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Abstract

Lumpy skin disease (LSD) is a disease of cattle caused by a capripox virus of the
family Poxviridae. The most prominent clinical sign of LSD is the appearance of
typical skin lesions (lumps). Others characteristic of the disease are fever, enlarge
lymph nodes, and lethargy. Although mortality is relatively low (about 10%), it
causes severe economic damages as a result of defective skin, decrease in milk
production, weight loss, and infertility. LSD is enzootic in most of Africa's states. In
Israel, the disease was first diagnosed in 1989 at Peduim (south of Israel). It has since
occurred in 2006 at Ein-zurim and in 2007 in number of farms surrounding Gaza
strip. The latest outbreaks in Israel emphasize the importance of finding an efficient
method for preventing LSD and raises a few unsolved questions which our research
attempts to answer, including: 1. How did the disease arrive in Israel, and what
are the risk factors for morbidity?; Transfer of infected animals into Israel and
transmission by winds are likely possibilities for LSD introduction into Israel. Since
the boundaries of Israel are almost completely blocked for smuggling of dairy and
beef cattle, the first possibility is of low probability. It was suggested previously that
the virus entered Israel by winds from Egypt, but this assumption was never
examined. We assume that in 1989 and 2006 the virus arrived from Egypt by winds,
and in 2007 the source of the outbreak was closer — the Gaza strip. 2. What is the
vector transmitting the virus?; Previous studies have shown blood sucking insects,
among them the stable fly (Stomoxys calcitrans), are able to mechanically carry the
virus. However, those researches failed to demonstrate transfer of the virus by these
insects. Based on the large amounts of stable flies observed in the Israeli outbreaks,
we assume that this fly has a vast significance in the transfer of the virus in Israel.
Following our assumptions, this research has 3 goals: 1. finding the risk factors for
morbidity in the herd and between herds by epidemiological analysis of the Israeli

LSD outbreaks, including examination of the arrival possibilities of the virus to
Israel, 2. Identifying the vectors involved in transmission of the virus in Israel.
Results:

The analysis of the winds in 1989 and 2006 shows that in those two years, about one
and a half months before each outbreak, winds passed through parts of Egypt which

reported of infected herds and arrived in Israel to an area which were infected




afterward. According to this finding, the most reasonable source of the disease in
these years is indeed Egypt.

Analysis of outbreak spread within the herd, showed that transmission of LSD by
direct contact between the cows is negligible, while spread of LSD was found to be
significant by indirect contact (through sucking insects). Another finding supporting
the insect role in transmission of the disease is the fact that groups of cows with
higher density of cows per area showed a lower attack rate than less dense groups, as
shown in the past for diseases spread by insects. Analysis of the data from the 2007
outbreaks, revealed that the proximity of infected herds to the source of the disease in
Beit-Hanun within the Gaza strip constitutes a main risk factor for LSD. There was
no significant correlation to infected herds and the angle from the average wind
direction from Beit-Hanun in the month prior to the outbreak or the herd type (dairy/
beef cattle). The analysis of risk factors for extent of morbidity in the herd showed
that the most important factor influencing the outbreak size is discovery of the
disease in its early stages and a fast eradication of infected animals.

In the present research we did not succeed to demonstrate clearly the transmission
ability of a certain fly or mosquito. A survey evaluating the number of stable flies in
Israel in 2006 found that the areas closest to the Gaza strip had the largest number of
flies captured. However, the virus was not demonstrated in flies caught in the area of
the outbreaks. Also, only few flies that were fed on lumps of sick cows demonstrated
virus presence. From first results of artificially feeding the mosquito Culex pipiens,
the virus was demonstrated by PCR 8 hours after taking the blood meal. Further

research is needed to examine longer period of virus survival after a blood meal.
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N2°0Y PN AP NRIN MY NYINIAY PINN-T30 PRIND BN P ,NUR-1n0 Mnma
VNN P29 NN Y PRANRN PR VPN DTN 2 'On AN (6 10N 1720) MWN N0
LIYWA NYSINKT NN PPIT DN TTYN 01PN P2 PRI IWP NYNDI NI .DWIAN 021N
,2007 NRY 1-15-71 P2 NYNINND MNP vYRY (6 1on NYAV) TN I MNPN
0T ANNND R8N XY (A9N7 P2 N WaY Ap3) 1TYN N0 L1971 APN2IND NANP Y
NN TONT L NINN 73D PRTNRN 271992 (7 'O NPA0) NNYHR-1T MNP Y97 N0
NI PIND-NPAN PNIKBA DT MAN2 D) .DNPUIMNTT DNNWHD NN 15-D 1-N P nyInnn
SNPNMT NP M NN ,PRIN

nya Myn N0Pa Y YUY NPATHY PION MM MNNY MOUINT 10 Dn 16 fon hbav
:(aNWR-TH MN) 2007 -2 MY9annn

