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porcine circovirus LﬂuL%@VLQ%"zQ family Circoviridae, single stranded DNA ﬁmuﬁmaﬁiﬁuﬁﬂ?iu
1.76 kb (Fenaux et al., 2000) wiNaaniily 2 NNATNANHIUENIIRUINITHUAZLAURAIAY AB porcine
circovirus type 1 (PCV1) Was porcine circovirus type 2 (PCV2) Tmm%fﬂ PCV1 Wﬂéjw&faiﬂiu?éumﬂéjﬂﬂﬁ\i

naliAnlsnlugns dowaaelada PCv2 anunsonalsnlugns (Opriessnig et al, 2008) wiseanls 3
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genotype tasaai1eneaimallsznassian 3 open reading frames (ORFs) @iflugiunvinuiitiaaununig
Nanuaeallsiunuansnedy 1dun 1) ORF1 14 replication protein N ndusan 1sLANAIWIL DNA 184
@alafa 2) ORF2 iludaudsenevaealilsiiulaseairedqu Cap protein NN@1IBINNTABLIAUDIFR
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AHNANNU (immunoreactive epitopy) waztiugiuni A NEuLLs (variable) 49 muﬂummiﬁumi@mﬂqm
anaiug e PCV Muanls Wulishulassairanevatiameanneinloda uaziilulasea¥raudn dauin

2193711804 30 kDa (Nawagitgul et al., 2000) I9aNN19ANHIT8Y Liu et al. (2001) uanalifiiiugdn ORF2

| 2
= al

fuasdtsznaulnssaineuesida PCV2 capsid protein nglugnsninisfinidaa 1unsnnsaany ORF2 UA

nsFnTe 24 FalnauazivnilFunnauiEes) ann1sAnEnIeiudaluiana1edtiy ORF2 1a9ide PCV2
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TutlszmanSauda wudnuiieanld 2 genotype 10 genotype |11t strain RilAINAGIEARITLEDRNN
AN UsenelFaAg auTannndng uazlssmaAsafuaus dou genotype Il 1l strain Ay
A8 ARLITaRNAnUssmALa sl Ussinagilu vateuBnuile uazieide (Boisseson ef al,, 2004)
uay 3) ORF3 udauiuAnAniuTidn VEyﬁ‘ZWJ"NL%@ POV Wazida PCV2 1aNanTifanLdn ORF3 104
38 POV2 a¥ralsAuRnn 1A sAneae9as (apoptosis) Tuanusfide POVl laifinnsa¥ellsdiy
Fanana (Liu et al., 2006) ¥ PCV2 naliinnguan13sine lugns ugunIWnInINIuuaIueN U (post
weaning multisystemic wasting syndrome; PMWS) msﬁm%@lmxuumqLﬁumﬂ"l@ (porcine respiratory
disease complex; PRDC) ﬂ'ejmmm‘a‘mqawﬁ\‘lLL@::PLWL%I@N (porcine dermatitis and nephropathy
syndrome ; PDNS) 4azn1suyiagn %I\'imjmmm?ﬁﬂmrsmﬁmmL?ﬂﬂdﬁ porcine circovirus associated
diseases (PCVADs) (Seeliger et al., 2007; Shen et al., 2012)

Tutlrzinalnefinesiunianuide POV2 afeusnludl w.a. 2541 (Tantilertcharoen et al.,1999) 1ila
AnwnnsiniTe PCV2 daumds wuide PCV2 A niie Lﬁlﬂfggmﬁﬁﬂuwwﬁ\luuﬁ@ﬁ%\a Wit W.A.2536 Tneid
polymerase chain reaction (PCR) (Kiatipattanasakul-Banlunara et al., 2002) WATAINNNTANH AN

augnesaeade PCV2 Tullsewmelne Tudaal w.a. 2550-2553 wudnaglu genotype 1 dsilaqiiu
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AIBENAINGIA
fusednsadaarmeluliu Yan 6u fa o seunenda uazdeniiwaes mnsmﬂzgmmﬁm
mm;im%@ PCV2 #2835 PCR (Yeu et. al., 2009) A1191 26 Faaein (WWIAGNNT 1 F8EN zgmwgﬁfmﬁ
3 F0ENe WATATHIININT 15 Aoating WNqd 4 Feting i 2 Aaetne Larasaan 1 Faatng) aangns
39 344 1 Rdamsaa o AutRAtLarAmuINsdnIunndnials szudnall w.a. 2554 — 2556 R
ﬁq@ﬂ'wﬁqn@mLﬁﬂ%ﬂmﬁ@mmﬁ -80°C ilatinunarin DNA uaznnsin PCR dnufutiudau ORF2 189

