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ABSTRACT

Characterization of in vivo cytokine production by the leukocytes from pigs infected with Porcine

Reproductive and Respiratory Syndrome Virus (PRRSV)

Porcine reproductive and respiratory syndrome (PRRS), caused by porcine reproductive and
respiratory syndrome virus (PRRSV), has been recognized worldwide as one of the most economically
important swine diseases. The major characteristics of PRRS include reproductive failure of the sows
and respiratory disease in pigs of all ages. PRRSV infection generally resulted in delayed and ineffective
adaptive immunity against the virus followed by the deterioration of local lung defenses that leads to
secondary bacterial infections which are known as the porcine respiratory disease complex. Previous
findings from our laboratory indicated that PRRSV infection could result in both systemic and local
production of interleukin-10 (IL-10) in infected pigs. The findings lead to a major concern that high IL-10
production during the active stage of PRRSV infection could result in systemic immunosuppression in the
infected pigs.

The first objective of the project was to establish various immunofluorescent staining protocols
for studying IL-10 and interferon-gamma (IFN-Y) production, the IL-2 receptor-alpha (CD25) surface
expression of porcine lymphocytes by flow cytometry. The results indicated that flow cytometric
analyses of IFN-Y production could be used to evaluate viral-specific cell-mediated immune responses
in pigs. However, IFN-Y production and expression of CD25 were not tightly associated in porcine
lymphocytes. Furthermore, the result demonstrated significant increases in IL-10 production by porcine
lymphocytes from infected pigs during the early stage of PRRSV infection. The second objective of the
project was to evaluate whether the PRRSV infection produced negative impact on the host immune
responses. To investigate the effect of PRRSV infection on classical swine fever (CSF) vaccine efficacy,
twenty-eight, 17-day-old pigs were divided into 5 groups. The experimental group was infected with a
Thai PRRSV (01NP1) a week before CSF vaccination and challenged with the virulent CSF virus
(Bangkok 1950) 3 weeks following vaccination. The control groups received no PRRSV infection, no
CSF vaccination, no CSF challenge or in combination were included. The results demonstrated that
PRRSV infection significantly reduced the CSF vaccine efficacy, with clear evidence of enhanced IL-10
production by the lymphocytes of PRRSV infected pigs at the time of CSF vaccination. These findings
implied that active PRRSV infection could induce immunosuppression in infected pigs and might be one

of the causes for CSF vaccination failure in the field.
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Arterivirus WA Arteriviridae (Cavanagh, 1997) aanns@nAtyaesisa PRRS laun nguannisiifaadasiy
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Disease Complex (PRDC) @aiflunaainnisiadialuafiize waz Mycoplasma spp. wnsndeulussuunig
Wi lanesgninianaInisiiaime PRRSV (Halbur, 1998)

\Wasann PRRSV ilumaniinegiimlusdide luiunl nnsAneifaniy PRRSV asdnilunisdnn
U v a o a | 1 ] 1 U dl dl Y o a o a
fayalususzuininauazlafaineniudouwlug) doudayaiifaadesiunensnindavaslsauazaai
Auiufaeasn PRRSV fUNN91n9uaeessuL)iAnTsn1094ns (viral-host relationship) Heganinuazdals
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monocyte WAz macrophage (Duan et al., 1997a) iunihdunadnnenainisiniiaseniadnisnasanes
neRAniusiamaneuiiuas lidlszansnw Inaenwiznisnauaueslungu innate immunity uaz cell-
mediated immunity (reviewed in Murtaugh et al., 2002)  1%8 PRRSV anxnsnasatusadnslailuscas
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161 (will et al., 1997) uazdnissiedadanndn PRRSV anafinalunisnanisinuaesssuuniduiuaasgnsi
Aavtals Tnadannaseanisneuaes cytokine network 284403 (Lager & Mengeling, 2000)
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1178104999 cytokine fiadaan antigen-specific T-lymphocyte ‘Luzgmﬁéuﬁmimmmﬂﬁﬂuﬁwﬁw"mm
(Suradhat & Damrongwatanapokin, 2003, Suradhat et al., 2001, Zuckermann et al., 1998, Zuckermann et
al., 1999) LLﬁi@Fjﬂqiiﬁmﬁmmmﬁﬂﬁ'ﬁﬂgiummzﬁuiﬁL%@ﬁi@mwmmsa"lumiﬁﬂmﬁﬁzﬁumm%q
cytokine Fazuaneaiinnians i ia9a1n monoclonal antibody AsANzAe cytokine UDIZNIHIIAN
wnaann warlunnansitdeliinieimmnty wenannsamadasinnilsiuude lutaqmuiinsldannud
nvengdaanednunisyensldlasnnsinmedia reverse transcription polymerase chained reaction (RT-

PCR) WnunlimsadnszAt mRNA 194 cytokine 199 gene Mo ligRataunsnAnuniia cytokine profile 9
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Y a1 o

m"umim‘uﬂfgum?mauaummqqﬁﬂmumLmuﬁL@umﬁm%u (recall antigen) aeinafiiadnAty (Suradhat &

q

Thanawongnuwech, 2003, Suradhat et al., 2003) iHeasanniduigeniulnasialddn IL-10 u cytokine |

QMENANNIINNLYRTTLLHANWANlUIZAL antigen presentation waz effector function #1147 (Moore et

q

al., 2001) NFAUNLFT PRRSV A3190NIFuN1suansaanaad IL-10 gene Winaiu asdiailuasfaanuludi
o a =3 a o a v z?/ d’l £% 1 dl v U a ea U o di/
Ao nesunatianensiniinveslsnls wanainiideyailassiuaganlsainiesdjifinsesdiey 4

Widindr PRRSV agiliiianiaifinnisuansaanaed 1L-10 gene lugnsilafumaliiduiu uasa Wiy

o o

IL-10 @1adumuImyisluwiniInaAnIIinuLeNss L) RANT WA AN uEN e Eanwaeslsn PRRS 71X

q

o Ly o ' a d’j o a clx a v
ﬁ’)’?llLﬂuLﬂﬂ@ﬂHML@W’]Zﬁﬁl’JLL@ZLLﬁlﬂ[?l’k‘l@’mﬂ’]?[;]mLT@DLQ?@‘II@QT?JUUV]W\‘]LﬁuMWHI’QVIQ“‘]VL‘]JﬂﬂWJEJ (Suradhat

& Thanawongnuwech, 2003) nMsAnswRNENANaadasiunalnnisade 1L-10 lugnsndnmeneduds

o

adynazinligaonuidnlameanendnniawaraauduiussendne PRRSV  AUNM9MNNIUI0995 11

14

Ay o o X A X
QN@Nﬂuﬂlﬂ\?fﬂﬂi‘iﬂﬂﬂﬁﬂQﬂ\?ﬂu
X

NIAUNLINLTE PRRSV A18190N3EFun1suaniaantead IL-10 gene udayaiiaddn e PRRSV

¥
o I~ o a o

anaduutinluniananisineussuuniAx ueszluszee active stage 189n1sARLTe Tuilaquiugdaiia
nuuazdeanUmelumgindzinisuazinemansutlszinasguin ludszidufidnsinda PRRSV ey
W1suazynliinae systemic immunosuppression %qmwmN@mﬂquﬂizaw%mm@ﬁﬂ%uﬁ'uj AL
anslusrezieaiy uaziinasessiugiidnlsarederiinauinnisszuiner lutesivesszmdlng el

Tnananizadnstislsraiinnfgnatiednidulsnszunnirauss Aafeaugodaungnaminssunisiaesgnsi

1 2 o 1

andnyiususuniisaesidsena ansuddeludag 2-3 T wnnfidanudn daduilasiulsnafionsignsld

Tulszmaannnsalipandulsaunignslfetefivss@ninmdngnalasudpduluszasivanzan wiatelsf

o ¥ a 1

pngadiladeiondenanuaiaetisuanmileainadpduies a1y szAuaeeAx

o

unnanenanul 8y

v
o a o 1

109NN I FUTATUATILIN  uazNIsRATeTinduwnIndau NluasaaNansalunsF U uTafely

o o

qnanl#3udAdu (Suradhat & Damrongwatanapokin, 2002) andeyasinanasaniugiimnisniueslse

PRRS nwuszunaag luyniiasiaestszmelng uazuualdulunisa¥1s immunomodulatory cytokine 1844@a

PRRSV auilumiauladinissiniia PRRSV arilnasiatlsydnininaesintuaiansgnvisalal usatielsn
pnauivilaqiiudslipedgAnutwases PRRSV sailsvaninmaesindueionsgns uaziduitnines
y aca LA
Faiauanisiaeluail

va o dl 1 o da‘ 3| ¥ da‘ dlo 3| J 3 ¥ =2 o o o
HAREULTRIINAINNNNUIL U %LﬂummﬂmwuﬁmwmLﬂum@mammmmﬂ@mm’mmuwuﬁmm

o

PRRSV Alan19M19uae9ssuunlAuiueesgns wendnutinaeslsn PRRS uazuanainiideazlidaya

QU

arunnihlinsunssdainensnaeduilsclamiuignannssuninassgnslulssmalnasda ldansae



o

2. 9,

9

Uszaan

1) Anwnnsa¥1e IL-10 TugnsdléFuima PRRSV tagazinnisnmnluud dynamic aeenisainglale

o '

ANsdANEuAaNTleFUEe wazimadnadalalnanenisanann

2) Anwnnanageanslaiuime PRRSV ndsailsc@nininassdiaduilasiulsnaiiandgnslunig

o

nezFun1saFnRANiusalsnaiinndgns
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3.1 N19ANEI dynamic URAY cytokine gene expression MENRINSIASLLTR PRRSV WALIIAANESI

IL-10 "Ly perpheral blood mononuclear cells (PBMC)

1) Aadenia PRRSV arswugiuanlaludszmalneg wazinnisiinaiuay ialddwmiunis

inoculation

ARLRANANIUEINUN 818 3 #lanviaanannida PRRSV (seronegative) utegnseanidu 2 ngu
naNar 5 dsndeiuan il Andnaunneanans AINTUNUINLIAY  HaUNINNT
inoculation

sinmslsiide PRRSV luaunm 2 mi (10° TCID,/ml) wignsidanigayn aniunnsantiuiineanis
NI9ARTIN @u’z%uzgmma‘m@m (15 d“wﬁﬂﬁl,%ﬂ)

Wiusiet1aaen (heparinized whole blood) T5ui 1-5, 10 uae 15 wielide annuinantuuen
PBMC #2835 density gradient centrifugation WianAuLiLfaaeing serum {lemInaLenide PRRSY
ludusianann

uein PBMC dawnikanninnsuen total RNA udnsaamn mRNA 189 IL-10 gene InenBauidiayiu
housekeeping gene 1az33 MPCR miu3aniaaiinnssneaiuliuds (Suradhat &
Thanawongnuwech, 2003) aMntuiReuifienFanmaes IL-10 mRNA FENTNNGNATLANUATNGH

naaad Inedd densitometry’

Wasnnlugundoulasimaiaisuavenuaiuaywnulasi fladyhisanndawinaiia flow cytometry Lo
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P o a & ' o A wn o & o ad = o s vl .
LﬂUllﬂ']ii']UGW%ﬂWSW@NuWLﬂﬂuﬂuuqﬂau%uqusl%gﬂi f;le'J‘lJEJ"ﬂ\?‘lﬂiﬁl{lﬁﬂﬁliﬂﬂ‘kﬂﬂ']iﬁi”]ﬁvlﬂﬂ@]ﬂ']Uu Iﬂﬂslﬂj'lﬁ multiplex-

PCR  @slafimywaw linawnihiussimaduinaansai lalaglddidant  anliimsnmiudalunsdnbisansn

WAIWNATLANNG flow cytometry lauaIufiIARALIAN aamvl,sﬁmuLﬁmmﬂﬂmz;ﬁ%’ﬂmmmﬁ’wmmﬂﬁﬂ flow cytometry
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swnAnmsievengadnaiilolanpildadaduszdminmanndi?s  multiplex-PCR  §iapdaldvaliuadildanis

flow cytometric analysis WnaunumIansnlasds multiplex-PCR MIRNA LAZUBAANTANBEIU multiplex-PCR 8an31n

NonwnIans @uf laiaualilussanuanuiiimilsed a1
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) NINTANEIEMINEIULBY subpopulation 284 PBMC (monocyte, lymphocyte: CD4*, CDS8’,

CD4'cD8', CD4CD8) wianfufiaumsantaanasne IL-10 1neR3 intracellular cytokine
staining lagvinn1s3Asziinalaeis flow cytometry (naaaaiwAszildiazes flow cytometer 184

ANZUWANEANART ATNAINTRINININENAE)

7) Bwnzvideya a3luarseNIuNan1ImMAaes

32 nsAnERansENUYaInIslasULIEa PRRSY ﬁﬁﬁi'ﬂmfa‘a%ﬁagﬁé’uﬁ'wiﬂiiﬂ'aﬁ'nﬁqm

1)

Andangnavienun agiszanns 3 dilansf Milaemanniiia PRRSV (seronegative) uaszilan
maternal derived SN titer sia CSFV #I5n91 32 utisgnseaniilu 5 ngn nguaz 5-7 fia HxLaeN

o

dsuan i anzdnaunmarnans ainansninmangat Inauiangun1Imaaedsail

. PRRSV CSFV CSFV
NANANS ) . . .
e inoculation vaccination challenge
A +
B + +
C + - +
D + + +
E -

¥i1N3 inoculate @N3siael PRRSV (day 0) uazsnsaanislidpduaiinndigns aavdanisliiae
PRRSV Lfluinan 7 4u (day 7) a1ntiu3 &1laif (day 28) innsanimiiusgidasiinnsgns nnamas
NTAANEL 1N13LTUAN clinical sign 8ATIN13LRE LAZANY AABANITNARBIAUDNTUN 14 NAq

NNFRANBIL NINNNINTININBANHIAN HTUE 02 1IALATAANLNEINY NN AUAAN1TNARD

ANNLFNaENN lUuIENININNTAaeY tng

- Aufeehe@suitansiannida PRRSV was CSFV 388U serum neutralizing titer siaizelasaadi
9GN3 WAZIZAL antibody titer iaidia PRRSV (IDEXX™ ELISA)

- \fiusatiig whole blood Lietinanuen PBMC thimadiildun culture saufu CSFV (in vitro
activation) ANTUATIATATEAL MRNA 294 IL-10 WAY IFN-Y  uazd3nnniaes CSFV-specific

IFN-Y secreting cells ImeA3 ELISPOT (Suradhat et al., 2001)

D)

wLidaya 431uATINENIUNANINARDY
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Unudn

Ism Porcine Reproductive and Respiratory Syndrome (PRRS) Lﬁﬂmﬂﬁ’ﬂi’ﬁ@%’a Porcine
< o

Reproductive and Respiratory Syndrome Virus (PRRSV) eﬁwmﬂﬂ"luﬂ@;m Arterivirus WAHNA Arteriviridae

U

¥ o

(Cavanagh, 1997) a1n1sd1Atyresisa PRRS liun nguainisiineadesiussuuduiugnnaliiaanios

o

nsauRugANmanluugns uazlsanisszuumanuialalugnannguent wanainiitlgmdrdgais

o

NINEUAIRINNRAES PRRSV liun nsnanidniusesszuunaduigla daillgnisfindeunsndau

q

TuszuumaaumelauaznaliiianguainsiGanda porcine respiratory disease complex (PRDC) iy
HAAINNIAALTALLANISE WAz Mycoplasma spp. wnsndauluszuumiaiumialanesgnsniandinisiaiie
PRRSV (Halbur, 1998)

Tuilaqifudayanaaiuneninuiinuesisn PRRS Hagatwarinuazdaliiiluidnlanin PRRSV

[

Aningansinenisnalaniiuidinig nasal epithelial cells wazidng tonsilar Az pulmonary macrophage

anANa WUl macrophage wazaznszangluiiagienng (viremia) Aeldiianansaninsng 7 91979

a

N8l AN pneumonia, myocarditis, encephalitis, vasculitis (Rossow et al., 1995) Wm%mwzﬁ’]ﬁﬁyﬁmm
At INNIRAEe PRRSV Ao NenBannaadsiantinimaemaianie (generalized lymphadenopathy)
Ineiazwd follicular hypertrophy taz hyperplasia FIUsFUT 10-14 wRansinLTe uararilsngainsagsie
ldunuraediland (reviewed in Lager & Mengeling, 2000) Taevinlilen1sees PRRS @xéuﬁafmﬁﬂu

129 48 daluandanisiaime uazainisazaes o wiallnigluea 1 wew Wuiidunadiniandanissia

'
a

\HaseniainisnevauassaiianAauineiuaslillss@ninm Tnaaniznismeuaueslungs innate

immunity Waz cell-mediated immunity (reviewed in Murtaugh et al., 2002) WidndndnsnaLte PRRSV A

P8ANNDINILELAY  LATHNNIWRUINNTA5WeUALBARE PRRSYV AnNUn@sews 2 dUandiusn 1@e
PRRSV arflaasannisnag lusadninmeilaaudalfiduaauiuiis 4 heu (persistent infection) tneifdm-i

a . . . ! X ] ' 1o co A X
#i persistent infection arannsnlaseiesangneuanuazunsnszansllgdndiauliluszaz (Meng,

