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ABSTRACT

This study assessed the effect of whole-herd PRRS modified-live virus (MLV)
vaccination on herd-level reproductive performance, PRRSV viremia, and antibody in a subset
of females in a 1,200-sow commercial herd in Thailand. Following a PRRSV outbreak, the entire
herd was vaccinated with PRRS MLV twice at 3-week intervals and at 3 month intervals,
thereafter. Reproductive performance data over a three year period were available for analysis.
Serum samples were collected before and after vaccination and tested by PRRSV ELISA and
RT-PCR. Vaccination was statistically associated with a lower abortion rate (1.4% vs. 1.6%),
farrowing rate (83.8% vs. 90.0%), total born (10.6 vs. 11.4 piglets per litter), liveborn (10.0 vs.
10.3 piglets per litter), stillbirths (4.6% vs. 7.0%), mummies (0.7% vs. 1.6%) and a higher return
rate (11.3% vs. 5.9%) when compared with the period before the PRRSV outbreak. Pregnant
females vaccinated during early gestation farrowed fewer live born and more mummies than the
comparison group, whereas females vaccinated during late gestation had a lower farrowing
rate. In this herd, PRRS whole-herd vaccination had neutral, positive, and negative effects on
reproductive performance. Thus, the decision to implement whole-herd vaccination should be
balanced between the benefits derived from reproductive performance improvements, e.g.,
fewer abortions, stillborn piglets and mummified fetuses, and the effect of vaccination on

pregnant females.

Keywords: PRRSV, modified-live virus vaccine, whole-herd vaccination, reproductive

performance, gestation
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Tugdaesiutl A.A. 2006 HnsmsaanungszLnvesisnfnelugnIniauguusslunsralangeuinly
nANANTeaLlsEmAaL (Li et al., 2007) Tsativinliiiinaniswiug Ae qnadlliigennn (>41°C) uszazinan
= = o o = = > =y ' S g v a Y =
w @ Weewns avduazluynlamndudusadn lsatiiinisszunngansnieindipaslfatinmnd uay
nszanted19mndigninen) lutinulndinas drsnisten 50-100% UarEmsINIIRNERATUITUIN 20-
o o a4 | = = = = s
100% fmsnsaneseauitedigaiinlunguaeslsaipainenulugnsluaaitedy Waiuniinisszuin
waslsailariinismnavasgnsannsouanidalafaionfanfiealfanynnnin LazaINNNIAMAANHNILY

alunreadelhianudniauuansanime liannauenliainiaw ulsuinaau (Li et al., 2007)
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6 - mmm Mortality rate —o—Cullingrate - 80

- 70
5_
% o] '603
E 4 - 50 3
£ c It
o
o B o =
%3 40§
L [ E
52 - 20 °
17 - 10
0_ T T T T T T _0
A B c D E F G

herds

& o . o o = . A A . - Ao &
§ﬂ711 ARTINNTANEY (mortality rate) LazanTINITAAYN (culling mne)Lﬁ@ﬂm@ﬂm@duﬂ@ﬂiiuﬂﬂ?NQﬂiWMGRmﬂ
TnFadensenfiaa seudn9 T A.A. 2007-2009 a1nnN3dn99a lunnsugnsaua 7 Wi Tuilszmalng Wdu A
B uaz C ndpdudaiy waznrsunwae lwendpdudausalsaianianfiea (Ann: Olanratmanee et al.,

2011)

Zhou BAZADLY (2008) HMN19TATIRANTELLRLTR D5aN8N5aNF1ed AU 56 118 ANNNTRANEIARNNT
szunalunipguNuasiinsaglauaNiintsalunsesdalhiaiieniendiea Auanlslud lasnnstindiudou
[ d" % 1 o/ ! 09/ A =3 dl 1
Ap9adtnziIATAaazinzuanida Wun en 1o AU wazsantmaes ndsugniiuniangnafitaeann 14
Jandnlutlszmeaan Futeainiieitiesne] gniuiuaniy ueneafiduwe wizmelaia wazfivld deleda
Wanfanfwagnueniaeds RT-PCR uazinanannuanlilinsmadneuzaesnsnes i luuuiugd uazninasay
nsnasiufres@eanfanfiaalaanmalisiiu NSP2  uavtiudunalasnisinmelafanuanlsanlinugns
= & A aa = o = =
AYLNATLABATAINEATIANITUAAIBINIINNARTENTEIqNs  WisusuiuainisAnulugnsuniaawnlul
A.A. 2006
Tutlszmeau nsszunnzeslsaianfanfieaaneriug ud lull a.a. 2006 inlignatlszanns 2 §1usa fin

I8 WATWUNN9EE 400,000 Fa lwdesusnianisaiidn “Tsaliigeluans” (pig high fever syndrome) Liadann

|
=

ansingoany un Hldige 41°C Hqmmensanmuauazluy du Weewns 1o Havwiiadnfvessyuy
a ¥ a { dy 1 a s a o [ a o Y =
madugla uazviewds lugnawandasalinulsnaiiandgns efinndgnsuawsiu uazlsaiegiiatinfies
= o % 'Y s a a = 4
e 1w lnfaienfenfeaduwdesiinmaaiuean i
@alhiaiensenfiea Nuenldfewim 15,320 bp Hanuwuiiedlelnddundndelifanenfenfieaans
Wu§ VR2332 (aneviugewiing) 92 faedlalng uaziaoinenondnaneiugausn 12 toadlalnd nng
WhauWauiuaewugian wudndinisanemngliaestiondlanglu 2 dou Tnadoun 1 meldanuou 3 faed
Talng uazdoun 2 wiglianuou 87 faedlalng nsmameliaesiiordlalnddnaliifianisanauieliang
nanaziluanuau 30 60 Tag 29 faagflusiumils NSP2 (Zhou et al., 2008) anisa laFananiensiaana 56 e
d' ¥ a o T— o IS o o a o 1
Puenlfnunismaniellsesnsaeriluluiumispaoiumiiendunnsa  uavetisnmsumls  NSP2

A o A o a a & A A o =2
NBUNUY mefmmwmmummmmuﬂuuumﬂmm@Tﬂimmwmmmmmmuﬂuqqm 94.7-100%
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Tuanenianumleniuaeiugeniniaeiugiireauenlfluswinimileies  65.7-93.2%  wintiu
anwnurresnsangainuuilsiu NSP2 Ainandasiuaiugunsaidadsudnlunamsunueanld anwosy

gealdsfiy GP5  AdavuulsUsugennilemsuiuime lhiaienfenfiesaneiufananugeniEsnilng

o

g o = = a aa =
u‘ﬂﬂ@qﬂuﬂﬂ[51‘J\’JQW‘U@ﬂﬁm:ﬁm@\‘iﬂ’]ffﬂ@qﬂwuﬂmE]Nﬂ’1‘J\Lﬂ@ﬂuLLﬂZ‘Nsﬂ’ﬂﬂﬂﬁ\m@gﬂtu@qﬂ@q@uuLﬂuﬂ@lquuiu

o o

° ' dll A v =2 o p=| a o YUY 1 o dl o A
unesumlanazdu fndiandeiy aiiniduuusin Bddnenzasinsasuulacwy GPs lsiiufiana
Neadinsiauguuseedlsn (Allende et al, 2000) t@alaFaienfanfeanuanlsluiignussquiinunlu

Tssasrenasanaiug lafananfenfiea udlunguaesaraiuganisng  uifdauuansiuInwasuAosly

12
o 'S 'S

wirasansneneilsiuuulaia Usidnlhianenienfeansrunalulssmaruianisnansiuguazilasu

sunulunsszunsinaneanti

'
a a o

dalaanenianfleatiialuanuenlfanysameaauil et Wignanladfigisuiusalsananianies
@1 60 41 auau 5 fa Inelimanunieayn wudinelu 1 dugneaziildige 40-41°C uavAageagaunazia

anansane gnagnauassainisidaansiazueutiiung 3 Jundsinme Wil 5 uaz 6 Rauilauedou

al q al

£ '
a =

Guasuiuduasiaaienizaine e uazatpa Tumiudiedluduin 10 gnancnmeEuAAILEITWN 7

'
a

=2 o o a & o Anve &y o o a A o o a &
AuUINUN 21 wasAame  lugnsnnsanliiudme lnFanunisgeiuresieuiven il 8 ndwRne uay S/P
ratio gaAuReszAU 2.0 neluwan 104U gnsienevinnisamaadanznelununisdniauaesilen wu
1@eAaanlunNIznIzaImg  LATWLIABABANTIANLNIMABNLEINUATTE  ANBIUENIRaNENBINENNLINTIY

g o . Wy . a v 1 & @ A a a a &
mmmmmqmuﬂ@m (interstitial pneumonia) LmummmmmmﬂquLsn@@LumLzmmmf;mumiuiumm@mm@@

o

wusealsnansuy perivascular cuffing TuaNed WUNMTRENTBITASR lUsTLLNHANAUNFaNMESY Hu

LY o e s o = & A o ol 4 o o o Py
wazle @aloFananfanfwagnuanlianidesuazitatiorssdnsnin  uwazidiev@alofanuanlfiunsan
o a = R IR T T U
anwnzaesnInasilunuanumlewiuiuime lhfanenfansieanandinlyl 100% (Zhou et al., 2008)
Tnatnfdelaiananiendieanscunlugos 20 deusnvinlifianisudicluuigns  waznisenadiae
Toymszuumadumalalugnsjuuazgngns  usdmsnisanalaavisliwuludadauinligaunnin - sneann
o = A 1% & rdl a o o dgj :/Jalgj al
dmansanevasgnslutlssmmauinu i ulefifuingann lasniafianisnaneiugreatialuaisliuaz g

dm3nnsaneaegnIliuiiuaTiuwsn Tnsaneuznengsangwuanurydudssuiudneoey Iaoinfas

|9 '8

A oA e s o | a @ o o 2 = ya o o
W(l_]sl,ulﬂ]@llqT@W@’1?@qim@@qﬂwuﬁﬂiiﬂﬂ’]ﬂﬂqq@LNiﬂq LLmﬂNqWUsLu@qﬂwuﬁ;@usﬁ\‘iNﬂqqﬂiﬂ@mmﬂumqﬂwuﬁ

Kl

2NN wAnFNaINgeuaEnILUNF AneeniIeiugnIsuwe Ae n1saaellunedauaes

Tishiu NSP2 wazfawmpnatinuamiifuilsenissesaalofaaanull uws NSP2 azifgadissiuaciy

o

4 H ! o
puuseizall  Adelineny  wenannfidwunislaeuudasees  GP5  duduldsiuiinandesiunisaiig

o

wauALaANA Nz LTela5a (neutralizing antibodies) ARl

v
v o

o o ey o = o o = : o = P g a a
'Jﬂeﬁumlﬁj‘ﬂgluﬁqfﬂuuﬂﬂﬂﬂmgﬂl@QVMﬁ\ﬂmLLﬁ]ﬂm']\‘i@']ﬂVLQ?ﬁV]?:ﬁUq@eLuwuV] ﬁﬂuuﬂﬁ‘gmmﬁﬂ’]%ﬂuﬂq?

TTasrulsnasnInin nsrevneliaesllsAuinaadeaiu GP5 anaariuanesrLLNI?anaddilantaauaag

P8 4

ay o o o/ = o Dd’l % dl o ralyd =
a‘xuumQmiﬂum@mﬂmmam@m@mﬂmLﬁj@%i@%ﬂ@’]%i@%mmmmmiumamwummzuu

al

o o

NRANTUIaRdRTNINTY wananilunnsAnmnaee Zhou wazAn (2008) fanuand1idalofa 8 \@e aan 56

1
v a o

o oA = &Y oA e s o = o & a ' § M e A
FIIREINN V]LL?;IﬂvLﬂ 3~|@ﬂ‘]ﬁmzLWN@HLT@VL')ﬁ‘mW'ﬂflﬁ"ﬂqﬁ'Lﬂ@ﬁLuqﬂsﬂu@’]ﬂwuq@l,ﬂ?ﬂf] AR Q’]'ﬂf]@VLNELSﬂVLQ?@V]ﬂﬂﬂQ'WN

suusausiiiansunsnszanelusdndsaniu  @elaFanendenfiaannaaiuguaznalsaniaoiuguusasnnly
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uny 3
8ALUUNI5IAE

N1SNARRIN 1

nMIaanituunNITNaaeN

o o 3

fayaanssnnIWINIsALTRENALNNAINYNTNgNIgAAIUNITNAEY  IEUINN UATNNENAIAIN
= e g o o A 1 ¥ v a A o o a r-'lg/
itU’]ﬁ?J@x‘]Ii‘ﬂW@”]i@”]iL@@LL@xﬂqi‘Vl’]'Jﬂ“ﬁusLu@‘ﬂi‘@’nLL@xLLNZ‘;ﬂiW}IHQﬂsﬁuW‘ﬂ’]i‘ﬂqi‘L@@ﬁ]uﬁlﬂi’ﬂLﬂuLLUUﬂ]WiN

(Ingelvac® PRRS MLV, Boehringer-Ingelheim Vetmedica, Inc., St. Joseph, Missouri) %@H@Qﬂﬂm’ﬁm?ﬁzﬁ

= '

WWeANHINATaIN1IMNIATUSE (1) N9RaUaUEINNRANTURaN MAGELRNEAE ELISA uaznshinidelaia

4
o =

Tunszuadan (2) FAaddalsz@nsninnisean (§nsn1sdinaaen 8MIN1INALAR LATERIINITWAG) LAz (3)

