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Abstract: To study the epidemiology of co-infection of porcine circovirus type 2 (PCV2) , porcine circovirus-like
agent P1 (P1) and Torque Teno virus (TTV) in China, 2012, 108 tissue and serum samples of diseased pigs
obtained from Jiangsu, Anhui and Zhejiang provinces of China were detected for PCV2, P1 and TTV by PCR. The
results showed that the positive rate of PCV2, P1 and TTV were 12.96%, 33.33% and 51. 85% respectively. 8
samples were positive for both PCV2 and P1, 42 samples were positive for PCV2 and TTV as well, 4 samples were
positive for all of the three, and the corresponding co-infection rate were 7. 41%, 38.89% and 3. 7% respectively.
These results indicated that the PCV2 and TTV infection were widespread, while the prevalence of P1 infection was
lower. The co-infection of different viruses was complicated and the PCV2-TTV co-infection rate was the highest,

which increased the difficulty of prevention and controlling diseases of swine.
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Z R G E 5 5 1F (Post-weaning multisystemic
wasting syndrome, PMWS) | ¥& PE W 18 48 & 4F .
W R G EIRGE A SRR R . I
IR 1 LLPMWS S R 0L, 0 k& PMWS 15 &
PG . PMWS 19 32 2Ll R SR R B0 i % . 2k
KIRGa i, AnbEMEE. BEh., &
SRR RME S . HAT, 20 B fa 3 i B3R
W EE MR R —. RN, f—
PCV2 Y 251G i Fa bk kg, R 5
i R PMWS AL 3R REARS i 24 PCV2 51
b g S DI )R e I L AT 5 | R T A 5 A G 11
LML,

P1 (Porcine circovirus-like agent P1) & I 4F
M PMWS B8 1L TE o0 B 28 PCV2 I, X
PR B 2R 5 5 1 P1, 2 JC 9% I8 1 B0 I 3R 4R
DNA Ji 8, @KIEHAKE R 648 bp, #BA4FHEH
45 PCV2 & EERIUE, J2& H Ak 1k & 30 /N 8
Y, B R P HA B0, RY Bk
L PMWS B5EIR, g5 PCV2 —HE¥G 448 55255
G QRN b 7 B

TTV (Torque Teno virus) X 4 % Ifil 1% #% 5
., BIEHIKEER Anelloviridae, T-RBI NG E)E
lotatorquevirus, %*W%%Eﬁ%ﬁﬁﬁ%%ﬁ%ﬁ
DNA W%, TTV ZEM R PR AR, wl LLor ok
TTVL A TTV2 MA LR BT, B, REEE
AT TTV BRY I, 4 EH %R RN
—, M 33%~100%, Segales J 25 % 1985~2005
AETRL AR 162 1 (4B A PR 3 14 1075 FE &L BT TTV
R, &5 5 AE BT A Ay h BRI i TTV, BERE
MR TTVL W B MR 4 5k 34.2% F
30.9% . TTV2 BT S51 46. 6% F1 62. 8% ,
TTVL Ml TTV2 & Y & 4 9k 19.8% F
24.5% ., EWBEEDXEANNKAT R, AR
ST BB 258 A L RRE S AL URE SR AT T
e, g5 RFWHERES TTVLE M TTV2 YL
RO 37.6% M 82. 6%, TTV2 FHMERI &5
T TTVL, ZHMRA R EN 38.4%, WL
EEHE R AAAE TTV B, FEH L TTV2 8 M
1o ¥ TTV WEURMEZSEAE MW EL, H
Kekarainen" ™ &R #l TTV 7 PMWS % 3% th (19 46
R 97% ., mAEdE PMWS #h HA 78%, Al
W, TTV % PMWS i & 4 o] g B A — & 1
M, BABTENSUREE,

PRI, S B A b 1A BE h PCV2 5 P1 M
TTV WAL G O FRLAE: , AN 2012 4F 3%

K 9% B 47 PCV2. P1 A1 TTV M& I, N
PCV2 K HIR A YL B 36 15 it 19 il % F1 PMWS 1
B TAE SR LS IE FndE S,

1 M#A 7 ik

L1 mRREMLE

2012 4F 1~12 H R4 AFE LI, LB W
TLATEEMR) PMWS % 5 55 HE A9 I8 . LE . 4k 12 45
SRR 108 iy, HEUREIZ IR, DR, Hs
WIE R Z VRl 3 %, 4°C 8 000 r » min ' B> 8
min, W EWEE T —70°CIHRA &M, T ML
4 000r + min ' B0 8 min JFWHM . F —70C
A
1.2 PHMEXER