\@a PCV2 salil

nMsRgIadtAsIzsEALTNLAng
N19&NA DNA LAazN15%1 PCR dN1isusiudIu ORF2 2adt%a PCV2

11’1ﬁq@ﬂwﬂﬁmzz@ﬂﬂlﬁi@zﬁq@ﬂ'wﬁﬂizﬂﬂuﬁfm dJan fU s 0 sleanewda uazAesninmdes
uagaNAuLili 10% (W) tissue suspension TU@19a=anel phosphate buffer saline (PBS) pH 7.0-7.2 ‘]ju
RN 3,000 rpm 5 W1¥ N9a9AU A TULLRIUNIZANENIBNIWIA 0.45 pm UAatinunann DNA faea
anmnd1i3a31 Viral DNA Kit (Omega bio-tek, USA ) mm‘i‘%mmms}jwam amI9aunEil ORF2 204ide
pcv2 Taeld primer PCV 1067 (FW 5 TTAGGGTTTAAGTGGGTC-3’) way PCV 1749 (RV 5'-
ATGACGTATCCAAGG CG-3’) (Jantafong et al., 2011) ‘Ema%ﬁe@mﬁqﬁqgﬂ Gotag Green Mastermix
(Promaga, USA) ‘Emﬁmmmmﬁwm 50 ul Usznausag PCR master mix 25 ul, primer PCV1067 0.2
UM, primer PCV1749 0.2 pM, Distilled Water 18 pl lag fiaaging DNA 5 i vhdrunanfananndneies
Lﬁuﬂ?‘mmmﬁﬁuqﬂﬁu fi%ia Bio-Rad U MyCycler Thermal Cycler (Bio-rad, USA) neldanineiisin

Ufisendsll  pre-denaturation %1 95 °C 2 W% Ufjfisen 35 381199 denaturation 91 94 °C 20 3117
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annealing 7 56 °C 20 317l ua extension 7 72 °C 40 3undl adaegumnd 72 °C 10 Wil arntiin
PCR product liuen DNA 11 1.5 % agarose gel electrophoresis é’fmm‘%m electrophoresis ﬁﬁ@
Toyobo §1 Gelmate 2,000 (Bio-Active, Japan) Agaaguanielsias UV Fotpies gel documentation
&i¥a Vilber lourmat 1 TCX-20-M (Sigma-Alrich, USA) 11 PCR product Alsuauansiediugau ORF2 T84

‘T PCV2 mﬁﬂﬁu?zgwﬁmal% QIAquick PCR purification kit (Qiagen, USA)

NNSALATIZURIALAITWUENTTHUAZAAY phylogenetic tree

AALANTRUENTIN T IiNaLansaEudan ORF2 2e0Tie PCV2 Nufsauiauiugiudeyanig

o

ugn3snlu GenBank  A71aY 13 Faatig annszimel e (AF201311)  UszinALuLsasuaLa
(AY484407) seinpLeasui (AF201307) thae Uszindlng (HQ735206, HQ735205, HQ735204,
HQ735202, HQ735201, HQ735200, HQ735203, HQ701666, HQ701665, AY864814) NNNanLTelae
A3 ClustalW sias1lls1n93 Bioedit version 7.2.5 (Hall, 1999) ievn A fidusanuAdns AR IAELT
nalalnfuaznIneziily uasAipseinudusiusaesEiugou ORF2 1iad3ne phylogenetic tree neida
Maximum Likelihood Analysis (ML) Taerldllsunsn MEGA version 6.06 (Tamura et al., 2013) NAgay

ANULTaTiaaastiayah 1,000 replicates An8AEN9ATIA bootstrap (BS) statistical analysis

