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Abstract :

The objective of the present study was to investigate the prevalence of porcine
reproductive and respiratory syndrome virus (PRRSV), porcine parvovirus (PPV) and porcine
circovirus type 2 (PCV2) infection associated with fetal losses in Thai swine commercial herds.
Aborted fetuses (n=25), mummified fetuses (n=35) and stillborn piglets (n=40) from 100 sows
in 10 swine herds were included in this study. Pooled organs from each case were
homogenized and submitted to PRRSV (n=100) detection using reverse transcription-
polymerase chain reaction (PCR) technique and were submitted to PPV (n=60) and PCV2 (n=60)
detection using PCR technique. The results revealed that PRRSV, PPV and PCV2 were detected
in 66.0%, 0% (0/60) and 93.3% (56/60), respectively. From the PRRSV positive samples, PRRSV
genotype 1, genotype 2 and mixed genotype were detected in 30.3% (20/66), 37.9% (25/66)
and 31.8% (21/66), respectively (P=0.728). Co-infection of PRRSV and PCV2 was 60.0% (36/60).
Co-infection of PRRSV and PCV2 in aborted fetuses, mummified fetuses and stillborn piglets
were 13.3% (8/60), 30.0% (18/60) and 16.7% (10/60), respectively. PRRSV and PCV2 detection
were not differed statistically among groups of parity and age groups of fetuses. These finding
indicated that PRRSV and PCV2 were strongly associated with fetal losses in Thai swine

commercial herds. The diseases monitoring and surveillance should be further emphasized.

Keywords : porcine reproductive and respiratory syndrome virus (PRRSV), porcine parvovirus

(PPV), porcine circovirus type 2 (PCV2), reproductive failure, fetal loss, swine
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respiratory syndrome virus : PRRSV) 1iielis@eniaan (Aujeszky’s disease virus : ADV) Laan1sla
la%aiuqm (porcine parvovirus : PPV) L%@@ﬁ%’lﬁﬁﬂi (classical swine fever virus : CSFV) Lazia
woslalhauln 2 Iuajﬂi (porcine circovirus type 2 : PCV2) (Dias et al., 2012; Tummaruk and
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ivowhsuansluvssmelnenounihinut ansarmawnuiinaideaidiuuandeide PRRSV uaz PPV
87.5% wag 99.0% Mua1Au (Tummaruk and Tantilertcharoen, 2012) LLazﬁqwudWQﬂiaﬂaﬁgﬂﬁm
farnawmnisuwidinadendunindeio PRRSV way PPV 81.0% uar 75.0% iy
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46.0% Tuuseinemng 9 ﬁaiaﬂ (Lyoo et al,, 2001; Kim et al., 2004; Maldonado et al., 2005; Castro
et al,, 2012)
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ANUANMAIMNSTULAUTLG tkA N1suie n1sifingnnsen wagmsaeusnaaen tuans
anuazansuaAaliiaeannsiaideuarlifinide delfanelsafiddydiviliianay
Gumamszuuduiusluanslaensdldun Wo Welhdafiensensiea (porcine reproductive and
respiratory syndrome virus : PRRSV) WoliSaoowan (Aujeszky’s disease virus : ADV) Fowdla
la%aiuqm (porcine parvovirus : PPV) L%@@ﬁ%’lﬁﬁﬂi (classical swine fever virus : CSFV) Lazde
wastalfavlin 2 lugns (porcine circovirus type 2 : PCV2) ImaL%aﬁwulﬁﬂasiuqﬂiﬁﬁmm
Gumamaszuuduiusluhdugnsmilvlusemelnglfudido PRRSY, PPV uay PCV2 damiuan

vouahiTans 3 liadinnuwandeiuluudasyseme Wy ANNYNTENTE PRRSY, PPV Way PCV2

luansnianusuvamessuvauiuglulsemeaaiUufo  10.0%, 0.0% uay  1.0% Auawy



(Maldonado et al, 2005) Tuvaueilussinanvaisienuads 10.7%, 67.3% uaz 30.7%
MUEIFU (Kim et al, 2004) dwmsulssinalveludagtudsliiinfnwegadaauisainuynveanis
a & PP P A o ¢ P a &
AL PRRSVY, PPV tag PCV2 lugnsaniuaggnsuniinnudumaimessuudunug sudenisinie
I [y} @ 3 a dy 1 < = 1 v qy | a
Juiuvedhdans 3 vlial egalsinu nnsAinwneunihiinuinansarmawnululsenalved
nadoaduuINmTsuIne s PRRSY way PPV 87.5% waz 99.0% @uansiu (Tummaruk and
Tantilertcharoen, 2012) waguenaNUugINUINgNsaTignAnTisanamansuwiinadenduuin
#aLYe PRRSV uag PPV g4l 81.0% Wwag 75.0% mnuldau (Tummaruk and Tantilertcharoen, 2012)

e PRRSV naliiinlsa porcine reproductive and respiratory syndrome #selsniians

[y [

andled lneweviaiilueldavin RNA aaiey welSavintigndneglu family Arteriviridae,
genus Arterivirus (Benfield et al.,, 1992; Cavanagh, 1997) L% PRRSV gninhuna1uAuuaneig
Ypsanwariugnssy anuduleuiiou waznedilinesndu 2 genotype loun genotype 1 (a8
Wugylsy : EU strain) wae genotype 2 (a183ugelssn : NA strain) (Nelson et al,, 1993; Meng,
2000)  ANNANWIRINIsEUVAUTUSInUldlusaniaie PRRSV laun dnsinisiinraenanad
o Y a 49{ = v & 1 o [ YY) o a 49{ ¢ @ 13
9RTINTUNGNLVUTI0RNULAATA 10-50% FuIuansnaudavarasivay wWesdudgnnsen
LAZANENITANGLINARDARDATANIINAITY I1UIUGNANTEOUUBUINLAALAITY UaEdRNIINITAIEVDS
angnsneuneTUuUNgRUTe1anulagedia 60% (Done et al.,, 1996; Mengeling et al., 1996; Chung
et al., 1997; Cho and Dee, 2006; Zimmerman et al., 2006; Olanratmanee et al,, 2013) 31N
= 1 dy 1 d‘ o w gj ¥ ¥ ¥ 4! dy
NSANYINUINTR PRRSV anunsaunsniusnluansimasavisdlagianiglunisviesssueving e
PRRSV #InsHun1esnagmilenililinnisneusssadiideidosnuuy apoptosis e dewaliinnis
wialuansguvias (Karniychuk et al,, 2011) wanantu nsunsktusnveneialudsssoudai
Tishooumeld uazdwaliUesidusgnaninensneaonsensoniings@y (Zimmerman et al,
2006) luneufiRveanisuans ladnsdnn1smainvaleIoieaIuaLnITHAAIBINITYBINILNITAA
dy 1 [y o w & a dy a dy [
o PRRSV LTU N1IARNENT NITIANITANTANINALNUL WaZN1TVNIATUYRTUAM LA YUALBLTY
(modified-live virus : MLV) 8819l5Aina 1@ PRRSV aaunsanetayvianudumaimisssuduiug

