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Abbreviations

Bc48:BabesiacaballirecombinantP48protein

bp:basepalr

CFT:COmPlementfixationtest

EMA-2t:trunCatedBabesiaequimerozoiteantigen2

ELISA:enZyme-1inkedimmunosofbentassay

EMA-1:Babesiaequimerozoiteantigenl

GST:glutathioneS-tranSfbrase

gltA:Citratesynthasegene

Ha:hectare

H:bour(s)

IPTG:isopropyl-β-D-thiogalactopyranOSide

IFAT:indirectfluorescentantibodytest

IgG:immunOglobulinG

K

M

kDa:kilodalton

mM:millimol

M:mOl

mg:milligram
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mL:milliliter

nmol:nanOmOI

PCR:POlymeraSeChainreaction

PBS:Phosphate-buffbredsaline

Sqkn:Squarekilometers

SDS-PAGE:SOdiumdodecylsulfate-POlyacrylamidegelelectrophoresis

TAE:tris-aCeticacid-EDTA

TBD:tick-bomediseases

TBS:tris-HCIbuffaredsaline

U Pg:mlCrOgram

Lll:microliter
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Generalintroduction

1･XinjiangUygurAutonomousRegionandmajorlivestock

The XiI肩iangUygur Autonomous Region also refbrred to as the XirtjiangWaS

anCientlyknownasthe"XIYU"(thewest-1and),thehinterlandofEurasia.Theregionis

locatedinthenorthwestofChinahavinganareaOfl,664,900squarekilometers(Sqkm).

ThisreglOnisonesixthoftheChinesetemitoryandisfhmousfortheMiddleAsian

Civilizationknownas`Ⅷe SilkRoad"･TheXiqiiangreglOnis surrounded,alongits

borders,byeightcountries,WhichincludeMongoliatothenortheast,Russia,Kazakhstan,

Kirghizstan,andThdzhikistantOthenorthwest,aSWellasAfghanistan,Pakistan,and

Indiatothesouth(Fig･1)･ThetopographyofXirtjiangisveryspecialinthatthereare

highsnowmountains,river,1akes,1arge-SCaledesertandvastgrassland.Theclimateis

Predominantlydryand continental,Withwarm stmersand coldwinters having an

averageannualtemperatureof7.30c.

Thereare47nationalitieslivinginXidiangandthemqorgro叩SincludeUygur,

Kazak,Hui,Mongolian,Kirgiz,Xibe,T車k,Ozbek,TbtarandtheRussianPeOPle.

XiItiianghas population of20,951,900peopleandis one of thefive minority

autonomous reglOnSin China･Xirtiiangisthelargestprovincein China,having a

beautifu1naturalenvironment,Withvastgrasslands,andabundantgraSSlandresources.

Thus,thereglOnissuitableforthebreedingandralSlngdomesticanimalswithcattle

andsheepbeingthemainproductionanimals.ThemainlivestockkeptinXirtiiang

includesheep,Cattle,gOatS,horses,donkeys,mules,Camels,PlgS,Chickens,ducksand

thedomesticatedwildanimals,deer,minkamOngStOthers･Theseanimalsprovidemeat,

milk,eggSandothernutritiousfoodforthepeopleofXiI肩iang.
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Fig.1.Reportsofsometick-bomdiseasesindomesticanimalsinChina

Accordingtostatisticsoftheyear2006,thepopulationoflivestockwas53807000

inXirtjiang,COnSistlngOf37252400sheep,6542600goats,5128600cattle,1249400

donkey,920900horse,and2438800pigs.Therefore,itisrankedthefirstandthesecond

in Chinawith regard to the economicalvalue ofsheepindustry and that ofcattle

industry,reSpeCtively.FurthermOre,theregionisalsoknownasthemaincenterforthe

horse and donkeyindustriesin China･The Agriculturalsystemis mainly

SemiTagnCulture,Seml-graZlngOrSimplegrazlng･Thegrasslandareais570000sqkm

With cultivation areaof30600sqkm and aforest coverof1870000hectare(Ha).

Becauseofthevastgrasslandresources,animalhusbandrysystemisbasedmainlyon



thenaturalpasture,neededforgrazlngVariousdomesticanimalsthatincludesheep,

Cattle,gOatS,horses,donkeys,Camelandothergrazlnglivestock･Becausetheminority

UygurpeopleextensivelyusedonkeysfortranSPOrtation,theseanimalsregardedas

importantanimalsinXi再iang･Therefore,tOimprovesocioeconomicwell-beingofthe

PeOPleofXirjiang,thereisneedtodevelopthebreedingindustryofsheep,Cattle,

horses,donkeysandotherdomesticanimals.

2･TheMajortick-bornediseasesofXinjiang

The hemoparaSitic diseasesand pathogens tranSmited by ticksare distributed

WOrldwide,infectalmosta11domesticanimals,andareaP豆blichealthproblemin

XirtjiangUygurAutonomousRegion(Yu･etal.,1996;Wangetal.,1997).Ticksare

SPeCializedgroupofobligate,bloodsucking,nOn-permanenteCtOParaSiticarthropods

thatfeedonmammals,birdandreptilesinmanyregionsworldwide(Sonenshine,1993).

Tick-VeCtOrSareOfveterinaryandmedicalimportanCebecuasetheytranSmitdiseasesto

humanS,domesticanimalsandwildlife･ThesuperfamilyIxodoideaincludestwomqor

families:the"hardtick"andthe"so氏tick"(CiradandMaisons,1995).Bothhardand

SOftticksarePreSentinXirtiiang,andthefaunadistributionsoftheticksconstitute

two-thirdsofIxodidtickscertifiedinChina;thusmakingthevegetationofXirtiiang

heavlytickinfbsted･ThemqorgeneraofIxodes-tickspresentinXirjiangareaSfo1lows;

Dermacentor(consistingof8species,namely;D.silvarum,D.nuttalli,D.sinicus,D.

乃加∽,β･抑卵油∽∽,β･pαγわⅦ砂∫,β･re庇〟血′郎弧da刑α曙≠乃血可,坤αわ∽椚α

(having7species,namely,H detritum,H
r拗es,H asiaticum,H dromedbrii,H

anatolicumanatolicum,HasiaticumkozloviandHsc呼enSe)andBoQPhilus(including

lspecies,Boqphilus
micrqplus)･Other ticks speciesinfesting the region are
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Rh*icephalus(including6species,R.bufTa,R.schuLze乙R.sanguineus,R.turanicus,R.

rossicusandR･Pumilio),Hdemqpわ惜a]Ls(including5species,Hpunctata,Hddnieli,

erinaceituranica,H sulcataandH concinna)andkodbs(including7species,11

Cre〝〟血ねび,⊥αrムor加わ,∫あerJ錯eん∫re成如佗eγ乙∫pe柑〟わαぬy,∫砂αJJ′弧d∫

kazakstani)(Kong,1983;Yuetal.,1997).

WhenticksparaSitizemammalianhosts,theycause directandindirectharmfu1

e飴cts such as tickparalysis,Various tick toxicoses,imitation,tickbite allergleS,

immuneresponsesandtobloodlossleadingtoeconomiclosses(Sonenshine,1991).

TicksareSeCOndonlytomosquitoesasvectorsofdiseasecauslngagentSinlmmanSand

Wild animals･Theytransmit avarietyofpathogensincludingprotozoa,rikettsiae,

ViruSeS,bacteria,andevenfungitohuman,1ivestockandwildanimals(Balashov,1972;

Hoogstraal,1985;Uilenberg,2006).Heartwaterandzoonoticinfectiousdiseasesare

alsoimportanttick-bomediseases･ManyStudieshavefocusedontheco-infbctions

transmitted by ticksin the kodbs ricinus complex,including Bebesia mic7℃ti,

AnqplasmaphqgoqytQPhihl,Ehrlichia
ch娩ensiand RicketLsiaamOng the others

(Leviene,1971;Bram,1983;WeiandXue,1991;Liuetal.,1992;LevinandFish,2000;

Belongia,2002).

Tick-borne babesiosis and theileriosis. Babesiosis and theileriosis are

tick-bornediseases,Whichcausemqoreconomiclosses,anda飴ctmanydomestic

animals,mainlyhorse,Cattle,donkeyandsheep,intropicalandsubtropicalreglOnS

(Uilenberg,1995).Thekodidticksarethevectors,WhichtranSmitthesediseases.In

addition to theinformation ontheprevalence ofthese diseasesinruminantS,the

diagnosisofthesediseasesinanimals,andtheidenti丘cationoftheseparaSitesinvector

ticksare alsoimportantin understandingthe epidemiology ofthe diseases.The
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distributionofbabesiosisandtheileriosispara11elsthedistributionofitsvectorticks,

because cattle,horses,Sheep,gOatSanddonkeys grazeonnaturalpastureheavily

infestedbyticks･WhentheticksareaCtivefromMarChtoSeptember,eVeryyear,they

feedonthehostsandtranSmitthediseasesleadingtolarge-SCaleprevalenceofthe

tick-bornediseases(Xia,1983;Luetal.,1997;Ⅵねngetal.,1997).

Based onthe numbersand distribution oftheBabesia species,babesioses are

COnSideredoneofthemostubiquitousandwidespreadbloodparaSiteinfbctionsinthe

WOrldanimals(Leveine1985)･InChina,equinebabesiosiswasfirstreportedin1943in

Heilong]1angPrOVincewhilebovinebabesiosiswasdescribedfiveyearslater.Since

then,thesediseasesstilla飴ctanimalhealth(Higuchietal.,1991;Luetal.,1992;Ⅵn

etal･,1997)･Fromtheanimalhealthandtheeconomicpointofviews,equineand

bovinebabesiosesareconsideredthemostimportantdiseasesinXirjiang.

EqulnePlrOPlasmosisisaneCOnOmicallyimportanthemoparaSitictick-bomedisease

Ofhorses,donkeys,mules,andzebras･TheinftctioniscausedbyB･equiandB.caballi,

andischaraCterizedbyfbver,anemia,andicteruS･EqulnePlrOPlasmosisismostly

PreValentinthetropicalandthesubtropicalareasaswellasinthetemperateclimatic

ZOneS(Neitz,1956;Salabamiaetal･,1981;Schein1988;Bruning1996).Becauseofthe

WOrldwidedistributionofthepotentialtickvectors,equlneS,Whichareimportedto

non-endemicareasorcountriesmustbecon丘rmedtobenegativeforthebabesiosis

throughserologicaltests(TbnterandFriedho環1986;Schein,1988;Bruning,1996).

ApartfromthewidespreadinfectionsbyB･equiandB.caballiinXirjiang,these

ParaSiteshavebeendiscoveredinllprovincesinChina(Kong,1983;%etal.,1997).

Additiona11y;equlnebabesioseshavebeenreportedin15prefectures,buttheenzootic

areaSaremainlyconfinedtotheZhungerBasin,TakilimaknBasinandgrasslandof
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Tianshan(Yuetal･,1996;Wangetal･,1997).B.equiistranSmittedbyDermacentor(D.

〝ルe〟∫,β･椚0乃ね〝〟∫,a re〟c〟加錯,β.刑α曙i乃αぬ可皿d砂αわ肌用α(且ゐか血椚,〟

asiaticunt)andRh*icq,halusspecies(R･bufTa,R.turanicus)(AbramOVeetal.,1978)

WhileB･CaballiistranSmittedbyDermacentorspecies(a silvarum,D.nuttalliD.

matgina(lLS.D･niveLLS),坤′ak)mmamal冨ina(ZLm(Salayev,1956).

B･biieminaandB･boviScausebovinebabesiosis,andBoqphilusmicrqplusaswell

as some species ofRh*icqphalusand kodes ticks tranSmit bothparaSites with

exception ofB･OVataandothersBabeLSiaparasitesthatinfectanimalsinXirdiang

PrOVinceofChina(Baietal･,1987;Luatal.,1990;Xiang,2005;Yuanetal.,2008).B.

biieminaandB･bovisarethemostimportantPathogensofbabesiosesincattleandyak.

