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AT BT KRB PMWS 9k AR T A AH PCV2
FAE,IFS POV2 3 1 RN b, i i B A 2
i DXL 0 45 s 5L G 2R R BA B TR R AR I T IR &
5T ] PCV2 ST AR A R B
PMWS ) it A0 bR 5 A 3 B b I A0 69 I R AE AR, 1H
M PCV2 5% 40 /N% B ( porcine parvovirus, PPV) J&
BhE 5 I 2 & 1k K B ( porcine reproductive and
respiratory syndrome virus, PRRSV ) | th £ K J% B
(pseudorabies virus, PRV) J& Ji% 55 2 ( classical swine
fever virus, CSFV') 5§ % 28 9/ 745 71 4n o [COR 58 44k
FR i 5 S A BT B A5 [ 4 Rl A I, AT LS A
L fY PMIWS Sk s G0 28 & A
X PMW'S 1 A 5 451 1 52 36 2 J% e 2 49 1 9 Jit 27 Al
YU B2 B 5T 24 K W PPV fE PMWS (1 & 4= v B
AEBEPEER T HEETF R
PLHI A TERE . © 8 PCV2 A1 PPV (4 iR &8 2 B
W 20 B, T %E v B W 40 8 ( porcine alveolar
macrophage , PAM ) 5 B {4 55 6 i 46 5 25 1 e
S —TE B 2k, A ALK o B S AL, B A R A R
) PR 5 R G WA 22 B AN I DAL Y- SR T RE L 5 B AR
Vel O =) - S A AR | R R SR L A S S S ) IS
R0 AL, ] PCV2 5 PPV SRR Xt PAM
Yo E I RE M52 R, 2 0E — 0 B W] PMIWS 119 2 g AL il
FR T, E H AT ¢ T J7 T B AIE ST R OE R L E
ST B W A A8 T O A W I R e — 2D I T Ak
B S AT 5, DA A B R AN A B T
FRAEALAR I B B S0 A g I Y b i B AR
ML AW B AR50 H PCV2 5 PPV 43 3l B A 4[]
SR AT I 10 W A Y Y A 3 R A W T e ST

PR R LA, it — 20 ] PMWS (1 %%
AL AL 52 B M 3

1 MeAn 7 %

L1 #
1.1.1  E 3 5]. SYBR® Premix Ex TaqleM , N
TaKaRa &, PCV2 Fl PPV $i{& ELISA £ i i 7
& RN GRr IR A W BORA R R 5o Bk
L4 DNA K s RNA $2 Bt &, 8 KR A fb B
BATBR2 W 72
1.1.2 3 B 1 5 41 ki : PCV2 SD2008 #£ ( Gen-
Bank % 5 5 : GQ174519 ), 7 b 4 b K 24 8l W 1%
e L0 = AR AT WA 2 AR (F2) SD2008 # 7E PK-
15 40 b 52 75, i i A 9 ik A Ak W e PR 2 0k
(immunoperoxidase monolayer assay, IPMA ) il & H. %
£ 107 TCID,,/0. 1 mL, PPV 7909 ¥k, W4 H [
RGBT T8 PK-15 0 B 52 95 ), i HL R B2 Oy
10*“TCID,,/0. 1 mL,

M ol BT HEE (IFN-al ) .y THFE (IFN-
v) B K HF B-actin ,PCV2 PPV 3[R H Bt Y 5 41
Jit ki ( pGM-T-IFN-al, pGM-T-IFN-y, pGM-T-act,
pGM-T-PCV2 .pGM-T-PPV ) , iy i b 4 Mk k27 3 4 1%
Yy S E A M E
1L.1.3  SEmsh¥y .5 Fi i@ mefrig 48 3k, 4 PCR £
M PCV2 PPV _PRRSV PRV }z CSFV, ¥ KA, 4
ELISA #5l , 1L AN & PCV2 Fl PPV A W BT iAo
1.1.4  51¥): 2% GenBank ™ iy A 3¢ 7 51, [
Oligo 6. 0 fF, BitR M 51 (£ 1) . a5
BIth LA TAEY TRERBOR RS A RA A K.