HA

NANNIMTIAEIEAT POR dwsLEudat ORF2 184ida POV2 wudnlsiuauaniia 26 daating Tae'ld
PCR product 2u1m 702 bp (Figure 1) nN13atAszdnisizaeatsuianale lnAuesdudqn ORF2 189138
PCV2  wudnvianua 26 fnatnenglungu genotype 1 (Tablet) wazutisaaniilu 2 subgroup 1éun
subgroup 1A/B AMu% 13 Aeti1e nszaneat luAIMdnuAIATaINIIT 8 Finating 1iNga 3 Finatine uaRis
2 pinagig 1ag 7 Aaetng (53.8%) Ansauiulzau (4 FINRYNINATINAL classical swine fever; CSF Way
3 FinatialAATINAL porcine reproductive and respiratory syndrome; PRRS) WAz subgroup 1C A1
13 Fn2eina NIvana oy lUAIIAUATATIFINGIT 7 Aaaeing 431175501 3 Finatne A48 THNT WATHvgY
A9udnaz 1 siaatnd Tag 4 Aaagg (30.7%) asaniulsa PRRS (Table 2) SleuBauiieuile fifuiaany
pdneadeiuresiionalelndresdefiingly subgroup 1A/B NUdNEsEMdne 98.5-100% uAZRAINM
AdnaAdaiuITad1eBRuan|danndsznelng Uszimasefuaud uaztszmanfaiaa 329919 93.7-
94.2%, 88. 8-89.6% WAL 87.9-89.2% MNNANFL (Figure 2) €334 subgroup 1C WLANHAMNAG AR
vasilandlelndszudnadaiAnmegszudng 91.8-100% wazilAaupdnaadaiuidediadaientdann

szinalne svndng 83.2-89.2% (Figure 2)
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Table 1 Classification of 26 Thai PCV2 isolated between 2011 and 2013 compared with the reference PCV2 strains

(bold letters) by nucleotide sequences of ORF2

Isolate Genotype Subgroup Origin Accession number
AF201311 1 1A/B France AF201311
AY484407 1 1A/B Netherlands AY484407
HQ735206 1 1A/B Thailand / Nakhon Pathom HQ735206
HQ735205 1 1A/B Thailand / Ratchaburi HQ735205
HQ735204 1 1A/B Thailand / Ratchaburi HQ735204
HQ735202 1 1A/B Thailand / Chonburi HQ735202
HQ735201 1 1A/B Thailand / Chonburi HQ735201
HQ735200 1 1A/B Thailand / Ratchaburi HQ735200
PL8032-55 1 1A/B Phatthalung KM584040
NK4495-56 1 1A/B Nakhon Si Thammarat KM584026
NK5839-54 1 1A/B Nakhon Si Thammarat KM584035
NK6358-54 1 1A/B Nakhon Si Thammarat KM584036
NK6546-54 1 1A/B Nakhon Si Thammarat KM584028
TR5228-56 1 1A/B Trang KM584046
NK1996-56 1 1A/B Nakhon Si Thammarat KM584022
TR4647-55 1 1A/B Trang KM584045
NK0282-56 1 1A/B Nakhon Si Thammarat KM584033
NK5973-565 1 1A/B Nakhon Si Thammarat KM584027
NK3313-55 1 1A/B Nakhon Si Thammarat KM584024
PL3318-55 1 1A/B Phatthalung KM584037
PL3624-56 1 1A/B Phatthalung KM584038
HQ735203 1 1C Thailand / Suphanburi HQ735203
HQ701666 1 1C Thailand / Chonburi HQ701666
HQ701665 1 1C Thailand / Chonburi HQ701665
AY864814 1 1C Thailand AY864814
SK4951-54 1 1C Songkhla KM584041
NK4597-56 1 1C Nakhon Si Thammarat KM584034
NK4304-56 1 1C Nakhon Si Thammarat KM584025
CP1577-56 1 1C Chumphon KM584021
NK8415-56 1 1C Nakhon Si Thammarat KM584032
NK7574-55 1 1C Nakhon Si Thammarat KM584031
NK7184-54 1 1C Nakhon Si Thammarat KM584030
PL4732-56 1 1C Phatthalung KM584039
SR6062-54 1 1C Suratthani KM584042
NK2679-56 1 1C Nakhon Si Thammarat KM584023
NK7027-54 1 1C Nakhon Si Thammarat KM584029
SR6942-56 1 1C Suratthani KM584043
SR7740-55 1 1C Suratthani KM584044
AF201307 2 2 Germany AF201307
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Table 2 PCV2 strains isolated from pigs in southern Thailand

subgroup 1A/B

subgroup 1C

province
n P n P

Chumphon 1 PRRS (1)
Suratthani 3 PRRS (2)
Nakhon si thammarat 8 CSF (3) PRRS (1) 7 PRRS (1)
Phatthalung 3 CSF (1) PRRS (2) 1

