEIZAMNER L
il 7 PCV3 FEAN [FEREHE AT 1H 00 SO JR R AE, AR T PCV2 )72, PCV3 B HIRTFHIA

1
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S FRARAIG, A [i] ] SR b X ARSI 21 1) PCV 3 B[R 7 41 5 36 (Bl 4R 1 1 33 R e Z1AH A 35 K T 95% (X1
Fi2, 2019). FERILIR/K T E, PCV3 5 PCV1 Fl PCV2 17 51 [F) Y5 73 1) v 31%-48%(Ye et al.,
2018), * B PCV3 5 PCV1 Ml PCV2 fEAEW 2R J7 I A#7E 1 2 ARl HATIA AN, PCV3 [F] PCV1.
PCV2 [A]J& T-[# ¥4 i 8 F}(Circoviridae) . [#34 5 2 & (Circovirus), FREEF VIR DNA FidE, &0
FNi/NUBIY DNA 2 —, TCRERa, HEE K/ 2000 bp 745

1.2.2 EFBEMES

TE I AN R 3 DR S04 T 1 PCV 2 73 BERR I AZ IR Fr 5138 A% B4 20 Mr . 4 PCV2 0k 734 5 A
FEKF A PCV2a. PCV2b. PCV2c. PCV2d #ll PCV2e(Cheung, 2007;de Boisseson et al., 2004;Maet al.,
2007;Segales et al., 2008;Wang et al., 2009). 7£ 5 —HiAHICHH Fid, PCV2 BRI Bt e SUNF 8
AP I 4H (1a-1c AT 2a-2¢) (Olveraet al., 2007). PCV2 F& R 4H & — A BB [ (3R DNA,
Ff 1766-1768 M4 H # (nucleotides, nt), PCV2 [ K41 K /Nl ik 48 o B 52 R 40 A2 ol A 2%
[ B2 B i1l BT (Finsterbusch and Mankertz, 2009), 3 PR 4H 38 35 g 3 4 3 i &2 1) e 1) 445 1 £, 155 75
DNA FIE A DNA 9ibt e (4 51 5¢ 5 28 5 ) 1 260074126 (Cheung, 2003). AR5 2R 12 BUky
fiE, T PCV2 F K FA 11 /N5 B KT 2 HE (open reading frames, ORFs), ORF1. ORF5. ORF7
H1 ORF10 A7 T3 B¢ % LW £ 77 17 %% 5%, i ORF2. ORF3. ORF4. ORF6. ORF8. ORF9 fll
ORF11 JII7E B AN 1300 41 %% 5% (Hamel et al., 1998) . iX%& ORFs EA5 HAHN FE AL AE, 7T LA
7853 R A PR 25 AR 15T, 50 O 25 BRG], W e 2 B adE A 1 v B AR R 45 2R .
ORF1 1 ORF2 [ 2 P> L2 (¥ ORFs I HLLAHR I J7 A E 7], IXFPHRF ™ 4 W R 4, JF
FEAEPANERA] X . B 2R R (8] X AL F ORFL Fl ORF2 JE[AIf 30 AN K2 6], M KMIZER
[8] XA e 50 AR S 18], 55995 B 5 PR 2H 2 Ml (P bR U . PCV/2 25 D] 20 1) 52 ok 2 T 0 7 2530
SN E, R IRNIEA ST E W JE PR A2 R SRR AR AL SR B PCV2 a9
K93 15 ALY K I 55 25 DIAH G

R S2AHE ORFL #% % A & 1|l (replicase, Rep)2: [N, 4mfidii 20 EHIEEE A Rep, BN TR A%
BRI IESE, /& PCV2 fiz K ORF (945 bp, nt 51-995). 7E PCV2 ] Rep 3£ 8 8 7 h % & t— T
REMEE B IR Z MY 2 o FEF 71 (5 -ctgaaacgaaaaga-3' , nt 1737-1751), 7% T 0 s
FIFEE/EH (Guet al., 2012).

EEHEE B, ORF2 J: K H BE A/ 702 bp (nt 1735-1034), Hi 234 M2 2% (amino acid,
aa) ZH 1, ‘B G A B PR T G2 Ji 14 R - 4K 5% 8K [ (capsid protein, Cap), 7> & K /NZ)2h 27.8 kDa
(Koonin and llyina, 1993;Nawagitgul et al., 2000a). Cap &% [ & ¥4 i 2001 ME— 5 &R H
FAE R ARGy . BRIy R EER . BEFUR I, 72 B AR 3 1 B R i b
T IS BE ST B 15 A S RE 45 74 (Nawagitgulet al., 2000a), JX X 78 PCV2 1973 B R 1+ 1) 21 25 740 Bk
AAHEEE Y. PCV2 (1) ORF2 J: R B AL 1AL 7t 50 75 85 M SR A 0%, R IRAT o 2
ARG BEWIA B JAARIEE . 7> AT 2R, 5 ORF1 Al ORF3 #HtL, ORF2 kX
Fralw AR 7, PCV2 K FEIX [ 2 351 59 B 1 B 1 i 391 5% (Fenaux et al., 2004;Misinzo et al.,
2006;0'Dea et al., 2008). PCV2iliid Cap 5 MR H R AGHIRHCE = B Wil R HELE N BT B
A2 ARAR HAE L, 58 R et 32 40 i 1 i 72 (Misinzoet al., 2006) . %41, Cap & A 540 PCV2 1)
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HHAER) ) 2E B MRS e 1 (O'Deaet al., 2008), [K1tk, PCV2 (1748 4k T- ORF2 & A 1) 2 2514,
Ho@ &1 ORF2 N IIEL S 3N . X PCV2 5 Jivk e [ T IR TR R, AEAR AN 37 1) PK-15
Yifrh, P PCV2 Cap & A R LL S SRR e s 145 PCV2 I I BE F7, @I R ) 120 kA%
REI & # 8 /1 T B (Fenauxet al., 2004). WFFLIESE, PCV2 Cap 2/ HA 8 MAFRMIPIEE
Ko 'EAT5 52 aa 69-83. aa 117-131. aa 169-183 =/MEFF I PLEAL 5, LA S aa47-63. aa 165-200
PN ) 5 AN [F] 23 1) 8 B 1 S A7 LU R A T C RS i85 4 4 aa (Lekcharoensuk et al., 2004;Mahe
etal., 2000). #—LWFF LI, Cap EEATE N AT 414> aa &b & A M EORSF B M aa 741 (ks
R, SXGTT ML BE 32 B A5 8 A BA ) 3 (Meehanet al., 1998), %X I87E Cap H I HA D)
REIZENAE S, M PCV2 AN/ A (B BT o thAh, S8 e AR IR R I, /£ ORF2
HIAZ e AL b, N RS 1) aa 7% 3L 12-18 Fil 34-41 225 <B4 Fl (Liu et al., 2001a;Liu et al., 2001b).
RIt, v AR Cap S EPUE R AR AL, ST PCV2 12 7 vEFI L R TAR 2 1 .

PCV1 HI PCV2 1] Cap & F LR 2 R 22 AN K, (HAL i F PCV 1 Rep & H 2 5 1R 7 41
RFIEEAREZER . KL, Rep fEHMEIEMRA 7 AT LMEJyfiE/s PCVL M PCV2 BUm 2
S FARCYI . 15 PCV2 YL LI, n DLUE 4H A A% R 40 i 53 4G 3 Cap A1 Rep & 1, {H Cap
1 Rep & 1 ¢ A1 7] BE A2 40 % 19 AN [F] [X 45 (Gilpin et al., 2003; Timmusk et al., 2006) .

ORF3 ZEHAFR AW T FHE K, 5 ORFL JEH 584 HE S, J7mAH & (Liu et al., 2005). ORF3 %
[K1#] 315 4™ bp (nt 671-357), 4w 104 /> aa. [ 2005 E7E PCV2 A= 77 e b i IR 4 8 N ARSE )
TSk, HEMMIGEZ2 T EASMEFPCHE. BAERH, PCV2 1) ORF3 4B H (i
FOMET &R E, 11.9 kDa) FEA Tz, fE4uie i b 58/ Hel (Livet al., 2005). ORF3
B RS FR GNP A B S AN 4 T 10, (H AT LS 508 BB e A 0 B PK-15 4H . & 41 if
PZARAE T (Lin et al., 2011a), [Hitk, ORF3 7L 5t PCV2 (%50 1177 i B HE & L.

1.2.3 EEERSEUMER

PCV i B R 13- T 2 - A FRES 1), TR, 3 8 k1K 2 14nm-26nm, ELARZ)24 17nm.
PCV WiEE Nl HIGFR DNA WisE, & H HT T RIS/ NIZ 0 5 (BRE S, 1997). PCV i
R A H A EERLLAMIIRE ST, 16 pH 3 IG5 1F R sirt KGR A BT/, XA HiE RS
ARIBUENE, FREELE 56°CHI 70°C N IR E U (Allen et al., 1994) . BRI 24 72 i o] s 1535 FiE
AWM, NaOH. NaClO FPgHE S5 Re i 4K pi #53 FZ (Martin et al., 2008).

1.3 BERWFES 2 B9 FRITHEE
1.3.1 FREEEFE 2 SRR R

WA Cap JENFHIRFAE, PCV2 #i/ NI FEHAL: PCV2a. PCV2b. PCV2c. PCV2d A
PCV2e(Jantafong et al., 2011;Ren et al., 2016), Ut4h, PCV2b JH:F A 70 —AMi%: la-lc, PCV2a
FER TG40 5y N FL N 7% 2a-2f (An et al., 2007;Jiang et al., 2017;Olveraet al., 2007;Renet al., 2016),
I HIRE 1996 4 2 1999 fEH [E PCV2 IR GLI [l PERT 5T L W], PCV2f R 5 HoAth 2 R R BoAY
AR5 [R5 1 (Bao et al., 2018). F M 20 tH2g 90 AR K I PCV2 LK, &8 — B,
I H A B PR 3 A SE R AL A6 RS . 7E 2004/2005 4E, PCV2 55— IR I R AU 74 7 N PCV2a F)

3
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PCV2b(Eddicks et al., 2017;Ramos et al., 2017). H 2012 ZELIK, JEH#ER T 24T H) PCV2b 7%
Wb e, b E. WEAS R ER PCvad K K A HAR (Eddickset al., 2017;Jianget al.,
2017;Karuppannan and Opriessnig, 2017;Kwon et al., 2017;Li et al., 2016;Ramoset al., 2017). It4h,
WAERES, PCV2f il PCV2a B[ 32 B K A (Jianget al., 2017), T3 PCV2 (IR i& 2 H 1)
i .

PEARE, 7E R — SR EE B 1R Y e A A B [F] PCV2 JE R A, X i B PCV2 AN [F B[R] Y
AJ DLLEAA P S ER E AL o 2 R P 254 (Huang et al., 2012;Khaiseb et al., 2011;Wang et al., 2019;Zhai et
al., 2011) . 383 S AR A 1) 22 S 5 B S 2 23 i AN SR 4 vh 70 29 1 118 /> PCV2 FHAE DNA i
R, RN AN E] PCV2 BE R Y (1) 347K T IA 2 32.2% (38/118). 38 44 JLIB YL LA 1l 77 45 SR
BoR, LAERIEEE RN PCV2a-PCV2b(12/38) . PCV2a-PCV 2d(15/38) 1 PCV2e-PCV2d(11/38)(Zhaiet
al., 2011). AN[F] PCV2 J [H Y Bk ) L B Qe ] BB 2 5| L IR Gl vh R 26 o 7 B I I AR IR, B £
W 2, AN [R] 3 R 28 S J e o 5 B0 HH ) B ok 2 () & A B s A2 1) B 21 <K (Hardling et al.,
2010;Hesse et al., 2008;Huang et al., 2013;Zhaiet al., 2011), &ERRIAIZ H I RIEBRA L, E2%
PERMRAE . Bk, 52 R0 70 SR AR T 0 PCV2 BRI B AL . RRIE SO0 5555 /Al
G IR VERISE R, R % AR R B

1.3.2 BEFmE 2 B 5 MmRAY LR

KEFATIRAVIIESS, PCV2 52 M Wk AR SRR, W SH 5 W &R Ak
Jp3 7% (porcine reproductive and respiratory syndrome virus, PRRSV). & J&9% #% (classical swine fever
virus, CSFV). J&4H /N #(porcine parvovirus, PPV). 3%y 3E K35 9% 2 (porcine pseudorabies virus,
PRV ). A MEIEYE 7% % (bovine viral diarrhea virus, BVDV). 47 PEE 75 (porcine epidemic
diarrhea virus, PEDV) I i 8 2% (swine influenza virus, SIV)% 3L [ & 44 (Cao et al., 2005;Deng et
al., 2012;Jiang et al., 2010;Jung et al., 2006;Liu et al., 2013;O0priessnig and Halbur, 2012;Xu et al.,
2012;Yue et al., 2009;Zheng et al., 2013), [F] At AT 58 L5 8 H B0 099 A4 TR & Jk 4L (Li et al.,
2013b;Zhai et al., 2010;Zhai et al., 2013;Zhang et al., 2011) . PCV2# /i1 7 PRRSV. CSFV. SwlV,
PRV 2 PEDV BERIIGIRAE SR, R4k R gy (hn PPV G AL (1 A4 3 A KRB A mT BA
N PCV2 BGLR fH— M AR N85

