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S s 5% — AR 5% F(porcine circovirus type 2, PCV2) & —F %% % & F Mk
Ja o B F sk & PT 5] A 2 & AEEE R JE AR S AR B 78 IR K 9% & 48 Bl 9k Fs (porcine
circovirus associated disease, PCVAD) - PCV2 ¥ L {5 R iR & REH EZ H R+ 4
Lk HARET SR A R EZERENK ° 38425% F (Torque teno sus virus,
TTSuV)7F & L F R —#HH5E9m > TTSuV X R A £ £ & % — A (Torque teno sus
virus type 1, TTSuV1)¥A % % =% (Torque teno sus virus type 2, TTSuV2) » 7 # R &
B RMGTRAEBZAITE - & THPCV2 o TTSUV £ 58 REREEN
Bl 2011 £ 2014 FR) 243 1B EARAE 0 JE A IR A EIE I 8k (loop mediated
isothermal amplification, LAMP) YA ik 25 PCV2 98 & VA &R JE A £ X R S fvéd R
J& % (nested polymerase chain reaction, nested PCR)# Ef TTSuV1 YA & TTSuV?2 %
F o B RFAT PCV2 m FZ M 4 9349 ; TTSuV1 ~ TTSuV2 B35 B LA A =
I A B 2 (TTSUuV/TTSuV2) Z B & 551 % 6.19% ~ 8.2% % 835% ° PCV2 4
B TTSuV1 ~ TTSuV2 4B Ak B e TTSuVI/TTSuV? i#é B ik £ 4
%% 6.1% ~ 82%31 786% ©

FiE5T - F6FE RN ~ Brtistmas « IR IR aIBIEn « EilREHERIEL

wE

CT) ~ BIRIRE RS EE (porcine respiratory disease

RIRARFE (porcine circovirus, PCV)REEREE
RERY - MIF—RARSZRUERE > AR ZHS
[4,7]1°- 1991 FERNEAEREE @ DRSHERE
BBt R & B RME FE M IR S IE (bostweaning
multisystemic wasting syndrome, PMWS)E48E814 -
RIERHRABREETNTERERIFREMNRE
(1,111 B PMWS RBEMDBHEIZIRINRS @ 1KEF
$ERE —RRIRAKE (porcine circovirus type 2,
PCV2) : &5l PMWS ZEZERIR(1,11,17] < IR
T PMWS 2 SFRMEIEE PCV2 ERBEREX
B " fE & B (porcine dermatitis nephropathy
syndrome, PDNS) ~ JgXfE8&(congenital tremors,

complex, PRDC) ~ 18IE 14 IR Fb 14 B % (proliferative
and necrotizing pneumonia, PNP) ~ & RILESR
RIEARI9BAE S RN - BRIBIFRRNG PCV2 BRRFE
FislBEeBSRRRERRBABERRSER
(porcine circovirus disease, PCVD)HERIRNKRE
REH# 4 B f® (porcine circovirus associated disease,
PCVAD) [11] -

5 i 3R fm = (Torque teno virus, TTV) B R
Aneloviridae & BEITE DNA f/E - K/ 30-32
nm EE8@O8KIRIK ONA EREE - HERBTE
E 2D %% — B (Torque teno sus virus type 1,
TTSUV1)BARSE —BY(Torque teno sus virus type 2,
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TTSw2) [10,11,13] - ZEGEREEBASEBT
R EHFBERTFIREBITENR 26%=E 100%
2@ [351214] - BRISASERESH AR
TTSuV #HIRARERKRIER ZRHIRS [2,15] 0 A
MAEEHEER TTSUWV BUREIEERRES AR 118
PEEELIRREPF BRARLER [6,8,9,13] -

