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Project Title Study on potential vectors of PRRSV in mosquitoes from a
PRRSV-positive swine farm in Nakorn Pathom Province
Name of the Investigators  Roongroje Thanawongnuwech and Sudchit Chungpivat

Year September 2005

Abstract

A survey on mosquito species was conducted once a month in a PRRS positive
farm in Nakorn Pathom province during May 2004 to April 2005. The mosquito larvae
were collected in the vicinity of 1 km and the adult females were captured while feeding
on the pigs by using oral aspirators between 6 to 10 pm. Of 91,840 mosquitoes, there
were 3 genus and 6 species as the following Culex tritaeniorhynchus, Cx. gelidus ,
Mansonia uniformis, Ma. annulifera, Anopheles vagus and An. Peditaeniatus with the
predominant of Cx. tritaeniorhynchus (60-95.75%) and Ma. annulifera was the least
(0.02-0.05%). Collected mosquitoes larvae include Cx. tritaeniorhynchus, Cx. gelidus ,
An. vagus and An. peditaeniatus. To determine whether Cx. fritaeniorhynchus could
serve as a potential vector for PRRSV transmission, 2 experiments were conducted: the
duration of PRRSV within the mosquitoes and the PRRSV transmission from the PRRSV-
infected pigs to the naive pigs by infected mosquitoes. PRRSV could be detected in
mosquito pooled samples for up to 48 hours post feeding on the PRRSV-infected pig
(PFP) using RT-PCR, whereas the PRRSV could be isolated from the mosquito samples
for up to 2 hours PFP. The results of -PRRSV transmission showed that all naive pigs
used in the mosquito contact protocol were negative, whereas, the swine bioassay using
pooled mosquitoes 30 minutes PFP was positive for PRRSV detection by-both RT-PCR
and ELISA. The results of this study. demonstrated that Cx. ftritaeniorhychus, a
predominant mosquito species found in a pig farm which was able to transmit PRRSV

mechanically and was unlikely to transmit the PRRSV via biting or sucking blood.
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19A W 815 815 194 (Poecine reproductive and respiratory syndrome) sluzgm“ \Aann
delFannanmosiy Enveloped, Single-strand RNA virus 4pagli Genus Arterivirus,
Family Arterviridae, Order Nidovirales Wuﬁmii:mm%LL@ﬂ“Luﬂa‘:mmu%ﬂmu?mmﬁﬂ
Tl 2530 LL@:;ﬂ'@IﬁLﬁmmngm;LﬁﬂmqLm‘i:rgﬁfﬂu@mm‘wmmmmgmqm‘lﬂu@ﬂ'mum
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214301 (US genotype) Uaznguaneiugiszindelsl (EU genotype) ANKANFANNNGHLG
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2DIANIALAZANNTUARAR BNNTLAs tULAL A8 9EN
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= o
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dqjo/ = { o d” o = o g
UANAMNUENNTIENTUIN qqmmﬁ‘mﬂuwwzmm'ﬂqm W 21T A7 LA 15ﬂu2§ﬂ? (Otake et

b

al., 2002) %4 Otake uazARY (2003a) lFANMIURENUIIES Ae. vaxans %qwuié’mﬂﬁz@mh
vfugnsianssziinaecdeloia # 815 85 ed wazanansoilsariatlduunmana
(Mechnaical transmission) Tngmudnidelada 7 815 @15 Lea anwnsnat lusaeslduuian
6 Falua

ﬁﬂwmﬁzm@ﬁﬂmhqqﬁu gnunralunnglidedn1eda  wuLUnnena  (mechanical

transmission) WATWLLTNAT (biological transmission)



nstlsauuuniena  lunistansaenistinlsnaedes ‘Emﬂqq%ﬁﬂmmmmdwﬁq
Wivdnunamile  Tnefidelsmfdlifimaaauasgirofediasumtumeluig
wazlzpduanalfndelulaamilml  GepnaaunsnaesmsinlWRnlsatuazanamn
ekl

o a aa o XX a a a A a o = a
3t leaLLLTNag nistnlsanuutimalsaazinisiasyALInNaiNA U uTaLL A

v
v KX A

o 1 o 1 [ nzll dy = = a a
LLﬂmmmﬂumﬂ@u JUUATHDWEININR/IINNN L‘H‘ﬂi?ﬂ@jﬂﬂ@u@\‘liﬂ LL@%Nﬂ’]?L’Q?E}JW]UIB‘]

= =

wranauatuwlasioes  Gumalsnansnsnazet udaeslAiilunaiunu  uavidelsausiay
a o o 1 o dl QI o o dl 1 [ % 1 a
wipfinedenz v lunisuisaie iinauulusaganuans vl auusacainnes
¥ E — C X A
‘@8 (Beernsten et al., 2000) WENAMNIHAENUARZTUALATUAATNUNNTAINAINITD LU
natilsariiasine lunnsaeivaen bl

A mdulutlszimalnein gennuldinaaana laun ana Aedes A1uou 113 1lin ana
Culex A3 82 THA ANA Mansonia 87434 6 T1A 4Na Anopheles 313U 58 THA ANA
Armigeres a1 23 Glln UAZANA Toxorhynchites A1149u 8 Tl (Sucharit, 1986) wazd

o a a & |dl 1 = 1 Al
nsdnsaaiinaesealuiinnrhfulnndumassiiasesisaananiell  wudidaeana
Culex AW 3 THA 4Na Mansonia 971491 3 THA UATana Anopheles AU 1 1A (§A
F LAZADLE 2543)

aa o a d” o = I8 & o a a A
nsatiadenisfaaalada W 815 815 wa Tuans Mlalaunisasmaniiaufues weanis
a [ a dﬂl o ] d” dl d’ 1 dl o aad
pevamuauRiauaed lhiastiatiaanaaetnaliatiavasgnaiithe - eluilaqiiuidsnismna
Waneda  Wiw  Indirect  immunofluorescense antibody test, virus isolation,
immunohiatochemistry, ELISA, immunoperoxidase monolayer assay WAL reverse
transcriptase ‘= polymerase ‘chain reaction’ (RT-PCR) ludiu (van1 uazAnle, 2543;
Spagnuolo et al., 1998; Witte et al., 2000; Segales and McCaw, 2002) TIN1INARDIT
A 3| =& a dl a I dgl ¥ o [

uantieainazilunsAnenaiavesenamnsani i luusnaviuaaegniude  daflu

=2 = o o dq’ o = '8 -3 ‘ﬂl o
naAnensdnanmlunisinmalada W 815 anf 1wa vaseana Culex inwulunfugnelu
dszmalng Tnaanizettisluwnuninisassgnaadeuuiuiu. vietiinafludeyalunig

MaununsALANLazilasiunisszunaeslspatintise i luauian



aa o o
A6N1999¢8

AnsetRae lfnaLNunNsAnRanaanlaTNsluszazian 1 3 Tnanteandly 2

NNINARRIAIL
N1SNAARIN 1
=® 3 a alld o o dal o al I's '8 1
nsAneivatavasendAnanlunaunmetinmaloda # 915 a5 e taeuls
NNINARBIDDNLTIU

1.1 n1gdazaelunfugng

V\Iﬁu@m‘ﬁLﬂw,ma'wzmmml,%@iﬁa W a1F a1% wa lwardunailes Aanda
uAsLgu Wil idnsiass N34 LA aENENTEEFERY (larvae) Uazsn
Winde (adults) LABUAY 1 A% r;]émrfilﬁfaqummu 2547 DAY WL 2548 iluszey
an 11

eNAAANTE : 1HAN 6 ﬁuslumitﬁuﬁq@ﬂwmLwi@m%z\i Fnmasiusetnseasia e

dnunlunfuuargameaLLAagnsAausaa 18.00 - 22.00 wiAn1 TaaldWanadasudnld

I
=

oral aspirator AAdUENIUAARRALLAANT (317 1) uenldnaesgauindniiatzgdnudng
wariinTUdepguituLe naedaz 200 F9  EMeUAIATUNINEUNIATINLUNADIEUAAY
NaaN (gﬂﬁ 2) Lﬁuﬁf;@ﬂwqwuﬁmm 22.00 4. ‘Lfmﬁfmemﬂqqﬁ\mmmuzﬁﬂﬂﬁqﬁmﬂﬁﬁﬁm?
WRENE (insectarium room) NIALANATMAN 25-27 BANTAITHE AINNTUANTNS 80% 7
wiiellsRrang  AMZARIUNANERT ARNAINIRINYNINENGE  WNeANEIA uUNTla 1L
o dy Y a oA . . o A a dl ¥ dl ]
A1 nziae liealfjiFEnng (colonization) wardnnangaiannulinnngaluusay
1 A dgl ¥ a oA i 1 dl dl v o [ 1
dedipeumziagsluiesliFnsetnsaiiasive ldduiunasessie

adl = o @ o A o = o = - o N o

TEN19RTENENFAANTENERWUNTHA < IWannamefiTuna 1wl 3-5 W YAY
AanuRAaetgsNntindnTeens card point technique WAMANHAIBAZIBYA A1UUNTHA
poandasqanssAdainaslalaaldnyuaduunadaresgsnnuluilszimalne
(Rattanarithikul et al., 2005)

fiagew : Wiusaateianuasiiseluiail 1 Alawmnssau s Ineldnszuae
o/ %’ dl 1 % % [ o 901 dl o/ 1 o/ o o 1 dl ¥ o dg/
Anundsiadassu il A9dnun enmamdasen uazdanatsde fastnei i liliaes
sialuiesdiAnisauduszaziaiinde  uazsnetsundauimdnsduuntin tnald

nryuasuunaiagsinu ulsvinealng (Rattanarithikul et al., 2005)



1.2 pawazaese e friRnag

o o '

¥ d” % a oA . . d! [
et weaands 1.1 wwnziaesluiesdf)imings  (insectarium)  Baifly

a

Vel JiRnTsaeeemaaeantlsrniaan 2 41 ArLANGIUNRT 25-27 aaAEAITEA UAT

¥
I~ v o &

ANNTUANNNT 80%

121 NIAWIEIALNEN Culex

1 '
o A = 9

o o 3 A dil d”
UIENAIILANIENE ALADA (engorged female) mL@ﬂﬂum\ﬂ,@ﬂ\mwmmmm 4

] Q9

ANUAUIA NANXENIXGD WL 25 x 25 x 25 Wuaiies (U7 3) uariniausdiniuleanng

u

laiifludaenanasndusingudnay 10 EuRWAs wazdtinlaaneaesy Tiaisdan

v
o

MU 10% uazInIRU B complex laglddanulidsznnns 5 Hy quatluaanauin 25
HaRAR? NI 10% UATIAHAN B complex 1adanneaanglduda inldes (egg raft) 1