WU NISW N1siegnnTen waznsangksnerentursuninisineulinaviinsvinindusinge

Juudafsnu (Olanratmanee et al,, 2013)



2o PPV JudelSaviln DNA aeiedlu family Parvoviridae, subfamily Parvovirina,
i Aa & v &4 v A =
genus Parvovirus — 8IN15UDENTNAATD PPV 28WUANMUAUMAIMINTEUUAURUG IS8 UURYD
Wit (Mengeling et al., 2000) lngonsinuagduiusiussesvoinsauvieniioliiue  we1s
Allavedsadelivsiuwidn  uilinnsdulivgruinfnanaelifawnsiuwadssuugiauiuludei
1 d‘ 1 v v 14! £ U a U a ‘dil v vV d‘ 1 U Adl ‘dil U
gouilulgnsguvies Fesgeulunsenieniueafaiiolussevuiaanuandeiuilesniniolifaay
ADE 9 ﬂizﬁ]’]ﬂiﬂmmm@uﬂ (Mengeling et al., 2000) ﬂ’]iQﬁgLﬁUQﬂﬁﬂif\]’mmiamﬁ?ja PPV Aufusey
yaen13auvios nedulunisduviesszeziu Msourznmenasgnandunau (Mengeling et al,, 1980)
ddunmsduiisasseznansdaigeulinsadinsegnuan fssussmeaiuugnnsen uazdndunisdy
% % U ! =) a ! . o v A
93528891y MOoUITALLUUALLITNARDAYIBINANNEDULD (Mengeling et al., 2000) n1sviTiATu
sowe PPV (Juidndeuldlunisdesiuazmuqumsiiaie PPV Tuihsugnsssuugeannssy
1 =3 1 = o v A ! dy v =% ! v a
pgelsfinny widvelinnsviiadusiows PPV Tugnsanuasansuieuds windamuingnsvanesiad
" a XA ' | a Hd a o v .

FEAULBUAUDA qaimslmuﬂmaumam WNAINNITNIALYE  (Tummaruk and Tantilertcharoen,
2012)  Feuansidiuintdadevaveddinaneussdninmuesindureate PPV Tussaunisy
(Oravainen et al., 2005)

dy [ dy [y a a . . . . . dy

e PCV2 1Wuelisaviin DNA anewdealu family Gircoviridae (Tischer et al., 1982) 1o
Ifawtiatineainsvneaddnlavainvaieeinis laun NgueInIs post-weaning multisystemic
wasting syndrome (PMWS) (Clark, 1996) ngue s porcine dermatitis and nephropathy
syndrome (PDNS) (Rosell et al., 2000) N§3@1N15 porcine respiratory disease complex (PRDC)
(Kim et al., 2003) 81n15a1b@oNLEUTRA necrotic enterocolitis (Zlotowski et al., 2009) warAIy
AUMAIMNTPUVAUTUSNNEMIU PCV2 19U NS N1SHANNTEN NMIABUSNARDA LazN1IAY
nouveun (West et al., 1999; Opreissnig et al., 2007) agslsAniu wesAlnveute PCV2 se
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ANNaNmaIesruLAUTugStlidunuidn uwinuidgeugnsianulisusiae PCV2 (Mateusen
et al, 2004) n1SAAWE PCV2 TusregnanavesnIsauyiassnun1snIevesmsauluugnnsente
TuvgNnsAnTTYEE INEYRINITINIDIENUNITAETVRIFIBaULUUMELINAGRA (West et al,
1999; Pensaert et al, 2004) wANIINUUNITAALD PCV2 TUrUEINTIDITEHEYNEEIMNUNITUANAE

NsARBANBUAMUALADNAE (West et al., 1999; Park et al, 2005) n153ANSHISUNAINANETD

o w A o a dy v s 4! ' o w A QI
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al., 2013a, b)
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1n835 polymerase chain reaction (PCR)
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52108UE IR
Wsugns
Waugns
= g o 3 Lo ea & ° ¢
nsAnwAssibilurhsuansudiusmiassssuvanamnsuludsenalnediua 10 visy
lunanzTueen Manate Menguesnideanile wasnals senined 2557-2562 Tngudaznniudl
ansudifuglden 800-5,000 wisers waziduvhsufiwedsenun1snsaanuidie PRRSY, PPV uaz
s ! & ¢ @ < = a Yo
PCV2 lursuanneu  szuunsidesansaglurhisiauadussuulsasoudn  gnslasuems
WS 3,000-3,250 AlawAasd/Alansuemis Wkunenu 16-18% wazilladu 0.85-1.10% gunm
vosansmelunisuegnielinisaualagdniwnmdaiunuviisy JEUUNIHANTUSlTNSNEN By
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F9aUINNITUIR (n=25) gnnTen (n=35) uazgnansnieunsnaaen (n=40) (Nl 1) gninu
NUNENTIIWIU 100 Wil ntudegsutiunazasdiesufuRinismelu 24 Falus gnnsenaz
o Y & | = = - °
gninsiaanuendsnglvanfAsyeiaaginn (crown-rump-length : CRL) wioldlunisAiueny
YoIIBa UYL InNg lngonguedanans = 21.07 + (3.11 x CRL) (Ullery et al,,1965) peg1euLile
alung 9 loun Yo du dhu vidle dewlnila deuveuda uwavdeuiviosvegnansuriauazgn
ANIINBUINAREA (NNN 2) wazstegeuiiloaiuizdng 9 laun Yoa du dhu uwaziilavesgnnsen
=3 v & v o 2 A a = ! o &
gninuTNiuduseinaziluudutenagaumail -80 ssmwaldyaaunitagtlunsaniae PRRSY,
PPV uaz PCV2 laef35 PCR 130 reverse transcription PCR (RT-PCR) dayaniiuiiettesivans
Y ' A o = ¥ J s s ! v o w A o w 4 1 o A o
fegremhundnw laun vy wesualans aewus msviriagu dduveseslgns Junvihnisway
Tuinaeavisouwiy uazauInAsen (FugnansusNinviavin  I1UgNENsSUSNLARIYIN 9113
° < A o a ¢ = ¢ & &
annsen  uavduiugnansmeusnaaen) gninuiitetuldlumsiesginamsfing  Wesidud
annIensienseNuazLUDIUAgNANIAIBLINARBARDATENYNATLINAINTILIUGNANILINARTIIVUA
914UDIQNANTUTNATIUIINTEULIAA A TuNaNfa TUNWY Lazo1gueIgnanIELsNARBARILIM

ANTLULIAPILATUNFNDIIUNIPADA

35 Laelasalaeis PCR way RT-PCR

éf’gasmLﬁfaL?JaLwiaziwgﬂﬁwmmLLazaﬁmawaﬁuqﬂiimimsiﬁ’zfﬁqmaﬁmmiﬁuqﬂﬁméﬂL%ﬁ]gﬂ
(NucleoSpin® RNA virus test kit) inu35fiszylugiloufiRvesynarindniagy uazthluifindiuauans
fugnssuveadolifaded® RT-PCR dwisuide PRRSV (n=100) uazds PCR dwiuilio PPV (n=60)
Lag PCV2 (n=60) AaAsvesnsinuneuntig (Thanawongnuwech et al., 2004; Pearodwong et
al, 2015 uagmuUMINTINVaMUIETUanslIndnt AusdmUNEMans JaINTalIMNIng sy

nuuhlUnTIRmanTiugnssuveRtalifanieds electrophoresis
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e