P value (CI95%)a%s ony nInYn
0.023 0.5-) (n”P9) 0.69 A IARALATAREIRRTA)
(0.95 (n"p)
: M NTYTH NAPN DIP1 5Y N
NPT oM TYN
*YNIDHN NN
0.095 (0.94-1.003) 0.975 WP 1-15
0.77 (0.97-1.01) 0.99 MNP 16-31
0.77 (0.97-1.01) 0.997 NP1 1-15
0.311 (0.96-1.01) 0.98 M2 16-30
0.183 0.95-1.007) 0.98 WA 1-15
TN N0
YOMTT ND DINY TPINLP 1o 9pa
0.17 (0.04-1.8) 0.25 2510 P2

MWD N 3.5 -0 NN 7NN 1IN 2919920

nYa NEN NI0PA 1Y DY APATNY 11200 9 NNNT MVDIY 1YY Yhn 7 /on hbav
:(2anwn=-a4 NN 2007 -a My¥HYanhn

P value (CI95%)a%s one YN
0.09 (0.93-1.004) 0.97 INPY 1-15-2 NN
0.029 (0.48-0.96) 0.68 (n"P2) YINN A PRIn
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NWIA1 DYIYN TINK

0-6 6-12 12 %

{n"p2) jnxn -nan o

TP JINN D DY BPATN 2007-1 NP NIVPA WINY DIDWNN VINK NN INNDN I : 2190 10N
T ANINNN DR TINA-TPA DPNINHY Y29W MINYY

41¥a ANIYANY PNY0N 29 M’ 1.4.2

MO 2 P2 D2 DITIN INND DNYN DPYHNN Y MITIWNN MMIPY P2 INNYNa
9y Y N2 NNIYNNN DN2 0YPYN ,20%-0 NYYRDs NYynn INIYNNN DN DPYN —DpPYn
-7IN2 W2Y PN YPYR BN 20%-1 TN D2 NXITNNN NN ON2 DYPYRN ,2007-1 .10%
mMnon 0N 10% Sy NYIY N9 NNIDNNN DN DPWRN INY DY-17) (0190 Y23y 9913) 9N
N993 MIIBNNN NMIPY .DMDPYN NN WY 1PN T 3INT ,PN-1IND 0921782 2900
. DM NNIZNN VNN DY MIYRIN NPINOPY NDID) OINN-)Y2 27NN

-1y VYRY WAY P2 YPYHD DN DPYNRN Y 00NN INIZNNN PHINN NPV MINIY 1)
97201 .DMRPYN NN LYNY 29N NINT DN DPYHN I3 ,09910N DIVINKRD N¥IAPY DN
NYNHRN M5 DPL) SNINNNN THVIAN 0NN XY NN NIN TN MNP MY P PRamn
D7 5-2 DYTHYIAN TINK,10% NN DMWY XY IRIZNNN MINN 0N DYPYHN N¥apa
NNITNNN NN DN OYPYN2 19N ,{1.8% DV y311) TING TN MINIANNY DMYNIN
D'PWRN 2172 .(16.6% Y¥ ¥XI1IN) N2 M2 DNWNIND DD 5-1 DY TRIND TINN DY)
NYNIN DPNN 129 M2 DPN-P2Y1 190N MPNNKD MTHYNN DX NNIZNNN MINN 0N2
RIPL,

YNNI NMYN NIV NYAYNA ANYNRN NOPND NNt .2

AMNND 2291 MND NIYNY 4P 2.1

19UN) ,107192 MY qUIY TN NPITI2 DTN IND 7D N¥HDI DX NI NN 1poa
Y292 092121 5-2 TY 1739 AN MIND NIND DY 01987 DIIND TWND NP D27 DX
799) , DY PY N12P2 19 193 .11 200-0 DYPYR 13D1 1TIYI DYVTN NN DN DYV
. VY ¥2172 ©¥212% 300-2 — 9012 MI2HN D23 1900

27903 9pa Mnpaa an N PCR-N navvn 2.2
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(viral fusion and attachment gene-n *onn) PCR-N no9yn my8nNa nnnt 1N 10 9N
AT NY 0N .2007-1 2006-1 WNINNY MMN¥IONN2 M9 YW nMopn TNay DNA-a
.DYMY PYn NV 179 b¥ Lymph node nnpha

0PN Y NYNR panY DNA nmys v n1a by miopn pany DNA 123 )0 m2
7Y Y933 DN DYIN NTINT NEN NP NVP G0 70 KNP (2007 MINIDNN) DN-1IND 1792
ANY NMIVPA NMAIN NN N PIVPN T2