9 1

= a a aa %’ o 2 = a dgj % 1

e lUnIANANIARNIUIA 12 x 25 ImuAmNAT PRIt 191Reans 2 Ang RENFadel
(larvae) AaganmIuyLn waziasuinnne 2 41 aunssiaasaydusiana1eds (pupae) 14
waangalnniegauansanaedldiaananasndasas 200 s 1l ldlunssingdeaan

° [ dgl v & o % o @ o A a [ dll % 1 E/ ' o
AMNNTULAENRAILANIE IMQQGIQLE]NQHQQLZQ@@MEﬂU@ﬂ? LW@IﬂEl\?QW\?i“lIﬂ?\?W@1ﬂ NINITENE

A
=

ReNge Culex atinvsiailasiveldluntmasassalll (317 4)

122 NINLALNLN Mansonia

1
o al )

theiniaiigaidensnudaldlumaufonssgedlaiviingaanszmiiudns
1AnAN mﬂiuﬁ'%ﬁmf&’]LL@:LLN'uTWuuﬂqqéﬁu§u1ﬁqa9ﬁq1ﬁ weinlaigs (egg clusters) Tl
deslunruzaaudalylue @umzﬁxﬂﬂm‘%mﬂuﬁqﬁ@u Aananede uazdsindasiall (gul
7i5)

1.2.37 MAWILALNEN Anopheles

1 1 1
o a A a Ay

o o < b2 ] % a 1 % dld %
wngesfndengaaenanude  tdludaananainiidnllsapgu A uuuni
UsAneaesy uaziuiunatainladumaaandmiuduiu il wasaaniduuen
Tdearihli@ealuniananafinaunn 12 x 25 1uRmmAs INUIUAAINAAETE ALNAUNIZI
dwsiadeu sananede gauansanaedelliaeslunsadasgaduneniunisiesey Culex
(319 6)

1.3 nastaalada W a1f a1f wa lugmaanas

1.3.1 NIEITUNLNNAADS



quiaanepusiazatialuiuusninduldannnfugnaaiinas 5 v tnnaniLe

|
= =

lafa W 21§ 21§ 1wa 19835 RT-PCR wazmsaaunidalafaanes Cx. tritaeniorhynchus

wnzidesldannda 1.2.1 neunisti lldudamalaia A 915 915 1wa angnImaaas
132 NIBILNANINARDY
o ¥ o o Iy dl d’l o = g g
wgnsaytnamAgeny 3 dUand  anWsuilaesmaleia A a1F a1F wa
AU 4 50wy 2 ngun1ImMAaes

1
oAl

NgNN 1 U9 2 5 lungumIuANaL (negative control)

q

= - -8

NN 2 augk 2 v aaialiia A 818 @1F 1wa aneWugawisng (OTNP1)

& v !
o

(5w 10°TCID,/ml) Tnaveenayndneas 4 Haaans IReNgNINa 2 mﬁmummﬁuﬁ 7
wisnsduiiaite (7 days post infection) Faifluszesiilasaunsnszanainsanig (viremia)
NaunN1IMAaes 1NENnaed Cx. trtaeniorhynchus anta 1.2.1 IATNLAZEININEUNTS
ypaasataias 6 Fali wilegaenidy 2 nag na97l 1 Iﬁzﬁ"uBTmLmﬁm@mﬁ@mqmﬂ@:uﬁ 1
nquenLANAL N9ell 2 Widndauazingadeagnsnaaeenau 2 ﬂzjmﬁm%@ Tneinlvigns
mmmmuﬁmmﬂ@m fngleNd@atl Pentobarbital sodium (NembutaI®Ceva sante animale,
France) WA2919AIENIUEUATILAIAIATULILUBINIIE ﬂa’miﬁqqqmﬁ@muém ANt
@mmﬂﬂﬁ@mﬁﬂmémﬁuﬁ' (fully engorged female) anufaznsauenlansaludngsay 300
fia (3U7 7) uenidesBrietnimegeviude 1.4

a

1.4 naasrammalaga # 815 a3 1ea Tugenaans

WNFDRENgENTIN 2 Ne9RNduRani 1.3 gauanNnldpiay 30 fia luszazinan 0, 2,
4,6, 12, 24, 48, 72 Falu9 7 uaz 14 Fundanisdudaiugns M lvigemesaaninuiiudn
Tneninsinattsesldlugud 20 asrmarias wasidudatingsn (Pooled samples) Live
meanmelda W a1 anf lea AaeRsdfistngnTdinawmeisa (Nested Multiplex RT-PCR)
Fae e ldnatanaads RT-PCR AxininAsaaEiueiiumaens virus isolation WAZMIAIUIL
dw v v ad . | D W
10918l T8A28AT virus titration AMNAIAL
1.4.1 1URAUNITANA RNA
o all = QI o o = '8 '8 173 %
UnennARangnIauaNunain RNA sadlaia W a1F a1f wa Tnaldgaiien
&15agl QlAamp Viral RNA Mini Spin (Qiagen, Germany) Tneidduaausian
- azan8 carrier RNA 1 #a8a a9k buffer AVL 1 990 (buffer AVL ngdN carrier

RNA WALALN 4 a9ATATeIA)



- FTEN 1.5 1A, Eppendorf (DNAse free, RNAse free) ANNANuqusiaasing Iae
Tuinuanearsaetnelid1amaen

- g buffer AVL 560 Tutasass ldlu eppendorf el

- umqﬂumﬁimmqLfsmﬁlﬁ’mumﬁmmLLﬁiazﬁq@fjﬁﬂu eppendorf YaAAAY 1
frating antuga PBS sunms 200 llnsans dlu eppendorf Aingauaudn il
8,000 78v Lunan 1w

- mnﬁu@mmm:mm (supernatant) 13xnms 150 laulmsans/saecing ldagl
aan eppendorf 71 Buffer AVL FA8EN9aY 1 Yaan

- 1fin 100% ethanol 158m3 560 ulasans waalsdn s 15 Sundt vl
(briefly) Wansavaneisuiufifumaes

- WisNTgA QIAamp spin column RANUNBLATAIaEN9 13 A uLuBaE Tl spin
column

- @mmm:maﬁ'ﬁuéwﬁu ethanol 1317m3 630 ulpsams a1 QlAamp spin
column (Wivaneaasaesnanaain) waasinliilud 8,000 sauan?t g 1 107

- MEIUANT AR LAY Spin column iyl

- fingnanAssauninansazaefitiuaniy ethanol iawan

- ulasumann 2 Aadans 2999A QlAamp spim column

. wRaNEIazaNE AW 1EaARs 500 ulasans udaihliiud 8,000 sev/und
funan 17 aantiulasuvaen 2 Saaans 29975 QIAamp spin column

 Wisamansazane AW2 1531ms 500 Tulasans udatinlUiiud 13,000 sev/mnd
\uan 3 w9

- wWIeN 1.5 Nadams eppendorf wiantunnuunaaafietinelinseaiunans

1 v
- 1N4912849 spin column 8191901 eppendorf MmsaN 13 aMniluRn Buffer AVE

Usunmg 50 lulpsams saneld 1w Ngaumnivied
=

- 11115749 8,000 7a1/W e 1 Wi

a

- \iudauaes pure viral RNA 1379auuni -20 aamaias 4115091 RT-PCR

k1)

1.4.2 dumaun1TN1 RT-PCR

- WFi3EIN Master mix An%A Qiagen One step RT-PCR AINgAT A3



Access Quick master mix
Upstream primer
Downstream primer
Reverse transcriptase

RNAse free water

12.5
0.5
0.5
0.5
8

(gnatidamdu 1 Fdagia)

10

luTasans
luTasams
lulasams
lulasans

ENGEAE

IR GRETRIEE RN primer A70 5" — 3’ prail (Thanawongnuwech et al., 2002)

Downstream primer : Agg TCC TCg AAC TTg AgC Tg

Upstream primer : CCT CCT gTA TgA ACT TgC

wil master mix 14 PCR tube #aenaz 22 lulasans aniwds pure viral RNA

andunaunisanasiatnyazy 3 lulpsans et naas PCR il wazmiiunnuuneia

saatiglidaauynsiaedig 1l 1drres PCR Tnaiillsunay Asil

Reverse transcription
Initial PCR activation
Denaturation
Annealing

Extension

Final extension

50
95
94 %
50 o
72 %
72 4

30 WA
30 W7
20 317
30 A
30 AU

15 1479

l 1 v v v
- \Waweied PCR Mneuangn azlaily cDNA anniutihlivindunew multiplex

PCR siald Ineiszes master mix 8195091 multiplex PCR A4t

10x Buffer PCR

10mM. dNTP mix
Primer. U1(50pmol/ul)
Primer U2 (50pmol/ul)
Primer D1 (50pmol/ul)
Primer D1 (50pmol/ul)
25 mM MgCl,

Taq polymerase (5U/ul)

RNAse free water

4
0.8
0.5
0.5
0.25
0.25
0.25
0.5
38.2

laulnsans
lulnsdms
luTAsans
lulasans
lulasams
lulasams
luTasams
luTasams

lulnsans
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(zgmﬁz%mﬁ*u 1 AaBg4)
TpadAaFLLLAYeY Primer A1n 5' — 3’ 1y V\Tﬁ (Thanawongnuwech et al., 2002)
Primer U1 : gTA TgA ACT TgC Agg Atg
Primer U2 : ggA gCA gTg ACT Aag AgA
Primer D1 : gCC gAC AAT ACC Atg TgC Tg
Primer D2 : gTA ACT gAA CAC CAT ATg CTg
uil master mix fiexlsldvasn PCR tube 211n 0.2 AaAART NaBARE 48

TulA3an? anTiuAn cDNA Bleainn1991 RT-PCR 2 kulpsams uanlidniu tacldain

1 1
uwaztiunnunaausaededwaen ligndenssiu Wil lawses PCR Tnadllsunsudsil

Initial PCR activation 94 ‘g 3 W0
Denaturation 94 % 20 317
Annealing 48 30 9
Extension 72 % 30 3%
Final extension 72 % 15 W17

- Tusmdnaeed PCR A& el 2% agarose gel 14 tris borate EDTA
(TBE) buffer tne/liemsnda1s agarose gel 0.5 n3u Tu TBE 25 Nadans WWanuFaulagld
PneLAaaazantd  asheenuunldind  seauaaiuissudsianilinnanueies
Electrophoresis chamber 7131 TBE buffer @g’lm:ﬁuﬁﬁwuﬂium@

- 11 PCR product A nTuAaUIEINNT multiplex PCR snuaanadlu 2%
agarose gel a1y Taeld 6x loading dye U3u1m3 2 lulAsams naniu PCR product
1B5u1ms 10 Tulpsams Ieelfunausnaeaanidu DNAmarker