PCV2 EHEMKRESRRBELZIBER+2E
E - BEFOSIRRABEEZREKENR - ERZRER
B1E%8/) "= (porcine parvovirus, PPV) ~ 5&4- 75 EA0F
IRAZS AR (porcine reproductive and respiratory
syndrome virus, PRRSV) -~ 3R 1TI4 RS mE(swine
virus, SIV) Bl & @& M.
Hyopneumoniae) - 1EFBRIIRES @ 1838 98% 2 PCVAD
RO BRESREIER B 52% 2 RwHIA PCV2
Bl PRRSV BRER%$ ~» 36% &K PCV2 EH M
Hyopneumoniae (R &=2xEx ~ 21.6%4 PCV2 ERHE
BERE - 15%48 PCV2 B PPV B8R 5.4%
A PCV2 Ed SIV BERE » PCV2 EBERRRZRHIE
B 1.9% [11] - BRib2d)  EERFFSMRRSIED
TTSW Ed PCV2 BB EGREE - RItEEE
“ERRECSRASEIFRETLIRRAF Z PCVAD LU
RETCIRKIER - AAREBHEFRINENRERK
ROIRRARES - 57 PCV2 B TTSUWV 6 EERIZRE
BRERZIER -

influenza

MREGE

HEMAES

BEESHRMR 2011 FE2014FREL E
12 BHEHE PMWS SR TERIRER < R555EEREE
(SRR ~ KRS ~ B0 ~ Fhie  FTHeSE ) » IRHE
47 FPERBIBIEER 243 BIREEMS - 15 LMER
1RESEA0 - JOAEE 2 Dubecco’s Modified Eagle
Medium (DMEM) - It AWM iR §818 B R EE 72198
1t - &R 1OxFE - RIFHR-7 O CokigfisFa -
RSB EXEN

e C R EMEEFLE - Ml Qagen RIEE
ZE&{t DNA Mini Kit EffKERBEZINRS
DNA-&5%° EX 100 p ZZEN0A 100 ul 2 Buffer

ATL & 20 ul 2 Proteinase K * BiR 56°C BY/EEE
WITRBER - SREIOA 200 W 2 Buffer AL BR
7O CRE 10 D& » BIIA 200 ul Z|AKENE - B
B 15 BEERESRKREA QAamp spin column 2
R(E 2 m ZIEE) - REREL 6,000 g 1 2
&+ 1% QlAamp spin column BA—# 2 ml ZUNES -
A0 500 pl 2 Buffer AW - IR 80 6,000 g
0 1 28 - B8 QlAamp spin column BA—# 2 ml
ZUWNEEE A0 500 pl 2 Buffer AW2 » REiRS
B 10,000 g% 1 DiE’ & QlAamp spin column
BA—H 1.5 m ZBOE JIA 200 ul Z Buffer AE
BYE 1 288 > REREL 6,000 9/ 1 288 #8F
ZENZ "5 DNA B IRF1R-20°C Kigfsma -

188 R 3\, 18 18 5% (loop mediated isothermal
amplification, LAMP)

BEAPCV2 RN E TE2R/REBEZFR 2014
FREFINRIRIVIGEELAMP) [17] - #§ £t
1I369 DNA ~ TRFEERET 2SI FHI(FR 1) ~ 2 BTEER
RT-LAMP reaction buffer (Eken AT FriR4E)
BstDNA polymerase (Eiken ‘AT FEBE A
Eken RBEEZ LAMP RIEER @ AREIGREEN
A Eiken ATEEZ LA320 BUENREE IR RIE
ERET LAMP & - mruiE(cutoff value) BUkiE
ZEB/ZBIEREE A 0.1 BE (turbidity) - &
RT-LAMP RRFEETH © RIEEA RT-LAMP E¥2
BESEER 0.1 BER - LA320 BB REESE22AN
BEHERGN - BITEMRE 6 MMESTE RT-LAMP &
MRE— » DBIFHRE RT-LAMP EWRE S
1t - RIETER LAMP EMIRIEBETE XD 2
®BiRERR L SEE(ethidium bromide, EtBr)dhe -
T HREIMR N R RBEL I RIRE -

HI\ B EESHE/ FE (nested polymerase chain
reaction, nested PCR)