®1 FHETHRFEREFEREATSERFRNSIWF PCR £4

Table 1 ~ Conditions of PCR and primers to amplify partial genes of cytokines, viruses and B-actin
. . . Annealing Product
Target gene Pimer sequence (5'—3") GenBank accession No.
temperature/ C /bp
Forward ;: TCTCTCCCTTCTCCTGCCTG
IFN-al EU364896 58.4 346
Reverse;: CAGGGGCTGTAGCTCTTCTC
Forward ;: CAGCTTTGCGTGACTTTGTG
IFN-y AY188090 51.8 261
Reverse; CTTGATCACATCCATGCTCC
Forward : AGTGAGCGGGAAAATGCAGA
PCV2 o . AF538325 55 417
Reverse ; TCCTCCGTGGATTGTTCTGT
Forward ;: GTTTTCACCAAAGCAGGCTC
PPV AY583318 55 208
Reverse; AACTTCGCCAGCGGACAAC
. Forward ;: CTGGCATTGTCATGGACTCT
B-actin V07786 59 547

Reverse ; GCGATGATCTTGATCTTCAT
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1.2 shymisg

¥ 48 AT BEHL S B PCV2 PPV PCV2/PPV
AR YL X} 08 4 A2 RF4 12 3k, 4 1 Bkt
PR . PCV2 2145 3k e 107 TCID™/0. 1 mL
f) PCV2 SD2008 #f 4l i 5 3 mL, PPV 4 % 3k & 4
10*“TCID,,/0. 1 mL [ PPV-7909 ¥k 4f fifi # 3 mL,
PCV2/PPV # 4 3 /& 4t PCV2 SD2008 #k fl PPV-
7909 FkAYIR G 6 mL, X A4 Rl 3 mL 40 i 2 15
W o TR S B R SR 10 S 45 2 I DR R I, ) B 1
JE PR A A R T, TR Y S5 35 d (days post
infection , dpi ) K #x 2% 20 3% W) B A8 4k . 4 4 sh ¥ 7™
A B B 3, 0 0 el N SR T SR AR 5E A AR TR o
1.3 [i& PCV2 #1 PPV %5 R MK A4

TRYLHT (0 d) 5 R 7,14 .21 .28 .35 d %
SR PR e DL, 20 95 0L L AR 1 40 AR RS, 230 L
F PCV2 5 PPV #7445 I ELISA 38 71 & A il 45 21
(4 I e S PE AR . 4 0D {6 > 0.4 B, # k [
PE, 0D fH <0. 2 B}, 3] R 911
1.4 PAM Hy3REX

Y S 3.7 14 F1 35 d, B4 R R ALE 3 Sk
B 2E KIS S - 10 mL 1% 0% B 240 . R i
J& B Bl bk i EOPE A HORE E , 2 BR Scik Y E vk
W £ PAM, JH1 10% RPMI 1640 £ 3% W 65 20 f v i
Ol 4 x10° A~/mL, %
1.5 PAM &1 PCV2 5 PPV LB EEHK

FH9 5 5k R 41 DNA 2 B0 0 &, 42 & 4
PAM 9% 5 DNA | il 33 52 B 2% 9% %2 & PCR ( Real-
time PCR) 5 45 41 PAM v )5 35 4% TR Wk &
1.6 PAM 7FFEZE/EN

S AE ) PAM & F KB A5 h 78 37°C 5%
CO, RN B RIWITLIGT IR, /40 TH 5 0.8.16,
24 36 .48 .60 .72 .96 h B}, BIE w0, E 0 &
HEH RIS G I PAM BAETE R . PAM 7795 R % =
T 20 8/ (3% A M 4R + SE AL %) x 100%
1.7 PAM FIEIh 8 B9 4 i