Ovinebabesiosisisthemostimportanthemoparasitictick-bornediseaseofsmall

ruminantSandiscausedbyB･OVis,B･mOtaSiandB･CmSSa,WhichischaraCterizedby

fever;anemia,icteruSandhemoglobinuria(Kong,1983).InChina,OVinebabesiosiswas

firstreportedin1982(Chen,1982),Whereitisresponsibleforconsiderableeconomic

lossesinsheepproduction(Xiaetal.,1983;Zhaoetal.,1986;Wangetal.,1997;Yinet

al.,1997,2000).

meileriaannuhltaisthemqorformOfbovineprotozoandiseaseinXirtjiangand

istransmittedbyanurhberof砂alommaticks.Hdbtritum,Hr拗es,Hasiaticum,H

d[omeddrii,Hanatolicumanatolicum,and助emqpわびαlisqinghaiensisarethemain

VeCtOrSinthefield(Estradaetal.,2004;Yinetal.,2004).Thedistributionofthetick

VeCtOrS,foundinsouthnorthemXirtjiang,Showedthatthemortalityrateoftheileriosis

(Tannulata)incattlepopulationvariedbetweenlO%and70%withamotbidityrateof

upto65-100%(Xiaetal･,1983;Guoetal･,1997;Zhang,1997;Wangetal.,2003;Yin

eta12004;Icaetal･,2007)･However,thoseofotherdomesticanimals,SuChasdogs,

6



CamelsandpigsarebynomeanSnegligible(Fairwelletal.,1982;Xiaetal.,1983;

Susanetal.,2000).

Tick-borneehrlichiose$. Anqplasmaspp.andEhrlichiaspp.arePathogensof

medicaland veterinaryimportanCe二Anqphzsmais a tick-bome andanObligate

intracellularparasite ofmammals.The genus Anqplasmais the causative agent of

anaplasmosisinruminantsandtheacutephaseofthediseaseischaracterizedbysevere

anemia,Weightloss,ftver,abortion,lowermilkproductionandoftendeath(Inokuma,

2005,2007)･ThegenusEhrlichieaeisgramnegatveminutecocci,.Whichisobligate

intrace11ularParaSitelikeAn甲Iasmaandbelongstothefamilyrickettsiaceae.Whichare

intracellularmicroorganismsresidingwithinthecytoplasmicvacuolesofmonocytes,

granulocytes,OrPlateletsofhumansandanimals(Ehrlichiaspp.infectsdogs,ruminants,

andhorses).Ehrlichiaspp.elicitillnessescharacterizedbyfever,headache,1eukopenia,

andthrombocytopenia(Wenetal.,2003;Inokuma,2007).BothAnqplasmaspp.and

Ehrlichiaspp.aretransmittedbyarthropodticksandaredistributedworldwide(Dumler

andBakken,1995,1998).ThegenusAnqph7SmaincludesA.mafginale,A.centrale,A.

OVis,A.platys,A.phagoq}tq?hilum andsomeunidenti丘edspecies closelyrelatedto

these pathogens.OftheseAnqplasma species,A.ovis wasfirstfoundin sheepln

Xidiang Uygur AutonomousRegionin China(Ma et al.,1982)andin goatsin

Liaoning Province ofChina(Ding et al.,1985).Lu et al.(1989)found that ovine

anaplasmosiswaswidespreadamOngSheepandgoatsin13districtsandin44counties

OfGansuProvinceinth占NorthwestofChina.A.malginalewasBrstisolated丘om

Cattlein LushicountyofHenanProvince(Baietal.,1987).LaterBaietal.(1992)

identified that B.micrqplus and Hlongicornis cannot transovaria11y transmitthe

parasite･ThegenusEhrlfchiain云1udesEcanis･E･eWingiLEch娩ensis･Emuris･E

7



ruminantium,andsomeadditionalnewEhrlichiaspecies.A.phqgoqyteQPhilumandE

Ch娩ensisaretWOm毎OrZOOnOticpathogensmainlyreportedintheUnitedStatesand

European countries(Foley et al.,2004;Par01a,2004;SantOS et al.,2006).A.

Phqgoqytqphilumcancauseprevalentdiseasesinhumans,ruminantSandhorseswhileE

Ch娩ensiscanCauSediseaseinbothhumanSanddogs.Recently;bothagentshavealso

beenreportedinChina,KoreaandotherAsianCOuntries(Caoetal.,2000a,2003;Kim

etal.,2003;Liuetal.,2005;Inokumaetal.,2007;Zhanetal.,2008).InChina,E.

Ch娩ensishasbeendetectedinAmb&ommatestudinarium,Hdemqp砂salisconcinna,

kodes ovatus,Lrodbspe7Tulcatusand Dermacentorsilvarum ticksamOngSt Others.

Additionally;A.phqgoq;tqPhilum has onlybeenfoundinl二pefTulcatus ticksfrom

northeastemChinawhere桓ⅠIlediseaseisendemic(Cao,etal.,2003;Zhangetal.,2007;

Zhangetal.,2006,2008).Thus,thisparaSiteisapotentialthreattothelivestockand

humaninXirjiang,WheretheixodidticksareWidelydistributed.

Tick-borne rickettsiosis. The genus Rickettsiais a motile,Gram-negative,

non-SPOreformingand high1y pleomorphic bacteria,Which exist as cocci,rOds or

thread-1ike organisms.Ricketねia spp.,WhichisanObligateintrace11ularParaSites,

dependontheentry;grOWth,andreplicationwithinthecytoplasmofeukaryotichost

Cells(typicallyendothelialcells)(Parola,2004).Them毎0rityofRicketLsiabacteriaare

SuSCePtibletoantibioticsofthetetracyclinegroup.RicketLsiaspeciesparaSitizesmany

ticks,fleas,andlice,andcausediseasessuchastyphus,rickettsial-POX,Boutonneuse

fever,A蝕canTickBiteFever,RockyMountainspottedfever,AustralianTickTyphus,

FlindersIslandSpottedFeverandQueenslandTicklサphusamOngStOthers(Raoultand

Roux,1997).InChina,SeVeraltick-borneRickettsiaspecieshavebeenisolatedoverthe

lastdecade(Zhangetal.,2000a,2000b;Foumieretal.,2003;Zhangetal.,2006).Three

8



OftheseRickettsiae,R.sibirica,R.heilongiiangii,andR.mongolotimonaeareknownto

behumanPathogens.Recentlyseveralothernewrickettsialspeciessuchas

aeschlimannii(ShpymOVetal.,2003),"CbndiddtusRicketLsiatarasevichiae"(Shpynov

etal.,2004),Rickettsiahelvetica(Foumieretal.,2002),andothershavebeenreported

in countries neighboring China.Althoughthere have beenfew reports on the

epidemiologyofRicketsiainfbctioninXirjiang,RicketLsiasibilicaistheonlyknown

rickettsialpathogenthatcausesspottedfeverinhumanSinXiItiiang(Fanetal･,1987;

Zhangetal.,2000a,2000b;Zhangetal.,2006).Ticks,fleasandliceareadaptedtothe

grasslandenvironmentinXirjiangandheavlyinfestthegrasslandaswe11asanimal

bodies,butitisstillunknownwhichkindsofrickettsialdiseasesthevectorstranSmit.

Currentlytheonlywidelyavailablepracticalmethodtocontrolticksistheuseof

Chemicalbasedacaricides.Thisapproachisassociatedwithseri0us1imitationsuchas

environmentalandfoodchaincontaminationbyacaricides(Shangetal.,1983;Tellam

etal.,1992;Rjputetal.,2006).Thetreatmentofthesetick-bornediseasesrelyonthe

use ofchemotherapeutic drugS,Which caneaSily develop resistanCe;mOreOVer,nO

VaCCineshavebeendevelopedformostofthetick-bomediseases.

3.Currentlyavailablediagnositctestsoftick-bornedi$eaSeSinXhjiang

ThegeographicallocationofXirtiiangUygurAutonomousRegionisun1que,andthe

area has diverse parasitic fauna.FurthermOre,infestationbyticksis widespreadin

Chinacovenngabouttwo-thirdofthewholecountry.Theabovefactorscontributeto

thetransmittionofeachofthesetick-bomediseases,eSPeCiallywhenthetick-VeCtOrS

are activefrom February tO September every year.Because XirtjianggeOgraPhic

locationis remote,informationflowis restricted somehow,and exceptin a specia1

9



researchinstitute,thelaboratory equlPmentSin use are generally of alower

teclm0loglCalspecifications･Therefore,itissti11di伍culttoconductadequateresearch

onsomeofthetick-bornediseasestofacilitatethecontrolandpreventionofthediseases

inthisprovince.Tbdate,e飴ctivemethodstoinactivateticksthatinfbstthebodyof

amimalshavenotbeenfoundindicatingthattheremightstillbenomeanSOfinterruPting

thetranSmitionofthediseasesinXirtjiangUygurAutonomousRegion.

Ingeneral,thediagnosisoftick-bornediseasesisperformedbyuslngmicroscopy,

DNAorRNAbasedteclmiques,Path0logica11esions,andimmunOdiagnosis･Itisnot

COmmOntOuSeDNAorRNAbasedte血iquessuchaspolymeraSeChainreaction(PCR)

todiagnosethetick-bornediseasesprevalentinXirdiang.Thisisbecausesuchnucleic

acidbasedproceduresrequirehigh1ytrainedpersonnelaswe11ascostlyequipments,

Which are only availablein most commerCia11aboratories･Serologicaldiagnostic

methods,SuChascomplementfixationtest(CFT),indirectfluorescentantibodiestest

(IFAT),and enzyme-1inkedimmunosotbent assay(ELISA)are widelyusedforthe

SerOlogicaldiagnosisoftick-bomediseases.However,SOmeOfthe serologicaltests

havesomedrawbackssuchaslimitedsupplyofantigenandpoorspecificity;aSWe11as

thecrossreactionsbetweenantibodiesagainstgeneticallyrelatedequlnePlrOPlasmosis

(Schein,1988;Bruning,1996).FurthermOre,CrOSS-reaCtions occurbetween closely

related Ehrlichiae and Rickettsiae,1eading to misinterpretation of results and

misdiagnosis(Inokuma,2005,2008;Zhangetal･,2006;Caoetal.,2008).Depending

On the Babesia,Ehrlichia,Anqplasma,and RicketLsia species,invoIved,direct

microscopIC Observation of stained blood smearSis currently used to diagnose

tick-bome diseases,and generally suspected to be based on clinicaland routine

laboratoryfindingsinXirjiangUygurAutonomousRegion.
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TherecentapplicationofadvanCedteclmiques,intheimmun0logicaldiagnosisand

molecularbiologyhasimprovedthediagnosisofdiseasesandhasprovidednewtooIs

fortheassessmentoftreatment(Molad,etal.,2006).Therefore,ifimprovedmolecular

diagnostic and serologlCaltests could be developed tothe detectthe tick-borne

Pathogensand theirantibodies,reSPeCtively,then numerOuS queStions about the

detectionofparasitictick-bornediseasesofhorses,donkeys,Cattle,Sheepandgoats

infectionswillbeanSWeredultimately

4.Theaimsofthi$Study

Asdescribedabove,tick-bornediseasesareWidelydistributedinXirtjiangUygur

AutonomousRegionwheretheycausemqorpublichealthprobleminhyperendemic

areas.Thus,thesediseasesposeagreatthreattolivestockandhumanhealth,andimpact

negativelyonthedevelopmentoflivestockhusbandry(Aietal･,1979;Luetal･,1992;

Yuetal.,1996;Wangeta11997,Wang,2003;Fan,2004;Xiangetal･,2005)･Therefore,

thereisneedforscientificunderstandingofthemqortick-bomepathogens suchas

Babesia,Enlichia,AnqplasmaandRicketLsia.Additiona11y,SCientificunderstandingof

the tick-VeCtOrS aS Wellas knowlngtheir distributionisimportant.The efftctive

methodsforthecontrolofthediseasesinXirdiangUygurAutonomousRegionandthe

Whole ofChina shouldbe developedto faciliatethe
epidemiologicalstudiesofthe

diseasesalongtheSilkRoadofcentralAsianCOuntries･

To controlthe tick-borne diseases,itis verylmPOrtant tO develop speci丘cand

SenSitive diagnostic methods.In most countries,Particular1yln Xirtjiangprovince

ParaSitedetectionisstillbasedonmorphologicaldiagnosisuslngeXaminationofstained

blood
smearS.Thismethodisreliableforthedetectionofacutecasesbuthaslimited
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ValueforchronicorcarriercasesduringwhichonlyalownuniberofparaSitesexist.

Sometimes,eXPerienceis required to di飴rentiate between the diffbrent species of

ParaSiteswithinaninfbctedhostandvectortick･

Recently serologicaland moleculardiagnostic tooIs have been developedand

COntribute to theimprovement ofdetectionand dif托rentiation ofthe pathogenic

Organisms.Therefore,Iusedserologicalandmoleculardiagnosticteststoinvestigate

PreValence oftick-bome diseasesinhorses,donkeys,Cattle,Sheepand goatsinthe

XiItjiangUygurAutonomousRegion,China.