B IGERS Electrophoresis (Wealtec, USA) Ilaglldn1aaln 100 a6 wu
Uszarauo1 dlug iaiaSaudaTlataios Electrophoresis vhusiaafilduidandan 1%
ethidium bromide solution (10mg/ml) TnaUUIY 15 17 anTugusaadaen
szl uaztilusnunadaeiases Visible-UV gel transmission

1.4.3 FuReUNNI Viral isolation

- wilENiTad MARC 145 snmiziaelu microplate cell culture BUNAEURN AT

nane 3 wuswes tnaldansaiuresisad 1:3 Wil growth media (5%MEM) 21191 3

AGIEE
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- ddndeun 37 esmmaEug, 5% CO, Wi 48 dalue aumadlmfNy G

ansouziili monolayer
- nsineteesnualy eppendorf (11w pool sample) waziaaanasng MEM 7

v [ v 14 k4
i 4 asemaiiaa Tudnsdou 1:2 antuimasniaesduigaenmsaeamamnne ey

\nFnetineaRnawlszins 1 Haaans Tiiandouivesaadiniziass
- dndngeun 37 asAnmaliea, 5% CO, wiu 1 4alug iarsunan teaniige

AENNBEHINTNIBITARNITRENTS  UASANBIUNTAETD (2% MEM) Usuims 3

OQ

ARABIT

b))

- dngeuil 37 avmiaaiiea, 5% CO, w1 48 dalug
- GITENTAR MARC 145 wntwnziaes iy Microculture 96 well plate Tagiifnngs

az 200 lulasans
- 11 microplate cell culture MA"zima laFaansvatinvgaaananNgaLLdainun
nH 4 B9ANIALTYE

u

AUNQUNAN 70 D9AITAKEA AULTIAILAZINaaNNIAZANITIAnM

AU 3 sau e Waduen
- anntugedunaratsuaeianae ilifuiaeads 2,000 seuani Wunan 10

W Naund 4 asaetamas uaziiudaulald (supernatant)
o . aid (3 ¥ d’l dlf
- 41 microplate 96 well plate NNty monaolayer LAINIAABINITLALINLTA

inindie antiusnAeaging (supernatant) Tavguaz 100 Tulasdns
- ddndeun 37 esrmaEag, 5% CO, WK 1 dalue aintiuriieanuix

BNMNFLRENITD (2% MEM) 100 lulpsans
- dndndaud, 87 myrnadiud, 5% CO, 1AW 48 dalus anniuiinlingaam

LAURALAA AT UAAUNTEaNAEAT IPMA sa
144 amIUANHARNNINAAET DIATILTLAL I UNANINAAA

NSNARRIN 2
nsnagauANatNnsnlunailunugintaliia A e ea1f wa wesys Cx.

. . a dqj o = ' '8 o dal
tritaeniorhynchus mnzgmmmﬂj@iqm W BT A7 LA 1ﬂﬂﬂ2§ﬂ?ﬂ@®mL‘ﬁﬂ

Ipeutian1maaasaaniiludunauaal

2.1 ﬂW?LM?ﬂNﬂﬁﬂﬁﬂﬂﬂ
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UNFANIRTaEN Cx. tritaeniorhynchus IANIaziaesanda 1.2.1 sauiuas
amInaunIImaaesatetias 6 d9lne uazquenesngeaIual 50 Fiv UiNIMAaeLLTe
1a¥a W @1§ 21§ 1a4 F9eF RT-PCR neutinmaaeg

2.2 ﬂW?Lﬁl‘;‘ﬂﬂJQﬂ?Vlﬂﬂﬂ\‘i

o ¥ o c o o 9 dl dy = '8 '8
u’]Zﬁﬂ‘Eﬂlé‘]_l’]Z\]LWﬁQ@ﬂ&! 3 U9 AU 10 Frannnsunlaanima W a1 a1f 1ag

wiveaniflu 2 ngunmaaesvnl Aa gnangui 1 ngu A (NANsa L) aaudu 2 s uazgns

' o o

NgNM 2 NN B-E (NgusaFu) 41w 8 5 w4 viasmnaastias Hedas 2 6

q

1 3
6

- qnInguN 1 (NGNALA) 81U 2 6 (NgN A) anmaloda W 1§ 815 wa anesiug
a1INT (O1NP1) (13NA0U 10° TCID , /AaAan3) Tngneanaynineay 4 1adans

- zgmﬂ@juﬁ' 2 (NquFnFL) AuaU 8 Fia Lanidungutias 4 Weanaaes ( ngu B-E)
Wo3az 2 5

2.3 011 Infect Ialaiaannsananaangningusa i llfivanangusiady

Tuiun 7 ndansandaloda W @15 815 104 (7 day post infection) 319eN@aLANT

]

1 dl 1 o &, ¥ © % ¥ % dldil J 4
quin 1 (ngndal) udathldhnsweupzuassudisasuunsegesinuniideann Uassliea

o o a

anengns Tnsluanienemndsgaaangnaattin gauangsaanaindognaviui tnaldly

q 3

EA0)

A4 o

| a { o o 1 o K J =2
NABINWANARAN NABIAL 150 F7 ANUIW 4 NABY LUNNUNILLRANABDY 1 D4 4 LW@HWLL‘]JV]@@'E‘LI

| [
[ oAl 1 o o

fugnINgNy 2 nqusaiu (Recipient pigs) lutagiaansiag < fisil

gNa0a7 1 (30 WIAsaINgAReAgnngNFali) flineasauiugnangs B

J dl aI/ o A { o &, o o 1

2NNADI7 2 (6 Frlusndsangaaangnsngusia i) i hiinaaauiugnsngs C

eaNa0af 3 (24 Falusnasangairangnangusali) thlineaseuiugnangs D

eNaashl 4(7 Fundsanngaaangnangusa li) dinluneasuiugnings

gnangsl B tngelunassn 1 aruau 100 fa lilfiauazgaiaangnasiaf 1 (mosquito

° A A A o | . P o ax

contact protocol) 4aziiesanan 50 6a ldun neasi filter wianiuldendjaousuas
anudnllugnasdian 2 (swine bioassay) waztheaniningnaudalnsaanisaloeda W a1f anf
|84 $9e75 RT-PCR

anangu C e lunaasil 2 aauau 100 6a liinuazgaiaangnssiaf 1 (mosquito
contact protocol) Waziieuaaan 50 fa lum neasein filter wianivldendmousuas
= v = % i i o o ¥ X o I's s
aoudinli/lugnsdn 1 fa (swine bioassay) eingnsudqlilassanaaleia # a5 815 g

pneiaa RT-PCR
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anangu D 1 lunaeasi 3 aauau 100 6 lliauazaaiaangnasiai 1 (mosquito

contact protocol) Waziieuaaan 50 fia llum neasei filter wianivldendmousuas

1
) a

aoudinl/lugns faf 2 (swine bioassay) Wnepniagnsudalinsanimaloda W a5 815 1aa
$in2iAd RT-PCR
anangy E nelunaedn 4 a1uou 100 fa lliauazpaiaangnasiai 1 (mosquito
° A A a Y ' . Y o g aal
contact protocol) uazieaean 50 fa llum neaein filter wianivldenddousuas
aodnl/lugnasiai 2 (swine bioassay) Wneniagnaunda lilasanimalofa W a1 a1f aa
pn8iA3 RT-PCR

¥
2.4 mgasranaelaia i end a1f wa aInansnaxsaL

Iemimauiedasiiuainansd oy (nau B-E) lugasaasing I Fausnian
nsdNEAnUeaLaT 3, 7, 14 uaz 21 Junaanisdudanyuegs psvamidelada 7 enf end ieq
10838 RT-PCR uaz ELISA fvid

241  thideagnifidainnisaznsiBlifansuden  geuendiuan
naaeulngda ELISA aadungusiil

- Aeasiuluman WeldTiufuns 5 lulnsdng se divent U5ums 195
[EYGERIE

- 14 negative uaz positive control 1 strip axnmsuguaz 100 lulasaems ilesin
\lu positive control 4aZ negative control THAAT 2 NQNFAD 1 Nan

- gasulumanldly strip coat plate 1Bunmsuguaz 100 lilnsams Hanld
aruvniiias 30 Wil Wsgudinadurinniwies washing solution

- flemstnan 30 wfi &0 strip |40 washing solution 4 A%y pSsay 300
EYGEREE

S qnriulg conjugate THA Anti-Porcine;HRPO Conjugate 1iN1m1quas 100

lulnsans

e

- fanelingnmniives 30 wf

- feAsunan 30 wfl A strip Aag washing solution 4 ¥y pSsay 300
Tulnsdng

~antiuld Substrate 7iin TMB Substrate Fnmsnguay 100 lulasans

%// : 9./4:!‘ a v =
- s ldngungRivies 15 wni
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-4 Stop solution 1Fumsuguas 100 Tulnsans

[

- daAIN1ANALLAY (OD) AdelLeFad ELISA reader NIMANMHULAS 650 nm
- ANUIDUHABATTNENNBHNAA 8 L TUN THAUNA

o o [~3 o I

2.4.2 MnrdugrsnmIngnanaly Tl 14 NAINNIANTAN LY INUFietngen
ﬁi'ﬂuﬁﬁmam AANLUAIRINUABAAN (Bronchial alveolar larvage) zﬁma‘?ummﬂml,%@iﬁm n
815 815 1ad #neAd virus isolation A RT-PCR

2.4.3 aptfufinseelsn uan1mMARed TeTsTuanmasensamAadelaia

879 215 184 YN INGNFL LALENINANFTU FIENIURANINAADY
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NAN15I]E

o

NMsNANaIN 1 nsAneatiaesasnidnaninlunisinmaloda W af 815 g

1.1 n13d19978avede lunsugns
Wsugnan lifuanuinaseadunnsuniniaaasgnausiiug ansuniulseu

anii laalianniAdemazaan wazaINnIsdnsasas Wasngneluiadl 1 Alawmas wudni

Ao A 3

v v 1 ¥ 1
wiaedn 1w wdne peesszunasRRdTNTLazn uwiasindsazanan N Laz o)
~

wuastnawa gjihazealdanaawandnaumen nn dntjslne uazunn (317 8)

nanTsdIsaLazAnHALngiavaseaandelunnsugnsTaeld oral aspirator

17

peRfidngaReAUNAagns ludadinan 18.00-22.00 w. heuar 1 A AAUALADU

3

EA0)