91UDIQNANT ai’wmuqnqniLLimﬁmﬁy’mmﬁiamaﬂ uugnansusniialitinseasen  wWesidus
annsanseAsen LLamJai‘L%us?qﬂqmmsLLiﬂﬂaamﬁiamaﬂLLamLﬁumLaSs (mean) + ANUNTZLAS
Y93A LAY (standard error of mean) uazAtTaLA (range) ANLYNTBINTATIINULTBL2TaNANS
Juanlesidudssuiisuussnisanuieswessians (0, 1, 24, 5-11 wazghinsudrduvios) ¥ile
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Y99978E19 (QNENITUWNY gNNTBN UALgNAELINAREA) UADI1YYRIMEBaU (Haendl 70 Tu uazAus

LY

70 Jutuly) gl chi-square A1 P<0.05 L@RSERINITUANAI9DENLTUE AN @A

(@)

(b)

(0

A 1 fReEgNgnIue (a) gnnsen (b) wazgnansmeusnaaen (c)
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A7 2 Megnemsiivedeazang q laun Yen du s Wala

soulnida daunauTa Lagdeu U viorINNANIALWINARDN

HaNISANE

Sruugnansusniiariouedianiode 13.5 £ 0.5 fadeasan (6 - 22 Fadeasen) S1uaugn
ansusniniiTinilAads 8.0 + 0.8 fsieAsen (0 - 15 shseAsen) wWadldudgnnsensoasend
ALRAY 22.0 + 4.3 Wosldus (0 - 100 Wasidus) uasesifusignansmeusnaaensionseniidade
234 + 4.4 fsensen (0 - 100 Wedldus) Anedsergvesgnansio 97.7 + 3.0 Fu (31 - 123 Fu)
AlAzengYesgNIUTia gNnsen wazanansAIBLsNAABARD 69.1 + 6.1 Fu (31 - 107 $u), 1102+ 2.7
T (73 - 121 30) udz 107.6 + 2.4 Tu (62 - 123 ) AWAWU

waNIATITe PRRSY, PPV way PCV2 musiinvesiagnadudimsiiuandunsied 1
do PRRSV QNATIINY 66.0% (66/100) o PPV 9NA3INY 0% (0/60) uagilio PCV2 QNATIANY
93.3% (56/60) 1NFI0ENSTInTIINU PRRSV §11u 66 fegsnuilu cenotype 1 (EU strain) 30.3%
(20/66), genotype 2 (NA strain) 37.9% (25/66) LaENUMSARTEs L uvei 2 genotype 31.8%
(21/66) (P=0.728) (5737l 2) msnudiesamifureade PRRSV way PCV2 A 60.0% (36/60) Tnen1s
Anudosamedlasais 2 wiialugnansuis gnnsen wazgnansmeusnaAneniio 13.3% (8/60), 30.0%
(18/60) uaz 16.7% (10/60) MuA19U

mansanuilie PRRSV Tusoensgnansuit gnnsen uasgnansmeusnaaenio 52.0%
(13/25), 62.9% (22/35) wag 77.5% (31/40) aua1au (P=0.096) MSATIAN LTS PCV2 ludveenegn
ANIWNY NNTeN WazgnansmBLINAaenfe 94.1% (16/17), 96.7% (29/30) uaz 84.6% (11/13)

MINEIFU (P=0.343) (AN549 1) NMIATIINULYE PRRSV wae PCV2 Tugnsusiazanuviouandlunisig
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a v

7 3 TeglunuamnuuansnsegNildud A NanAvesnswuRe PRRSV way PCV2 Tulsiazdiduvio

(P=0.997 wag P=0.131 AudU) N1IATIANULYD PRRSV wag PCV2 luusiasyieegvesgnansnuii

anansfiflengtiondn 70 Yu uavengaus 70 TuTulunsaanuiie PRRSV 56.4% (22/39) uay 72.1%

(44/61) puawu (P=0.106) La¥ATIaNURE PCV2 95.2% (20/21) WAz 92.3% (36/39) MUAIAU

(P=0.66) 91YNEANTLRALVDIANITNTIINUTD PRRSV Uaz PCV2 fp 98.9 + 3.5 Fu WAy 98.0 + 3.8

JU HIUAINU

A15190 1 WANISRTIINULYE PRRSV, PPV way PCV2 muylnvadflngl

YUAFIDE NANTATITNULTD
PRRSV PPV PCV2
ANANIUY 52.0% (13/25) 0.0% (0/17) 94.1% (16/17)
anNIon 62.9% (22/35) 0.0% (0/30) 96.7% (29/30)
ANANTANYLINARDA 77.5% (31/40) 0.0% (0/13) 84.6% (11/13)
saTtedy 66.0% (66/100) 0.0% (0/60) 93.3% (56/60)

d‘ dy a v ! v 6 dy d‘
HITNN 2 NANITHTIINULYD PRRSV G]']NGUHWGUENWJE]EJ'NLLﬁ%ﬂ']EJWHﬁ:UENLGUE]VW]TJQW‘U

AIZe IR MIATIANULT aneiuguonTe PRRSV finsaany
PRRSV Genotype 1 Genotype 2 Mixed genotype
ANANIUT 52.0% (13/25) 0% (0/25) 40% (10/25) 12% (3/25)
annsan 62.9% (22/35) 25.7% (9/35) 17.1% (6/35) 20% (7/35)
ANANTMYLINARDA | 77.5% (31/40) | 27.5% (11/40) | 22.5% (9/40) | 27.5% (11/40)
S2uvieAY 66.0% (66/100) | 20% (20/100) | 25% (25/100) | 21% (21/100)
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AN 99 3 WANISASINNULYD PRRSV tag PCV2 Tuusazaifuyias

AR UNDY NANTSATITNULTD
PRRSV PCV2
0 60.0% (3/5) 100.0% (4/4)
1 71.4% (15/21) 100.09% (12/12)
2-4 61.1% (11/18) 90.0% (9/10)
5-11 64.7% (11/17) 71.4% (5/7)
lansuaduyios 66.7% (26/39) 96.3% (26/27)
Sy 66.0% (66/100) 93.3% (56/60)

ajUuazaiusenanIsAnen

NKANISTANWIUASITNUIN VUINATEN (FIUPNANTUIANAYIINLA T1UIUGNFNTUINLAA
aaa ¢ @ 2 1 ¢ @ 2 1 = dyd 1 1
17n Wesi@udgnnsensiensen wazilasidudgnaneusnaaensiensen) vasanslunisanyiilinieg
lunaneensulauaglnalhesiunisuansduy «q ludsenealng (Olanratmanee et al, 2010b;
Olanratmanee et al,, 2013; Olanratmanee et al., 2014) @ PRRSV way PCV2 Asanubeunty

oY

ANANITLYIA ANNTON WATANANTAIBLINAGDNA LABNUNINGS 66.0% Wag 93.3% auasiu luras e

(%
[

PPV asaalainulusnegneivinlunisAneiasedl Fan1sanwillasuduinge PRRSV wag PCV2 dadu

[
[y

\HoiidAniidmarionisgrydenisszuvduiusluansseuvenavnssuvesUsemalng  wan 3w
Tuadsfifulvlumadiortuiunsinunewdhinuinge PRRSV asanuld 67.4% lusheouves
ansamuazansuitiyvianuduimamaszuuduiuglagds quantitative PCR (Olanratmanee
et al, 2015) uagmmanuld 70.0% way 33.0% ludeidedilduarungnuesansaniigndaiiann
Jymszuuduiuglagds  immunohistochemistry  m1ud1siu (Tummaruk et al, 2015
Olanratmanee et al., 2011) LagwUIEe PCV2 asaamuld 30.0% way 45.1% anieidedalduay
ungniiivluudeamafuresansanifigndafianiigmssuuduiuglagds PCR (Pearodwong et
al., 2015)