2
o o

FaTIALUEENBNINNITUANGNANT (ITUIUGNANTUINAREA ANUINGNANTUINAABANTIR ANUIUGNANIANLLIN

ARDA UAZATUIUGNANTNU)

M7aANTENgNIUAZNINIATY

o a o =8

nsAnluaisiivinnisAnenlunfugnaudiuganamnssuauin - 1,200 ul  luniAnansaeg

'
'8

dszmanedadunfunldgneanomaununnaniasnisunniuaingnanaulnug ANIANMNAUNUYNAYN

q q El

Tudosang 22-30 dlaineugnadsdindausiuglasaianiadngneanonaunuyneoaviiuuansaimelianens

o 1 d’j A a) 1% 1 dal DS o
a5ied gneanauazudgnagnidesulsseuwunds lHun wuauanuazniiads Isunsuniadnnisganines

o a

egualaadnaunndilszavinin - gneanauazudgns e lfiiudatudasiulsafionfanfinaninon weldiu

o

Fagutasiulsalsaniindes (2 dlanvineudinaaan) lsnatinndgns (2 dlanvindinaan) Tsnimqiiatin

q

v
'8 o o o

Wan (Uwsun 4 hiaw) uazlsannilaleialugns (gneanomaununeudadingeudiug wasaniuing 2

Kl

dUnvinasaaanyn° 3 asuvies)

¥

dayaniInenIzdalzanafanfiag

ANIANMUATLNANT (AU 20-30 F0) gniwIAAatlay 2 AT Aoaganagey ELISA (HerdChek”

PRRSV antibody test kit 2XR®, IDEXX Laboratories, Inc., Westbrook, Maine) Wunan 3 Taaudinnszuna
=~ Y Y [¢ o ! ! e~ Y e !

gaslsaienienfiealuviin  annanismsansedalsanudngagnatluuansalsaianianfleausaniuzaes
Tsppeh Tudasfivaasifounnsiantl 2009 WUAMNANIMAIMINTLUUALRUE Tnawunsuiislugnsaauazus
ananignuanludobeunaANdamausaIANl A.A. 2008 NIIANTIULDIDRIINIINAUAANAILAN UAZNT
a L o , = = = Ly oo~
WNTuasdnsnsnnalugngnsgauniazgngnavenunliaunnant .. 2009 dngasaanuimeliiai
anfanfiealnil 2 Tneids reverse transcription polymerase reaction (RT-PCR) Tugianeine@inanuignauay
gnansngndannmsainiedugnslsndnd qrasnsninmangnag

a 9

0 o A o = 'y o =3 o [l &
ﬂ’)ﬁ‘?’]ﬁ@ﬁ%%ﬂ@\?ﬂ%fﬁ‘ﬂW@’)fl‘@’)fJ‘L@ﬂLLﬂé’ﬂ’)ﬁ‘LﬂUﬁ]'J@ﬂ’)\‘/’Lﬂﬂﬂ

o o

Jun 15 weungun1ANT A.A. 2009 gnednauazungnavnsaluslafudatuiensenfieastinige

v v
o v o

1 v 1 v
Wuvineiu 3 4danf lun a1 0 uay 3 ndaaniiugneanauazudgnannen (Maniasisiesuayldlfing
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o

iee) FFudatunn 3 Whew  nandlaInnIIindATuienienfieaniiusn 4n? 6 naNentIuAaTNgN
dsznaudaagninguas 6 Aagnidanuiduiunisnmariszdslsaianianiea Hun (1) gnsaramaunueng
7-8 1h9U (2) gnednaNaNane 9-11 1haw (3) UNgNIaIALTiasn 1 (4) ulgnaanaufiodd 2 (5) udgnsanau
y o \ °o o o o A = S a < o o °© o o o
090 3-4 uay (6) uNgnNIAALTiaNN 5-6 Freta@aAgNiuAINgNINAANNNA 36 Fa 1 Juneunndadul

c o o = 1% o o = o ' = O Ny @ o o ay
ANTATLRE LAZAUN 2 5 9 12 UaL 18 NNEUNAINITNIIATU lflﬁ‘ﬂﬂ’NL@@@Qﬂﬁl\ﬂ’l\‘li’ﬂﬁflLL"].I\‘UFIQVI@GAMIWN‘VI@\?

q al
'

o & o & o 1 Ao o a A, Ay oA e s v A A & pya
waIAININNsiUAet WETNuAzINTNIARe LN LA WAL AsaLTa laFaan e Sleariuvisaiu 13N
QIUUYH 20 BNANTATIALNDYINNNTATIANIEUAY  FOBENNTTN (R1UIU 6 Fat1N) QNENNINAURINNgH

aNgUAZNAR LI 1 FaNeFanfeaka8ds RT-PCR

uauALeAAeITe [sanefanfieauazn1maaeL ngis RT-PCR

o ] alo'/ o 1 o a a dlg/ | '8 g v o @

Foatinadiuynaetgninlineseumueuivensie e loianenfansiealasldganaasudizagil
=2 ol ° aal Py ° Y a o | e A o v o - o =
FRBNIMARaLNAINIs N LUzt Ine fuaRtganaaey st iiunsuiuudsgninlineasunmalafadn
an3an5laafineas RT-PCR Inaldgannaaudniiagl (AccessQuick™ RT-PCR system, Promega Corporation,
Madison, Wisconsin) lNalRN1BNN T uauilgnasnadqw open reading frame 7 viaiaalaiaanianiiealnd
1 uay 2 Uffienimagevszneudian primer alialldratiiuaz1d1ands (Amonsin et al.,, 2009) avian
myelobalastosis virus reverse transcriptase (Promega Corporation) LasTud@qid RNA  TuUmaunIzuIunIg
reverse transcription WAZNIMNATUIUANIRUGNIINGEAT PCR Manadonsnuuzti lnsinangannasy
TUAURUFNITHTANIUILUEIUAZATATANENTRTFIU (GeneRuler™ 100 bp DNA Ladder, Fermentas Inc.,
Glen Burnie, Maryland) qnﬁﬂﬂmmmuimﬂ%’% electrophoresis finel agarose gel 1% uazfianianfiag
ethidium bromide  nsanuunatulviluesdelafaiefefiaadnuunainauATeSTUdIURUEN TN
Auauwan 1Eun 390 bp dwsulni 1 uaz 430 bp dwusulni 2

k24 o

TOYAANITON NI NNITRLYILG
v

NALASUAIREUNINGIAN 2007 DaReuiiguiey 2010 Antuiin

o

fRyaaNIInNINNINNITALTUEY
nanAnvanTn (PigCHAMP®, version 4.10, Minnesota) fitnamessindsnaussanmsneindamaila
LL@:ﬂ%fﬁquqmmu@qmmmﬁumammﬁqiﬂ NISUANTUG (mating) ABNIINANWLEANTANYTaLNgNT L0
10 4 Fgnsegluszenidudauasinisuauifieavilnfennndmiesilugaiiiniandudn  (Takai and
Koketsu, 2009) N13NAU4R N19udie uaznisnaan uannaiu 2 anwoe (0 uaz 1) (binomial data) §m31n13
dnpaen  §asniandudn  warsrenauiR AN wanignefindudmiteutiaitedinpaasmnaiia

AuULNgNIN IHFUNNINANLAIAUAYY 100 AMUIUGNANIUINAABATIANNA (total number of piglet born per

'
o A

litter) ARAINKATINTBIANUIBGNANTUINARDANTINLINAILANUIUGNANIFNELINANBALATINUIUGNAN TN

D

waedimusgnansmneusnaaen uaziledauignansiniAIL AN IUIUgNANIFNELINAADAUTENENTHNE

WIFAILAUIUGNANIUINARBAVIIMNARATUAYY 100 gnaguiiasgnanuunilunguauaniuznisindatulaeg 1

o

nedpguniiaIuludun 15 wauenan 2009 dhwnusiiunisawun BBud (1) fdagulugaszay 0-30 4

4

v v v
YBINFAITIBT (2) 31-60 TUIBINIFITB WAY (3) 61-90 SUABINIAIIET LAY (4) inTaTuludaaszeasunnndn

90 TUBRINTIAIIDY TayaRLILIENILAIAIUIUNITNAN 8,162 ATIUAZNITARDA 6,975 ATIANUNANIANUI
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'
o

Y v 4
2,543 fn dayaniinistiuninliasuiougnAneanainnisiinseid aedeyanisnanyiadu 7,914 Afuaznis

2 1
o '

ARDA 6,793 ATY ANUHgNIATUI 2,337 A Fayaiiiu THun wadusigns aauviesamsnan Junan a1uau
ARINAFUNNINAN HATDINTHAN ANUIBTUALINAUAANAIAINNAN TUAREA AIUIUGNANITUINAADA AU

QNANIWINARBANTIR ANUIUGNENIANLLINANEA UATANWIUGNANTHNE

NFUATISUNNATA

n3aAeinanani a1 llsunsunneaiim SAS (SAS® version 9.0, SAS® Institute Inc., Cary,
North Carolina) ludauusn sadsalsz@vaninnsuas (§asmnimauda sasnsuiis wazdnmnisdnnaen)
LL@zﬁﬁ”fj"mﬂ@zZm%mwmwangﬂa;m (AUIUYNANTUINARDA ANUIUGNANTUINARBANTIG LlaFinusignans
AELINARDA Lm:m@%muﬁ@uﬂqmﬁuﬁ) QNUINIAAIILIFNEAE  generalized linear-mixed model FN
sztiziaaene lBun deumsindelafaiienanfien (Feunsngnew 2007 feideuliquisu 2008) szwinams
Anidelafaienfenfiealunadun (Heunsngian 2008 fuReudiguity 2009) uazmevdanNiNSATY
({HeuUNINYIAN 2009 TRaulnuIew 2010) antuznisindpdulasiulsaiianfendiea aAudies (0 1 2-4
WAZNINNTGN 5) AIAUTIBNRNNIIAT LasAALITiasAINan IueN19NdaTy  nsufsauibauatangyldnisliu

o o

fayadaeinaes Tukey-Kramer A1 P value Haaindn 0.05 DaNRNEANATUN AR N19ABLAUBININ)RANTY

o a Q

TuauIMaaeufaeas ELISA 1@aiunns (Andadau S/P) gniasnziimudilaniniiusaetne (0259 12 uay

18) Tnel3% paired t test NMsRALALDIMNNRANAUIWTTNTAINAGEUFAIETD ELISA ITIAUAN (LN UATAL)
gniwnseiiaaldannisonnendineds  generalized linear-mixed model Tesannaredlaninvinnisiiy
FNBENT (02 5 9 12 UAY 18) UATNANTIDIUNANT (ANTA1IMAUNUY ANIAINAN UATUNGNIAALTIONN 1 2 3-4

LAY 5-6)

N1SNARRIN 2

b
18yA

' [
a g

fiayaann 2,273 fanting Ndenmand@alaianenienfealiunainmdadugnslsadnd (CU-VDL) Ansy
ARUUNNEAIART AI1AINIAINUINIGE NTUNN Uszmnalng lug095eu9I198nNIIAN 2548 INAUINAN 2553
Tnasatinagnuiieanidu 3 ngu Aa Watktle (1 an newda du fia 484) (n=636) 11iTa (n=210) ULazdiu

1y o o A o , & - - o o = =

(n=1,427) dayailsznaufasiundssinadne NAsmeanin (Mawile MARzduean nianzduaan@aemile
mManas Meezduan waznialfveslssmelng) uazalinaesgns (Wegns ulqns gnans 4nIayung uay
anaaw) deyalfianayauiindmiunndausil 2548-2553 uaziiunnaslunauiiames (Microsoft Excel 2007,
WA, USA) ganiautseaniduggien (MuAMRUE-NqEA1AN) gaie  (Hguieu-Tueiel)  wazgamuuin

(FIANAN-NNAIWUE)

e

o 1 A= ' ' o A A a )
AIRENNNANT QﬂLLU\T@@ﬂLﬂu 2 NANUAN AR ﬂ@NmNﬂmﬁq?ZUUWqﬂLﬂuﬂqﬂiq (resp|ratory case) WAy

q

' £ &
'8 1 o

| o aa & o . o = | RAPRR o ' P g
ﬂ@N‘V]NﬂQJ‘VIW?tUU@UWHﬁ (reproductive case) El"J‘ﬂEI’W\‘]‘LJ’WL?J@Q’Wﬂ‘Wﬂ@‘ﬂ? TANYNIGTH LAZAIREUNLUBLERAN

9

wegns udgns gngnageun {u “reproductive cases” uAFRgENAINgNIENLNA  UazgNIYLReIdy
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1 ] 9
“respiratory cases” fatNNgNAIIINAUNT (pool samples) Nawlunilssinating uanisngaanae lafanens

'8

anfea 1w 0’ Dednduau uay ' daduiluuon slinveslh¥auiiveaniiu 3 ngu THun arewugin 1 aawug

]