WOHNIAN 2547 DapeuNENal 2548 (unan 12 wan tealdau 6 aulunisiusietng
Tuusiazaiy AU lATINAIIWIN 91,840 1 NugNAMInNINTWTn g sxudnamaw

v

NoUIEUDuRauNg AANIEY (8.71-14.59%) Lﬁmﬁﬂuﬁuﬁf]muﬂﬁﬁuiﬁ AUNARADAT LAY
wusnnigaluieunanps (14.59%) ﬁi@mﬂﬁuﬁimquwzﬁ;uﬁ@m\ﬂwﬁ@uﬁmmm
(4.79%) uaziAeuNnIAN (5.88%) Buihudasiitenadidunazanaduluenation ua
wugedautienigaluieudiunnu (4.57%) GUf 9) geiinmas uunnuNai 3 dana 6
aflp Aa Cx. tritaeniorhynchus, Cx. gelidus, Ma. uniformis, Ma. annulifera, An. vagus Wa
An. peditaeniatus (g‘]_l‘ﬁ 10) Tmﬂnﬂjﬁﬂu%wuqﬂ Cx. tritaeniorhynchus mﬂﬁ@mﬂa‘ﬂ
86.80 % uaz Ma. annulifera Wuasfigaiadt 0.006 % suiitazidunuansluneed 1
ﬁfm’@ummqﬂuuﬂmqﬁﬁﬁmjﬁmmqwu H 4 98n lawn Cx. tritaeniorhynchus, Cx.

gelidus, An. vagus Was. An. peditaeniatus
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5% 1 uansdsnaivsnatsesssniandsiauazgameagnsluvniu Taaldlnanades

WATAASUANE oral aspirator

%

=l | A Py o I3 ! @ Ay Y .
g‘d‘lﬂ 2 "J@El’NEIq\W]Lﬂ'i.lim@qﬂm’)@lﬂﬁ‘uﬂﬂLﬂUIZdﬂZ‘]'ﬂ\?‘IIu']ﬂLZ‘mVIN ﬂﬂmﬂ@umuuuﬂ@m

az 200 5q Mfeudraguiteldiduuunass dmiuaudslddeaiectlifinag
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5171 3 nauiAENgFaLfL AR 25 X 25 X 25

IURLNAT NIHIAIANY 4 Au

¥

519 4 giluananisnnziaENgs Culex

u

.

TuriealfjiiFnng

519 5 g1uanIN1amIzIaLgs Mansonia

TuiesdiiRnns

519 6 gtluaneniannziaeNgs Anopheles

TuieslfiRnns
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n.
o A o A
5% 7 uanedsnslieannaInA@engNIMAaes
N, UAANID IEIAAIABAANINAABIHNILT AR
aal o A ! 1 <3 ¥
9. LAAIBNIIAALENETInABIAIANAALRan & lunaaseaunalantaeld

oral aspirator

[ %

517 8 Anwozunasinluiai 1 Alawnsseus Wasugns

[ %

o .5 Ao a4 §
N. LAY 1. U117 A~ LRAUIRAEANANNITNTUN
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25 7

20

% g 15

10

WA, Nl nA. @A,  NE.  AA.  NE. A, NA. NW.  HA. e

5% 9 Auanferavvessetees luusazneuiuldunzdugaaengnslunaiu
FAUAARY WRHNIAN 2547 TRBUINEIEN 2548 F511919194 18.00 - 22.00 U,

° oy Ao Wy o o
@qﬂ@ququmrl@ﬂq\ﬁﬂq\?‘ﬂ@u‘l 191
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5% 10 ganduldanzidinigaidengnelunifu szudnanan 18.00 - 22.00 1,
N. Culex tritaeniorhynchus 1. Cx. gelidus
A. Mansonia uniformis 3. Ma. annulifera

Q. Anopheles peditaeniatus ?. An. vagus
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ﬂl o a o a 3| % dl |3 dld
A1F19N 1 N@ﬂ’\?’&’]ﬁ‘qf"\uﬁLL@Z’Q’WH"JMV’WﬂLﬂuﬁ‘@ﬂ@zsll'ﬂxiﬂﬂ%WUIMWW?N@ﬂ?WﬁJﬂW??tUW@

1098 1038 N 21§ 815 10 ludwdnunstgn AausiRaunNgENIAN 2547 DamIEY 2548

FEUIN9LA1 18.00 - 22.00 1.

AaU AU (%) [ % Cxt | %Cxg |%Mau | % Maa | %Anp | % Anv
WHENIAN | 5,440 (5.92) 92.68 4.72 0.01 0 0.26 2.33
ﬁqmﬂu 8,000 (8.71) 69.43 29.76 0.11 0 0.29 0.41
nInNgIAN 11,600 (12.63) | 88.53 10.0 0.41 0 0.31 0.75
AWAN 7,600 (8.28) 90.81 §.82 0.13 0 0.45 0.79
AueNeL 8,200 (8.93) 91.76 6.17 0.24 0 0.41 142
FA1AN 13,400 (14.59) | 83.48 | 15.0 0.35 0.02 0.44 0.71
wqﬂﬁmﬂu 8,800 (9.58) 89.04 7.50 0.05 0 1.30 2.11
funAN | 4,400 (4.79) 9575 [ 1.73 0.40 0.05 1.34 0.73
unaAN 5,400 (5.88) 91.95 3.81 0.28 0 2.15 1.81
qmmﬁuﬁ 9,400 (10.24) 94.48 3.06 0.12 0 0.83 1.51
uAu 4,200 (4.57) 60 38.64 0.07 0 0.96 0.33
b1 5,400 (5.88) 93.67 0.78 0.05 0 0.46 5.04
f-‘imqum?iﬂ % 86.80 10.75 0.19 0.006 0.77 1.49

Cxt = Culex tritaeniorhynchus

Mau = Mansonia uniformis

Anv = Anopheles vagus

Cxg = Culex gelidus

Maa = Mansonia annulifera

Anp = Anopheles peditaeniatus
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dgj [9 = '8 '8
1.2 mimm@mm@%m N BT AT LA Iuﬂﬂﬂﬁﬂﬂﬂ

Tudun 7 ndmnisanaelia W enf enf wea Wuignameasangui 2 wu Viral titer
palada A a1 a1f lag 71 10”"° TCID,/ml. wan1smsan@alaia W a15 ang 1aa faels RT-
PCR ua Virus isolation lugzeizioan 0, 2, 4, 6, 12,24, 48, 72 4214 7 uay 14 dunaanis

o o

Audafiugns wudrlugangui WiingaaengnanguasuAnay nealinuide lhialugeamn

q

be o

A !

] dl 1 dl Y o dl Vo = dlij
DINTSETLINN I‘WIIELW‘VIN@ﬂ’]?[ﬂ?'ﬁfﬂﬂxﬂuﬂ@ﬁ‘ﬂiﬂﬂﬂﬂ@L@ﬂﬂ@ﬂ?ﬂ@ﬂﬂi@?ﬂﬂ’]?ﬂﬂm@ WULT®

u

1
o A

laFa W 815 @1F 1ea Tusined1eeenasn Neseziian 0-48 dalusdaniedndaiugns 4auan
euazdautindneen amalinulaia W e 918 1ea nauansuazIBAluANINT 2 uay

2 aa . 9 ’ dgl % = ' '8 o 1 i’/ o dl
AINNNIAIIAGLEAE Virus isolation wilmielada W @15 e1F ea ludneteyeiasn 7
921981 0-2 Faluenasnasduiaiuans fAaetanunauanTadalada W 81 a1f 1a a1n

N19M3AGaEAs RT-PCR Usnguaui 1 1a 91 107 giua (317 11)
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M99 2 UuARINANITAIIAlaTan a1f 815 1aa Tugannaey MAsANAALRangNIRATEa e

A% RT-PCR WA Virus isolation

ENTIANDN RT-PCR VI
(LRI NRIANNEENIAGNT) N T LI HN ‘fnﬁ”n\‘iﬂqq

0 dalie + - - +
2 dali + - - +
4 ol A - - -
6l + - - -
12 dalu + ] - -
24 dala + - - -
48 dalu + . - -
72 dali - - - -
7 U - - - -
14 U - - - -

RT-PCR=nested multiplex reverse transcriptase polymerase chain reaction,

VI = virus isolation

v
o o

ENIAY = BT NAINLBIEN
AMUTEN = LOWNZAINTNENTILVLBIALTZNOUTINABALAZ LN LAD A TUEN (haemocoel)

v
UIANEN = UIRAINHIFAIUUBNTBIEN

+ = NAUIIN, - = HR[U
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200 bp

107 bp
100 bp

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

= 6 g

sU? 11 uansuoud 1Bu 1o 209l05@ W @15 @15 1A AINNI9EIIaAILds Nested

. dl dqlz -dlq dy o = -8 o dl o 1
multiplex RT-PCR. lAWA 1 T3Ngnsnanmaleia # 815 817 194. 1auil 2 : fetneeeao
AN Culex tritaeniorhynchus 1ol 3-11 : AABEINNENTINFNNSLaZIOaN 0, 2, 4, 6, 12, 24, 48,
72 Falus uaz 7 Ju. 1aun 12 : fetsuansesliia W af anf e aeiugelEnT Ui

131 la%a W 015 915 a4 aneviugyla 1aud 14 : AaAtuANaw. L : DNA ladder
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ManAaasn 2. nmagaumNa N lunsdunveinmelada A anf anf e 289

&4 Cx. tritaeniorhynchus angnaaniaalaia i anf 81§ wea ludgnetaanide

¥
nananitialaia W a1 815 1ea Angnangusaiy

1 o

Jun 7 vdsnsanaloda W a1 a1f e uwngnangu A (nqueals) wu viral titer sie

q

1 o o

a5 W @15 anf 1a W1 10°* TCID,/ml. AwidLignangy B-E (ngusiay) Wnaausiatalea

q

'8 -8

W 815 15 1ea AINNINAGALAIETE ELISA fauEasunIsAne 4 miugsmaanandaann

o o | o

Aafugnanguenlil uaznewnazt lududaiugnsngusniuaziiisgsaanidu 2 dou As

Q q

t?

|
! =

A9U7 1 ganAaeIauIL 100 At ldudaiLgnIngusniLaIwIn 1 v (mosquito contact
protocol) UATENAIUT 2 eannaeIalaw 50 A i lilus uaznsasinusianseandaniunas
enfaaur uarandnlllugnangusniuaauan 1 5ia (swine bioassay) Nsveiziaan 30 WA,
6 1919, 7 uaz 14 Ju Tugnsngy B-E muansy

Tuiun 14 udannsnnsanaaloda A 8§ a1f wa iungns innsfugrsgnsynsia wa
nsAnulugnangs A wulleatin multifocal tan-mottled consolidation 8% $aufiLifinnIg

1 ] gOJ A dl A o a dlzJ o = I8 '8

penelunyaessioninmaes (317 12) uastindunisnmauaumiauaesmelofa # 815 05
184 BNAFIARLIENN immunohistochemistry (IHC) wananiignslungs E A1uau 1 69 1fin

a dgj a k7% dl 1 dl = 1 1 o &D o
nsAnTenuAnFuwnndeu luwrneignanguanisasisalaiviudn annismsaaizelada
W 815 915 14 lugnangusaiu Aoeds ELISA waz RT-PCR wuuauanseamaloda W anf
815 194 lugnangu B a1uau 1 fn aannnsngnalaiumaleda A enf 815 wea tnels swine