02PN YOY NPT VA9 (TYHN DITIN) DPIN PNN NN MMT DNIVAY 0MDNI
MYPIAAN DTN P NN NPYTA NTwa ,0pannn DNA-N npan by Dy nmpra nysia
713 na 18S i mnon PCR mysnxa mayhin noma  .oypan bv (18S) mopn
Sw MY 1190 S 18S-n P2 0MDH 1NT NYLY Ton ¥a1 12TN) NI92 NLYN NN D321
(NLYN TN 2NN P OL,DPIND

7,900 Yw DNA-S on opann 5¥ DNA-n apand onng Ponnny X mn oy
10%10%,10% 10, 10°%, 10" TCIDso — a2t inY 0w obnna an v spiking »o»
Ny mnpn) 102 TCIDsp 9y1n 1y 9onn Yw DNA-n yopn nx pan PCR-n 1wan
MmN

YN N9 DY MDY hbONN NN 2.3

NP2 PN ,PN TV MNON WNTH 5 P ,0YI 0P ZY 1ZININY TN 22121 85 TInn
DWOPNN 12-172 PN NMNoRY PCR-1 npT1a) mavpn vaNnn NN 0 yava nnminy
.GenBank-n oy nim N8nY inswy mopnm atnn PCR-2 nanny

PCR-2 myvannn nown oat npr1a 2.4

.2007-2 MYIONNN 212 ,D¥A9¥2 NN NVWH YTIZIW D¥1AT 120-2 970 NN NMITIN NI
DN NPMANDN NYAND DY INUNT N2 2.5

DA NV MNP 5 93 (cullex pipiens) 120 3512 LAY DY IIMININ NIIND NON2

VAN DTN NN INND (MY 8-) MYV 4 My 2 nyw 1 mpT 10) DMV 02033 INminy
(NMDN2 N KD) DWW OYUNIE 90 DY NN NIXTIN XD .92 DY MNoN

PO Y

INAYA PN NHLE MNYIANN TV IMNLPRTANA NNN .1

— 2006 ,078~1¥2 MEIDNNN HY MINDPHRDAN NTYPN = 919N TINA 11220 219 My 1.1
NILP SV NN2AYN L NPYIV MMINIONNI YD MNID ITYD TIN2 NON 1NN NN NININ
— DYNYOR 99D T Y N2KNNI 1IN MIPDHRN AT LPIN NPYA XD NION 172 YN 77 5Y 9N
7-9 oy 12 nwnnnn L(Index case-n) NNoOKN NIPNRKR NZNHN DY MINONNNN MOYANIN
9720 1Y NYHBH DI PO IPIN NI, IYN DY NN Y YN IND NI TUN TV Mg
D 8-p NV 1Y MNIAPN AN2 .OXPYI-ND DN TIT N PN MOWannY 137
NYNNY 1Y NP DMURIN DNIPNN DY YN P (9NN DY NIIPIND NPN)
NP2TN 9Y WAND N 12T 0¥2AP2 DPATRN DPNN-IYAN 90%-1 DMPIPN DNDN
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592 NYANNZ MPATIVN DPNN NNN P MSYNP PR D DTV 00N 18122 Y
P TN PR TY Y AN DY NI NP D32 3NN PN OYD NP
MNP TNV 2D DTN T LY NP 07 19N TR PY N2 NPATN TTYN .N¥IIPD
,DMYNIN DIPR2 DNPIPN DO Y NINNNN 12 NIY 09> 3-5 P71, MNPV
AN T PAT NNPN 92T YV 10D IPATINY DPNND 90%-1 DIPPIP DD IV NI
{Tuppurainen et al., 2005) MyN NVP SV MINPINT NYNNHDT YOI NNPND 73N T2
DN DMPRN 2 ,IYRINN MWIP2 UN MRIP 7PMYN NPATINY T3 DY ¥128n 7t 127
MY 192 WP NI G0N PHYA NYDND.MINN MBIAPN PN NPY-NI NPATHD INYIND
TN 1N TANK 2123 TN AT N N2 INDN GPNN MY, NNI2P P2 TV N0
MDYNI IN MDWYNN 10INT ON PN NI2YN2 0T 188N DPIN DY 1270 MWNI D)
WO LPNN NN SIIVAYN PIN INNN DN PY NN DN ; 1Y D72V DY NN
NHI DM MASY NN ANDN GPNNN NS 1PN MNAY P YAPN IWPI DIANN
DY TION YR NYYA APAY IMAY DPIN YP-YY MAYN ,TI7 TN .I9N P INY 23T D7
DYPANA 9901 P2 DM P2 PN YR DMP 0D DPUNNR INID I3Y2 PN MY
Gubbins et al., ) 920 ¥ Maynn a8pa by P (hosts) ©XNINKN 190M OIIYHN
DT NN DOPIND 190R P2 ONON ,NNY TYN DTHY 55 2 wWan 9o pnna (2008