A AL PAM AT ©OF 1 6 FL 41 i 15 5%
e (1 mL/fL) , T 37°C 5% CO, FEFFHNIEF ;4
MITEREFE 0.8 .16 .24 .36 .48 .60 .72 .96 h Hf, il A
5% WX 21 20 i W 500 wL, sEArIR 51,37 C e E
30 min, H AR AR5 1 W ] PBS ¥k 26 K o A Wik 1Y)
R LT A A, B 6 F B[R] 58 100 min 5 00 6 2% £
10 min; i 8% T W48 Bl AL 7141 200 4~ PAMs, if

PR YR AR N S R NI 100 4 PAMs
Ay AT XS 210 ) PAM %, R

BRI 43 3 = 200 S 7 WS 21 41 i (¥) PAMs/
200 4~ PAMs x 100%
1.8 PAM r IFN-al #1 IFN-y mRNA XK E /Y
i

e PAM 733 2 40 J i, InA & A 15 mg/L
LPS (4 240 il 5% 32 W T 37°C 5% CO, ¥ A E
24 h, WA AN, DL PBS B PE I R 4 A1 MOk BE Ry 2 x
10° A~/mL, JiI & RNA $2 U7 & 42 BUAR AR &5 RNA,
il Real-time RT-PCR il %E 420 PAM 1 IFN-al il
IFN-y mRNA ¥k &, S HEE 2 fL, Real-time
RT-PCR fz W & f1 2 10 pL, 15 SYBR® Green
Realtime PCR Master Mix 5 wL.25 wmol/L I | T
G4 0.2 pL cDNA Bifg 1.5 pL, K& = 7% K
3.1 L, W H:95C 5 min;94°C 20 s,50.0°C
-62°C 20s,72°C 30 s, 40 MEH;72°C 5 min, fl
fifEth Ze s BT T :65°C - 95°C , & 0. 2°C %4k 1 Ik,
1s/¥K o
LY HIEREEZFITHH

A0 M P mRNA 4 AH G (B 27, RIE 40 i
K7 #9 cDNA $8 D1 EBR D) A) — b & XL B-
actin 1] cDNA 5 DUEC, BI 2R 45 40 g [ 1 5 &/ 5 A
(8 — AR FEARL, T DA 38 705 AH B 48 Ff PR 7 ) mRNA
e oK. IREEIEYL L] PAM i PCV2 A1 PPV (9 1%
PR B N R A AR S A e X B . 1 SPSS B X 5
BB AT I 22T, M P <0.05 B, 22 5 B 3,
PL“ARRNG FBE” x5 P <0.01 B, 22 S 4 3%,
PLSARR G F R 2R .

2 #X

2.1 RRASHFETL

YL 3 d,PCV2 PPV .PCV2/PPV 41 5 % B 41
()R 53 A 4 5% BE i B, 28 5 MR VR iR 22 4R RN R TR i
3 -5 d Ja RariE , bR Ag B0 nl B8 5 A 4% W I 75 B 4
T S A G o AE RS JE 14 d B LI 45
WLPCV2 4l A5 1 3k PCV2/PPV 41 iy 2 3k []
JEYE T PPV 2 A BE A R UL S o TR SR A 45
J& PCV2 4 5 PCV2/PPV 4 (1) F ¥ 3 & ¥ B & F
R, Horh PCV2/PPV 4 F- ¥4 1.4 kg, 2 (KT
PCV2 40 (2.53 kg) (P <0.05) PPV #41(3.38 kg) 5
XFRRZH (5.21 kg) (P <0.01),PCV2 415 PPV 41~
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Fig. 1 Increase of pigs’ body weight per week.

JEYLJE 35 d e B A4 R A BT WL, PCV2 LR e 5
PCV2/PPV SR YL 5 1 bk EL 245 b G, 93 4 2 v bk
E% 240 sk 2L 26 240 R 22 A% 2 i 1 () o M it
% B & FIF & 25 PMWS [y i A g B AR {1k, (H
PCV2/PPV g YL g% 1 95 B AR fb 4% PCV2 R YL 3 ™
#, PPV R (Y 2 Sk A % B Y (R) 5T PR R
B R o IR A, XTIRALM) 3 ShIE AR WS H (£2) .
2.2 [ PCV2 5 PPV Hifk