Forimmunodiagnosis,thesensitivity;thespecificity;andthecostmainlydependon

theantigens.MerozoitesurfaceantigensplaylmPOrtantrOlesinparasiterecognitionand

attaclmenttoaswe11aspenetrationintohosterythrocytes(JackandWard,1981).Equi

merozoiteantigen-1(EMA-1),equimerozoiteantigen-2(EMA-2)and recombinant

Bc48are mqOrantigens of equlne Babesia.Therefore,theseantigensare gOOd

Candidatesfor a diagnosticreagentforthe detection ofantibody againstthe equlne

babesiosis(1もnakaetal.,1999;Xuanetal.,2001b;Hirataetal.,2002;Huangetal.,

2003;Thmakiet al.,2004).The application ofthese specificantigens greatly has

improvedthespecificityofthesekindsoftests.ThesetestsareParticularlyusefu1for

identification of chronica11yinfbcted horsesand donkeys with slgnificantlylow

ParaSitemia.

AnqplbsmaandEhrlichiaspecieswerenotreportedinChinauntil1980s.Moreover,

themeanSbywhichmanyOfthesespeciesspreadamOnglivestockandwildanimalsis

Stillunknown(Fan,2004).Tb understand the meanS Of spread ofthe pathogenic

OrganismsamOnglivestockandwildanimals,thereisneedevaluteandimprovethe

SerOlogicalassaysforthediagnosisofthetick-bornediseases.
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Diagnostic methods of emerglng Rickettmiinfbctionincludeisolation of the

Organism,SerOdiagnosisandmoleculardiagnosis.Isolationisthe"goldstandard"for

diagnosis;however,this methodis time-COnSuming and expensive.Although

SerOdiagnosisis the most frequently used method for diagnosis,SerOloglCal

CrOSS-reaCtionsoccurbetweencloselyrelatedEhrlichiae,leadingtomisinterpretation

and misdiagnosis(Zhang et al.,2006,2007;Cao et al.,2008).Withthe recent

developmentofmolecularbiodiagnosticmethods,SPeCificandsensitiveassayssuchas

PCRandsequenclngarenOWuSedforthedetectionofrickettsialdisease･

Theaimofthepresentstudycanbesummarizedasfo1lows:Toclarifytheprevalence

Of the tick-borne diseasesincluding Babesiosis,Erlichioses,Anaplasmosis and

Rickettsiosis,andinparticulartodetectB.equi,B.cabalii,A.phagoqytQPhilum,E.

Chq脾ensisandsomeRickettsiaindomesticanimalsinXiI再iangUygurAutonomous

Region,China,byuslngSerOloglCalandmolecularmethods.
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Chapterl

Serodiagno$isofequlnebabesiosesinhorsesinXinjiang
●

1-1.Introduction

Equlne PlrOPlasmosisis caused by two tick-bome haemoprotozoanParaSites,

Babesia equiand Babesia caballi.The diseasesare endemicin most tropicaland

SubtropicalareaSOftheworldaswellasinsometemperateclimaticzones(Schein,1988;

Bruning,1996).Duetothealmostworldwidedistributionofthevarioustickvectors,

theintroduction ofcamiersinto non-endemicareaS Or COuntries mustbe prevented

(Schein,1988).Priortoimportationtonon-endemicareasorcountries,horsesmustbe

Showntobenegativeforpiroplasmosisthroughserologicaltesting(1七nterandFriedho伍

1986;Schein,1998;Bruning,1996).In endemic countries,the controlofequine

PlrOPlasmosisis necessary tO maintain theintemationalma止et open to the horse

industry.Thecomplementfixationtest(CFT)andtheindirectfluorescentantibodytest

(IFÅT)areCOmmOnlyusedfordetectingB.equiinfbction.However,theseserological

testsaregenerallyrestrictedbyantibodydetectionlimitsandcrossreactivity(Bruning,

19986;Schein,1998).Recently,a reSearCh group has developed enzyme-1inked

immunosofbentassays(ELISAs)usingrecombinantantigens,anddemonstratedthatthe

ELISAscanbeusedasanalternativetoCFTandIFArfordiagnosisofB.equiandB.

Caballiinfections,reSPeCtively(Ikadaietal.,1999,2000;Xuanetal.,2001a).Inthis

Chapter,Iinvestigatedtheprevalence ofequlnePlrOPlasmosisinhorsesinXirjiang

UygurAutonomousRegion,ChinabytheELISAsuslngreCOmbinantantigens.
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1-2.Materialsandmethods

Region,animals and samples. As described above(Generalintroduction),

XirjiangUygurAutonomousRegion,thelargestprovinceinChina,liesinthemiddleof

theEurasianCOntinent.XirtjiangShareSborders witheightcountries(seeFig.1),and

XirjiangisoneofthemainlocalitiesforthehorseindustryinChina.Iliarealocatedin

WeSt Of Xirdiang,its geographicalpositionis at 82016'-87021'Elongitudeand

43025'A7015′Nlatitude,at2,000-3,000ma.s.1.Theclimateispredominantlydryand

COntinental,WithwarmSummerSand cold winters.The average temperaturerangeS

from20to250Cinsummer(July)andis-9.50Cinwinter(January).

A totalof70serumSamPles were takenfrom horses pastured on three伽ms

(A,B,C)inIliarea,XirtjianginJuly2001.Noapparentclinicalsignswereobserved

Ona11thesamPledhorsesbymacroscopICeXamination.

RecombinantBabesih equimerozoite antigenl(EMA-1).
TheB.equiU.S

Department
ofAgriculture[USDA]strain was culturedin equine erythrocytes as

describedpreviously(AvaraZedetal.,1997;1998),theDNAwas extractedfromB.

equi-infected erythrocyteswithphenol-Chloroformandprecipitatedwithethan01and

used as a template DNA for PCR.Two oligonucleotide pnmers

(5'-ACGGÅrCCCAAGATGATTTCC-3'and5'-ACGGATCCGTCACTTAGTAAA-3')

WereuSedtoamPlifytheequimerozoiteantigenl(EMA-1)genebyPCR.Thegene

encodingthe entireB.equiEMA-1wasinsertedinto abaculovirus tranSfervector,

COnStruCted the recombinant baculoviruS AcEMA-1(Sf9cells wereinfected atlO

PFU/cellwitharecombinantbaculoviruSCarryingtheEMA-1gene),andarecombinant

ViruS eXPreSSlngEMA-1wasisolated.The expressedEMA-1wastranSPOrtedtothe

Surfaceofinfbctedinsectcells,theexpressedEMA-1hadanaPParentmOlecularmaSS
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Of34kDathatwasidenticaltothatofnativeEMA-1(Xuanetal.,2001b).EMA-1was

PurifiedfromrecombinantbaculoviruSAcEMA-1-infbctedSf9cellculturemedium,and

usedasanELISAantigenfordetectingantibodiestoB.equiinhorses.

RecombinantBc48protein. B.caballiU.S.DepartmentofAgriculture[USDA]

Strainwasgrowninhorseerythrocytesincontinuousmicroaerophilousstationary-Phase

Cultures asdescribedbyAvarzedetal.(1997).AcDNAexpressionlibraryprepared

fromB.caballimerozoitemRNAwas screenedwithamonoclonalantibodyBCllD

againsttherhoptryproteinofB.caballimerozoite.AcDNAencodinga48-kDaprotein

OfB.caballiwasclonedanddesignatedBc48.TherecombinantPrOteinexpressedby

thevacciniaviruSVeCtOrinhorsecellshadanapparentmOlecularmaSSOf48kDa,Which

WaSthesameaSthatofthenativeB.caballi48-kDaprotein.Moreover;reCOmbinant

PrOteins expressed by the pGEX-4T expression vectorin E colias glutathione

S-tranSferasefusionproteins(kadaietal,1999,2000),andusedasanELISAantigen

forthedetectionofantibodiestoB.caballiindonkeys.

ELISAs.The ELISA uslng reCOmbinant EMA-1expressedininsect ce11s by

baculoviruSfordiagnosisofB.equiinfectioninhorseswasperformed asdescribed

PreViously(Xuanetal.,2001b).TheELISAusingrecombinantBc48proteinexpressed

inEcolibypGEX-4TfordiagnosisofB.caballiinfectionindonkeyswascarriedout

asdescribed(Ikadaietal,1999,2000).

Ninety-Six-Wellmicrotitration
plates(Nunc-Immuno

Plate;Nunc,Roskilde,

Denmafk)werecoatedovemightat40Cwith50ト11(0.1pg/pl)ofreco血binantantigens

(EMA-1andBC48proteinorGSTproteinasthecontrol).Theseantigenswerediluted

inaO.05Mcafbonate-bicatbonatebu飴r(PH9.6).Toreducethenonspecificbinding,

PlateswereblockedforlHat370CwithPBScontainlng3%skimmilk.Themicrotiter
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Plateswerethenincubatedwithindividualhorseserumdilutedl:80inPBScontaining

3%skimmilkforlH at370C.ARersixwashestimeswithPBS containingO.05%

Tween20,the peroxidase-COrtiugatedgoatanti-horseIgG(Cappel,Du血am,N.C.)

antibodydilutedl:4,000inPBScontainlng3%skimmilkwasaddedtoeachwellin

50い.1andincubatedforlHat370C.Theplateswerewashedasdescribedabove,and

thens豆bstratesolution(0.1Mcitricacid,0.2Msodiumphosphate,0.003%H202,and

O.3mg/m12,2一-aZide-bis[3-ethylberuthiazoline-6-Sulfonicacid])(Sigma,St.Louis,

Mo.USA)wasaddedtoeachwe11inlOOplaliquots.TheabsofbanCeat415nmwasread

afterlH ofincubationat room temperature by usinganELISA reader(Corona

MicroplateReaderMTP-120;Corona,Japan).

OntheELISAfordetectionantibodiesto EMA-1thetiterwas expressedasthe

recIPrOCalofthemaximumdilutionthatshowedanopticaldensityvalueat415nm

equaltoorgreaterthan0.1,Whichisthedi脆renceinabsofbanCebetweenvaluesfor

theEMA-1antigenandcontrolantigen.OntheELISAfordetectionantibodiestoBc48

thetiterwasexpressedastherecIPrOCalofthemax.imumdilutionthatshowedanOPtical

density value at415nm equalto or greater than0.2,Whichis the diffbrencein

absotbanCebetweenvaluesfortheBc48antigenandcontrolantigen.

Statisticalanalysis.Alldatawerepresentedasthemean土S.E.TheslgnificanCeOf

dif托rencesbetweenthe3farmSSamPlesanddi飴rentagegroupsweredeterminedwith

Student,st-teSt.

1-3.ResⅦ1t$

AsshowninThblel,Ofthe70samPlestested,28(40.0%)and17(24.3%)samPles

WerePOSitiveforantibodiesagainstB.equlandB.caballibytheELISAs,reSPeCtively.
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TheELISAantibodytitersrangedfroml:80tol:10240(datanotshown).Inaddition,

11(15.7%)samPleswerepositiveforbothB.equiandB.caballi(Thble2).Therewere

nostatistically(byx2-teSt,ア>0.05)significantdi飴rencesobservedonthethreefarmS

SamPled(1もblel).ThepositiveratesforB.equirangedfrom28.6to45.2%onthe

threefarmS.Ontheotherhand,thepositiveratesforB.caballirangedfrom19.4to33.3

%onthethreefhrmS.AsshowninTable3,bothB.equiandB.caballiweredetected

inhorses agedltooverlOyearS.Therewereno statistically(byx2-teSt,P>0.05)

Slgnificantdifrbrencesamongdi飴rentagegroups.Tbeseresultsindicatethatequlne

PlrOPlasmosisiswidespreadinwestemXirtiiang,China.

1-4.Disenssion

ThereareonlyafbwpreviousreportsontheprevalenceofequlnePlrOPlasmosisin

China(Yinetal.,1997).Tbmyknowledge,thisstudyisthefirstreportonthesurvey

forequlnePlrOPlasmosisinXi再iangUygurAutonomousRegion,China.Mydatamay

be considered asimportantinformation that would contribute to understanding the

PreValenceofequinepiroplasmosisnotonlyinChina,butalsotocountriesneighboring

XirtjiangPrOVince.

SeveralreportsontheprevalenceofequlnePlrOPlasmosisinMongoliawhichshareS

aborderwithXirtiiangprovincehavebeenpublished(Avarzedetal.,1997;Ikadaietal.,

1999,2000;Xuanetal.1998,2001a,2001b)･ThesereportsdemonstratedthatbothB.

equiandB.caballiinfectionsinhorsesareWidespreadinMongolia.Battsetsegetal.

(2001)reportedthatbothB.equiandB.caballicanbetranSmittedbyDermacentor

nuttalliinhorsesinMongolia･ThetickvectorsforequlnePlrOPlasmosisinXirdiang

UygurAutonomousRegionhavenotyetinvestigated,thereforethereisaneedtostudy
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thepotentialtickvectorsinvoIvedinthetranSmissionofB.equiandB.caballiinhorses

inXidiangUygurAutonomousRegion,China.