. dl 1 o o dl 4 1 dil/ o = o o dl

bicassay luanzngnengusiaiuawinaausamelada # @15 21§ 1wa (1131990 3) wanI3
pealtialaia W e aaf 14 faent ELISA lugningn B annasnignslésuimalafa W ang
817 104 1neAT swine bioassay WUNALANABLTR 1A N 815 @15 1od AauATUR 10 Uasan
qns ldFu@eangnsnqusald (517 13)

AINNNIR9IALEe aFa W 815 815 1ad AnERT Virus isolation WLHALINTBNAADLINGTHIN

1 dl Yo dlf o = '8 '8 as . . 1 ij/

4nangw B annisngnslasuimalefa W a1 915 14 Tnedd swine bioassay Wil Tuane
iFivatingann bronchial alveolar larvage, sianumaagLazlanasgnIngusniunnng 1

HAAL LAZAINNNFAIIAAIEREN immunohistochemistry linaavsiagnangusniuynngs
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a X o = e - o | o o
M1519N 3 N@ﬂ’]ﬁ‘mﬁ"’)@ﬁ’]lﬁ@bhﬁ‘@ W A7 817 LAR quuw 14 @Wﬂﬂﬁ?ﬂﬁ%ﬁﬂ@ﬂ?ﬂ@ﬂ@ﬂﬂ1m

FuiTelneds mosquito contact protocol LAY swine bioassay Tusreiziaamne) i

naNgns RT-PCR Vi IHC

I '
% [%

v v
B30 UWAUNAIAIN  FANUNUARY  TIN  URNUANAIN  AANTNWASY

NADAAN wazilam NADAAN wazilan
30 wnAnaslasuLae
B1 - - - - - - -
B2 + - + + - - -

6 dluandsldsuida
C1 - i ’ \ - i i
c2 . { ) \ . i i
24 daluemAdlduTe
D1 - - - - - - -
D2 - - d - - - -
7 Sundslasuite
E1 - s 2 - - - -
E2 - i - - - i -

RT-PCR = nested multiplex reverse transcriptase polymerase chain reaction
VI = virus isolation, IHC-= immunmohistochemistry
ELISA = enzyme linked immunosorbent assay

+ = AN, - = HR|[U
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519 12 uansangns annistugrsminasangnslasumaleia W enf a5 a4

u a

14 §u : (g 12A) 14 SundeangnanguinlFldudelasa 015 enf e aneiugenim
(O1NP1), (31 12B-12E) 14 ﬁfuuﬁqmnzgmn@juﬁqﬁmlﬁﬁmL%@I@ﬂ%‘% mosquito  contact
protocol. Lﬁmﬂﬂhﬂﬁﬂ@mluqﬂiﬂ@ju A 1umm:ﬁqﬂiﬂ@:u?ﬁlujﬁmﬂ‘lﬁmiﬂLm'uﬁm (31 12B-
12D). AansfindeuunfiGauninden wilinuseslsareanisindelada i a5 anf 1eq

lugnangu E (31U 12 E)
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experiment 2

ot

—e—B1
-a—B2

C1

—x—-C2

S/P ratio

—x—D1
—o—D2
——E1
—E2

....
’’’

4 Aaend Enzyme linked

immunosorbent ass@(ELISA
8m3149U S/P > 0.04 Iﬁmv

Q
B1, C1, D1 LLfﬁﬂﬂ;ﬂfl:J r‘qﬁqwto contact protocol
?'Lllﬂ]’l’]ll'??ﬁ N ”ﬂ']? A7 LRA LAY

B2, C2, D2 uwaz E2 = gNn 99 swine ngssay

waa\m'mum’m el 1N E
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nsandsiaua

anuan3AnE lwASItnLgngs Cx. tritaeniorhynchus \ugan L Bunuunnnga lu

'
= ]

Wfugns Samdaumslga Fahandunmsiddnenmilunsidelasa 7 end end ieq
wuuidanalunsugnsla

annnImaaesi 1 uannsdisagiineesgaiinglurfugns TudnuATlgy Fausiey
wEneN 2547 Duifleusminu 2548 WudneaRinuunniigeluusaziieuans Ox.
tritaeniorhynchus ﬁmﬂum”wmﬁﬂ 86.80% immmlﬂuqq Cx. gelidus &4 An. vagus. An.
peditaeniatus €N Ma. uniformis Wa< Ma. annulifera ARl 10.75%, 1.49%,0.77%, 0.19%
LAz 0.006%  ATNATGIL %q@@mﬂé’mﬁmﬁmmmizﬁﬁifmeﬂﬁmmmqaﬁwﬂuvﬁi“mgﬂﬂu
UssinannaiGaie g9 Cx. tritaeniorhynchus  lugainusnniign sasaaunfags Cx.
gelidus &8 Anopheles spp. WaZeN Mansonia spp. ANNAIAL (Vythilingam et al., 1994) %I\i
ﬂqqﬁwu%\mmLﬂuﬂqaﬁ@ﬂﬂmﬁﬂwﬁqaLfsmwauﬁlﬁLm:mauﬂmqﬁu feaenpdesiutiudag

= o o o A o A A £ g oA A
IANNBRNAITIN ATUTU Lﬁ‘ﬂuV]W‘]Jﬂ?‘N’WMEIq\‘IN’mVIQﬂﬂﬂm@uﬁ]@’]ﬂ&l FaunaunLTun e

6

pngnasin liuznusa U sugnsiunasndsiamnnzsani sz iugeslneanive

L]

Culex spp. (Geevarghese et al., 1994) LAZAINNI3ANHI8Y Macdonald LAZARLY (1967)

o A

WUdEN Cx. tritaeniorhynchus tlugeniglidagetgaaengnsnINndigAdenAl NanIs

4139 U A BEURATAINAINT DAL IHUNANTIFIINT] NULRNAZEN Culex UWAZEN Anopheles

C}

1 % v
A o o J o

wa ldwuee Mansonia  YNRINIIZANEZLUNANEN IALaNT2 1L RUN D Lasunda

)

1 v v 1
Ao A v C]

aza1NRdaNTaInan funainge At g Asesszunatazeavre didelungueiniy

Q u

22eTNART LHUUMAUNI TN UGATNEIINTARRN 9. Cx. tritaeniorhyncus , Cx. gelidus, An.
vagus Waz An." peditaeniatus ?ﬁlqﬁq@'@ummqqmma@:mﬁu@qﬁlmmm&ﬁ wazlivia
mela (siphon tube) upsian e ela (Vythilingam- et al.; 1992) ﬁqﬁmﬁﬂé’v‘hmiﬁﬂm
fusaeeelnelinssusedasdniitar nimaeriniiinsAne AIANNITONUFIE 19TD9EI
wisnills élummzﬁ'l,mmwaﬁuﬁmuﬁ@wmﬁmmqa Mansonia \flumasintln wiawinile
u?@@mmﬁﬁﬁﬁﬁﬁmﬂ ENALIIA 98N WK Funn (Chiang, 1993) Fanantdnalunss
ﬁiaiwu%qﬁq@j@mmzﬁqnmﬁmmqq Mansonia  wiaienaulunezaznsdnmaluniail
anaazddliimunzaniiosansagen WIaAINANNI-TBNYS Mansonia %mﬁumﬂ[ﬁ’fﬁqﬁﬁ
o o

wazinzhnagfudaialan Tneldviamalandansucdarauwanadaiumasunadily

o v A o A dl o dy o 4 A o [ % a dyaddld
TuaFuvizasnuasisnginang la ANUNITATIANIAIDDUNTARINAINTLUUVRNYITUAU TDNA
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o o A

fudaig (Chiang, 1993) @alunisAnsA

%
14
| @ = A ! & o = - -
agialafimuainniafnefuiInudnaNsonmanu@aelaia W a1 81f wa lugs
Tned8 RT-PCR dsannnisdugannisugnsldl anuadnitiasiansmgiud g9 Cx.

tritaeniorhynchus  Auwaliumasnisdunmzlunininlsn W a1 1§ wa ludfugnsls

6

wazaInnIsnAmaleia W 81% 8195 wa luesiaimnsanmanunauansdemaleia W ang
815 104 TudaetingsNueseN (Cx. tritaeniorhynchus) ey 48 daTugainnisngaasiaeis

¥ 1 !
RT-PCR wasnsduiaiugnafinme Ineiiie ldinisiiuswiunialudagandsanndudia

& -8

a d’l o zﬂl Y @ 1 j o = 1 dl gaJ/ [~] =
gnafalailuegn 14 U Fauanalfiudnmaleda A a0f a1 1ag ludauinusiuiluiies
AN3NUGNITN (genetic material) Wi B9lildla3ania@im (Benson et al., 2002; Yoon and
Stevenson, 2002) a4 lsARINAINN19ELEIN1IAF9A60EA8 Virus isolation WUANNITONL

e SR W ¥ K oA e oo o ¥ d
dninauansiemaleia A 915 @13 wa Tuegeludalinen 2 nansdudaiugnafinige T

= e &

¥ 1
wassiiiudngelda A 815 @1F ea awnsadTanegneTuegeliuiuies 2 dalue uas

AINNIANAATLANIAATE F9AINNIIAIIAALEAT Virus isolation AINFIBLNENIINIINNA
= : o o o L q Y X o A
Nezezionsne)iuRe 4, 6, 12, 24, 48, 72 ali3 7 uaz 14 Ju wudn Winaausiamelia W

815 01§ wa Tnentialafa W 815 015 wa Nazazlunisiingnlugeniely 5-10 Ju (Stewart et

al., 1975) 438 7-14 41 (Beerntsen et al., 2000) A1NN1INAAB9HAILNTINTR 158 N a1F

! %
= A

21§ wa lansnsainawinlusinesls sdnudeiunisdneneunind Gawumaleia W

X

o o o

215 815 14 TunahAueImsgs Ae. vaxans Wi 6 dalnandsanngeduiariugnasiaime

¥
=

(Otake et al., 2003a) @ausunanisfnui i lFuanasn viral titer a9i@alada A a1% anf
a dy ' dl o ! ul/ ! ] d’l o =
wa  Tugnadnlme  ANWANANNTesssei launsnszaneins e lugnesiemaleia W
- - , I e o gy & o = - - =
21§ 81§ wea Tuwdaznisnsesuansilaaaldneanuimaloia #enf 815 wa luean
FTELIIATFANNU
o dlzJ o = g g 1// =2
sreznanlunsdsngaesdeloia W enf a1f wa lugaiuaiunsoueniisanu
ansnunsindelaiald Tnedalafa W enf e1f wa Nlsveznanlunisdsngiaaesae
Tudageliuwu - awuansdeszezinanlunsinsovesdelusiogs  tauenlddigaiuiianu
a1u130lungrimelada A 8nF @1F 1a wuL biological transmission 18 LAZANNN1IATIA

1 i o = '8 o dl | a dl [ = QI o
1NWUL%@1Q?@ N 815 815 18a 1 haemocoel URIEN GINL‘]Ju‘]_l?LQWWiQ?@@ZNﬂW?LWN@’]HQM
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1 uansliiwiudnloda W 1§ 815 wa Tdaunsaiaaiuaulugsld aeinliuanlsdngs Cx.
tritaeniorhynchus laifidsz@nsnwlunisingelaia # e1F @1F wa uuu biological
transmission ustatinglafimunisnmanuimaloda W a1% a1 e lugaiuenaluesiy
Tunnaesaalodalugns  uwazAuusanssaasszazinan lunisdnenisldtnag oo
TaFa W 815 815 1aa Tueald
= 5 o = s & o e o v aa
AINNNINARBIN 2 AIN90RANLLETR15E N a1F 815 1oa TudsugnIngusafu foeds
. . . dl Var él/ o = g o aa] . .