W PRRSV way PCV2 dsisarunisgnasianulaluedelzsing q vesgnansiindeniuni

ungn W ke Yea du dw deuneudia seulsda uazdeutndes (Cheon and Chae, 2001;
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[
A

Rowland, 2010; Saha et al., 2010) 9 nns@AnwIluA3Il 1o PRRSV 11 genotype 1 tag 2 wulalu

Qe

meganansngnidenarasnraaiunisAnwineuniiill (Olanratmanee et al., 2015) @auansl

Y

WinIL3e PRRSV 114 2 genotype Sailmnudifaluusemelng uagits 2 genotype fnnnuiieidesiu
= a ¥ gj U | U 1 v a a dy ! U
N"3aayAevegnansanme UoNANUUTINUI  21.0%  vesegdiinshnieTiuiuves

genotype 1 wag 2 B4n13AnLDI WIS genotype MsapsluansdufieiueIavilminnissuiu

v Y

o v A da ! Y = | Y] Ay
%aﬂﬁﬂiwuﬁqﬂiiﬂﬂLﬂuL“UEJVlﬂJm’mLLGmGl’W\]’mLGUEJGluLLUU GUQE]'T‘:\]"LNNﬂqiﬁ@QﬂuquQmﬂmﬂueﬂqm

q

JEnIeaenugunnaeiy demalinisaiuaun1sine PRRSV vinlaengsdiu (Yuan et al, 1999;

Nilubol et al., 2013) A nn1sAnwnluassll Wwe PCV2 gnastanuludieggnansigayduasis 93.3%

Y

P2 a o a LY} I dy [ [B~3 d' (XY =] a
WIINEIFANLTNVDINITANEVIP9aUANNTD PCV2  Saliiluihuds  wafls1891un1snunenSanIw
I Y] 1 d‘ Yo dy v v 4! [~ ) Y I a [
a9 9 Tushgeudlasuide PCV2 luvasduvios Fveraduanmsyilimeswianisnie wasdnvoue
nsngvesiigeuTueLiuTrurveseauluruenlisue (Saha et al, 2010; Madson and

Opriessnig, 2011)

v '
v a IS a

nsAnwlifanudningnansnandeinisinesiuiuvends PRRSV uay PCV2 gadd

[
a A ]

vg v [~ a v A
60.0% ImEJW‘Uﬂ’limmaiamlmmﬁlﬂﬂqﬂqﬂiLLm aNNTBN LATYNANINIYLINAZDA WUNNIIUAUAIN

Y v =

dy (% 3 a dyd (3 v A a a dy o/ a qy ]
LGUEJbL'Jiﬂ‘VN 2 %u@umL‘UﬁﬁLﬁW%NWUMﬁﬂﬂ@L‘ZI@Eﬂui%UUﬂﬂJ@ﬂJﬂu ‘Nﬂ'ﬁGW’ILGUE]GUENbL'Jiﬁ 2 BUAUILEING

Y
Y a a Y v} 1 o v = U 1 dy 1 a d‘ QI 49{ a dy
WAan1snagiiauiuvessumenayyilignsianulisuseidenslsavinduliiugadu A5AALYD
Sufuvendelifa 2 viinllavdawhlvssuugiauiuinusesyssdnsamasngdu dwalieinis

q

MepdinvedlsAEeITULINNNTY  Tauivansoniaweunsndeaulaiievinlin1sauagunInans
I Y A X a v & o o | a & ) &
Wululaendeaudnaiy (Ouyang et al,, 2019) woNINUUTITTIBUNUINTAATDIINAUVD LD
PRRSV waz PCV2 viliide PCV2 eglunszuaifontavunseanuansiniglauiuiuniinisiniie
PCV2 wilesafiawden (Sinha et al., 2011) 8nnaganuinnisanasiuvinliianisasuulaswesans

Y a vy o 1

WUINTIUVBUTR PRRSV Liiaitnnau (Yin et al., 2013) Feenavinligiauiusieie PRRSV 151918
M ° X A a a 1Y) v v = a A o & o v

agldannsavhaneweliiannudsuiUamiaiugnssuladniiy Fwavesnisinigesiuiuiiasyinl

AIMIVANNISARMEE PRRSV Way PCV2 &1nunnd@y  og1alsinny wiliinasnun1ssneaun1siniie

wiuvendelifan 2 vialugnansiuraiargnanimewsnaaandNiisuansNonsnsuviadiy
x e . X Fu oo ¥ s

gy (Mak et al, 2018) WANISANYIDNNANTENUVDINISANIDI UYL ISENS 2 FRatRDIEUY

EIRY) o wY ia = | 2 A 1o
duiuglaunsslutagiudalifinsfinwegraduniuude
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INMsAneluATIdnudnge PRRSV wag PCV2  anunsansianuldlunnviinvesdietng

(@NANIWVY 9NNTBN UATANANIMELINAREA) NNAWUYBIVBMINT (0, 1, 24, 5-11 wazlingu

LY

o o W | ] ! Y i o X = Y&
APUNDY) LATNNYIND1YVDIRIDDU (aqquaﬂﬂjq 70 UuLLaza’lqm’lﬂm’] 70 'Jusﬂu‘lﬂ) "UQLL?WNIMLMH'}']

a & v & a & °o w ! [J Y a a w1 v
nsaawelifans 2 vlatlidulymdrdgylundansnnety  wagvihliifinnisgandesisaulivae
sUsuulasANagydeNnuinlanaenti9e1eueIn1Tauvios fnsAnwinuiusgnsniengvios
Wi 90 Fuszlianulisusienisinwe PRRSV Tugnansuinndalansiiengviesdosndt 90 Tu

(%
[

(Rowland, 2010) Fawanisfinuluassiiinnuasnndesiulagnuingnansiilengunndr 70 ull

LnlN1IRTIRNULES PRRSV wnndngngnsiifienatioandt 70 fu  egrslshiony Tunisiasaduls

o

vossgeuluansnugnansazinisimunssuugiauiunengyssuna 70 Juveansauries Ay

q 9

angnszaTaasuglAuiuieiuNSRAwen1e q aridnweusdulusunigla

IngluenisaAginuluidansilasulie PPV Aon13mevesgnanIkuuannsanuaszan

v 1 a dy C% 1 d‘ 1 Yo dy =) a a

gnIeneusNAfen  NsWiswedwlansanmsiaie PPV dnnuludeuwignsiliwelasuievseinl

fumuanneu (Truyen and Streck, 2012) 91nNn1sANWINeUntinud Wesidudgnnsanuazgn

anseneusnArensiansanlukulansniinisviindusiews PPV vidluansanimaunuwazwliansyn
o ¥ a & @ & ¥ | 1 a v o w 1 PP o w A | gj
asuisslesiduitesnitegaldeddnlugauansiinisviviaduanzluansarmawnuindy