Trang 2

Songkhla 1

total 13 53.8% (7/13) 13 30.7% (4/13)
n = number of PCV2 positive sample p = number of co-infection

702 bp

500 bp

Figure1 The results of PCR amplification for PCV2-DNA from tissues

lanes a, b, d, e, g and i = PCV2 positive sample lanes c, f and h = PCV2 negative sample

lane M = ladder

41
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Figure2 Phylogenetic analysis of Thai isolates and reference strains for ORF2 genes of PCV2

@ = reference strains

O = isolated strains
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e PCV2 fisrinalunialdreqtsemalng Anat/lu genotype 1 A1NN19M3IAFIEAD PCR 41151
fugau ORF2 2041 PCV2 I# PCR product 2118 702 bp. danpdaaiun1sAne lulsmnalinduaes
Chiou LALAME (2012) unnsAnASIIuLaand 2 subgroup A2 subgroup 1A/B (50%) kaz 1C (50%)
WANFANNALNNIAN 094 NAT LA AN (2011) fiw subgroup 1A/B  (83.3%) 1C (16.7%) LAY
Jantafong et al. (2011) fina subgroup 1A/B (70%) 1C (30%) Wamaliiiuauualtdunisiin PCV2
subgroup 1nga§u mf«uLﬁmmmﬂﬁmiﬁmmmnmﬂmd"u@@mfﬁﬁmmeﬁumum?ﬁﬂmLLmﬁiNﬁu
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Tsadaniuszudnansfiniiia PCV2 uay PRRS Tuilaqiiuiinisaenaasndrennaulaaanicdsemalunay
mUwed@sl (Fan et al, 2013) warn17nAlsALNINTRUFINANNEDAAREIALII8NUU8Y Cecere et al.
(2012) AiAnEIWL91 PRRS ilulsaunsndauuaziinsaniunisfiaime PCV2 agiaaaiauaziiuanimininm
I¥ngua1n19938n3 porcine circovirus associated diseases (PCVADs) 3A31guiadn Tunialsans
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~ Ny PR | o o q wa X y | -
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& X Ay \ ™ o o ~ s
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n3AN®Ie89 Jantafong et al. (2011) waziAdnlnddadudenuenla lulszimatliuda (AF201311)
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PCV2 Augnldanuyilnaglu genotype 2 (PCV2a) (Castro et al., 2012) Tulsewmaléndwama PCV2 fuan
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sianaglu genotype 1 uaz 2 (Chiou et al.,, 2012) wRgaru@anuan e lulszimamnuals (Kim et al.,
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Abstract
Porcine circovirus type 2 (PCV2), the causative of multisystemic syndromes known as
porcine circovirus associated diseases (PCVADs),causes some of the most significant economic
losses in pig production. It was divided into genotype 1 and genotype 2. The first report of PCV2 in
Thailand was in 1998. This study investigated genetic characterization of PCV2 sequences in
domestic pigs affected by PCVADs in southern Thailand. Phylogenetic analysis of ORF2 gene of PCV2
from 26 Thai isolates between 2011 and 2013 demonstrated that all of the PCV2 isolates were
clustered into genotype 1 and could be equally categorized into subgroup 1A/B and 1C. 53.8% (7/13)
of pigs infected with PCV2 subgroup 1A/B were associated with a complex disease of classical swine
fever (CSF) and porcine reproductive and respiratory syndrome (PRRS). In subgroup 1C, 30.7% (4/13)
of infected pigs concurred with PRRSV. Moreover, the ORF2 nucleotide and amino acid identity from
subgroup 1A/B was 98.5-100% and identical to reference strains from Thailand, Netherland and
France 93.7-94.2%, 88.8-89.6% and 87.9-89.2%, respectively, while the ORF2 nucleotide identity from
subgroup 1C was 91.8-100% and identical to reference strains from Thailand 83.2-89.2 %. Our study
provides molecular data of ORF2 gene and epidemiology of the current PCV2 isolates in southern

Thailand and can be approached to prospective control and prevention of PCVADs within the area.
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