ELISA a2 Virus isolation mr]m';‘mgﬂﬂmmmﬂ%m W 815 15 1ag 1aeds swine bioassay
d} ! d’j o = g g = o Yo dgl ! :l/ !
TewunaunselTalaia W 81§ 875 tea Anelu 30 winuAsan lEFLE@eLINTIL daugnangy
fafuaunasann 30 winduliunsalinuime uwanalfisiudngs Cx. tritaeniorhynchus ¥
Usz@ninnlunisin@eladd W 893 815 1a Wil mechanical transmission Aa taalaialy
annsninAanuulueNls o wsiiunsdnmaduliluszaumn  wanzdngamaseanasan
Audaiugnangusali wazin hldndanugnanguaaiunudngnangusaiuynsialumsiae
Tafa A 815 o1f 1va wigsmeaesdndaminllun waznsestinusonsaanFeniunane
Uftoue uazandnlllugnsngueniusiulsngandignsanuon 1 /s aevanuidalda W anf
81§ 14 18 usedelsfimurauanaesiaia W 895 813 1ea lugnanquaniuiivenaluatiu
Fnnnslafanag lunscuainanaasgnngusa il uavaruauenin lgaaangnangusiali
WARNTIY 2 NINARBIAINIIOUBNRANEN Cx. tritaeniorhynchus R luiaunsniine
TaFa # 91§ anf wa Tuvhsugnsls

annsAneATanAsagLiddags Cx. titaeniorhynchus lianunsntin@aloda W a1

81§ 104 wuU biological ¢ Twatinglafinnugs Cx. tritaeniorhynchus ansnsniniaaloda W

815 21§ 194 Wil mechanical W3aULILN NG NANsNgXFa T degnangusafu
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Yadgl
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STUDY ON POTENTIAL VECTORS OF PRRSV IN MOSQUITOES CAPTURED FROM
A PRRSV-POSITIVE PIG FARM IN THAILAND.
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Introduction and Objectives

Porcine reproductive wnd  respimion svndrome vins
(PRRSY) 15 one of the mos<t cconomically sigmificam
pathogen of pigs. In Thalind, PRRSV  positive
antibodies  was lounded  simce 1989 and the genotype
wias relited to the S stnun(l) PRRSV can be
transmitted via direct contact from PRESV-inlected pags,
artificial imsemmation. or meclameal vectors. Mosquilo
vector 15 believed 10 be one ol potential  mechancal
vectors for PRRSV. Lo ile previous reponi dedes vevans
could contain” the PRESV in the bodyv oup 1o 6 N alter
feeding on the PRRSV-inlected mg (20 However. (lun
siudy reported the potential vectors of samous mosguila
species  seen n the North Amencie where  the
geographical and ewvironmental factors difer from the
Southeast  Asin Here. we mepored  the
prelimimary study on potential veetors ol mosquitoes
species  caplured from a PRESV-pesive fanm
Makormprathom Province. a high depsity of pig farms i
Theland

countres

Materials and Methods

Varous species of mosquitoes were caplured from 2
PRRSV-positive pig larm in Nakomprathom Provinee,
during 18.00-20.00 pm. The mosquitoes were placed 1
the Velerinan Laboraton - s&Ction
Chulalongkorn University and  maintained with o 0%
sucrose unhl used. Species dentilication was classilied
using  illustrted  hevs  to the = medicallviimiportaiil
mosquitoes ol Thailand. € wlex _fmtaeniorivinching. the
predominantly species seen in Hus study was choosen for
this experimental study. Ten mosguitoes were rundomly
selected from each species and tested lor the presence ol
PRESWY right alter capturing. Inday 7 altes captured from
the furm. the mosguitoes wene campletel led usinganice
until ready 10 use i the expermen

A 3 week old piglet was broughi-Trom a PRRSV Snegative
farm and tested Tor PRRSY by enther ELISA or BT
PCRI3) Alter guamniing dor S~divs Sl dhwe 1S
strin PRESY (RSP0 T il ) was ndculaled
mrmsally. Al davs  post mlection.  mg  was
anesthesized Tor mosguine feedimg (GO manute ) ad blood
sampling from the pig was dowe for viral titrtion an e
same e Seveniy engorged fenile Icsguloes W
placed in PRESY detection
from groups ol mosquitees was performed by using
pooled 5 engorged mosquitoes at 1, 2. 4. 6. 12, 24 4872
hand 7 divs alter feeding on the PRESV -inlected pig
Negative control mosquitoes ad mosguitoes leeding on
the PRIV -infected pig were tested for PRRESY
RT-PCR

Panisitology

a new plastic conbinnmw

LS00

Proceedings of the 18th IPVS Congress. Hamburg, Germany, 2004

Results and Discussion

Our prehimmmany study. showed that there were 4 species
1 nley gehdus,  Mansonig
i fernns and Clnopheles spp. ) ol mosquitoes capiured g
the farm and  only Cilex pelidus and  Mansonig
wimiformes were fested positive for PRRSV. 1L suggesied
that these  mosquitoes could be matural vectors [or
PERESV ina PRESY-posiive pig farm in Thailand

frrtaenrorfviechns,  Cilex

L the experimental study . the viremic pig lad the uter of

W™ TCIDG fml and  the mosquitoes {7
prtereperinarclms) were allowed 1o feed on the PRRSY.
wilected prg. loierestngly. the results showed that the
mosguitoes (0 triaemiorivnclius) could contuin the
PRRSY up to 48 h after leeding on the PRESV-inlected
pig usug RT-PCR (figure 1).

1.1 d 4 5 6 7

10 11

12 13 4L

]
=

—_—

Figure 1
Sested mnltplexs PR for PRESY. Lames | PRESVamlected pig
semin, 2. megative conteol of O itaetoriivnciiny, Lanes 3-11 is the

ponled samiple of ¢ crireniorioncies st O h 24 bt 12 24 b
48 I 72 hoand 7 davs Lane: 12, control (LS stoun) . 13, control (EU
strnn b oreptine comteol, 1. DINA ladder

I contrast W the previous study (2). O traemorfnvnchins
15 able o carry PRIESY longer than Jdedes vevans. ©
teerorinarchiny conld  be one ol the ]'u.-lcllll;ll
mechameal vectors for PRRSY i Theland. o addition.
Cogetrfey and AL wmdornns could be other T'm!c]lllu|
vectorsy However, more studies are needed i order 1o
imvestigaie e [ ndle ol PRRSV
LRSS 0T

those spewics I
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Abstract
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1
Thanawongnuwech
A survey of mosquito species in a porcine reproductive and respiratory syndrome

(PRRS) positive pig farm in Nakorn Pathom Province

A survey on mosquito species was conducted once a month in a PRRS positive pig farm in
Nakorn Pathom province during May 2004 to April 2005. The mosquito larvae were collected in the
vicinity of 1 km in diameter and the adult females were captured while feeding on the pigs by using oral
aspirators from 6 to 10 pm. Of total 91,840 mosquitoes, there were 3 genera and 6 species as the following
Culex tritaeniorhynchus, Cx. gelidus , Mansonia uniformis, Ma. annulifera, Anopheles vagus and An.
peditaeniatus with the predominant Culex tritaeniorhynchus (60-95.75%) and Ma. annulifera was the
least (0.02-0.05%). The collected mosquitoes larvae were found to be Culex tritaeniorhynchus, Cx.

gelidus, Anopheles vagus and An. peditaeniatus.

Keywords : Culex tritaeniorhynchus, mosquitoes, pig farm
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Abstract

At least, 4 mosquito species, Culex tritaeniorhynchus, Culex gelidus,
Anopheles spp. and Mansonia uniformis were identified in a pig farm in Nakorn
Pathom, Thailand. Of which, C. tritaeniorhynchus was predominant (88.38+7.63%).
To determine whether C. tritaeniorhynchus could serve as a potential vector for
PRRSYV transmission, 2 experiments were conducted: the duration of PRRSV within
the mosquitoes and the PRRSV ftransmission from the PRRSV-infected pigs to the
naive pigs by infected mosquitoes. PRRSV could be detected in mosquito pooled
samples for up to 48 hours post feeding on the PRRSV-infected pig (PFP) using RT-
PCR, whereas the PRRSV could be isolated from the mosquito samples for up to 2
hours PFP. The results of PRRSV transmission showed that all naive pigs used in the
direct mosquitoes feeding were negative, whereas, the swine bioassay using pooled
mosquitoes 30 minutes PFP was positive for PRRSV detection by both RT-PCR and
ELISA. The results of this study demonstrated that C. tritaeniorhychus, a
predominant mosquito species found in a pig farm in Thailand, was able to transmit
PRRSV mechanically and was likely to serve as a potential vector for PRRSV

transmission in the PRRSV-positive pig farms.

Keywords: Mechanical transmission;~Mosquitoes; Porcine Reproductive and

Respiratory Syndrome Virus (PRRSV); Pigs
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1. Introduction

Porcine Reproductive and Respiratory Syndrome (PRRS) caused by PRRS
virus (PRRSV), is one of the most economically devastating diseases of the pig
industry today. PRRSV affects pigs of all ages causing poor conception rate, late -
term abortion, stillborn and weak live-born pigs, post-weaning pneumonia and
increase in mortality rate in nursery pigs. PRRSV has emerged in the late 1980s
resulting in reproductive failure and respiratory disease of infected pigs in the North
America and Europe (Albina, 1997) and later in Asia (Saito et al., 1996). The first
retrospective report of PRRSV infection in Thailand revealed that Thai pigs had
seroconversion to PRRSV since 1989 and the genomic organization of the first isolate
was similar to the US genotype (Damrongwatanapokin et al., 1996). Later, both US
and EU genotypes were reported in Thailand (Thanawongnuwech et al., 2004).