PCV2 FHVERE bR O A 52 50 5 43 185 %8 08 JF AR A7 5
P1 BHMERERT TTV BH M ) A A 52 56 =5 I K A6
) 5 5 TFORAT
1.3 EFZiH

Joi 7 AL 20 DNA 20K & 3 R AR A AR
FHAHBRA T, Agarose Gel DNA Purification Kit ¥
H Axygen 2~ A, dNTP, ExTaq DNA ¥ & .
DNA Marker DL 2000 & # H TaKaRa A&,
1.4 SI¥iETS &K

e GenBank Hr it 5% ) PCV2 Haian £k #l
HBxz-PCV2a ¥k ) #: A ¥ % (GenBank accession
number: FJ712216 Fl FJ870968), P1 ff) 3% H J¥ 5
(GenBank accession number: EU708726), #|
Oligo6. 0 B 4 73wl & it o] LL Y™ 8 PCV2, P1 Al
TTV WS-, 51 F L 1. h Lk
PRI AR R RGN h PAGE,

F1 F#PCV2.PLITTV EEKSIHFT
Table 1 Primers for amplifying genomics of PCV2,P1 and TTV

PR

SR 519¥ 41 (5-3")
/bp

SFPCV2 CGGTACCAGCTATGACGTATCCAAG 745
SRPCV2 GCCAAGCTTTCACTTCGTAATGG

SFP1  TGAGGATCCACTAGTAACGGCCGC 660
SRP1  AGTGGATCCTCATTTAGGGTTTAAGTG
SFTTV1 CGGGTTCAGGAGGCTCAAT 314
SRTTV1 GCCATTCGGAACTGCACTTACT
SFTTV2 TCATGACAGGGTTCACCGGAA 252

SRTTV2 CGTCTGCGCACTTACTTATATACTCTA

E:F 3 PCRIEM 514 R 3 PCR R 514 .

1.5 PCR #:im

1.5.1 % & % DNA 9 IK  f#% B TIANamp
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Genomic DNA Kit /9 i B 5 $2 Bl 38 #1055 6} v 119
WiEE DNA, —20°CIRAE# .

1.5.2 PCV2 # PCR # 3% HU DNA Bt 3 pL,
10 X Buffer fil MgCl, 4 5pl, 2.5 mmol « L'
dNTP 4 pL, ExTag DNA R4 0.5 pL, T
1% (20 pmol » ™) £ 1 pL, M ddH, O B
K% 50 pL. W% 95°C HAEPE 5 min; 94°C
e 30 s, 56°CIEk 30 s, 72°C #EAH 50 s, 3k 40
MER; 5 72°C EH 10 min, &N &5 R JE,
1.0 20 Byt B A 10 Fi DKWL 5%

1.5.3 Pl # PCR ¥ 3 HU DNA £ifg 3 pL, 10
X Buffer fil MgCl, 45 5 pL, 2.5 mmol « L™ 'dNTP
4 pL, ExTaq DNA AR 0.5pL, L FFESIY
(20 pmol » p.™") %1 pL, i ddH,0 EL KR 50
pLo W ZH: 95°C BUAEPE 5 min; 94°C 284 30
s» 58°CiBk 30 s, 72°C #EAH 40 s, FL 40 M
HJa 72°CHEAf 10 min, R ZEHJE . 1.2 2% BiAEHE
B e HL Dk L%

1.5.4 TTV # PCR # % U DNA Bt 3 pL,
10 X Buffer #l MgCl, % 5pL, 2.5 mmol « L'
dNTP 4 pL, ExTaq DNA RA&H# 0. 5L, L Fiif
1% (20 pmol = pLL™ ") % 1 pL, il ddH, O B
KZ& 50 pL, AN B 95°C HAEYE 5 ming 94°C
AP 30 s, 54°C (TTV2 A56°C) Bk 30s, 72°C
FEAR 30 s, 40 DPEER; fe)E 72°C ZEH 10 min,
R AR IE . 1.5 %0 BRAR bR BE K L Ik 4%

2 #RE55H

2.1 PCV2 Mg R

XF &A1 108 43 BE L PMWS (#9581 H PCR
#4T PCV2 HWEER Y 1. PCR Z YUK 4SS R
A B D K RE &R BE 4 X IR (PCV2 FH M B
PR BT HE H 5 BO R /N — 20 745 bp 1 R Bt
BF X BEOR 15 AT Aol B, A I 1 108 153 4%
BEep, h PCV2 BHPE 70 5, FHPESR A 64.81%
2.2 PIRMNER