P2 OMYn ,M9aN M¥APA D NNY 1) 7Y (Torr et al., 2007) 79 DXNINDN 19DN5
D) PRIA NYHI 7% WP AN 112103 72NN 191,901 Tin) DXNINDN 19012 BN /oD
NN2P) DPIPN NP TY ANNIN INND DN POINYR-1T1 MDA DN DNYR-TNN Mnna
PINYR-TNN M2 PR N0 0N XYM 99 (TYNN1 1200 )T MI¥I9NN NTNYDH
Sy ANNIN INNY ,N2TNNN DN MDD INYR-1IN NN MUDVLD PR VYHON
(NPY/m INMYRI N2ITNN) TNET MY P2 Y0DOLD PN ZTAN NNNIN D12 DPIPN
TION GPNNN NV INNY 19D ,NINAN NIAYNI PPN MPN AIPN 01PHD 23 1IN
720 DYIN . NINND NM¥IAPNN DM0R 50 MNAT HY PRINI INPINK TWUN ,DYPINT NP2
D) 3NYN NPAY 919 1N N¥IEIPA PRION DINAY MY WAUnD NNINND NN T 1220 2D
MHNK YW NI2YN2 N0 2N MM DIPHRN MDYN NN WITH AT N¥HD 2070 DI
SPUWO-ND VIR T Y AP NNAYIN NN VP 02 TINATH MNOVN IPNRN MK . NPATH
Y13-9Y IN NPNY 1912 NPYI-ND IPUNONIDIA NPT 7T NN NN APATHN TIT N
9PN %99 ,5900N DINN YT LY NPATN .DANYH DIPIN IT-DY IN 290NN DINN /NN
ANOWY VN MINIANIM 21D 22-23 21-2 PO TN 959D NOMN N0 NPN T MINISNN
1IN NOIN )2 W3 DIIYVHON MSDPINRD NOPNND NIYP NNPN NY AN IMND D17 6-7
Carn and ) TP NYNNRY NN 937 D12 NPIZY T NOIN TIT I12Y2 ININY 2931 PY-nn

Y3 5S¢ MDY .NVYIAN NYNK INMS M ATY2 o2nn doya v Twa (Kitching, 1995a
0NN NN PAY INNN PR WP 10N NN PIPD 25D 21-0 P2 YIN IR WD MNININ
(7793 293 P1P) DT 23NN DWPIN T TY NN PN NIIYNT 1NV 70N TN )90