' o

£ X, a9 o 9 X o o . o o & . v My = =
2000) mmmwgm@mummwﬂummﬂqa ladaunsnnidamaaanannsaniadndliatneflilsz@nsnw

=1 k% calal o

mnnwﬂwmm*ﬁmﬂmnmmu%ﬂuudmjm target cell 789 PRRSV dvdmiunguiaadinunundnsnylu
phagocytic effector mechanism %m%\‘m“\iﬁmmz‘iwﬁtyslumsmzéjuﬂwﬁNmﬁum specific immunity Tl
nadlu antigen presenting cell WenFANMIBIABNTVABSANLTAINME  UAZAINANNNINTRNTE
PRRSV fiavatluinemedasldidunaun uddrdndazmeaaindasiiugnseinisuda wlidelsdn PRRSV

%

azHunuImMuazANdNAUS (interaction) Ind@iafiulunispauaunisinuaasszuunidnlsn Iasaniy

q

[

agvialusrivgad edsslamisansegsantendaludiednd TaenadesiupuWiuidnde PRRSV

o

81ARHMBNANIINNNULRITTILNNANTULIBI4NS (Lager & Mengeling, 2000)

a o

Tt unnanuddanin lulsumalnanudnima PRRSV (field isolate) @a1xnsnnszsiuliingg

o

WARNAANYDY immunomodulatory cytokine Nd1ATY lAWn IL-10 gene WNaL 1 PBMC 7834ns?l culture

$9UNY PRRSV ’Luﬁmﬂﬁu’ﬁmi (in vitro effect) FNENLNTEN PRRSV AMN909LNIUNIABLALBIN N NAN

o

AauauRauIindued N liladnAty (Suradhat & Thanawongnuwech, 2003, Suradhat et al., 2003) Tagvia

o

lludannsvinanundilss@nsninaesssuugiAniu azBuainninazsuliinisaiia pro-inflammatory
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cytokine a1 TUARNN phagocytic cell L‘ﬁ’ﬂﬂi:ﬁumiﬁ’]\‘ﬂuﬂm innate immunity LLa< adaptive immunity
lugndudald wiednslsfmuduiiirdanainnandnisinda PRRSV Tugnasazwudiinisadne pro-
inflammatory cytokine TmJL'ilW’]t'aEi’Né\‘i TNF- (Van Reeth et al., 1999) waz IFN-  (Albina et al.,
1998) TuseFUTiRLN %'mrﬂmz’a’mﬁu@“ﬂwmxmmswﬂﬁﬁﬂﬁ?ﬂﬁigmmﬁﬂ FauALNIIZNNENELLRgLen
Lﬁmﬁﬂmzﬁuﬁﬂ Lﬁ@LﬁﬂuﬁumﬂwﬁLﬁmﬂﬂ”lﬁm‘ﬂimﬁ@mﬁmﬁluj (Van Reeth & Nauwynck, 2000) i
aausuilaesialidn 1L-10 @ﬁwﬁ?ﬂ@@ﬂqméﬂﬂﬂﬁiﬁﬁd"Iusll‘ﬂ\‘l phagocytic cell Tun196519 pro-inflammatory
cytokine %I\iifmﬁ\'i TNF wae IFNs e cellular function ﬁluj ”Luam:ummmmﬂﬁ%m%@ (Moore et al., 2001)

wananil IL-10 £97gNENANMIYINaIUTEY T-helper lymphocyte TeaziinalunisannIsnszfunauanemnig

o ¥ o '

nRANTuwLLAINE luszazsiann (Moore et al., 2001) dagyafinainaenadesiusaanuinudinissey

'
oA

a1 PRRSV arisesuimunuazsaslfnaiuiuninnazinisnsanulsns

auaIn N RANTUTiaEad

¥ 1
A a o v

o a IS4 dl § o 1= a2 a Aﬂld d‘ ° o A‘ !
NANTFAALTA u@nmnuqm@mu‘wmwwumﬂwvl,muﬂ?mmmwmmm NagnNIanLia PRRSV AaNaInNe

' v
cala A

nevesdndnsamals (Murtaugh et al., 2002) wananniiniaznisindeaunsndeuludenidnazauunnig

WAINTARTe PRRSV flaeTdni@e PRRSV Huasieiladlunisnanisinaiaecsadsine Handusenis
Mdansinmaluszuuniahumiala NsAuWLIN PRRSV @ansnnsysunisugansaanaad IL-10 gene T
(=1 A AI 49( A | & |d| o 1 = 1 al' o a
Wadana1naeegnaiinay  Daflussdanuiludfdeldimednismasnuuinsunaziiunldlunisadune
wendniaredlsa PRRS wananiideyaiiiessuanganldddliiiuinnisfiame PRRSV azinliiianis
WNNITUAARaNTDY IL-10 gene Tugnstlafuiaa (in vivo effect) Tiidmanaiu uazaliiiudn 1L-10 1Al
unumludnisinuuadnEznanengan waesisa PRRS Nllanuiiluendnsalianizfouaziansann
a d’J o a nl/ a % a o ' V% a A v o 1 z U
nsdnaeliiaresszuunamumelanaliandon  Tnanasuideangaaintiesdjimniseeedadusiadn
sianRuadnglennandsnisiinimatinaziunuimdndnylunisaie cytokine Tutsaslen THun IL-10

a ' '

uaz IFN-Y GeazdanswasonisiieusesszuugdAuiuasnensan wlulen uaviisidnime PRRSV Hsia

v
o o

miﬁ%‘mu"nmi‘wuqﬁﬁu umi:‘uﬂumiﬁmL%T'Q\miﬂj (systemic effect) (Thanawang et al., 2004) 2214
lafimnalutlaqiiugalainsudnnisa¥ie IL-10 duiisduswsialsnandnisinige wadladudaia
cytokine TR WATNIINITHUNNILAAIRENTDY IL-10 gene AzdiuaatinlssianispaLanaIsialauAIALE

a

Tusiagns nsfunudn PRRSV nezfunisuansasnaes IL-10 gene dawfludayaniaula uazaniluazsoad

a

2 1
a K ¥ =

nefnsfinRuiefHRarudnlalunendiniarasisn PRRS wnfiviu deyafildannimasasivan
Hazihlgnisinmniaznisdanaiieasunuileciilsn PRRS agneidszavsninsellueunan
13A0#inAgNs (classical swine fever) Lﬁmﬁm%@blﬁm@ﬁmﬁ@m (classical swine fever virus,
CSFV) %ﬁma%i"lu genus Pestivirus Family Flaviviridae (Meyers & Thiel, 1996) ulspszunnseuslugns
ﬁ@?’mmmLﬁﬂmﬂuﬁqmegﬁfoaLLrifqmmvmiiumﬂ'gmqnﬂuﬂaxmﬁi‘wﬁmnLﬂuﬁuﬁuuﬁq lutfaqiiulsn
afinFgnaenaduilgvuasnunisunsszunannt Teefindgnadulsafifnseatnmaduinlfiialan s
lugnsynnguent) ImﬂumuﬁmiimmuL%ﬂuwﬁuzgﬂmummﬁmwmﬂmmmmﬁzﬂqﬁq 100% Tuilaqiiu
widmanatszwmaluglsuaznidawsniazannsonidnlsnlduda anunmmsiaaslulszmelngddll
anananinlfeshalszmaty nstlasiulealudlssmalnagnansndeinldlaansieduilesulsuazioy

Aunsdnnis dszivaaiungannaulaluFesaas PRRSV sallszdnininaasiatuaiansignsulass
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o

Nl Weanandeyaananudd utost] 2543-2545 GegadnldFunuainamznssnnddauvenng 19

= v o w PN P o aa \ o Ay o _a ol o A A - o
Nﬂqﬁ‘@ﬂﬁ]\iﬁﬂ\?ﬂguﬁ]ﬂqﬁ‘LW@ﬁﬂHqﬁ@QﬂV}NN@mﬂﬂqiﬂﬁ‘q\?ﬂuﬂ@Nﬂuﬂ]uﬂLéﬁ@@WQWLqum@Lm@@Mqu@‘ﬂT LL@ﬂm

o o A A A a &

senuaglfsiladsdnAnyfiazinasielss@nininuesinduationdgnsteiaguaraiiade  Inganivetines

(7

o

flyunisfimdandnaseanisiieuaasscuuniauiu uwnsndeuluseudnanisiaes (Suradhat &

q

'
=®K

Damrongwatanapokin, 2002) uwaznislidatunfaniudatuilesiulsa pseudorabies wimdein el

HANANIAT N RANTUTATAR ALY (Suradhat & Damrongwatanapokin, 2003) Tladtianildauiiagnu

°  a '

ddtyrieanasnsn lunissasuniainlsnaiondgnslugnanlasuiadu  Insanizetnedgnsiiaesly

o

ag/Tulam endemic area AINFIENTUANIUNA 1T PRRSV A11190N13NANNININIUTIBNT UL R AN 0L

sruumaAwelanesgnINanige (Thacker et al., 2000) uazynlinsmavauessiadatu pseudorabies lu

a

qnaflisuEe PRRSV and1ndnind (De Bruin et al., 2000) wananigidadanudnima PRRSV a1un3nan
v dl o 1 t&l a o dl o 6 o/ 1 1 o/ [

N8548 IFN-Y a1n memory cell inzaia@inaiiansigns Watsadaiinanann culture sasriuiy CSFV

uwaz PRRSV Tunamaaiuluiesijifinig (Suradhat et al., 2003) ustadnalafimudslinadgseauimg

U849 PRRSV m'@ﬂizam%mwm@ﬁﬁ%u@ﬁmﬁ@m (in vivo effect)

o

Tngszasn

1) Anwnnsa¥1e IL-10 Tugnstléduima PRRSV taeazinnisnmnluud dynamic aeenisainglale

o

s o Vo d’l e‘d‘ v LS !
mﬂumwmmﬂmuma LL@&L%@@W@iqﬂiﬁIﬁ]ﬂﬁﬂu dNAI

2) Anmianaresnisldiuima PRRSV Mdselsz@ninnmaesiaduilasiulsaaiiondgnslunis

o

nszFun1saFnRANiuselsnalinnfgns

dslaminaininazlasu

1) Wasdnuflndtaiudeyatiugruninaadesiunazes PRRSV sian19a¥19 IL-10 Tugraniaves

a

1 k3 1 1 1
gnanmmTe uaziaaanaia IL-10 WeidudayalunisAnsmsinuneniniiinaeslsn PRRSV waznalni

[ o

Nendeaiu immunomodulatory effect 2489 PRRSV
2) NIUNATINIAALTE PRRSV Ndlsiatlse@nininaesinduilasiulanaiiansigns inaldiduuwn
o £ o o a & £4 dl
nslunstlesiuuazuflaanudumasaeanisindadueiinnfgnsluiiadm
3) manuscript lA1N91 2 789 TRA1AT192 AN ASARN IA 1141981531109 T
Veterinary Immunology and Immunopathology (impact factor 1.38), Virology (impact factor 3.27) Journal

of General Virology (impact factor 3.24) wsaa1sansauneg luganiinaadesiudnaunns waz/viainen

N3 HANTsA MR impact factor TANGT 1.0

£
a o A

4) rideiliulassmmileisazduiugiueediasanisidainenaniudin lussAuiuainAnem

=

TneaadnazliidnsziuBynyin adredes 2 au Ndsaulasanisi

14



L4 a
qﬂnimuam fNITNARAN

1) CERSLANZIAS

MARC-145 (African green monkey kidney cell line) 15§UﬂQWN®1§Lﬂ?W$ﬁ@Wﬂ Dr. Eileen Thacker,
lowa State University Useineaiusnn ay SK-6 (swine kidney cell line) "Lo?ﬁ*ummméma"]:ﬁmnmifm
fugnslandnd Anzdnaunnaa1ans nadnIniNuInenae

Fnnsnzasmadluannessadaunn 75 ANUNANEWALNAS (Corning Incorporated, USA)
Tt wnsiasamadaia modified Eagle’s medium (MEM) FAN 10% fetal calf serum (GIBCO/BRL,
USA) amphotericin B (GIBCO/BRL, USA) 0.25 lulnsniusieiiadans penicilin G (GIBCO/BRL, USA) 100

yiasaiadans uaz streptomycin (GIBCO/BRL, USA) 100 lulmsniusiedadans (GIBCO/BRL, USA) #

grUMNH 37 aeAnEaEea 5% CO,

2) 15

2.1 1258 W @15 214 124 (PRRSV)

e PRRSV NANANYTUFANTNY strain 0TNP1 waz anewuge sl strain 02SB3 lu PRRSV fluen
angnsfitlaglulssinng Aifiniafineuas characterize Ariauuda (Thanawongnuwech et al., 2004)
e PRRSV aneiug SvI-25 iilafannnsgin nquanaiugeiEn (reference strain) TAFupaNeIAsel
AN @W.5Y.A7.4A151 ANeATLINAY an1TugunIwERuisTnR nandAdnd

Famsfiduan PRRSV  Tngrinudadinizides MARC-145 uazwpnudaduseadesneia
Indirect Immunoperoxidase Monolayer Assay (IPMA) ANNATT Thanawongnuwech  LLATANY

(Thanawongnuwech et al., 1998)

2.2 'ladaasnegns (CSFV)

da CSFV aneug Bangkok 1950 #lunnadnfiemiu (challenge) Lﬂlﬁﬂﬂﬁ%ﬁqmmﬂﬁuﬁu
U39 UAzvTa CSFV A8 UEHNIATFIU ALD (reference strain) 1A5uAaneAIziain an.oy.ng.q4m15m an
sATaUInAY anTugun WanduvieT A nendAdnd

Fmsnnzidsia CSFV wazmneaududuresdelafadntia Neutralization Peroxidase-linked

Assay (NPLA) IPUNNUTARNZIAEN SK-6 ANNAFUDY Pinyochon warAUe (Pinyochon et al., 1999)

3) ARINARRILATTTLLELATIAE

AAUNININARRY experimental protocol  MHFLAMNNILTIALANNANIENTINANTAIIENLTIUNT I
dimnass AnzdmunnaAans aasnsaluuninendouds (luayyianislidninaaes 1wahn 01/2546)
o d’l U d’l I a d’j dld o a )
NnaaegnannaedluiesatndndnaaesinmeNissuuAtuANANLARATEN TN 81A07 60 1

ANTARIWNNEANART AT1AINIRINMINENAE
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3.1 msAn dynamic Imansasslalameinanasmslasuida PRRSV anawugamdniuas

\IAR A4 IL-10 Tu perpheral blood mononuclear cells (PBMC)

3.1.1) AnABNgNINENUN 81 3 &laifilaenannida PRRSV (seronegative) utegnseenidu 2 ngu
NGNAL 5 51 e fuanmd ANTARIWNNEAARNT ATNaINIRINYINENAE

3.1.2) WA 0 (d0) wnslide PRRSV mmﬁuﬁﬁumniﬁuﬂszmﬂm 13im US genotype (01NP1) Tu
211 5 ml (10" TCID,/ml) uignIngunaaed dnisaynduay 2.5 mi anifuiansantiuiineanimag

o o

AALN @uéu@;mmwm@m (14 Fundel¥ide) ananguAtuAN L mock infected MARC-145 cell lysate T
naitv iy i 19

3.1.3) \iuFaatnaden (heparinized whole blood) Uit 1-5, 7 uay 10 waslide aamiutianuen
PBMC #1833 density gradient centrifugation wiauiuiiusaagng serum ilamsIaueniTe PRRSV 1y do
d7 waz di14

3.1.4) U freshly isolated PBMC UWNNIANEERT491289 subpopulation 289 PBMC (lymphocyte:
CD4", CD8', CDA'CD8’, CDACDS) wWiaufufianunsamimadiais 1-10 1aeds intracellular cytokine

staining

3.2 nsAnEn dynamic 2a4NN9ESNS IL-10 Menaan1slasuiia PRRSV

3.2.1) ARABNGNIUEINUN B1Y 9 #lainaananida PRRSV (seronegative) utegnsaanidu 3 ng
NgNAL 5 Fi e fuanmd ANTARIWNNEAARNT ATNaINIRINYNINENAE

3.2.2) WA 0 (d0) vnslida PRRSV maﬁuﬁ:ﬁuﬂﬂimuﬂi:mﬂ%ﬂ 45m US (01NP1) waz EU
(025B3) genotype Tuaua 5 mi (10*° TCID,/ml) ungnsngunaasy imsayniuay 2.5 ml ansduins
AMTUINaIN1INARTN @uz‘%uzgmmiwmm (18 f;”umﬁ"\ﬂﬁl,%ﬂ) ananguAuAN 1L mock infected MARC-
145 cell lysate TR Ui lEde

3.2.3) [fusetna@en (heparinized whole blood) &dliide tutiuuan PBMC #2833 density

gradient centrifugation i freshly isolated PBMC NWINNIANEERT IR subpopulation 129 PBMC

wauusaunmaumasnada IL-10 1aeA3 intracellular cytokine staining

3.3 MsAN® dynamic 289N98519 IL-10 MenaIN1TLASLIATY PRRS dnewugelsyl

3.3.1) ARLABNGNINENUN B1Y 3 fanviiLagaannide PRRSV (seronegative) utlgnsaanilu 2 ngu
NQNAL 5 61 thaniaeufuannd AMARUNNEAART RNaInIniuMNINeNdt