1 12 1
=

71 2 upz WUTIANERUET 1 uay 2

nRsaanEnlasaiianfa fiaasaeia Reverse Transcriptase-Polymerase Chain Reaction

Manavniae lnfafianfafiaanin151ne3a Reverse Transcriptase-Polymerase Chain Reaction (RT-
PCR) Tnei3999 Thanawongnuwech et al. (2004) nanalngitia Aa one-step RT-PCR (QIAGEN, USA) I#iita
s uuATuLes ORF1b Taeld thermoregulator PTC-200 (MJ Research, USA). PCR 2 'lailnsans gn'l4
eiflugneBunLLd T nested multiplex PCR melEeuluReai 1naTe expected multiplex PCR
products (ORF1b) Aa 186 way 107 bp dmLaneusy 1 way 2 mwdsu Insldfpsuasunauan
(positive control) Iaendulaa Lelystad waz SVI275 d1m5u mm’w’uﬁ:ﬁ' 1 and 2 MUFIFL HANNIATIREALITE
Isausazaiinanansnszylidnidu anewus 1 2 uaz wuvaesaneiug Phylogenetic tree sevide lhiafens
anfieafiuanldlutlszmalnefisenulugiudieyases NCBI seuinedl 25432564 (lutlszmalneny 62 &
fardlelnafuanldanniu ORFS uaz 13 drsuilanalalndannsinelszme) gninanieseilng MEGA 5.5

uazasslng neighbor joining method LLMWQ@ume bootstrap method

A1FUATISHN AL

Amviiiayanieadintaalilsunsu SAS (SAS version 9.0, Cary, NC., USA) n15atas1eiaaad

'8

dwiunstsngresdeliiaieniendiea uazpndresusazateriug (@eRugn 1 2 waz wuiaeasny

a

wug) vnlileald PROC FREQ avngnaesdeliiaiensenfiealuwsazdssinn seudifesas nns

¥ o

a o A ) & o A o = - , )
ﬂizLNuN@m@Qﬁ@@ﬂmqﬂj WNN@m@ﬂquﬁﬂm@\‘]m@»ﬁ?@W@ ﬁ\@qTL@@jﬂjﬂqTQLﬁiq:ﬁﬁLLUU generalized linear

o o

model procedure (PROC GENMOD) fin P<0.05 faqnitiud1Auniedia

o
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unn 4
NAN152A8

N1SNARRIN 1

NANISASTAIAETN

Tinugnaniinnsiindalofanenfenfiealunszuaimenlnanismmaiosds RT-PCR yNnauuazias

ANINTATL ANNGNTNIUNA 36 I Annnspsaldnsydslsaiensansieanudn 88.9% (32/36) msaNy

a o, & I T < aal ! o o o a o o o o ]
LL@UWU@@WQLmﬂVLQ?ﬂW@q?@q?L@@Iﬂﬂ']ﬁ ELISA naunImnIaAgis (N9 3)  NNEUAINITNIIATGUNLAIN

'
e a o

wafimusmsuniuuonutslsnusnang 85.3% 049 94.4% ludas 18 4Uanii Aangmmaliseds  Aeds
Andn1 S/P ANN19ATIAGNLRT ELISA wilstsuseidne 1.61 ludqenaunisnndadung 1.23 ludilansin 18
AENRINNTNIT AT

'
o

A1519% 3 HanfIRIaTINuadlainnanasnimndadudaluleasiuisaiansansies

HAMTIR ELISA

o g ELISA fiflutan NAMTIA RT-PCR
(ALRREAAANL S/P)
0 1.61+0.19%° 32/36 (88.9%)° Al
2 1.88+ 0.16° 34/36 (94.4%)° AL
5 1.47+0.16° 31/36 (86.1%)° a1l
9 1.32£0.15° 32/36 (88.9%)° AL
12 1.46+0.17° 29/34 (85.3%)" AL
18 1.23+0.07° 31/33(93.9%) a1l

T
o o = o o

FenHINLANANNAN (@ waz  b)  nalupedNsingafuria el AN ANt A AN A A

o

(P<0.05)

4

ANTTONNNNNTRAUNUE

L}

ﬁqﬂq%”ﬂizﬁw%mwwmmmmmmQq (GRsnTsdinAaen §AIINNINALER LAENIINITUTN) LAYHD
ﬂﬁyﬂﬁzamﬁmwmqmwangﬂa;m (AUIUYNANTUINARDA  ANUIUGNANTUINAREANTIG  Lilafinusignans
AELINAREA LL@xLﬂ@§LﬁuﬁT§ﬂ@ﬂiﬁNﬁ) mmm\ﬁmmmmgﬂmugﬂﬁ 2a, b UALANINNT 3 UaT 4 AR

fewfianisszuinzesisafianianiiea dnsnisdinasen §nsnisudie dnsnianaudn wledimus
ANANIAELINARDA LL@ZLﬂ@%LmuﬁQﬂqﬂiﬁuﬁLﬂu 90.0% 1.6% 5.9% 7.0% uaz 1.6% WAL s
SuaugnANsuINAABALATSIILgNANsuINAaeaiiTamdl 11.4 uaz 10.3 MasaAsanaNaTL lugaeiiiin
N193TLA RN TIRBUNG AANIEY 2008 DEABUNNTIAN 2009 wunaisAuTesERsnsuiia (16.7%) uaz
N19anAdLBNaRIENARen (71.2%) @"mquqmﬁmmnmmLLmﬁﬁmu@JﬂquLinmmmﬁ%ﬁmﬁrﬁ'mm 1un 9.7
WAz 8.3 FAFBATANATNAAL LLﬂtLﬂ@irLﬁuﬁ@jﬂ@ﬂiﬁmﬁ@ﬂqm (8.4%) qﬂwu‘luzgmmqLmumqmﬁﬂ@@m’m

WauNEeu 2009 (gnaanlufeunnsan 2009) ludasifinnisszunnaesisaienfanfieanunansznusie
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b

o o

ANTIONINNNNNIALUSRE R ANATY e Fa e uALTgwneunissza Mun dnsdinraen (83.9%
1 90.0%, P<0.001) 8m3INNTUHe (5.2% 1L 1.6%, P<0.001) emsnsnaudn (8.0% iU 5.9 %, P=0.048)
RNUIUGNANIUINAREA (10.9 L 11.4 FariaAsan, P<0.001) ATUIUGNANIUINAREANTIR (9.9 1L 10.3 Faste

38N, P<0.001) uaziladimusignanssiud (2.2% iU 1.6%, P=0.004)

a AR RR ====FR
- 100
- 90
— - 80
é - 70
2 S
g - 40 E.
% - 30
- 20
- 10

O ! T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T LI R O
F0l gy AT R0 ) A SR AT s A

s o
IADUNHTY

5Un 2 (a) emniadineaen (FR) 8msIN13Ue (AR) UaLeRsIN1snaLdn (RR), (b) WATANUIUGNANIUIN
ARBAGIIATEN (TB) AUINgNANIWINARaniTInsiansan (BA) efauignanmnausnasansensan (SB)

- - o A o Aol 6o oo A A & & ~ &
LL@xLﬂﬂﬁ‘Leﬁum@]ﬂ@ﬂ?NNNm‘ﬂﬂ?ﬂﬂ (MM) @Jﬂﬂﬁ‘LL@ﬂ\‘numﬂﬂqﬁ/]"lqﬂsﬁuwﬁﬂq?‘ﬂq?mm“ﬁuﬁ LﬂﬂLﬂu
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a4 = o o a a o o 9 ) ]
M990 4 L‘leﬁ‘?;l‘]_lLV]EIUG]’J?]Q@‘L]‘J%@Wﬁﬂ’]Wﬂ'WNZQNI?]WN@']@UVI@\?IM“IT’NL’]@’W]’N"I

9 1 7 2 7 3
fasatlsyAVBNINANTHA n.A.2007-4.8.2008  N.A.2008-X.21.2009  N.A.2009-4.21.2010
(MAUNTTELA) (35UINNIILUNA)  (MRIN1INTATL)
ANUIUUNANT 1,332 1,253 1,452
Suntannuay 2,582 2,540 2,792
8RINTENAREA (%) 90.0° 83.9° 83.8"
fnudieddt 0 86.6° 87.0° 87.2°
fnsudiedd 1 91.2° 84.4° 85.8°
fnsudieadt 2-4 91.5° 82.1° 84.3°
fnsudiedd =5 88.0° 84.6% 78.3°
BRINNITNALER (%) 5.9° 8.0° 11.3°
fnsudiedd 0 7.5° 8.4 10.1°
Snsudiedd 1 5.4° 8.6° 10.9°
Snsutied 2-4 5.4° 8.9° 10.0°
feUdind 5 6.0° 5.5° 14.8°
ARIINITUTN (%) 1.6° 5.2° 1.4°
fnsudiedd 0 1.8° 2.8° 1.0°
fneudiaad 1 13° 44 1.0°
fnsudiead 2-4 1.4° 5.9° 1.7°
fnsudiedd =5 2.9% 6.5" 1.6°

ansaaalsaianfanfiaantludanatl a.A. 2008 Tnamsanuidalfaludsulnegds RT-PCR lumauuniax

A.A. 2009 TATuiienianfieartinmeidugnrinun laTawsndun 15 waeniax A.A. 2009

o o o

FeNHINLANANNTU (a uaz b) NeluknadaaiumnaellanuuanssasneiidadArynieaia (P<0.05)
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0 v
AN 5 1EauiaufAaEinlss@ninnnisuan (means + SEM) ANNANALTIB UTIANFN]

v
o a

FANTIAUTZANTNINNTNAR

% 1

N.A.2007-4.8.2008

T2

n.A.2008-4.81.2009

9 3

n.A.2009-41.81.2010

(ABLN1T7UA) (FEUINNITIELA) (MAINIINTATL)
ANUIUUNANT 1,233 1,120 1,365
‘sﬁuquﬁ%\‘lﬂ'ﬁﬂ@ﬂﬁ 2,362 2,116 2,315
ANUINARRA 1.4+ 0.1° 10.9+ 0.1° 10.6+ 0.1°
St 1 10.3+ 0.1° 10.2+ 0.1 10.2+ 0.1°
S 2-4 11.6+ 0.1° 11.0+ 0.1° 10.8+ 0.1°
Sutiest 25 11.6+ 0.1° 11.2+ 0.1° 10.7+ 0.1°
gNUINAARANTIA 10.3¢ 0.1° 9.9+0.1° 10.0¢ 0.1°
St 1 9.3+0.1° 9.0+0.1° 9.4+0.1°
S 2-4 10.6+ 0.1° 10.1+ 0.1° 10.3+0.1%
Sutiest 25 10.4+ 0.1° 10.1+ 0.1° 10.1+ 0.1°
ANENLULINARDA (%) 7.0£0.2° 6.1+0.2° 4.6+0.2°
St 1 7.040.5° 6.9+0.5° 5.8+0.4°
Sutiesd 2-4 6.3+0.2° 5.3+0.3" 4.1+0.2°
Sutiest 25 8.0+0.4° 6.9+0.4° 4.6+0.3°
Qnﬁmﬁ (%) 1.6£0.1° 2.2+0.2" 0.70.1°
St 1 1.840.3° 3.70.6° 14+0.3°
Sutiest 2-4 1.640.2° 2.1+0.3° 0.6+0.1°
Sutiest 25 16+ 0.2% 1.840.3° 0.5+0.1°

an7aaalsaianfanfiaanuludanat! 2008 Inamnsanuimalafaludsulaeds RT-PCR lupauuns AN 2009

o = [ g

o o

FaanusNLANFANaY (3, b ke o) AeluwnReAuuNIe el AN wANFIa el

v 4 H
Frdunanfenfiearinmeidugninun afusndun 15 wgenian 2009

o o

A1ATUNNEDA (P<0.05)

o
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o 6o oA A & & P e o , A = o
ANEUAINITNNVIATUNDITRITLAANLAN BRTINITUINAAAIAINTINNHNNTTEUA (1.4 NELUNU 5.2 %,

P<0.001) wazndudingszauipeniudasriouiinigscunn (1.4 Wauiy 1.6 %, P>0.05) Tuaniendnsnisnau

Anelapeganingasiinisseuna (11.3 WUy 5.9 %, P<0.001) 1Wiad9Ndn193v1a (1.3 Wauil 8.0 %,
P<0.001) (9199 4) eRsnNIsdinAaen lluanFN9aInNT9nAnIsszLm (83.8 WBLAL 83.9 %, P>0.05) Wh
3A9ANNIENNaUNNTIZLIA (83.8 WKL 90.0 %, P<0.001) (13797 4) AUIUGNANITUINARBALATAIUIU

ANANILINARBANTANAININTIABUNNTIELNA (10.6 WLuAU 11.4 faseAsan, P<0.001 waz 10.0 WUy

a 9

10.3 FiasiaAsan, P=0.012 MNANAL) (1399 4) usiat1elafinid aenauaugngnausnAsanmINd lugog

NAN9971NA (10.6 WAL 10.9 Fsiansan, P=0.015) AMUILANANIUINAABANTIANALZININ (10.0 1EL

v
o 1

fiu 9.9 fsiaAsan, P=0.012) (AM919% 5) wWefauignansniausnasanuazitleflauigngnsiuinInd1niagog

'
o

AAURNNT92LNA (4.6 WEURU 7.0 %, P<0.001 WAy 0.7 Weuil 1.6 %, P<0.001 AINATAL) LATENNRNNT

'
al

LU (4.6 WILM 6.1 %, P<0.001 uaz 0.7 WL 2.2 %, P<0.001 ANNATAL) (AN9799 5) §R9In19ae
AewungaaieuRiinngsTing stinannssrLng wazneudsneindaiuiiensensieatiindeduliug 4.7,
8.5 UAT 4.4% PNAAL TAIUINANAIUIGNANININARBATTIR 24,302 1 UATAIUIUQNENIVENN
23,254 4 TUT99naunI995u7m ATUIUGNANIUINARBARTIR 20,999 F UATATUIUGNANTUENUN 19,217 Fa
lugiasfidnsszunm LATANUILANANTUINAABANTIR 23,228 A1 WATAIUINGNENIUENUN 22,196 Fd Tudas
WAININIATY