Inthepresentstudy;therecombinantantigens,EMA-1andBc48,WerePrOduced

uslngthegenesclonedfromB.equiUSDAstrainandB.caballiUSDAstrain,both

isolatedintheUSA.TheremaybesomegeographicdiversityandanaSSOCiatedlossor

galnOfepitopesontheEMA-lorBc48betweentheUSDAstrainsandXirjianglSOlates.

Therefore,thereisaneedtocomparetheEMA-1andBc48genesoftheUSDAstrains

toXirtjiangisolatesinthefuture.

1-5.Snmmary

TheprevalenceofequlnePlrOPlasmosisintheXirtjiangUygurAutonomousRegion

WaSeXaminedbyenzyme-1inkedimmunosotbentassays(ELISAs).Atotalof70serum

SamPles were takenfrom horses pastured on three farmSin WtsternXirtiiang,and

examinedforantibodiesagainstB.equiandB.caballibyELISAsuslngreCOmbinant

B.equimerozoite
antigenl(EMA-1)and B.caballireco血binant Bc48 antigen,

respectively.Ofthe70samples,28.6(40.0%)and17(24.3%)samPleswerepositivefor

antibodiesagainstB.equiandB.caballi,reSPeCtively.Inaddition,11(15.7%)samPles

Were POSitivefor both B.equiand B.caballi.These resultsindicate that equlne

PlrOPlasmosisis widespreadand therefore a causefor serious concernin Westem

X叫iang.
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Tablel.PrevalenceofequlnePlrOPlasmosisinthreefarmSinWesternXirtjiang

No.ofpositive(%)

且e曾〟ga 且cαムα′′～ム

FaⅢn No.ofexamined

A

Total

31

21

18

14(45.2)

6(28.6)

8(44.4)

28(40.0)

6(19.4)

7(33.3)

4(22.2)

17(24.3)

aAntibodies to Babesia equiwere detected by ELISAus1ng reCOmbinant EMA-1

expressedininsectcells.TheELISAwasconsideredpositivewhenanOPticaldensityat

415nmequaltoorgreaterthan0.1wasobservedatdilutionsofl:80andabove.

bAntibodies to B.caballiwere detected by ELISAus1ngthe recombinant Bc48

expressedinEscherichia Cbli.TheELISAwas consideredpositivewhenanOPtical

densityat415nmequaltoorgreaterthan0･2wasobservedatdilutionsofl:80and

above.
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Table2.MixedinfectionofBabesiaequiandBabesiacaballiinhorsesinWestem

X両iang

且e曾〟け 且e曾〟ト Tbtal

且cαあαJJg+

且cαあαJJ′一

丁btal

11(15.7%)a

17(24.3%)

28(40.0%)

6(8.6%)

36(51.4%)

42(60.0%)

17(24.3%)

53(75.7%)

70(100%)
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Table3.PrevalenceofequlnePlrOPlasmosisinhorsesofdif托rentagegroups

No.ofpositive(%)

βαゐ錯gαe曾〟∫ βαムぴねcαムα招

Age(yearS) No.ofexamined

1-5

6-10

>10

24

38

7(29.2)a

16(42.1)

5(62.5)

7(29.2)

8(21.1)

2(25.0)

aValuesinparenthesisareinpercentage･
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Chapter2

SerodiagnosisofequlnebabesiosesindonkeysinXinjiang
●

2-1.IntrodⅦetion

Equlnebabesiosisistick-bornediseaseofequlneS,includinghorses,donkeys,mules,

andzd)raS;thediseaseiscausedby2haemoprotozoanParaSites,BabesiaequiandB.

caballi(Bruning,1996).Themortalityratedependsuponthegeneralimmunestatusof

thea飴ctedanimalsandtheviru1enceofthepathogenicorganisms.Ahighmortality

rateoccursduringtheinitialinfbctionofhorsesfromBabesia-freeareasintroducedinto

endemic reglOnS･In endemic reglOnS,the severe climicalcases ofbabesiosis are

relativelyrare･EqulnebabesiosisisendemicinmanyPartSOfEurope,A蝕ca,Arabia,

andAsia(exceptJapan).Duetothealmostworldwidedistributionofthepotentialtick

vectors,theintroduction ofcamiersinto non-endemicareaS Or COuntries must be

PreVented(Schein,1988).Prior toimportation to non-endemicareaS Or COuntries,

equinesmustbeshowntobenegativeforbabesiosisthroughserologicaltests(Tbnter

andFriedho托1986;Schein,1988;Bruning,1996).Currently;thecomplementfixation

test(CFT)andtheindirectnuorescentantibodytest(IFAr)arecommonlyusedfor

detectingthepresenceofantibodiestoB.equiandB･CaballiparaSites･However,these

SerOlogicaltestsarehinderedbyalimitedantigensupplyandpoorspecificity(Schein,

1988;Bruning,1996).Recently,a reSearCh group has developed enzyme-1inked

immunOSOtbentassays(ELISAs)usingrecombinantantigens,anddemonstratedthatthe

ELISAscanbeusedasanaltemativetotheCFTandtheIFArfordiagnosisofB.equi

andB.caballiinfections,reSPeCtively(Ikadaietal.,1999,2000;Xuanetal･,2001b;
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Hirataetal,.2002,2003,2005;Huangetal.,2003;Tbmakietal.,2004)･InthisChapter,

Iinvestigated the prevalence ofequlne babesiosisin donkeysin XirtjiangUygur

AutonomousRegion,ChinabyELISAsuslngreCOmbinantantigens･

2-2.Materialsandmethods

Region,amimals and samples. As described above(Generalintroduction),

XirtiiangUygurAutonomousRegion,thelargestprovinceinChina,islocatedinthe

northwestempartofChina･Itsharesborderswith8countries,1･e･,Mongolia,Russia,

Kazakhstan,Kirghizstan,Tbdzhikistan,Afbhanistan,Pakistan,andIndia･TheKashgar

andIliareaS,locatedinthewesternPartOfXirtiiang,WereSelectedtoinvestigatethe

prevalence of equlne babesiosisin donkeys･KashiandIlishare borders with

Kirghizstanand Kazakhstan,reSPeCtively(See Fig･1in Chapter3)･The climateis

predominantlydryandcontinental,Withwamsummersandcoldwinters･Theaverage

temperatureis25.70C(Kashgar)or22.70C(Ili)insumer(July)and-6･00C(Kashgar)

or-9.50C(Ili)inwinter(January).BoththeKashgarandIliareaSarelocatedatthe

middlepointoftheSilkRoadthatusedtoextend丘omRometoXiTan,China,andare

knownasthemaincentersforthehorseanddonkeyindustriesinChina.Donkeysare

importantanimalsinbothareaS,WheretheyareextensivelyusedastranSPOrtationby

theminorityUygurpeople.Tbdate,therearenoreportsregardingprevalenceofequlne

babesiosisindonkeysinXidaing,althoughprevalenceofthediseaseinhorseshasbeen

reportedrecentlyinXirtiiang(Chapterl)･

BloodsamPleswererandomlycollected丘om93donkeysinKashgar(n=50)andIli

(n=43)areaSOfXirtiiangUygurAutonomousRegion,Chinain2004(Apri1toAugust)･

BloodsamPleswerecentrifugedatlOOOxgforlOmin,andserumwasobtainedand
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StOred at-200CuntilanalysIS.Ageoftheanimalswasrecorded,andno apparent

ClinicalsignswereobservedforanyOfthesamPleddonkeys･

Equimerozoiteantigen2(EMA-2).U･S･DepartmentofAgriculturestrainofB･

equiwasculturedinequineerythrocytesasdescribedpreviously(jbarazedetal･,1997,

1998).The DNA was extracted from B.equi-infected erythrocytes with

Phenol-ChloroformandprecipitatedwithethanOlandusedasatemplateDNAforPCR･

The EMA-2t gene was amPlified by using a sense pnmer,

5T-ACGAATTCTAAAATGTTGAGCAAG.3一,Whichwaslocatedatthe23rdcodon(the

first codon behindthe cleavage site ofsignalsequence),and the antisense primer,

5一-ACGAArTCTT〟rTGGGTCTTGTAG-3一,Whichwaslocatedatthe251stcodon(the

last codonbeforethehydropheoticC-terminalsequence)(Huang et al.,2003)･The

amPli丘edDNAwasinsertedintotheEcoRIsiteofpGEX-4TandtranSformedintothe

DH5αStrainof励cherichia Cbli.TheresultingrecombinantPlasmidwasclonedand

designatedpGEX-4T/EMA-2trunaCated(EMA-2t),andexpressedinEcoli,andthe

recombinant EMA-2tfusion protein withGST was extracted withTNE(50mM

Tris-HClatpH7.5,100mMNaCl,and2mMEDTA)containinglysozyme(100トLg/ml)

andl%TritonX-100combinedwithsonication,andpurifiedfromthesolublefraction

Withglutathione-Sepharose4B(AmershamPhamaciaBiotech,Uppsala,Sweden),and

usedasanELISAantlgenforthedetectionofantibodiestoB.equiindonkeys.

Bc48protein. TheELISAuslngreCO血binantBc48proteinexpressedinE coli

by pGEX-4Tfor diagnosis ofB.caballiinfectionin donkeys was camied out as

described(Ikadaietal,1999,2000).RecombinantBc48fusionproteinwaspurified

uslngglutathionesepharOSe4Bbeads,andusedasanELISAantigenforthedetection

OfantibodiestoB.caballiindonkeys.
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ELISAs. AnELISA,uSlng reCOmbinant EMA-2t expressedin E.coliby

PGEX-4T vectorfor diagnosis ofB.equiinfectionin donkeys,WaS Performed as

describedpreviously(Huangeta12003).TheELISAusingrecombinantBc48protein

expressedinE colibypGEX-4TfordiagnosisofB.caballiinfectionindonkeyswas

Camiedoutasdescribed(Ikadaietal,1999,2000).

ELISA was performedin96-Wellmicroplates(NunC,Roskilde,Denma止).The

Plateswerecoatedwiththedilutedantigen(5pg/ml)at40Covemight,theplateswere

blocked with3%skimmilkinPBS(blocking solution)at370Cforlh.Then,the

blockingsolutionwasdiscarded,and50lllofserumSamPledilutedinblockingsolution

WaS addedto eachwell.Afterlhofincbbationat370C,thewellswerewashedsix

timeswithawashsolution(PBScontainingO.05%Tween20)andthenincdbatedwith

horseradish
peroxidase-COI如gated goat anti-horseimmunOglobulin G(ICN

Biochemicals)dilutedintheblockingsolutionat370Cforlh(50pIperwell).A氏ersix

WaShing,thesubstrate[0.1Mcitricacid,0.2MsodiumPhosphate,0.003%H202,0.3

mgof2,2'-aZino-di-(3-ethylbenzthiazolinesulfonate)perml]wasadded(100ト11per

Well).TheabsotbanCeat415nmwasreadwithinlhbymeanSOfanMTP-120ELISA

reader(CoronaElectric,Ibaraki,Japan).GSTwasusedasacontrolantigenforEMA-2t.

TheELISAresultwasdeterminedforeachsamPlebytakingthemeanOPticaldensity

ValueoftworeadingswiththeEMA-2torBc48proteinandsubtractingthemeanValue

OftworeadingswithGSTprotein.

The ELISAfor detectionantibodies to EMA-2t,the titerwas expressed as the

recIPrOCalofthemaximumdilutionthatshowedanopticaldensityvalueat415nm

equaltoorgreaterthan0.1,Whichisthedi飴renceinabsotbanCebetweenvaluesfor
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theEMA-2tantigenandcontroIGSTantigen.TheELISAfordetectionantibodiesto

Bc48,thetiterwasexpressedastherecIPrOCalofthemaximumdilutionthatshowedan

OPticaldensityvalueat415nmequaltoorgreaterthan0･2,Whichisthedi飴rencein

absofbancebetweenvaluesfortheBc48antigenandcontroIGSTantigen.

In the both ELISAs,the secondary goat anti-donkeyIgGantibody(Rockland

Immunochemicals,1:4,000)wasused.TheIFArusingB.equiparaSiteorB.caballi

ParaSite asantigenswas performedas described previously(AvarZed,et al･,1997),

exceptthatthesecondaryrabbitanti,donkeyIgGantibodyl:400(BethylLaboratories)

wasused.

Statisticalanalysis.Alldatawerepresentedasthemean士S.E.TheslgnificanCeOf

di脆rencesbetweenthedi飴rentareassamPlesweredeterminedwithStudent'st-teSt.

