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ABSTRACT   
SurrawasrirstdetectedinmulesinRachaburiprovinee，Thailandin1949butitis  

nowkno、VntOOCCurthroughoutThailalldl－OtOnlylnhorses，butalsoincattle，buffaloes，  
PlgS，dogsanddeerwithvarytngclinicaImanifestations・Themostsevereclinicaleases  
usuallyoccursininfec－cd horses・Abortion atlate stagesofpregnaney or premature  
parturitionhavebeenreportedininfectedbuffaloes，Ca仕1eandpigs・NervousslgnSCauSed  
byT）1，PmOSOmaeV（mSiinvadingthecentralnervoussystemhavealsobeenobservedin  
infectedcattleandmorerecentlyinhogdeer・   

Prevalenceratesfor thisdiscasc vary between12・5％、2O％and4・6％in cattle，  
buffaloesandpigs，reSPeCtively・Theeconomiclosseseausedbysurraareconsiderable・  
particlllarlywheretheyimpactuponthesmallholderfarmer－Theselossesaecruethrough  
lheefrectsofdiseaseuponplgletandcalfproduchon，lossofdraughtpowerinbuffalo  
andthereductioninmeatandmi1kproductionininfectedanimals・Althoughnoestimates  
ofthesecostshasyelbeenrealized，ithasbeensuggestedthatthecostoftreatmentwith  
trypal10Cidaldrugsinordertocontrolthediseasewouldbesubstantial，intlleOrderof  
US＄7．6mi11ion．Moreeffortisrequiredtodeterminetheextento［Lhelossesinliveslock  
producti＼′ityduetotrypanosomosisandthebene坑tsofillterVention・   

INTRODUCTION   
SinceEvans published theearliestreports on Tり7PWZnLYnmaE，Vd椚▲一iwhich was  

endemicinhorsesandcamelsinPunjab、1ndiain1880，thediseaseduetothisparasitehas  
beendeschbedbymanyatJthorsinvariouspartsoftheworld（MalmoudandGray1980）・  
SurrawasfirstdetectedinmulesinRachaburiprovince，ThailmdiIl1949（Sananraksa（  
1949）．Fo1lowingthis firstreportedcase，manyOutbrcaksinhorses andin1956the  
diseasewasregulatedasanotifiablediseaseinThai1andundertheAnimalEpidemieAct  
A．D．1956．Subsequently，Surra has been reportedthroughoutThai1and notonlyln  
horses，but alsoin cattle，buffaloes，PlgS，dogs and deer with varylng Clinical  
manifestations，EconomiclossesintheirlfectedanimalsareLhoughttobeimportant，Since  
thefarmlngSyStemSareCha11glngfromsmallholderfarmstolargeproductionfarms・   

EPIDEMIOLOGY   

ln1975，fourthoroughbredmaresauheMllitaryUnitiTINakoTTlrRachasimaprovince  
thatpreselltedwithclinicalsignsineludinglnappetenCe，intermittentfever，anemia and  
oedemawerefoundtobesufferingfromT・eVWZSithatwasdetectedbyfreshbloodsmear  
andmouseinoculationtest（MIT）（Boonyawongetal・1975）・TheoccurrenceofT・eVCmSl  
inotheranimalspecieswasnotedwhenMa山aspndMuangyai（1980）reportedon T・  
eva7LSiina24dayoldbuffalocalfwiLhou［anyelinlCalslgnS▼  