PCV3 5.0 ERIZ R4 4 JiE. PRDC. PDNS FIZEJE RS AT )< (Phan et al., 2016; Palinski et al.,
2017)(Klaumann et al., 2018;Zhang et al., 2018), H A K Z 45 PCV2 5| PCVAD #fl. thakk
B PCV3 AT Im IR FEA K 2 5 PCV2 LI GS, 1847 H1 & =2 3 LI G2 733 0 27.6%-39.39% A1
19.14% (Kim et al., 2017;Li et al., 2018;Wen et al., 2018;Zhanget al., 2018;Zhao et al., 2018;Zheng et
al., 2017), F W] PCV2 fil PCV3 & & B YLAE % B b W 77 7E

PRRSV A PCV2 LI GLAE IR b2 H W, FF] 51 2 Fh 2 Sl 4 Y 45 A4k (Kwonet al.,
2017;Niederwerder et al., 2016;Sun et al., 2015). {EWBI@IRE ML, PRRSV 1 PCV2 KR A B G
ROy AN 42% 1 85.4%(Drolet et al., 2003) . [E 4 — A1 BA M A [ 51 24 77258 37 KA 1 103 13 i R A
A, PRRSV Ml PCV2 (L&Y E )y 52.4%, MAMEKIL T PRRSV Fil PCV2 [ SAILER G (1 B 4%
(Burgara-Estrella et al., 2012) .
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TEEANE R T ML B AR R4 4 PCV2 A1 PPV [A)i J& 4t (Saekhow et al., 2016;Sharma and
Saikumar, 2010;Sliz et al., 2015;Sunet al., 2015) . [FJI 7ERERE FR &G PCV2 Fl PPV 2 SEA A 57
RANGENG, DL S TERAAE . RYIFERE R =5t PCV2 M1 PPV IR GLI /4 (Dias et al.,
2013). Ak, SEEGHERD PCV2 A1 PPV & il 72T PMWS BL379% 1 1197 28 (Allan et al., 1999;Ha
et al., 2008;Kennedy et al., 2000;Kim et al., 2003a).

1.3.3 BEEMmE 2 BRITRFSNT

JUFRTA X PCV2 38 5y igk, o DGR gRBERE AN HT AR AT B o UK . s PCV2 (MY 2
£ h 7E 4 KT (Rodriguez-Arrioja et al., 2002; Mckeown et al., 2005; Segales et al., 2005; Mcintosh
et al., 2006), 15 H#&LANKETFIEHRIEREL 50% L. PCV2 A LLAELE T Z8H A &35
(Segales et al., 2005), J& 5% 2 (A EAEAR B A /& PCV2 I EZ AR RS, FidEn] Lodid K
SPAL R AN EALRE AT Y R TR IR i PR 3SR 2B A
WOKREEARIASR TS G, RIBETEALYLIR . PCV2 = AL R i 42 2 d08 iok 9 U T R A 3 AT 8 B DK
SPAESE, TR RECE PCV2 B X AT H/E FH B 5 (Park et al., 2009;Shibata et al., 2003); 7EiE4
BB IRG )R, PCV2 RAFET IV T4 d% (Haet al., 2009), tBAWIGIEN, PCV2 li@id
Ji6 4% B b b 4T 3 A% #& (Park et al., 2005)

1.4 HEE RS 2 BEmISIREXER
1.4.1 BEHE 2 BEmIH

PCV2 wIDLYE L7 2if . BRAZAnp . P R 40 B AN 41 4k 41 il A &2 41 (Meng, 2013;Misinzo et al.,
2009;Steiner et al., 2008), It A& AT LASE B 7E A SR 4H g (dendritic cells, DCs) 1, T #:1R b & A=
A2 1) B AR I % (Vincent et al., 2003) . PCV2 15 Jal@ itk B4 2, 5] 3 b B2 41 it A6 38 R 4 2 00 il
(Meng, 2013), SECARHALR T RIERS, PUEPURGLRE TR, 5 Kk A4k RIS ATR & %

1E PCV2 B R T, o3 25 4 i B L 2 R PR S A2 R0 2 A0 AT s 45 5 2k, A
BN P R SR P B e OB, H 1995 25 () 35 56 A9 B (Altfeld and Gale, 2015). b4k, AS[RIZERH
TUE) PCV2 Al BE[FII AELE T A —AF RN, JERAEERIFRA EH, 7RESBOX AR HILE N
5 FR) I SRR (Khaisebet al., 2011;Zhaiet al., 2011). DCs £ B0 2% % Fo 15 Js o A 7 1 28 sz o
Hte g BOCHEEMER, X EAT RO R GE 1) 5CHE H F5(Lin et al., 2012;Vincentet al., 2003).
KZ % DCs (80%-90%)5 PCV2 #HEAEH, SATA NEAME, Wi EaEMBA, b kAR
| B AP PR, 2 IR SROIR A0 B W] R AN AR D9 Bk A7 A 32 11 v [B] 28044 (Vineentet al.,, 2003), {H
AR B EHI MBI A . PCV2 i 45 o (interferon a, IFN-o)FIFEIAIER T o
(tumor necrosis factor o, TNF-o0) F# 7 A5 [ il i A At RODR 20 B B s 288, M1 55 B0 AT TR 00 s 25 U R 1 g
(Kreikemeier et al., 2015) . PCV2 DNA &1 L5} & H 5 & F1 N A FH (Balmelli et al., 2011) . fJE
Joi 55 FRLAE DNA 7E IFN-y £ELER B pDCs, 1174 8 XUE DNA #1i] pDCs ' IFN-a (7742 (Baumann
etal., 2013).
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PCV/ 2 [ 4y 5 1 i i 5 2% T 40 i (3% B (Klausmann et al., 2015), 53065 #3548 5% 85 1 H Fu s
S8 23 (Klausmannet al., 2015; Lee et al., 2015;Stevenson et al., 2007), PCV2 J& L [ 5o 5% 241 i % 437
) ffe Ji 4) 2 5 B 5 A S Ak (Klausmannet al., 2015). PCV2 Y%A T4 CD4 L3246 M1 T 452
PRZRIE, T EUA N IR R0 B B R0 T 40 ffd 4 72 25 U (Klausmannet al., 2015). T #kEL4H %} PCV2
[ N7 = BT Yok A 45 #4851 ORFL Al ORF3 ()24 (Stevensonet al., 2007). Lin 2% AR IAE PCV2
YT FE R, 96 ANk BRI LI B 61 M EES 5 DC M B. T ik 40 A5 L (Leeet
al., 2015) . T 4E 3K, ORF4 Ml I 45 CD4* Al CD8* T #k L4k 4515 £ Rk R4, 5HER PCV2
JEG/INER A L, ORF4 Bk PCV2 YL/ INER ) CDA* I CD8* T 41l fAH XS EL 5] 2 2% P& (Yang et al.,
2013).

TR B RS, PCV2 B Bl 1 BT R VR4 PR 7 AR R R 308, JF i Toll 4
A4 (toll-like receptors, TLR) TLR1 A1 TLRO it & £F£L15 - =K1 (I 40 i -1 73 WA (L et al., 2013a).
H4HM/ % 2 (interleukin-2, 1L-2) n] 75341 i Mtk 40 B 4 56 A PCV2 K ffil(Linet al., 2012), Jf H
KA PCVAD J 10 1L-10 AN 46 ME4I M R 7238 /K F L i (Kekarainen et al., 2010;Meng, 2013). I
&b, ORF3 & A Bt b Bz 40 733 1L-6(Choi et al., 2015) . HUpf& A ;Y 1L-2 390 IFN-y B8 i P4
(Sipos et al., 2004), 74N I A0 f A IFN-y A1 1L-2 RIE/KFHA Ji FI I % (Kekarainenet al.,
2010), iXULezkE JULRT IFN-y Fl 1L-2 fFRE KPR BB A R B BB AR E AR AR B35 2 7
(Yang et al., 2015). 54b, 7E PCV2 YLt fErf, CD74 4 ik i NF-«B 15 5 i 1 o 3 1 50 5%
JiE ) ¥ (Zhang et al., 2013), {RiEHLARTUIE B R IR H09% I B () 5 FE

1.4.2 BRMHE 2 BEXKR

1.4.2.1 BiiR{FIE % R R=iR%E & {iF (postweaning multisystemic wasting syndrome, PMWS)

PMWS /& PCVAD i WA, S R ILT 1991 AF NS RN, 2 )5 s 7E A BkVE
PRI & E, 7 M R A AR IR R K PMWS 43 5 NB B L PMWS FIBR 3 PMWS.
FHH PMWS EERAETLE 4-8 R IR & b, XME RN PMWS, IGR E DAV, 4 1Y
T IR B P S RIITI PR A9 RFAIE (Chae, 2004) . B HA PMWS 2R A 7E 8-12 A S s, 12
I PRRBVIETS, JHH S TTREWR IR GG, Bl PMWS AN LR =L 80%((Ha et al.,
2005) o o3 51 A8 A0 R I VA AN S A RIS A5 TP O R I O R A A TR A L
RO H L B A KA 1, SRI AT VZ B9k 40 i R 2 RTIR e (Kennedly et al., 2003)
1.4.2.2 R %58 w4EA1E (porcine dermatitis and nephropathy syndrome, PDNS)

PDNS G I R R I IR B RIS . AR /D BRI A K #(Drolet et al.,1999), &I JyHIE 2L
PNEEED, BB AMEERPA. & ERES S IR 2085 B2l s, F %
RAAEJG AN B IX I8, ABAGIN S 2 00 Ao BEAE I (B RS, R AR AR I B2 B e B A 253
Wik B R ST 5 . IR AR BT IR, A I B R (Segales et al., 1998) . PDNS 541 & 44
TR B J A1 A S% (Drolet et al.,1999), %45 G AE I % R E H K T 1%(Segaleset al., 1998), &
IR A B A 42 % (Gresham et al., 2000) .« 3 /M BL_E RIS AP SER T BEIS £ 100%, T 52 IEHLH)
BUERAE IR LR RN 50%, H ., S EERGY R L B ARRER G JUR W BETS, 735 oK
PR SAERDIRIT A6 /5 1 7 3] 10 R A K 52 938 n 44 = (Segaleset al., 1998).

1.4.2. 3 JEIERIELE A 1E(porcine respiratory disease complex, PRDC)
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PRDC /& PCVAD m — il iyl R I,  HoA niR A K G212 . (AR RCRBEK vERE. JRE .
TR J56 ~ W R DRI 3, — SRR AEAE AT B A3 S JEHL /2 16-22 ikt 72 47 (Chae, 2005;Kim et al.,
2003b). A%~ E, PCV2 HI5CH] PRDC HIAFILRZT 2 IR ZF B I SOE . 24 B4l I AR i i 41
2R R [ R T A P P R e B R AR B NS . TR SR B — I 5, PCV2 AHSGY PRDC
B0 35 A —BURR AR & SOV TN BRI 48, P A SOV A B UE AR R, A JERF IR 2R
FE 195 2 R IEHE (Kimet al., 2003b).

1.4.2. 4 3EEFERERS (porcine reproductive failure, PRFD)

PRFD 51 2 1) PR R AT 0 ()95 A2 6 38 iR LA T3 A sk e )L g ) LR K e . Jig ) Lo IUIE
JEAEA Z O VAS L ATAR JLIEZK S B R R B R, R ] DLAEA IR PR AR  LIR B O
LR BREFHEA 0 LR A ) LI BB e I LA AR LRI 28 . SR, 72 HTA] 561 PCV2 AH
KRB FEBR f2 2 W (1) (Pensaert et al., 2004), X ] §e /e T 7EBAESE K PCV2 1L 27 BA 1 342
fe, DRI OR 22 0P B VA T8 2 i R Y PR AT BB 52 S Wl PR PP 308 5 148 250 5 vy DS M 7
PCV2 IfiLi#% 91 % # (Opriessnig et al., 2007;Togashi et al., 2011;West et al., 1999) .
1.4.2.5 27K (acute pulmonary edema, APE)

APE F M {E IR E Y, RAEEEATIE 20%. Ifh ACHE DR G455 I W 2 3 i IR R A, B
JEJUVFSLRIZET, I E R R IBE T 2 BT AR AT R . E 7 RS A A8 Il R AR AE B 2
XF APE i BRSNS T AR SR, I SRIBIRE, et RIRE A R B E Y K, il
BiRr Al WL/ R TRIE 5K, IR T K TR B B AR AR AT TR ) PR
FAETRIEPEMRERERE Y, I BEAE A 2T 4R AR JE(AG et al., 2011).