NMEMAINIINdATUNeFafiaanudn dnsniadinaaan AMUINGNANIUINARBANTIE LATAIUIY

'
o a

anansduFulsdsoumuszazinainisisieluanengns lifudadu (m9eh 6 waz 7) qnsanduazuagnai

Yo o A

o o o | : o < v N o y o o~ . o
Ta5udmTuludaaninnan 90 du ﬂﬂﬂﬂﬁ?ﬁl\‘ﬁ’lﬂ\‘i@iﬁmﬂEl?’]ﬂ"]’iL?.l’]ﬁ@‘ﬂﬂﬂmﬁﬂQWQﬂ?%1®?UQﬁ%u1uﬂﬁﬂ 0-30 U

v
o Y 4

YBINN9EIND (77.3 Wauiu 88.3 %, P=0.008) 194 31-60 Jua84nN 1959789 (77.3 Wisrui 85.1 %, P=0.055)

v

WATIAN 61-90 AUNBINITAITAY (77.3 WaLAU 84.7 %, P=0.176) (A13799 6) SR ININALARLATERNIINNG

\
|

wisldfiAonuuansteaenel g AN AN AT Ud NANNUZNNINNIATE LHdANINLAZHANLANANNTUNI

FUAURAIN  [UAUALSRIINITENAREA FRTINIINALAR LATANIINITUNNNL AN LANFAINTUIENIN9A AL

A o Aaa o

Tieerine) wifldnuaNuansAeTue e llA AN ealis (113999 6) ANUIUYNANTUINARDARTINAITAR

(9.2 Fasiamsan) uazilefirusigngnasiniigangn (5.3 fasansan) wulugnanindadulugos 0-30 duaeenis

a 9

1%
o cal o

paties (mn9190 7) eedlafindnuaugnansusnaaenuazileimusignansmeusnaaan liia N uane il

1 o o Y ! = :// v dl Vo o A
TTUINRIALNBININ ‘VI?‘ﬂ?tEIf‘.ﬁ‘?.l‘ﬂﬂﬂ’\?ﬂﬂ%‘ﬂﬂluﬂlmt‘ﬂ@‘ﬂﬂﬂﬁﬂﬁﬂsﬁu
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) = o o s a | o P =
F1519N 6 L‘leiﬂ‘]_lL‘VIEI‘LImmmﬂ‘imvm.ﬂ’mmm@mmm’;‘w::m’]\‘ij m@ﬂﬂ’]?mﬂm@ﬂiumm:ﬁmiﬁ?uqﬂsﬁu

v
o

Yo o

sty RV mnsug izmmjmwm . B .
0-304u 31 - 60 Tu 61 -90 Tu >90 Ju
UIUGNT 213 222 228 216
fm3 N3N AaRA (%) 88.3" 85.1% 84.7% 77.3°
fsutiesdi 0 93.6° 86.5° 92.3° 82.5°
fnsudiedd 1 94.9° 95.1° 81.8 78.4°
fnudieait 2-4 81.8° 77.5° 82.6° 77.2°
fnsudieddt =5 90.9° 89.1° 86.1° 72,3
BMIINTNALAR (%) 8.5° 11.3° 8.8° 13.4°
fnsudiedd 0 3.2° 13.5° 5.1° 10.0°
fnsudiedd 1 5.1° 49° 9.1° 13.5°
Snsutied 2-4 11.4° 16.8° 11.9° 16.3°
fsutiet =5 9.1% 5.4° 2.8° 10.6°
BRIINTTUA (%) 0.9° 0.9° 2.6° 5.6°
fnudieddt 0 0.0° 0.0° 0.0° 7.5°
fsutiod 1 0.0° 0.0° 2.3° 5.4°
fnudieadt 2-4 2.3° 1.1° 1.8° 5.4°
fnsudiedd =5 0.0° 1.8° 8.3° 4.3

o = o g

o o

7 T
Feidunanfenfieaniinmedugninluiui 15 wasnian 2009

dl | o a o XK A J ] a o o o aa
IDNBINLANFANNY (a, b AL c) mﬁslw,l,ml,mﬂfmuumﬂmwmmLmemmwuﬂmmmmmnm (PS0.05)
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v
o

0 v 1
A5 7 WisLWaUAaETRLszAMENWNIHAR (means + SEM) Auzazsine] 1eanissarieluane i lF5y

YA
s aLsANBAWNNTHER sw:mjmwm 5 5 5
0-309u 31-60 U 61 - 90 314 >90 Ju

éﬂu’luﬂ%\m’]iﬂﬂﬂﬂ 188 189 193 167

ANUINAADA 10.5+0.2° 10.60.2° 11.0£0.2° 11.1£0.2°
S 1 9.8+0.6 9.6+0.6 10.040.4% 10.4%0.5%
Ssutiadi 2-4 10.1+0.3" 10.8+0.3° 11.3+0.3"° 11.1+0.3°
Ssutiedd =5 11.2+0.3" 10.9+0.4° 11.00.3° 11.60.4°

ANUINARDANTIG 9.240.2° 9.4+0.2° 10.3+0.2° 10.3+0.2°
S 1 8.1+0.6" 8.4+0.5" 9.2+0.4° 9.5+0.4°
St 2-4 8.6+0.3" 9.9+0.3% 10.6+0.2° 10.4+0.3°
Ssutiedd =5 10.240.3 9.10.4° 10.50.3 10.4+0.3"

QANANEILINARDA (%) 6.0£0.6" 6.5+0.9" 4.8+0.6° 5.60.7°
S 1 6.1+1.7° 4.8+1.7° 6.4+1.4° 7.1+1.8°
St 2-4 5.7+1.0° 5.2+0.9° 4.9+1.0° 3.940.8°
Ssutiedd =5 6.2+0.9° 9.0+2.1° 3.5+0.9° 7.4+1.3°

@m&“uﬁ' (%) 5.3+1.3"° 4.241.1% 0.7+0.3% 1.6+0.5°
S 1 9.9+4.1° 5.3+2.9° 0.7+0.5° 1.44+1.0°
St 2-4 6.9+2.2° 2.7+1.5° 0.7+0.4° 1.5+0.8"
Ssutiedd =5 1.5¢1.1° 5.642.0° 0.7+0.7° 1840.9°

o = 'S e

Jrguienienfieaniinmeiugninludui 15 wownian 2009

o o o o

A (e P o 2 ) | A e aa
FARNBTNLANFNNL (3, b LAY C) ﬂ']?;lsl,uLLfI'JLﬂﬂflﬂuﬁlmﬁmﬂllﬂq’]ﬂLLMﬂmqﬂﬂﬂqﬂNuﬂ@qﬂmVﬂ\‘iﬂﬂm (PSOO5)

o
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N1SNARRIN 2

nsmsaanLLe lafaRienseniea

anFetheiaas 2273 fetne wuideliiaiensensies 740 fetne Aeulu 32.6% Tnsiinanu
LANANAU LA AZIUARIAIDEINg (mmqﬁl 8) Tnemylusastnaiiaife (43.1%) anndnluringa (15.7%,
P<0.001) uazannndluftetned (30.3%, P=0.002) lasafinsanyluiin@eiidnusntioandniinseanyli
Fratne@in (P=0.02) (A31afl 8) lunegnanuidelaiaiensensian 15.4% (35/227) lugnsanaiulgns 37.5%
(54/144) lugnans 35.9% (61/170) lugnsaya 43.7% (160/366) warlugnayu 26.6% (54/203) (mmﬁ 9)
Fataiinuidelhaftansensiea "L&ﬁmnﬁq@ﬂqqﬁmmﬂﬁmmizuumqLﬁumﬂl@ (respiratory cases) 37.6%
%qmnmﬁr;*TfJfrJﬂﬁ\imnﬁmmmwwuauﬁuﬁ: (reproductive cases) 27.7% (msmﬁi 10) ﬁqmwﬁlwuﬁ”ﬂiﬁm

T~ [e e o o A
W‘ﬂ’]ﬁ‘@'ﬁ‘L‘ﬂ@LLﬂﬂﬁl’]ﬁJ@’]HWMﬁ WARS AN 8

v
= 9 g

AN5197 8 $aarUadFnat N AL NLA YRt A LTI A NUE I TANDNTA1 SR A LN ANNTLAFIDE N

Kl

nHAFRL 1S Sunufetne dwaulan SesazveseteiinauanuanANaNWLE
(%) EU NA Mixed

L‘fij‘ﬂ@l@ 636 43.1° 23.7 62.6 13.7

i 210 16.7° 29.0 64.5 6.5

G 1,427 30.3° 35.5 48.8 15.7

EREN, 2,273 32.6 31.0 54.5 14.6

o

FasnEsIUANANTY (@ b uar ¢ Aelupedudineatuanafelanuuanssed e liad Ay neaa

(P<0.05)

(%
= '8 'S

A919% 9 Setazansdantinailiinatonuadiesarresanaiug @aienianfladuanauTineIgns

El

1n1894ns AUIUFAIBEN  RIUIULIN ’é@mtmmﬁqmjwmﬁm@mmmﬂmmwﬁuﬁ:
(%) EU NA Mixed

nagns 227 15.4° 33.3 60.6 6.1

wNgns 144 37.5” 18.9 415 39.6

qngs 170 35.9% 22.9 65.6 1.5

ANTAYULNA 366 43.7° 39.9 46.2 13.9

ANIYU 203 26.6" 37.0 53.7 9.3

T
o = a o

FasnEIIUANANTY (@ b uar ¢ Aelumedudineatuanafelanuuanssed e liad Ay neaa

(P<0.05)
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a4 v o | e v o o o o ¢ & aa
M1519N 10 i@ﬂ@gm@\jm'J@ﬂ’]\'WﬂWN@UQﬂLL@gﬁﬂﬂ@357]@\7ZQ’]%]WHT];L?@VLQ?@W@']?@’]?L@'ZQLLHﬂqu@qﬂqﬁ\Wq\iﬂ@uﬂ

(TToymszuunadunala Lazssuuaunig)

AININNARLN UL RUIULIN (%) %@mwmﬁmﬂ'wﬁ'lﬁN@mmmﬂmwmﬂﬁuﬁ:
Anaeing
EU NA Mixed
FLULAUWUS 541 27.7° 23.8 55.8 20.4
sruumnaaungla 569 37.6° 39.2 48.1 12.7

T
o o =

FaBnEINLANANNTUY (@ b waz c) nalueesndinaaiununaielAuLANANNaE N NTEdATUN19a DA

(P<0.05)

d’ ;’i I
HAYBNTIEI YNNI

a oo s ANa a , N s s | Ae o o = &Y o

s fudaninaseaugnaeslsaianfanfieaetnaliedAty (jU7 3) Tnumsaany @ela¥adn
815073lea 35.1% (66/188) 32.7% (222/680) way 30.5% (170/558) lusheteiiléiannianzdusen na
nas uaznIandunnaesdssmelng mua1dy Tneanewugn 1 (53.3%) WUNINNgAa luN1AMLe Aeiugh
2 (57.8%) wuxnigalunianatsestszmelng dadouzesaariugn 2 inulunianzduesn namile nA

ArduaanReuie NARzIuan waznalfuestssmalne 1Eun 46.9% 55.6% 57.5% and 0% ATNATAL

29



519 3 Srwudedwuaienazaassietnainsanume lhiaienfenfieananauniniaseslssmelng

931I9T W.A. 2548-2553
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= )

HATENOANIA 1ADY kAT
pngnredlsaienfenfiealungfeu (34.9%) genanlugguunn (28.1%, P=0.018) usliiAdnu
: a4 s d : o
WANFNSANE A (34.0%, P=0.486) Inelunguutiuualiiniiazinangngendngguunn (P=0.062) (A13197
11) [uaunisamanudelhianianfanfiealuwsazineauliuandddlugli 4 Sewanslidiuinnisasanuime
Tafaien3enFleaingeluet NN AIFIRUNEIEUINAEUNINGIAN  UAIARET] AAAIATLAIRRUNINGIAN
Tilaudunauiunan (U 4) anugnasateliaienfenfiaadilanuuansnaiuluusdaz s Taawunan
Paalull w.A. 2548 uaz 2550 (113197 12) wazanuimdalofanenfenfieaniuanliluusasdifuandllugln
dl 1 o dg/ | '8 I'e dl % = 1 1 dl oI/ =K )
5 enudranuaniae lhiaienfendieanuanligaganulull wa. 2548 uavanadetnesialiiadaunsyianed]

1
=

W.A. 2552 dawlull w.e. 2553 wudndanuswinuaulainan (17 5)

120 -

100

80 -

60

40

20

Number of PRRSVY positive sample

0 T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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Abstract The objectives of the present study were to deter-
mine the prevalence of porcine reproductive and respiratory
syndrome virus (PRRSV) in Thailand between 2005 and
2010. The study was conducted by retrospectively investigat-
ing the detection of PRRSV from different pig types including
boars, sows, piglets, nursery pigs, and fattening pigs from six
regions of Thailand, i.e., the northern, eastern, northeastern,
central, western, and southern parts. The data were obtained
from cases submitted to the Chulalongkorn University
Veterinary Diagnostic Laboratory for PRRSV detection be-
tween 2005 and 2010. Frequency analyses and generalized
linear models were used to evaluate the prevalence of PRRSV
in relation to various factors. In total, 2,273 tissues (n=636),
semen (n=210) and serum (n=1,427) samples were included.
PRRSV was detected in 32.6 % (740/2,273) of the pigs. The
virus was found in 43.1 %, 15.7 %, and 30.3 % in the tissues,
semen, and serum samples, respectively (P<0.001). The prev-
alence of PRRSV was highest in 2005 (43.6 %) and lowest in
2009 (23.6 %) (P<0.001). The prevalence of PRRSV was
highest in nursery pigs (43.7 %) and lowest in boars (15.4 %)
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(P<0.001). The prevalence of PRRSV in the hot season
(34.9 %) was higher than that found in the cool season
(28.1 %, P=0.018) but did not differ significantly compared
to rainy season (34.0 %, P=0.486). The strain of PRRSV
isolated in the present study was genotype 2 (54.5 %), geno-
type 1 (31.0 %), and mixed genotypes (14.5 %). It can be
concluded that PRRSV was detected in the tissue samples
more frequently than the semen and serum samples. The
prevalence of PRRSV was high in the nursery pigs. A high
prevalence of PRRSV was found in the hot season, indicating
that climatic factors may also contribute to the prevalence of
PRRSV in Thailand. Of all the PRRSV detected, 31.0 %,
54.5 %, and 14.5 % belonged to genotype 1, genotype 2,
and mixed genotypes, respectively.