PRRSYV is a small, enveloped RNA virus and is classified as a member of the
genus Arterivirus, family Arteriviridae in the order Nidovirales. Other viruses in the
genus Arterivirus are Lactate dehydrogenase-elevating virus (LDV) of mice, equine
arteritis virus (EAV), and simian hemorrhagic fever virus (SHEV) (Yoon, 2002). The
Arterivirus process common biological properties, including primary replication in
host macrophages and establishment of asymptomatic persistent infection in the host
(Yoon, 2002). Currently, known routes of PRRSV transmission are direct contact,
contaminated semen, contaminated needles, fomites, insect vectors and ‘mammary
secretion and transplacental infection as well as airborne transmission (Rossow, 1998;
Wagstrom et al., 2001). In addition, previous reports found that some insects such as
houseflies (Musca domestica Linnaeus) and mosquitoes (4edes vaxans) could serve as
mechanical vectors for PRRSV transmission (Otake et al., 2003a,b). These reports

also indicated that the infectious PRRSV could survive in the intestinal tract of
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mosquitoes for up to 6 hours following the feeding on an infected pig. Those findings
also suggested that PRRSV did not replicate within the mosquitoes to establish a
sufficient concentration of the virus during the 14-days incubation period and the
mosquitoes, therefore, could not serve as the biological vectors for PRRSV
transmission (Otake et al., 2003a).

Since Thailand has differences mn the geographical region and variety in
mosquito species from the North America, the objectives of this study were to survey
mosquito species seen in a pig farm in Nakorn Pathom province, the highest pig
raising area in Thailand and to determine whether C. tritaeniorhynchus could serve as

a potential vector for PRRSV transmission.

2. Materials and methods
2.1. Mosquito survey and mosquito colonization

During March 2004 — February 2005, mosquitoes were captured once a month
from a PRRSV-positive pig farm in Nakorn Prathom province, Thailand, using mouth
aspirators (Figure 1). The mosquitoes were, then, brought to the Insectary room,
Veterinary Parasitology Unit, Chulalongkorn University. Species identification was
done using illustrated keys of the medically important mosquitoes of Thailand
(Rattanarithikul et.al., 1994), and the number of mosquitoes in-each species was
counted and recorded. Based on the preliminary study, C. tritaeniorhynchus was the
predominant mosquito species found. in the pig farm. This particular species was used
in the following study. The colony of C. tritaeniorhynchus was established, and the

adults female were maintained with 10% sucrose solution until used.
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2.2. Experiment 1: Assessment of the presence of PRRSV within mosquitoes after
feeding on a PRRSV- infected pig

Source of mosquitoes: The mosquitoes used in this study were from the
established colony of C. #ritaeniorhynchus. Three to five days old of adult female
mosquitoes were starved for 8 hours prior to the study. To ensure the PRRSV-
negative status, 50 mosquitoes were randomly selected and tested for the presence of
PRRSV using reverse transcriptase-polymerase chain reaction (RT-PCR)
(Thanawongnuwech et al., 2004).

Experimental pigs and virus inoculation: Two 3-week-old piglets were
purchased from a commercial, PRRSV free herd. Nested multiplex RT-PCR was also
done using pooled sera to verify the PRRSV — negative status. Pigs were housed in a
separated room in the isolation facility, Faculty of Veterinary Science, Chulalongkorn
University to prevent the cross contamination of the pathogens between groups. After
acclimatization for 3 days, a pig in the infected group was inoculated intranasally with
4 ml of the US genotype PRRSV (01NP1) at a concentration of 10" TCIDso/ml as
previously described (Talummug et al, 2004). The other group was served as a
negative control group. In order to prevent cross contamination of PRRSV between
groups, stricted biosecurity measures were implemented.

Experimental design: ' At" 7 '‘Days post infection (DPI), the PRRSV
transmission by mosquitoes was performed. The experimental time was selected
based on the previous published data indicating peaked PRRS — viremia (Talummug
et al., 2004). To allow mosquitoes to feed on the experimental pigs, pigs in both
PRRSV-infected group and negative control group were anesthesied with
Pentobarbital sodium. Blood sampling from the pigs was also done for viral titration

at the same time. The anesthesied pigs were placed upon the mosquito cages, and
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mosquitoes then were allowed to feed on each pig through the mesh roof of the cage
for at least 30 minutes (Figure 2). A total of 300 engorged female mosquitoes in each
group were collected and placed in a new mosquito cages. The full-fed mosquitoes
were kept in an insectary room and were given 10% sucrose solution until used.
PRRSV detection from fed mosquitoes was performed using pooled 30
mosquitoes at 0, 2, 4, 6, 12, 24, 48, 72 h and 7 days post feeding on the PRRSV-
infected pig (PFP). At each time point, the mosquitoes were knocked with low
temperature and pooled in sterile tubes. In order to prevent cross contamination, the
exterior surface wash of mosquitoes from pooled samples was done with 1 ml of
minimum essential medium (MEM, Hyclonel], Logan, Utah) by centrifuging at 5000
rpm for 1 min and collected. The legs of mosquitoes were removed and placed in a
new microcentrifuge tube containing 1 ml of MEM. The mosquito legs were labeled
according to each sampling time and tested for the presence of PRRSV by RT-PCR.
The remaining pooled mosquitoes were crashed agamst the tube wall with sterile
swab containing MEM and centrifuged at 4500 rpm for 5 min. The supernatants
derived from pooled samples were tested for the presence of PRRSV by both RT-PCR

and viral isolation (Thanawongnuwech et al., 2004).

2.3. Experiment 2: PRRSV transmission by C. tritaeniorhynchus from a PRRSV-
infected pig to the naive pigs

Source of mosquitoes: The mosquitoes used in this study were from the
established colony of C. tritaeniorhynchus. The mosquitoes were sampled and tested
for the presence of PRRSV negative status as mentioned above. Approximately 8

hours prior to the study, the mosquitoes were starved to ensure the feeding success.
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Experimental pigs and virus inoculation: Nine 3-week-old piglets were
purchased from a commercial, PRRSV-free herd. One pig was served as a donor pig
(group A), while others were divided into 4 groups (2 pigs each) as B, C, D and E.
Virus inoculation was performed in a donor pig as mentioned before using the same
PRRSV inoculum. At day 7 post innoculation, the peaked PRRS—viremia was
expected, and the experiment was conducted.

Experimental design: At day 7 post PRRSV inoculation, the PRRSV-infected
pig (group A) was anesthesized with Pentobarbital sodium, blood sampling was
performed and the mosquitoes were allowed to feed on the infected pig. During
feeding on the infected pigs, the mosquitoes were mterrupted and the total of 150
mosquitoes were collected and placed in a new small plastic cage. A total of 4 small
plastic cages of mosquitoes were placed in the humidity incubation room. The
attempts of PRRSV transmission by mosquitoes were performed in pigs in group B to
E at appropriated time as mentioned below.

Approximately 30 minutes PFP, a total of 100 mosquitoes were allowed to
feed on pig number 1 (group B) similar to the donor pigs. A pooled sample of 50
remaining mosquitoes was tested for the presence of infectious PRRSV using swine
bioassay by intramuscular njection of the grounded filtered mosquitoes into the pig as
described by Stewart ‘et al. (1975). Similarly, the other 3 small plastic cages
containing partially fed mosquitoes, were allowed to feed on the recipient pigs in
group C, D and E at 6, 24 hours and 7 days PFP, respectively.

Blood sampling was done on those pigs at 3, 5, 7, 9 and 11 days after
contacting with the mosquitoes and tested for the presence of PRRSV by both RT-
PCR and ELISA. At day 14 after contacting with the mosquitoes, the animals were

euthanized with pentobarbital sodium and necropsied. Samples from lungs, lymph
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nodes and bronchial alveolar larvage fluid were collected and tested for the presence
of PRRSV by both RT-PCR and virus isolation (Thanawongnuwech et al., 2004).
Lungs and lymph nodes of all pigs were also tested with immunohistochemistry
(Laohasittikul et al., 2004) for the presence of PRRSV antigen using SDOW-17

(Kindly provided by Dr. E. Thacker, lowa State University, Ames, [owa).

3. Results
3.1. Mosquito surveys

The results of mosquito survey from a pig farm in Nakorn Pathom Province,
Thailand during March 2004 to February 2005 were shown in Table 1. The total
number of mosquitoes collected by approximately 6 peoples in each month was
demonstrated and the mosquitoes were identified as C. tritaeniorhynchus

(88.38+7.63%), C. gelidus (9.17£8.50%), Anopheles spp. (2.26x£1.42%). and M.

uniformis (0.19£0.15%). The mosquito population was highest in October (Table 1),

which is during the rainy season (June-November) in Thailand.

3.2. Experiment l: Assessment of the presence of PRRSV within the mosquitoes post
feeding on the PRRSV-infected pig (PFP)

On day 7 post infection, PRRS-viremia was demonstrated in the infected pigs
and yielded a viral titer at 10 270 TCIDsy/ml The PRRSV detection from mosquito
samples was summarized in Table 2: Pooled mosquito legs and pooled washing fluid
from exterior surface of the mosquito samples were tested negative for PRRSV by
RT-PCR. The mosquito pooled samples from the samples at 0 to 48 hours PFP were
tested positive for PRRSV by RT-PCR, whereas virus isolation was able to detect the

infectious PRRSV from mosquito pooled samples only at 0 and 2 hours PFP.
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3.3. Experiment 2: PRRSV transmission by C. tritaeniorhynchus from a PRRSV-
infected pig to the naive pigs

The donor pig had PRRS-viremia at the time of mosquitoes feeding on day 7
post infection with the virus titer of 10 *** TCIDso/ml. On day 14 after contacting with
infected mosquitoes or injected with homogenized mosquitoes, all recipient pigs were
euthanized and necropsied. Only the recipient pig from group B (30 minutes PFP) or
swine bioassay group was positive for PRRSV, detected by ELISA, RT-PCR and
virus isolation. This particular swine bioassay had seroconversion to PRRSV on day
10 post infection. PRRSV was isolated from serum of this pig when necropsied at day
14 post injection. Likewise, RT-PCR demonstrated positive results in all tissues tested
(Table 4). Immunohistochemistry could not demonstrate any PRRSV antigen in the
tissues of all pigs. It is suggested that immunohistochemistry is less sensitive than the
RT-PCR or the virus isolation. These findings agree with the previous report that RT-
PCR and virus isolation are more sensitive than the immunohistochemistry (Benson et

al., 2002).