(Olanratmanee et al,, 2014; Tummaruk and Olanratmanee, 2015) Fauandliiiuinnisiningu

9 9a AN eI LUANTANIMALNULAL AN TNAAUTIDIA NN TIaRANNANEEVRIRNANT I 2INHA

[V
[

= =1 ! A a a ! & s X e a =
nsAnYIluATILNUI Qﬂﬁﬂi%LﬂﬂﬂﬂiQ@LﬁUﬁi’Jﬁ]lﬂJWULFZJEJ PPV mquﬂ/\l’limqﬂimgmaaﬂm’ﬂu

[V
[

= = o v & | o v W | ° =
ANIANYIATIULNITN IR URNBDLYD PPV qulﬂia’lammLLmuLLazLLmqﬂiﬂqﬂmmwmas’mammma BNRRE!
Juldldhnsgadevesgnansluvsunquitlidiendesiunsiine PPV lugnans  dedumsuans
= = o w A 1 dy gj 1 o Y} v & 1 6
Femstinshindusiows PPV Miluansanvawvulasialansnafiuyamn 4-6 weuet 1 aLane

= o a dy = o U a Y 3 1 1
wazaasiinisesahseiansiaie PPV Tuans swiimsiisylesedunliduiuvesuanslugsegis
v = v
LU9INDNAQE
lngasy nnsasdevesgnansiunisussuvanamnssuluussmalnenulaviagnuns

aNNIoN UAXANANIMELINAREA FailAAALITDITUNITNTIINULE PRRSV Uay PCV2 \uegnauin

lnawions 2 vliatnsranulalunndiiuviosiasyntiengvesdigey annsdmunisintosiuiuges

dy gj a dyd ¥ LY a a dy gj a dycv IS o w ! =<
Werld 2 saldnny  nsseluazAneunisAnens 2 TUAULINANMUAIAYBYUIN TINOINTT
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FANsiwEng 9 LileuAunsAngeldimislasumsadunisieananugidevegnansiienn
Aeduld  wenaniu M ipdusiows PPV Msluansanmaunuuasgnsumna1auYiead

é ! ! = a Adl’ ¥
AUNANDUNSTIYANAINUF YT VDIGNENTIINNIIAALYD PPV g1

AnAnssuUTENA
NdgveveuaunsativayuudmsunsiITeandninnunemuaiuayumidy  uaz
a v = LY Y = ! = =3
wInengewealulagsvuseanyiuean (39alAIN1s TRG5780082) saufisAnusiuilelunisiiv
feganardoyarndauanisuansuaziidesanslunisuduedias wazveveunnUAAINTIINKLIEY

Fugnslsadnd Anrdmunmemans univerdemalulagsvasrang Jusendmiunsigeiileaniui

WAZLASDILONSDUNIBUILANMUALAIN I UNITALTIUIILATY

Jorauanuzdmivanuidsluauian

1. nsfnwiluastlinun1sinesiuiurentes PRRSV uag PCV2 a9 Fanis@nwifewanssvy

lgnsaweInsinesmvattabisans 2 slialdessuuduiughasanuaumaINIeTsuUaUNUGHd

= U ! U gj = = = a dy ! dy U gj a dy a dy

nsAnwAulingn AsiudsmsinsfinwinisindesuveaidelaFans 2 vllall lnsanznshaaelu
3 = | Vo ¢ v & v

Mpauuvessuansgeavnssilulsemvelng  Jwvdelvdnwnmduasinunsnsiidesgnadnla
¥ = L% 3 49{ U 1 %

AMRVIANNEUMAM N TEUUFUNUG YIS HUNTY dudzdwmalianunsanawmnanisualedym
a ¢ W vaa X

wazananugaydenislunsulanduy

2. MIANYIRRYEANNNAURINITTTIAT LTINS I LTAlUSLATNA & NilNafBN1IATIINULLENISLY

= 1

hdlugnansiandeasdiglunisnauwuminivaumsagdegnansanwenishihialangu

Yy o

o ol v a o
NAANSNEAAINIATINSIY

AU LaueluNUsyAYN1g

1. Foi3es Percentage of mummified fetuses is associated with porcine
parvovirus vaccination schedule in Thailand
%amuﬂiwﬁﬁmmi 39" International Conference on Veterinary Science (ICVS) 2014

Huiidaauusza 16-18 §unAY 2557
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anuidnuuszyy  Buuwa Wewmessnil Sminuuny3
2. %aﬁaﬂ Reproductive performances in sows in relation to porcine
parvovirus vaccination schedule in Thailand : A field study
%amuﬂiwﬁﬁmmi 14™ Chulalongkorn University Veterinary Conference (CUVC) 2015
Huiidaauusza 20-22 L31w1eu 2558

amuﬁ%’mmﬂiwm @uémiﬁ'}amwrmﬂau ATWNNUATUAT

NAIUTANNINALANUNLLINTANTIVINTTEAULILIG

Olanratmanee, E., Pearodwong, P. and Tummaruk, P. Fetal losses associated with porcine
reproductive and respiratory syndrome virus (PRRSV), porcine parvovirus (PPV) and porcine
circovirus type 2 (PCV2) detection in Thai swine commercial herds. (Manuscript in preparation)

(n1ANUIN)

Jaymuazguassaiiny
lugrusnrasnsfinwnunisssuinvastsalinuazyindes (foot and mouth disease) Tu
lauagnszUolununlndtumisuiviimsfing  wagseunlsalalinnisunsnszanefnlunisuansidn
Fulasensideuevhsn - dsatiuenanazunsnszaneldsiaiuazibiuanteinisansUiewd sy
deansenusessuvduiugluansiaenmey  laggnsiindiuyiaaIanueIn1suyituasn15n1eveesa
FOUTLUURNNTBNUWATANANIALUWINARDALA AIUTENININNTTEUINYRLIATINAINEVAINIT
srunluszagniedionanisdidousy . wagngansiiufiegiwnidaiisannisunsnszanglsa
s v Aa = a v o 4 a v a 4
gandniuazdesiunansenuvedlsassuianilsenan1sfinunuwdde  vilinsideiinanuath
Junamnu  seanlugisvanel 2561 lwunissyuinvestsaeindanswediu (African swine
fever) luusemadu uazunsnszangludalsemanng o Mlan Falsadanandadulsafivilminan
Heveegaunileanngnsntasuieddnsnisaeasiis 100% vilinisiiseidsalunisuansves
Uszmalngiduduiuegeunn Inevudliaunieuendmnsy wasvinuedeudivansiazeinansosn
dy A Y o 4 = Qv ! ¥ a a (% 4 Y ! 4 ' a
NN 9 NMsena linsAnwideluriieisanuiadaartiwaglimegralosnintunud