3.3.2) Wiufl 0 (d0) msl¥3aTu PRRS siaitaduanaiiugylsl (Amerivac-PRRSV, Laboratorios
Hipra, Spain) 2u1a 10° TCID,/dose WNNINGNNARDY IMNANATNATULINIBILTENRER ansusinns
antufine n1mneAdlin auAugANITMAREY (10 SundeliiaTi) gnenguatuauldsuus divent Teeiniu
Tt BunndwinfiluiuReniu

3.3.3) uFetnadan (heparinized whole blood) wisliide untuuan PBMC &aeia density
gradient centrifugation e freshly isolated PBMC WNNNIANENE AT AL subpopulation 289 PBMC

wFaufufannTauTaaNa31a IL-10 Ineds intracellular cytokine staining
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o

3.4 msAnwranssnurasnslisuida PRRSV fiinansasepfiduiusialsrafindgns

u Q

3.4.1) Andangnavienuu a1y 17 4w anvhfuienaunlasnlsreiiondgns uazil 15 a1f wa Taenns

q

RIasTALLAUALDAMRITeTAeTnlugnans Tngazfinnmalinuuwenvensielte PRRSV
o | Y ve o o
uenananuNgnIn IFFudATuRIN

o o

(seronegative) WazlA1 maternal derived SN titer sia CSFV (QHAN
X . do X .
5-7 #n NN USugan WAL aR

Tlsunsuaasnndi) 1engn 32 wigneeenidu 5 ngu nquas

NAARY AMTARIUNNEAIART AT 1AINTINMNINENAE

©

o A

3.4.2) mﬂ@uﬁﬂmmmﬂﬁé@LL@:iﬂ%ummqmmjumﬂ ol

- §uii 0 (DO) $n1s inoculate 4n3ngx C uaz D Faenda PRRSV 1in US genotype @wﬁufﬁuﬂﬂiﬁ
lutlszinsng (strain 01NP1) Tiflasnsudadugeside 10° TCID,yml taenisvaeaasn 4eas 2.5 mi
muzﬁqmn@;uﬁluj (A B uay E) 1850 mock infected MARC-145 cell lysate T BunaudivinAuveen
ayn

o

- &ufi 7 (D7) Andatutlasiulsaafinnsgnatiia lapinized Chinese strain Lot No. 47/46 (nsuiadnd)
Tiurgnangy B uaz D tnanisaadinda dsunns 1 mi sieso a’ngmmjuﬁluj (A C waz E) 1650
Lz diluent Te93ATU BN asfiminty

- Auii 28 (D28) anWmiu (challenge) TWignsngu A-D ‘Emﬂﬁﬁ'ﬂfﬂﬁmﬁzﬂ;ﬂﬂﬁmgmm (strain Bangkok

1950) 1A at least 10° PLD, /ml (50% pig lethal dose) siasia Tnanisdadnndns dsunns 1 mi

- Ui 41 (D41) UgANIINARDY

PRRSYV inoculation CSFV vaccination CSFV challenge

Group

(DO) (D7) (D28)
A - - +
B - + +
C + +
D + + +
E - - -

= =3 ¥ o 1 U = = o d’l
3.4.3) mﬂ@zmﬂmmimmwﬁ@mamﬂm:mwmammm N?WH@&L@E@@QW@TULL

- apluiin clinical sign TBIENINNNGNYNTUARBATZLIAIMNITNAAS

- BUsatnedsuINenTanEma PRRSV @a CSFV 1udui 0, 7, 14, 21, 28, 35 way 41

- UALNESNINeRIIAUSEAL serum neutralizing antibody titer siaidialaiaasinnans uazsvay
antibody titer Aalma PRRSV (IDEXX™ ELISA) luduf 0, 7, 14, 21, 28, 35 uaz 41
@ o | a . A o =

- INUABENNLAAA (heparinized whole blood) AMN4NINAARY INANINITANINTY hematology WAL

o ° =3 A o dl o a a o % d’, a &

ATIRLANUILLALAD AL TTUN 0,3,57uwar13 mwmmmmwrmummﬁﬁ@@mm@m

- HUF9EIY heparinized whole blood WaTNNNLen peripheral blood mononuclear cells (PBMC) e
VIAAT bAHN culture $ANFU CSFV (in vitro stimulation) a1niumsaadnLfunniaea CSFV-specific IFN-
Y secreting cells tnea5 ELISPOT assay (Suradhat et al., 2001) uazmsIanLEuInaas CSFV-

specific IFN-Y waz IL-10 producing cells FUNALATIZIALN lymphocyte subpopulation naF1e
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cytokine 1neA3 flow cytometric analysis 1neA3u89 Suradhat wazAtUE (Suradhat et al., 2005) lidu
10,7, 14,21, 28, 35 uaz 41

a = A

- luiugavinaaesniamases (D41) vise lunstindansdudinvizauansainisteuinunn (succumb to
death) NAUALAANIINAARY 11INNT euthanize gnImAaes senisinliaauingli pentobarbital
sodium (60 mg/ml) 13104 5-10 ml (to effect) NNABAIRBART AMNAIELNIT exsanguination AN
NNTENTININeRTIarIANNILAEULL AN INeNEanen (pathological change) waziLAY8eN9TY
X o A o X o a - ) o \ ~ X aa N
[Waanngnaynsaieiinisuenidialaiaaiansigng uazvassaatiainensauanimenuaiie (lunsiin
ANGE))

- iusnet9TuLilegnIynaaiensaaniAnNilanulaImIeaane1ainen  (histopathological

- o = . o o .
change) Ingisjaidunisiasuulasiilaainesdesiulsneitnndgnaitunan

4) MSIAULAZLEN PBMC WA in vitro activation
4.1) iudaetaiaengniainnismaaesdnesiu Inalaviaengnasaaduiues 18 81q 1.5 Uy annidu

2 . . a aa | > I3 I3 2 A o A & o aa . .

LARA jugular vein YT 15 HadamssaAsa Lﬂ‘i_lsluﬂﬂ‘ﬂﬂLﬂ‘]_lL@@ﬁﬂN@ﬁi‘ﬂuL@‘ﬂmL“Mm%V}N heparin sodium
® . . )

(Vaccutte —,Greiner Bio-one, Austria)

4.2) Wideauntuiandaiaanaeiatiaindedinal (PBMC) #aeRs density gradient centrifugation

L 3

(Suradhat et al., 2001) WATMILTNI WATANITNIUIIIRAUTAGNNTINARLAT trypan blue exclusion test

4.3) Wun1IMeaadN 3.2 T9aLFaInINg in vitro stimulation fnelda CSFV avidswas PBMC sl

' o

afadaAsFaNgN LazinnnInszsusanlaiaad

9AgN3 (ALD strain) Turiestfjiimnag Tneldrannidudurease CSFV #1 1 multiplicity of infection (m.o.i.)

wannanainailn 24 wgu TnalfmasiEunns 6x10° ad

Wunan 18 dalug (@ uFuwmaila ELISPOT) waz 40 dqluednviumaila intracellular immunofluorescent

staining assay N9 37 83 IALTHA 5% CO,

5) wauAUaA{11SU flow cytometry

anti-swine CD8-PE-Cy5 conjugated mAb (76-2-11, 1gG2a) waz anti-swine CD25-PE conjuagted
mAb (PGBL25A, IgG1) iﬁl?UﬂQﬁNﬂwLﬂ?W:ﬁﬂﬁﬂ Dr. J. A. Roth a1n lowa States University, Ames, lowa,
USA

anti-swine CD4-FITC conjugated mAb (74-12-4, 1IgG2b) anti-swine CD4-PE conjugated mAb
(74-12-4, 1gG2b) WAy Biotinylated anti-swine IFN-Y mAb (P2C11, IgG2a) AMNUTEN BD Biosciences
(USA) streptavidin conjugated-FITC Aa1nL3n Serotec (UK) anti-swine IL-10 mAb (954A4C437B1) an

1/71¥ Biosource (USA) WA goat anti-mouse IgG1 FITC conjugate a1n1iasv Serotec (UK)

6) Immunofluorescent staining and flow cytometry
6.1 N1SEANANTAR (surface staining)

111 freshly isolated PBMC W3alaaanlda1nnng in vitro activation AMN1SIALLAZA9SRE PBS 1

ATe WNTTudN9fae PBS N sodium azide 0.1% Waz 5% bovine serum albumin (FACS buffer) Huuaziliu
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AN ureas WS NNdszunas 2x10° wad fe 1 staining reaction vhmadiiléldly 96-well
tissue cultured plate 1Nl uvAesd 1500 sauseu? Wuaan 2 unf axiiadau supernatant gkl aan
v resuspend cell pellet faaN13LAN MAD fidaansluBunnfiunzay (anti-CD4A-FITC,  anti-CD8-PE-
Cy-5 LAY anti-CD25-PE V3@ anti-CD8-PE-Cy-5 ua anti-CD25-PE) 131ms 50 lulnsams Al 4 aaan
mades 30 wi luiie dlutudns 3 ASedee FACS buffer Bunns 150 ailasanssienss a1nii fix
\IaRAAE 2% formaldehyde 13untw 200 lulasams neawninsimszinasae Facscan cytometer (BD
Biosciences, USA)
6.2 nsgianneluLgaa (intracellular cytokine staining)

UszenFanndan1snamate Pala uazAny (Pala et al., 2000) Tnafidunauitansaadanisadrelals

a

Al Taglunmeassil 3.1 MnswnzaasniiuaIngninaaed (freshly isolate) NRMUYN 37 89
Lia@ad 5% CO, 396U monensin (GolgiStop'"; BD Biosciences, USA) W fiUglau1a1n13n13uaa1789n
uanadidunan 4 dalusnaunisfiasad dwiulunimesesi 3.2 nMaudwinnnsesuaadsineoai
5N waan 28 dalue azyinnisiin monensin (GolgiStop™, BD Biosciences, USA) Wag incubate 69
ldan 12 dalug aumsy 40 daTue aginnsifivuazdenaad

o I3 & & A 3 v a & %’/ ¥ a Y v

NNIALEA AL ARAATIILASNINIEANRLTAs (CD4 Way CD8) mndumaudautaTasd19mi
PARINUUNINIT fix UAY permeabilize \TARAE Cytofix/Cytoperm solution (BD Biosciences, USA)

i 200 lulasdnssiangu Aeldnguungiivies lundla 3 dalus anduinnisfiennielumadson

biotinylated anti-swine IFN-Y mAb 8 anti-swine IL-10 mAb ‘ﬁﬁﬂmxﬂu perm/wash solution (BD
Biosciences) Tuiffnnnu 50 Tulnsamssiangu uazmusng streptavidin-FITC conjugate 4113 IFN-Y (38
goat anti-mouse IgG1-FITC Conjugated mAb #1950 IL-10 ﬁlﬁﬂmﬂu Perm/wash (BD Biosciences, USA)
Iu%uzgmﬁw fix EasAIY 2% formaldehyde NAUNINNGALAIIZINARAIE  Facscan cytometer (BD
Biosciences, USA)
6.3 Aan1sidanAnmlsEinsiTaa

nsAnEueuRRuURamaduaz sz nstiesfiairelalalednnelumad  Fansieszdianniaad
AU 10,000 uaL 100,000 agd mNa1AU InanisidenAnendszansasanaaninlad (R1) aziatson
NAIUALEAS  (FSC)  wazAuuunLdunglugas  (SSC) Imwudﬂumﬁuﬂi:mﬂmﬁLﬁfaﬂmﬁﬂmﬁfu
dsznausaadainannlamdudoulug) wariszansmadatinlululsf (Swea’) duagilszannfenay
3 ailsanavanss (data not shown)

Lﬁmmﬂua;m%wu double positive cell (CD4'CD8") Tmuﬂizmﬁ@m%ﬂé’mﬂgﬂ characterize
\{lungu memory helper T cell (Saalmuller et al., 2002, Zuckermann, 1999) FafunnsAnenfinlszans
daeveairadanilad (CD4'CDS, CD4CD8’, CD4CDS waz CD4'CD8’) Makelalnpnen] vite CD25 A
auilusiasldseuunisdanuuy 3-color staining lagWaisuianfeaazaasilszansmasailn CD4™  uay/
Ve CD8" AN R1 - ArwunsAnsueufiaudiiany (iripled positive cell) azidanAnenaintlsyansioas

A nAEULdunNg luagay CD8™ (R2) #3a CD4" (R3) Insifansaunissannsiaasiuana CD4"™ s

CD8" uaz@nanu Aa CD25 vizalalmanen (IFN-Y vi3e 1L-10) Wasanilszansagaiin CD8™ 1e3gnsdl 2
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13in An CD8™ waz CD8" (Zuckermann, 1999) FatiinnsAnENLssNnsmaaNudns CD4 CD8 CD25" #sa
CD4'CD8 cytokine” agtaanfiansaunain R3 wWundn nisudnsualunisinenil AnanniBuiauedsdesay

DITART IALALIN + SEM angnsluusiazngs

7) NSRSz Rdayanans
ApzidayanaannisAnenlngldlUsunsuatii GraphPad Prism® (GraphPad Software, San
Diego, CA, USA) Tne/lf t-test, Fisher's exact test 1138 ANOVA LazANNAas Tukey’s multiple comparison

o

\WHadaauunnsieszndnengunisinsedeildadnAty (o< 0.05)

o

NAN15I]8

o

nguszasAn 11 neAnEINIaTIe IL-10 Tugnaldiuige PRRSV luud dynamic 2eenisa¥te laln

AelnenaanTTIATLTe LazITaRTd514 cytokine AINANT

1.1 WaARd PRRSV AaN154574 IL-10 229v4a8 PBMC ﬁuﬂn'lﬁ'mnqns (In vitro effect)

udna preliminary experiment # ﬁﬂﬂ’]il,r“méfqaﬂfmLﬁ@ﬁ@ﬂi@ﬁﬂi:ud’]q 7-11 ddad ann

o o 1

commercial farm LLﬁwﬁﬂuﬁwﬁmumﬂgu Pfaatuaaaniiulan PBMC a1ntisinyn culture $anmu

v
% 1

PRRSV tiarinnisimuimaiia ICS tnesisiildayailiasfiuluaniddanaundiil anudadn PRRSV aunsn
wilaah iAansiinsuansaanaas IL-10 gene T PBMC 284403 1le¥i1n13 culture Wasaniu PBMC
unanedetiey 24 4alus TudiesfjiiRnas (Suradhat et al., 2003) AR culture system W4l
nswmumeaila ICS Tudessiuld Aneudsannleninisusu (optimize) daawaiuwasisnisimsnzanlu
N7 pulse [ARALE monensin (GolgiStop™) uaY permeabilize wad PBMC Lunad1iFa Asgunsauans
% 6 dl o 1 o nI/ v @ U ‘;/
N138514 IL-10 lumad PBMC #1013 culture 398U PRRSV 1iluwnan 48 dqlue Mwinls wanainiinaan
preliminary experiment £9% LLfiudn Ladngu CD4CD8’ T cells luimasnguuaniad1a IL-10 Tu culture

system i (nwilsznavud 1.1)

12 uawas CSFV ramsadwlalnaeiaasdas PBMC Auanlaaingns

o o

lunsAnmEuenanmsAneuates PRRSV sentsairlainanesfecisad PBMC udn AERELN
IAimLmAlianImIaavn intracellular cytokine production ‘17‘;'5%‘1/\1’15[51'@L%ﬂﬂﬁmﬁa;ﬂﬂﬂwgﬂuj i Ineay
waad PBMC Tilnsesudiag CSFV fipnnandadu 1 m.o.i. Inasaudasanmudaiinelddmiunismsam
CSFV-specific IFN-Y secreting cells ﬁmﬂﬁmimmﬁu?’iuﬁq (Suradhat et al., 2001) rifau?um’]xﬁmmﬁﬁ
g519lalnanesdlng flow cytometry

lugag preliminary experiment ¥nn1sifiudantna PBMC a1n gnsanwnfugnanaaes gutiinans
dnounneAans ainasnsaluyndngndy Samdauaslgu urkavifls ;Tqmimg 3-13 dilmoi Lﬁ@ﬁﬂmgmmu

nauans CD25 waznsainlalnanenl Weqnaldfudaduaiiondgnenultsunsuinfluifulieany 5
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' [

uaz 7 e anuanisAneuanlFiiiudngainnsatinmaiia flow cytometry ALY w0 lduananng

o o

poUauRIN N RANAuLULSwzlugnsirelaiudatuld Taenwudngad PBMC aesgniiaglaiudadu

afivFgnINInewarifiinaasnaing IFN-Y Wngatwiie liiuniensysusaeieaiinnfgnsluiesiim
M3 (mwilszneud 1.2) wanainilfewudnsziunisaina IFN-Y @runsnianlfidusalaaniaousen

Vv o ° a vy o == ol a o o d’l o val 1 [
AReINUNNINIUBaI RAN A uLILRNLEadn ANz AuEa lafalugnstdAndanisnsaadanisuans
1 v
aanaas CD25 (nwilsznaud 1.3) Taananisdnsilifunsiinadizauiasuds meazidanainnsog s

N reprint lun1Atuan (Suradhat et al., 2005)

75 0.6
O [72]
= A 2 B
m
o (3}
o
c
— | | > _ |
» 50 2 04
i (72}
8 o
° <%
2 =
25 - S 0.2 -
o =
< =2
0- - 0.0- + + + +
cb4* cD8" cD4'cDs’ Total CD4* cCD8* cD4*cDs

AMnUsznaun 1.1 wauas PRRSV AaN19&574 IL-10 aadwdaa PBMC (In vitro effect)
A) Bunniedniesazaes lymphocyte subpopulation Wwaz B) Bunniadedesazand
WAANAFN IL-10 a1NiEas PBMC 2849403 (319w 8612) Nwn culture $aufuiEe

PRRSV (SVI strain) 438704 1 m.o.i. 1{luaan 48 dalua
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0.6

% IFN-y" cells

0.0

Awdsznaun 1.2

0.4 I -
p <0.05
1
0.2 -
< L
Sy S LN
K¢} R R} R
o 23
Xo xc"
Treatment

% IL-10" cells

0.6

o
kS
1
T

°
N
1
T

x (S
x 55(4 x 44
xo xc’

Treatment

NAUad CSFV pan1saselalnaiail aaswdaa PBMC (In vitro effect)

(A) Bunueaeiesavteumasnasne IFN-Y uaz (B) IL-10 999 PBMC a1na844n3

dl ] a o d‘ Yar o a & 1
e (@219) visagnsiee liFudATuaTionsgnanniow (

a o

an1) NaNnAaesLlsznay

fael iad PBMC (cell) vige PBMC lAsunisnszsuludesdjumnisdae CSFV i

1981 40 919 (+CSFV) ¥sa PBMC #1lansesiusing PMA/Ionomycin (+CSFV+PMA)

wuan 3 d9lug (Suradhat et al., 2005)

45-

25+

3_.