1.5 BRERHS 2 BISEE

PCV2 J&HL 5L Y] PCVAD R BUNILIGAKEAR , A HAl SRR BRI & sk R e
AT PCV2 (2 W 1 BT AT BRI AR R AEIR I ER G 45 R, BRAhE R il i S =0
JEEEAUALE 22 TR AT .

1.5.1 mBNESEE

B RAUE A B AR e . FPRE . M. A SR 2 BT B A, B TR
R & PK-15 Al R PR AN, 80 BUAL AU 35 M A H IR e S AN FE 4L 2388 B A ks I 21 1) S50
B ERR T SV BRI S . S RERE A ST, AP & IR L RIS B I EK

1.5.2 fRIRFIDH

KM 2R A PCV2 5t DNA FIE E A2 PCV2 SIiIbs £ —. BRI B
J5 % 251 (restriction fragment length polymorphism, RFLP) 73 #1 Al JE 47 4432 (Ogawa et al., 2009)4: il
A PCV2 DNA 2 PCV2 f 5L 1146 75 5 (McNeilly et al., 1999;Nawagitgul et al., 2000b),
RFLP 7 #fr4h & HAh FBoA B T PCV2 JE R 41748 S 1) 5 A

HAl, FIH PCR BiARMNZHMAEA, wWnifid. Ml ML, Rl DR o Wby UL A
BiREA TR I PCV2 RZFR 1) 7 25 il 42 4 41 18 (Caprioli et al., 2006;Shibataet al., 2003;Sinha et al.,

7
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2011), AR EEMIPES AL T 2 19k, & PCR(quantitative PCR, gPCR) R/ S 457
1% PCR (loop mediated isothermal amplification, LAMP) /7 18 i #E [m] 1X S8 83 4% 775 2 55 1) DNA
FA, SIhiX s> 7 PCVL f1 PCV2. PCV2a. PCV2b. I Itk & PCV2alb 12 itk PA K7 58
A% ] PCV2b #:(Chang et al., 2010;Liu et al., 2011;Opriessnig et al., 2014;Shen et al., 2012;Wang et al.,
2011;Zhou et al., 2011). 55K RFLP Z3#irAHEL, PCR Al 78193 25 ik Ak el F vhoxs 25 8] e 41 () el
75 R WCTE BURPE B VR AR AL b, Bl T —Fh PCV1-2a EAMEEE, i@id gPCR AL ct {H 7
PR SBE T2 NS KB —Fiik& PCV1-2a wikE 1 51 k¥ (Gagnon et al., 2008;Gagnon et al.,
2010), HATFF R T 2% & PCR AW 77y, B2 0T LLERAE I 23k 9 A1) RNA il DNA £
i PCV2(Ogawaet al., 2009;Wernike et al., 2013); 14 75 3& T2 6kl PCV2 F1 PRRSV (1) DNA
Wik B DNA 8 A (Jiang et al., 2011;Nicholson et al., 2011), E 4% DNA it 5 A E %k 2 Fh & e
BN -5 TR AT BRI 77, (AR FL R T8 I B S W AT, 3 230 S Bt 355 (1) RO AR AN LR A
BIgEi

YT PCV2 TEHEFL % MU RE ) s 2, AUH PCR J7 X8 I A 491 24T s 0 Bl R 8] 43 Y
X PCVAD FIWiE A B . SRTI IS AZ R A H AR B AR AT R 0 3738 s P S A AN B AT 28011
iR % F PCV2 FPuEEE L, ZERAIIAE WM PCV2 HE4k Hh ) 1 FH RN 38 L1 A REARAL

1.5.3 MiEMAIZHL

HAr, W2 TR0 PCV2 it 7 AR J 1% Bt 44 (1) B B e 9% W B i 56 (enzyme  linked
immunosorbent assay, ELISA) 7 & CL7E 12 W s it 5 v A3 B N H . PCV2 L& BT I ELISA 4y
NIAIEE ELISA. S54+ ELISA FIFHWT ELISA =287 i, (RS &t 2 m, S s bk
P 1 AL R T N AR PCV2 e PR LA R % e B e PCV2 7 5 (Opriessniget
al., 2007). C&IF K PCV2 R SPEPUAR IS =R 7 & R G0, GAFREEETRERAN, 51
Luminex, ‘& ¥ [F] AR U AT FoAthds JEAAR P44 (Lin et al., 2011b). HHF PCV2 & 4Ll N A2 1%
WEAEAE T HERERT, T ELK 22 BOB e AR J5 #3 R PCV2 551, i LUR 22 [ 510 37 TR AR A R 45
FEPT PCV2 [ IMIEPUA, 5 80X 5395 B G g% BRI BT 23 8 e pi AR AR 15 00 IR A

HRIE X PCV2 KR 5 AL A 72 & B, PCV2b 2] PCV2d 1 9 i 3[R 84 75 55 91 1] Y
JTRARAE, R, TR RS X 2 PR R R PRI 75 v AR UM E 2L . BT ELISA HiR X PCV2
SR YL RE R R S ) B B s I SE A, B TR 7 5SS L4 T IRAT W R T E A B B
7T SE DR TR 1) G 28 S REAE DR IR T R I35 2 4G DN 75 VR AF 9 B PCV/ 2 S ol 28 T (1400 IV
A AR 2 B R HE . H AR P HE) ELISA J7iA I (GE4+) ELISA. #fi3k
ELISA. [HJ# ELISA. X3Pt JE I s ELISA %%
1.5.3.1 [B)#£ ELISA

FEBEP R OETUR, A, FINABEPE 30, &5 RO, X2mAEARR
ELISA J5%, RMNANEE IR %S R Pik &L
1.5.3.2 13k ELISA

SeAE R R R AE A A MG M B [ 8 T A BAR R, IONRFIIRE &, i A e fE SRR
TRV R BT PR [ 58 T 8RR, AR R R RPN R, KA R
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R, R AR SRR E RE .
1.5.3.3 PEMT (3£%) ELISA

AP ARPUAR e 4 5 B ARDURSS A, IS & T FE M B R R 5 2RIk &2
R BB RPUR S EA S SR, TR AU s AR L 0SS AR A — 2 =
PRPUR IR G, (2 SEARPUE RS, AT CAA BN IR 5 s . il FLAT i
E N NSRSy E
1.5.3.4 J[EF (L ELISA

VR P S WA B Az, TEREARPUS: INSZ AR AR, A2 558 A i e fid e B — B
BPIR), AbARA P S M EA iR S, TEREAHPUAE AP INEEAR U, ([ A G
BEEEY) LIRS BER PR S, IR R A Bl RIRR AR P Pk S B .

1.6 ¥EEmE 2 BT

N T INsE PCV2 AHREIR B AR, B T o BT FEml vt Fl 58 348 BRI 4h, $it PCV2
PEW 298 /> PCVAD [ 300757 - BT, # FH 1 PCV2 B AL W 2945 7 Fl, A3 45 Circovac® (Merial,
France). Ingelvac® CircoFLEX. FLEXcombo® (Boehringer Ingelheim, USA). Circumvent® PCV
G2. Circumvent® PCV-M G2 (Merck, USA). Fostera™ PCV HI Fostera™ PCV MH(Zoetis Inc,
USA), ‘B ATTH A2 I8 1 B0 23 FERIURL (virus-like particles, VLP)ZE T o MV A28 1 78 7 b Ak A 7
H b AL, R ZHEALE PCV2 IE S B R AR 5 B AT IR 33808 R4t Cap &
B, Hf & RN B, A AR ANEE AR, T, ERRIERGEME . 5
Sy, AL A R ERSNEE R, HEAE R EKEAR. SRS AL, 20
7N (Chen et al., 2018).

1.7 KRR BEFEX

PCV2 7E 41 O 2 ™ i FH S 7 5 A R R e I 2 2 —, B TR PCV2 220
IR e 28 B L ThRE, SEWURTURIEE T TR, W57 K2 TP E A 4k k&g, 4
TR I RRA TR . AL, MIEFRAAESE, PCV2 FREbhiRge S 80 BE M35 BRI M % 5
BTN, BRI S B ARG A BT AR TC A ARIX 4y, X H ATE T A B T
fBORHEIR . 25Tk, ARTFTE BERE T 19G A1 1gM HLR s &AL, KB PCV2 ¢
S 1gM U I AETE BT AR FEARASTE X 492 v S S AV BRI 7 T R #E AR, BT ik, 4
AL 7 AT SPG BRI PCV2 19G HLRIAHIR ELISA FILAFURE 1gM 2 Bt i3t S Al
PCV2 IgM HUR I 3K ELISA J7i%, Z56 WRhHUIAIZ I 7732 140 58 5 F N I Wi B I R 28 %
B ALR1R 2
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B —

BTE PCV2 BERMEEERIEE S 19gG 1 IgM ik
THCH

PCV2 4L n] G| ENLIA GBe s, 20— RPN . Hefh PCV2 BERTA] LUK IR F£{K PCV2
FORAR, DRI RAE, B AR .t 8 PCV2 KRR 83 MR [ kR
SRS, T EUREE IS DUAR BRAVE R AR, X 00 B 5 0 8 v S A I P R B 2 J
Bepifh, TR FEE AR EM I Bl SR BRI M B ROR B B . W, %
BRI S FEREANREAL T PCV2 IG5 M B0 R BIR I R L . ARWT Feilad i i Hik
ELISA N5 2 3 W8 1 G 5 48 A 2 TR L SR A AR HE AR 919G AT 1gM ik 7 R R s 2 A2 AL L
TES RN BRGNS, J9ht PCV2 BERT RO IR BE RIS 155, IO ACHE T T ) B A e X
R, BRMIB#E PCV2 IRAE.

2.1 RIS RHE
2.1.1 ¥

2.1.1.1 PCV2 &
W B R e R AR BR A ], 20mL/Jf, 7=t 20161131,
2.1.1.2 PCV2 s
PCV2 2t Ao H v (B RO 57 8 =2 M B8 AT 5 F 8 AT I e 5 R0 . S 928 AT 58 B3I T A 23
BIORAF
2.1.1.3 LG
1 E 2y 25-35kg 1) 7 RIS WTATAE, 300 B H R B AR B IR .
2.1.1. 4 &R
PEHEA INGEZIM Circovirus 19G/IgM Kit &7 & (555 1.1.PCV.K.2) W H Hili Bl E5 A
R, HAhG & B =4k
2.1.1.5 FEUH
s E.obl (5320 374 Eppendorf AF] =5, EEFRUE HER A (Rl FIR

/A\—

&l

2.1.2 7%

2.1.2.1 LE=THIE

SERSENW o N G ARG P . BRI 18 R R WA R B 3R, SBhkCR I, B
O 8 LR MG G, S B 7T BT AT R ST A IIAIE SETC AT Ik, SRS FI R L) INGEZIM
Circovirus 19G/1gM Kit {71 & Kl PCV2 fiifk. BRI

1. AR (BESE SRR R IRE 2500

2. RSB P EEFLANN 100 pL IgM BHPEXS BEEK 19G BHPEXSHE . BT RE, LN
100 puL FsBERE o ARG LIS RE 5 75 IR R 10100 Fike, XIS HARRE. B 37°CHE & 60 min;

10
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3. BRFLIN 300 pL Peiill, HIBMILIR, TR B GRILIRE R, AR D IR 4 1K

4. HFLINA 100 pL Fits, FHAR, 37°CHEHE 30 min;

5. FODBRRARBES 41K

6. FEFLINA 100 pL Fikedy fBEFRiCy) CHRMBER 1:100 Fike, BUMBLEDD, bk 37°CHE
# 30 min;

7. TGO 4 1K

8. FFFLAIA 100 pL AW, =IRBCE 5 min 5, EFLFEIIA 100 uL 2 1E#;

9. INZ 1k 5min N, 450nm X OD &

HEHL 19G AT IgM XU AT 38 AT TSR3 84, TR YL 28 4y ) v B R R B AR I G PCV2
FFAERI 1gM . 19G BLAR B 1 A Sy BH A Xof HE R A XIS 14 4 S BP0 R
2.1.2.2 MSRESHREHRE

FEHI e WUAVES, 2mU/R, RS —RILE, 35 HIGEXS 19G Al IgM HiAR X B 14 4%
FHMA TR IR A RE BB e e Yedl: B PCV2 4idds bk, @ ALAES (2mL/HD s (2
mL/ ) R AT IR, 68 5 REATHENBR M. 38 N Sebr L3N T seib shmBcE, N
PRI S % AR GL AR LS B2 IR 19G AT IgM HAR [ 12
2.1.2.3 MERESIE