2-3.Resnlts

Asshowninlもble4,Ofthe93donkeystested,9(9.7%)and36(38.7%)samPles

WerePOSitiveforantibodiesagainstB.equiandB.caballibytheELISAs,reSPeCtively･

AllELISA-POSitivesamPleswereconfirmedaspositiveforbothB.equiandB.caballi

byIFArbwithparaSitesasantigens(datanotshown).However;therewerealso5and2

ELISA-negativesamPlesconfirmedaspositiveforB.equlandB.caballibyIFATb,

respectively.Further studyis needed to
clarifythe

discrepanCy between the two

methods.ThedistributionsoftheELISAantibodytiterstoB.equiwerel:100(2sera),

1:200(2sera),1:400(1serum),1:800(1serum),1:1600(2sera),andl:3200(1serum).

ThedistributionsoftheELISAantibodytiterstoB.caballiwerel:100(6sera),1:200(8

Sera),1:400(6sera),1:800(4sera),1:1600(5sera),andl:3200(5sera),andl:6400(2
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Sera).Inaddition,2(2.2%)samPleswerepositiveforbothB.equiandB.caballi(Tbble

5).Therewerenostatisticallysigni丘cantdi飴rences(byx2-teSt,P>0.05)observedon

theareassamPled(Tbblel).BothB.equiandB.caballiweredetectedindonkeysaged

ltolOyear(datanotshown).Therewerenostatisticallysigni負cantdi能rencesamOng

di飴rentagegroups(byx2-teSt,タ>0.05).Theseresultsindicatethatequinebabesiosis

indonkeysISWidespreadinwestemXiniiang,China.

2-4.Discussiom

ThereareOnlyafewpreviousreportsontheprevalenceofequlnebabesiosisin

horsesinChina(Ⅵnetal.,1997;Xuetal.,2003).InChapterl,Ihavereportedthat

equlnebabesiosisinhorsesiswidespreadand,therefore,aCauSeforseriousconcernin

XirtiiangUygurAutonomousRegion,China.Tbmyknowledge,thisisthefirstreport

describingasurveyOnequlnebabesiosisindonkeysinChina.

SeveralreportsontheprevalenceofequlnebabesiosisinMongolia,Whichsharesa

borderwiththeXirjiang,havebeenp豆blished(Avarzedetal.,1997;Xuanetal.,2001a;

Boldbateretal.,2005).Thesestudies demonstratedthatbothB.equiandB.caballi

infectionsinhorsesarewidespreadinMongolia.Battsetsegetal.(2001)reportedthat

DermacentornuttallicouldtransmitbothspeciesofBabesiainMongolia.Controlling

thepossibletickvectorsisthoughttobeane飴ctivewaytoreducetheinfectionandto

improvethequalityofhorseanddonkeypopulationsinendemicareaS.Thetickvectors

forequlnebabesiosisintheXirtiiangnOtVeryClearlyatthepresenttimeand,therefore,

thereisanurgentneedtoidentifythepotentialvectorsinvoIvedinthetransmissionof

bothB.equiandB.caballiinXinjiang.

Ingeneral,B.equiinfectionismoreprevalentthanB.caballiinfectioninhorses
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(Schein,1988).However,inthepresentstudy;thepositiverateofB.equiinfection(9.7

%)waslowerthanthatofB.caballiinfection(38.7%)indonkeysinWestemXirtjiang･

Atthis moment,thereasonis remainedunknown.Thelarge-SCaled epidemiologlCal

Studieswillbeneededtoclarifythequestion.

In this study;al193donkeys examined wereraisedlocally,SuggeSting thatthe

equlnebabesiosisis endemicamOng thelocaldonkeypopulations.However;mOre

formallydesignedepidemiologicalstudieswouldbeneededtodefinethepopulation

dynamicsoftheinfectionandtheroleofpossiblevectors.Inaddition,allsero-POSitive

donkeysdidnotshowanySlgnificantClinicalsigns.Sincethesedonkeysareconstantly

underexposureofB.equiandB.caballiinfbctions,theymayacqulreCOmParatively

highimmunity.

2-5.Summary

TheprevalenceofB.equiandB.caballiindonkeysinXirtiiangUygurAutonomous

Regionwasinvestigated.Intotal,93serumSamPles wererandomlycollectedfrom

donkeysintheKashgarandIliareas,andexaminedforantibodiesagainstB.equiandB.

caballiby enzyme-1inkedimmunosofbent assays uslng reCO血binant antigens of

EMA-2tandBc48.Ofthe93samPles,9(9.7%)and36(38.7%)samPleswerepositive

forantibodiesagainstB.equiandB.caballi,reSPeCtively.Inaddition,2(2.2%)samPles

Were POSitivefor bothB.equiand B.caballi.These resultsindicate that equlne

babesiosismightbeextensivelyprevalentindonkeysinWestemXirtjiang.
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Tbble4.Prevalenceofequlnebal)eSiosisindonkeysinⅥねsternXirjiang

No.ofpositive(%)

Area No.ofexamined

且e曾〟ia) 且cα占αJが)

Kasbi 50 7(14.0) 16(32.0)

2(4.7) 20(46.5)

Tbta1 93 9(9.7) 36(38.7)

a)Antibodies toBabesia equiwere detectedbythe ELISAuslngreCOmbinant

EMA-2texpressedinEscherichiaCbli.TheELISAwasconsideredpositivewhenan

OPticaldensityat415nmequaltoorgreaterthan0･1wasobservedatdilutionsofl:100

andabove.

b)AntibodiestoB.caballiweredetectedbyELISAuslngtherecombinantBc48

expressedinEcoli.TheELISAwasconsideredpositivewhenanOPticaldensityat415

nmequaltoorgreaterthan0.2wasobservedatdilutionsofl:100andabove.
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Tbble5.MixedinfectionofBabesiaequiandBabesiacaballiindonkeysin Western

ⅩiIカiang

且e曾〟i+ 且e曾〟‡一 恥tal

且cαあαJJ～+ 2(2.2%)a 34(36.5%) 36(38･7%)

且cαあα肋～- 7(7.5%) 50(53.8%) 57(61･3%)

Tbta1 9(9.7%) 84(90.3%) 93(100%)

aValuesinparenthesisareinpercentage
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Chapter3

SerodiagnosisofAn呼hzsmosesandEhrHchiosesindomesticanimalsin

Xinjiang

3-1.Introduction

Ehrlichiosesareimportantvector-bornediseasesinbothhumanSandanimals･Both

AnqplasmaandEhrlichiaspp･areknowntobetranSmittedbyticksandaredistributed

worldwide(DumlerandBakken,1998).ThegenusAnqplasmaincludesA.maTginale,A･

centrale,A.ovis,A.plaoLS,A.phagoqtqphilumandsomeunidentifiedspeciesclosely

related tothose pathogens.The genus朗rlichiaincludes E canis,E･eWingii,E

chq酔ensis,Emuris,E.ruminantium,andsomeadditionalnewEhrlichiaspecies･A･

phagoq7tqPhilumandEchq辟ensisaretwomqjorzoonosispathogensmainlyreported

in the United Statesand European countries(Foley et al.,2004;Parola,2004)･A･

phagoqtqphilumcanCauSePreValentdiseasesinhumanS,ruminantSandhorses,andE

chq脾ensisinbothhumanSanddogs.Recently,bothagentshavealsobeenreportedin

eastemAsia,includingChinaandKorea(Caoetal.,2000a,2003;Kimetal.,2003;Liu

etal.,2005;Zhanetal.,2008).InChina,DNAofA.phqgoq;tQPhilumhasbeendetected

inLwdbspeYSulcatusticksinHeilongjiangProvinceinnortheasternChina(Caoetal･,

2003).E.ch娩ensisDNAwasalsodetectedbyPCR倉om肋emqphysalisyeniand

Ambb,OmmateStudinariuminsouthemChina(Caoetal.,2000b)･However,thereisa

littleinformationavaihbleonehrlichiosisinthewestempartofChina.XirtjiangUygur

AutonomousRegionislocatedintheWestemmostareainChina･ThereglOnhasacold

anddryclimatewithhighmountainsandwidedeserts･Theanimalgrazingofruminants
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OnPaSturelandisoneofthemainindustriesofXi再iang.Horsesanddonkeysarealso

importantanimalsforuseintransportationinthisarea･Rickettsiasibilicaistheonly

knownrickettsialpathogenthatcausesspottedfeverinbumanSinXiI可iang(Aietal･,

1979;Fanetal.,1987),butitisnotclearwhetherothertick-bornerickettsialdiseases

exist.TheaimofthisChapterwastodeterminewhetherpathogensofAnqplasmaand

朗rlichiadistributeinXirtjiangUygurAutonomousRegion.Tlms,thesero-PreValence

OfantibodiesagainstAnqph7SmaandEhrlichiaindomesticanimals,includingcattle,

Sheep,gOatS,horses and donkeysin this area were screened by uslngindirect

fluorescentantibodytest(IFAr)forA.phagoqtqphilumandE.ch娩ensis.

3-2.Materialsandmethod$

Region)animal$and samples･ ThreeareaS,Altai,Iliand Kashgar,Were

Selectedforthesurvey(Fig.3).AltaiissituatedinthenorthempartofXirtiiang,andis

boundedbyRusSiaandthePeople-sRepublicofMongolia.Itisjustsouth-WeStOfthe

AltaiMountains.Iliissituatedatthenorth-WeStborderofXirtjiang,andisboundedby

theKazakhstanRepublic,Russia.ItisalsonorthoftheTianshanMountains･Kashgaris

atthewestendofXidiang,borderingtheTaklamakandesertintheeastandtheKunlun

Rangeinthesouth.ItisalsotheeastemneighborofKyrgysandTqjikistan･

Sera were collected丘om146cattle,134sheep,133goats,85horsesandlOO

donkeysinXirtjiangUygurAutonomousRegionfromApriltoAugustin2004.These

numbersofserafromeachareaandtypeofanimalareshowninTable6.SamPles

WereStOredatr200Cuntilexamined.HistoriesandclinicalsymPtOmSOfeachanimal

werenotrecorded.

IFAT.AntigensforIFAT were kindlygiven by Dr.P.Brouqui(Unit6des
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Rickettsies,Universit6dela Mediterran6e,Marseille,FranCe).A.phagoq)tQPhilum

(HGEagentWebsterstrain,0riginallysuppliedbyDr･J･S･Dum1er,TheJolmsHopkins

UniversitySchoolofMedicine,Baltimore,MD,USA)andE chq脾ensis(A止anSaS

strain,0rigina11y supplied by Dr･J･E･Dawson,Centerfor Diseases Controland

Prevention,Atlanta,GA,USA)were used asantigensin theIFAT as previously

described(Brouquietal.,1994).Serafrommicethatwereexperimentallyinfbcted

withA.phqgoq;tQPhilumandEchq脾ensiswereusedaspositivecontroIs･Serafrom

healthyanimalskeptinJapanWereuSedasnegativecontroIs･Serawerescreenedata

l:20dilutioninphosphate-bu蝕redsaline(pH7.4),Tween O･5%(PBST)and an

optimized dilution(1:160tol:200)offluoresceinisothiocyanate-1abelledanti-IgG

cortjugate(anti-CattleIgG;ICN PhamaceuticalsInc･,USA,anti-SheepIgG;ICN

PhamaceuticalsInc･,USA,Capple,anti-gOatIgG;ICNPharmaCeuticalsInc･,USA,

anti-horseIgG,MP Biomedicals,Inc･,USA,Oranti-donkeyIgG;Santa CruZ

Biotechnology,USA)inPBSTwasusedasthesecondantibody･Thepositivereactions

werethendetecteduslngafluorescencemicroscope･AntibodylevelsoftestsamPles

weredeterminedbycomparisonwiththeappropriatepositiveandnegativecontroIs･

ThosesamPlesthatreactedwithanyOftheantigensatthescreenlngdilutionwerethen

titrateduslngSerialtwofo1ddilutionstodetermineendtiters･

3-3.ResⅦ1ts

TheresultsaresummarizedinThble7.Atotalof7cattleserumSamPlesof47

(14.9%)inAltai,60f50(12.0%)inIli,and20f49(4･1%)inKashgarreaCtedwithat

leastoneoftheantigensatadilutionofl:400rmOre･Dualpositivitywasoccasiona11y

seen,butmostsamPlesreactedmorestronglywithoneofthetwoantigens(Fig･2)･In
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Altai,allofthe7positivecattlereactedwithE.ch娩ensiswithtitersrangedbetween

l:40tol:320,andshowedweakreactionwithA･PhagoqytQPhilumwithtitersofl:200r

less.FivecattleserumSamPlesinIlishowedhighertitersagainstE･Ch娩ensis(1:40to

l:160),WhilelshowedahighertiteragainstA.phagoり′tQPhilum(1:80)･Incontrast,the

2positivecattleinKashgarshowedhighertitersagainstA･Phagoq)tQPhilum(1:40and

l:160)thanthoseagainstE.ch娩ensis･Atotalof6sheepserumSamPlesamOng37

(16.2%)inAltai,11amOng50(22.0%)inIliand8among47(14･9%)inKashgar,

reactedwithA.phagoqtqphilumorEch娩ensisatadilutionofl:400rmOre･InAltai,

30fthe6sheepserashowedhighertitersagainstA.phqgoq)tqPhilum(withtitersof

l:40tol:160)thanthoseagainstEchq酔ensis,Whiletheother3samPlesshowedthe

sametiters(ofl:400rl:80)againstA.phqgoqytQPhilumandE･Chq脾ensis･InIli,4

sheepsamPlesshowedhighertitersagainstEch娩ensis(1:80tol:160),andlagainst

A.phagoq)tqPhilum(1:40),Whiletheother6showedthe sametiters againstboth

antigens.In Kashgar,3 positive sheep sera showed higher titers against A･

phagoq;tQPhilum(1:40,1:80andl:320),3showedhighertitersagainstEch娩ensis,

andtheother2showedequaltiters(ofl:40andl:80)againstbothantigens･Noneofthe

goatserainAltaishowedanyPOSitivereaction,Whileatotalof3goatserumsamPles

amOng50(6.0%)in KashgarandlamOng33(3･0%)inIlireacted with A･

phagoq;tqPhilumorEch娩ensisatadilutionofl:400rmOre･InIli,theonlypositive

SamPleshowedahighertiteragainstE･Ch娩ensis,Withtiterofl:40･InKashgar,2

POSitivegoatserashowedhighertitersagainstA.phagoqytQPhilum(1:40andl:80)and

lshowedahighertiteragainstEch娩ensis(1:40)･
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3-4.DiscⅦSSion