X 108 17 Bt AT 28 0 IR B4 95 5 A F P1 A A
W, PCR =4y vk 45 3% o (B 2), KA 5
A 14T LAY 3w e B R A&, H 5
PEXTRE (P1 PHMERED P 8B B &, 4
660 bp, BHPEXTBER 1S AR AT R Br, BHAME R
H12.96%,
2.3 TTVHNER

Xt 108 9 k4 Sl i#E 47 TTV1 fl TTV2 4
M, PCR =4 vk 25 5% o (& 2), KA & A

745bp

1 PCV2 PCR ¥l B ik 45 &R
Fig. 1 Electrophoretogram of the PCR products of
detection PCV2
TE: M4 DNA Marker DL 2000 1 A BHPEXTHE, 2 S B 5 B,
3~11 A PIHERT R,

660bp

2 Pl PCRGMAEIXLER
Fig. 2 Electrophoretogram of the PCR products of
detection P1
[E: My DNA Marker DL 20005 Jk3 1 J9# JIAE &, 9k 2
FHAA X R, kG 3 A BT % Bt

FEPEXT IR (CTTVL A TTV2 B R 788 i
5 A 5 R /h—2, 438 314 bp Al 252
bp, BIPEXT RS 34 AT BE. 108 43 A6 1)
ke 36 4y TTVL FHYE, 56 2 TTV2 B,
FEAER 2350 o~ 33,33 % F1 51.85% , T # Ay 3L e
KA 24.07% . BPHER N 61.11%,
2.4 PCV2, P1#1 TTVBERBLFEITER
PCV2, P1 Al TTV Y () BHAE R 5
64.81% . 12.96% #1 61.11%, PCV2 5 P1 &
TTV BIR &Y 5 PCV2 YL 71.43% (50/
70), Hof, PCV2 5 Pl IR& R M PCV2 5
TTVIRA Y5 b PCV2 JRYL Y 11.43% (8/
70) F160.0% (42/70), PCV2, P1 Ml TTV =%
MR ARG R 3. 7% ., 78 PCV2 5 TTV A[FE
RIRIR G R Y b, PCV2 5 TTV2 MR & B YL &
(51.85%) @ T PCV2 5 TTVI W IR & &Y %
(33.33%),
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314bp

6 7 8 9 10 11 12 13 14 15

252bp

B3 TTV PCR il k4R
Fig. 3 Electrophoretogram of the PCR products of detection TTV
IE: M4 DNA Marker DL 2000; Pkl 1~2.,5~13 Sy AE 5 3K IE 3,14 J BHME X R VKO 4,15 S I R,

%2 PRRSV.P1# TTV B—REE5it
Table 2 Prevalence of PCV2, P1 and TTV infection

o Ji TR B/ 1y TR/ 0
PCV2 70 64. 81
P1 14 12. 96
TTV1 36 33.33
TTV2 56 51. 85
TTV 66 61.11

%3 PRRSV.P1 # TTV B& BL5%1T

Table 3  Prevalence of PCV2, P1 and TTV co-infection
HERE PR Ra g TR RS 4L RE YR
1% i, % Y /%y /%
TR PCV2/P1 8 7.41
PCV2/TTV1 20 18.52
PCV2/TTV2 32 29.63
PCV2/TTV 42 38. 89
=R PCV2/P1/TTV 4 3.7

3 kbR

WWi G 2 R w WA IE (PMWS) | J% 0
Wi 28 A fiF (PRDC). ¥ B R 5 5 0% & & 1F
(PNDS) S55 18 05 8 AH G (PCVAD) &7
TR B AT . 44 E IR E BT B R & B
PR, PCV2 ik $E 500 1 8 B J,  (H I A 2 nf
— R . PCV2 YL R I . % 51 R Itk 2 20 it A
To, BRARAN N R S G M, ek 55 b A sk B AN i 2 BT
JRRE Sy, [IHFREAC B 4. 25 40 0 55 1 e g% hp
1) CD8 T bk B 41 it 1 2L A5 30 A2 G 388 300 149
CDA+/CD8-+ B FH 40 e (DP) %, M52 mi
BUARIE & R BE i 2% . SEOE R R imdl . pLs
HEHT S A BE T A S v R R T, Bl Hoh
o T FILZH DA P Ak R R Y, RORFR S SE TR, INE T
PRI FEEME, BIRBE R T E RS Hk,
ARWFGENT 2012 R4 ALY . LRURMETT =4 W