PR BRI MIBFEA 12000 rpm B0, 2P ESILIE, 7R RAF2-20°C, B H— AT HriR .
2.1.2. 4 MERAEEN

TR SE G B i e vh iR D 3R, TIPS A4k B9 INGEZIM Circovirus 19G/IgM Kit 32771 &5 K6 il

R 22 2R (20°C-25°C); 3 G A I 3R R0 AR & AN TR R AR s A e fe P ) 4
SXof B A T SR IS 1 6 B AT R e R o R 25 SR Mk T 4 219G AT 1IgM BHPEXT R OD
{E>0.7, B 1R HE OD f1<0.3. 45 JH15E « #5% ODaso >cut-off [ N FAME, ;e AMTE, 1 1gM cut-off
i = 1gM BHERTIE OD4so*0.4, 19G cut-off /5 =1gG FH:XT 8 OD4s0*0.3.
2.1.2.5 JIAShSER O

WK I PP A 45 JE ) Excel #A%EAT ST 047

2.2 LR
2.2.1 L EITmiksE R

ATTRA I 285 TN . e 0 IE H 9 L 19G Al IgM LR XU 5, #5%5 24 1702, 1704,
1708, 1709, 1710, 1713, 1714, 1717 F1 1720, FEATEE M, GI% )5 35 RXTHUAIYI 1 1) 1704,
1708 1 1713 1Ay s R G d Lok i 8 L, Hirf 1902 A1 1903 1y H SRR YL i FH It Xt B 2H C1gM
PRI, T 1904 A1 1906 /E A MEXT AL (1gG A1 1gM BLiRXUHM: ), R4 4 R4 54 1907,
1909. 1911 1 1912 fE N BEGLA #E4T N PCV2 i 852 G
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e R R B 2 35 8 PCV2 SR S I IRk 19G A 1gM Lt K
2.2.2 REFMBRILARFEISIE

ARG, 1gM PUAE o4, RREEM R 15 19G Hiik b b, HRFSI (A
B, REPURP LR —BOREART: S%EHmt, Bod (ARG # -G AR
IgM RIS A, AHRRRIRRAL 2R/ IgM A7AEIF[A] D 20 d-30 d,  E ARG CIRRALZH I RA P40t
FRD PPAEI 1gM RFSE 55 d, T A 27 AR 1Y) IgM AEAE I RN B I 14 do 385 R 1M SR,
AP R MR e, A )E IgM S A, FR ORISR S R I R IRETT 1gM BPESE: —BeRd
G Ja 1gM HIFITERONBIE, R E IR, 1gM B—EUNRIE, AR R IgM AR DY A,
—EAEIR RS, AT PAX 7) PCV2 A X o

* LIEHEEIWRAEMEBF PCV2 I9G IidHK

Table 1.1 The growth and decline of 1gG antibodies detected from PCV2 vaccine immunization group

Dpi 7 14 21 28 35 42 49 56 63
1702 - - - + + + + + +
1704

1708

1709 + + + + + + + + +
1710 + + + + - + + + +
1713

1714 - + + + + + + + +
1717 + + + + . . + + N
1720 - - - - - - + + +
1704 - + + + + + + + +
1708 - + + + + + + +
1713 - - + + + + + + +

e 1704'. 1708 il 1713 JyIBINGYE, Wb 35 KA MUk a Ml RiE
1704, 1708 and 1713 were in the enhanced immune group, so there was no corresponding value for antibodies after 35 days of immunization.
* L2 REGREIIEMBEF PCV2 IgM K

Table 1.2 The growth and decline of IgM antibodies detected from PCV2 vaccine immunization group

Dpi 7 14 21 28 35 42 49 56 63
1702 - + - - - - - - -
1704 - - - - -

1708 - - - - -

1709 - - - - - - - - -
1710 - - - - - - - - -
1713 - - - - -

1714 + + - - - - - - -
1717 + - - - - - - - -
1720 - - - - - - - - -
1704 - + - - - - - - -
1708 - + + - - - - - -
1713 - - + - - - - - -

VE: 1704, 1708 A1 1713 SMIEINGSE, M 35 KRG MBI A H RE

1704, 1708 and 1713 were in the enhanced immune group, so there was no corresponding value for antibodies after 35 days of immunization.
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o [ AR e A 2 18 S 85— PCV2 YA G B o M RE™ 4 19G A1 IgM BT/ KL

= 1.3PCV2 BLRLIGIE M & PCV2 IgG IifiE i

Table 1.3 The growth and decline of 1gG antibodies detected from PCV2-infected group

Dpi 5 10 15 20 25 30 35 40 45 50 55
1902 + + + + + + + + + + +
1903 + + + + + + + + + + +
1904 + + + + + + + +
1906 - - -
1907 - + + + + + + +
1909 + + + + + + + +
1911 - - - - - + + + +
1912 - - - + + + + + + + +

& LAPCV2 BRI ME F PCV2 IgM $idiEc
Table 1.4 The growth and decline of IgM antibodies detected from PCV2-infected group

Dpi 5 10 15 20 25 30 35 40 45 50 55
1902 + + + + + + + + + + +
1903 + + + + + + + + + + +
1904 + + + + + + + + -
1906 B B B
1907 - - + + + + -
1909 - + + + + -
1911 - - + + + + +
1912 + + + + + + - - - - -

2.3 1Fig

ARIGIRTE T PCV2 BRI T Gl R LR = 2E 1K) 19G Al IgM LA ff i K, PCV2 %51
GG TR G, 1gM PURE 24, Fremt A X, )5 190G SRR e A, FEAERT
K, FFAPUARP= A 1) — O Y (SR BRI B E I ) P21 1gM FREERT )3
YA EE A=A IgM (7RI )28 20-30 d, HARIERY ORGL LA PH G HED 7= A2 1) 1gM it 55
d, TEERP KGR B R 4L 1IgM IR RN 14 d.

HHEFRRY], KGR PCV2 f5, BIMERINWIEARRER, MIEPUAERS: 10-28 d Ja KA
AZ(Allan et al., 1999; Meerts et al.,2005), ] &4 PMWS )55 L5 Hiid i AL i 3] 2 4E f5 (Okuda et
al.,.2003). Meerts KZILSELEBGL 10 d =42 =i B2 1gM Bt (Meerts et al.,2006), {H 5 A1 5T kiE,
IgM Fifkr= A= BT HusE PCV2 19G Fifk, 7F 14-21 d RAEHAS, 1 19G PuiA T L FF4E777E 69 d,
HALK 1gM HiAR B bR & 3 PCV 2 955 # IfL5E 77 4 (Fort et al., 2007) . ZERF 5T ELISAs A5 2 o Al
M ERRFRIL, PCV2 IRYL 5B A 1 R AT A 19G 1A /2 IgM (Fort et al., 2007), H Al
YUK 19G 7K 7 5 BE 75 A 2/ e < (Fort et al., 2007, 2009a), HHcHRiEHIFSE, HA PMWS
KR NAEAEBAREAAFEAE DT PCV 2 G 1) A9 44 (Meerts et al., 2006)
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Hh AL BE AR L 2 A 1 S 85— PCV2 YA G B o M RE™ 4 19G A1 IgM BT/ KL

ARWEFURIN, I I 1gM SR AR R RO A PCV2 S i R P SR AR R SR . |
F L1, 1.2, L3FI LA AN, R REEFE R TR GG 1gM PURELERT A fE, STE—B
B (B N FREEEAFAE, 4RI T P B, T8I e 3R R B A 196G, TS A 19G
Poik ¥ AL, R, BRI PCV2 9% i S B PN, B 1% 25 JEBETT 1gM BUARBA T, B LAA
PRI B AT RE IE AL TS BRI, BERE A S I RRR IR A, S IEA B R, HE2k
ARG 1gM BUIRTE g% Ja 7-14 d RBUNFEME, 2R 5 HuiAKCPIRGE RS I, 76 T IkEE
Folrs2e B 2 AU AT 2] 1gM PUARLE FONPAYE, B4 e MEL T —# 1 PCV2 i, @SR
925 I LIRETT LG B 4

EAFERMZ, AT PCV2 BARIKGRITHILIS IgM N FHYERRERT PCV2 Hiik A 1t
i E IR AR R S, PCV2 Tl A& il B A5 76 A0 () B P8 1) )7 sV I I 0 . R
1.3 F0 L4 W 5N, SEER A e T RIS I 5 . 1904 F1 1906 5 Ay B 14 % A7 75, ARk PCV2
N EE, {H2 Y5 15d 1904 1) IgM B A B, JHEFFSET 40 d 245, 19G Buikre g5 20 d
WAR PP, X B A B B S LA AR R, Btk el 1904 A7E R RE R L T
PCV2 [ SRIBCYL ) 1r) 73 AL 17 vt & AR 7E 1911 41, 1911 1 9 sge 40 A\ Tkt PCV2 41 75,
{HAEKY)S 5-30 d I,  1gG F1 IgM Fiofk—E R BN, " JFE & A NG PCV2 ki,
SR e N N (BRI SS 35 d B, IgM FLARAENBAYE, 196G HLiRTEIR YL )E 40 d
ONPAME, FEOXFILG AR N AT R PCV2 HAREGATE. & 1.3 f 1.4 45 &M, A TS
PCV2 Z G WIHLARF=A 1) 1gM Fiik LE SR E G PCV2 P22 ) IgM RF B2 (] AH X 45 27, 1907.1909
11912 fE NS0 2H 1gM 775 S8 1124 20-30 d, 177 I AR G 1) BH 14 % JE 20 1902 1 1903 SEEGHE AR
FEAER IgM — BELFFEEEAE, 1904 11 IgM B F4E T 40 d, H#EMNI AT A5 R & PCV2 FI41 i #4555 /1
55T H AR YL PCV2 B 5 BLE 43 B B R 1Y 2 70 R A B3 S

A, B ERIE BT INGEZIM 1gG/IgM 7 S AS I 1gM/1gG Hifl, 454 % i [a] ] DAL

A TP B G AR (AR AR, 2018), HASCHE AL H A R il A Tz Ak, (HJR A EZiET 1gM 1)
AFAE B A RLRZS AT DA X 4398 35 B 5 8 W S 7= AR I P A, ARk s 1 SRR P SR AL R R 255 .

AR B PCV2 FEH R AR BB 19G A1 IgM HLARTE KA, RN T
PCV2 4 EE = AE 1 IgM FA7ERSTR] 9 20-30 d, HARIE Y UYL IPEMEXTHED F2A4E 11 1gM FR 4t
55d, T HeFP AKIEEE I G AL 1gM AETERT RN G 14 d, @2 PCV2 S8 1 1 Go BN 5 g2 B
L% FEIREFT 1gM UARFE A 1gM BUAR an SAE e J5 AR R B, 78 T R 1 2 i ks 0 3]
SEFONBEYE, A HEL T B30 PCV2 L. BT I PCV2 IgM Fiik s AR ] LUA R
1 PCV2 it R 7. X 43 2 I e A G s B2 L BRI AR A AN BEAR S
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Hh AL BE AR L 2 A 1 S B = T RRERE A S S H A BN PCV2 19G [k ELISA

F-E ETHEKERLGESEREIMEMN PCV2 19G B
{3k ELISA

14 BR 14 5 1 A(Staphylococcal protein A, SPA). BEBR % & 1 G(Streptococcal protein G, SPG)
FRJH AL BEER 7 25 1 L(Peptostreptococcus magnus protein L, PPL) & — 858 B 140 1 e BR B
[ 454 2 [ (Immunoglobulin-binding proteins, 1BPs), @it PLAE 4% 5 5 19G H % & A BOM EAE
. T2 N AT 19G FidA i 4l 4k FAe il (Firthet al., 2009;Harmset al., 2001) . A<HF 5t 414 1BPs 1,
e BT R LAGE & i b A 196G, B 44k ¥l (Horseradish peroxidase, HRP)FRic ] PCV2 Cap 7E A
THURSE S PCV2 R E 19G Pk, 455K, ODaso F1 P/N {1 & 78 SPG Eb SPA Al PPL ¥ &
AR HAE MLE I 19G: ROC Hh4fiffi i€ 1% 7715 1) cut-off (B4 0.61, X N R E5URE 2 ARy 53 73
il 9 93.9%AH1 90.3%. %I 187 i1 Il PR AR AS Al 25 SRR W, %7738 5 7 i A 1) INGEZIM Circovirus
IgG/IgM Kit (N-ELISA) S G %N 96.26% . % T4 37 R FUSTART I i 75 1) N-ELISA AR =,
AL EET SPG keIt R B AP BR ELISA far a7 & BoA B 1 B i 5t

3.1 MRI5RE
3.1.1 Mt

3.1.1.1 HAFRN. MBI

FL PCV2 Cap Fiki. PCV2 4ifig 854k Al PK-15 21 A 355 Ay v [ AR Rk 27 5 24 PN 25 B 0F 50 T i
BT SRR e 5 2 G T T B3 [ ARG AR AT
3.1.1.2 IiEH&A