mMan NN 1.2
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5NN MNNN 2 .IAP NNAN NYIN ,MADN DMWY ,2006-) 1989 DI MNIN M)
WTING . 2TYH-1I9XY 2N PPN INIWD Mynn (1PTRY Mapn 0NV 19010 177N 0NN
NPNAN MNTIN NNN 2IYHN .IINYH DM 19010 53 YNINHDH NN D3R D»PNNR 9NN
NNAPY NPT ,NPMIT ,NPNITA NIN 190 INND L(1PNAY NN NIND MYInn mmn)
NPIAWNR-NAXY NIV P2 N MMM, DIPDA MM ODYD PN NDNN-219N N0
D Toyn Hysplit 51in 225 2006-1 1989 DIWa MINMN MNP N N¥NKRT Q0N (07N NMIN)
NYNTN APITY 299 12 MNI M NIW N9ON DIYN AW MNYIININ 297 28N YTIND
JUMY-INI NN 00N 700 NN MY 1989-1 ; DMHAN DIXNST NN D8N NIND
600 1212 MY NI 2006-2 .12 INND MYY 6 ,MY NN Y193 TUN DM IWIND Ny
Y293 195N ONWH MNYA 0N INNT MYY 12 DNN-PY 2P Nynm ,PVADING DMUND
MNPHRN ON DINSND 9T .0 HY 27 1901 )9 2007-2¢ TV 1292 THN 2IW» NHND
NN MIVAN D900 NOSIND 117 KDY ,07I80 NN 2006-1 1989 DNWA NoNHNN DY Ana 1avn
TAN 21W 77 $219) 19N DNV 2D, NTVN NPINKD MINNNA AN 7MY 2T DY PN NN
727N .N27 MDY OMINHN DA MIVY TINB (D901 DXL DM INTOD DIPH DY)
NNYN MLYANNN IDIN TN DNYI TN .2INT D100 NNIIN T2 NN 920 7010 Dyn
nonNn N N2 NP NTIPIN PRYNY 719N DN DY 1900 DI N2 ,2007 MV2
NNRNIN ,DIMNYT 297 .DIPH NITPA XN NINHBN NPN 1 TI0 AMTYN AN PINK (MY NYINT)
NAPN TYNIV PID 12 DY MY DI NYIPHR NPYTH ANNHD NI ATVNR mMyn) nna
NOVINKIM NN DNIZNNT DM,V OIY M2IW» IND IYININ MIND AT 9PN N9IN
NMVPNN NYON NN INIYD NMYN NTVP NN TIT 182 NIVYYNN Y DMIW»N NYwa
DMIPNH Y NUDXN MYYNN (1992) Pamw) DN YT DY 92¥a DNOWVIN NI 2Dy
IN TPDOND TIND TIMAD T DY NYDPNY DYDY DMWY DOPIN 1D DNIND DINNIMIIN
MPIN MO MEMPNN AWND NN moran nMsn (Reynolds et al., 2006) maopn
N8N .DDIN DYPNIND TN M)-2Y DINWYD D 12 N2ANT 0PN MoyHnn T Nana
MmN TY MPIN NIMI W 12 M) NANT MHDOPN NIND DAY DPIN TWRD N NPDOPND
DXPIN P2 MINN N W NRMNNT MDON NNN .DOWIN DIT)N N7 MAN IT-0Y NWOND
ST NONN DVTIN 1A DY DIN 017N N2 PN 10N ,0MY 000 P IN PN ININD
T APNNA TPPAAN NPT N2 MM 220-0Y XIND YOI MOPNN A0 NIVYNN MNYHN
NNIN IPIYON N NN YT DY MOPNN DY NYDNT MIYVAND 30 MXOTH MNSIND O9N
DYNSDHN LAYV NZNHN MOYANN MNYIN DY NAYHNP NINI NINNPD Y9N 20T
MY NIVP DY ONMNT DIWN NTHI ONIWY YNNI MVVANN Y NN 19 OY OMVAND
M22202 NYNHRN DY NMINIANT INNT MIYAN MY ,DNIMNLEA 91NN YYTING D8N
NN 01N MY DY 1D N NN P NN NODYI M MEIAAN DPP 2N YN
-2 NANIY 393 NIV 1PN PYHN NN AN 27 112202 NTRYHD DT YI0N) NNY MOwann
2007-1 .M7NK1 MOYONN PADNY MIN-5Y MM YHNYND TWRIN 1PN DY 9PN0 2007
12N nonp o MmN 51n niva min (Gloster et al., 2007) yamn 20973 o8N

DTN PUNINT O) X1ann NAMPN-NaNa nohnwnn (Blue-tongue) n2WeON-21n0 N8
MY YTH VNI NHRYY Y NIVINA PT MM NN DY THNDN IWN 2DOPOITINN NMNIN
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APANI TPYIND LOXT TP W 1T MINRT MM 1P NIIPN-IOND AZNNI YN INND 2D N
»MN P2 wp (Paz and Broza, 2007) ooNaws DMpIn NN 2007-2 DDYONNY 90N
M IPNRA YPIPN 233-2Y NPLIIPDITI MMIN MNPIY APIANT NIDIDN NFNHR MOYINN
12 Hysplit-n 51mn 03 7w 0 1onn MmN NOAA Sy 05Tinn TNNI DMPIND Wwonun
TYRN 12 991,970 5Y MODIZN MNNN KU IPNHA MNND NN IPNKR YW Nuy)
ApNR 9D NN APNR 0D YP-DY DTN MINYIN JY MN 937 PN apnnn
NN PP AN MTTIXIND 22072 MM ITTH NHNN DN DPIVAR 0PNI1INRLD
2170 Y, ANTNHN AN NI NN PP AN NRND NN DI YPIPn N DY Nnnm
NN TN 593-7772),901 M2 MMIA

PAYHY NOPNT NN NYDH NPN MM 220-DY NY NOPNNY MIYAND 2 P87 1vn
TR NNV NN 22X-DY NLMIY NOPNN 1 VINNA 12N [19-100 NINRN IR YIND N9NHN NN
DMV DMTY P NNSY TN TIN N2NHN MOYaAnns oY