108 fiy PMWS Skt 17 T PCV2, P1 #1 TTV
RA Y FRATIR A, S5 R R, REMEES
PCV2 fHYE R R 64.81% ., Hof PCV2 5 P1 5
TTV R &Y & PCV2 BRYLHY 71.43% (50/
70), o, PCV2 5 Pl IRG Y f1 PCV2 5
TTVIRAREYE 05 PCV2 YLy 11.43% (8/
70) 1 60.00% (42/70), FHW PCV2 KPR 5,
RARRERME S, BAREMEE L, TTV 1E
3% R P96 1 2 RS 1R 19 PMWS b (il R 45 Pl
W, X EB TTV Al g PCV2 512 ) PMWS
T B —E R H

B TTV fERE R D T iz G, 2 P gk A Al
TTVI A TTV2 EFERK M. M. k. 28
ZALIE N 5 W S L - S IS € W % (O /=
Kekarainen ZM 31 TTV £ PMWS B JL 5 b 11y
Kt Rk 97 %, Wi RIERY G 1A 78%, H
TTV2 FE3%Ye 5 AEE B o v BH 1 03 501 o 97 %
M 72%, M TTVL ARG RN B AL T TTV2,
RHETHEESIR AW, PCV2 5 TTV 778 1R
Gy, H PCV2 5 TTV2 W R & B § X
(74.8%) & T PCV2 H5 TTV1 MR & B
(36.4%), XIFEE g |HEW, TTV2 5
PCV2 RAIERY 5 PCV2 JRYLE ) 73. 5% . AWF5E
i, TTV BBEMER N 61.11% ., TTVL fl TTV2
FHAE 235 9 33. 33 % Al 51.85% ., ] WL TTV2 &
PRI B # T TTVL, PCV2 5 TTV R4 e i
AR W, 108 ekl 42 4y £ BN PCV2 Al
TTV WIR &Y, PR 38.89%, f PCV2
SLPHMEE 60,0000, 3% 5 0 HE S W HiE — . 7
PCV2 5 TTV AW R R A K H, PCV2 5
TTV2 MR &R R (29.63%) & F PCV2 5
TTVI MIEAERYEE (18.52%), X5k E F
ik S il — B

Pl R SE % AL W PCV2 o B2 43 21 Y
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5% 28 &

—K PCV2 AT, 5PCV2 MM, HEERE, 2
HAr oA A BN H 4 DNA H 7. (KAMK
E S P1 OB AT Bk, HRCYL g & B2
PMWS M5k, Al fE S PCV2 —FE¥ 2 45 5505
WORE RZTFEMAT Y, R R LW, IR,
TR, WL =8 £ K00 108 4kl s, P1 FHPEZR
J12.96% (14/108), PCV2 5 P1 WYIR & By &
H 7oAV, XA RBIRE RN AR IR, A
FLEUR PRI A Fe it — DGR

TAMA A — SR R PCV2, P1 A TTV
SEHEY, B PCV2+PI+TTV =@ &Y it 4
By HREREEUN 3. 7%, Xt — 3 PMWS
MELLB #5

2 FRTR, ARWFFEAT PMWS AH 695 5 PCV2,
TTV Al P1 AR A B 1 o0 oE 47 T & T A A 52,
gERFEW], RETVLIR . ZROMET LM X PMWS &
K B P AR PCV2 M TTV B Yy, YR
B, P1AERGLREEAL, H P1L A TTV ARG &
LA PCV2 IR A BY L 727 . PMWS K%
WREZ Ry 2 M E 3 MRIEMIR SRS, H
PCV2 5 TTV2 MRS BRI B & T PCV2 5
TTV1 f1 PCV2 5 P1 iR A HE, XHEER 3
s 2 =22 0] 0] REAFAE — & I D RV . AR L HRIR] 3%
R FEE AR —, TTV2 il PCV2 AR & e ] fE7E
PMWS 1 &4 thile FE2ZA4EH .