JIT A L5 A it 350 v B R E R} 27 B =2 M 25 R i 9 P 4 8 T A T Uk e 5 R B A 2 A 7 613 [
BALRAE o
3.1.1.3 EERH

SPA W b5t i B S B R BR A W], SPG Al PPL W 22 N sz 8 5 iA T S A IR A w
INGEZIM Circovirus 1gG/IgM Kit {55 & 08 H HRNBIEERAED AR AR, s DMEM,
Carbonate-Bicarbonate Buffer. Phosphate-Citrate Buffer with Sodium Perborate £ anti-pig 1gG (HRP)
Pifk & SIGMA 77 i, Triton x100. 4% % % H . “E4i4% FITC $i/4 1 DNase/RNase-Free Deionized
water % Solarbio 77/, Ni-NTA Agarose % QIAGEN 7=, Bifg#y# % BD P74k, ECL KOGEY
% Thermo Fisher /= i, 1 HRP AR i ik 55 R AL 5T B G e R AG BR A 7] SCRE,  HoAtiak71) & [
P4t
3.1.1. 4 EENFEEZ

ELISA EgFRti R Costar 7= i, #ii#s & Ol (530 %04 Eppendorf A& 7=, BEARE
HERTTAES (R ARAR, HIKOCHER R #4845 Bio-Rad 7 it «

3.1.2 H&
3.1. 2.1 FREXT BRI ;& iF ik
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Hh AL BE AR L 2 A 1 S B = T RRERE A S S H A BN PCV2 19G [k ELISA

1 24 FLBR R PK-15 4iiffl, T 37°C 5% CO2 853741598 1 d, LA LN 70%-90%F
&Y PCV2 - RANMIHE, 18-24 h JE#pl & 2% 4 M5 AN MR 4ERF R, 4K2: T Br 3240 P RS 3% 24,
22 18 1] 32 S % 92 e (Indirect immunofluorescenceand, IFA)KIEBESHT#E . BARFEF N: H 4%%
SR FH i = 05 € 40 15 min, PBS ek 3G, JI 5% Triton x100 (PBS)i=iH 40 /g 15-20min,
PBS ik, MAFMMiE 1:50 #%, fEN—PumZB M, 4°Cim e 37°CHEE 2 h, TBS-T ¥
BeJE, N 1:300 HFEfY anti-pig FITC 3, 37°C #% & 1 h 5, I8 %L MEE NS e,
3.1.2.2 PCV2Cap EBWRIAFMEE

P S == A AR AT [ B 41 PCV2 Cap FURLLE E.coil H k4T S AIZRIE(Yin et al., 2010). ¥
FIK 5 B R ST B AT S AR, 7000 rpm B0y, 43 WSS EIEATITTE, B SDS-PAGE HLIK &
BEATE Dt Wi g s, Kl PCV2 Cap 3B /KF. H NitSERIZHTAE4i4L His Aric ) Cap B,
western blot %5¢. BARLEN: BafbEAM Cap FEH (Img/mL) HRBBIMBRAERE L, =
BT H 5%B AL & 1 h J5, 7055 PCV2 udk CERH MM , 1:100) A1 —HT (PiJ% HRP, 1:5000)
WH: &, FIH ECL KGRI 3T I B, F2i4b i Cap 21T HRP Axid ik %5 .

3.1.2. 3 fESEBEIIE AR S HITREMFFE B RERENTHE

KM Bk, B =R agiPiE SPA. SPG Ml PPL (IR FZ 15 ng/ul) 43 5l#% & 1:400. 1:800
A1 1:1600 =M FE R T 0.05M BRER £ % i (pH 9.6) 1, 100 uL/FLEHE7E 96 FLEH, 4°Cit
WEE: Veika, BARMEMTE ] TBS-T(pH 7.4, 0.05% Tween-20)#F: % 1:40. 1:80 i1 1:160 435
INEXFRFLH, ARG 1% IEH A ELISA J7 i3k 47 3 43 80 43 O R4
3.1.2. 4 HiEMFER MATEEIFHAL

0B BRI i R IR B e 2 J5 B ISR M AE 37°C % E 0.5h. 1hf2h, i
o BH 2 B 4 L35 1) ODaso £ P/N B, i 7€ ILIE 5 ELARHT IR 45 6 1) dpe i Jse SN2 I )
3.1.2.5 RNAFREE pH B

ELBE PR S MTE IR . R T 2 J5, 8l e B — RAMIE R pH {A: pH 4.5,
pH 5.5. pH 6.5. pH 7.5. pH 8.5. pH 9.5 1 pH 10.5, MEL AP R AR pH E T 45 & Mg
19G HLRIIRE ST, HRAE ODaso B Hf E S MM & (1) Bt pH.

3.1.2. 6 cut-off {HHYFASL

PRAE DL ELISA F2)7, JEHF 64 (hbrdE MG HEATI 5, B0 30 B W AFAT T R L. o 1
T ) ODaso fH i1 \ 21| SPSS Statistics 17.0 il Rt th 25 ROC. M5 ROC It 42 BUB 1t Rl S 14 AH
K — R HNEE PR Youden $8%0 (BUSCHE 5455 M 2 Fyk 25 1 AR Z 7 i IG SE . 1
i T FHE ) ELISA 45 R & fat:, [RZBATE.
3.1.2.7 HHM. BUERMIRE

TIEATIN 4 Py FRERA P LTS, VRN Z VAR, B LS FE 5 P PBS-T YRS LU RS,
M 1:50 #iBE A 1:3200, FRJ5 FEESLH) ELISA J7 b ATl i e % A mrE s, X CSFV.
PEDV Al FMDV [ FHPERE S TR, (RIS 152 B PCV 2 s v [ 1 A0 BH I Ty 5 HEZEL, I Iy 32
IR
3.1.2.8 FFERRAW

T 187 41y PCV2 ¢ i 4 98 2H ANV T3 Ik G A SR AE I LIS FF dt @R TRl LRBGZ 7 V55 7 i
16 N-ELISA JIERIEVESE R, /T E 2 RIIFF G238, DU E BTS2 18 ELISA J7i i) ] Sk
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r ] ARV R A R A 2 A 8 S = ETHREERE AL AR AEAN PCV2 1gG ISk ELISA
3.2 SLIGER

3.2.1 MEHMENEN

T IFA 730 % H 31 7 PCV2 B L5 A0 33 3 P I3, A8 AR fh4E DL 37 i% ELISA
TR IFRAE cut-off 1 K HAURAE .

490nm Merge

Negative serum —»

ApELT:
) SN
- Scrum_>- -
- Sel’um_’- -

2.1 EBBFREMMER IFA &R

Fig 2.1 Partial reference serum immunofluorescence results

3.2.2 PCV2 Cap EHHIRIEREE

JH it SDA-PAGE IESE PCV2 Cap .20 5 A 7E K Mg #F & sl Th 3RIE , 857 B AL alifbk s R i (]
2.2). Western blot S RFTARRERS IR A 210 ET Cap EH, WHHEA RMEHE (K 2.2).
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Hh AL BE AR L 2 A 1 S B = T RRERE A S S H A BN PCV2 19G [k ELISA

M 1 2 3 4
kDa e
g
-
70
5 =
40 B - -
35 ..

15 .

2.2 PCV2 Cap ZEH#/Y SDS-PEGE # Western Blot 434
Fig 2.2 SDS-PAGE and Western Blot analysis of PCV2 Cap
M: 4> T8 H Marker (10-170 kDa); 1 #12: IPTG RiFEFMFE /G EH PCV2 Cap; 3: 4L PCV2 Cap;
4: Zlift, Cap fJ Western Blot.
M: Protein molecular weight Marker(10-170 kDa); Linel and Line2: Uninduced and IPTG-induced recombinant PCV2
Cap; Line3: Purified PCV2 Cap; Lane 4: Western Blot of purified proteins.

3.2.3 ELISA & N &HEHIE1L

BUEL VR4 KRB, Joit ODaso 12 PIN {3527~ SPG AN fEFPIE (& 2.3). SPG
RAEEBIRE B 1.875 ng(1:800), L& M BBy 1:80 (& 2.3 F1lE] 2.4). ¥ IMiEHE
T 37°C/ 5 SPGAEH 05hy 1hFl2h, g5 EIR, BEA&REFRET R IR, B i A BH P i
TE ) ODaso [HAHRMIE N (£ 2.1). Akerstrom %5 A\ H4iRiE SPG 5 19G 7£ 30-45 min {45 & # Al ik
50%, #A ik, BAE 16.5 h J5, ‘EAh{ESENE |t (Akerstrom and Bjorck, 1986) . 254 P/IN fH,
M35 B B B E S L h (B 2.52). th4h, G2l i) pH EXT SPG 454 ILiE ¥ 19G WA
WEFE (K 2.5b). A1, X—45105 DAAT kA A —E(Akerstrom and Bjorck, 1986), TIfE /&
DA BT R NARAS ], 3X K B SPG fit 5 AR 1 b B e SRS (BRI o DRIk, A 9 Hh 1 S
RN pH B8 5.0, BRVEFRAEE AT DUBE G A S e BREE A2 I, Wiy b IgM, R AERE S
PR R o
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Hh AL BE AR L 2 A 1 S B = T RRERE A S S H A BN PCV2 19G [k ELISA

a b
2.0 61
i -~ SPA
. -
4 E =/ SPA -+
154l SPG
= PG 0 4 -+ PPL
S T
T 104 f = PPL @ =+ Mock
0 : : - ock Z ""——4\.
; : o 24
0.5- E : s H ;:74
0.6\ E i ﬂ I v l ﬂ 9 r T .
S S ) ® < &
SRR A N N N
serum concentration serum concentration

2.31BPs ERRIMMBEHREE TES 190G FHER

Fig 2.3 The binding IgG ability of different IBPs
SRR, SPG NEHABBUE, Mk REMPEE N 1:80. afgfLaHk 1.875 ng HiJ, MLIHHFEELE 1:40. 1:80
F11:160 BFAN[E IBPs ODaso (I . bRl 1.875 ng IR, MIEHBEELE 1:40. 1:80 1 1:160 K A[F IBPs
PIN 2% 5
The results showed that SPG was the best coated antigen and the optimal serum dilution was 1:80. a: Comparison of
different IBPs under the optimum condition (1.875 ng each well) for affinity to 1gG with positive serum and negative
serum at a dilution of 1:40, 1:80 and 1:160. b: Comparison of P/N values for affinity to 1gG under the optimum condition
of different IBPs (1.875 ng each well) with serum concentration at 1:40, 1:80 and 1:160.

;! b ® sPa

Opositive sera

:? ] M negative sera 7 -&-5PG
N I 1 5 o peL
144 ‘ ° L @ negative
12 4 54 T negative control
z . 4 L I
20.8 4 Zz
c N
3 I —
02 1 21 JPR—

0 1 s 8 .

0 L
1:400 1:800 1:1600

IBPs dilution multiple

24 ARFEIERREE 180 X4 T, FEIRER IBPs &4 109G 88 INER
Fig 2.4 Under the optimal serum dilution of 1:80, the IgG binding abilityof different concentrations of IBPs
SRR, SPG ARAEEPUR, RAEMRE N 1:800. A, B4l IBPs (KA 15 ng/ul) 1EAR FIRREEE 45
FH BRI L& 196 44 ) ODaso fH A PN A .
The results showed that SPG was the best coating antigen and optimal dilution was 1:800 (concentration 15 ng/ul). a and
b were the OD4so0 value and P/N value of 1gG antibody in negative positive serum bound by IBPs at different dilutions,

respectively.
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Hh AL BE AR L 2 A 1 S B = T RRERE A S S H A BN PCV2 19G [k ELISA

£ 2.1 R MATEXT SPG &4 M55 196G HISZMN
Table 2.1 Effect of temperature on IgG capture by SPG

sample ID 37C2h 37<C1lh 37 C05h
1 1.661 1.5616 0.744
2 1.2046 1.0271 0.6197
3 1.3942 1.0234 0.4865
4 1.6193 1.299 0.5823
5 0.6917 0.3582 0.1911
6 0.5666 0.3182 0.2029
7 0.6083 0.224 0.1209
8 0.4677 0.2131 0.2073
4 5.0+ b —@- Positive sera
' 2.0
- Negative sera
4.5+
1.5+ W
0 4.04 o
T <
@ 3.54 0 1.0
Z o
o .
* o H—H\l—./'
2.5+
0.0 T T T T T T T
2.0 T T 9, 9) 9) Q, 6,

0.5h 1h 2h Q} Qf’ Q‘b Q:\ Q:b be )
Reaction Time
pH of serum diluents

25 RMFHHRK
Fig 2.5 Optimization of reaction conditions
a: SPG fEA[FWS ] A5G MIE 1 PIN {H, 456 ODasofH, #fEMLIERE EW A Lh: b: A[E pH Xt SPG &54 19G
BIsZm, SRR buffer (19 pH X & SLFZM AN B 2
a: The P/N of serum in different reaction time. The incubation time of serum was determined to be 1 h; b: The effect of

pH on the binding ability of SPG. The pH of serum buffer had no significant effect on the reaction.