0MNMY DYFYN P2 NNITNNY 119D 99 NN 1.3

q1¥a NYAY PIYDN 1NN M

nYNaN Yy Wwavwny DN ,2007-2 D MNID TV NYNAY 1122071 M0 NN MINYN
-1 A0 277 DTV 1900 LY IVINIA NZNHRN MPR L IINN-MAN PNYNKN NIN DMTYa
DN2 ,2006-1 1989-1 MMNNIONNN NNV ,NYNNN NPT N2IPN DY NPY INNIN NN 2007
-1 ¥SINHN NN PP P WP NP NI D TN MIRY TN 972 29 12NN Rovann
qQoUNI JOP DXTHN 2T INND AP POITND W IMMIYAN 210W7 NP 1Y 017y 2007
LDPYNN P2 NPATH 0) NNPP) INND TPNHYI N P TRN TRIND 1IN WPn mMn
N1 DOPYHN P2 DPIND NN D PIAD 0PN MYNHNI NN NDNBN D INNA
NLPY 1270 0N DIN YD RNDIY qDUN DINT IONDIY 713N 0N MM ¥ DY o) rnbd
YN MIVPY NP YN AINT P2 2D 1YLV 12Y2 DIBIDIY MINT NNT TYN N0 NN N
WINN DY ,0°37 WY 1P2 M71TY W9 2007-2 mxianna ((Davies, 1991) w2y 9pa 9wnNn
MY 0N NNIPNN

4941¥a NNIYNNY PNI20N 2191 NN

59 NP2 WAWNN DIV I MININ 2007-1 2006-2 TV NNIZANT 112707 M7 NI MNYIN
YA DY NN NTRYN NONNM ,DYRTPINN NYA0WA NZNHNN M%) NIN 7TV MNI9NIN 270
NMTRYNN NN IPNNT GUR DTY 1PAT 01N NYHND YT DY NONPNI T PN .00 0”0
NN 22 YRYN LM970 ANND DMYNIN DM 5-7 7Y NYRIN 01N2) M) 0»N-Y7Y¥a 190010
19N WK DMTY 0NNV . 02X DN AMNN TNINND WD ,DTPNN 25¥3 7T7Ya Nonpn
Y DYRTPIN DIATWI MNIINNN NN 127 YRWH ,TIND TN D?N-12Y1 19000 MTHYNN NN
ATYN DTN VP NDD ,10% DY DD NOW D010 DD NMNN NINND WD ,NNmN
DY TYN 217 73 MINID 11173, 053110) 1IN 02X NN TINK DX DTV D2 NMINININ
MINN YA OMTYN 217 ,(DNS-PY LYND) WAD P2 TV DN D2 NN MINK DNYY
— Y2IN7 OMIYIN DMADN NY DI (DMPYR-NNN VYNRY) 27N NN 0N DIV NMNPN
M MYNT IVORPDITT NPIY NN L5000 T MNIN TN 1Y ,AYa% 9p2 9

NN Y Mvan (Holstein- Friesian) 10w50 100 125-1NY 290 7119 qWN0 NoNno

16




TINY .WaY 9Pan MTY Y MIPAN AWUND AN MM TN NI A9NT APAN 2TV JY Mpany
5PN PN JOPT AT NVYI MM ,NDINN NYA 3D D02 TY MANI ATNT NI INND
19100 PP D0 Y MAY) 1PN NN NYIN NLYI MY AT N9 T 2pynn oY
Y0 NVYA TYRKD N9 NP MDY PN YVIPA DIDM 11D ,NPNHN JW NR2a0 M5
1320 NPN,2TNT TNI9 AWND NTNNT 9N WY 112 MONY AT P2 M9 1 NIYwnn
D) PR ANIZNND MTINKN ,DMPYN MIN2 Tv1aY Apan 1TYaY mMINIY MY Nan NN
,2006-2 MN¥IONNA DM NMHRN VNN, DNS-PY2 25NN AITYOW Tan ¥in 90N PIivn
11T INSY 2 DY 2V NAYHND TPIYN TIWENN NNT NI .DMINND IWaN MTY0 1Tl
YNINN N9 J02 ONY 17 ANND  MNINRS NN 2006-1 DMNN-PY MINIANTN -ION
M2IIYNNN NTNNM ,NPNNRN PINIANT TY 27 19T NPY 12 D3 INIWII MYN NIVP DV MXIani
MINAIN NN NDIYY 2007-2 .30%-Y 2905 T¥2 NNXIZNNT TINN WD 12-2Y .79 NTAWM
DY 9NN MTRYNM ,NENPN TIVAN DM MYNIND APY ,2A7N7 MNSII MIPPNNI 12NN
DY ,NOVONNN N2NIN DY NYYTIN MDY WD 9PN MTYI . MNYRIN MYININ MO N2
N2 ,00PYR-NNN NP J91T NNNY AN 27 1% TIN ZNNN N9 TN 5Y 1NN 2PN
NoNHRN Y N 103D AWAN 71T TINY MP9 1N N9 DY YR1-D1M TINY M N
MNINN PN MNNIN 92T YV 1m0 7a5a 10% SV DPID DMK SHVINN T3
TIHNA ATYNN P2 NS DY NRTIN NPNNM ,DTRIN NPNKRN MN2N MYN DN MDIATH
,NINNN NP9 DY NN MNAYIN 22970 Y3 DDV ,2007-1 MXIANNN AT NNIY NYTD
TYNN NN INNINT MTIN IP2¥2 NIYARNN ,2007-2 NINNAT N2 Y3 MINNND MO
nna