BRE TTSuV &RAE » BL Kekarainen [B]1FR
2006 FMFERZSIFHE 1)ETEXAR SRR
& (nested PCR) & [6] - #§ Ll b3 2wt
BB 12 W ERTREEEERMBEBRE 0.65 ml
BENE P (primer 20 pM 0.5 pl~ 1.25 uM dNTP 8
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ux 10X Tag buffer 5 u~2.5 U Tag DNA polymerase)
A0 DOW #EHREETE 100 W BEHEMNA ABI AT 4
R 2400 BREZHIZSSAET PCR & - RIER
0N Bl 94 CEIT 1 g B 94C ~ 30
7 52°C 20 #) 72°C~30 F HiE(T 35 cycles
REBEBI 72 CHEIT 10 28 RE&EBH 12 n Z PCR
EYDEST nested-PCR fE » RIGBREEERE
R ORRI - AREVRIETTRZEY 10 Wik 2%
EBBETEXDHT  EXTRERIRBN EBr pRE -
T IRERIMR NRERBEL ZIFFRIBERAE -
BERERRDH

DABBHEERE 2 5T\ - B5EE 6 @ TTSuv1
TTSUV2 Z nested-PCR 1ZEEYD » FIF ABI PRISM
377 Automated Fluorenscent DNA Sequencer i
1T DNA 23 ER [16] - E75AERL Perkin Eimer
AT ABI PRISM™ Cycle Sequencing Kit » RIZ A
FA dINTP BB NERG RN K RS EH )
dideoxynucleotide termination 89755 PCR 89753%
EITHER DNA &H  IDIA+2 2 —88f&6Y 3M
NaOAC & 2.5 {38818 98% &5 » IRIKEVER 10
88 - BEOVEE EIBR 0 J0A 5wl loading dye # -
#& 6% polyacrylamide gel D #r# » Bl sequencer
detector EESHERIHAFENAN - BERARS
RIS ErEE(quanine nucleotide) » IREBRRERITISH
5 (adenosine nucleotide) * #I & RIDIRIBITIL LT
B (thymidine nucleotide) - &5 & 1K 2 B B IE &% B
(cytidine nucleotide) °
RIRED T

IBRERTEAL 6 FEE TTSUV1 ~6 & TTSuvV2
TREMRFFIEL 2 £k TTSUV Z%#k (DQ229868 I
% DQ229859 )F%!IL DNASTAR package version
8.1 BRE&2 MegAlign program 2010 BESERREIE
BiE—3 1 DNASTAR package version 8.1 #g22
distance-based, neighbor-joining method 1T i&E{LEL
2T - EIARE BRI (bootstrap values) Z sTERER!
£1% 1,000 -

SR

PCV2 B TTSuV ZBMEE

B 2011 & 2014 FRWE 243 BRER
B8 FEFR LAMP LURSREZET PCV2 w5 IR nested
PCR 26f TTSUV1 DR TTSUV2 /% - fiERBERE
i PCV2 MEZBMHERR 93.4%(227/243) (%
2); TTSUV1 ~ TTSWV2 EBRRENR_ARSESR
Z (TTSW/TTSW2) 2GR D Bl % 6.1 %
(15/243) ~ 82 % (20/243) & 835 %
(203/243)(F& 2)-PCV2 D BIEA TTSUV1TTSUV2
EESRALURF TTSUV1/TTSWV2 BERER 2B
KHBA 6.1%(15/243) « 8.2%(20/243)
78.6%(191/243) (X 3) - AR FAERINGE
T TTSUW1 DR TTSUV2 JRSESEERIEZSBE
RgMEr —EUERBEEZE - B PCV2 &=
TTSU1/TTSuw2 BEREREMREERSIER
(%&3)-
BIRE 2

B TTSUV1 B TTSUV2 SRS IID BIRZAL 2
BB EE(E 1) - HpEE TTSuV1 RERFS
BA TTSUV1 1Z%#k DQ229868 FHIR 2 ERBHLL
EBSE 93%E 99% ; MmB& TTSuV2 REtkF5l
ER TTSUV2 1E##k DQ229859 Rk R
EBISE Q2% E 98% B 1) -