3.2.4 cut-off (ERYFASL

NEESL PCV2 19G 2 A 772, K F] SPSS Statistics 17.0 B %t 33 473 bH M i i A Fh Al 31
13 BH P A B A S A SR BEAT 0 b, LR E cut-off (. 455K, #ck Youden 8% Al cut-off 18 7 5
~0.842 F10.61, HAZE FTHIAL S50 0.954, Xt N A BEURR B FF 57 ol 93.9% A1 90.3% (18 2.6).
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Hh B AR A BE AR - 28 S = T REEREAS S EAZN PCV2 19G 13k ELISA

ROC Curve

1.0 71]

"1

Sensitivity
o
1

o
=
1

0.2

0o

T T T T
00 02 04 06 08 10

1 - Specificity
2.6 ROC phikfE IR A&
Fig 2.6 The ROC curve analysis of the C-ELISA based on SPG
2k T AN 0.954, %R [ cut-off {H4 0.61.

The area under the ROC curve is 0.954, when the optimal cut-off value was 0.61.

3.2.5 BUBMMEFFRME DM

K 4 4y BHPEARUHE TS, M 1:50 /% LR 2 1:3200. 4B 30h 1:1600 I, Iy H FA AR
N (B8 2.7), RUZTERE BT BURM: . [FN, %76 CSFV. PEDV Fl FMDV BHE:
MBI TAZ XN (£ 2.2),

- ]
- 2
2,01
— 3
- 4
1.5 —— ncgative control
= | 0 cut-off value
g
a 1.0+
=]
0.54
0.0 T

1:50  1:100 1:200 1:400 1:800 1:1600 1:3200
Dilution of serum
& 2.7 M
Fig 2.7 Determination of the sensitivity of SPG-ELISA.
A 73 BE A L35 R 91 %o I 7 FH 3 AR R V22 T AN 1:50 ARE &8 1:3200, 45 L SoR, TERG BRSO 1:1600 i,
FRPE IS A A ITE, %75 B A B I B
Four positive standard serums and negative control serums were diluted from 1:50 to 1:3200 by multiple dilution method,
respectively. The results showed that the positive serums became negative when the dilution was 1:1600, indicating that

this method had a good sensitivity.
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Table 2.2 Determination of the specificity

Sample CSFV PEDV FMDV PCV2 + PCV2-
ODaso 0.3311 0.5093 0.474 1.2852 0.3183
Result - - - + -

3.2.6 EF SPG B9 ELISA 7£ I &2 &7 = B B2 B

Wl 187 (MG HATALI, FE 5/ Stk N-ELISA iELL . WA 777234 R 130
Py L& A PEYE, 50 {3 ifE NEA T . C-ELISA 5 AR R FI &M FF &% N 96.26%. H, H
136 #3375 SPG-ELISA 15 45 B oA M (72.73%), 131 41l N-ELISA J5 14 5 A B (70.05%), %
T35 B BAPEAS 2 26 5 T N-ELISA. P35 2 18] (1) 22 X4y 2k 25 R L3R 2.3,

& 23 MAFERRE
Table 2.3 Cross-classified test results for the detection of PCV2 1gG antibodies in swine sera
SPG-ELISA N-ELISA Total
Positive Negative
Positive 130 6 136
Negative 1 50 51
Total 131 56 187

E: SPG-ELISA I ik INGEZIM IgG RrliaGil &0 sil%s 187 43 M5 HEAT R, 45 & %N 96.23% .
SPG-ELISA and commercialized INGEZIM IgG detection kits were used to detect 187 samples of serum respectively, and the coincidence rate

was 96.23%.

3.3 St 5iTie

IBPs 7E4H B R M2 IA, A1 0 40 B e 1) e B A s B, I % 7 N5 196G s
SE T BOM AR, 7540 B8 I G 1 &9 L 1) ke 25 224 FH (Bouvet, 1994; Kronvall and Jonsson, 1999) .
IBPs [ ML B AL 45 SPALSPG H1 PPL, ‘BAITE A 2 AN ES: K L 4h % £ 3K & E (Immunoglobulin, 1g)
sE5, FIERRF A FRVEER R . SPA F1 SPG FE 5 19G K Fc [X 454 (Akerstrom and Bjorck,
1989;Bjorck and Kronvall, 1984), T1fij PPL £54 IgL f « FIAELFRE, PRI B 58 58 i Ss Bk
454 al# (De Chateau et al., 1993). IBPs B A MU ISt 45 SRk, fEDUARIZi4b . il A i
ST R ¥R EERVER . SPA I SPG #%) vz FAERE AR 1L IR i, F TRl e ds N RTE NI
- FhshYnin JE AR S MUK (Bhullar et al., 2011;Chen and Fang, 2013;Kang et al., 2006).

SPA T LA 5 &R IR G A (BIAnBE ek 456, FT S iiie UOREHIok B A Wi ik
SPA I TR 735, W EE. ELISA F1 Western BT, ‘38T 32 HI T 24405 H bl 46 4 )i
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FE YA %% Bk 2 (1 (Rashidieh et al., 2015). S5 ERE (145 & 10 (A A K& 30 2%
SERBm P AERSE ED, Rl RESE S, FoVEfTBER T 29 % (Nielsen et al.,
2004;Nilsson et al., 1987). Lawman S48 FHJECHPEFRIC 1) SPA SRERER AU, REnl2 %0 441 K
FFEE Y 19G2 V.24 (Lawman et al., 1986;Lawman et al., 1984) . 4, g4 4 1) SPA E4 Tk 4.
Jer e B AN BB A S KPR, SPA WA T4 0 A0 & B 19 N Bk 1 s iR 56
(Lawmanet al., 1986) .

SPG th & — Pl W1 IBPs, e #I1E C HEBR A G 4 BR i kil 21 (Bjorck and Kronvall, 1984) .
5 SPA 8L, SPG REMSAEANIR] pH(4.0-8.0)3i il N 5 Z Ml FLah4 19G 1 Fe B4 & . It4h, SPG
LA A BEHET 2N, BT SPG 5 A 196 P4 )45 4 F¢ M (Kmiecik and Kolinski,
2008), ©HIEET 196G Maitb f 5. SPG /& —Fh 65 kDa(G 2iY) 8k 58 kDa(C !4 e R i d
AliEE S Fo X454 kalifk 1gG1. 1gG2. 19gG3 1 1gG4 #i44(Kmiecik and Kolinski, 2008) . F%% SPA
F1SPG 1) =4 ke 5 AL, (BB IR ZE RIRK, MITFE T AR &R, SPG
T4tk 5 SPA ANRESE A (T8 FL Al o AN 2 5 19Gs, SPG 5k £ i FL3hW 19Gs A
FERRIISEA TT, FEHEXT 1gG MIFELETE S, AFE A 19G3. /MR 1961 FIK iR 1gG2a(Aybay, 2003) .
SR, 5 SPAARIE, SPGAE A IgM. IgD 5% IgA &5 4 (Graille et al., 2000).

PPL [ 1985 ‘EH KILLLK —EZ BRI OGE, EEER NER—F Ig RS S5EA,
ARG & T B 8E ] A48 7 Br. Fab A1 F(ab)2 2415+ 44t (Housden et al., 2003) . PPL 5 K& A
Hxls 3 4 BEER 19 EHEES (EAS 2 FIA TR, MMiRA 50%H A K 1g F1 75%LL -
fR/N B 1g(Stura et al., 2002). SPA 2404k R BTARFI/NER 109G FELE WV R AR IF T A, 1 HiAth 3%
MK RG], %K R 196G HISEF I BRI, PPL MFZ 8= A B AR 1g BRA SN, FHE
T SPANEIERMES . —MIEW T, —FINEFAL S —MEL, ef#HEA R EMESKD)
e, 1g IR PUE T A4 B s B i A

PCV2 FEL ™ FE7=, HINMIWIRTHFERE, I 51k ™ E A i, x4t F IRl 2 5t
BAME@M . PCV2 [Mi2W 2 EE PRI WREREE. MM PCV2 HLEF PCV2 A
AR A PR B A I, S e LA RR AL 44 58 752 AT LA PCV 2 7 AT 58 4 2 HH [ 5 = A
AR HATRC I (FF G E0EE, 2019). H AT, ELISA K& 2 N H T PCV2 557 P HUE FPraAata i,
FEIG R 2 Wb R G 520 R o

ELISA H5E 45 MK HE E ZH T cut-off {H, A& cut-off B Bh T8/ FH M 503 R Y
PEH IR, i PRS0 A B BB v, LG T N7 T RS W B 48 R R E N5
We, G P AL 28 . W T E AT B AN R A5 A LS DU S T . e cut-off (BT VB R RRE 2 L
HROMERRAR AV LA . DL PERT B I5ME £+ 25 81 3s. Forhidiik. XUFEHE. ROC #hks:, R
[ 77 R B I FHE vT R P 22 5, (RSB 2E RERE o R B BE P 3R A B 14 %2 . ROC il 22 R
B 2 AT ORI AN L e PR TR ) — R A S R R AT, L 4R R T AU 12 i Y
TERE A R E R . ROC HIZkREW % A — /N FTRENY) cut-off {H, T ZWHL AN 2 WAL 12 W
P E RO 8 e IR FHE, b Youden FREUR BURYE R M2 RO 1, 2 PPA 0 7 U0 2 sk
BTV, ARBOBK U B I A0 i RO BT, HSEMEBR . ROC #iZ) 2 N T — T L5 4k
HH R T o, A8 B E 3 o et D s VP Ak — TN IE A Bk ok KR s A A s 52 k3 1 )
S RE s LR T T A PP ] — 2 0 1 0 YD 200 SR LG 2 R A B A D ) W 45 2 00 2 A [
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MRS
FERE,  FRATTHFH =0 250 1BPs 45644 i P i) 19G &AL | SPG-ELISA J5i. 4533,

TG ODaso B, P/N 18 SPG A A4k 51 )5 . ROC Hh £k 5 1% J5 15 K Youden 8 #0F1 cut-off {5 4)
W9 0.842 F10.61, HHZE FHIAS> )9 0.954, X B RUREEE R4 57y 93.9% F1 90.3%. FH ]
for il 45 AR B, 27V FE AT H 26 (72.73%) i1 T 7 i N-ELISA (70.05%) » 1A —Fi g hit)at,
SPG A F £ HAb R (W s Eyik) FrAi B & s s . SPG RETER % (1 pH Y Bl Y
519G #3535 71(Qi et al., 2012). AHFFH ELISA 3 FH T BRIk B4k &b, A] A &) i i o
IgM S5 HoAt 8 B IR, AT B8 e SOSE )R Stk [AIINF, 1T SPG 254 19G I fe J) /2 dEF
SR, ZOTER AP T DL IR LE R AT 19G k. FRIe b, Sl SO A R SR A T
JEAE NPT, AT LR IUAS [F) 09 7= A2 1) 19G Biddk . FH—Fh 72400 2 Fh bt Rt /2 A RS W 7 1L 1)
RIEHaH.
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FNE 1%k ELISA #:0 PCV2 IgM 3R 75 5B ST

IgM WA g J5 AR B 1 7 A R e e B Jis B i e AR IR, JLR Ik B S5 IR T
B, B S 19G Puik di 3 FHUAL, BRIk 1gM 7ESN)9 0 S BA12 I 7 TH A DS B i o Ifs Al
TE VAl 3K 58 I M 2 S B0 R S 5 A% O 5 S R 0 7 Y AS SR VP A7 28 T P 928 JiR P 28 G =
B, T R A S AR AN FAR B A8 XU BB A 1R § U (Atre et al., 2019). AREEF]FH H
Ol R RPil 1gM Z2HUE N agPTE, DARRIE HATA 1 1gM ditdk, )59 E HRP fric )
R2346 20 R A8 FE N Zht, DUl PCV2 Festk 1gM Bk . ROC #hZ#fiiE cut-off {54 0.479,
TVE B B I SR AU, S22 W PCV 2 LR RN 25 1 S RO A A I T R

4.1 MR5ERE
4.1.1 #R

4.1.1.1 BORIFAEERR

PCV2 Cap HitJ RN 45 e 2 PET32a ik, thos M GMER EMBIECA R 7] AT R &
: BL21(DE3)E sz A4l 5 e LA R A A .
4.1.1.2 LI