% positive cells

- —O—cbD4CD8*
—— CcD4CD8*CD25*

| ——cD4*cD8"
—— CD4'CD8*CD25"*

5- M L —4—cp4*cDs"

T —&—CD4*CD8CD25"

AGE (wk)

1

13

22



—&— CD4*CD8’IFN*
0.06- —— CD4°CD8*IFN* -
—&— CD4*CD8*IFN*
K}
© 0.04- -
o
()
2
=
8 0.02 -
o
X
0.00+ -
-0.02
3 5 7 9 11 13
AGE (wk)

awilsznaud 1.3 gluuumsuans CD25 uUuRagas waznsd$19 IFN-Y 2audaantasunig
nszpUmAIE CSFV
(A) U30d0as5eaazaedmadnidnd CD25 LuRaWas WalFauieuiusunn
\wRsFenazaasmaanaing IFN-Y (B) lu PBMC Auanldaingnsiiléiudatiuaiions
qnaiileant 5 uaz 7 danik (gnas) imad PBMC Asunsnszsuludesumnisdae

CSFV (1 m.o.i.) sfl1aan 40 42184 naun133LAzina (Suradhat et al., 2005)
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1.3 nsAnu dynamic Imamsasslalameinanasmslasuiia PRRSV aawugainin uas
LIRAN&319 IL-10 lu perpheral blood mononuclear cells (PBMC)

sziilauigaas

1) ARRBNGNIUEINUN B8 3 &laviiaanannida PRRSV (seronegative) uwiegnseanidu 2 ngu
NaNAL 5 Fi e fuanmd ANTARIWNNEAARNT ATNAINIRINMINENAE

2) Wil 0 (o) vnslida PRRSV mﬂﬁuﬁ:ﬁumimuﬂizmﬁim 73im US genotype (01NP1)
Tuawnm 5 ml (10°° TCID, /ml) WAANINGUNARDY HNNNAYNATUAY 2.5 ml anduinnnsaatifineaniamis
ARUN @u?;uzgmmiwmm (14 Sundslide) 4nInguAILANLATL mock infected MARC-145 cell lysate 1u
UanofnidluiuReasuiivanslside

3) iusetne@en (heparinized whole blood) AU 1-5, 7 uaz 10 wdalside anntdusinaniy
uein PBMC #a2i33 density gradient centrifugation wianfuLiufaegng serum ilemanauenide PRRSV i
do d7 waz d14

4) 10 freshly isolated PBMC 81%NN13ANHNERAN491184 subpopulation 289 PBMC (lymphocyte:
CD4", CD8’, CD4°CD8", CD4'CD8) wianiutiannmanmidadnaine IL-10 uaz IFN-Y 1neid3 intracellular

cytokine staining Iaaninnns3imsziualaes flow cytometry

NANNSNARBILAZIANTEL
manansliimegnangunaasiEuuaniainisuedlsa PRRS Ui a1nnseaun@s leukopenia
wazarBudunaeINIIsrLLmGAugla fausdun 2 nadliideauduganimaaes Taaazwueinig
o . d . Y X & o . : -
wnngaluiun 4-5 wasnsliiade wenaniifanuainisdenianndniay uazauanlungunaaeslisus
ui 4-6 wasnsIRiTe annstlhevesgneavingliiesndsannlfidiedszanns 2 dlaif wazlinueinisiia
Uniila) lugnanguacunn nanisnsadnlinnneadeloda uazszduuauiven neflugnimaan uans

1A lum13799 1.1

A15199 1.1 srAukauRuasuazlasalamasaINTdSuTRIgNTNARRINIANAIAINNIS IHEE PRRSV

Viral titer (TCID,,/ml) Mean S/P ratio” (% pig positive)b
Day 0 Day 7 Day 14 Day 0 Day 7 Day 14
. * <10 . . .
Infected Neg 10 0 0.00 0.157 (0) 1.095 (80)
Control Neg. Neg. Neg. 0.023 0.016 (0) 0.032 (0)

?ELISA test for determining anti-PRRSV antibody titers was performed using IDEXX” ELISA test kit.
SP ratio = OD (sample)/OD (positive sample provided in the kit)

® Cut-off value for seropositive was when the SP ratio > 0.4.
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naNIANENFLULILT89N198319 IL-10 wanelSlunwilszneud 1.4 Imﬂwudwqmﬁq 2 nguENI0
wadRaine IL-10 lussAindAoeiulusui sulide dufhdanadnsziunisaing IL10 flunuAeudig
@;ﬂu@m‘%\a 2 ngu V”Ta‘f':m@LﬂuLﬁmmnqummm’%“ﬂmmm’mmnmnLL@J@ﬂ?memmﬂum flasann
Wufinsuiulassialdmainfignasindinnsa¥ne endogenous IL-10 agfluseiumit uazazsul IL-10 azga
T lansinnsmesauasiaannzundesiinaeululy edndlsimuniaudeanlésu mock infected cel
lysate NINGHAILANUARANIZAUNIFATIN IL-10 flamassnanindszsL baseline nevdanis treatment waz
ﬁﬁﬂdﬁﬂ@yﬁiﬁ%ﬂL%@”Luﬂiq\ﬁwrjw d1-d4 daulungunaaequiidnssau IL-10 azanfaInIEuas do atls
ﬁmmgmmjuﬁﬂ”\imﬁﬂ?mmmmmaﬁ%%q IL-10 gandngnanguasuANlutag 4 FunddldFuide (0<0.05,
student t-test) (mwﬂi:ﬂfauﬁ' 1.4A) Tnamudmadngs double-positive cells (CD4'CD8") iflwmadngs
winha¥a IL-10 qugmﬁ%’%m%fa PRRSV (mwﬂizﬂfauﬁ' 1.4B) TN &N ATIAT R LA NLANFN9T8ANNT
4514 IL-10 a‘:wmﬂzjmm?wm@m%’mmﬂu‘*ﬁwLLamemiﬁm%@ Immﬁ;mﬂ%\ﬂ 2 nguALFNIIN9859 IL-10
Tuszaudindideifumdeandud 5 Tuduly uasilesnnansliinglétuide PRRSV feunimmaaas faf

Audad e N nszAuN19ai e IL-10 Idanmasnguasnaauuuldanmig - deunnsdnsinisaing

IFN-Y wudwz\gﬂif’i‘i 2 nguilguiunaesnisadng IFN-Y AlndiAasTunaenniamagas Tasaswunieaing IFN-Y
qq'%uslum\ﬁwdw d2-d4 Bernaziinann early non-specific response a1NN13MA5L PRRSV %78 mock-
infected lysate (ﬂ’]‘W'ﬂi‘tﬂ’ﬂ‘Ll‘ﬁl 1.4C)

yanannnsasaadanisairelalnanen] lunimaaesigldAnmnnsaia IL2R (CD25) Gl
activation marker mﬁmuﬁmwma"luﬂ@:u lymphocyte Tnegadldmunnilsznaud 1.5 nemadnnemda
A7NN"3 treatment zﬁ;m‘;ﬁ 2 ﬂ@juﬁﬂ?mmmm’ﬁmm CD25 uufaigadund Tmmﬂuﬁmﬁqmmdqqmﬂ@ju

AILANTSAFLLNEN mock infected lysate NAUR activated cell TuiFuINgININguN1HFL PRRSV atinedl

]
o o o

Tad1Anlugaeiun 2-3 uaanslii@e (p<0.05, student ttest) (NwUsenaud 1.5A) whasnglsimuile

o

Anwnivrtinuessadnaine CD25 naunudaasnguuanduans CD25 uuiowad uimadlungs

Y @ 1 A

CD4'CD8 population (nwdsznaud 1.5A, B) G liidiudndaiimadanlas population aunldlsnanig

Vo

v 1
Anwlunisfnenil (11 NK cells, B cells, YO T cells lusiv) ldFunisnszdustinesamialugasiuuemg

o

2BINT treatment WATUIATABARRBINLNITABLAWBNNNHNANAUTIA early non-specific response 814
lafimnauivhdunndngnanguitléidu PRRSV aziinliinissauanssdananaiumandngnanguasuan wen
X A o P oal o - { o ¥ o
anilfafunirdunadngdesaireinisneuauamiaasnanaslunguinlsiudalofatiu Aanulndiaes
fuszazinanfin1sasng IL-10 ludndnldfuite Tadsddnnsadne IL-10 luszuuludaeszazinansenana 1

azfuNalun11911911 1849 systemic cellular activation anAae

1.4 nsAnu dynamic 184M58579 IL-10 11 PBMC wasgnsiilasuiia PRRSV snanugelsl

[ '

anuan1sIdednesiu AW PRRSV @neiugaisdni (strain 01NP1) dnunsawmiianiinlifinns
a3 systemic 1L10 lugnsfifiame lugasssudeddaniusnaesnisiinige atnslsfinnuda PRRSV légn

'S

Auunlaiflu 2 nguaneiug gy Munanaiugeisdng (US) wazareiugelsl (EU) Beluilaqiiu ansnsony
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v 2 o X 4 . . «
nsszunareslaiany 2 araiusiilulszwelng Iaewunisszuinsesdeansiugylslludnadou

A8RUFBINTNT (Thanawongnuwech et al., 2004)

a

nganan
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0.30

0.25+

0.20+

0.15+

0.10+

0.05+

% IL-10 positive cellsin PBMC

—e— Infected
—O— Control

0.00

d0 d1 d2 d3 d4 d5

d7 d10

0.30

0.25+

0.20+

0.15+

0.10

0.05

% IL-10 positive cellsin PBMC

—o— Total-Inf
—o— CD4*8"Inf -
—&— CD4*CD8’Inf
—&— CD4°CD8*Inf |-

d0 d1 d2 d3 d4 d5

d7 d10

0.30

0.25+

0.20

0.15+

0.10+

0.05+

% IFN-y positive cellsin PBMC

0.00-

—o— Infected
—O— Control

d0 d1 d2 d3 d4 d5

d7 d10

awisznaun 1.4 USunauaasngsne IL-10 (A), THauaddasnds1e IL-10 (B) waz Usunaudasn

#5149 IFN-Y (C) an PBMC ﬁLLﬂn'lﬁ'mnqniwmm

4nINANYNAAeY (Infected) Fuima PRRSV (01NP1) luiun do gnsngumauaw

(Control) l#5U mock infected cell lysate ludwRaariu ninnnsiusetrauaenludun

0-5, 7 WAz 10 nasliime warmsadatinnauaasnaselalnaneilneds intracellular

cytokine staining Waz flow cytometric analysis IngAnsANEIaa7 gate agilungs

RIET
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Awdsznaun 1.5

30
—&— Inf-total

g —A— Inf-CD4*CD8*
E —¥— Inf-CD4*CD8"
£ 20 —i— Inf-CD4CD8*
K] —O— Cont-total
©
o
:-n
a 10+
o
®

0_

d0 d1 d2 d3 d4 d5 d7 d10
30
—O— Cont-total

g —4&— Cont-CD4*CD8*
m —¥— Cont-CD4*CD8"
T 20- —=— Cont-CD4CD8"
P
©
o
in
a 10
o
N

0_

d0 d1 d2 d3 d4 d5 d7 d10

U3annunas subset 1BAIARTILARY CD25 (IL-2R) aan PBMC ﬁuﬂn"lﬁ”mmgns
NARDINANNARDY (A) LAENANAILAN (B)

AnINgNNAADY (Inf) i?m%fa PRRSV (01NP1) TFuR do gNINGNAILAN (Cont) 165y
mock infected cell lysate luf ey Mnafusetraaenludiud 0-5, 7 uaz 10
udslide uazmmaiaFunnitad gate aannguanTWles uazuans CD25 Uwia

AR A28 surface staining Wa¥ flow cytometric analysis
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v 2 A a9 Ao = - % X 9m o R o
mQuLHW@IMNQHWEQQENﬁQqN@NH?ﬂé u@z@qNq?ﬂm@lﬁkyﬂqﬂﬂQﬂiztwﬁiﬂﬂqﬂﬂu ATUSHINEAINI

'y

manaaeuiiniin Tnanisliiae PRRSV allnaaiugylsuiuenldludszimalne (strain 02SB3) iunns 5

ml (10™° TCID,/ml) unignsnaaasane 9 daii (5 senqu) uazuwazAnsinisainelainanedl PBMC 109

aa o I

anamaaes (Ieaviaunsvidoudsiduegludeuginaniuazitnaaes da 3.2)

HANNIANHIWLATE PRRSV anaiugelslanunsnnsesunisade systemic IL-10 WRAUNINNGN

o o o

NANALIANDENINTEANATYN AR (p<0.05, ANOVA mxsiae Tukey's multiple comparison test) lugas

&uaiusnaasnisiiamelfidunen (nwisznaud 1.6A) Taawudmad lungu CD4'CD8" Hununuanlu

e '

A138579 IL-10 (data not shown) TN@aAARBRLALNANNIMNARITN9F waziduntndanndnlunimaaeeil

' [
= I~ [

Tugaeiun 4-6 wasnsliimeazaunsamaanunisaine IFN-Y THanzlunquildiugie PRRSV aneug

-

EU (nwilsznaud 1.6B) Taevinlduda PRRSV aneiugylsulinnaliifineinismieadindiiunndanesiug

Q

81T HANIIATIANLINI9aF1a IFN-Y ludaeszezusnaeansiini@ie enaanuisndeuesunafedsngnisnl

fananaliiunedon ivtiifissannipaiinissanuniiewntiiidn IFN-Y Honlunisdudinisiiaaiiouges

ima PRRSV ¢ (Bautista & Molitor, 1997) Iatinani13miasalsunnlndalunssuaiaanainnismaaadil £

'y

wudndeanewugeladazivunnlaalunszuaidengnesinndinguanaiug US ansae (nwdsenaud 1.7)

1.5 MsAn® dynamic 224N158574 IL-10 Tu PBMC aasgnsilasuindu PRRS snawugelsl

\Wasannilaqriu Annsaynyialiiunsdewip@u PRRS ailadmeiduanaiugylslulsvmalne ud

I3

Jrazeialiiseaunalssdnsnaresdpdusanatalunistlasdulsn PRRS #svunaluilszmalne atnglsf

o a

Anpads e uneunting lusgdsumadndadu PRRS dnnsvsunisairanidnnuliduwasluiidscans

1o

nwwinieasemauiudpguseiiluaiingu) (Meier et al., 2003) G Wiasdadrdndudeduazinien

o

v lAnnsase systemic 1-10 §luszevusnaesnsWinduldidudy Taaneundiilldineafsmenuin
FAf PRRS dnunsawinientih Wiinnsiiunisuansaanaed IL-10 gene luieatjiRn1snLas (Suradhat &
Thanawongnuwech, 2004)

Lﬁ@ﬁ@@ﬁ'*ﬁ@mﬁmﬁmmg Tunmasessionn Fadeasinnislidatu PRRS L%mﬂwﬂﬁmmﬁﬁuﬁfq
T51) (Amervac-PRRSV”, Laboratorios Hipra) uigninaaas a1 3 el (:eavidenszidouisiqunglu
douginsnlilaisneass 4 3.3) uazfna1un1sada 1L-10 989 PBMC A1NgnIsenand HARINNNSANEIN

dnslddpdusingnn  arunsnmileatiniggite IL-10 TaegadidadenanedeltadAty  (p<0.05,

student t-test) @uAL virulent PRRSV strain (nwilsznauii 1.8)