4. Discussion

The results of this study strongly suggested that C. tritaeniorhynchus, a
predominant mosquito ‘species ‘seen in'a pig farm ‘in Thailand, could serve as a
potential mechanical vector for PRRSV. However, the role of C. gelidus, Anopheles
spp. and M. uniformis in PRRSV transmission is needed since these species were also
regularly seen in a pig farm. It should be noted that the results of this study were
similar to the previous report in Malaysia that C. tritaeniorhynchus was the
predominant mosquito specie found in the pig farms following by C. gelidus,

Anopheles spp. and Mansoia spp., respectively (Vythilingam et al., 1994). Since, it
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has been reported that C. tritaeniorhynchus has a preference on pigs more than
humans (Macdonald et al., 1967), C. tritaeniorhynchus could play a major role in
mosquito borne disease in pigs.

In experiment 1, we confirmed our preliminary report that PRRSV could be
detected from the mosquito pooled samples (C. tritaeniorhynchus) for up to 48 hours
PFP by RT-PCR. No evidence of virus multiplication in the mosquitoes was detected
over 14 days PFP. In general, the positive for RT-PCR indicated the presence of
genetic materials of PRRSV, but it does not necessary indicating the presence of the
infectious virus (Benson et al., 2002; Yoon and Stevenson, 2002). Therefore, we
confirmed the presence of infectious PRRSV by virus isolation. Interestingly, the
results of our study showed that the infectious virus was able to survive in the
mosquitoes (C. tritaeniorhynchus) for up to 2 hours PFP. None of the mosquito
pooled samples at 4, 6, 12, 24, 48, 72 hours, 7 or 14 days PFP were tested positive.
Since the extrinsic incubation periods of mosquito-borne viruses were approximately
5 to 14 days post feeding on the infected animals (Stewart et al., 1975; Beerntsen et
al., 2000), it should be noted that PRRSV replication did not occur within the
particular mosquitoes (C. tritaeniorhynchus).

However, the previous report found that PRRSV persisted within the gut of
mosquitoes (An. vaxans) for up to 6 hours PFP (Otake et al, 2003a). One possible
explanation is the difference in mosquitoes species used in the study, which may lead
to the different capabilities in carrying patho gens (Beerntsen et al., 2000). Moreover,
it should be noted that, the differences of PRRS-viremia in each experiment might
lead to the differences in viral load and survival time of the virus within the

mosquitoes. In addition, several reports indicated that PRRSV titers of the PRRSV-
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infected pigs were varied depending either on the pig age (Thanawongnuwech et al.,
1998) or on the strains of PRRSV (Johnson et al., 2004).

The presence of infectious PRRSV for a longer time period inside the
mosquitoes may represent the possible status of being a biological vector for PRRSV,
since the character of the biological vector of mosquito-borne virus is determined by
the extrinsic incubation period. The extrinsic incubation period is variable depending
on the genetic of the viruses, the initial dose of the viruses, the mosquito species and
the environmental temperatures (Meller, 2000). Moreover, the replication of the virus
within the mosquitoes before reaching a sufficient viral titer and the presence of the
virus in hemocoel are the major characteristics of the biological vector (Beerntsen et
al., 2000). However, this study demonstrated that there was no evidence of the
PRRSV in the legs of the mosquitoes tested by RT-PCR or the inability to detect
PRRSV several days PFP. Therefore, our study suggested that C. tritaeniorhynchus
could not serve as a biological vector for PRRSV fransmission.

During the experiment, it was essential to minimize the risk of cross
contamination of PRRSV by plastic containers or contaminated mosquitoes, since it
has been reported that PRRSV could be detected from the contaminated containers
during the warm and moist condition (Dee et al, 2003). In this study, the
contamination was minimized by using new plastic containers at each step, and the
contaminated mosquitoes were tested using the washing fluid from the exterior
surface of the mosquitoes. No PRRSV contamination was observed in this study. In
conclusion, our study suggested that the infectious PRRSV could not survive within
mosquitoes for longer than 2 hours and again C. tritaeniorhynchus could not serve as

a biological vector for PRRSV transmission.
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In experiment 2, we demonstrated whether the mosquitoes were able to
transmit the infectious PRRSV from the donor pigs to the naive pigs at different time
points. In order to perform this experiment, swine bioassay was also done along with
the mosquito feeding protocol. The results of this study showed that only the pig in
group B (30 minutes PFP) was tested positive for PRRSV by the swine bioassay.
Swine bioassay is considered to be the most sensitive test for PRRSV detection
(Benson et al., 2002), and only 10 or fewer infectious PRRSV particles either by
intranasal or by intramuscular route is sufficient to cause infection (Yoon et al., 1999).
The PRRSV positive swine bioassay indicated that the virus could survive within the
mosquitoes for up to 30 minutes PEP. In contrast to the swine bioassay, the pigs used
for the mosquito feeding protocol did not have PRRSV tested by either ELISA or RT-
PCR at all times. It indicated that the mosquitoes, C. fritaeniorhynchus, used in this
study were unlikely to transmit PRRSV mechanically in this experiment or even in
the field condition. However, it is possible that the PRRSV titers of the infected donor
pigs did not exceed the thresholds of infection or the number of mosquitoes used in
this study did not reach the threshold for mechanical transmission. Since the success
of the mechanical transmission depends on the virus concentration in the mouthpart of
the mosquitoes (Webb et al., 1989), the higher number of mosquitoes used in the
experiment the more susceptible of recipient pigs to the infection is-expected.

According to the results in experiment 1, the viability of PRRSV was
demonstrated within the mosquitoes for up to 2 hours PFP when tested by virus
isolation. However, the results of the experiment 2 showed that PRRSV remained
infective only 30 minutes PFP, while the previous study had 6 hours positive for
swine bioassay (Otake et al.,, 2003a). During 30 minutes to 6 hrs, PRRSV in this

study might not survive due to many factors such as lower titer in the viremic pig or
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the differences in the mosquito species or the higher environmental temperatures
(Yoon and Stevenson, 2002) especially in Thailand.

PRRSYV could be isolated only from the serum of the B2 pig (30 minutes PFP),
whereas the results of virus isolation from bronchial alveolar larvage fluid, lungs and
lymph nodes remained negative at necropsy. In young pigs, viremia persists for a
longer period, and PRRSV is more stable in the serum than in the tissues (Yoon and
Stevenson, 2002). As a result, the PRRSV isolation from the serum is more sensitive
than that of from the tissue samples. In addition, PRRSV persistence may depend on
age of the pigs and the stage of infection. Although previous study has shown that
PRRSV antigen was detected frequently in the lungs, lymph nodes and tonsils,
PRRSV antigen distribution depends on the stage of infection and the viral strains
(Halbur et al., 1996).

In summary, our study indicated that C. #ritaeniorhynchus, a predominant
mosquito species found in a pig farm in Nakorn Prathom Province, Thailand, was
unable to transmit PRRSV biologically. Although, the inability of Cu.
tritaeniorhynchus to transmit PRRSV mechanically from the infected donor pig to the
susceptible pigs indicated that mosquitoes were unlikely to transmit PRRSV
mechanically in the field condition. However, the positive result from the swine
bioassay of B2 pig indicated ' that mechanical transmission could occur and C.
tritaeniorhynchus could serve as a potential vector for PRRSV transmission in a pig
farm. This study suggests that mosquitoes could serve as a low potential mechanical
vector for PRRSV transmission in the pig farms. Further studies in other mosquito
species are needed. The results could be useful for preventing PRRSV transmission
by mosquitoes especially in the PRRSV-negative herds locating in the PRRSV

endemic areas along with other strict biosecurity measures.
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Table 1. Total numbers of mosquito captured and percentage of species identification
from a pig farm in Nakorn Pathom Province, Thailand

Table 2. The presence of PRRSV in mosquitoes post feeding on the PRRS V-infected

pig (PFP)

Table 3. PRRSV results at necropsy (14 days post PRRSV inoculation)

Figure 1. Mosquito collection using a mouth aspirator

Figure 2. A model for mosquitoes feeding on the PRRSV-infected pig



Table

Table 1. Total numbers of mosquito captured and percentage of species identification from a
pig farm in Nakorn Pathom Province, Thailand

Month Number of Species identification
mosquitoes
Ct Cg Anopheles.spp Mn. .uniformis

March, 04 4,200 78.92 % 19.73 % 1.28 % 0.07 %
April, 04 5,400 93.67 % 0.78 % 5.50 % 0.05 %
May, 04 5,400 92.68 % 4.72 % 2.59 % 0.01 %
June, 04 8,000 69.44 % 29.76 % 0.69 % 0.11 %
July, 04 11,600 88.53 % 10.00 % 1.06 % 0.41 %
August, 04 7,600 90.83 % 7.80 % 1.24 % 0.13 %
September, 04 8,200 91.76 % 6.17 % 1.83 % 0.24 %
October, 04 13,400 83.48 % 15.00 % 1.15 % 0.37 %
November, 04 8,800 89.04 % 7.50 % 341 % 0.05 %
December, 04 4,400 95.75 % 1.73 % 2.07 % 0.45 %
January, 05 5,400 91.95 % 3.81% 3.96 % 0.28 %
February, 05 9,400 94.48 % 3.06 % 234 % 0.12 %
Total 91,800 88.38 % 9.17 % 2.26 % 0.19 %

Ct = Culex tritaeniorhynchus Cg = Culex gelidus



Table 2. The presence of PRRSV in mosquitoes post feeding on the PRRSV-infected pig
(PFP)

Time post feeding RT-PCR VI
on the infected-pig

Wholebody  Legs  Washing fluid

0 hr + ve -ve -ve + ve
2 hr + ve -ve -ve + ve
4 hr + ve -ve -ve -ve
6 hr + ve -ve -ve -ve
12 hr + ve -ve -ve -ve
24 hr + ve -ve -ve -ve
48 hr + ve -ve -ve -ve
72 hr -ve -ve -ve -ve
7 days - ve -ve -ve -ve
4 days - ve -ve -ve -ve

RT-PCR = nested multiplex reverse transcriptase polymerase chain reaction
Legs = leg of mosquitoes (pooled sample)
VI = virus isolation from homogeneous mosquito pooled sample



Table 3. PRRSV results at necropsy (14 days post PRRSV inoculation)

Group PCR VI [HC
serum  BAL organs serum BAL organs
30 min. pf
Bl -ve -ve -ve -ve -ve -ve -ve
B2 + ve +ve +ve +ve -ve -ve -ve
6 hours. pf
Cl1 -ve -ve -ve -ve -ve -ve -ve
C2 -ve -ve -ve -ve -ve -ve -ve
24 hours. pf
D1 -ve -ve -ve - ve -ve -ve -ve
D2 -ve -ve - ve -ve -ve -ve -ve
7 days. pf
El - ve -ve -ve - ve - ve -ve -ve
E2 - ve -ve -ve -ve -ve -ve -ve

pf = time post feeding

RT-PCR = nested multiplex reverse transcriptase polymerase chain reaction

VI = virus isolation
IHC = immunohistochemistry

ELISA = enzyme linked immunosorbent assay

BAL = bronchial alveolar larvage fluid, Organs = lymph nodes and lungs
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