I

FERFAE RIS TTSUVT B TTSWV2 ESEE
RISIEBERBRMR A -ERERECLLRBS (X
2 3) e ItHh - TTSUV B PCV2 SBEERRMZRBS
Bt - BRIE2X PCV2 # PRRSV » PPV DIRARI4
TR NRFE (oseudorabies virus, PrV)EEHERERES
BR% TEPRELRRAB/BRER - 815
PMWS ~ PDNS AR PCVAD - 8 ARk B3 £ 8B R
2 TTSWV # MUK LIRBERERIREAR 2 7FI 8
T TTSW AEEBEZ2RULSHEEER EEERA
PCV2 FIHEREREINIEE 2 BUR M IR F BRI AEAR
HEREM - NEEFEE—H IR -

BT R E R F I LA 75 FriER
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2 B tREE TTSUV1 PR 6 #R TTSUV2 fRESHkF5!
2 18 &8 BB Bt (ohylogenetic distance) @ ol L ¥ & &
TTSUV1 BB TTSUV2 EEEEBRBRIEGTE KBS
RO - —RBERFIICERNEREERBME
FIRE  SELEREIRRRAREE TTSUWV RS
RFEADZE - HRSERNNEERTHEIRSTZ
SHEMRN - HEFE—SIRE « RRIMSRRT
EE TTSW 22RERBTEFURFESIDHT TS
D IEEA TTSUV1 DR TTSuw2 2ERBERF
FIFDERSN TTSUV RS2 E=R -

B TTSuV BaihEEiBRIE B E T o8
M Re30E - RSN SAERERM R E A - B
ZRSERERBACSSWIE AL, TTSUV AI52
BriFERM nested PCR BT @ ZRRAIE2FEM
ERGURMIImLE - BAEEREIRIRAN - ALLAREK
S B RBEHRR GenBank ZERFY 1 fER
DATEREE USRSt B Z 5|54 FeR#T TTSuV 252
BRI TREE: - 548 LAMP SEABRERINT - MBS B R

IRREZERT TTsuV1 BAR TTsuv2 - S—ABEEHEIL
TTSUWV ZiEBA(N vivo)BEER:AI - BIEKSERZ
fHRRMRER T B RRIRT - ARBHRIRREIL
RIBERE -

KIBANBRET  ©EBEQRRASR PCV2 DL
R TTSuV t8EEE - ALt - Bai PCV2 DR TTSuV
BIPTEHIERE RN BRI X ERRBHATER - &
HREERPEROVIRN - PIREBIENEEHRARE - B
SRRERASEERITRERRZLETRE Y
BE - fIIBSBEAAR SAREBX  IEBE
BERABRTAEFEETARTRERRAINER
15 - B—RROBRUFHEHASERE  HES
R T8 - RMESRRERESHERET - £1E
SEFIETBICTEEH - BLL - BSAIEHIEREY
T FERIBERNERRRRL - IREFESIRE
RREGIETESN - WOREFREREERE « BORE
8 RERBIEE - RIROBERFERES 2
EERMIETRRBRERESELIIE -

& 1~ LAMP AR nested PCR RIEFT{ER 23| F ¥ F5

Target Primer Type Sequence (5°-37)
LAMP PCV2 F3 Forward outer GCC CACTCCCCTTGT CAC
B3 Backward outer CAT CTT CAACACCCGCCTC
FIP! Forward inner TCT GTG CCCTTT GAATT -TTTT'- GGG
Flc-TTTT-F2 AGC AGG GCCAGAA
BIP! Backward inner GGG GGAGGACCC CCTTT-TTTT*-CC
Blc-TTTT-B2 CGCACCTTCGGAT

Nested PCR TTSuVl F1

First forward

R1 First Reverse
Nest-F1 ~ Second forward
Nest-R1  Second Reverse
TTSuv2 F2 First forward
R2 First Reverse
Nest-F2  Second forward
Nest-R2  Second Reverse