Keywords Pig - Reproduction - Prevalence - PRRSV -
RT-PCR

Introduction

Late pregnancy loss (e.g., late term abortion and premature
birth) in gestating gilts and sows is influenced by either
infectious or noninfectious causes. Under field conditions,
infectious agents directly cause reproductive disturbance in
adult female pigs accounting for 30-40 %, while noninfec-
tious causes (e.g., toxin, environment, and stress) account for
up to 60-70 % of the clinical observations (Maldonado et al.
2005). Over the past decades, major infectious agents causing
reproductive disturbance in pigs include porcine reproductive
and respiratory syndrome virus (PRRSV), Aujeszky’s disease
virus (ADV), porcine parvovirus (PPV), enterovirus, classical
swine fever virus, encephalomyocarditis and porcine circovi-
rus type 2 (PCV2) (O’Connor et al. 2001; Maldonado et al.
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2005; Tummaruk and Tantilertcharoen 2012). Infection with
these viruses leads to transplacental infection and cause fetal
mortality (Christianson 1992). In Spain, Maldonado et al.
(2005) investigated the prevalence of PRRSV, ADV, PPV,
and PCV2 infections in 293 tissue samples from 100 clinical
cases of sows with aborted fetuses and stillborn piglets and
could detect only 9 % of PRRSV and | % of PRRSV in
combination with PCV2, while neither ADV nor PPV was
detected. The authors stated that, under field conditions,
PRRSV remains the most common virus in aborted fetuses
and stillborn piglets in Spain.

In general, PRRSV is classified into two genotypes, i.c.,
European (EU, genotype 1) and North American (NA, ge-
notype 2) genotypes (Meng 2000). PRRSV develops and
replicates in the macrophage in the lung and other visceral
organs including the uterus of gilts (Karniychuk et al. 2011;
Olanratmanee et al. 2011b). The common reproductive
clinical symptoms of PRRSV infection include abortion,
premature birth, stillborn piglets, weak-born piglets and a
high pre-weaning mortality rate in suckling piglets due to
secondary infection (Baysinger et al. 1997; Lager et al.
2003; Scortti et al. 2006). PRRSV vaccination has been
introduced to many commercial pig farms around the world.
Nevertheless, the efficacy of PRRSV vaccine has not yet
been guaranteed in many countries and is still under inves-
tigation (Lager et al. 2003; Scortti et al. 2006; Martelli et al.
2009). Most of the modified live PRRSV vaccination trials
have been conducted in nursery and fattening pigs, while
limited number of the trials has been done in gestating gilts
and sows (Dewey et al. 1999; Scortti et al. 2006). In Canada,
it has been shown that the use of modified live PRRSV
vaccination causes reproductive failure in pregnant sows if
the vaccination is implemented during the last 4 weeks of
the gestation period (Dewey et al. 1999). The reproductive
failures induced by vaccination include a decrease in the
number of piglets born alive per litter, a decrease in the
number of weaning piglet and an increase in the proportion of
stillborn and mummified fetuses per litter (Dewey et al. 1999).
The efficiency of modified live PRRSV vaccination also
depends on the genetic variation of the PRRSV field strains
(Labarque et al. 2004). The antigenicity difference between
genotype 1 (EU) and genotype 2 (NA) strains is one of the
most important factors for unsuccessful vaccination in many
commercial pig herds. In general, the EU strain is similar to
the Lelystad virus in The Netherlands, while the NA strain is
similar to VR2332 virus in the USA. Moreover, a high
genetic variation within each strain is also found (Amonsin
et al. 2009).

In Thailand, many commercial swine herds are infected
with PRRSV and many strategies to control either respira-
tory or reproductive failures have been implemented.
Nevertheless, clinical problems as well as reproductive fail-
ure caused by PRRSV are still frequently observed under
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field conditions, and it has become one of the most impor-
tant diseases causing economic loss in the Thai swine in-
dustry over the last decade.

During 2011, 2,877,592 swine breeders (gilts, sows, and
boars) are registered to the department of livestock devel-
opment, ministry of agriculture and cooperative, Bangkok,
Thailand. Of these pigs, 10.2 %, 16.7 %, 20.1 %, 21.6 %,
19.9 %, and 11.5 % are distributed in the central, eastern,
northern, western, northern, and southern parts of Thailand,
respectively. Most of the swine herds are medium—large
independent farrowing-to-finishing producers. In general,
all segments of the swine commercial herds can submit the
samples to Chulalongkorn University Veterinary Diagnostic
Laboratory (CU-VDL) in Bangkok. However, most of the
cases are obtained from the central, eastern, and western
regions of Thailand due to a short distance between the farm
and the laboratory. In general, polymerase chain reaction
(PCR) is a method routinely used for PRRSV detection at
CU-VDL for many years. PCR is a method highly specific
for PRRSV detection. A direct detection of PRRSV can be
obtained via PCR based on reverse transcription of the viral
RNA coupled to DNA amplification by PCR (Suarez et al.
1994). This method has been stabilized for PRRSV detec-
tion in Thailand since 2004 (Thanawongnuwech et al.
2004). The objective of the present study was to retrospec-
tively investigate the prevalence of PRRSV in commercial
swine herds in Thailand between 2005 and 2010 in relation
to pig types, tissue sample, year, season, and herd locations.

Material and methods
Data

Data from 2,273 samples were collected from the CU-VDL,
Faculty of Veterinary Science, Chulalongkorn University,
Bangkok, Thailand during the period from January 2005
to December 2010. The samples were sent to the CU-VDL
for PRRSV detection. The types of sample were classified
into three groups including tissue (i.e., lung, tonsil, spleen,
liver, etc.) (n=636), semen (n=210), and serum (n=1,427).
Data included date of sample submission to the laboratory,
geographical location of the herds (northern, eastern, north-
eastern, central, western, and southern parts of Thailand),
and pig types (boars, sows, piglets, nursery pigs, and fatten-
ing pigs). The data were manually collected from the labo-
ratory registration book from 2005 to 2010; an individual
case was manually recorded in a computer software program
(Microsoft Excel 2007, WA, USA.). Types of sample and
pig types were identified from the registration and the his-
tory book of the submitted cases. Season of the year was
classified as hot (February-May), rainy (June-September)
and cool (October—January).
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Definition

Clinical cases were classified into two major groups, i.c.,
reproductive and respiratory problems. Semen samples from
boars as well as serum and tissue samples from boars, sows,
and suckling piglets were defined as “reproductive cases,”
and samples from nursery and fattening pigs were defined as
“respiratory cases.” Cases submitted as pooled samples
were regarded as one single case. The results of PRRSV
detection were regarded as a binomial trait, i.e., ‘0’ was
PRRSV negative and ‘1° was PRRSV positive samples.
The identified genotype of the virus was classified into three
categories, i.e., genotype 1, genotype 2, and mixed geno-
types (i.e., both genotypes 1 and 2 were detected).

Reverse transcriptase—polymerase chain reaction

The detection of PRRSV was conducted by routine reverse
transcriptase—polymerase chain reaction (RT-PCR) at the
CU-VDL as described by Thanawongnuwech et al. (2004).
Briefly, one-step RT-PCR (Qiagen, USA) was used to am-
plify the common genome of ORF 1b using the thermoreg-
ulator PTC-200 (MJ Research, USA). A total of 2 pL of the
PCR product was utilized as a template in the nested mul-
tiplex PCR with the same conditions. The sizes of the
expected multiplex PCR products (ORF 1b) were 186 and
107 bp for genotypes 1 and 2, respectively. Positive control
of both genotypes 1 and 2 were included in each analysis.
The Lelystad and SVI275 viruses were used as the positive
controls for genotype 1 and 2, respectively. The viral detec-
tion result of each case was also identified as genotype 1,
genotype 2, and mixed genotypes. A phylogenetic tree of
PRRSV isolated in Thailand and published in NCBI data-
base during 2003-2011 (62 Thai isolates nucleotide se-
quence of ORFS5 gene and 13 isolates from other
countries) was analyzed by MEGA 5.5 and was constructed
by neighbor joining method and proved by bootstrap
method.

Statistical analyses

The statistical analyses were carried out using SAS (SAS
version 9.0, Cary, NC, USA.). Frequency analysis was con-
ducted for the presence or absence of PRRSV and the
frequency of each genotype (genotypes 1, 2, and mixed
genotypes) using PROC FREQ of SAS. The prevalence of
PRRSV detection in each category was expressed as a
percentage. The generalized linear models were conducted
to evaluate the effect of various factors that influence the
prevalence of PRRSV using the generalized linear model
procedure (PROC GENMOD) of SAS. The generalized
linear models allowed the mean of a population to depend
on a linear predictor through a nonlinear link function. The

statistical models included three logistic models for binary
data. Generalized estimating equations were used to analyze
the data. Three statistical models were conducted to analyze
the influence of multiple factors influencing the proportion
of PRRSV detection. Model 1 included the effect of sample
types (tissue, semen, and serum), the pig types (boars, sows,
piglets, nursery pigs, fatteners, and unidentified group)
nested within samples types, the year of the sample collec-
tion (2005-2010), the month of the sample collection
(January to December) and the herd location (northern,
eastern, northeastern, central, western, and southern parts).
Model 2 included the effect of clinical cases (reproductive
and respiratory cases), year, month, and herd location.
Model 3 included the effect of sample types (tissue, semen,
and serum), the pig types (boars, sows, piglets, nursery pigs,
fattening pigs, and unidentified group) nested within sample
types, year, season (hot, rainy, and cool), and herd location.
The binomial data were transformed to logit number, and
least square means were estimated based on binomial dis-
tribution analyses. Maximum likelihood fitting method was
used to estimate the scale parameter; the scaled deviance
was used to assess the statistical models. The least square
means were compared using least significant different test.
P<0.05 were regarded to be statistically significant.

Results
PRRSYV detection

Of all the samples (n=2,273), PRRSV was found in 740
samples (32.6 %). The percentage of PRRSV detection
differed among types of samples (Table 1). A higher per-
centage of PRRSV was found in the tissue sample (43.1 %)
than the semen (15.7 %, P<0.001) and the serum samples
(30.3 %, P=0.002). The percentage of PRRSV detection in
semen was lower than in the serum samples (P=0.02)
(Table 1). PRRSV was found in 15.4 % (35/227) of the
boars, 37.5 % (54/144) of the gilts and sows, 35.9 % (61/
170) of the piglets, 43.7 % (160/366) of the nursery pigs,

Table 1 Percentage of positive samples and percentage of PRRSV
strains by type of sample

Type of Number of Number positive  Percent of positive
sample samples (%) samples by strain
EU NA Mixed
Tissue 636 43.1a 237 62.6 137
Semen 210 15.7b 29.0 645 6.5
Serum 1,427 30.3¢c 355 488 157
All 2,273 32,6 31.0 545 146

Different letters within a column differ significantly (P<0.05)

@ Springer



774

Trop Anim Health Prod (2013) 45:771-779

and 26.6 % (54/203) of the fattening pigs (Table 2). The
percentage of PRRSV-positive samples obtained from res-
piratory cases (37.6 %) was higher than those from repro-
ductive cases (27.7 %) (Table 3). The percentages of
PRRSV-positive samples by strain for both reproductive
and respiratory cases are present in Table 3.

Effect of herd location

Herd location significantly influenced the prevalence of
PRRSV (Fig. 1). PRRSV was detected in 35.1 % (66/188),
32.7 % (222/680), 30.5 % (170/558) of the samples collect-
ed from the eastern, central, and western parts of Thailand,
respectively. Of the positive samples, the highest proportion
of genotype 1 (53.3 %) was found in the northern part, while
the highest proportion of genotype 2 (57.8 %) was found in
the central part of Thailand. The proportions of genotype 2
were 46.9 %, 55.6 %, 57.5 %, and 0 % in the eastern,
northern, northeastern, western, and southern parts of
Thailand, respectively.