2-3 HIEZ M BALB/c /N, S0 B 22N B RS RT s skig b
4.1.1.3 Mm%

JIT A L35 250 9 A S8 % AR A
4.1.1. 4 EERXF

206 A7 771 R [ RO R 27 ot 22 N B AT 9 P 8 i A T R G 5 R S 2 T 9 B T AR AF
Native pig IgM % Abd =, Goat anti pig IgM HRP #iifk & Bio-Rad /* i, INGEZIM Circovirus
IgG/IgM Kit A& B HRFFEREW A R A w], 30 IR#ER]. Carbonate-Bicarbonate Buffer .
Phosphate-Citrate Buffer with Sodium Perborate. Rabbit anti-pig 1gG (HRP)#if4 . anti-mouse(HRP)
Fithk % SIGMA 7 f, Ni-NTAAgarose % QIAGEN 7, Bifls¥k % BD /™ &, ECL KGR #
Thermo Fisher 7=, anti-mouse TCR B anti-mouse CD8a Al anti-mouse CD4 #11& & BioLegend 2
] 7% 5, Mouse IFN-y ELISAKit. Mouse 1L-4 ELISA kit % [ Jb 5% & VR AH A Y R A FR A 7] HRP
Frid His Tag Fidk, Jbatis 8 S HoRA BRA R ™ i, 8 HRP AR ICIRSS FARESU 1gM £ 3t
Al R AL B e R B PR A W S, HAd R 2R 1 7 4 Hir 4l
4.1.1.5 &&HNE

ELISA Ftrtk & Costar f= i, FE#ZRAEOHL (530 78 Eppendorf A& 7=, EEFRE
HER A (R AIRAF, HIKICHEER R #4842 09 Bio-Rad 7™ it «

4.1.2 &

4.1.2.1 BENENHEZ
L Native pig IgM A5 5% J5 5 o6 IRAVEFIFLIL, %18 200 ug/ R IOFE R R R, KSR T
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2 RS AR LS 1075 3, BRRR P s e e s AR ST B BRI, > B, A
WHTAARACT s 55— UOMBR A% 5 Ry B IS, JF4E4k 19G ik, Hefefr W4k 3.1.
2 3.1 pig native IgM RIER R R EIZF
Table 3.1 The immune program of pig native IgM

T PR HESRIE T PE IR CRLYIEN
A Pig native IgM 200pg 0.2mL 4 R 2 ST+ WL S
Pig native 1lgM 2001g 0.2mL 4 R 2 S LA S
C PBS 0.2mL 4 BeN 2 RIE S+ LA S

4.1.2.2 PCV2Cap EARMNEBNRIEZNEE
IRAE SCER M AT 4 EE PCV2 Cap B AlifRALF 51, BN HUSEENL, 7l 4 8 RL. R2,

R3. R4. R5 fll R6; J/NAKAFATH B, (A Linker(GGGGS)i#+%, i#id DNAStar #4Fxf
IR AL AT K IE . RIME A RENE . EEE 2R RDE DA IR LS i, R34
T4, a4 N R1234. R1235. R1236. R2345. R2346 il R3456 (% 3.2), 11tk
JERATHER G R, sebE S pET32a AL RIEH K. K& FRAE BL21 KIHFF &z & kT
IPTG #3:RIA, BH)5H SDS-PAGE “5E HIE LR B RIA; ¥ 5w T AN, &
7000 rpm B0 J5 73 HIUCEE S FYTHE, T SDS-PAGE /3 #iK 1 K IATE_BiE i ik, HrE
FIRH A His %%, ST HEAT NivkEFalith, Balifh)sr /54l Cap F 4R A7 2 (134T Western blot
oA

3% 3.2PCV2 Cap B 4l [E R

Table 3.2 PCV2 Cap B cell epitope

e Cap ZHLHR & fiL FERRIT (5 - 3)
RI1234  25-43/69-83/117-131/169-183 RRPWLV'(;'\';Egg;?%%ﬁ@f&%gﬁgﬁg&ﬂg M QPiG%
o ey TR OO 00 E000s
R1236  25-43/60-83/117-131/175-195 A 'CSgﬁm&ggg&sg&”&@wg&%ﬁiﬁﬁ
R2345  60-83/117-131/169-183/193-207 VDgﬁgiﬂggﬁlz\égﬁi%&%%ﬁégtgg neoeS
i e OSRGOSO s OEVCORES
R356  117-131/160.183/163.207/175.195 GVGSSAIILDDNFVIGGGGSSTIDYFQPNNKRNQLGGGGS

VDHVGLGTAFENSKYGGGGSQPNNKRNQLWMRLQTSRNVDH

E: TXRIZFFIA Linker

Note: Underscore sequence is Linker

4.1.2.3 Cap EHRMNEBGRERMES T

R 2EAG K 7N 2 A7 A IR AR B R RN S 36 = DR A7 ) SR R IR B4 Cap SR 421 11 I LB S

206 12 71 FLA G 23 5 R FH LR S 1 7 0% BALBYe /MR, & 50 pg/ R, [FIBT i & PBS B

i

VEXTRAL, B3(8)FR 7 d HREESR M 7> B3 - $2 0EH L] 5 ELISA J5ia il i o PCV2 e 4t

HOKFs s )E 35 d /N RUBIEM S, H PBS (& 2% BRI HEEMEEELN
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108 AN/mL, 43545 4 anti-mouse TCR B+ anti-mouse CD8a A/l anti-mouse CD4 fifA, [F]f ¥ & #
Xof HEAHRAS Jeoxof HEAH L 36 5 97 Qo AR A A 00 A2 P I EXL 41 P HH () C D4R CD8 T 1 F 43 Ll s 4% R
YR T ELISARF G VLB, X e J5 35 d /N BRAE I 2 85 135 o IFN-y AT IL-4 (5 &
HBEATAIN, OD {E AR HE S RIBR A OD HI 225 FIFLE . DAFRHE IR BEAEREAL AR OD fE AL
b, ZethlbriE g, KERES OD EARN ARG v H 45 R RI N RpA bR A Hh 40 f R A i
4.1.2. 4 FrfEIER THE

HY 30 pL 4li4k J5 1¥) Cap (1 mg/mL) &b, M 4 x loading buffer, & 3 10min J5 #£17 SDS-PAGE
B HLIK, FAERONY 10 pLAL; B E AKX S NC IR LIS, 75 S%MLARYIN: (TBS-T) = it
M1 h; A TBST ¥ NC i, #A8J5 LA 1:50 B LG A I e Wi FiRe A A Vs, 5 FEEAE =R R R IR
FEE 6 hy PRKJE, O anti pig HRP —H1(1:5000), =i F#KEE 1 hy BR%ERE, A
ECL RIGufT ., K=k,
4.1. 2.5 BEHRHE MR ERE#HE

K PR A 7 V2 2 A R MR A L 775 ) B AR B2 o R0 A8 R R B2 1 B0 Naative 1gM
(4.4 mg/mL) 4% 1:1000. 1:2000 A1 1:4000 (M ke FEAE Ad Sk buak, fE 4°C P EER: KH,
F ARGk (PBS)E FI~FAR, BEiR)E, EMEYky % 1:10. 1:50. 1:100 A1 1:200 46 FE #Beds
HEIMLYE, MIAAHRLEFL (100 pL/fL) FE7E 37°C R E 1hy 2 J5HI8H H ELISA J7iEd T #4E,
ELHL ODaso E A 7€ P & F B IR T
4.1.2. 6 MBFRER BB

B UE RIS B AEIR e 2 )5, KIS FERTE 37°Cor I E 0.5h. 1hy 3h Al 24h,
FCAEBA BH PEARAE M7 (1) ODaso B, i 78 LI 5 A LI 45 5 1 B 3 S BE R (1]
4.1.2.7 ZisEW%ERE KR M ERIL

BB R S M3 IR FE S S SIS TRV B 52 2 J5 > # HRP-R2346 FH 5% fig #9383 /F 1:10. 1:50. 1:100,
1:500. 1:1000 1 1:2000 f#H%E, HEAT ELISA LS, e “PUmMARE: “PukEmEE, K
FRBURCE 37°CH —Hi BB 0.5h. 1 h, 3h f124h, 3@id ODaso {EHE Pt [ NIA]
4.1.2.8 cut-off {EBYHEL

PRAE O LI ELISA F2)7, &+ 50 (i brk Mg HEA 7 e, R0 B A4 L. i
T ) ODaso {E i1 \ 3| SPSS Statistics 17.0 iRt it & ROC. 5 ROC it 42 U1 FH4F 57 14 AH
K — RFNVEME FE B 5K Youden F8EUE N Z 7 121G FHE . 17 & T I FHE K ELISA 45 R4k A
e, R B,
4.1.2.9 BREMFIFE SR

IR 3 AR dEBHPE M, PR ZT R BUEYE, BRI U5 RE T 5% M AR 9k 7 £ Lk
Fi®e, M 1:50 FBEZE 1:1600, SRJEFHEESLH ELISA J7 b7/l & 1% vE R ik,
CSFV. PEDV I FMDV ] BHAAE fEAT R, [R5 B PCV2 As itk B 4 A0 BH 14 (i ok fZH, )
5E IMIE2E X0
4.1.2.10 HIEFEmRAVIEN R FFE R

MK 187 fr PCV2 YL 2H AR 1 G 2 R AR M S B R BEAT R I, P BOZ T VS R Ak
N-ELISA J7VEIETESE R, /& LA IRT& 2, DA E BT @252 1) ELISA J7 i AT FEE
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r ] ARV R A R A 2 A 8 S FEI0E FFE ELISA Kl PCV2 IgM FiTAR 515 i) g a7
4.2 #H
4.2.1 GR¥IIE IgM I

FH IR BE ELISA KB iikok o, S5, Boaies, R ERIiR.

—o— The first immunity

2.54 —&—  The second immunity
—+—  The third immunity
2.0
—+— The fourth immunity
o 1.5
wn
<
o
© 1.0
0.5
0.0 T

D N AV > PN > D P S o PP AV W
NO N DO VT NV 7 O a® A0 H° QA
NS NI KT AN A7 600 QA 197 N & A\ 97 N AN
NONTR \'T‘ "!} ".?‘ »{‘?’Nf&&f.‘;"\_g:{,\'b':{,éb

Antibody titers
3.1 [8]3% ELISA #MHIAEE
Fig 3.1 Curve of antibodies alteration by indirect ELISA test

MPUARFERES 1. 50000, ODaso /5K T 1.0.
When the antibody was diluted to 1:50000, the OD450 value was still greater than 1.0.

4.2.2 Cap BEHERNMNEBMFRIENEE

i SDA-PAGE 1iE S /S 4 2 20 A7 £ 1 78 K AF il b e D ik, BB Ak a4l OB (K
3.2). Western Blot 25 JAUESEMI R 77 A His AR (3R A0 B A T Cap & 15 HRP-His-Tag HuiAk i
FHERFAN EEkPR (B 3.3).

g M 1 2 3 10 11 18

39
25

32PCV2Cap ERFRMNERMMUMER
Fig 3.2 Purification result of recombinant epitope proteins of PCV2 Cap

28

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



o [ AR e i 2 18 S HVUE i3k ELISA £l PCV2 IgM HiAk 7 V& AT

kDa \ 1234 1235 1236 2345 2346 3456 Cap

40 -

ss-‘lL L

25 .