TAC ACT TCC GGG TTC AGG AGG CT
ACT CAG CCATTCGGA ACCTCAC
CAATTTGGCTCGCTT CGCTCGC
TACTTATATTCGCTT TCG TGG GAAC
AGT TACACATAACCACCAAACC
ATT ACC GCC TGC CCG ATAGGC

CCA AAC CAC AGG AAACTGTGC

CTT GAC TCC GCT CTC AGG AG

"Both inner primers FIP and BIP contained 2 binding regions and were connected by a TTTT bridge
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R 212011 £F 2014 FRISEMIE PCV2 B TTSUV BREH

Year No.of PCV2 TTSuV

samples Positive Negative TTSuVl TTSuV2 TTSuV1/2' Negative
2011 63 60 3 1 11 49 2
2012 78 76 2 8 3 67 0
2013 49 44 5 4 1 42 2
2014 53 47 6 2 5 45 1
Total 243 227 16 15 20 203 5

"TTSuV1/2: co-infection of TTSUV41 and TTSuv2

&R 32011 FZ 2014 FH/EiE PCV2 & TTSUV BESREREH

TTSuV
PCV2 TTSuVl  TTSuV2  TTSuVv1/2'!  Negative  Total
Positive 15 20 191 1 227
Negative 0 0 12 4 16
Total 15 20 203 5 243

TTSuV1/2: co-infection of TTSuV1and TTSuV?2

73.0 TTSuVi-3
50.87 L TTSuVi-5
3307 75 [ TTSuV1-2
65 3 TTSuV1-4
1000 DQ229868

: TTSuV1-6
TTSuV1-1
DQ229859

, TTSuvV2-6
—ememeen TTSuv2-1

1 1 1 1 1 1
50 40 30 20 10 0

Nucleotide Substitution per 100 residues
Bootstrap Trials = 1000, seed = 111

57.5

15 TTSUV1 ~ TTSUV2 K 2 ¥R TTSUV IREERBIR(0Q229868 LUk DQ229859)Z#
IRERE DT -



2
1.

R ETHAFTE No.50 : 1~8 (2016)

=3°4.1)

Aramouni M, Segalés J, Sibila M. Torque teno
Sus virus 1 and 2 viral loads in postweaning
multisystemic wasting syndrome (PMWS) and
porcine dermatitis and nephropathy syndrome
(PDNS) affected pigs. Vet Microbiol 153:
377-381,2011.

Brassard J, Gagné MJ, Leblanc D. Real-time
PCR study of the infection dynamics of Torque
teno sus viruses in naturally infected pigs from
nursery to slaughterhouse. Vet J 197:
506-508, 2013.

de Arruda Leme R, Alfieri AF, Alfieri AA. Torque
teno sus virus infection in suckling piglets from
Brazilian pig herds. Trop Anim Health Prod 44:
1885-1890, 201 2.

Dupont K, Nielsen EO, Baekbo P, Larsen LE.
Genomic analysis of PCV2 isolates from Danish
archives and a current PMWS case-control
study supports a shift in genotypes with time.
Vet Microbiol 128: 56-64, 2008.

Jarosova V, Pogranichniy R, Celer V. Prevalence
and age distribution of porcine torque teno sus
virus (TTSuV) in the Czech Republic. Folia
Microbiol 56: 90-94, 2011.

Kekarainen T, Sibila M, Segalés J. Prevalence of
swine Torgue teno virus in  post-weaning
multisystemic wasting syndrome
(PMWS)-affected and non-PMWS-affected pigs
in Spain. J Gen Virol 87: 833-837, 2006.

Kim HK, Luo Y, Moon HJ, Park SJ, Keum HO,
Rho S, Park BK. Phylogenetic and recombination
analysis of genomic sequences of PCVZ2
isolated in Korea. Virus Genes 39: 352-358,
2008.

Lee S, Shin J, Kim C, Lyoo YS. Comparison of
Torque Teno Sus Virus (TTSuV) viral load in
Porcine Circovirus Type 2 vaccinated and
non-vaccinated pig herds. Res Vet Sci 93:
1039-1041, 2012.