Effect of season, month, and year

The prevalence of PRRSV in the hot season (34.9 %) was
higher than that found in the cool season (28.1 %, P=0.018)
but did not differ significantly compared to rainy seasons
(34.0 %, P=0.486). The prevalence of PRRSV in the rainy
season tended to be higher than that found in the cool season
(P=0.062) (Table 4). The number of PRRSV detections by
month is demonstrated in Fig. 2. As shown in the figure, the
detection of PRRSV dramatically increased from April to
July and then slowly declined from July to December
(Fig. 2). The prevalence of PRRSV also differed among
years. The prevalence of PRRSV in 2005 and 2007 was
significantly higher than other years (Table 5). Number of
PRRSYV isolations by years is presented in Fig. 3. It was
found that the highest number of PRRSV isolations was
observed in 2005 and then continuously declined until

Table 2 Percentage of positive samples and percentage of PRRSV
strains by pig types

Pig types Number of Number positive  Percent of positive
samples (%) samples by strain
EU NA Mixed

Boar 227 15.4a 333 60.6 6.1
Sow 144 37.5bc 189 415 396
Piglet 170 35.9bc 229 656 115
Nursery 366 43.7¢ 399 462 139
Fattening pig 203 26.6b 37.0 537 9.3

Different letters within a column differ significantly (P<0.05)
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Table 3 Percentage of positive samples and percentage of PRRSV
strains by clinical problems (reproductive and respiratory problems)

Clinical Number of Number Percent of positive
problems samples positive (%) samples by strain
EU NA Mixed
Reproductive 541 27.7a 23.8 55.8 204
Respiratory 569 37.6b 39.2 48.1 127

Different letters within a column differ significantly (P<0.05)

2009. In 2010, a slight increase in the number of PRRSV
isolations was observed (Fig. 3).

PRRSV genotypes

The genotypes of PRRSV isolated in the present study are
demonstrated in Table 1. Of all the isolations (n=740),
genotype 1, genotype 2, and mixed genotypes accounted
for 31.0 %, 54.5 %, and 14.6 %, respectively. However, the
proportion of PRRSV genotypes varied according to type of
the sample (Table 1), the age group of the pigs (Table 2),
clinical symptoms (Table 3), regions, seasons (Table 4), and
years (Table 5). For instance, 64.5 % of the PRRSV that
were isolated from semen was classified as genotype 2,
while only 48.8 % of the virus isolated from serum was
classified as genotype 2. PRRSV genotype 2 was found in
55.8 % of the cases associated with reproductive problems,
while it was found in 48.1 % of the cases involving respi-
ratory problems (Table 3). The detection of mixed geno-
types was found in 20.4 % of the samples collected from
reproductive problems cases (boars, sows, and piglets) and
in 12.7 % of the samples collected from respiratory prob-
lems cases (nursery pigs and fattening pigs). Furthermore,
the percentage of PRRSV genotypes varied among years. In
2005, PRRSV genotype 2 was detected in 39.8 % of the
samples, while in 2010, PRRSV genotype 2 was detected in
up to 95.5 % of the samples (Table 5). Interestingly, the
proportion of PRRSV genotype 2 dramatically increased
from 2008 onwards (Table 5). A phylogenetic tree of
PRRSYV isolated in Thailand is presented in Fig. 4.

Discussion

PRRSV has been serologically detected in Thai commercial
swine herds since 1989 (Oraveerakul et al. 1995).
Nowadays, both genotypes 1 (EU) and 2 (NA) have been
isolated and have been comprehensively investigated in
Thailand over the last decade (Thanawongnuwech et al.
2004; Amonsin et al. 2009; Thanawongnuwech and
Suradhat 2010). During 2000-2003, a study based on 137
PRRSYV isolates in Thailand found that 66.4 % of the
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Fig. 1 Number of samples and
percentage of positive samples
of PRRSV by region in
Thailand during 2005-2010

PRRSV isolated belong to genotype 1 and 33.6 % belong to
genotype 2 (Thanawongnuwech et al. 2004). In contrast, the
present study revealed that genotype 2 has become domi-
nantly seen during 2005-2010, especially from 2008 on-
wards. In general, most of the great grandparent stock of
pigs in Thailand was imported from Europe, especially from

Denmark. Therefore, the PRRSV genotype 1 might have
been introduced from European countries. However, in
2007, the PRRSV modified live virus vaccine belonging to
genotype 2 was registered and became commonly practiced
in the Thai commercial swine herds. PRRSV genotype 2,
therefore, might have been quickly distributed due to the
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Table 4 Percentage of positive samples and percentage of PRRSV
strains by season

Table 5 Number of samples, percentage of positive samples and
percentage of PRRSV strains in Thailand from 2005 to 2010

Season Number of Number positive (%) Percent of positive Year Number of samples Number positive (%) Percent of positive
samples samples by strain samples by strain

EU NA  Mixed EU NA Mixed
Cool 665 28.1a 213 70.5 8.2 2005 530 43.6a 385 39.8 217
Hot 667 34.9b 33.1 508 16.1 2006 630 26.5b 415 438 1438
Rainy 941 34.0ab 349 479 171 2007 357 43.4a 31.8 48.0 20.1
- . ] - 2008 307 25.1¢c 11.8 86.8 1.3
Different letters within a column differ significantly (P<0.05) 2009 182 23.6¢ 190 786 24
2010 267 25.1bc 46 955 0.0

implementation of the PRRSV modified live virus vaccine
in many commercial swine herds in Thailand since then.
Additionally, PRRSV genotype 2 was introduced to
Denmark after 1996 due to the use of PRRSV modified live
virus vaccination based on genotype 2 of virus (Mortensen
et al. 2002). Since then, both genotypes 1 and 2 of PRRSV
have been also widely distributed among the Danish swine
herds and also in some neighboring European countries
(Beilage et al. 2009; Noremark et al. 2009). It is well
documented that viral shedding from vaccinated pigs is
commonly observed during the first few weeks after PRRS
modified live virus vaccination (Alexopoulos et al. 2005;
Scortti et al. 2006; Kim et al. 2009; Thanawongnuwech and
Suradhat 2010; Olanratmanee et al. 2011a). Hence, the
PRRSYV isolates in the present study might, at least in part,
belong to the vaccine strain. The isolation of the vaccine
strain of PRRSV under field conditions has been shown by a
genetic analysis on ORF5 of PRRSV in Korea (Kim et al.
2009). Furthermore, the high frequency of PRRSV detection
during this period indicates that PRRS is a common disease
in the commercial swine herds of Thailand.

In the present study, detection of a single genotype of
PRRSV (either genotype 1 or genotype 2) was more com-
mon than mixed genotypes. The detection of mixed geno-
types was found in the samples collected from reproductive
problem cases (boars, sows, and piglets) more than those

Fig. 2 Number of PRRSV
detection by month
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Different letters within a column differ significantly (P<0.05)

collected from respiratory problem cases (nursery pigs and
fattening pigs). The reasons might be that sows and boars, in
most cases, stay in the herd for a longer period than nursery
pigs and fattening pigs. Thus, they might have been exposed
to several more PRRSV genotypes than nursery pigs or
fattening pigs. Recently, Tummaruk and Tantilertcharoen
(2012) demonstrated that replacement gilts have been ex-
posed to PRRSV rather early in their life, either before,
during, or after acclimatization as indicated by the serocon-
version against PRRSV both in non-vaccinated and vacci-
nated herds. Furthermore, the replacement gilts are an
important source of introducing a new strain of PRRSV into
the breeding herds. Olanratmanee et al. (2011b) demonstrat-
ed that the virus could be found in the uterine tissue of gilts
with either high or low antibody titer up to 11 months of
age. Furthermore, in some cases, coinfection of PRRSV and
PPV and/or ADV might possibly occur in the replacement
gilts (Tummaruk and Tantilertcharoen 2012). This may
cause a more complicated situation and lead to inferior
subsequent reproductive performance in the gilts because
PRRSYV has been regarded as an immune suppressive path-
ogen (Thanawongnuwech and Suradhat 2010). These stud-
ies imply that understanding the factors that influence the

Mar  Apr May Jun Ju Aug Sep Oct Nov Dec
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prevalence of PRRSV is an important issue to be addressed
in order to modify the management strategy of PRRSV
control in Thailand.

North Amercan strain

In the present study, an increase in the number of PRRSV
detections was found from April to July. This synchronized
with an increase of infertility problems in gilts and sows
mated during this period of the year (Tummaruk et al. 2004;
Tummaruk et al. 2010a,b). Tummaruk et al. (2010a) has
demonstrated that gilts and sows that were mated during
the hot season and farrowed during late autumn and the cool
season had a significantly lower number of total piglets born
per litter than gilts and sows that were mated in cool season.
These findings indicate that an increment in the viral detec-
tion during hot season may possibly contribute to a poor
reproductive performance of gilts and sows mated during
hot season in Thailand. In addition, during hot seasons, the
temperature—humidity index is relatively high (Tummaruk
et al. 2010a), and this could possibly induce moderate to
severe heat stress in the pigs. Viremia as well as viral
infections might be easily obtained from an animal under
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stress due to its immunosuppressive conditions (Suradhat
2006). Furthermore, both high temperature and high humid-
ity could be the favorable climatic condition for airborne
transmission of the virus.

In Thailand, both genotype 1 and genotype 2 of PRRSV
exist among Thai swine herds. The proportion of genotype 1
and 2 PRRSV also varies among regions. In general, the
breed of pigs and management are similar among regions.
However, the distribution of swine herds in northern and
southern regions is not as dense as those in the western,
eastern, and central regions. The climates are also different
between the northern and southern regions. The relative
humidity as well as the rain is more common in the southern
than in the northern regions. In the northern and southern
part of Thailand, genotype 1 can be isolated more frequently
than genotype 2. On the other hand, genotype 2 is more
dominant than genotype 1 in the rest of the country. This is
in agreement with earlier studies in Thailand
(Thanawongnuwech et al. 2004; Amonsin et al. 2009).
However, genotype 2 of PRRSV is the dominant strain of
PRRSV in other Asian countries, e.g., China (Li et al. 2010),
Japan (Yoshii et al. 2005) and Korea (Cha et al. 2006; Kim
et al. 2009). Li et al. (2010) analyzed the genetic diversity of
66 Chinese PRRSYV field strains isolated from 1996 to 2009
and found that all of the tested samples belonged to geno-
type 2. Furthermore, the highly pathogenic PRRSV strains
causing a high mortality rate in pigs in China in 2006 and in
Southeast Asia in 2009-2010 also belonged to genotype 2
(Zhou and Yang 2010). In many countries in Europe, both
genotypes 1 and 2 of PRRSV have also been detected
(Mortensen et al. 2002; Beilage et al. 2009). But the pres-
ence of NA strains among European countries is, in most
cases, associated with the introduction of North American
type modified live virus vaccine (Mortensen et al. 2002;
Beilage et al. 2009). In Germany, a study of postmortem
examinations in 902 pigs found that 18.5 % of the samples
were positive for wild-type EU strains, while EU and NA
genotype vaccine viruses were also detected in 1.3 % and
8.9 % of the tissue samples, respectively (Beilage et al.
2009). These findings indicate that PRRSV genotypes in
Thailand are closely related to European countries rather
than other Asian countries and North America. A recent
study on a complete nucleotide sequence of the Thai
PRRSYV isolates has suggested that the Thai EU isolate is
likely to have evolved from the EU prototype, whereas the
Thai NA isolate may originate from the vaccine virus or its
derivatives (Amonsin et al. 2009). In addition, a recent
phylogenetic study on PRRSV isolated in Thailand indicat-
ed that at least four independent introductions of PRRSV
genotype 1 and three independent introductions of PRRSV
genotype 2 had been observed (Tun et al. 2011). These
findings indicate that PRRSV has been introduced to
Thailand many times from both Europe and North
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America. The difference of PRRSV strains among regions
might also be due to the fact that the Thai swine producers
regularly import live pigs and/or semen from European
countries for genetic improvement purposes. In addition, the
North American type of the modified live virus vaccine are
also continuously imported and have become nowadays com-
mercially available in Thailand. Since the vaccine was regis-
tered in Thailand in 2007, the genotype 2 of PRRSV has
become the most common genotype of the PRRSV isolates.
The present study revealed that 78-95 % of the PRRSV
isolated from 2008 to 2010 belong to genotype 2 (NA).

The limitations of the present study included the use of data
from diagnostic laboratory to describe disease prevalence. The
samples were mostly obtained from cases with suspicious
PRRSV problems. Hence, the prevalence might be relatively
high. Furthermore, the present data set was only based on
samples collected from producers and veterinarians that
choose to submit specimens to CU-VDL. Data from other
laboratories were not included. Nevertheless, the CU-VDL
is situated in the central part of Bangkok, and it is independent
from private companies and producers. Thus, the analyses can
be accomplished without any conflict of interest.