¥ v
dalsz@ oA

Tnaagiarnuanismasasinanonvieuun Tudasinglsyasdn 1 @lidiudnde PRRSV 919 2 anel
o & :’, o a dv dl o 3 d‘ o Y a % . ]
Wug soniedaduaaiduniianldlunisfing amnsnwliaainldiAanisaing systemic IL-10 wuwlyd
° 5 dla d” A Yo o A 1 a o o o o & a Ai’ = o dl
nzaulugnananiaesise Ffudaguatnalied Ay luszasdiaviusnaesrenisiinge  uasindngaui
199198579 IL-10 Twsznulugosszazinanfinans  Wiasiinalunisinauaesssuunidniuluscasa

g a ¥
naniIanAe
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0.3 0.4
A B —O— Control
) P —— US(01NP1)
8 T 0.3 —8— EU(02SB3) |
@ 0.2 . - $
n
g g 0.2 -
?—
2 =
4 017 - ™
= X 0.1 .
0.0 0.0
0 2 4 6 12 18 0 2 46 12 18
days post infection days post infection

nwilsznaud 1.6 Fanauaaanasne IL-10 a1n PBMC fuenldaingnsnaaad
gnmeaesngu US 1450 PRRSV aneiufedng (01NP1) ngu EU lé5uide
PRRSV anesiugelsl (02SB3) fusnldludlssmlng il o ANINGUAILAN
(Control) 1§50 mock infected cell lysate Tuuiaenniu AN dRade
ImAellmeAs intracellular cytokine staining Wa¥ flow cytometric analysis TnaAnEN

anaadn gate aglunguaninlasd * uansaNLANANAINNgNALIANEENINTE

AVATYN AT

4
_ —& EU
03 —A— US
E 3 —O— Control [
o
)
= 24 -
[
=
ey
2 14 -
S

0 S

0 6 12 18

days post infection

mwilsznaud 1.7 15anwlada PRRSV uenliaindsuaasgnsnaana
ananaaeangn US 1afuima PRRSV anaiugewdsny (01NP1) ngu EU 163uie
PRRSV answugelsl (025B3) fuenlalutszwelng ludun 0 gnsnguasun

(Control) 1851 mock infected cell lysate TuSuimeariu
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5
L] —— Vaccinated
3 4+ —{1— Control -
g
o
o
S 2] i
=
x 17 B
0 = == !
d0 d1 d2 d3 d4 d5 d7 d10

days post vaccination

awisznaui 1.8 USanoudaana@sne IL-10 A PBMC  wanlaaingnsvnaaasitlasuingu

PRRS #iimiaifly

aningunaaadlifuiadu PRRS mﬂm%mﬂumwﬁuﬁﬂﬁiﬂ 4nInguAILIAN (Control)
1450 vaccine diluent lufuieaiy nadaBunnusasiiainslolnanendlngds
intracellular cytokine staining bae flow cytometric analysis Tmﬂﬁﬂmmmmﬁﬁ gate

° o

g lunguanIWlas * wansauuansnee Nl A AN 9anA (see text)
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nguszasAni 2 nsAnmnaresnislaFuie PRRSV Ndsailsyaninnaesipduilasiulsnaiionsgns

Q

o

Tunisnszrunisadngianiusielsneiiansigns

aaa a

sTIteuIgas

1) ARRONGNINEIUN 81 17 Fu anvfuantuiitlasalsnadionsgns uaz W 815 a5 wa laanis

a A

nIIATTALLAUALR AR TaYNARTHA TugNgNT Tnemzsinsnsa ldwuweumAvansie me PRRSV

o Yo o

(seronegative) UWazAA maternal derived SN titer 68 CSFV (gRANAutnanananudgnsnlazudatunis
5

'
o o o

Tsunsuaeanasn) fAnndn 32 uilvgnsesnidu 5 nqu nguaz 5-7 6 dnAssluan wITeuaLdns

NARBI AEARIUNNEANARNT R1AINTINUINENAE

a o

2) :eazidanedng Iiime uas IATUIBIgNINgNsinaT HAs

- #uf 0 (D0) #1n12 inoculate gNsNg C uaz D Faeita PRRSV 4iln US genotype aneiugiiuen
Wlulszelng (strain 01NP1) Ridprnadudurecida 10*° TCID, /ml atnaeenagyn d19az
2.5 ml muzgm‘ﬂ@jm%'uj (A B uaz E) 1650 mock infected MARC-145 cell lysate T Fanoudivin
AUUEBARLN

- &R 7 (D7) andptutlasiulsaaiinnsgnsatin lapinized Chinese strain Lot No. 47/46 (n3xie
&md) Wiurignangw B uaz D taanisaadanda Bunas 1 mi slesn muzﬁqmﬂ@:uﬁluj (A C uaz
E) 185uiamnz diluent 1093 AFU LN auTvinA

a a

- Jun 28 (D28) amWmiu (challenge) iigningn A-D lnaldimesiicnsgnsaiinguuss (strain

=

Bangkok 1950) &9 l#3uAnneasziananitiugunwdaduienng nauladnd aunn at least
10° PLD,/ml siasia Taenis@adandns Uaunns 1 mi

- AUl 41 (D41) BUgANINAADS

A159N 2.1 $1EAZIBAANTISNARBI LUANTURAAENEN

Group PRRSYV inoculation CSFV vaccination CSFV challenge
(DO) (D7) (D28)

- - +

- +

+
- +
+

moow >

3) suazigaanafiudayasatnaluszudnanimanes Hansazidansasialiil

- antiufin clinical sign 2B9GNIYNNANYNTUARBATZELIAINITNARS

' ' %
o

- WUAfeeNeEsNINenIIauNTa PRRSV W CSFV Tuduil 0, 7, 14, 21, 28, 35 way 41

- UFNeENTFNINERgIaUNsEAL serum neutralizing antibody titer siaitialaiasiinnsgns uay

¢fU antibody titer AaLTa PRRSV (IDEXX™ ELISA) luui 0, 7, 14, 21, 28, 35 uaz 41
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- fufletnafen (heparinized whole blood) AMNZNINANAN Lﬁ@ﬁﬁmiﬁmﬁmﬂ hematology
uaznmatinsuauidaidentnn luiuii 0,3, 5, 7 way 13 mwﬁqmﬁmﬁwﬁuﬁwL%aaﬁfnﬁzgm

- \AuF8E19 heparinized whole blood Wfietihanuen PBMC thimadiléan culture 3aufu CSFV
(in vitro activation) aniunIadaLFunned CSFV-specific IFN-Y secreting cells 1nei3s
ELISPOT assay (Suradhat & Damrongwatanapokin, 2002) Wa@san1lInnnaay CSFV-
specific IFN-Y WAz IL-10 producing cells ?QN%@Lﬂ?ﬂzﬁLLﬂﬂ lymphocyte subpopulation ‘17{@%(%1
cytokine 1neiAg flow cytometric analysis TneABe09 Suradhat WATARLY (Suradhat et al., 2005)
1W5uii 0, 7, 14, 21, 28, 35 uaz 41

- ludugavinaaasnimaaes (D41) w?ﬂlumzﬁ?{ﬁzgm@ﬂ%ﬁmu’?ﬁmmm\immiﬂqwﬁﬂmm
(succumb to death) ﬁﬂuéuzﬁmmiwmm %11N17 euthanize 4NINAADI amisinsEmnie
AsaN AN AL AN INENFANEn (pathological change) LL@xLﬁuﬁqaﬂﬁa%m‘f‘:@mﬂqmm
ﬁ'}Lﬁlﬂﬁ’m’]ﬂlﬂﬂL%@iﬁ%‘/@'aﬁmﬁ@ﬂ? LazdeFatn I ReRTIALENFLLATI G (lunsdifiasde)

- Lﬁuﬁq@ﬂnq%wﬁ@qﬂmﬂﬁqLﬁﬂmiqwnmmLﬂﬁﬂuuﬂmmqa@wmﬁﬁwm (histopathological

- o = . o« .
change) Ingi3jaidiunisilasuulashiiaauinesdesiulsaeinndgnaiundn

HANNSNARBILATIATL
1) [MUIUFNTUALRINITNNAAUN

P9 2.2 WAASANUIUIBIANINARDI LULAALNGNAABANIINAREY HATERIINIIIAAREUBIGNT
Lﬁaéuzgmmawm@m memieannmslsiide PRRSV (DO) gnIngu C uax D Suuansernsaslsei anf anf
e Tngazwuennsiu ieans uauguiu uazmelavey lugiaedufl 2-16 Tean1Imaaes (D2-16) uan
anilfanuennisauanuaziieatsnadniay (conjunctivitis) audae ANIUAANBINITNNITLLN LAY
mﬂ%mﬂﬁthfﬁqﬁuﬁ 4-5 189N1IMARDS WA recover ANlsAlUILTA 16 T8SN1IMARES UBNAINENLIIN
4n3 3 5in lungu C ANEANNNSFALTe Haemophilus spp.’ (Glasser’s disease) TuAuT 10 11 uaz 18 uasd
gnsannngy D PEaNAEARTE Haemophilus spp. 1 f i 12 muqmﬁ@ghmjuﬁlummemmi
mmaﬂﬂ?{amﬂﬂmm A18UAINTTIA mock intected MARC-145 lysate

gnangu B TuansenisiaUninieadiinla nendansiiadu uaznisdnineiy uenanids

o

Tdnwuenis leukopenia lugnanguilnandsannisliieeiionsgns (nwdszneui 2.1) Geed i
Faguanunsanseusinunulsaliatinaanynd

MandINsRaiufetiaainnfigneatinguus (D28) wudngnangs A Buuanianisedlspadi

c . . S Y d Y X ~ 2 e

MAgnIaeetnauLAzeEnegILI Bl 2 2eenistiiae Taadenisdu ee1wns auvees Hld

(rectal temperature > 40°C) leukopenia (WBC < 9,000 cells/mm’) winelaney uaugusaniu 4u gaanse

99 nuqaLRaneanUEIEaMI lusvazudsgnsazuauludnuie lateral recumbency UWATIAAIBINTFEN

2 ¥ , G & de a4 & y e o a
\Ia Haemophilus spp. iwiTafiinaglunduiearslamadanuldlugns lasdnnalwifadyminsgunn (Glasser's

disease) (agniaglunizfiiminamsriinusesszuunldunu (immunocompromised)
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TneBumasusfifl 9 iamslide (037) uazdeddn Kommanelu 11 Sundansliide (D39) dqugns
ngu C nuamszaslsnefinnsfgnsfiguussindidesiungy A Taadumeluiufl 33-37 1esnmaaes gns
ngN D f9léida PRRSV WnauNIINIATUaTEaAANT wansansreslsauiy uslisuusariongy A uas
C ﬂﬁiﬂﬂiiﬁﬁlﬁuLﬂu‘ﬁl‘ti’]ﬁ\‘iLﬂﬁ]d’]@ﬂﬂuﬂ@ju‘ﬂmﬂ@ﬁﬂﬁﬂﬁﬁﬂmﬂﬁ‘ﬁlL?‘;@ Tunanfisnandinguenueu (A)
TnaGuRgninudeusidu 3336 Fadwnafiindifesiungs C lufugavneresnmaaesians 1 faiia
Fmsepannisaniimiu eegnsiiBunnudndenaandudngssiuisatungu B uaz E (nniszneui
2.1) da Xunafanannldineinnamesnulsudanouminidinislduge PRRSV aziselsmnnssiiulilaes
Tmaﬁmﬁ@mﬁﬁq%{u (Depner et al., 1999) atalain fmmrﬁmmmilﬁmﬂiﬁﬂgﬂﬁiﬂiﬁqn@'mﬁqiﬂLﬂuﬁ

nouuddn uaranusesiinnsAnsinanndayaiaisia

o

o (p
. , =~ | | \ Ao o o A o o ap M ve o !
<0.05, Fisher’s exact test) LL@tVLNNV’YJ']NLLﬁ]ﬂm’]\‘]‘ﬂﬂ’]\Tﬂﬁlq\‘iNuﬁl@qﬂﬁyLN@LV]HUﬂUZﬂﬂ?V]VLNDLﬂ?UQﬂGﬁu (ﬂQN A

AR AT ANUI1ERIINIIseAT894Ns TUNGN D AndignsTung B atnaditudn

uaz C) daulugnangs E (naive) hﬂﬁmmmmiﬁmﬂnﬁmmaﬁnim AABATIIIAIUBINITANE

2) HANITASIANIebISEINE AT SR BLURINIINENEINEN

o a &

Han1smsran e lafainenansaetnedinuaradacrnieluaesqns  uansliiiudiagueiiansgns

anunsanseaunsunulsalietanysnflugnings B laglunisdnsilliasnsouanieliainis

o
GEEY
(1997 2.3) wazadenznnaluy (19790 2.4) Mandeainnisaaieiu luansnasouanidaaionsigns

Idanis@iuuazadunznigluaesgnings D luiluunlndiaesiunguacuny (ngu A uaz C)

=

HANNSANHINSIU AL AIMNENEINET (AN9797 2.5) UazqanenBanen (An3ed 2.6) Aldain

NN9ANENT ANNAADAARBITLNANITANHINNARDINLALINFEINGT NANIABNLNEIFANINATLALANTIAEIL

oA ]

wilasnieanenianginaunizivlsrafiansignsatnasudn Tugnangu A C waz D TLNTIHNITUNS

F oy e o L, . < e o :
nszangwendelidvedenssine fasenie Taglinunisnlaauudlamimeniluedancneluaesgnalungu

B uar E ustedalsfimnunisidasuulamisqanansineinulungu D Huwiliniaindngs A (nn3ei

a

2.6) doutan1swnzienma LA Bauandldlu msen 2.7

A1519N 2.2 NENANTNARDILALANUIUGNTNARDINTIA LUFEUTWNNITNARD

Treatments (PRRSV) (Vaccine) (CSFV) Survival
Gr.
PRRSV Vaccine CSFV DO D7 D28 D35 D41 rate (%)
- - +
A 5 5 5 5 0 0
B - + + 5 5 5 5 5 100
o] + - + 7 7 4° 1 0 0
D + + + 6 6 5° 2 1 20
E - - - 5 5 5 5 5 100

* 4n9 3 FapNEAINNIAALTe Haemophilus spp. (Glasser's disease) luiun 10 11 uaz 18

°4ng 1 FapnaInnERaie Haemophilus spp. TWwiun 12
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27000

%)

18000+ |\ T

(cells/mm

9000

Total leucocyte count

0 3 5 7 14

days post CSFV challenge

—O—A
—o—B
——C
—~—D
—{1—E

=i @ o [ a o v a
awilsznaun 2.1 USunudaaa ﬂ‘m'ﬂu%ﬁﬂi‘ﬂ ﬂ@‘ﬂ\?ﬂ'\ﬂuﬂqqqﬂﬂ'\ﬁ'aﬂWHﬂu ﬂ'JﬂL%‘ﬂ’PJVI'JW ﬁf!ﬂi

ananAaed Ngu C (A) uaz D (V) T5ume PRRSV luduil 0 gnsnqx B (@) uaz D

(W) asusetutlasiulsnaionsdansludun 7 anmmnnad (A-D) lasuni1sanneiu
q q q q

v 1
Foelmaainnsgns udun 28 sasnismaaes aniiungy E ()
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A151991 2.3 dFanaudialidaansaateEsNgns lussasiaaIsIe o) 189n1TNANaY

DO (P) D7 (V) D14 D28 (C) D31 D33 D35 D38 D41
PRRSV titer”
A(-/-1C) - - . - - . ) - na’
B(-/V/C) - - - - - - - - -
C (P/-/C) - 3.5 <2 - - - - na na
D (P/ V/ C) - 3.25 3 25 25 2.25 25 - -
E(-/-1/-) ) ) . ] ) ] ) ) i
CSFV titer
A-1-1C) - - - - 3.68 6.97 7.97 - na
B(-/V/C) - - - - - - - - -
C (P/-/C) - - - - 4.80 6.30 7.8 na na
D (P/VIC) - - - - 4.63 6.97 6.97 2.97 -

E(-/-/-)

®viral titers from pooled serum sample (logTCID,/ml)
° Negative
° Not applicable due to animal death

Treatments (P; PRRSV, C; CSFV challenge, V; CSFV Vaccine, -; no treatment)



e 2.4 Banandaldaedindgnsivanldanadanznalurasgnsnaaasmenasmsan

NEILAYEL T RNANTINARUAANITNARDY

Viral titers (log TCID,,/gram)

Gr. A B o] D E
(treatment) (-/-/C) (-/VIC) (P/-/C) (P/V/C) (-/-1-)

Brain 413 +0.60* 0° 4.80+0.71° 2.80+0.17° 0°
Tonsil 4.08 +0.19°° 0° 455+1.77° 3.25+0.58° 0°
Lung 432+0.62° 0° 3.72+1.47%° 2.66 + 1.05° 0°
Spleen 3.84 + 0.63° 0° 411 +2.26° 4.06 + 1.06° 0°
Kidney 3.81+0.83"° 0° 5.14 +0.23° 3.45 + 0.89° 0°
Lymph nodes 3.89 + 0.63° 0° 5.22 + 0.83° 3.36 + 0.42° 0°

* Data represents mean + SD virus titers (log TCID, /gr)
indicates statistical differences among the experimental groups (ANOVA followed by Tukey’s
multiple comparison test, p<0.05)

Treatments: P; PRRSV, C; CSFV challenge, V; CSFV Vaccine



= =i aa . i = v
A15199%1 2.5 msilaunlasmnawenganen (macroscopic lesion) Ainuluadzazmeluuasgns

NAARAN
Experimental group (treatments)
A B C D E
(-/-/C)° (-/VIC) (P/-/C) (PNVIC) (-/-1-)
100 0 100 100 0
Pneumonia
Lymphadenopathy
o 75 0 75 75 0
- inguinal In.
75 0 100 75 0
- tracheobroncheal In.
) 100 0 100 100 0
- mandibular In.
) 40 0 40 40 0
- mesenteric In.
Thymic atrophy 100 0 100 100 0
Haemorrhage
- skin 60 0 40 20 0
- kidney 60 0 20 60 0
- tonsil 0 0 0 20 0
- gastric mucosa 0 0 20 0 0
Splenic infarction 0 0 20 75 0
Brain congestion 100 0 100 100 0
Gastric infarction 20 0 20 0 0
Fibrinous pleuritis
0 0 20 0 0
Fibrinous peritonitis
0 0 20 0 0

® Treatments (P; PRRSV, C; CSFV challenge, V; CSFV Vaccine, -; no treatment)

® Percentage of animal with CSF lesion in the group



A15190 2.6 NstABuLLaINIanendanen (histopathology) NWLlUATENZFN ] TBIANNANDY

Experimental group (treatments)

A B C D E
(-/-/C)° (-/VIC) (P/-/C) (PNVIC) (~/-1-)

Brain
non-suppurative meningoencephalitis 1.6° 0 1.6 1 0
Thymus
lymphoid depletion 15 0 15 0.8 0
Tonsil
lymphoid depletion 14 0 19 0.8 0
Lymph node (lymphoid depletion)
tracheobroncheal In.