DNAYIA PN NP NP ANYNN NOPNN NPT .2

Stomoxys ) TIND 212 DIV PV TRPHNT M APNN DN DMPNR 7Y THnovna
Culex ) 7an 12912 AT O) P72),q9002 . NYN NIVP 90 DY MYAN ayp) (calaitrans

N ,APNNRN DY NYUNT 20V (T252 RPNYURT MININ) 907 Y MVAN AV (pipiens
.D72121 YV M) 1900 1Y MYN) NINSI2 DN ,INIYID NITIND 2127 119 NN 1120 TN
DY112% 1901 79 DIVTNI MY GUIY NIND M NN ,2006-1 19X ©I2T MNI NN 1Po2
7901 (7252 D127 0-65) 1D10M PANA MN NAWY ,(NYY Y112 02127 300 TY) N29N2 10
NVNZSN NI NOVN PN ,OYIN DTV DME-PY NP N¥D) NP2 270 01N
N 212Y 85 TIND .DMDN WINY IN 21T ¥T-5Y 23 DY 173N NYID N2 19N 00T0
PN MNON NRATIN XY (2007 ,0M0Y) 90 D 1IN 1NTH 5 P ,NPI0P oY oMY
MNIND MNIANND 32 (2007 ,0¥0I10Y) NYN NIVP MNIAND NLYH 1TINY D212
TINDM TRXNINL,PNT Y1) DT 172N ID1D I HY IMONDD NIIRND NN DY APNYNI
NI PN NN DN DMPHRN 792 .022IRN INND MYY 8 IPT1V DVINT 722 DYNI N
DYV DIYNOINIVID DIPAYN BN DOVINT .DIWNITNI K YITN IN 11230 DY 0ann 5apnn
NoNRY NP TN TN DPATN 0 IWIN ORTP DNPND LOTH 90 NYY DM 0D

Ny 20 n1awn J(Carn and Kitching, 1995b) mymy npaTn 9¥NND AN DY) nbwian
DY NMO10 NI2AYNT DYIRYTN DXTIVINT OMN NN TN TIN NN DINPH 21 NN

Aedes aegypti v »5 (Chihota et al., 2001) o»pn n¥2p NNNIN 2001-2 Y0 NIWP
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2Y FI2YIND ANND DY 6 TY ,DOWNT D97 NNNOK NIAYNZ YN NIVP NN IAYNY Yon
9 D) WD NIVP DX TIAYND DN DVINY DY DINN D00 1 NN 9T .0 D19

,Culex quinquefasciatus (Chihota et al., 2003) yp723v DWVIN® YW D01 DR MNYa

DM 8- 6 92 ) DT 2y WoNY owima PCR-a1 9oan oxnn Anopheles stephensi
;D) D3 DY 15ONY DXNIP O 2Y D19 DY NPATH 11D DN .NDIIND NN NRNNna
NAVN) NPN IPINDD 7192¥M INND DT 00T WTIN NI ,0M970 TNN N 1PATIN N
227D NID 12 NNAINRD 12 NMOPNN PATID N2 DTN IMAIN 12 1917 WIS7 90 M8 N9
DPIPY WINPT NAPN INND TLIND NI 70 1T 219 MV Y 995 DANP 1N
DYD YD .M20NN 297 P OTH NN MLIIY DIXIN NN NN MH Yy 0T NNMIND
73 NN OTN DNAINT TY (VI P02 NN MINYR DY 9902 NAPIN NONH DTN HNIN

20N DY D2 DMINDD DAY N1PNY DWW YW DN YN 1IN
Y NP DMIINND TIYA , DMWY DN 22703 12¥3 DTN TPYNINIIS 77aYN NP1 0N
2PN INNY TNV WY DMV PN MY AWANT YT BT T TNY NN PN
DOMIVAN DAYRI NIN2 DY DWINY PITID MY NYY 7N D0P NYNRY NN
Culex ) 5020 12510 YIN2 NP2 NN VIM2 NYNN TRPRNM TPYNIT NYD) APNHN