It can be concluded that the prevalence of PRRSV in
Thailand between 2005 and 2010 accounted for 32.6 % of
the cases submitted for viral detection. The prevalence of
PRRSV varied according to the type of sample, the age
group of the pigs, season, year, and herd location. PRRSV
was detected in the tissue samples more frequently than the
semen and serum samples. A high prevalence of PRRSV
detection was found in the nursery pigs. A high prevalence
of PRRSV was found in the hot season, indicating that
climatic factors may also contribute to the prevalence of
PRRSV in Thailand. Of all the PRRSV detected, 31.0 %,
54.5 %, and 14.5 % belonged to genotype 1, genotype 2,
and mixed genotypes, respectively.
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Abstract This study assessed the effect of whole-herd por-
cine reproductive and respiratory syndrome (PRRS)
modified-live virus (MLV) vaccination on herd-level repro-
ductive performance, PRRS virus (PRRSV) viremia, and
antibody in a subset of females in a 1,200-sow commercial
herd in Thailand. Following a PRRSV outbreak, the entire
herd was vaccinated with PRRS MLV twice at 3-week
intervals and at 3-month intervals, thereafter. Reproductive
performance data over a 3-year period were available for
analysis. Serum samples were collected before and after
vaccination and tested by PRRSV ELISA and reverse
transcription-polymerase chain reaction. Vaccination was
statistically associated with a lower abortion rate (1.4 vs.
1.6 %), farrowing rate (83.8 vs. 90.0 %), total born (10.6 vs.
11.4 piglets/litter), liveborn (10.0 vs. 10.3 piglets/litter),
stillbirths (4.6 vs. 7.0 %), mummies (0.7 vs. 1.6 %), and a
higher return rate (11.3 vs. 5.9 %) when compared with the
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period before the PRRSV outbreak. Pregnant females vac-
cinated during early gestation farrowed fewer liveborn and
more mummies than the comparison group, whereas
females vaccinated during late gestation had a lower farrow-
ing rate. In this herd, PRRS whole-herd vaccination had
neutral, positive, and negative effects on reproductive per-
formance. Thus, the decision to implement whole-herd vac-
cination should be balanced between the benefits derived
from reproductive performance improvements, e.g., fewer
abortions, stillborn piglets, and mummified fetuses, and the
effect of vaccination on pregnant females.

Keywords PRRSV - Modified-live virus vaccine -
Whole-herd vaccination - Reproductive performance -
Gestation

Introduction

Porcine reproductive and respiratory syndrome (PRRS) is
caused by PRRS virus (PRRSV), a member of family
Arteriviridae. In general, PRRSV infection in pregnant gilts
and sows is characterized by late-term abortions and an
increase in mummified fetuses per litter, stillborn piglets
per litter, and low viability piglets at birth (Chung et al.
1997). The disease was reported for the first time in the
USA in 1987, and the virus was identified for the first time
in Lelystad, the Netherlands, in 1990 (Wensvoort et al.
1991). In 1992, PRRSV was divided into two genotypes,
i.e., types 1 (European genotype) and 2 (North American
genotype) on the basis of genetic, antigenic, and pathogenic
differences (Meng 2000).

To date, PRRSV has been found in most major pig-
producing areas throughout the world (Zimmerman et al.
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2006). A retrospective serological study determined that
PRRSV was present in Thailand since 1989 (Damrong
watanapokin et al. 1996) and in 1995, it was estimated that
64 % of the commercial swine herds in Thailand were
PRRSV-infected (Oraveerakul et al. 1995). Both types 1
and 2 PRRSV genotypes have been isolated in Thailand
(Thanawongnuwech et al. 2004).

In the PRRSV-endemic herds, the presence of subpopula-
tions of susceptible pigs may lead to the continual circulation
of PRRSV. Herd closure, gilts acclimatization, and whole-
herd exposure to wild-type virus or vaccines have been rec-
ommended to eliminate these subpopulations (Cano et al.
2007a, b). The types of PRRSV vaccine available in
Thailand include both modified-live virus (MLV) and inacti-
vated virus vaccines. The use of vaccination to immunize pigs
has been evaluated, in most cases, at the individual pig level
and in nursery populations (Martelli et al. 2009). It has been
demonstrated that PRRS MLV vaccination can reduce lung
lesions in the PRRSV-infected pig and decrease the level and
duration of viremia after challenge with homologous virus
(Foss et al. 2002; Mengeling et al. 2003). In addition, PRRS
MLV vaccination of the entire herd (whole-herd vaccination)
was shown to reduce the persistence and duration of the viral
shedding, even though wild-type virus was not eliminated
(Cano et al. 2007a, b). However, the effect of PRRSV vacci-
nation varies among herds (Alexopoulos et al. 2005; Martelli
et al. 2007) and, furthermore, limited information is available
on reproductive performance in pregnant gilts and sows fol-
lowing PRRS MLV vaccination. Therefore, the objective of
the present study was to monitor the PRRSV status (antibody
and viremia) of a subset of gilts and sows and the herd-level
reproductive performance over time of a PRRSV-positive
breeding herd following whole-herd PRRS MLV vaccination.

Materials and methods
Project design

Reproductive data were collected in a commercial breeding
herd prior to, during, and after a PRRSV outbreak and mass
vaccination of gilts and sows with a PRRSV MLV vaccine
(Ingelvac® PRRS MLV, Bochringer-Ingelheim Vetmedica,
Inc., St. Joseph, Missouri). The data were analyzed for the
effect of mass vaccination on (1) PRRSV ELISA response
and viremia, (2) fertility parameters (farrowing rate, return
rate, and abortion rate), and (3) litter parameters (total born,
live born, stillbirths, and mummified fetuses).

Herd management and vaccination protocols

The study was conducted in a 1,200-sow commercial breed-
ing herd in central Thailand in which in-herd replacement
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gilts were produced using grandparent stock. Replacement gilts
were acclimatized at 22—-30 weeks of age, before entering the
breeding herd and were assumed to be PRRSV positive. Gilts
and sows were housed in a conventional open housing system,
i.e., slatted floors and open sides, and the herd health manage-
ment program was under the supervision of a herd veterinarian.
Gilts and sows had never been vaccinated against PRRSV but
did receive vaccines against foot-and-mouth disease (2 weeks
before farrowing), classical swine fever (2 weeks after farrow-
ing), Aujeszky’s disease (mass vaccination every 4 months),
and porcine parvovirus (gilts prior to placement in breeding
herd, then 2 weeks after farrowing every 3rd parity).

PRRSV monitoring data

Gilts and sows (n=20-30) were tested biannually using a com-
mercial PRRS ELISA assay (HerdChek® PRRSV antibody test
kit 2XR®, IDEXX Laboratories, Inc., Westbrook, Maine) for
the 3 years prior to the PRRSV outbreak. Based on monitoring
results, the herd was considered PRRSV positive, but stable. At
the beginning of January 2009, reproductive failure character-
ized by abortions in gilts and sows mated during October to
December 2008, increased return to estrus after mating, and
increased mortality in suckling and weaned piglets were noted.
In January 2009, a type 2 PRRSV was detected by reverse
transcription-polymerase chain reaction (RT-PCR) in serum
samples from sows and piglets submitted for testing at the
Veterinary Diagnostic Laboratory, Chulalongkorn University
(Bangkok, Thailand).

PRRSYV vaccination and blood collection

On 15 May 2009, all gilts and sows in the herd were vacci-
nated with a PRRSV MLV vaccine at 3-week intervals, i.e.,
weeks 0 and 3. Thereafter, all gilts and sows (both pregnant
and nonpregnant) were vaccinated every 3 months.
Concurrently with the first PRRS vaccination, six age groups
composed of six animals each were selected for PRRSV
monitoring: (1) 7- to 8-month-old replacement gilts, (2) 9- to
11-month-old breeding gilts, (3) parity one sows, (4) parity 2
sows, (5) parity 3—4 sows, and (6) parity 5—6 sows. Blood
samples were collected from these 36 animals one day before
PRRSV vaccination and then 2, 5, 9, 12, and 18 weeks after
the first vaccination. Blood samples were allowed to clot at
room temperature, after which serum was harvested and either
tested immediately for PRRSV antibodies or stored at —20 °C
for later testing. Serum samples (n=6) were pooled by age
group and tested immediately by PRRSV RT-PCR.

PRRSV antibody and RT-PCR assay

Individual serum was tested for PRRSV antibody using a
commercial assay performed according to the manufacturer’s
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protocol. Pooled serum samples were tested for PRRSV using
a commercial RT-PCR assay (AccessQuick™ RT-PCR sys-
tem, Promega Corporation, Madison, Wisconsin) capable of
amplifying open reading frame 7 of either type 1 or 2 PRRSV
genotypes. The reaction consisted of upstream and down-
stream primers (Amonsin et al. 2009), avian myelobalastosis
virus reverse transcriptase (Promega Corporation), and RNA
template. The reverse transcription and PCR amplification
conditions were performed according to kit instructions. The
amplified products and standards (GeneRuler™ 100 bp DNA
Ladder, Fermentas Inc., Glen Burnie, Maryland) were electro-
phoresed on 1.0 % agarose gel and stained with ethidium
bromide. PRRSV genotypes were differentiated on the basis
of the size of the products, i.e., 390 bp for type 1 and 430 bp
for type 2 genotypes.

Reproductive performance dataset

Reproductive performance data were collected for the peri-
od from July 2007 to June 2010 from breeding productivity
records (PigCHAMP®, version 4.10, Minnesota). The data
dictionary was based on conventional definitions of industry
terms and formulas. A mating was defined as the insemina-
tion of a gilt/sow during a 10-day estrus period and a service
included one or more mating events during estrus (Takai and
Koketsu 2009). Return-to-estrus, abortion, and farrowing
were defined as binomial traits (0, 1). The farrowing rate
(FR), the return rate (RR), and the abortion rate (AR) were
calculated as the number of females that returned to estrus or
aborted or farrowed divided by the number of mated females
multiplied by 100. Total born per litter (TB) was defined as
the sum of born alive (BA) plus the number of stillborn
piglets (SB) plus the number of mummified fetuses (MM).
The percentage of SB and percentage of MM were calcu-
lated as the number of SB or MM divided by TB multiplied
by 100. Pregnant females were classified in terms of
PRRSV vaccination status relative to the blanket vaccina-
tion that occurred on 15 May 2009: (1) 0 to 30 days of
gestation at the time of blanket vaccination; (2) 31 to 60 days
of gestation; (3) 61 to 90 days of gestation; and (4) vacci-
nation at >90 days of gestation. The raw data consisted of
8,162 matings and 6,975 farrowing records from 2,543
sows. Records with missing data were removed from the
dataset, leaving a total of 7,914 matings and 6,793 farrow-
ings from 2,337 sows for the analysis. Records included sow
identity, parity number at service, mating date, number of
inseminations, mating result, days until the sow returned to
estrus after mating, farrowing date, TB, BA, SB, and MM.

Statistical analyses

Statistical analyses were performed using SAS statistical
software (SAS® version 9.0, SAS® Institute, Inc., Cary,

North Carolina). Initially, fertility parameters (RR, AR,
and FR) and litter parameters (TB, BA, SB, and MM) were
analyzed for differences over time, i.e., before PRRSV
infection (July 2007 to June 2008), during PRRSV field
infection (July 2008 to June 2009), and after vaccination
(July 2009 to June 2010), PRRSV vaccination status, parity
(0, 1, 2—4, and >5), parity by time, and parity by vaccination
status using generalized linear-mixed models. Tukey—
Kramer adjustments were used for multiple comparisons.
P<0.05 was considered statistically significant. Quantitative
serum ELISA responses (S/P ratios) were evaluated by week
of collection (0, 2, 5, 9, 12, and 18) using paired ¢ tests. The
qualitative ELISA response (positive vs. negative) was an-
alyzed by logistic regression using generalized linear-mixed
models that included the week of sample collection (0, 2, 5,
9, 12, and 18) and female classification (replacement gilt,
bred gilt, and sow parity numbers 1, 2, 3-4, and 5-6).

Results
Serum testing results

No viremic animals were detected by PRRSV RT-PCR
either before or after PRRS vaccination. Among the 36
animals monitored over time, 88.9 % (32/36) were PRRS
ELISA antibody positive prior to vaccination (Table 1).
After mass vaccination, the percentage of seropositive ani-
mals in this group ranged from 85.3 % to a high of 94.4 %
for the 18 weeks over which the animals were monitored.
Mean ELISA S/P ratios varied from 1.61 prior to vaccina-
tion to 1.23 at week 18 post-vaccination.