1.2 0 1 0.8 0
mesenteric In

1.4 0.2 1 1 0
inguinal In.

1.4 0.2 1 1 0
Spleen
lymphoid depletion

1.4 0 1.2 1 0
lleum
lymphoid depletion

0.75 0 0.67 0.6 0
Lung
Lymphohistiocytic interstitial pneumonia
Peribronchiolar & perivascular lymphoid 0 2 1.4 22 0
hyperplasia 1 2 1 2 0
Kidney
Hemorrhage 1.3 0 1.7 0.2 0

® Treatments (P; PRRSV, C; CSFV challenge, V; CSFV Vaccine, -; no treatment)

® mean histopathological score of the group (ranged from nil; 0, mild; 1, moderate; 2, severe; 3)
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A151991 2.7 NANISINISHENITBLLATIFEAINENTNAARINRINTRANEI LAY TR RNAgNS

Group (Treatments)*

Isolated bacteria

Streptococcus spp. (OL-hemolysis)

Streptococcus spp. (non-hemolysis)

A (-/-/C)
Hemophilus spp.
E. coli
B (-/V/C) -
Streptococcus spp. (Ol-hemolysis)
Streptococcus spp. (non-hemolysis)
C (P/-/C) Hemophilus spp.
E. coli
Salmonella spp. (Gr. B)
Streptococcus spp. (Ol-hemolysis)
D (PNV/C) Hemophilus spp.
E. coli
E (-/-/) -

* Treatments (P; PRRSV, C; CSFV challenge, V; CSFV Vaccine, -; no

treatment)
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NANIFATIATANITVINIULRITEULNNANNULDIANTNARD

HANSATIANNITSHAINEN

naneRmatasziLLaURLesaAesseda PRRSV 1BIGNINARDY Wud’]zgmmﬁumﬁ%m%@ PRRSV
m’m’lmﬁuﬁ seroconversion Aaida PRRSV Tudilansif 2 memdanislduide (AN3WT 2.8) wananitl
wu seroconversion lugnangaiau maean1amaags dudlunisiuiuinlaifing cross contamination 1a4iTe
PRRSV usznanangugnsnaaad

il 7 PININARBIGNIVNNGNHIZAL maternal derived antibody waeliuAnaneiu (o>
0.05, ANOVA) uazindn 32 aaifluszduiidinnsdnmduduliuddnaslifiuasuniusetlssanannaes

&

ATUBliaFgNs (Suvintrakorn et al., 1993) Aeudinislidatiueiionsgns gnslungu B Hsziu serum

(=

= 1

neutralizing (SN) titer WNERTUTIUAAIDINIARLANBIAANIS T ATUeteHilud ATy (p<0.05, paired t-

test) uazuansliiiinude anamnestic response e liumafiy Inadszdy anti-CSFV SN titer geaulnaiile

o o o

Augan1InAaed (D41) gnanguililanaas SN titer 1g9n9n3UN 7 289N 19IMAaeatiltd Aty (p<0.01,

ANOVA mnusngl Tukey's multiple comparison test) lusnigldnuniaiinauaesszdu SN titer Tungu D

1
o o A

neudansliiaTu s lugnansenTinad WHitd1Any e dugANIIMAaes (Nniszneui 2.2)

Naﬂﬁﬁ‘lﬁl‘i’)"iiﬂﬂ’]ﬁ‘ﬂﬁs"’]ﬂ’ﬁTMﬂﬂﬂuﬂluqnﬁ‘wﬂaﬂd
n13AN®INN94519 CSFV-specific interferon-gamma (IFN-Y) ImeAT flow cytometry TWLNTLAN

Aupafiunn antigen-specific IFN-Y producing cells 11 PBMC 193gnsn1auasnis idadu atnelsinig

°  a

MENAINIRANHIL WUNTRNgTuatadldtdAtyaes IFN-Y" cells T PBMC wa3gnsngs B (p<0.05,

paired t-test) NMANAINITRAREIL AINTULBUINWES IFN-Y cells azanasgn1aziing GeiiaTfisanamnestic

response WaziHaNaNsaunfaniUANaINsa lunssinununisialsataaanysnineuanslidnsu uans

Iiiudning primed 989sx L) RANTWNANT0 1R complete protection 18 (Nwiszneuit 2.3A) ilunun

&unminlungugninasesisldifuge PRRSV winaw Tddrasldfudaduilasiulsnaiinndgnsunneuvialan

' ¥
a = '

~ + a Lo ! =< P o Aa
AN AzHFNI g |FN-'Y cells WLWN@Qﬂquﬂﬂqqﬂ@'Nﬂuj 1u@ﬂ?ﬂ@ﬂ D sﬁ\‘illfiﬂﬁ‘w\lﬂﬂ 1 ANNTAATIAR Imﬁl

a

=

Nqnatiudsziu IFN-Y cells Nanaailaduganismaaas (Nisznaud 2.3A) ANnMsANHINNIUNT 119
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M1519N 2.8 5$ﬂULLﬂuﬁuﬂﬂ1ﬂLﬁﬂimﬂL°ﬂﬂ N 219 219 124 mﬂ\iﬂﬂialuigﬂglnﬂ']ﬂ'wﬂ ABINIT

26N

GROUPS

(Treatment)

A(-/-IC)

B (-/VIC)

C (P/-/C)

D (P/VIC)

E(-/-1-)

Mean S/P ratio” (% pig positive)

DO (P) D7 (Vac) D14 D21 D28 (C) D35 D38

0 0.02 0.016 0.01 0.018 0.017 0.05
© © 0 ) ) ) ©
0 0.035 0.012 0.092 0.011 0.041 0.009
©) (©0) (0) (0) (0) (0) (0)
0.003 0.157 1.095 1.838 1.44 1.306 na’
0) (0) (80) (100) (66.67)  (66.67)
0.002 0.273 0.959 1.016 0.745 1.061 2.379
0) (1667)  (60) (60) (75) (100) (100)
0.05 0016 0.032 0.108 0.01 0.009 0.008
) 0) 0) ) 0 ) 0)

* Cut-off value for PRRSV-seropositive when S/P ratio > 0.4 (IDE><><® ELISA test kit)

® not applicable due to animal death

Treatments (P; PRRSV, C; CSFV challenge, Vac; CSFV Vaccine, -; no treatment)
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PRRSV CSFV

* VIcine *

(2]
1

Anti CSFV-SN titer (logy)
i i

0 7 14 21 28 35 41

Experiment day

—O— A (-/-IC)
—e— B (-/VIC)
—&— C (P/-IC)
—— D (P/VIC)
——E (-/-/-)

STAUANRALURY neutralizing antibody titer (+SD) saiiaafiansgnsaingns

NA[BN

AnanAaed Ngu C (A) uaz D (V) Td5uime PRRSV luduil 0 gnsnqu B (@) uaz D

(W) lasudatuilasiulsnasiondgnsluiun 7 gnanngu (A-D) MHFuns@aisiu

FogiieainnFgns uAun 28 saennIvmaaes aniiungy E ()
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%IFN-y positive cells in

% IL-10 positive cells in
PBMC

AMwdsznaun 2.3

4
—O— A (-/-IC)
—e— B (-/VIC)
3- L —&— C (P/-IC)
—¥— D (P/VIC)
5. | O E (/")
1_ -
0_ =
do d7 d14 d21 d28 d35 d41
T CSFVvac challenge
PRRSV
2.0
1.5+ -
1.0+ -
0.5+ -
0.0

d0 d7 d14 d21 d28 d35 d41
T CSF vac challenge
PRRSV

SIEFVRTILIoN cytokine producing cells NR9927ALALAE flow cytometry
4nmaand Ngx C (A) uaz D (W) ld5uidia PRRSV Tuduil 0 gnsngu B (@) uax D
(W) liFudeduilasiulsreiinndgnsludun 7 gnenngu (A-D) lFun1sdaiimiu

Aogliaainnagns iU 28 1aennsmaaes aniiungy E (0)
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Vaccinated Unvaccinated 3 PRRSV-Vaccinated

1.5 1.5
—O— Total —O— Total —O— Total
—e—CD4'CcD8" —e— CcD4*CD8* —e—CD4*CcD8"
O —&— cpsg* —— cpg* —&—cpg*
= | =cps —+ cpa* —+— cp4*
E CD4 CD4
c 1.0+ - 1.0+ - 2 -
[7)
= challenge challenge
8 challenge *
5 v v
£ 051 L 0.5 L1 -
X
0.0- - . 0- -
0 7 14 21 28 35 41 0 7 14 21 28 35 41 0 7 14 21 28 35 41
06 Vaccinated 06 Unvaccinated 3 PRRSV-Vaccinated
" |~o— Total " | —0— Total —O— Total
—e—CD4'CD8" —e— CD4*CD8* —e—CD4*CcD8*
g 0.51—=— cpsg* - 0.5-_._CD8+ B = cps*
+
o —&— CD4 —— cpa* s cpa*
2 9.4- - 0.4 - 24 -
£ '
2
[ - L i L
+© 0.3 0.3 challenge
8 challenge + challeng
4 0.2 + - 0.2 -1 * -
R
0.1 - 0.1+ -
0.0 = 0.0 -~ 0-
0 7 14 21 28 35 41 0 7 14 21 28 35 41 0 7 14 21 28 35 41

Experimental days

awilsznaud 2.4 gidaragasaslnlasain PBMC nasneldlnmeiansgnsnaaas
ananAae (panel 191) #5uide PRRSV luiun 0 warldiudagutloanulsnaiions
gnsuiud 7 (panel 191, $18) gnsynnguliFunisaafisviudoeiaaiinnsdgnsludun

28 1ANNITNANEN
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—O— A (-/-IC)
) —e— B (-/VIC)
3 o —— C (P/-IC)
2 F 500- -—¥— D (P/VIC)
° X —0— E (+/-1-)
[T =]
q’ Al
n X
2 250 -
=z
T
o_ |
d0 d7 d14 d21 d28 d35 d#1
T vac challenge
PRRSV

nwilsznaudl 2.5 1Fanmuaas IFN-Y secreting cells 470 PBMC 2124gnsvnaas Ansaainlneis
ELISPOT
4nINAaed NN C (A) uaz D (V) 185030 PRRSV luiudi 0 4nIngx B (@) uaz D
(W) VLﬁ%f;”m%uﬂmﬁu‘Emfaﬁmr;i'zgﬂﬂm“uﬁ 7 gnanngd (A-D) lFunsdaiiiu

FoglaainnFgns iU 28 1esnnamases aniiungy  (O)
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homolog 114 PRRSV Fufiindanadn mﬂ,ﬁu%umm IL-10 ﬁrm:ﬁmmﬁuﬁuﬁ‘imﬂmmﬁuﬂ?mmmmL%@iq
?@ﬁwuhlﬁmﬁ'ﬂﬁuj (Van Gucht et al., 2004) %H@ﬁ%fiﬂmm%q IL-10 thazidusannannidelaiavie
TWshufudautlsznevesidalannss %m'ammﬁmﬁm’mmuﬁ@uuﬁwmﬂmxtﬁ% fiwndn structural
protein aaslaiatnazidanlunianszdunisad IL-10 anuadidainent19redgnslaenss (Suradhat et
al., 2003) uenanniifeenadululddndedinalnduiianmnsonszgunsade 1110 Wisdwlugnanavdans
Faite PRRSV Taeande interaction FEUINLTAANGN monocyte fiFnida (¥158 antigen presenting cell) AU
waangy lymphocyte lusgndnenisaniiullaecisn TngannmenuiiuNuIngadne 2 ngx
(lymphocyte waz monocyte) 17'il,mﬂiﬁmnmr]mm’ﬁqﬁ”wﬂammqmﬁﬁmL%@ PRRSV HAa1nanunsnlunig

@519 IL-10 1@ (Thanawang et al., 2004) vizaaadlullsdnnnsfiadia PRRSV sauiunisia viremia Ay

49



nazsuliadnan monocyte #as9ufa antigen presenting cells @514 1L-10 nanulngeinunanalnaes
antibody-dependent enhancement (ADE) Tnenflufinsuiilnesialidnida PRRSV aznsvFuliiTeneaie
non-neutralizing antibody Tyl Funnmnnetnemaiinneudansinide (Lopez & Osorio, 2004, Meier et
al., 2003) wazwfientin1FiAan0z ADE eazizeliida PRRSV annsndnguasiiivnngldetnedids@ns
ANIAERNUNIG Fe receptor 2aaaiiinuung (Yoon et al., 1995) TPeiinuanseNn19n ADE-mediated

ligation 489891 Fc receptor LURALIARTEY monocyte AxNITAUIRANIINAY IL-10 WNAL Teazdnaling

'
o

= nﬂl dl v o a vy 1 % a j’ o °
m’:‘u@maanmmﬂuwmmmmm_maiﬂmﬂmqm@uﬂuwiﬂuﬂﬂimamummmma%m LAZNITNINULRS T

lymphocyte Tuga (Suhrbier & Linn, 2003) nanalasaglliddraziilunaiiiasnainnalnlafiniu nssiade

PRRSV g active stage Hazwiantinliin1sa5e 1IL-10 Ngeaulu microenvironment vadilaitiann

a

o

\WRBITDMIITTLL T9AzHNATLNILNNINNLL0TAR Wz UL)RAN Tuateutiven

q

1% '
o

Tsm PRRS depailuilymdndryaesgpannssunisiaasgnaialanunegnesiaiiosaunsiiagii
wnzludssmalnegiifinisnizesisn PRRS a1agenis 90% (fayaanmisedugnslsndnd anzdnounne
AART QWRNaINININUNANEAE) AF19ANNGIYLBEUNGAANUNITNNNIAENANT IWLsTIMABEIeNINNNE

A = Ay % Y o a =
WANA HansENUAmNNIuenaInnsgads inanseangnntesaalsn PRRS uad faiinndugaids

a da X 1 o - Py v o o . .
‘WNLﬂﬁ“]:rﬂﬂfwLWNﬂuMWNN’W’mﬂWimmLm‘ﬂl,wliﬂsﬁ’au ‘M?’ﬂﬂ’]ﬁu@umm%’mﬂﬂﬂwmsﬁu@u (VaCClne fallure)

o '

guiiasannzRANfuLnnIasaIn@vsnazese PRRSV sanlldanisanmainannsnlunisldans
2094n391 uazAn A einmnAneadesivefTousuasdadu wlidnludaqiuidadu PRRS vieaiinime

Q

& an v 1 ~ | N C = I~ o o
mﬂmeeLﬂu‘wimmm,im&mmslmummﬂuluﬂimﬂim@qwmmum wiaeelanmaduinsuiulaein

1

T unannsdmaunmsindadumaniiideanda luwidss@nsninuazanuasnds wazluiannnnsinun gy

a

Nlsunsunnsliviienindunesgnaiall  vistiitiesandaTudanuantis luninssdunisaiiaRAuiundn
k7

s RANTUNaF 9 Tuena lifidse@nsninwinfinag uazazliauisotlesiunisfiaiie PRRS dauanesiug

2 P4

¥ = Yo al o ay o ] a o a =~
1@ u@ﬂ@ﬂﬂurﬂﬁ‘lﬁ')ﬂsﬁu@’]’%\lN@ﬂﬂﬂ’W?V]’]\'i’]uil‘ﬂ\'iﬁ‘z‘]_l‘]_lﬂmu@NﬂuLTuLﬁﬂQﬂUﬂ’]ﬁ‘[ﬂﬁlﬂjﬂ PRRSV

° v

lunsnsunasnisivelddmiunianisasuanuasilesiulsavsanisimundadula andusies

et

o o

81AuANENUF U (basic knowledge) TiiaadasanuaiaanadsninuInuazysrynadnfaei ey

o = ' o o

L% v R a a o a A a vy dl ¥ & o a vy
ABIATEUNUNONDNTWALRIVATU  LAL/UTA qm@mumimmmﬂmMum@n’mmmumm@xuuqu@u RYIN

3
=l

gnalaasnanson  atslsfinnludaqiiuanuiuazannudnlaluzesasauduiusssndngda PRRSV

%
o ' o o = ¥ o

AUENT WATLNLNNTeTaNNAeN199 L8 r L RANTWIegnIfelagatvAeudednin widinaann
¥ ¥

nMsANE A lFaneRdeilazizulianunsyanaluwd immunobiology 224 @a PRRSV TWNN1NGMAs way

o

A o R a a a X pRp ay , = ~ o
ﬁr]lm?ﬂﬂuﬂuﬂQ@WﬁW@Iqu\?@Uﬁl@QLm@ PRRSV Wﬂm@izuuqﬂﬂﬂﬂuﬂlﬂqqﬂﬁ‘ﬂﬂq\iLﬂugﬂﬁ?ﬁﬂmﬁqmq?ﬂqzuq

13 [ 17
o =

Tdrenengdmunnduazfufimnslununld wieehslsfnudididayanug uineadasiuge PRRS @n

au a9
v [

dlc/ 1 a =8 G o 1@ 4#' U o a o U 1 a =R K a =
wnuedeldinafinis@neredsldidundladunin feyawmarsanisienalnuazlsfiuaea
PRRSV wazlaasinendeaiunisgsng IL-10 ANENaINITRAEme waAaNazaINI130anudasusani13911971

gasnalnsanataiednisiisme PRRSV deayamaniazidunyuadidnylunisimundaduiulng ey

%
o ] 4

ANsnIvsunsainiAniusieda PRRSV Ifatnallsz@ninn uazazidusoudsdrAryiiazinlilyg

AnansnlunsmuAnuasilasiulsn PRRS atnadisyannnsellluauian

50



LANA15D19DY

Aasted, B., Bach, P., Nielsen, J. & Lind, P. (2002). Cytokine profiles in peripheral blood mononuclear
cells and lymph node cells from piglets infected in utero with porcine reproductive and
respiratory syndrome virus. Clinical and Diagnostic Laboratory Immunology. 9, 1229-1234.