Liu J, Guo L, Zhang L, Wei Y, Huang L, Wu H, Liu
C. Three new emerging subgroups of Torque
teno sus viruses (TTSuVs) and co-infection of

TTSuVs with porcine circovirus type 2 in China.
Virol J 10: 189-195, 2013.

10.Macera L, Cortey M, Maggi F, Segalés J,
Kekarainen T. A novel rolling circle amplification
assay to detect members of the family
Anelloviriaae in pigs and humans. Virus Res 1 60:
424-427,2011.

11.Meng XJ. Emerging and Re-emerging Swine
Viruses.  Transbound Emerg Dis 23:
1865-1682, 201 2.

1 2.Nieto D, Aramouni M, Grau-Roma L. Dynamics of
Torque teno sus virus 1 (TTSuV1) and 2
(TTSuV2) DNA loads in serum of healthy and
postweaning multisystemic wasting syndrome
(PMWS) affected pigs. Vet Microbiol 152:
284-290, 2011.

1 3.Nieto D, Kekarainen T, Aramouni M, Segalés J.
Torque teno sus virus 1 and 2 distribution in
tissues of porcine circovirus type 2-systemic
disease affected and age-matched healthy pigs.
Vet Microbiol 163: 364-367, 201 3.

14.Segalés J, Marthez-Guiné L, Cortey M.
Retrospective study on swine Torque teno virus
genogroups 1 and 2 infection from 1985 to
2005 in Spain. Vet Microbiol 134: 199-207,
2009.

15.Tshering C, Takagi M, Deguchi E. Infection
dynamics of Torque teno sus virus types 1 and
2 in serum and peripheral blood mononuclear
cells. J Vet Med Sci 74: 513-517, 2012.

16.Wang C, Huang TS, Huang CC, Tu C, Jong MH,
Lin SY, Lai SS. Characterization of porcine
circovirus type 2 in Taiwan. J Vet Med Sci 66:
469-475, 2004.

17.Wang C, Pang VF, Lee F, Liao PC, Huang YL,
Lin YL, Lai SS, Jeng CR. Development and
evaluation of a loop-mediated isothermal
amplification method for rapid detection and
differentiation of two genotypes of porcine
circovirus type 2. J Microbiol Immuno Infect 47:
363-370, 2014.



Exp.Rep AHRI.,No0.50 : 1~8 (2016)

Detection of Dual-infection of Porcine Circovirus Type 2 and Torque
Teno Sus Virus in Taiwan

C Wang"", TS Huang', SH Lee?, JC Chang®, YL Lin*, HJ Tsai*

!Animal Health Research Institute, Council of Agriculture, Executive Yuan
Animal Drugs Inspection Branch, Animal Health Research Institute, Council of Agriculture,
Executive Yuan

Abstract Porcine circovirus type 2 (PCV2) is a prominent swine viral pathogen. PCV2 is
considered as the major causative agent of PCV2 associated disease (PCVAD). Co-infection of
PCV2 with other viral pathogens is common; one of which is the Torque teno sus virus. Torque
teno sus virus (TTSuV) contains 2 major genotypes, TTSuV and TTSuV2, and is known to have a
high prevalence in pig populations throughout the world. The purpose of this study was to
investigate the prevalence of co-infection of PCV2 and TTSuV in Taiwanese pig farms. A total of
243 clinical tissue samples collected from pigs between years 2011 and 2014 were used. The
PCV2 and TTSuV sequences were amplified and differentiated by using the loop mediated
isothermal amplification (LAMP) and the nested polymerase chain reaction (nested PCR),
respectively. Of the 243 clinical samples, 93.495 were PCV2 positive, 6.195 were TTSuV1
positive alone, 8.29% were TTSuV2 positive alone, and 83.5% were TTSuVl1and TTSuV2 double
positive. The rate of co-infection of PCV2 and TTSuV1, PCV2 and TTSuV2 as well as PCV2 and
TTSuV1/TTSuV2 were 6.19%, 8.29%, and 78.69, respectively.

Keywords: Porcine circovirus type 2, torque teno sus virus, loop mediated isothermal amplification,
nested polymerase chain reaction.
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