In the present study,antibodiesthat reacted withA･PhagoqytQPhilumand E

chq伊ensisweredetectedinruminantsinXirtjiang･However,therelationshipbetween

pathogenesisandantibodiesagainsttheseagentswasnotanalyzed,becausethehistories

andclinicalsymPtOmSWerenOtreCOrdedinthisstudyInAltai,Cattleshowedhightiters

againstE ch娩ensis,WhilesheepshowedhighertitersagainstA･Phagoqtqphilum･

Thismayreflectthedi飽rencesoflocationofwberetheexaminedanimalswerekept･It

wasimpossibletoexaminetheexistenceofA･Phagoq}tQPhilumandE･Ch娩ensisin

theseareas,becausecrossreactionofantibodiesiscommonlyseenforantigensamOng

thesamegenuS.Thepositivereactionmighthaveresultedfrominfbctionofspecies

closely related to A.phagoqytQPhilumand E.chq炉ensis･Higher titers may be

associatedwithmultipleexposuretoindividualanimalsorrecentexposure,although

someyoungeranimalsalsoshowedhightiters･InXirjiang,mOStruminantSarekepton

pastureland,andareuSuallyinfestedwithmanyticksfromspnngtoautumn･Ticksmay

transmittheehrlichialpathogenstoanimals･

A11thehorseserumSamPleswereobtainedinAltai,andnoneofthereserareacted

withanyoftheantigens･TheonlypositiveserumSamPleofdonkeythatobtainedfrom

ananimalinKashgar･ThetiteragainstA･Phagoqtqphilum wasl:40･Mostofthe

horsesanddonkeysexaminedinthisstudywerenotkeptonpastureland,butlivednear

the払rmhousesandwereusedfortranSPOrtation.Thus,tickinfestationofhorsesand

donkeysislesslikelythanthatofruminantS･

Recently,SeVeralnewehrlichialspeCies weredetectedbymolecularmethods or

isolatedarOund China.E murisand anew Ehrlichia species closelyrelated to E

chq解ensiswereisolatedinJapan(Wenetal･,1995;Shibataetal･,2000)･E･murisDNA
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hasalsobeendetected丘omticksincentralRussianearXirdiang(Shpynovetal･,2004)･

AnothernovelEhrlichia DNAcloselyrelated to E ewingiiwas detectedinTibet,

MyanmarandJapan(Wenetal.,2002;Parolaetal･,2003;Inokumaetal･,2004)･Itis

possiblethatdomesticanimalsinXiI肩ianghavebeeninfectedwithsomenewehrlichial

pathogens and showed positiveantibodies against A･Phqgoq)tqPhilum and E

ch娩ensis.IsolationandcharaCterizationofthepathogenswillberequiredforthenext

StePOfthisstudy

3-5.SⅦmmary

SerologicalmethodswereutilizedtodetectAnqplasmaand朗rlichiainfectionin

domesticanimalsin Xirjiang Uygur Autonomous Region･SerumSamPles were

collectedfromcattle,Sheep,gOatS,horsesanddonkeysinAltai,Ili,andKashgarareaS･

ThesesamPleswereanalyzedbyuslnganindirectimmun0fluorescenceassaytoscreen

forantibodiesagainstA.phagoqtqphilumandE.chq炉ensis,WhichinfectruminantS･

AntibodiesscreenedbyIFjWshowed5･5%percentofthesamPleswerepositiveforA･

phagQPq;tOk)hilumantibodiesincattlewhile17%wereseropositivefortheantibodies

insheep.Moreover,8.9%ofsamPleswerepositivefortheE･Chq脾ensisantibodiesin

cattle while15.7%percent were positivefor the pathogen antibodiesin sheep･In

contrast,gOatS,donkeysandhorsesexaminedinAltaiereawereallnegativeforthe

antibodiesagainstthepathogens･Theseresultsindicatedthatcattleandsheepcouldbe

infected withsomethe species ofAnqpldsmaand朗rlichiain XirtjiangUygur

AutonomousRegion,China.
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Table6.Informationofseraexaminedfromeacharea

Numbersofanimals
Area Animals Age(range,yearSOld)

examined

Cattle

Sheep

Goat

Horse

Donkey

C如tle

Sbeep

Goat

Donkey

Ca仕1e

Sbeep

Goat

Altai

Kashgar
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Table7.DetectionforantibodiesagainstA.phqgoqtQPhilumandE･Chq伊ensisin

domesticanimalsinAltai,IliandKashgarareaOfXirjiangUygurAutonomousRegion

Titers
No.Age(yearSOld)

12 5

13 6

26 6

28 6

29 6

30 5

31 6

Amimals Area

(二attle+ Altai

Ili 4 5

6 3

11 2

22 4

24 2

36 2

2

2

3-5a

3-5a

3-5a

3-5a

3-5a

3-5a

O

2

Kashgar 34

42

Altai lO

ll

12

23

44

49

Ili 6

13

d.かゐαgOCγわpゐ∫J〟椚 且cゐα舵e〝∫由
40

80

160

80

80

80

320

20

<20

<20

<20

<20

<20

<20

20

<20

80

20

40

80

40

80

160

80

80

40

14 2

19

26

28

32

33

38

42

45

0

0

0

2

2

1

2

0

Kashgar 8

12

13

17

18

24

33

0

2

2

2

2

0

2

44 4

Goats

aAgeoftheindividualsheepinAltaiwasnotrecorded
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Fig.2.AntibodytitersagainstAn呼Iasmaphagoq′tqPhilumandEhrlichiachq脾ensis

ofdomesticanimalsthatshowedtitersofl:400rmOreagainstanyOftheagents･
A:PositivesamPleincattle･B:Positivesampleinsheep･
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Chapter4

MoleculardignosisofRicke舶ihinfectionincattleinXinjiang

4-1.IntrodⅦetiom

In China,SeVeraltick-bomeRicketLsia species havebeenisolated over thelast

decade,includingR.sibirica(Zhangetal.,2000b),R.heilongiiangii(Zhangetal･,

2000a),R.mongolotimonae(Foumieretal.,2003)andR.hulinensis(Zhanget al･,

2000a),WhichareknowntobehumanPathogens.Recentlyothernewrickettsialspecies

havebeenreportedincountriesneighboringChina;forexamPle,R.aeschlimanniiwas

detectedin ticksin Russiaand Kazakhstan(Shpynov et al.,2003),"Cbndiddtus

Rickettsiatarasevichiae"wasdetectedfromLwdespeYSulcatusinRussia(Shpynovet

al.,2004)andR.helvetica丘omllpe7TulcatusinJapan(Foumieretal.,2002;2003)･

Xirtjiang Uygur Autonomous Region Areaislocated north-WeSt Of China,and

neighbors of severalcountries,including Russia,Kazakhstan,Kyrgyz,T如ikistan,

PakistanandMongolia.AlthoughthefirstChinesespottedfevergroupRickettsiawas

isolatedfromapatientinthisarea(Fanetal.,1987),therehavebeenfewreportsonthe

epidemiology ofRicketsiainfectionin Xirtjiang.Thus,in the present Chapter,the

detectionandanalysisofRickettsiaspeciesfromticksrecoveredfromcattleinXirjiang

UygurAutonomousRegionAreawereattemptedus1ngmOlecularmethodsincluding

PCRscreenlngandsequenceanalysISOfthecitratesynthasegeneofRicketLsia.

4-2.Materialsandmethods

Region!animals and$amPles･ Turpanareaislocatedin the eastempart of
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XirtjiangUygurAutonomousRegion,andoneoftheimportantcattlebreedingindustry

count.Atotalof28tickswererecovered丘om5cattlekeptonpasturelandinTurpan,

XiI卓angprovince,inJuly2005･These5cattlewererandomlyselectedfromaherd

whichcontainedapproximatelylOOcattle･Thecattlewereusuallyinfestedwithmany

ticksfromspnngtoautumn･Thetickswerestoredin70%ethan01formorphological

identi丘cation.HistoriesandclinicalsymPtOmSOfeachanimalwerenotrecorded･DNA

wassuccessfullyextractedfromtheticksusingaQIAampDNAMiniKit(QIAGEN

GmbH,Hilden,Germany)withamethoddescribedpreviously(Inokumaetal･,2003)･

PCRandgeneanalysis･PCRwasusedtodetectrickettsialcitratesynthasegene

kltA)fragmentsfromtheticks.PCRamPlificationwasperformedina25plreaction

mixturecontaining5plofeachDNAtemplatewithascreenlngPnmerSet,RpCS･877p

andRpCS.1273r,formostspeciesofthegenusRicketLsia(Rouxetal･,1997)･PCRwas

camiedoutunderthefo1lowingconditions:35cyclesofdenaturation(940C,60s),

annealing(540C,60s)andextension(720C,90s)(Hiraokaetal･,2005)･ThePCR

productwaselectrophoresedatlOOVina2%agarosegel(WakoChemicalsInd)for30

min,Stained with ethidium bromide,and visualized by UVillumination･An

approximately500bpPCRproductwaspurifiedusingtheQIAPCRpmificationkit

(QIAGEN)fordirectsequenceanalysiswithaPerkin-ElmerABIPrism3100automated

DNA sequencer at the NationalResearCh Centerfor Protozoan Diseases,Obihiro

UniversityofAgricultureandVeterinaryMedicine･ThesequencedataofthePCR

products were analyzed using the BLAST 2･O
program(NationalCenter for

Bioteclm0logyInformation)forhomologysearch.Thedeterminedsequenceswerethen

analyzedforphylogeneticrelationshipswithothersequencesregisteredinGenBank･

Multiplealigrmentanalysis,thedeterminationofpalr-Wisepercentidentitiesofthe
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sequences,distancematrixcalculationsandtheconstruCtionofphylogenetictreeswere

allperformedwiththeClustalWprogramVerSionl･8intheDNAdatabankofJapan･

TreefiguresweregenerateduslngtheTreeViewprogramVerSionl･6･6･TheGenBank

numbersofthegltAgenesequencesofotherspeciesusedtoanalyzethedataareaS

fo1lows:R.prowazekii,M17149;R.jqponica,U59724;R･akart U41752;R･juis,

U33922;R.slovaca,U59725;R.conorii,U59730;R･Cadddb,U59713;R･honei,

AFO22817;R.helvetica,U59723;R.australis,U59718;R.montana,U74756;R･

massi/iae,U59719;Rickettsia qP･icaegi,U59733;R.hu[illenSis,AF172943;R･

mongo[0[imotlae,U59731:R･Sibirica,U59725;Ricke(tsiaparkel･i,U59732;Rickc(tsia

amb!vommii.AFO31496こ R.hei[ongiiaTZgii.AF178034;R･aeSChlimannii､U59722こ

月ぉお托扉αrゐ申わ甲ゐ妬U59721;`仇〝d≠ゐれび月fcお抽fαぬ用∫eγわぁ加',AF503167;

`CdndiddtusRickettsiaprinicipis,,AY578114･Thenucleotidesequencesofthefour

isolatesofrickettsialgltAobtainedfromticksinthisstudyhavebeendepositedinthe

GenBankdatabaseundertheaccessionnumbersDQ836217-DQ836220.