-

3.3PCV2 Cap REEHFMEEM Western Blot £55R

Fig 3.3 Western Blot analysis of PCV2 Cap and recombinant epitope proteins

4.2.3 Cap EHRMNEAREBRME S

[ 42 ELISA Kl PCV2 5t difd, DASEIGZH 5 BIPEXTREZH (PBS 4H) ODaso HUE K T 555
T 2.0 MR A AR BB B RO Z M PR L. HIEW AN, R2346 BT KT BE G i 18] 1
TG LTk, BoiA B )5 28 d 5% 500 (K 3.4), HE#E)s 35d sk, B&Em T HAbSR®
AAGTIEAL, @ AR CD4* A CD8*ELf, 45 H 7R, R1234. R2345. R2346. R3456
Al Cap 41K CD4*4HfiE Lk 7 % F PBS 41(P<0.05) (& 3.5a), R1235 1 R2346 Z1 ] CD8*#k 41
Eefil 5 PBS dUAHEL A5 2 5%, Hirh R2346 4 2 73 . % (P<0.01) (1 3.5b); it 4% 5 35 d I
HIFN-y T IL-4 A i) 45 SR W], R2346 2155 77 AL I P AP A i DR /K1 5 385 v T AL, HoAi
SEIGH B ZR (B 3.6). % LAIA, R2346 41K A A LU= 4 PCV2 Ky 2 Pk,
G AU 7= A A G 5 A PR G B S, B R IR S 20 1k

600- — 234 1235
m— 236 === 2345
o= 2346 —— 3456
e Cap

4004

2004

IgG against PCV2 Cap(reciprocal titer)

0__. r £l ] H : -

2 R 2 & &

Days after immunization

[El 3.4 PCV2 Cap EHRNMER & /R RGN

Fig 3.4 Detection of specific antibody of PCV2 Cap recombinant epitope proteins in mice
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a b
50+ 201 wx
* ¥ ;I; 2 i
40- * * » T
_L. B g 15+ T l T
g % S
E 810"
o 207 )
54
104
0 T T T Ll Ll T & o T T T T T T Ll
» ] o o o (3 > > ) o ] o o >
L g S A F&FFE PSS
< <

35PCV2 Cap EHRMER R 35d f5/NREEEHE MM+ CD4. CD8 BATLL
Fig 3.5 Percentage of CD4 and CD8 in spleen lymphocytes of mice immunized with PCV2 Cap recombinant epitope

proteins after 35d

a b
2001 201
~ 150 o — 15
£ E
=2 E-)
£ 1004 £ 104
?. <
z [
P |
= 504 = 5
0 [_-:-_IrﬁrT-IrT-l T mmﬁ_ 0 T T T T T T T T
B AP A0 B o (O ; Do S0 B o O
& S SRR
() (9

3.6 PCV2 Cap EAFRMERRZ/IRE 35d FMFEH IFN-y F1 IL-4 #30)

Fig 3.6 Detection of IFN- y and IL-4 in serum of mice immunized with PCV2 Cap recombinant epitope proteins after 35d
4.2.4 HEREBNEN

B Western blot 17774071 H 30 4 PCV2 B4 IyE AT 20 43 BHIE ML, 1E AL Sh i DL ST
% ELISA J7iE3tHaE cut-off {H M H U,
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3.7 M 1gM I ARFREME
Fig 3.7 Partial standard serum of IgM antibody detection
M: 4rF&4 10-170 kDa ffJ#E (1 Marker; 1-10: IgM BHPERRUEMIE; 11-12: IgM BAVEbRHE ML o
M: Protein molecular weight Marker(10-170 kDa); Linel to Linel0: IgM positive serum samples; Linell and Linel2:

IgM negative serum samples.

4.2.5 ELISA FEFRIMLIL

BLELI 2V E T 1gM IR E N 4.4 ng/AL, B 1:1000 #ks, F5AG I L35 i
FEFE 9 1:100 (K3.8), Pi T 37°CHLiEE 0.5h (&3.9); TBS-T ¥iik/a, AL 1:100 i fig
Pk MiRER) HRP-R2346 — 4t (K& 3.10), 37°CJe i 0.5 h (& 3.11); FRRVENRE, MA TMB &
RV =R B 10-15min, b B 6, 450nm 3K Nk s OD .

a 159 b 1.5

mmm  Posituve sera
L} P i C .
Posituve sera = Negative sera
1.0 1 Negative sera 1.0
a =)
o =]
0.5 ‘ i 0.5
0.0- T T T T ﬁ 0.0 @' QI “I
S & $ $ & & &
By 3 J N
a A N N¥ N ¥ NP

Serum concentration Concentration of coated antigen

3.8 B #InEMFRMERERENTHIL
Fig 3.8 Determination of the optimal concentration of coated antigen and serum
IR, s B AR R Dy 1:100, AL BT )R B HERR RS 1. 1000

As shown in the figure, the optimal dilution of serum was 1:100, and the optimal dilution of coated antigen was 1:1000.
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3- mmm positive serum

nagative serum

24 T
o I, : : :

N o N o
K N\ o o>

Reaction Time

0D450

[ 3.9 I5%& &A= & i E R AL
Fig 3.9 Determination of the optimal reaction time of serum samples
R, L R AR5 A N () W] 8 9 0.5 he

As shown in the figure, the optimal incubation time of serum can was 0.5 h.

a b

3-
= positive serum 10+
nagative serum 8-
02-
(o]
E ﬁ 6-
© [1'4
1- =
o
24
0- . = i =
N . \QQ QQ QQ 0 T T T T . .
S N \?’ AN 1:10  1:50 1:100 1:500 1:1000 1:3000

Concentration Dilution multiple

310 ZHmERRERTL
Fig 3.10 Determination of the optimal concentration of HRP-R2346
HIE R, PRy 1:100.

As shown in the figure, the optimal dilution of secondary antibody was 1:100.
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Fig 3.11 Determination of the optimal reaction time of HRP-R2346
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As shown in the figure, the optimal reaction time of secondary antibody was 0.5 h.
4.2.6 ROC MiZkHE cut-off {&

NEESTAE I PCV2 IgM $idd e 1 7792, F SPSS Statistics 17.0 %54\ (1) 20 43 B 44 ifi 375 FF
A A 30 f3 B PR LI A it 285 R 20 ROC M Z&RidkAT 70 b, DABSE cut-off {H. 45 R Box, Mgk Fii
40.99, K Youden fEECH 0.9, XM Il FLE M 0.479 (] 3.12).
ROC Curve

o
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7

Sensibility

o
il
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Fig 3.12 Determination of cut-off value by ROC
ik PR A 0.99, cut-off {54 0.479,

The area under the ROC curve is 0.99, when the optimal cut-off value was 0.479.
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4.2.7 SRR MEIE

=43 PCV2 IgM [H bR M35 72 B AT LU AR BV A 1:50 #ikE 2 1:1600, [FINT i & X IE,
PAIRTSn, 4R N 1:800 1), BHYEMER AAYE (K 3.13), #usitEsis; X CSFV. PEDV #l
FMDV [PBHMERE SR 25 B IR, 251k HAR &8 T8 RN, Fre i (€ 3.3).
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Table 3.3 Specificity of ELISA
Samples PCV2 + PCVv2- CSFV PEDV FMDV
ODa4s0 1.3723 0.3132 0.2815 0.4162 0.4419
Result + - - - -

4.2.8 FFEFAW

Xt 187 43 FH 8] Ly ARG I 25 S B, 49 4 VG Eos BEAE, 138 4B AR, FHMAS HE N
26.2%, TS N-ELISA Kill4h 5oh 55 4B, 132 frBAME, PR RN 29.41%; Fifhis
MR S5 RT3 N 91.44%., & 2 [0 A8 X 2556 45 R W3 3.4,
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R 34 LR

Table 3.4 Cross-classified test results for the detection of PCV2 IgM antibodies in swine sera

N-ELISA
IgM-ELISA Total
Positive Negative
Positive 44 5 49
Negative 11 127 138
Total 55 132 187

e EALMY IgM-ELISA IR Ak N-ELISA KR £ A%t 187 4y M #EATRRM, 774264 91.44%.

The established IgM-ELISA and commercial N-ELISA were used to detect 187 samples of serum respectively with a coincidence rate of 91.44%.
AJ ~
4.3 7ig

PCV2 #il N2 S8 PMWS. PDNS. APE 45 PCVAD FIEURIN &, X3kt 17 E R4
Gk (Hu et al., 2017) . PCVAD I ARE IR AL HE (A Bk 4% . PPIR D e e « MG AR VA v bk B 6 oK
U625 R bk B2 248 o 3o 92D (Vigreet al., 2005) . & AT DU 38 2 6] 10 B A% 1%, —SumF e 20,
AR T LG &G, 12 JUES PCVAD AH IR R I 2 R BT 6 1A I8 A e i 1% 7% A O
R A=

G S WA VA9 SRR 5 RS A0 e S B R E BT, B8 2 T PP v R R 2 1 o 7R
G JE I, AEATY IR 75 ST A R S NI A 5 7 9 ok s SO T s B0 R 5 3 00 S SR, e
1) G 28 S P RN A ) 7 202 ELISA. iR —Fhusl . . #ERi e s B i /i,
YA ST ELISA %R K2k E TGS 19G (P, TEVPAb % B I S SR ki, X
DIVE IgM BURKIAFAE . IgM IS 1g SR 5%-10%, ik IgM DUESE SR RIAT B iRk
[, #& BCR [\ EEM MM /WA IgM ATLRMAE, AREE e, FEAAETmET,
104 Fab By, BARBIIPURSE GRS &5 N Fe B, H 119G A ST HMA . 1gM S Mk
KE P EABIIPUER, By 1gM FHs, SRR LE PUERGY: 1gM R TR e B 2
B PR RBUA, 95 1gM IR, SR BTN A, T TR S W (D %, 2018) .
BEAh, VRS TgM X2 42 B SR A H2 A R RS, T DA B 28 i I8 1) A A 4t B B AL AR
MBS W B T A,

IgM FUARRT I 32 B T N B 7 T2, Bilinfs %€ S LR aE &gy . Lassa Jil 818 4x (At
AT T AR — Pt 7 5 )« NAH/ N 33 B AN 8 5 #4055 . Emmerich, P& {3 7] ELISA J7i%, 1
BEHT 1M FUAR TR AT 0 FERR K AR 0 T S 5 BR AR 1 25 G 0T JE N 1Y) Lassa Jod 2 & 4y A 1) IgM
BEAT R (Emmerich et al., 2006); S BREE BT SR ELISA 212 Wr 2k 50 2 4L i) — Mo
BRI TR, A IgM Ui BT e GG 2 &2 AR, HAERE IS LA H AR B BB AR KT
(Holmes et al., 2005); Blacksell S.D.Z&7EA I Lk BT [QBEIZ 15 F€ UL f8 3 Iy v IgM B, 2257
T —F ELISA J7i%, 5 MiE4AriE IFAFIEL, ELISA [ OD {5 IFA IgM ¥ B £ R S AR 1
MIHFAT IR0 € I e fE ELISA I FHE 5 22 [E e iR R AHRL) IFA B 400 LoA, HRBUE
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N 84%, 4571 (Sp) A 98%(Blacksell et al., 2016); Butchko, A.R.Z5F] F —Fh a2 R G 40 R A8l
198 il %4 ifiL 3 H N 4H/Ni 19 ¢S5 M 1gM B 19G (19 =Fh ELISA JVE I REREAT T /0Tt 7L,
S5 IR RIRE LI Biotrin #3875 ELISA 7= AR A B 45 AR B>, 5 At p Il b mr 3R A i il
b19v ¢ Rt IgM AT 1gG HifA (1) ELISA #H b — 247 #= (Butchko and Jordan, 2004); Kuno, G257
TR RE R BUARIEOHAR, FFARIA TH0 8 S IgM G 2 A% (Kuno et al., 1987).

SR e m AR AR sGs WL, BT 2R R TS TR RE
WAV ZAPURE AR M B AR AT FE T, v] DL 5 5 5 2 1) G 28 25 s B al HL A 5 g 11
Kol RABE (KA, 2017) o AW FCIREUENL T Cap FE A B 4IMILR HERAL, AT 2 APC A B
BEBOE B A A e AR (B D 48, 2018), B xR AL E AL, Gk 4 S SR R e 1
RAHG, 4 R2346. 1%H RN E I RE i KR EEHLOR B R P, Sy /N RS 7= 28 1R S 1k
PUAFT IFN-y. IL-4 4R F/KF B35 m T IR, IR 4 A -h CD4 Al CD8* Eh ot .35 8
Mo IXUEEHRR I, R2346 RALH A T LARIETE PCV2 Kb fg, SR = A R S 2 il
Y G R, B R S 2 iE

TEME, BATES T — Mo HH 3k ELISA R I35 1 PCV2 R 5344 IgM $Hidk, A T4 PCV2
Cap £ A 1gM FIRNZF [ M. ROC HZ6Hfi e cut-off £k 0.479, M4k R F )y 0.99; KA
e (R BURRAE AR S 2 s T FE TRDRE it PRSI . SRG AL N-ELISA A LLET M5 SR & %0
91.44%. 1%J7iEN T PR L il B R S LR SR, PR AL PCV2 P T RUCR S 2k PCV2 K
BRI HE T A,
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1. W] PCV2 I B G B 8 N TIRGUB I 19G A IgM FLAR 7 AEREAE,  H b I B e
JE IfLIE T IgM SUARTFAEL) 7-14 d, BEJE 19G ik E, HFFEA7LE: 1A TG IgM HiiRA7 A
#120-30 d. PCV2 At 1gM oA (A7 72 I [ A7 AR AE X 358 H o BE AN 23 IR AL 7 T A 4%
HEEEM.

2. FIF SPG 1E N #3546 ILIE A 19G H1JR, HRP ARICH) Cap & A1E AEEFr —H1, BT —Fb
K PCV2 19G HiAR AL (fi 3k ELISA J5ik. iZJ77%iE i ROC il 26452 1 cut-off {6 4 0.61, #
TR AR S M 20 70 N 93.9% 11 90.3%, S ML 19G FARA IR & 77 & %N 96.26% .

3. FIFH b 1gM ZHUENRPUR, HRP ARICH R2346 A RN AME N =91, #L T —HM
K R PCV2 H: 53 1gM FLiR I F 3R ELISA J5%. ROC Ik #fi %€ cut-off {5 N 0.479, i%J7
P EA s s S AR, 2 ) 96.79% 1 97.2%, RIS W PCV2 I L AL AL 1 g
2P 2958 JE il
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