Reproductive performance

Herd fertility parameters (FR, RR, and AR) and litter param-
eters (TB, BA, SB, and MM) over time are summarized in
Fig. 1a, b and Tables 2 and 3, respectively. Before the
PRRSV outbreak, FR, AR, RR, SB, and MM were 90.0,
1.6,5.9, 7.0, and 1.6 % respectively, while TB and BA were
11.4 and 10.3 piglets per litter, respectively. During the
outbreak, especially November 2008 to January 2009, a
high AR (16.7 %) and a low FR (71.2 %) were observed.
The lowest TB and BA, 9.7 and 8.3 piglets/litter, respec-
tively, and the highest MM (8.4 %) were observed in gilts
and sows that farrowed in April 2009 (mated in January
2009). During the PRRSV outbreak, reproductive parame-
ters were significantly affected compared with pre-outbreak
levels, i.e., FR (83.9 vs. 90.0 %, P<0.001), AR (5.2 vs.
1.6 %, P<0.001), RR (8.0 vs. 5.9 %, P=0.048), TB (10.9
vs. 11.4 piglets/litter, P<0.001), BA (9.9 vs. 10.3 piglets/
litter, P<0.001), and MM (2.2 vs. 1.6 %, P=0.004).
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Table 1 Serum testing results

by week post-vaccination Weeks PRRS ELISA (mean S/P ratio) ELISA positive PRRSV RT-PCR
0 1.61+£0.19 a, b 32/36 (88.9 %) a Negative
2 1.88+0.16 a 34/36 (94.4 %) a Negative
5 1.47+0.16 b 31/36 (86.1 %) a Negative
Different lowercase letters (aand 2 1.32£0.15b 32/36 (88.9 %) a Negative
b) within columns indicate sta- 12 1.46+0.17 b 29/34 (85.3 %) a Negative
tistically significant differences 18 1.2340.07 b 31/33(93.9 %) a Negative

(P<0.05)

Following vaccination against PRRSV, the AR decreased
from the outbreak period (1.4 vs. 5.2 %, P<0.001) and
returned to pre-outbreak levels (1.4 vs. 1.6 %, P>0.05),
whereas RR remained higher than before the outbreak
(11.3 vs. 5.9 %, P<0.001) or during outbreak (11.3 wvs.
8.0 %, P<0.001) (Table 2). The FR did not differ from the
outbreak period (83.8 vs. 83.9 %, P>0.05), but it remained
lower than before the outbreak (83.8 vs. 90.0 %, P<0.001)
(Table 2). TB and BA were lower than before outbreak (10.6
vs. 11.4 piglets/litter, P<0.001 and 10.0 vs. 10.3 piglets/
litter, P=0.012, respectively) (Table 3). However, while TB
was lower than during the outbreak period (10.6 vs. 10.9
piglets/litter, P=0.015), BA was higher (10.0 vs. 9.9 piglets/
litter, P=0.012) (Table 3). SB and MM were both lower than
before the outbreak (4.6 vs. 7.0 %, P<0.001 and 0.7 vs.
1.6 %, P<0.001, respectively) and during outbreak (4.6 vs.
6.1 %, P<0.001 and 0.7 vs. 2.2 %, P<0.001, respectively)
(Table 3). Preweaning mortality before the outbreak, during
the outbreak, and following PRRS MLV vaccination was

Fig. 1 a Farrowing rate (FR),

4.7, 8.5, and 4.4 %, respectively. These estimates are based
on pre-outbreak piglet numbers of 24,302 (BA) and 23,254
(weaned), outbreak piglet numbers of 20,999 (BA) and
19,217 (weaned), and post-vaccination numbers of 23,228
(BA) and 22,196 (weaned).

After PRRS vaccination, FR, BA, and MM varied by the
state of gestation at the time of vaccination (Tables 4 and 5).
Gilts and sows vaccinated at >90 days of gestation had a
lower FR than those vaccinated at 0-30 (77.3 vs. 88.3 %,
P=0.008), 31-60 (77.3 vs. 85.1 %, P=0.055), and 61—
90 days of gestation (77.3 vs. 84.7 %, P=0.176) (Table 4).
RR and AR were not significantly different among PRRSV
vaccination status, although numeric differences were ob-
served. Likewise, FR, RR, and AR varied by parity, but
were not statistical significant (Table 4). BA was lowest (9.2
piglets/litter) and MM was highest (5.3 piglets/litter) in
females vaccinated at 0—30 days of gestation (Table 5).
However, TB and SB did not differ by parity or stage of
gestation at the time of vaccination.
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Table 2 Comparison of fertility
parameters by parity over time

Fertility parameters

Year 1

(July 2007-June 2008

Year 2
(July 2008—June 2009

Year 3
(July 2009—June 2010

(before outbreak)) (during outbreak)) (post-vaccination))
Number of sows 1,332 1,253 1,452
Number of mating 2,582 2,540 2,792
Farrowing rate (%) 90.0 a 839D 83.8b
Parity 0 86.6 a 87.0 a 872 a
Parity 1 912 a 844 a 858 a
Parity 2-4 91.5a 82.1b 843 b
Parity >5 88.0a 84.6 a,b 783 b
Return rate (%) 59a 8.0a 113 Db
Parity 0 75a 84a 10.1 a
Parity 1 S54a 8.6a 109 a
Parity 2-4 54a 89b 10.0 b
Clinical signs suggestive of PRRS Parity =5 6.0 a 55a 14.8 b
in late 2008, with virus detected in Abortion rate (%) 1.6 a 52b 14a
005, PRRS MLV vaceimaion 719 L8 a 283 Loa
begun 15 May 2009. Different Parity 1 13a 44a 1.0a
lowercase letters (a and b) across Parity 2—4 14 a 59b 1.7a
rows indicate statistically signifi- Parity >5 29a,b 6.5b 16 a

cant differences (P<0.05)

Discussion

In general, the reproductive performance of this herd was
good relative to its peers in Thailand (Olanratmanee et al.
2010; Tummaruk et al. 2010). However, a decline in repro-
ductive performance, i.e., an increase in abortions and mum-
mified fetuses, was noted for several months before the use
of the PRRSV vaccine. The decline in reproductive parameters

was attributed to PRRSV based on the clinical experience of
the herd veterinarians and the results of diagnostic testing, e.g.,
positive PRRSV RT-PCR testing. These data justified the de-
cision to vaccinate the entire sow herd with PRRSV MLV
vaccine, regardless of individual animals’ stage in the repro-
ductive cycle. In hindsight, taking this course of action
6 months earlier (at the peak of abortions) might have fore-
shortened overall reproductive losses (Fig. 1a).

Table 3 Fertility parameters by
stage of gestation subsequent to
blanket vaccination

PRRS MLV vaccination on 15
May 2009. Different lowercase
letters (a—c) across rows indicate
statistically significant differen-
ces (P<0.05)

Fertility parameter

Stage of gestation

0-30 days 31-60 days 61-90 days >90 days

Number of animals 213 222 228 216
Farrowing rate (%) 883 a 85.1a,b 84.7a,b 773 Db
Parity 0 93.6a 86.5 a 923 a 82.5a
Parity 1 949 a 95.1a 81.8 a 78.4 a
Parity 2-4 81.8 a 775 a 82.6a 772 a
Parity >5 90.9 a 89.1a 86.1 a 723 a
Return rate (%) 85a 113 a 8.8 a 134 a
Parity 0 32a 135a S.la 10.0 a
Parity 1 S.la 49 a 9.1a 13.5a
Parity 2-4 114 a 16.8 a 119 a 163 a
Parity >5 91a 54a 2.8a 10.6 a
Abortion rate (%) 0.9 a 0.9 a 2.6a 5.6a
Parity 0 0.0a 0.0a 0.0a 75a
Parity 1 00a 0.0a 23a 54a
Parity 2—4 23a I.l1a 1.8a 54a
Parity >5 00a 1.8a 83a 43 a
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Table 4 Litter parameters
(means+SEM) by parity over
time

Clinical signs suggestive of
PRRS in late 2008, with virus
detected in serum by RT-PCR in
January 2009. PRRS MLV vac-
cination begun 15 May 2009.
Different lowercase letters (a—c)
across rows indicate statistically
significant differences (P<0.05)

In agreement with previous reports, vaccination produced
a measureable response both in terms of an increased pro-
portion of seropositive animals and an increase in mean
PRRSV ELISA S/P values (Murtaugh et al. 2002; Scortti
et al. 2006b). Although the antibody ELISA does not mea-
sure neutralizing antibodies (Yoon et al. 1995; Foss et al.

Table 5 Litter parameters
(means+=SEM) by stage of ges-
tation subsequent to blanket
vaccination™®

PRRSV MLV vaccination on 15
May 2009. Different lowercase
letters (a—c) across rows indicate
statistically significant differen-
ces (P<0.05)

@ Springer

Litter parameters Year 1 Year 2 Year 3

(Jul 2007—Jun 2008 (Jul 2008—Jun 2009 (Jul 2009—Jun 2010

(before outbreak)) (during outbreak)) (post-vaccination))
Number of sows 1,233 1,120 1,365
Number of farrowing 2,362 2,116 2,315
Total born 11.44+0.1 a 10.9+£0.1 b 10.6+0.1 ¢
Parity 1 10.3+£0.1 a 10.2+0.1 a 10.2+0.1 a
Parity 2-4 11.6+0.1 a 11.0£0.1 b 10.8+0.1 b
Parity >5 11.6+0.1 a 11.2+0.1 a 10.7+0.1 b
Born alive 10.3£0.1 a 9.9+0.1 b 10.0+0.1 ¢
Parity 1 9.3+0.1 a 9.0+0.1 a 9.440.1 a
Parity 2-4 10.6+0.1 a 10.1£0.1 b 10.3+0.1 a, b
Parity >5 10.4+0.1 a 10.1£0.1 a 10.1£0.1 a
Stillbirths (%) 7.0+£0.2 a 6.1£0.2 b 4.6+0.2 ¢
Parity 1 72+05a 6.9£0.5 a 58+04a
Parity 2-4 6.3+£02 a 53+03 a 4.1+0.2 b
Parity >5 82+04a 6.9+£0.4 a 4.6+03 b
Mummified fetuses (%) 1.6+0.1 a 22+02b 0.7+0.1 ¢
Parity 1 1.8£0.3 a 3.7£0.6 b 1.4+£03 a
Parity 2-4 1.6+£0.2 a 2.1+0.3 a 0.6+£0.1 b
Parity >5 1.6£0.2 a, b 1.8+0.3 a 0.5+0.1 b

2002), none of the monitored animals were viremic during
the 2 to 18 week observation period post-vaccination.
Vaccination against PRRSV in nonpregnant pigs has been
shown to produce no negative reproductive consequences
and improve some measures of reproductive performance,
e.g., FR, BA, SB, and MM (Dewey et al. 2004; Alexopoulos

Litter parameter

Stage of gestation

0-30 days 31-60 days 61-90 days >90 days
Number of farrowing 188 189 193 167
Total born 10.5+0.2 a 10.6+0.2 a 11.0+£0.2 a 11.1£0.2 a
Parity 1 9.8+0.6 a 9.6+0.6 a 10.0+£0.4 a 10.4+0.5 a
Parity 2-4 10.1£0.3 a 10.8+0.3 a 11.3+0.3 a 11.1+£0.3 a
Parity >5 11.2+03 a 10.9+0.4 a 11.0+£0.3 a 11.6+0.4 a
Born alive 9.2+0.2 a 9.4+0.2 a 10.3£0.2 b 10.3+0.2 b
Parity 1 8.1+0.6 a 8.4+0.5a 9.2+0.4 a 9.5+0.4 a
Parity 2-4 8.6+£0.3 a 9.9+03 a,b 10.6+0.2 b 10.4+0.3 b
Parity >5 10.2+0.3 a 9.1+04 a 10.5+0.3 a 10.4+0.3 a
Stillborn (%) 6.0+0.6 a 6.5£09 a 4.8+0.6 a 5.6+0.7 a
Parity 1 6.1€1.7 a 48+1.7a 6.4+1.4 a 7.1+1.8 a
Parity 2-4 571.0a 52+09a 49+1.0a 39+08 a
Parity >5 6.2£0.9 a 9.0£2.1a 3509 a 74x13a
Mummified fetuses (%) 53+13a 42+1.1a,c¢ 0.7+£0.3 b, c 1.6+0.5 ¢
Parity 1 9.9+4.1 a 53+29a 0.7£0.5 a 14£1.0a
Parity 2-4 6.9+22 a 2.7+15a 0.7+0.4 b 1.5+0.8 a, b
Parity >5 1.5¢1.1a 5.6+2.0a 0.7£0.7 a 1.8£0.9 a
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et al. 2005). Furthermore, vaccination against PRRSV has
been shown to provide protection against reproductive losses.
Scortti et al. (2006b) reported that inoculation of unvaccinat-
ed, seronegative gilts with PRRSV at 90 days of pregnancy
resulted in 43.4 % stillborn piglets, 20 % weak-born piglets,
and 76.7 % pre-weaning mortality. In contrast, vaccinated
gilts challenged with PRRSV at 90 days of pregnancy far-
rowed 5.2 % stillborn and reproductive performance other-
wise indistinguishable from the negative control group
(Scortti et al. 2006b). Overall, Scortti et al. (2006a) concluded
that PRRS MLV vaccination did not cause clinical signs or
affect reproductive performance in pregnant gilts. However,
PRRS vaccination in pregnant pigs, especially during late
gestation, has also been shown to have negative consequences
in terms of the number of BA, SB, MM, pigs weaned per litter,
and an increase of the mortality rate in nursery pigs (Nielsen et
al. 2002; Dewey et al. 2004).

Based on the data analyzed in this study, PRRS whole-herd
vaccination had neutral, positive, and negative effects on
reproductive performance. In particular, the stage of gestation
at the time of vaccination affected the reproductive outcome.
A lower FR was noted in gilts and sows vaccinated at >90 days
of gestation; whereas, a lower BA and a higher proportion of
MM was observed in animals vaccinated at 0-30 days of
gestation. At the herd level, whole-herd vaccination reduced
AR and SB and MM, but did not improve the FR over that
observed during the outbreak period and was associated with
an increased return rate and a lower TB and BA.

A review of the literature showed that these data are com-
patible with previous reports that PRRS vaccination in
PRRSV-infected herds reduced the duration of PRRSV shed-
ding (Cano et al. 2007a, b) and improved some reproductive
performance parameters, e.g., FR, BA, SB, and MM
(Alexopoulos et al. 2005). Thus, it may be concluded that
the decision to implement whole-herd vaccination using a
PRRSV MLV vaccine should be balanced between the bene-
fits derived from reproductive performance improvements,
e.g., fewer abortions, stillborn piglets, and mummified fetuses
and the effect of vaccination on pregnant females.
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