N9y
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Abstract

The objective of the present study was to investigate the prevalence of porcine
reproductive and respiratory syndrome virus (PRRSV), porcine parvovirus (PPV) and porcine
circovirus type 2 (PCV2) infection associated with fetal losses in Thai swine commercial herds.
Aborted fetuses (n=25), mummified fetuses (n=35) and stillborn piglets (n=40) from 100 sows
in 10 swine herds were included in this study. Pooled organs from each case were
homogenized and submitted to PRRSV (n=100) detection using reverse transcription-
polymerase chain reaction (PCR) technique and were submitted to PPV (n=60) and PCV2 (n=60)
detection using PCR technique. The results revealed that PRRSV, PPV and PCV2 were detected
in 66.0%, 0% (0/60) and 93.3% (56/60), respectively. From the PRRSV positive samples, PRRSV
genotype 1, genotype 2 and mixed genotype were detected in 30.3% (20/66), 37.9% (25/66)
and 31.8% (21/66), respectively (P=0.728). Co-infection of PRRSV and PCV2 was 60.0% (36/60).
Co-infection of PRRSV and PCV2 in aborted fetuses, mummified fetuses and stillborn piglets
were 13.3% (8/60), 30.0% (18/60) and 16.7% (10/60), respectively. PRRSV and PCV2 detection
were not differed statistically among groups of parity and age groups of fetuses. These finding
indicated that PRRSV and PCV2 were strongly associated with fetal losses in Thai swine

commercial herds. The diseases monitoring and surveillance should be further emphasized.

Keywords : porcine reproductive and respiratory syndrome virus (PRRSV), porcine parvovirus

(PPV), porcine circovirus type 2 (PCV2), reproductive failure, fetal loss, swine
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Introduction

The main target of swine commercial herds is to produce the maximize piglets
weaned per sow per year. However, several factors, e.g., low piglets total born, low piglets
born alive, high preweaning mortality and long non-productive days, affect the number of pig
production. Fetal loss, i.e., abortion, mummification and stillborn, is one of the major problems
commonly found in the swine herds and resulted in lower piglets born alive. The fetal loss in
gilts and sows influenced by both infectious and non-infectious causes. The major infectious
agents associated with reproductive failure and fetal loss in pig industry worldwide including
porcine reproductive and respiratory syndrome virus (PRRSV), Aujeszky’s disease virus, porcine
parvovirus (PPV), classical swine fever virus and porcine circovirus type 2 (PCV2) (Dias et al,,
2012; Tummaruk and Tantilertcharoen, 2012; Olanratmanee et al., 2015; Pearodwong et al,,
2015). The prevalence of PRRSV, PPV and PCV2 infection associated with reproductive failure
varied among pig producing countries, e.g., 10.0%, 0.0% and 1.0%, respectively, in Spain and
10.7%, 67.3% and 30.7%, respectively, in Korea (Maldonado et al., 2005; Kim et al., 2004). In
Thailand, no comprehensive study on the prevalence of these viruses and their co-infection
in cases of reproductive failure and fetal loss were performed. However, it was found that the
replacement gilts in Thai swine commercial herds were sero-positive to PRRSV and PPV in
87.5% and 99.0%, respectively, and the gilts that were culled due to abortion was sero-positive
to PRRSV and PPV in 81.0% and 75.0%, respectively (Tummaruk and Tantilertcharoen, 2012).
In addition, the gilts that were culled due to reproductive disturbances were detected the
PRRSV and PCV2 in the uterine tissues in 33.0% and 45.1%, respectively (Olanratmanee et al,,
2011; Pearodwong et al., 2015).

PRRSV is a single stranded RNA virus and is classified into 2 genotypes by its genetic,
antigenic and pathogenic differences, i.e., genotype 1 (European strain) and genotype 2 (North
American strain) (Meng, 2000). The reproductive failure in PRRSV infected herds including lower
farrowing rate, higher abortion rate which may up to 10-50%, higher return to estrus after

mating, higher mummified fetuses and stillborn piglets, higher weak born piglets and higher
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preweaning mortality which may up to 60% (Done et al., 1996, Mengeling et al., 1996; Chung
et al.,, 1997; Cho and Dee, 2006; Zimmerman et al., 2006; Olanratmanee et al., 2013). PRRSV
can transmits via placenta in pregnant female pigs, especially in late stage of gestation, and
induces the apoptosis of fetal implantation sites which might resulted in abortion (Karniychuk
et al,, 2011). In addition, the transplacental transmission to the fetuses may induces the fetal
death, which is resulted in an increasing of mummified fetuses and stillborn piglets
(Zimmerman et al., 2006). Under the field condition, several managements were carried out
to control the clinical signs of PRRSV infection, such as acclimatization, replacement gilts
management and also vaccination with killed or modified-live virus (MLV). However, although
the MLV vaccination had been performed in the infected herd, the reproductive failure caused
by PRRSV infection still occurred (Olanratmanee et al., 2013).

PPV is a single stranded DNA virus. Reproductive failure is the major and only clinical
sign indicated the PPV infection (Truyen and Streck, 2012). The pathogenesis of PPV infection
causes reproductive failure is still unclear, but the virus can cross the placenta, reach the
fetuses progressively and induce the fetal death (Mengeling et al., 2000). The clinical signs of
PPV infection related to the stage of gestation. In early stage of gestation, PPV infection mostly
induce the embryonic death and subsequently reabsorbed. In middle stage of gestation, when
the fetal bone formation is occurred, fetal death in the stage is resulted in fetal
mummification. In late stage of gestation, PPV infection cause stillborn piglets or weak born
piglets (Mengeling et al., 1980; Mengeling et al., 2000). Vaccination against PPV is the most
common method to control PPV infection in swine commercial herds. Nonetheless, although
PPV vaccination had been performed in gilts and sows, some of them were found the high
level of antibody titer which might not the response of the vaccination (Tummaruk and
Tantilertcharoen, 2012). This indicated that several factors affect the efficacy of PPV
vaccination in herd level (Oravainen et al., 2005).

PCV2 is a single stranded DNA virus. This virus causes the clinical signs in several

systems called ‘porcine circovirus associated diseases’ including post-weaning multisystemic
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wasting syndrome (Clark, 1996), porcine dermatitis and nephropathy syndrome (Rosell et al.,
2000), porcine respiratory disease complex (Kim et al., 2003), necrotic enterocolitis (Zlotowski
et al,, 2009) and reproductive failure which is characterized by abortion, fetal mummification,
stillborn piglets, preweaning mortality and premature farrowing (West et al., 1999; Pensaert et
al., 2004; Park et al., 2005; Opreissnig et al., 2007). The pathogenesis of PCV2 infection causes
reproductive failure is still unclear, but it was found that the fetuses were susceptible to PCV2
infection (Mateusen et al., 2004). Several managements were carried out to control PCV2
infection in herd level including vaccination. It was found that PCV2 vaccination in sows could
increase farrowing rate, number of piglets born alive and number of piglets weaned per litter
(Pejsak et al.,, 2012). However, it was found that the pigs with high level of antibody against
PCV2 could still infected by PCV2. Furthermore, the antibody level of sows was varied among
vaccinated herds which might resulted in ununiformed maternal antibody in piglets and
subsequently difficult to control PCV2 infection in the herds (Sarli et al., 2012).