Albina, E., Carrat, C. & Charley, B. (1998). Interferon-a response to swine arterivirus (PoAV), the porcine
reproductive and respiratory syndrome virus. Journal of Interferon and Cytokine Research. 18,
485-490.

Bautista, E. M. & Molitor, T. W. (1997). Cell-mediated immunity to porcine reproductive and respiratory
syndrome in swine. Viral Immunology. 10, 83-94.

Beyer, J., Fichtner, D., Schirrmeier, H., Polster, U., Weiland, E. & Wege, H. (2000). Porcine reproductive
and respiratory syndrome virus (PRRSV): kinetics of infection in lymphatic organs and lung.
Journal of Veterinary Medicine. B 47, 9-25.

Cavanagh, D. (1997). Nidovirales: a new order comprising coronaviridae and arteriviridae. Archived
Virology. 142, 629-633.

Chung, H.-K. & Chae, C. (2003). Expression of interleukin-10 and interleukin-12 in piglets experimentally
infected with porcine reproductive and respiratory syndrome virus (PRRSV). Journal of
Comparative Pathology. 129, 205-212.

De Bruin, M. G. M., Samson, J. N., Voermans, J. J. M., van Rooij, E. M. A., De Visser, Y. E. & Bianchi, A.
T. J. (2000). Effects of a porcine reproductive and respiratory syndrome virus infection on the
development of the immune response against pseudorabies virus. Veterinary Immunology and
Immunopathology. 76, 125-135.

Depner, K. R., Lange, E., Pontrakulpipat, S. & Fichtner, D. (1999). Does porcine reproductive and
respiratory syndrome virus potentiate classical swine fever virus infection in weaner pigs. Journal
of Veterinary Medicine. B 46, 485-491.

Dozois, C. M., Oswald, E., Gautier, N., Serthelon, J.-P., Fairbrother, J. M. & Oswald, |. P. (1997). A
reverse-transcription-polymerase chain reaction method to analyse porcine cytokine gene
expression. Veterinary Immunology and Immunopathology. 58, 287-300.

Duan, X., Nauwynck, H. & Pensaert, M. (1997a). Effects of origin and state of differentiation and
activation of monocytes/macrophages on their susceptibility to porcine reproductive and
respiratory syndrome virus (PRRSV). Archived Virology. 142, 2483-2497.

Duan, X., Nauwynck, H. J. & Pensaert, M. B. (1997b). Virus quantification and identification of cellular
targets in the lungs and lymphoid tissues of pigs at different time interval after inoculation with
porcine reproductive and respiratory syndrome virus (PRRSV). Veterinary Microbiology. 56, 9-19.

Halbur, P. G. (1998). Porcine viral respiratory diseases. In Proceedings of the 15" International Pig

Veterinary Society Congress, pp. 1-10. Birmingham, UK.

51



Halbur, P. G., Paul, P. S., Frey, M. L., Landgraf, J., Eernisse, K., Meng, X. J., Andrews, J. J., Lum, M. A. &
Rathje, J. A. (1996). Comparison of the antigen distribution of two US porcine reproductive and
respiratory syndrome virus isolates with that of the Lelystad virus. Veterinary Pathology. 33, 159-
70.

Lager, K. M. & Mengeling, W. L. (2000). PRRS: nature of the RNA virus and how it causes disease (A
keynote paper). In 1 6" congress of the International Pig Veterinary Society, pp. 538-543. Edited
by C. Cargill & S. McOrist. Melbourne, Australia: Casual Productions Pty. Ltd.

Li, H. & Yang, H. (2003). Infection of porcine reproductive and respiratory syndrome virus suppresses
the antibody response to classical swine fever virus vaccination. Veterinary Microbiology. 95, 295-
301.

Lopez, O. J. & Osorio, F. A. (2004). Role of neutralizing antibodies in PRRSV protective immunity.
Veterinary Immunology and Immunopathology. 102, 155-163.

McGuirk, P. & Mills, K. H. G. (2002). Pathogen-specific regulatory T cells provoke a shift in the Th1/Th2
paradigm in immunity to infectious diseases. Trends in Immunology. 23, 450-455.

Meier, W. A., Galeota, J., Osorio, F. A., Husmann, R. J., Schnitzlein, W. M. & Zuckermann, F. A. (2003).
Gradual development of the interferon-gamma response of swine to porcine reproductive and
respiratory syndrome virus infection or vaccination. Virology. 309, 18-31.

Meng, X. J. (2000). Heterogeneity of porcine reproductive and respiratory syndrome virus: implications
for current vaccine efficiency and future vaccine development. Veterinary Microbiology. 74, 309-
329.

Meyers, G. & Thiel, H.-J. (1996). Molecular characterization of Pestiviruses. Advanced in Virus
Research. 47, 53-118.

Moore, K. W., de Waal Malefyt, R., Coffman, R. L. & O'Garra, A. (2001). Interleukin-10 and the
interleukin-10 receptor. Annual Review in Immunology. 19, 683-765.

Murtaugh, M. P., Xiao, Z. & Zuckermann, F. A. (2002). Immunological responses of swine to porcine
reproductive and respiratory syndrome virus infection. Viral Immunology. 15, 533-547.

Pala, Y., Hussell, T. & Openshaw, P. J. M. (2000). Flow cytometry measurement of intracellular cytokines.
Journal of Immunological Methods. 243, 107-124.

Pestka, S., Krause, C. D., Sarkar, D., Walter, M. R., Shi, Y. & Fisher, P. B. (2004). Interleukin-10 and
related cytokines and receptors. Annual Review in Immunology. 22, 929-979.

Pinyochon, W., Parchariyanon, S., Damrongwatanapokin, S. & Tantaswasdi, U. (1999). Biological
characterization of swine fever virus Thai isolates. Journal of Thai Veterinary Medical Association.
50, 107-117 (in Thai with English abstract).

Redpath, S., Ghazal, P. & Gascoigne, N. R. (2001). Hijacking and exploitation of IL-10 by intracellular

pathogens. Trends in Microbiology. 9, 86-92.

52



Rossow, K. D., Collins, J. E., Goyal, S. M., Nelson, E. A., Christopher-Hennings, J. & Benfield, D., A,
(1995). Pathogenesis of porcine reproductive and respiratory syndrome virus infection in
gnotobiotic pigs. Veterinary Pathology. 32, 361-373.

Royaee, A. R., Husmann, R. J., Dawson, H. D., Calzada-Nova, G., Schnitzlein, W. M., Zuckermann, F. A.
& Lunney, J. K. (2004). Deciphering the involvement of innate immune factors in development of
the host immune response to PRRSV vaccination. Veterinary Immunology and Immunopathology.
102, 199-216.

Saalmuller, A., Werner, T. & Fachinger, V. (2002). T-helper cells from naive to committed. Veterinary
Immunology and Immunopathology. 87, 137-145.

Samsom, J. N., De Bruin, M. G. M., Voermans, J. J. M., Meulenberg, J. M., Pol, J. M. A. & Bianchi, A. T.
J. (2000). Changes of leukocyte phenotype and function in the broncho-alveolar larvage fluid of
pigs infected with porcine reproductive and respiratory syndrome virus: a role for CD8" cells.
Journal of General Virology. 81, 497-505.

Suhrbier, A. & Linn, M. L. (2003). Suppression of antiviral responses by antibody-dependent
enhancement of macrophage infection. Trends in Immunology. 24, 165-168.

Suradhat, S. & Damrongwatanapokin, S. (2002). Factors that influenced an effectiveness of classical
swine fever vaccine: a case study. Thai Journal of Veterinary Medicine. 32 (Suppl.), 163-172 (in
Thai with Eng abstract).

Suradhat, S. & Damrongwatanapokin, S. (2003). The influence of maternal immunity on the efficacy of a
classical swine fever vaccine against classical swine fever virus, genogroup 2.2, infection.
Veterinary Microbiology. 92, 187-194.

Suradhat, S., Intrakamhaeng, M. & Damrongwatanapokin, S. (2001). The correlation of virus-specific
interferon-gamma production and protection against classical swine fever virus infection.
Veeterinary Immunology and Immunopathology. 83, 177-189.

Suradhat, S., Sada, W., Buranapraditkun, S. & Damrongwatanapokin, S. (2005). The kinetics of cytokine
production and CD25 expression by porcine lymphocyte subpopulations following exposure to
classical swine fever virus (CSFV). Veterinary Immunology and Immunopathology. 106, 197-208.

Suradhat, S. & Thanawongnuwech, R. (2003). Upregulation of interleukin-10 gene expression in the
leukocytes of pigs infected with porcine reproductive and respiratory syndrome virus. Journal of
General Virology. 84, 2755-2760.

Suradhat, S. & Thanawongnuwech, R. (2004). Effect of porcine reproductive and respiratory syndrome
virus (PRRSV), vaccine strains on the level of porcine IL-10 gene expression. In The 18"
International Pig Veterinary Society Congress, pp. 147. Edited by T. G. Blaha & C. Pahlizsch.
Humburg, Germany: Druckerei Meyer GmbH.

53



Suradhat, S., Thanawongnuwech, R. & Poovorawan, Y. (2003). Upregulation of IL-10 gene expression in
porcine peripheral blood mononuclear cells by porcine reproductive and respiratory syndrome
virus. Journal of General Virology. 84, 453-459.

Suvintrakorn, K., Hanveeraphon, A. & Pariyakanok, V. (1993). Efficacy of lapinized swine fever vaccine in
piglets born from immune sows. Journal of Thai Veterinary Medical Association. 23, 93-103.
Thacker, E. L., Thacker, B. J., Young, T. F. & Halbur, P. G. (2000). Effect of vaccination on the
potentiation of porcine reproductive and respiratory syndrome virus (PRRSV)-induced pneumonia

by Mycoplasma hyopneumoniae. Vaccine. 18, 1244-1252.

Thanawang, P., Yamkleebbua, C., Sriyun, K., Thanawongnuwech, R., Keddangsakonwut, S.,
Wangnaitham, S. & Suradhat, S. (2004). Semiquantitative analysis of the IL-10 production in
bronchoalveolar lavage leukocyte of PRRSV infected pigs. Thai Journal of Veterinary Medicine.
34, 29-38.

Thanawongnuwech, R., Amonsin, A., Tasanakit, A. & Damrongwatanapokin, S. (2004). Genetics and
geographical variation of porcine reproductive and respiratory syndrome virus (PRRSV) in
Thailand. Veterinary Microbiology. 101, 9-21.

Thanawongnuwech, R., Halbur, P. G., Ackermann, M. R., Thacker, E. L. & Royer, R. L. (1998). Effects of
low (modified-live virus vaccine) and high (VR-2385) virulence strains of porcine reproductive and
respiratory syndrome virus (PRRSV) on pulmonary clearance of copper particles in pigs.
Veterinary Pathology. 35, 398-406.

Van Gucht, S., Labarque, G. & van Reeth, K. (2004). The combination of PRRSV virus and bacterial
endotoxin as a model for multifactorial respiratory disease in pigs. Veterinary Immunology and
Immunopathology. 102, 165-178.

Van Reeth, K., Labarque, G., Nauwynck, H. & Pensaert, M. (1999). Differential production of
proinflammatory cytokines in the pig lung during different respiratory viral infections: correlations
with pathology. Research in Veterinary Science. 67, 47-52.

Van Reeth, K. & Nauwynck, H. (2000). Proinflammatory cytokines and viral respiratory disease in pigs.
Veterinary Research. 31, 187-213.

Will, R. W., Zimmerman, J. J., Yoon, S. L., Swenson, M. J., McGinley, M. J., Hill, H. T., Platt, K. B.,
Christopher-Hennings, J. & Nelson, E. A. (1997). Porcine reproductive and respiratory syndrome
virus: a persistent infection. Veterinary Microbiology. 55, 231-240.

Xiao, Z., Batista, L., Dee, S., Halbur, P. & Murtaugh, M. P. (2004). The level of virus-specific T cell and
macrophage recruitment in porcine reproductive and respiratory syndrome virus infection in pigs
is independent of virus load. Journal of Virology. 78, 5923-5933.

Yoon, S. L., Zimmerman, J. J., Swenson, M. J., McGinley, M. J., Eernisse, K. A., Brevik, A., Rhinehart, L.

L., Frey, M. L., Hill, H. T. & Platt, K. B. (1995). Characterization of the humoral immune response to

54



porcine reproductive and respiratory syndrome (PRRS) virus infection. Journal of Veterinary
Diagnosis and Investigation. 7, 305-312.

Zuckermann, F. A. (1999). Extrathymic CD4/CD8 double positive T cells. Veterinary Immunology and
Immunopathology. 72, 55-66.

Zuckermann, F. A., Husmann, R. J., Schwartz, R., Brandt, J., Mateu de Antonio, E. & Martin, S. (1998).
Interleukin-12 enhances the virus-specific interferon gamma response of pigs to an inactivated
pseudorabies virus vaccine. Veterinary Immunology and Immunopathology. 63, 57-67.

Zuckermann, F. A., Martin, S., Husmann, R. J. & Brandt, J. (1999). Use of interleukin-12 to enhance the
cellular immune response of swine to an activated herpesvirus vaccine. Advanced in  Veterinary

Medicine. 41, 447-461.

55



OUTPUT #ilaainimsanns

Suradhat, S., Sada, W., Buranapraditkun, S. and Damrongwatanapokin, S. 2004. Dynamics of CD25
expression and intracellular interferon-gamma production by porcine lymphocytes following the
exposure of classical swine fever virus (CSFV) antigen. In: Proceedings of the 7" International

Veterinary Immunology Symposium (IVIS), 25-30 July 2004, Quebec city, Canada. p. 142.

Suradhat, S., Sada, W., Buranapraditkun, S., and Thanawongnuwech, R. 2004. Dynamics of CD25
(IL-2R) expression and intracellular cytokine productions by peripheral blood mononuclear cells
from pigs infected with porcine reproductive and respiratory syndrome virus. In: Proceedings of the
7th International Veterinary Immunology Symposium (IVIS), 25-30 July 2004, Quebec city, Canada.
p. 141.

Suradhat, S., Sada, W., Buranapraditkun, S. and Damrongwatanapokin, S. 2005. The kinetics of
cytokine production and CD25 expression by porcine lymphocyte subpopulations following
exposure to classical swine fever virus (CSFV). Veterinary Immunology and Immunopathology. 106:

197-208. (impact factor 2004; 1.799)

Suradhat, S., Damrongwatanapokin, S. and Thanawongnuwech. 2005. Classical swine fever
vaccine: the role of cell mediated immunity and other factors on induction of protective immunity. /n:
Classical swine fever handbook. The Merial Symposium at the 2" Asian Pig Veterinary Society

(APVS) congress, 19-21 September 2005, Manilla, Philippines. (in press)

Suradhat, S., Kesdangsakonwut, S., Sada, W., Buranapraditkun, S., Wongsawang, S. and
Thanawongnuwech, R. Impact of porcine reproductive and respiratory syndrome virus infection on

the efficacy of classical swine fever vaccine. (submitted to Vaccine, impact factor 2004; 2.824)

Suradhat, S., Sada, W., Panyatong, R., Buranapraditkun, S., Wongsawang, S. and
Thanawongnuwech, R. The kinetics of IL-10 and IFN-Y production by porcine peripheral blood
lymphocytes during an early stage of porcine reproductive and respiratory syndrome virus (PRRSV)

infection. (manuscript in preparation)
S. Suradhat n1susENiade “Immunobiology of PRRSV...the Thai experience” tl. Vaccine and

Infectious Disease Organization (VIDO), University of Saskatchewan, LB Saskatoon,

Saskatchewan, UszinA Canada iaduil 23 nIngIAN 2547

56



10.