ARk, 20 IR A R Ol R4 Ll A7 R
PR, XTFRABRENIGERZEHEE, AR
BT VTN, NN HIX PCV2, P1 Ml TTV B
MR G FIR A R S B, O PCV2 1 B R
PCVAD [i2¥7 146 T IS K . (HXFF X 3 Fpis
JEAE PCV2 FH GBI & Az oA B S2 e . AH B EME 1)
KR, AT ESE LT,

S & UMk

[1] GILLESPIE J, OPRIESSNIG T, MENG X ], et al. Porcine
circovirus type 2 and porcine circovirus-associated disease [J].
Am ] Vet Intern Med, 2009, 23: 1151—1163.

[2] HASSLUNG F, WALLGREN P, LADEKJAER-HANSEN
AS, et al. Experimental reproduction of postweaning
multisystemic wasting syndrome (PMWS) in pigs in Sweden
and denmark with a Swedish isolate of porcine circovirus type2
[I]. Vet Microbiol, 2005, 106: 49—60.

[3] FIRTH C, CHARLESTON MA, DUFFY S, et al. Insight into
the evolutionary history of an emerging livestock pathogen:
porcine circovirus 2 [J]. J Virol, 2009, 83 (24); 12813—21.

[4] MUHLING J, RAYE W S, BUDDLE ] R, et al. Genetic

characterization of Australian strains of porcine circovirus type 1
and 2 [J]. Aust Vet J, 2006, 84 (12): 421—425.

[5] LIBIN WEN, KONGWANG HE, QI XIAO, et al. A novel
porcine circovirus-like agent Plis associated with wasting
syndromes in pigs [J]. Plos one, 2012, 7 (8): e41565.

[6] LIBIN WEN, KONGWANG HE, ZHENGYU YU, et al
Complete genome sequence of a novel porcine circovirus-like
agent [J]. J Virol, 2012, 86. 1639.

[7] NIEL C, DINIZ-MENDES L., DEVALLE S. Rolling-circle
amplification of Torque teno virus (TTV) complete genomes
from human and swine sera and identification of a novel swine
TTV genogroup [J]. ] Gen Virol, 2005, 86 (5): 1343—1347.

[8] SEGALES J, MARTINEZ-GUINO L, CORTEY M, et al
Retrospective study on swine Torque teno virus genogroups 1
and 2 infection from 1985 to 2005 in Spain [J]. Vet Mlcrobiol,
2009, 134: 199—207.

(9] Emh, JAR, WMot 5. RESER D TTV i % E i
S RATI AT (D, P E B B, 2009, 31(10):
751—755.

[10] KEKARAINEN T, SIBILA M, SEGALES J. Prevalence of
swine Torque teno virus in post-weaning multisystemic
wasting syndrome (PMWS) -affected and non-PMWS-affected
pigs in Spain [J]. ] Gen Virol, 2006, 87 (4);: 833—837.

[11] KEKARAINEN T, MARTINEZ-GUINO L, SEGALES ]J.
Swine torque teno virus detection in pig commercial vaccines,
enzymes for laboratory use and human drugs containing
components of porcine origin [J]. J Gen Virol, 2009, 90 (3):
648—653.

[12] SHIBAHARA T, SATO K, ISHIKAWA Y. et al. Porcine
circovirus induces B lymphocyte depletion in pigs with wasting
disease syndrome [J]. ] Vet Med Sci, 2000, 62 (11):
1125—1131.

[13] DARWICH L, SEGALES J, DOMINGO M, et al. Changes in
CD4+., CD8 +. CD4 + CD8 +, and Immunoglobulin M-
Positive Peripheral Blood Mononuclear Cells of Postweaning
Multisystemic Wasting Syndrome-Affected Pigs and Age-
Matched Uninfected Wasted and Healthy Pigs Correlate with
Lesions and Porcine Circovirus Type 2 Load in Lymphoid
Tissues [J]. Clin Diagn Lab Immunol, 2002, (3);: 236 —
242.

[14] ZUCKERMANN F A, HUSMANN R J. Functional and
phenotypic analysis of porcine peripheral blood CD4/CDS8
double-positive T cells [J]. Immunology,1996.87:500—512.

[15] EB®, FHE, BEEE, & HREHHE 2 B5% TTVIR
FRRS AT A ()], T E Stk g i, 2010, 18
(1): 75—78.

C16] XU, BE3k, E5EM, 55 MBI E 2 8, 5% B 4000 5
TTV-2 & B MR ¥ A (1], hEEE%HR, 2011,
31 (8): 1095—1098.

(177 @M, MIFLAE, B FE. P F 50T i b 1 (A A sk g vk 4y
Mr (1], B8R 3R, 2008, 39 (7): 941—944,

(FAES . AT HE)