SR A W LT PCV2 5 PPV A3 B
PE R YL JE X R T A B LS PCV2 5 PPV Bk
PCV2 4/ 1ML 7% PPV HT{K LA S PPV 41 (¥ IfiL 3§ PCV2
PR BN B )E 7 d,PCV2/PPV 41 8 L j%
(8/9) WY L& HH A I 2] T PCV2 Bitk 7 3k (7/9) K
ME] T PPV Fidk, YL 5 14-35 d ZH N A M
I3 %% Sk PCV2 FiI PPV HifkBHPE, PCV2 4l 6 3k

R2 BREFISAENRETUL

Table 2 Lesions of pigs in different groups at necropsy on 35 days post infection

Group
Lesions
PCV2(n=3) PPV(n=3) PCV2/PPV (n=3) Control (n=3)

Enlargement 2+ 1+ 3+ + 0
Lymph node .

Depletion 3+ 0 34+ 4+ 0
Lung Interstitial pneumonia 2 + 2+ 3+ + 0
Liver Interstitial hepatitis 3+ 4 1+ 34+ 4+ 0
. Enlargement 2+ 0 1+ 0
Spleen .

Depletion 3+ 1+ 3+ 4+ 0
Kidney Interstitial nephritis 24 + + 2+ 34+ 4+ 0
Heart Pericardial effusion 1 0 2 0
Stomach catarrhal inflammation 3+ 1+ 3+ + 0

Note: the severity of lesion in affected pigs is expressed with “ +7 (mild) ,“ + +7 (moderate) and “ + + +7 (severe).

B (6/9) TERYL S5 7 d K 3] PCV2 414k 21 d J5 4
4Lk PCV2 HLARBH . PPV 4119 4 355 (4/9) 1F
YL SR T d K E T PPV HiAk, 21 dpi BT AR
PPV Hi 44 Jg B4 ,28 dpi PPV 4044 - 1 7K F- 38 ¥ T
W, 2 35dpi BF 2 rh 1 KA Y I VE 5% S PPV $T4K
B, SZEG A E), PCV2/PPV 40 19 PCV2 #1 PPV 3
AROF 5 7K 43 3l i F PCV2 41 RT PPV 41 (1 AH 17 44
SRR (E 2)
2.3 PAM Hfj PCV2 5 PPV B4 2

JEYL S 3.7 14 F1 35 d, 37 Ji] Real-time PCR il
JE A4 PAM th PCV2 5 PPV #4245 R o,

7 dpi, PCV2/PPV 41 ff§ PAM th PCV2 #% g 7 &t
(1.767 x 10° copies/pL) & T PCV2 4 ) & &
(1.307 x 10° copies/ L) , Al isf [a] 46 0 B PCV2 4%
fii & LT PCV2 4L & &, Hop 14 F1 35 dpi B
P Z M 2R E(P<0.01) (K 3), Mk,
PCV2/PPV 4 () PAM tft PPV K% R (1) F ¥ Uk B B 44
b/ F PPV 4Ly ¥k B, Hovb 14 1 35 dpi, PCV2/PPV
ZH () PPV RZ R U BE (43 510 1. 451 x 10° F1 7. 072 x
10° copies/pl) i % = T PPV 4 i & & (40 91 N
0.558 x 10° #1 1.271 x 10" copies/pL) (P <0.01)
SEuS I E] , PCV2 44 A PPV 26 (1) PAM w43 51 5 A
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Fig.2  Development of PCV2 or PPV-specific antibodies in serum. A
to PCV2;B:to PPV.
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3 BUERERE PAM th PCV2 5 PPV HESH R
Fig. 3 Concentrations of PCV2 or PPV nucleotides in PAM after
infection. ( A),PCV2 nucleinic acid ; (B), PPV nucleinic acid; ™ =

significant (P <0.01) differences between groups; *** = significant ( P

<0.001) differences between groups.