Master thesis: Mr. Weerasak Sada (Inter-department in medical microbiology program, Graduate
school, Chulalongkorn University). Thesis title: Characterization of cytokine production in the
peripheral blood mononuclear cells of pigs recovered from porcine reproductive and respiratory

syndrome virus (PRRSV) infection and reactivated with heterologous strains.

Master thesis: Mr. Raphee Panyathong (Veterinary Pathobiology program, Faculty of Veterinary

Science, Chulalongkorn University). Thesis title: Efficacy of attenuated PRRS vaccine in weanling

pigs.

Master thesis: Mr. Sawang Kesdangsakonwut (Veterinary Pathobiology program, Faculty of

Veterinary Science, Chulalongkorn University). Thesis title: Effect of PRRSV infection on the efficacy

of classical swine fever vaccine.

57



MANKIN

58



UNAALDITNIY NEILT13INIW The 7" International Veterinary Immunology Symposium (IVIS),

25-30 July 2004, Quebec city, Canada

DYNAMICS OF CD25 EXPRESSION AND INTRACELLULAR INTERFERON-GAMMA
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Surface expression of the IL-2R-alpha, CD25, has been widely used for identification activated
porcine lymphocyte population. On the other hand, interferon-gamma (IFN-y) has been shown to be a
good indicator of cell-mediated immunity in pigs. To investigate the correlation of the 2 parameters, we
established antigen-specific, intracellular IFN-y staining assay and study the kinetics of the cytokine
production in relation to the CD25 expression by porcine lymphocyte subpopulation.

Five-week-old crossbred pigs were immunized twice with CSF vaccine at 2 weeks interval.
Blood samplings were done every 2 weeks until 13 weeks old. The peripheral blood mononuclear cells
(PBMC) were isolated and cultured in the presence of CSFV at 1 multiplicity of infection for 40 hours,
prior to surface staining of CD4, CD8, CD25 molecules and intracellular staining of IFN-y. Following
vaccination, there was a slight increase in the number of the antigen-specific, memory population
(CD4°CD8'CD25" cells) in the PBMC, which diminished within a few weeks. The number of antigen-
specific cytotoxic T cells (CD4 CD8'CD25" cells) peaked approximately 2 weeks after that of the memory
population, and remained high throughout the experiment. In fact, most of the antigen-specific, CD25"
population in the PBMC following vaccination was the CD4 CD8" population. Minimal changes in CD25
expression were observed in the naive CD4" (CD4'CD8) population. Although the number of IFN-y"
cells was somewhat low in the PBMC, the CD4'CD8" cells were the major IFN-y producers in the PBMC
throughout the experiment. In a separate experiment, crossbred pigs were immunized once with CSF
vaccine and challenged with the virulent strain CSFV (Bangkok 1950) at 7 days post vaccination (dpv).
On the challenge day (7 dpv), the number of CD4'CD8'CD25" cells in the PBMC of the vaccinated group
was significantly higher than that of the control non-vaccinated group (p<0.05). Following challenge, the
number of CD4'CD8'CD25" cells declined, while there was an increase in the number of CSFV-specific
CD8'CD25" cells in the PBMC of vaccinated pigs. In contrast, the majority of activated (CD25") cells in
the spleen, at 21 days post infection, possessed the CD4'CD8" phenotype and these cells were also found
to be the major IFN-y producers.

Our result suggested that the antigen-specific CD25 expression and the IFN-y production by
porcine lymphocytes may not be tightly associated. In addition, there seems to be the different in the
preference of tissue homing among the activated lymphocyte subpopulations. In any cases, the CD4"CD8"
cells were the major IFN-y producers in this system.
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Recent studies demonstrated that porcine reproductive and respiratory syndrome virus (PRRSV)
could induce upregulation of interleukin-10 (IL-10) gene expression in peripheral blood mononuclear cells
(PBMC) and bronchoalveolar lavage leukocytes of the infected pigs within the first week of infection.
These findings suggested that induction of systemic IL-10 production in the early stage of infection might
be one of the strategies used by PRRSV for modulating the host immune system. In this study, we
examined dynamics of the surface expression of a leukocyte activation marker, CD25 (IL-2R-alpha), and
intracellular IL-10 and interferon-gamma (IFN-y) productions in CD4'CDS8" (naive Th), CD4'CD8"
(memory Th) and CD4 CD8" (CTL) subpopulations from PBMC of PRRSV infected pigs.

Five, three-week-old, PRRSV-seronegative, crossbred pigs from a commercial farm were
intranasally inoculated with 5 ml (2.5 ml/nostril) of the Thai isolated, US genotype, PRRSV (strain
0INPI) at the concentration of 10*° TCIDsy/ml. Five uninfected pigs were kept in a separated isolation
unit as a control group. Heparinized blood samples were collected and the PBMC were isolated every 24
hr from the inoculating day to 5 days post infection (0-5 dpi), 7 and 10 dpi. The surface expressions of
CD4, CD8, CD25, intracellular IL-10 and IFN-y production of the freshly isolated PBMC were further
analyzed by flow cytometry. Following PRRSV inoculation, all infected pigs developed clinical signs of
PRRS, including lethargy, leukopenia, respiratory infection symptoms with moderate conjunctivitis. The
control pigs remained clinically normal throughout the experiment. The number of IFN-y producing cells
by PBMC from the infected group remained low and was comparable to that of the control group
throughout the experiment. However, the number of IL-10 producing cells in the PBMC of the infected
pigs was significantly higher than that of the control group during 1-4 dpi and CD4'CD8" lymphocytes
were the major IL-10 producers. Interestingly, PBMC from the control group exhibited a significant
increase in the number of activated (CD25") cells particularly at 2 and 3 dpi. The dominant cellular
phenotype of the CD25" cells was CD4CDS8". In addition, the increase in CD25 expression was also
observed in CD4"CDS8" population, with much less extent. This result suggested that activation of other
uncharacterized leukocyte subpopulation and naive Th in the control pigs had occurred, possibly due to the
stress from blood collecting procedure. In contrast, this kind of cellular activation was much lower, and
only observed at 2 dpi in the PRRSV infected group. By 5 dpi, the numbers of CD25" and IL-10" cells in
the PBMC of both groups were indifferent through the end of the experiment.

Taken together, our findings demonstrated significant IL-10 production by porcine PBMC in the
early stage of PRRSV infection, and that CD4 CD8" lymphocyte subpopulation was responsible for IL-10
production during this period. Furthermore, our result implied that early IL-10 production might affect the
early non-specific defense mechanism in the infected host.
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Abstract

Surface expression ol IL-2R-alpha (CD25) is widely used to identify activated lvmphocyte populations, while interferon-
gamma { [FMN-v} levels have been shown to be a good indicator of cell-mediated immunity (CMI) in pigs. To investigate the
relationship between these two parameters, we developed an intracellular cyiokine-staining assay and studied the kinetics of
cylokineg (IFN-vy and interleukin- 10, IL-10) prodoction relative to CD25 expression in porcing lvmphocyie subpopulations,
fellowing immunization with a classical swine fever (CS5F) vaccine. The number of activated memory T cells
(CD4'CDEYCD25Y cells) increased slightly in the peripheral blood mononuclear cell (PBMC) population soon afler
vaccination, then diminished within a few weeks. The number of activated cvtotoxic T cells (CD4 CDR'CD25Y cells)
peaked approximately 2 wesks after the memory population. Although the number of IFN-vy producing cells detected in this
experiment was relatively low, the CDA'CDE" T cells were major IFMN-y producers in the PEMCs throughoul the experiment.
In another experiment, CSF-vaccinated pigs were challenged with a virulent classical swine fever virus (CS5FV), and the
kinetics of CD25 expression and cyiokine productions were monitored. Following exposure to the virus, the number of TFMN-y
producing cells in the PBMCs increased markedly in both the vaccinated and wiwvaccinated groups. The CD2 CDE" cells
were nijor IFN-y producing cells in vaccinated pigs, while both CD4"CDE" and CD4 " CDR' populations contrituted to the
IFMN-vy production in the control group. Interestingly, the enhanced IFMN-y production was not associated with the
upregulation of CD25 expression following the CSFY challenge. In addition, exposure o the virulent CSFV significantly
increased interleukine 10 production by the CD4 CDE" populations in PBMCs of the unvaccinated pigs. Taken together,
aur results mdicated that CD25 expression and IFN-y production were not tightly associated i porcine Iymphocytes.

* Comesponding auwthor Tel.: +66 2 218 9583; fax: +66 2 251 1656,
E-mail address: sanipaséchula.ac.th (5. Suradhat).

0165-2427/% — see front matter &0 2005 Elsevier B.V. All rights reserved.
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In addition, the CD4-CD&" lymphocytes of the PBMCs played a major role in cytokine productions following the CSFV

challenge.
(€ 2005 Elsevier B.WV. All rights reserved.

Keywords: Classical swine fever virus; Interferon-gamma; Interleukin-10; CD25; PBMC

1. Introduction

Classical swine fever (CSF) is one of the most
important diseases in pigs, causing serious economic
losses to the swine industry worldwide. The classical
swine fever virus (CSFV) is an enveloped. single-
stranded RNA virus in the genus Pestivirus (Moennig,
2000). In recent years, there have been a number of
studies on the mechanisms of protective immunity to
CSFV (reviewed in Van Oirschot, 2003). There seems
to be a good correlation between the production of
serum neutralizing antibodies and protection from
disease. However, in some cases cell-mediated
immunity (CMI) was implicated in protection, as
neutralizing antibodies were absent (Launais et al.,
1978; Rumenapf et al., 1991; Suradhat et al., 2001). T
cell responses to CSFV in pigs have reportedly been
absent or difficult to detect, and direct evidence
regarding the protective role of CMI in CSFV-infected
pigs is very limited. Nevertheless, antigen-specific
lymphoproliferative activity has been demonstrated in
peripheral blood lymphocytes from vaccinated pigs
that were protected against CSFV challenge (Remond
et al., 1981). In addition, the role of cytotoxic T
lymphocytes (CTL) has been confirmed in several
studies (Pauly et al., 1998; Armengol et al., 2002;
Piriou et al., 2003). However, studies of porcine
cellular effector functions are laborious and mostly
limited to the inbred minipig model.

The cytokines and other factors associated with
CMI have been identified in most species, including
pigs (Wood and Seow, 1996; Pescovitz, 1998). Among
these, the role of interferon-gamma (IFN-y) in the
induction of CMI responses is well characterized.
IFN-v has been shown to be a good indicator of anti-
viral immunity in pigs, as well as in other species. In
pigs, the measurement of IFN-+y levels has been found
to be more useful for detecting the presence of
antigen-specific, immunological memory than lym-
phoproliferative assays (Mateu de Antonio et al.,
1998). The detection of antigen-specific TFN-y

production has been used to assess the cellular
immunity of pigs in both pseudorabies (Zuckermann
etal., 1998, 1999) and CSFV models (Suradhat et al..
2001 Suradhat and Damrongwatanapokin, 2003). In
recent years, flow cytometric analysis has been
extensively applied for studying the kinetics of
cellular activation in various lymphocyte populations.
The alpha-subunit of the high-affinity IL-2 receptor
(CD25) is expressed on the surface of activated
lymphocytes (Minami et al., 1993) and has been
widely used to identify activated lymphocyte popula-
tions in various species including pigs (Dillender and
Lunney, 1993; Quade and Roth, 1999: Piriou et al.,
2003). However, the association between IFN-vy
production and CD25 surface expression has never
been studied in a pig model. To investigate the
relationship between the two parameters, we devel-
oped an antigen-specific, intracellular cytokine (IFN-y
and interleukin-10, IL-10) staining assay and studied
the kinetics of cytokine production in relation to CD25
expression by porcine lymphocyte subpopulations.

2. Materials and methods
2.1. Viruses

The CSFV reference strain, ALD strain, was a gift
from the National Institute of Animal Health of Japan.
The CSFV strain used for challenges was the Thai
isolate (Bangkok 1950 strain) from the National
Institute of Animal Health of Thailand (NIAH).
Viruses were propagated in a SK-6 cell line. Infected
cells were collected after 4 days incubation with a
stock virus, and subjected to two freeze—thaw cycles.
The viral suspension was centrifuged at 1000 x g for
20 min. The collected supernatant is referred to as the
stock virus. The stock viruses were kept at —80 "C
until needed. Viral titers were determined by a
peroxidase-linked virus titration assay using a pre-
viously described protocol (Pinyochon et al., 1999).
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2.2, Monoclonal antibodies

The custom conjugated anti-swine CD8-PE-Cy5
conjugated mAb (76-2-11, 1gG,,) and anti-swine
CD25-PE conjugated mAb (PGBL25A, IgG,) were
kindly provided by Dr. JA. Roth (lowa State
University, Ames, USA). Anti-swine CD4-FITC
conjugated mAb (74-12-4, IgGgap), anti-CD4-PE
conjugated mAb (74-12-4, TgGsy), and biotinylated
anti-swine IFN-y mAb (P2C11, IgG,,) were obtained
from BD Biosciences (San Diego, CA, USA). The
mAb anti-swine IL-10 (945A4C437B1, IgG,) was
obtained from Biosource Intemational Inc. (Nivelles,
Belgium). Strepavidin-FITC and goat-anti-mouse
IeG-FITC conjugates were obtained from Serotec
(Oxford, UK).

2.3. Animals and experimental protocols

Before the animal trials, the experimental and
animal handling protocols were approved by the
Ethics Committee on Experimental Animal Usage and
Animal Welfare, Faculty of WVeterinary Science,
Chulalongkorn University.

2.3.1. Experiment I: Cellular responses following
vaccination with a CSF vaccine

Crossbred pigs, from sows that were routinely
vaccinated with CSF vaccine, were maintained at the
Faculty of Veterinary Science, Chulalongkorn Uni-
versity research farm in Nakorn Prathom province. The
farm hasnoevidence of CSF outbreak in the last 2 years.
Pigs were intramuscularly immunized twice (1 ml/
dose) with a modified live, lapinized, Chinese strain,
CSF vaccine (Department of Livestock Development,
Thailand) at 5 and 7 weeks of age. Blood sampling was
done every 2 weeks, from 3 to 13 weeks of age.

2.3.2. Experiment 2: Cellular responses following a
CSFV challenge

Four-week-old, crossbred pigs from a CSF-free
commercial farm were brought in and maintained at
the animal facility, Faculty of Veterinary Science,
Chulalongkorn University in Bangkok. Pigs were
immunized intramuscularly with a modified live,
lapinized, Chinese strain, CSF vaccine (1 ml/dose)
(Department of Livestock Development, Thailand).
The means of maternal derived serum-neutralizing

titer of all groups were less than 1:8 at the time of
vaccination. At 21 days post-vaccination (dpv), the
pigs were challenged intramuscularly with 2 x 10*
TCIDsg of the virulent CSFV, strain Bangkok 1950
(NIAH, Thailand). The control group was not
vaccinated but received the same amount of the
challenge virus. Naive pigs were kept in a separate
isolation unit throughout the experiment. Clinical
signs were monitored daily and porcine peripheral
blood mononuclear cell (PBMCs) were collected
every 7 days for 2 weeks after the challenge.

2.4. Isolation of porcine PEMCs

Porcine peripheral blood mononuclear cells were
isolated from 10 ml of the heparinized blood samples
using Iscnprep’ﬁ-; separation medium (Robbins Scien-
tific Cooperation, Sunnyvale, CA, USA) according to
the manufacturer’s protocol. The purified PBMCs
were resuspended at a concentration of 6 x 10° cells/
ml in RPMI 1640 (GIBCO, Carlsbad, CA, USA),
supplemented with 10% calf serum (Starrate Ltd.,
Bethungra, NSW, Australia), 2mM vL-glutamine
(GIBCO), 100 pM  non-essential  amino-acid
(GIBCO). 1 mM sodium pyruvate (GIBCO), 50 uM
2-mercaptoethanol (Sigma Chemical Co., St. Louis,
MO, USA) and 100 unit/ml of penicillin G, 100 p.g/ml
of streptomycin and 0.25 pg/ml of amphotericin B
(antibiotic/antimycotic solution; GIBCO); this solu-
tion is referred as the complete medium.

2.5, Flow cytometry

2.5.1. In vitro activation and surface staining

For in vitro activation, 1 ml of freshly isolated
PBMCs (6 % 10° cells/ml) were cultured in a well of
24-well plate, in the presence of CSFV (ALD strain) at
one multiplicity of infection (m.o.i.) for 40 h. The cells
were then harvested for triple-color fluorescent
staining. The phenotypic analyses were done using
the above mAbs (anti-CD4-FITC, anti-CD8-PE-Cy5,
and anti-CD25-PE). Briefly. approximately 2 x 10°
cells were washed with PBS supplemented with 0.5%
bovine serum albumin (Sigma) and 0.1% sodium
azide (Sigma) (FACS buffer), and distributed to the
wells of 96-well plate. The cells were pelleted by
centrifugation at 500 x g for 2 min. The supernatants
were discarded and the pellets were resuspended with
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