4-3.ResⅦ1ts

Most ofthe28ticks removedfrom cattle were semiengorged ticks,and were

morphologicallyidentified as13Dermacentor ma7ginatus(allfemales)(Fig･4),13

助emqphysalisddnieli(5malesand8females)(Fig･5)and2砂albmmaasiaticum

(bothfemales)(Fig.6).Thesetickspecieswerealltypicalspeciesofcattleinthisarea

(Yuetal.,1997).

Amongthe28samPlesofDNAextractedfromtheticks,4Hゐnieli(Hd22,23,24

and26)werepositiveforamPli丘cationofanaPPrOXimately500bpPCRproduct･A11
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these positive samPles were DNA samPles extractedfrom H dbnielithat were

recoveredfrom one cow.The nucleotide sequences ofthe456bpfragments gltA

amPlifiedforHd22,23and24wereidenticalwitheachother,andthatforHd26was

similartotheotherthree,With2nucleotidediffbrencesamOngthe456bp(identity

level:99.56%).ThesesequencesbelongtothesameClusterinthephylogenetictreeof

"CbndidatusRicketLsiaprincipis"(Fig.7).

4-4.DiscⅦSSion

The sequences ofthesefour samPles showed the highestlevels of similarity

(99.12-99.56%)withtheregisteredsequenceof"andiddtusRicketLmiprincipis",a

new Rickettsia spp.detectedfrom Hdemqp砂salis jqponica db喝Idsiin Russia

(AY578114).DetailedinformationaboutthisnewRicketLsia spp･has notyetbeen

published;however,itrepresentsthefirstdetectionof㍑CR･PnnCIPisnfromHddnieli

inChina.Becauseothersemi-engOrgedticksamPles丘omthesameCOWdidnotshow

anyPOSitivereactioninthePCRscreening,Hddnielimightbeapotentialvectorof"C

R.principis."Therickettsialsequences detectedinthis study also showed high

SimilaritywiththesequencesofotherspottedfevergroupRicketLsiadetectedinChina

and neighboring countries,includingR.jqponica(99･09-99･54%),R･heilongiiangii

(98.89-99.33%),且∫蹴rわα(98.86-99.32%),且椚0乃gOわ伽70乃αe(98･86-99･32%),且

aeschlimannii(98.41-98.86%)andR.hulinensis(98.41-98.90%)･Thefirstfour of

these rickettsialspecies(R.jqponica,R.heilongiiangii,R.sibirica and R･

mongolotimonae)areknowntobehumanPathogens･

Althoughthepathogenesisofthenew"C R･Principis"has yetbeen clarified,

attentionshouldbepaidtothepossibilityofhumaninfectionsinthisarea･Inthepresent
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study,thecattlewerenotexaminedforrickettsialinfectionand,thustheroleofcattleas

hostorreservOiranimalsofthisnewRicketLsia spp.isnotclearatPreSent･Further

epidemiologicalstudies willbe required to
clarifythe relationship betweenthe

Rickettsia spp･andpathogenesisinbothhumanSandanimals･ReservOirsandhost

animalsoftheagentshouldalsobeclarifiedinfurtherstudies･

4-5.SⅦmmary

Tickswhichwererecoveredfrom cattlekeptonpasturelandinXirjiangUygur

AutonomousRegionwereexaminedforRickettsiainfections･Atotalof28tickswere

collectedfrom5cattle.Then,theseticksamPleswereexaminedforRicketLsiainfbction

byuslngCitratesynthasegene-basedPCRandnucleotidesequenclng･Aspecificband

withanaPPrOXimately500bpwasdetectedfromthefour助emqp如alisddnielitick

samPles.TheDNAsequences丘omthese4samPlessharedhighnucleotidesimilarity

(99.12-99.56%)withtherecentlydetected"CbndiddtusRickettsiaprincipis",Whichis

anovelRickettsiaspeciesfoundinHeilong]1angPrOVinceofChina･Therefore,thedata

obtained倉omthisstudycouldbeusedtoprovidefutureestimatesofthelikelihoodof

infectionsbyRicketLsiaorganismsinXiI肩iangUygurAutonomousRegion,China･

46



什仙叩川l〟椚
●

Fig,4.Dermacen10rmafglnatuSCOllectedfromapastunngcattleinXiI豆iang,China･
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Fig･5･1hemqpjo;SalisdanieLicollectedfromapasturingcattleinXi叫iang,China･
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Fig.6.砂aLommaasiaticumco11ected録omapastunngcattleinXirりiang,China･
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0.01

Fig･7･Phylogenetic relationship ofvarious Ricketisia spp･based on the nucleotide

SequenCeSOfthecitratesynthasegene･ThenumbersatnodesaretheproportionsoflOO
bootstrapresamPlingsthatsupportthetopologyshown･Thescalebarrepresentsl%

divergence.Thebacteriadetectedinthiswofkarehighlighted･
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Generaldiscussion

TheXirjiangUygurAutonomousRegionisoneoftheimportantreglOnSandisthe

largestprovinceinChinaconstitutingone-Sixthofthewholecountry.Thepopulationof

m呵Orlivestockisapproximately53807000inXirtjiang,thusmakinglivestockfarm1ng

OneOfthemqoreconomicactivities.ThereglOnisgeogr叩hicallylocatedinthecenter

Ofthe Eurasianandis neighbored
by Mongolia,Russia,India,Pakistanand other

CentralAsianCOuntries.

Tickscausegreateconomiclossestolivestock,andadverselyafEbctlivestockhosts

in severalways,including"tick worry",andloss ofblood,When the ticks bite.

Additionally,ticksreducethequalityofhides,CauSetick-biteparalysisaswellastick

toxicosis and play a mqorinfluence on the kinetics oftransmission oftick-bome

diseases(Leviene1971;Sonenshine,1991,1993).The economicallymostimportant

ixodid ticks oflivestockin XirtjiangreglOn belong to the genera Dermacentor.,

砂alomma.,BoQPhilus.,Rh*icq)halus.,肋emqp卸salis.,and Lwdbs.The harmfu1

e鮎ctsofticksaremOStCOmmOnaSfromlatewinteruntilautumnwhentheadultticks

areaCtive,butitcanoccuratanytimeiftheweatheriswarmandhumid(Kong,1983;

Luetal.,1997;Yuetal.,1997;Wangetal.,1997).However,mqjorlossescausedbythe

ticksare due to their ability to tranSmit the various species ofBabesia,meileria,

Ehrlichia,AnqphlSma,andRickettsia,tOlivestock.(Aietal.,1979;Baietal.,1987;Lu

etal.,1992;Yuetal.,1996;Wangetal.,1997;Caoetal.,2003;Xiangetal.,2005;

Zhanget
al.,2006).LivestockareofgreateconomicimportanceinXirtjinagUygur

AutonomousRegion.Therearequiteafbwmethodsforcontrollingticks,butevery

method has certain shortcomings(Tellamet al.,1992;George,2000;R年iput et al.,
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2006).

Inthis study,nOVeladvanCeddiagnosticstechnologywasusedtoinvestigatethe

epidemiologyoftick-bornedisease,SuChasequlnebabesiosisbytheELISAmethod

basedonrecombinationBc48protein,reCOmbinantEMA-1andEMA-t-2.FurthermOre,

IhaveusedtheIFArfordetectionofantibodies againstAnqplasma andEhrlichiain

domesticanimals.Additionally,mOlecularbasedPCRmethodwasusedinthisstudyto

detecttheDNAofRicketLsiaincattleinfectedbytheparaSitebyspecificpnmersto

amPliyspecificsequencesofcertaingenes.

InChaptersland2,IusedtherecombinantEMA-1andEMA2-tandrecombinant

Bc48proteinbasedELISAstoinvestigatetheprevalenceofequlnebabesiosisinhorses

anddonkeysinwesternXiI再iangOfChina.TbinvestigatetheprevalenceofB.equiand

B.caballiinfections,SeraWereCO11ectedfromhorsesanddonkeysinKashgar,Iliof

XirjingUygurAutonomousRegioninChina.Thetestsusedforthediagnosisofequlne

Piroplasmosis should be sensitive enoughto
detect ear1y acuteinfectionandlatent

infections.Moreover,thetestshouldbespecificenoughtodif托rentiatebetweenthetwo

ParaSitespecies,andeconomicalwithregardstomaterialsandtime(Bruning,1996).So

far,nOimmunologlCalassaysuslngthenativeantigenshavemetthestandardsduetothe

nonspecificreactionanddifficultyinprepanngtheantigenaswellasthelimitationsof

theavailableserologicaltestssuchasCFTandIFAT(McGuireetal.,1971;Knowleset

al.,1991;Bruning,1996).Recently,rEMA-1,EMA-2andBc48proteins,eXPreSSedinE

COliandabaculoviruS-insectcellsystem,havebeenusedtoimprovethesensitivityand

SPeCificityofELISA(Weiland,1986;Tanakaetal;1999;Xuanetal.,2001b).Several

recombinant ParaSite proteins are already available and can be used for the

establislmentofELISA(Ikadaietal.,1999;Xuanetal.,2001a,2001b;Hirataetal.,
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2002,2005;Huangetal.,2003,2004,2006)fordetectionofantibodies toBabesia

ParaSitesinhorses.

ThereareOnlyafewpreviousreportsontheprevalenceofequlnebabesiosisin

horsesin China(Ⅵn et al.,1997).Severalreports on the prevalence ofequine

babesiosisinMongolia,havebeenpublished(Dash,1967;Boseetal.,1994;AvarZedet

al.,1997,1998;Xuanetal.,1998;Ikadaietal.,2000;Boldbaateretal.,2005;Battseteg

et al.,2001,2007).These studies demonstrated that both B.equiand B.caballi

infectionsin horsesare Widespreadin Mongolia.Recently,Xu et al(2003)have

reportedhighprevalenceofequinepiroplasmosisinJilinprovincenortheastofChina.

IhavedemonstratedforthefirsttimeinChapter2,thatseropositiverateofB.equi

infection(9.7%)islowerthanthatofB.caballiinfbction(38.7%)indonkeysinwestem

XirtiiangUygurAutonomousRegion.UsuallyB.equiinfbctionismoreprevalentthanB.

Caballiinfectioninhorses(Schein,1988).However,theresultsofChapter2contradict

theotherpreviousr甲OrtS,andthereasonremainsunknown.

Allthe70horsesand93donkeysexamined,inChapterlandChapter2,Wereraised

locally,SuggeStingthattheequlnebabesiosisis endemic amongthelocalhorse and

donkey populations.However,mOreforma11y designed epidemiologicalstudiesare

requiredtodefinedynamicsofthein鈷ctionsandtheroleplayedbypossiblevectors.In

addition,nO SerO-POSitivehorsesand donkeys showedany Slgnificant Clinicalsigns.

Sincethese donkeys andhorsesareCOnStantly exposured to B.equiandB.caballi

infections,the animals might
had)Or the pathogens resultingin comparatively

high-aCquiredimmune protection.Additionally,the rEMA-1,rEMA-2and rBc48

antigens,Were PrOduced uslngthe genes clonedfromB.equiUSDAstrainandB.

CaballiUSDAstrain,bothisolatedintheUSA.ItisnotclearWhethertherecombinant
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antigensreactedwithanti-EMA-1,anti-EMA-2andanti-Bc48antibodiesraisedina

horseand donkeysin XirtiiangUygur Autonomous Region.There may be some

geographicaldiversity together with an associatedloss or galn Ofepitopes on the

EMA-1/EMA-20rBc48betweentheUSDAstrainsandXirtjianglSOlates.Therefore,

thereisaneedtocomparetheEMA-1/EMA-2andBc48genesoftheUSDAstrains

WiththeXirtiiangisolatesinfuture.

InChapter3,IdeterminedtheprevalenceofAnqpldsmaandEhrlichiainfbctionsin

domesticanimalsinXiI肩iangofChina.BloodsamPleswerecollectedfromAltai,Iliand

Kashgarincluding di飴rent areas of XiI再iangPrOVince,and then used to detect

antibodies against AnqphlSma and Ehrlichia organisms by uslngIFAr.A.

PhagoqtqphilumandEch娩ensisweredetectedmainlyinruminantsandtheantibody

titerwasl:320.HighantibodytitersagainstA.phqgoq}tQPhilumandE.chq炉ensis

Were Observedin cattle丘om Altaiand sheep,reSPeCtively.This may renect the

difrbrencesoflocationwheretheexaminedanimalswerekept.Theonlypositiveserum

Of donkey was obtained from ananimalin Kashgar and the titer against A.

Phagoqytqphilumwasl:40.Thus,tickinfbstationofhorsesanddonkeysislesslikely

thaninruminantS.The results obtained constitute the丘rst serologicalevidence of

infections by both A.phqgoq}tqPhilumand E
ch娩ensisin

domesticanimalsin

XirtjiangUygurAutonomousRegion.