Since PRRSV, PPV and PCV2 infection in gilts and sows cause the reproductive failure
and fetal loss in infected herds worldwide, including Thailand, the prevalence of these virus
infection should be investigated. Thus, the objective of the present study was to investigate
the prevalence of PRRSV, PPV and PCV2 infection associated with fetal losses in Thai swine
commercial herds using polymerase chain reaction (PCR) and reverse transcription PCR (RT-

PCR) technique.

Materials and methods

Herd location and general manasement

The present study was conducted in 10 swine commercial herds in Thailand during
2014-2019. The herds were located in middle, eastern, northeastern and southern parts of
Thailand. The number of sows on production were 800-5,000 sows per herd. All of the herds
were defined as PRRSV, PPV and PCV2 positive herds according to the herd’s monitoring data.

Gilts and sows were kept in a conventional open housing system supplied with water sprinklers
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and fans to reduce the impact of high temperatures. In general, gilts and sows were fed with
about 3 kg of feed per animal per day of corn-soybean-fish based feed contained 16-18%
crude protein, 3,000-3,250 kcal/kg metabolizable energy and 0.85-1.10% lysine. Water was
provided up to ad libitum via water nipples. Herd health was monitored under supervision of
herd veterinarian. All of the herds using artificial insemination. Gilts were acclimatized and
vaccinated before being sent to the breeding herds. Gilts and sows in all of the herds including
in the present study were routinely vaccinated with core vaccines against foot and mouth
disease virus, classical swine fever virus, pseudorabies virus and PPV. A total of 100 gilts and

sows were subjected to the present study.

Historical data and specimen collection

Aborted fetuses (n=25), mummified fetuses (n=35) and stillborn piglets (n=40) were
collected from 100 gilts and sows. The specimen were kept on ice and transported to the
laboratory within 24 hours. The mummified fetuses were measured the crown-rump-length
(CRL) for calculating the fetal age at dead as the following formula : fetal age = 21.07 + (3.11
x CRL) (Ullery et al., 1965). Tissues of lung, liver, spleen, heart, thymus, tonsil and lymph node

of aborted fetus and stillborn piglets, and tissues of lung, liver, spleen and heart of mummified

fetuses were collected individually and were kept in -80°C until virus detection. The historical
data including herd, animal identity, breed, parity number, date of mating, date of farrowing
or abortion, number of piglets total born per litter (TB), number of piglets born alive per litter
(BA), number of mummified fetuses per litter and number of stillborn piglets per litter were
collected for analysis. The percentage of mummified fetuses per litter (MM) and the
percentage of stillborn piglets per litter (SB) were calculated. Age of aborted fetuses and
stillborn piglets were calculated form duration between date of mating to date of abortion or

farrowing.

Viral detection using RT-PCR and PCR technique
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Pooled organs from each case were homogenized and were subjected to DNA and
RNA extraction using a commercial kit (NucleoSpin® RNA virus test kit, Macherey-Nagel Inc.,
Duren, Germany). The extraction protocol was carried out according to the manufacturer’s
instructions. The extracted genetic materials were then subjected to replicate for PRRSV (n=60)
detection using RT-PCR technique and for PPV (n=60) and PCV2 (n=60) detection using PCR
technique. The RT-PCR technique for PRRSV detection was conducted as described by
Thanawongnuwech et al. (2004), whereas the PCR technique for PCV2 detection was
conducted as described by Pearodwong et al. (2015) and for PPV detection was conducted
by routine service at the Chulalongkorn University Veterinary Diagnostic Laboratory. The
electrophoresis technique was performed to detect the products from RT-PCR and PCR

techniques.

Statistical analyses

Statistical analyses were performed using Statistical Analysis System (SAS) version 9.0
(SAS Institute Inc., Cary, NC, USA). Descriptive statistics (means + standard error of mean) were
conducted for the continuous data, i.e., age of fetus, TB, BA, MM and SB. Frequency analysis
were conducted for the percentage of PRRSV, PPV and PCV2 detection. The percentage of
PRRSV, PPV and PCV2 detection were compared among groups of parity number (0, 1, 2-4, 5-
11 and unknown parity), types of specimen (aborted fetus, mummified fetus and stillborn
piglets) and groups of age of fetus (<70 days of gestation and > 70 days of gestation) using chi-

square analyses. P<0.05 was considered statistically significant.

Results

On average, TB, BA, MM, SB and age of fetuses were 13.5 + 0.5 piglets/litter (range 6-
22 piglets/litter), 8.0 £+ 0.8 piglets/litter (range 0-15 piglets/litter), 22.0 + 4.3 percent (range 0-
100 percent), 23.4 + 4.4 percent (range 0-100 percent) and 97.7 + 3.0 days (range 31-123 days),

respectively. The average age of fetus in aborted fetuses, mummified fetuses and stillborn
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piglets were 69.1 + 6.1 days (range 31 - 107 days), 110.2 £ 2.7 days (range 73 - 121 days) and
107.6 £ 2.4 days (range 62 - 123 days), respectively.

The percentage of PRRSV, PPV and PCV2 detection by type of specimen is presented
in Table 1. PRRSV, PPV and PCV2 were detected in 66.0% (66/100), 0.0% (0/60) and 93.3%
(56/60), respectively. Of the PRRSV positive samples, genotype 1, genotype 2 and mixed
genotype were detected in 30.3% (20/66), 37.9% (25/66) and 31.8% (21/66), respectively
(P=0.728) (Table 2). The co-infection of PRRSV and PCV2 was 60.0% (36/60). The co-infection
of PRRSV and PCV2 in aborted fetuses, mummified fetuses and stillborn piglets were 13.3%
(8/60), 30.0% (18/60) and 16.7% (10/60), respectively.

In aborted fetuses, mummified fetuses and stillborn piglets, the PRRSV were
detected in 52.0% (13/25), 62.9% (22/35) and 77.5% (31/40), respectively (P=0.096), whereas
the PCV2 were detected in 94.1% (16/17), 96.7% (29/30) and 84.6% (11/13), respectively
(P=0.343) (Table 1). The percentage of PRRSV and PCV2 by groups of parity number is
presented in Table 3. PRRSV and PCV2 detection was highest in sows parity number 1, which
were 71.4% and 100.0%, respectively. However, no statistical differences of PRRSV and PCV2
detection among groups of parity number (P=0.997 and P=0.131, respectively). PRRSV
detection in fetus <70 days of age and > 70 days of age were 56.4% (22/39) and 72.1% (44/61),
respectively (P=0.106), whereas PCV2 detection were 95.2% (20/21) and 92.3% (36/39),
respectively (P=0.664). The average age of fetuses with PRRSV and PCV2 positive were 98.9 +

3.5 days and 98.0 £ 3.8 days, respectively.