TN W OIN I MYY 8 MNST TNY 00N 10 DN DONIWUNIN RSN .(pipiens
AN NPNT NIAYD NP NRXTNAY AN MOYIND MNPNY PRN MITIVIN NnyTNa
NI TN TIND0 MW\ ION (Stomoxys calcitrans) TNINGD 2127 W50 DAP) NNYY
aWN) TNNINA 2128 I8P 1932 71T 190018 1) NINY 7910 210 YI808019 9133100 2Wn)
DTN NI IMN YD N ,N190 naN nspy (Interrupted feeder) yi9mm Yoo
NNIN DX DOWH NINY TY 7119 1900 XIPYY 21230 ¥ON) 19-9Y .20 N1Ya N, DM
DX ,YINN NDWI ,TI10 N3 .PAIN 2Y 9NN D 01D MOPNI DNNNY 1o oY o1h
MNYPIPN DT MMIN P MINHDN IET 129 N3P ATINT 0T DY 02112 21230 NP O 190
122NNV INMIN 2231210 WD NIVP P TN 1968-2 .01 Iy MY N9 1N DI NHYvnY
D>Y13 DV NPT MNIN2 vomw) Mellor wnooxn 1987-1 .(Weiss, 1968) patm 9pa by
DY) NIY2 Y DONINY NN 212t 1 9y | Sheep and Goat pox-n 2901 ooNn
,IPATNN ANNT TR 7PI0P 9Y ONY 021232 90 03NN ,2003-2 .(Mellor et al., 1987)
Chihota et al., ) 7TNX DY Yyn MIVP HY WINY D21232 DITIN KT PN )20 NN 7PN

QN DIIN D) 0219 5Y WONY DI NI 019 YW APaTH 110 YA 30 1o (2003
DY2N NONN PN INSDND DT DT NNT DNTH XD ,NINNA PATI XY D971 ThN
MNYNIDY 722 NI 1292 WY DAIPN0 NS NN 9PNRN Y¥ 1TINY 9N DINSHNI
N2 90 N NT 2D NTWN .NINIDNDN NOWNR NN 221N P00 TN TAD 1PN NUY)
NILPI MYNIN MIAN NN NPN ,DDIZYI MY¥IONNN NLYI 170V DX ThN
D212 .ATY2 MNAN 72 TON 0P NN NN DMDIYL DM MDNT NON DP2 YN
NI NONI N0 12-031 ,J08Y MYNIN TINN N ,0°N) DN DIPIYY DNLYNHN DODN)
PCR-2 900 »mt 12 5720 1Y 90N .max ,misnnn maanmn I xov N1 0ot
DINN MIN 7Y JONIDY 2127 DY NP0N .NLYNHN DAY PAY ,NPI0P YV oMY D0t

18




PN NPT MNNN OIIN INY M NN PR Y NP DM MR 9onY nrvp 1Y
D123 TINGD YOP VNN 27 .3PN570 DWW AN NNNIN PN ANI0P 99 199N0Y 0321133
TINOPNA DY2123 N 1AW 1037 W0 93 1517 .NPNY TN (85 TINN 5) ) NN NN

NIND 2121 7Y Masn 19N PCR-N mnsny mnyd .qan v DNA-n 21719 Yy wavn
NINI NMINIONND PN N2V PON NPY NINY MAIYAND NN D19W9 PN IWINA Payna
2231 PCR-N 55w 1217 717V .0Ta¥0 MXINA NYT N0V ONINI WY NTINAN 107, TPUNA
10% 1199 79 AN PN NNPPAN N3 19Y,NVP NN 9NN NN PPADN WD IPN
NYNT 22301 ONTN IMNI ARYPY 12N DX NPDIZIN 1912 N N9, TCIDsg
7183 MYIND 1PN IPNRN MNIN . NYN NIVPY INNIND 21T P2 WPN NN NPIND My

TITN AN MODOIN N ,DINN INIYI NN 10PN PIAYDN NOPNN DY OYRYnR-Tn
NOIYHR MY TIN NYNN NN NPNTY PYRNT TN OOP . NOPNN NNMY Apnnn Jeunny
;D901 DMNMOVPN 220 IPTLY DNVPNN NPND 920 NN nvny Real-Time PCR
NEOY NIDN PN INDNID N PN NN TITY D10 D105 .Mavinn 193 mapno
22N DNN NNYD) DY DMK DMNOPN 13DN 2D 1M .AIINT SY SNINRY TR NOPN
LDV DV M D0212R DV 30 MNTI NPDIZOIN MNP MN9IN N2A02 .90 P2 193V
Y111 Y 21N YN NN NIV DINSNIN 0N MNPHR DN DWITH YY 9rn ona
N9 IMN DY DPIN WYIPA DIDM DIYY .NSIN NA2A0A AP NIV ANTR O ININD
MNIND 1123 DIV .0PPINT NPDWIN NN 1PNINT 7N DY P80N 1NN NN I NSy
NAN2 2127 ,0N7 2PN DRTN MNY DXTOY DD MPH YIan 0 0Ny rman

N9 N2202 DTN I¥NH DPINT 190N NN TPMYHRYHD
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