2.4 PAMEFEEHEENTWK

XYL f5 PCV2 PPV _PCV2/PPV 41 f#) PAM 7£7%
RIREAL, I B E PAM 7E 1A 4b 55 57w ] () 42 K,
PAM 7735 R0 T R Z W B . 24 PAM 7£ {& 4
K3 48 h )5, %R PAM (A7 75 R AE 70% — 84%
Z[d],PCV2 PPV 5 PCV2/PPV 41 PAM {77 1% % 4y
Sk 40% - 71% 30% - 64% Fl 53% - 15% ( &
4), 5 PCV2 44 i1 PPV 40 #H kb, PCV2/PPV 4 11y
PAM f75 A #F — P REAK . 35 dpi, PCV2 1 4F
W3 X (85.05% ) 5 xb M4 /Y £F I %
(86.29% ) Bz3IF , PCV2/PPV 4 (1) 171 % (78. 89% )
B PCV2 HEEAL (K 4), LRSLWEEREN, 5
PCV2 41 [L %5, PCV2 1 PPV JL &R YL WA F 5 PAM
(715 ) it — 2D B AR
2.5 PAM FEEIhEERIT 4k

R ) PCV2 PPV (PCV2/PPV ZH PAM X} 3%
ST ML W 43 R R I TR B (P <0.01),
Hrp PCV2/PPV 2 Y #7 W R T RE T ™3 (K 5)
PAM 7E{R S5 3514 60 h Py, PCV2/PPV 4 PAM ff)
FWEH (4% -22.3% ) KT PCV2 5 PPV 41 iy 75 1%
% (8.3% —26.3% Fl 5% —24.4% ) (P <0.05),
3 dpiffl 7 dpi, PCV2 205 PPV 4 Y PAM 7 I &
B A B 2514 F1035 dpi, J5 #F K T AT &
(P<0.05), BAk, N7 dpi IFf, b1 T 2 G 41
() PAM {44155 55 B 005 BE R 1 25, 0 &1 A3 1Y) o W 450
PWAEREFE 60 =72 h 5 A Bn, RS ARIER,
PCV2 5 PPV JL & S8 PAM (AW IHAE R & T
F& PPV £ PCV2 %} PAM % W68 H1 (52 i vh e % &
O RAE
2.6 PAM H IFN-ol #1 IFN-y mRNA Rk K FE g
T
2.6.1 PAM 1 IFN-al mRNA 3 ik 7K - 9 45 4k, - J%
Y5 PCV2/PPV 4] PAM 1 IFN-al mRNA /K F$54E
fi& T PCV2 PPV 25 F % B4 (9 K -, Hop LA 7 dpi B
AR EM(FE3), PCV2 4% IFN-al mRNA /K
SEAE T R 14 dpi B AR T BR A, A 35 dpi &
FXHELH (P <0.01) 5 PPV A iy KA KT,
PPV 2 i) IFN-al mRNA 235 /K75 3 Fi1 35 dpi
B R B (K 3) . BiRgEIREH,PCV2
5 PPV g v 3 5 PAM 33K IFN-al () ) fig 7 22
JEE NI
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Fig.4  Survival rates of PAM after infection. A-D,on 3,7,14 and 35 dpi,respectively.
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Fig.5 Changes in phagocytotic capabilities of PAM after infection. A-D,on 3,7,14 and 35 dpi, respectively.
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%3 PAM 1 IFN-al mRNA 7k T i 48 ¥t &
Table 3 Relative values of IFN-ol mRNA levels in PAM

1o Group

R PCV2 PPV PCV2/PPV Control

3 0.042 +0.013" 0.111 £0.047* 0.005 £0. 005" 0.046 £0. 037™
7 0.023 £0. 006" 0.010 £0.001" 0.001 £0.001°¢ 0. 045 £0. 025"
14 0.023 £0.017"" 0.010 £0. 003" 0.004 0. 001 0.082 +0. 031"
35 0.238 £0. 061" 0.252 £0. 061" 0.011 £0. 005 0.064 +0. 029"

Note : Different superscripts (a,b ¢ or A,B,C) within each column indicates significant (P <0.05 or P <0.01) differences between groups.