Discussion

From the present study, it was found that litter size (TB, BA, SB and MM) was in the
acceptable level relative to its peers in Thailand (Olanratmanee et al., 2010, Olanratmanee et
al., 2013, Olanratmanee et al., 2014). In addition, the present study revealed that PRRSV and
PCV2 were frequently detected in cases of fetal loss which were 66.0% and 93.3%,

respectively, while PPV were not detected in the present study. The results indicated that
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PRRSV and PCV2 is still the major pathogens cause the reproductive failure and fetal loss in
Thai swine producing industry. Likewise in the previous studies, PRRSV and PCV2 had been
reported to be found in several organs of in utero infected fetuses including heart, lung, liver,
spleen, tonsil, thymus and lymph node (Choen and Chae, 2001; Rowland, 2010; Saha et al,,
2010). In addition, PRRSV was detected in 67.4% of fetuses from gilts and sows with fetal
losses using quantitative PCR technique (Olanratmanee et al.,, 2015) and was detected in
70.0% and 33.0% in ovarian and uterine tissues, respectively, of sgilts culled due to
reproductive disturbance using immunohistochemistry (Tummaruk et al.,, 2015; Olanratmanee
et al,, 2011). Furthermore, PCV2 was detected in 30.0% and 45.1% in ovarian and uterine
tissues of gilts culled due to reproductive disturbance which were embedded in paraffin block
using PCR technique (Pearodwong et al., 2015).

In the present study, likewise in the previous study, it was found that both genotype
1 and 2 of PRRSV were detected in cases of fetal losses (Olanratmanee et al., 2015). This
indicated that both genotypes of PRRSV are still existed in Thai swine herds and were
associated with fetal losses in the herds. Additionally, it was found that 21.0% of the specimen
were co-infection with genotype 1 and 2 of PRRSV. This might resulted in the genetic
recombination among multiple isolates and subsequently produced the new isolates which
might no cross protection with the endemic isolates (Yuan et al., 1999; Nilubol et al., 2013).
Thus, the control of PRRSV infection in the herd level might more difficult. The present study
also found that PCV2 was detected as high as 93.3%. Although the pathogenesis of fetal loss
caused by PCV2 is still unclear, several reports revealed the lesions in in utero PCV2 infected
fetuses which might the causes of fetal death (Saha et al., 2010; Madson and Opriessnig, 2011).

Co-infection of PRRSV and PCV2 in the present study was found in all types of fetal
loss, which was as high as 60.0%. It was well-established that the main target of these viruses
is the immune cells. Co-infection could induce a strong immunosuppression which might
contribute to the higher susceptibility of other pathogens infection and caused more severe

of clinical signs (OQuyang et al., 2019). It had been reported that co-infection of PRRSV and
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PCV2 induced longer viremia and shedding of PCV2 compared with PCV2 infection alone (Sinha
et al,, 2011). Furthermore, genetic variation of PRRSV isolates was higher in pigs with co-
infection of these viruses (Yin et al,, 2013). Since the cross protection of antibody against
heterologous strains of PRRSV was quite low, the control of PRRSV infection in this case was
more difficult. However, although the co-infection of these viruses had been reported in
aborted fetuses and stillborn piglets from the herds with and increasing of abortion rate (Mak
et al,, 2018), but the effect of co-infection of PRRSV and PCV2 on the reproductive failure and
fetal loss has not been comprehensively studied.

In the present study, PRRSV and PCV2 were detected in all types of specimen, groups
of parity number and groups of fetal age. It was found that sows with gestation length higher
than 90 days were more sensitive to PRRSV infection than sows with gestation length lower
than 90 days (Rowland, 2010). Likewise, the present study found that the fetus with higher
than 70 days of age tended to be higher percentage of PRRSV detection than fetus with lower
than 70 days of age. In addition, since the fetal immune system was developed around 70
days of gestation, thus, the potential of viral elimination was increased during the late stage
of gestation.

In general, an increasing of the number of mummified fetuses and stillborn piglets
are the obvious clinical signs of PPV infection. Abortion in PPV infected sows mostly found in
the naive herds (Truyen and Streck, 2012). From the previous studies, all of the fetuses which
were born from PPV vaccinated sows were negative to PPV detection using quantitative PCR
after challenged the sows with homologous and heterologous strain of PPV (Foerster et al,,
2016; Jozwik et al., 2009). These indicated that PPV vaccination could prevent the fetal death.
In the present study, no PPV was detected in these cases of fetal loss. According to the
previous study, this might be due to the continuous vaccination both in gilts and sows against
PPV in the herds which were carried out in the present study. Thus, it could be suggested that

PPV vaccination should be performed both in gilts and all parity numbers of sows continuously
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(every 4-6 months). Additionally, PPV infection in the herds, and also the level of antibody
titer against PPV, should be monitored intensively.

In conclusion, Fetal losses, i.e., abortion, fetal mummification and stillborn piglets,
in Thai swine commercial herds were strongly associated with the detection of PRRSV and
PCV2. These viruses could be detected in all parity number of gilts and sows and in all ages
of fetuses. Furthermore, co-infection of these viruses was high. Therefore, monitoring and
surveillance of PRRSV and PCV2 infection in the herd level should be emphasized, and also
the general management to control the viral infection is still important. Finally, PPV

vaccination should be continuously carried out both in gilts and all parity numbers of sows.
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Table 1 The percentage of porcine reproductive and respiratory syndrome virus (PRRSV),

porcine parvovirus (PPV) and porcine circovirus type 2 (PCV2) detection by types of specimen

Types of specimen The percentage of viral detection

PRRSV PPV PCV2
Aborted fetuses 52.0%° (13/25) 0.0% (0/17) 94.19%° (16/17)
Mummified fetuses 62.9%° (22/35) 0.0%* (0/30) 96.7%° (29/30)
Stillborn piglets 77.5%° (31/40) 0.0%? (0/13) 84.6%° (11/13)
Total 66.0% (66/100) 0.0% (0/60) 93.3% (56/60)

b Different superscript letters within columns indicate statistically significant differences

(P<0.05).
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1 Table 2 The percentage of porcine reproductive and respiratory syndrome virus (PRRSV)

2 detection by types of specimen and genotypes of the virus

Types of specimen

PRRSV

detection

Genotypes of PRRSV

Genotype 1

Genotype 2

Mixed

Aborted fetuses

52.0% (13/25)

0% (0/25)

40% (10/25)

12% (3/25)

Mummified fetuses

62.9% (22/35)

25.7% (9/35)

17.1% (6/35)

20% (7/35)

Stillborn piglets

77.5% (31/40)

27.5% (11/40)

22.5% (9/40)

27.5% (11/40)

Total

66.0% (66/100)

20% (20/100)

25% (25/100)

21% (21/100)
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Table 3 The percentage of porcine reproductive and respiratory syndrome virus (PRRSV) and

porcine circovirus type 2 (PCV2) detection by parity number

b Different superscript letters within columns indicate statistically significant differences

(P<0.05).

Parity number

The percentage of viral detection

PRRSV PCV2
0 60.0% (3/5) 100.0%° (4/4)
1 71.4%° (15/21) 100.09%° (12/12)
2-4 61.1% (11/18) 90.0%* (9/10)
5-11 64.7% (11/17) 71.4% (5/7)

Unknown parity

66.7%° (26/39)

96.3%° (26/27)

Total

66.0% (66/100)

93.3% (56/60)
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