ThedetectionofanyOftheAnqphlSmaandEhrlichiainfectionsindomesticanimals

hasnotbeenreportedinthisareaPreViously.ItiswellknownthatA.phqgoq7tqPhilum

andE.ch娩ensisinftctdomesticanimalsandhuman(Inokumaetal.,2001;Zhanget

al.,2008),andthatthetwoorganismsaretranSmittedbyllpe7Tulcatus,D.silvarum,H

COnCina,A.testudinarium,B.mimplusandD.nutalliticksinChina(Caoetal.,2003,
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2008;Liuetal.,2005).A.phagoqytQPhilumhasbeenfoundinHlongicornisticks

fromKorea(Kimetal.,2003)andthemainlandofJapan(Kawaharaetal.,2006;Naitou

et al.,2006).A.phqgoq;tqPhilumis more closely related to A.bovis thantO A.

maTginaleorA.centrale(Lewetal.,2003;00Shiroetal.,2008).Moreover,Othertwo

POSSibleinfectiousagentsofcattle,A.bovisandA.phagoqtQPhilumhaverecentlybeen

detectedfromIxodidticksandsikadeerinthemainlandandinHokkaido,Whichisthe

northemislandofJapan(Kawaharaetal.,2006;Jilintaietal.,2008).Recently;neW

ehrlichiaspeciesincludingtheEmuris(Wenetal.,1995;Rouxetal1997;Shibataet

al.,2000;Shpynovetal.,2004)andtheEewingii(Wenetal.,2002;Parolaetal.,2003;

Inokumaetal.,2004)havebeendetectedinChinabyusingmolecularmethods.Itis

POSSible that domesticanimalsin Xirtiiangareinfected with some new Ehrlichia

Pathogensand thus,Showedpositiveantibodies againstA.phagoq;tQPhilum andE

Cゐq炉e乃∫ね.

InChapter4,theDNAsamPlesofD.maYginatus,Hddnieli,andHasiaticumfrom

Cattlein Xinjiang Uygur Autonomous Region Area ofChina,Were eXaminedfor

Rickettsiainfbctionbycitratesynthasegene-basedPCRandsequenclng.Therickettsial

SequenCeS Showed highsimilarity withthe sequences ofthe other RicketLsia spp.,

detectedin China and neighboring countries,Whichinclude R.jqponica

(99.09-99.54%),風 力egわ乃由iα〃gガ(98.89-99.33%),且∫～ゐ～rわα(98.86-99.32%),且

椚0乃gOわJi朋0乃αe(98.86-99.32%),凡αeぶC砧椚α〝戒(98.4ト98.86%)and且ゐ〟肋e乃∫ね

(98.41-98.90%).Thefirstfouroftheserickettsialspecies(且jqponica,R.heilongiiangii,

R.sibiricaandR.mongolotimonae)areknowntobehumanPathogens.Zhangetal.

(2008)reportedhighseroprevalenceratesforAnqplasmaphagocytqphilum,Cbxiella

burnetii,Bartonellahenselde,andRickettsiaOphiinfarmWOfkersnearTiartjin,China.
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Althoughthepathogenesisofthenew"CR.principis"hasnotyetbeenclarified,the

cattlewerenotexaminedforrickettsialinfectionand,thustheroleofcattleashostor

reservOiranimalsofthisnewRickettsiaspp.1SnOtClearPreSently.Therefore,attention

Shouldbepaidtothepossibilityofhumaninfbctionsinthisarea･Accordingtomy

knowledgeandwiththeexceptionofafewreportsbasedonclinicalevidence(Luetal.,

1992;Wangetal.,1997),thisisthefirstfinding,Pdblishedinintemationaljoumalof

equlnebabesiosisinhorsesinXirtjaing,abouttheprevalenceofequlnebal)eSiosisin

donkeysin Xirjaing of China.Additionally,Ireport the prevalence of A.

Phagoq}tQPhilumaswellasEch娩ensisindomesticanimalsandthedetectionof"C

R.pnncipis"丘omHddnieliinXirtjiangOfChina.

XirtjiangUygurAutonomousRegionisgeographica11yremoteandabigareaWitha

largenumberoflivestockbeingkeptinthevastgrassland.Itisdi伍culttoknowclearly

theprevalenceofeachtick-bomediseaseinthisarea,Whichisusuallyinfestedwith

manyticksfromspnngtoautumn.TheticksmaytranSmittheBabesia,RicketLmiand

j溝rlichialpathogenstoanimalsatanytimeduringtheseseasons.However,thetick

VeCtOrSOfm年lOrtick-bornedeseaseinXirdiangUygurAutonomousRegionareStillnot

Wellknowntodate.Additiona11y;thereareWidelydistributedstrainsofpathogensthat

have not beenisolated and characterized.Therefore,thereis need for more

epidemiologlCalstudies to
clarifytheprevalence ofthe mqortick-borne diseasein

XirtjiangUygurAutonomousRegion.Moreover,theisolationandcharaCterizationof

thepathogenswillberequiredinthenextstepofthisstudy

As previously statedin theintroduction,development ofimproved diagnostic

methodsisverylmPOrtantforthedetectionandthepreventionoftick-bomediseasein

domesticanimals.Tbpreventtheinfectionsbythetick-bornePathogens,itisimpotant
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to controlthe tick vectorsandidentifyprevious pathogensin ordertoimprove the

qualityofdomesticanimalspopulationsinendemicareaS.MolecularImmunological

teclmiqueswillbeappliedto studytheendemictick-bornediseases,andtodevelop

reliable,mOreSenSitiveandmorespecificdiagnosticmethodssothatantibodiesagainst

themqortick-bomediseasescouldbedetectedinlivestockkeptinXirtiiangUygur

AutonomousRegion.
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Generalsummary

XiI卓angUygurAutonomousRegionisthelargestprovinceinChinahavingvast

andabundantnaturalgrasslandenvironment.Thisenvironmentisgoodforbreedingand,

thus,many domestic animalsare kept hereincluding sheep,Cattle,gOatS,horses,

donkeys,Camelandothergrazlnglivestock.Theanimalhusbandrysystemmainlyrelies

On naturalpasturefor grazlng theanimals.The vegetation ofthe XirtiiangUygur

Autonomous Regionis heavilyinfbstedbyticks,Whichtransmitpathogens such as

PrOtOZOaandRicketLsiatolivestock,reSultinginheavyeconomiclossesinthisreglOn.

Currently,thepathogenicorganisms causlngthetick-borne diseasesintheXirtjiang

UygurAutonomousRegionhavebeenidentifiedmainlybytheirmorphologlCalfeatures

inbloodcells.However,thesetick-bomediseases,WhicharePreValentinthisarea,have

neverbeenidenti丘edbyuslngmOlecularbiologicalmethods.FurthermOre,thereisno

dataontheepidemiologicalstudiesofthetick-bornediseaseinsomeoftheepidemic

reglOnSOftheXirjiangUygurAutonomousRegion.Theaimsofthisstudyistoclarify

the prevalence of the tick-bome diseasesincluding Babesiosis,Erlichioses,

Anaplasmosisand Rickettsiosis,andin particular to detect B.equi,B.cabalii,A.

Phagoqytqphilum,E chq脾ensisandsomeRickettsiaindomesticanimalsinXiI肩iang

UygurAutonomousRegion,China,byuslngSerOlogicalandmolecularmethods.

In Chapterl,the prevalence of equlne PlrOPlasmosisinthe XirtjiangUygur

AutonomousRegionwasexaminedbyenzyme-1inkedimmunosofbentassays(ELISAs).

Atotalof70serumSamPleswerecollectedfromhorsespasturedonthreefarmSin

WesternXirtiiang,andexaminedforantibodiesagainstB.equiandB.caballibyuslng

ELISAbasedonB.equimerozoiteantigenlandB.caballiBc48recombinantantigens,
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respectively.Ofthe70samPles,28(40.0%)wereseropositiveforbyB.equiwhile17

(24.3%)werepositiveforB.caballi.Inaddition,11(15･7%)sampleswerepositivefor

both B.equiand B.caballi.These resultsindicate that equlne PlrOPlasmosisis

Widespread,andthereforeisacauseforseriousconcerninⅥねstemXirjiang･

InChapter2,theprevalenceofequlnebabesiosesindonkeysinXirtjiangUygur

Autonomous Region wasinvestigated.In total,93serum SamPles were randomly

COllected丘om donkeysinthe KashgarandIliareas,and examinedfor antibodies

againstB･equiandB･CaballibyELISAswhichisuslngreCOmbinantantigensofB･

equimerozoiteantigen2truanCateandB.caballiBc48recombinantantigens･Outofthe

93samPles,9(9.7%)werepositiveforB.equiwhile36(38.7%)samPleswerepositive

forB.caballi.Inaddition,2(2.2%)samPleswerepositiveforbothB.equiandB･

caballi.Theseresultsindicatethatequinebabesiosismightbeextensivelyprevalentin

donkeysinⅥねsternXirtjiang.

InChapter3,SerOlogicalmethodswereutilizedtodetectAnqplasmaandEhrlichia

infbctionindomesticanimalsinXidiangUygurAutonomousRegion.SerumSamPles

WereCOllected丘omcattle,Sheep,gOatS,horsesanddonkeysinAltai,Ili,andKashgar

areas.ThesesamPleswereanalyzedbyuslnganindirectimmunofluorescenceassayto

SCreenforantibodies againstA.phagoqtqphilumand E chq脾ensis,Whichinfbct

ruminants.Antibodies screenedbyIFÅr showed5.5%percentofthe samPles were

POSitiveforA.phagqpq7tOk)hilumantibodiesincattlewhile17%wereseropositivefor

theantibodiesinsheep.Moreover,8.9%ofsamPleswerepositivefortheE.ch娩ensis

antibodiesincattlewhile15.7%percentwerepositiveforthepathogenantibodiesin

Sheep･Incontrast,gOatS,donkeysandhorsesexaminedinAltaiereawereallnegative

fortheantibodiesagainstthepathogens.Theseresultsindicatedthatcattleandsheep
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couldbeinfbctedwithsomethespeciesofAnqplasmaandEhrlichiainXirtjiangUygur

AutonomousRegion,China.

InChapter4,tickswhichwererecovered丘omcattlekeptonpasturelandinXirtiiang

UygurAutonomousRegionwereexaminedforRicketisiainfections･Atotalof28ticks

wereco11ectedfromfivecattle.Then,theseticksamPleswereexaminedfor

infection by uslng Citrate synthase gene-based PCRand nucleotide sequenclng･A

speci丘cbandwithanaPPrOXimately500bpwasdetected丘omthefour助emqp砂salis

ddnieliticksamPles.TheDNAsequencesfromthese4samPlessharedhighnucleotide

identity(99.12-99.56%)withtherecentlydetected"CdndiddtusRickettsiaprincipis",

whichisanovelRicketLsiaspeciesfoundinHeilongIlangPrOVinceofChina･Therefore,

thedataobtainedfromthis studycouldbeusedtoprovidefutureestimatesofthe

likelihoodofinfectionsbyRickettsiaorganismsinXiI裏iangUygurAutonomousRegion,

Cbina.

The serologlCaland moleculardiagnostic methods usedin this study could

contributetotheunderstandingoftheepidemiologyofthemqortick-bornediseasein

domesticanimals.FurthermOre,the丘ndingsindicatethatequinebabesiosismightbe

extensivelyprevalentindonkeysandhorsesinWesternXirtjiang･Cattleandsheepare

alsoinfected with some the species of Anqpldsma and 且たrlichia;mOreOVer,

"cbndiddtusRickettsiapnncipisMwasdetectedintheticksrecoveredfromcattlegrazed

onpasturelandinXirtjiangUygurAutonomousRegion･Theresultsofthisstudyhave

suggested that B.caballi,B.equi,A.phqgoqytQPhilum,E･Ch娩ensis and some

RicketlsiainfectionsinXirtjiangUygurAutonomousRegionaremaintainedindomestic

animals,Withticks serv1ng aSbiologicaland mechamicalvectors ofthepathogens,

respectively･Infbctionswiththesepathogensindonkeys,horses,Cattle,Sheepandgoats
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aremOStlikelytransmittedbyseveraltickspecieswithunknownroleasreservOirhosts

inotherwildanddomesticatedmammals･Thepresentresultsconfirmtheutilityofthe

molecularand the serologicalassaysasvaluable epidemiologicaltooIs･This study

providesthefirstreportonepidemiologyoftick-bornediseasesindomesticanimals,

andprovidesadditionalinformationontheprevalenceofthem句Ortick-bomediseases

in Xirjiang Uygur Autonomous Region,China,thus,it willassistin
developlng

Strategiesforcontrollingthediseases･
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