2.6.2 PAM 1 IFN-y mRNA 3 ik /K F i 728 1k .
PCV2/PPV 4] PAM 1 IFN-y mRNA i % ik /K 3 1
S I 9 1R 2 424K T PCV2 4 1% BRZH 19 K F (P <
0.01) , Hor LUBYL S 7 Ml 14 d A9 KB K P e fik (£
4), PCV2 1 PPV 4 PAM w1 (# IFN-y mRNA 7K -

F 7 A1 14 dpi B B EALF X4 (P <0.05) fHTE 3
A1 35 dpi B BB K g, W R T X B A
PCV2/PPV 41 (P <0.05) (% 4)., L iRgERFH,
PPV 5 PCV2 dt/g& s S5 PAM h IFN-y mRNA i3
IRAKOF ™ AR

%4 PAM m IFN-y mRNA 7k 3 g #8 34 &
Table 4 Relative values of IFN-y mRNA levels in PAM

dpi Group

PCV2 PPV PCV2/PPV Control
3 10. 680 +4. 330" 8.597 +3.855" 0.820 0. 142" 2.620 0. 255"
7 0.567 £0. 198" 0.737 £0.220""" 0.083 £0. 118 1.155 £0. 148"
14 0.151 =0. 116" 0.047 =0.013" 0.061 =0. 066" 4.777 3. 603"
35 23.150 £2.051" 15.700 +7.071" 0.769 +0.332° 10. 690 +2. 418"

Note : Different superscripts (a,b ¢ or A,B,C) within each column indicates significant (P <0.05 or P <0.01) differents between groups.
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Coinfection effects of porcine circovirus type 2 and porcine
parvovirus in vivo on phagocytosis and interferon mRNA
expression of porcine alveolar macrophages

Xiangyi Liu,Ligong Chen,Qinye Song * ,Fang Yang, Yanqin Li, Yuzhu Zuo,
Jianda Jiao, Xiupin Wang
College of Animal Science and Technology, Hebei Agricultural University, Baoding 071001, China

Abstract: [ Objective ] Our study is to analyse the coinfection effects of porcine circovirus type 2 ( PCV2) and porcine
parvovirus ( PPV) in vivo on phagocytosis and interferon mRNA expression level of porcine alveolar macrophages ( PAM).
[ Methods ] Forty-eight 5-week-old healthy piglets were divided randomly into 4 groups of 12 ( PCV2,PPV,PCV2/PPV
and the control groups). The piglets in PCV2 group were inoculated oronasally with 3 mL of porcine circovirus type2
(PCV2,10™" TCID,,/70. 1 mL) ,PPV group with 3 mL of porcine parvovirus ( PPV, 10%% TCID,,/0.1 mL) ,PCV2/PPV
group with 3 mL of PCV2 and 3 mL of PPV and the control group with 3 mL of cell culture medium,respectively. Three
piglets from each group were sacrificed randomly on 3,7, 14 and 35 day post infection (dpi) and porcine alveolar
macrophages (PAM) were collected to detect viability, phagocytotic capabilities and al- and vy-interferon (IFN-al and
IFN-vy) mRNA levels of PAM. [ Results] The viabilities of PAM from PCV2 group and PCV2/PPV group became weaker
than that of control group during the period of 3 — 14 dpi but they were similar to that of control group on 35 dpi;there was
no significant difference between the viability of PCV2/PPV group and that of PCV2 group (P >0.05). The phagocytotic
capabilities of PAM from three virus infection groups were lower than that of control group (P <0.01) ,among which that
of PCV2/PPV group descended more drastically. IFN-al and IFN-y mRNA levels in PAM from PCV2/PPV group were
significantly lower than those of PCV2,PPV and control groups (P <0.01). [ Conclusion] PCV2/PPV co-infection did
not cause further decline of PAM viability but strongly weakened phagocytosis and constantly lowered IFN (IFN-al and
IFN-vy) mRNA expression levels of PAM.

Keywords; PCV2,PPV, Co-infection, PAM, Phagocytosis, Interferon , Swine
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