Fieldinvestlgationsonsurrawerefirstcarriedoutinl，396swampbuffaloesinthe  
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No11heastin1981（Lohretal・1985）・About20％ofthebuffaloestestedpositiveforT．  
evmLYlantibodiesbycomplementfixationtest，WithadistinctpeakofinfectioTISOCCumng  
duringtheralnySeaSOn．From1984to1989theoccurrellCeOfT．evw7．†iinanimalswas  
StudiedattheNortheastRegionalVeterinaryDlagnOSticCentre，Khonkaen（Kashemsant  
etal・1989）・Thereweremorethan920utbreaks／Ofsurrainnineprovinces．Theinfection  
ratewithT・eVm∫1uslngparaSitologicaltechTliquesincattle，buffaloes，horsesanddogs  
WaS13％，20％・57％and）00％，reSpeCtively・Therewere110rePOrtSOnlheoccurreneeof  
SLlrrainpigsinthisregion・Nishikawaetal・（1990）conductedacountrywidesurveyon  
SurrainbuffaloesandcattleusingtheindirectnuoresceTltantibodytest（IFAT）．They  
foundtha（theprevalence rateiIlbuffaloes′andcattleby［FAT was38．6％and50％，  
respectively・ThehiBhestprevalenceofthediseaseinbuffaloeswasintheNorth（57．4％）  
andthelowestwasintheSouth（28・7％），Whereasincattle，thehighestprevalencewasin  
theCentralregion（64．7％）andthelowestwasiTltheNorlheast（28．9％）．0山eroutbreaks  
OrSurraincatIleandbuffaloeswerereportedbyTrisanarOmetal・（1987），lndrakamhang  
etal・（1982）．Patchjmasirietal．（1983）andChaichanapunpoletal．（1987）（Tablel）．  

T＆bLel．Tnfectionr＆teO†surr且inTh＆ilarLd  

Year   Animal  N仇Dr  ％  TesIs   Reporters   

SpeCies   S温mPles  

examined  

1981  Bu伴alo  1f）．6  CFr  Lohrctat．19き弓5  

1】45  5＿3  

y  

t9嵐4－】989  5引  20  
Catt】e  479  y  etal．1989  
HoTSC  33  57  

Do害  9  100  

】9R8  Bufhlo  A】1   錮．6  1FAT   Nishjkawactal．  
Cattlc  42B   50．0  】990  

AlthoughsuTTainThailandwasfirstfoundin1949，thefirstcaseinplgSWaS nOt  
reporteduntil1984；Pigs onabreedingfarmin Pitsanulokprovincebecamesickwith  
intemittentfever，anOreXia，urticarialplaques ontheventralpartofthebody，udders，  
SCrOtumandears・Tbpanosomaevmsiwasdetectedinsows，boarsandfatIenlngPlgS  
（TeeTaPraSertetal・1984a）・lBterOnmanyOutbreaksw？rerePOrtedintheCentralre申n  
and T・eVmSicaused more serious economiclossesln SOWStha11in fatteTling plgS  
（Tepsumetanonetal・1984，Teeraprasertetal．1984，SirlVanetal，1987，Sirivanetal．  
1994）・Previously，mOreandmoTeCaSeSOfsurrawerefound・TheresultsofasurYeyfor  
Surraincattle、burraloesaTLdpigsexaminedatParasltOlogySection，National1nstltuteOf  
＾nimalHealthin1997wereabout12・5％，20％and4・6％，reSpeCtively．   

NotoTllydomesticatedlivestock♭ut alsodeerwerefound tobeinfectedwih T．  
evm∫i・InMarch1996anoutbreakofsurraoccurredonadeerfamlinAyuthayaprovince  
intheCen（ralregion，WheresambardeeroT’nativedeer（CeTVLLSunicoわT・）andrusadeer  
（C・fbnonns加）werel’aised（1Tldrakamhangetal・1S96）・Asurvey onsurrain cap止ve  
Thaielephants（ELphas marimusindicus）which came tojointhe ATITlualElephant  
FestivalinSurinprovi11Cein1995and1996wa5eOnductedbyTuntasuvanetal．（1997）．  
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BloodandserumsamplesweretakeIlfron－115eLephanlsandtheyreporte（11hatlVhilea］］  
werenegatil′eforT．evtm∫／bybloodsmear，microhaematocrltteStandMIT，foursamples  
WereSerOloglCalpositivebylFATandAbLELISA・   

IDENTIFICATION  

Two other species of noTlpathogenic trypanosomes ha、′e been repor［ed from  
Thai1and：T．theileriha5been foundin cattleandbuffaloesinlheNortheastas slnglc  
infec（ionor mixedinfectionswith T．evtmlPiand T．me／（Ph喝iumhas been detectedin  
Sheepimportedfromlndia（Pholpark1996）・However・thepathogenictrypanosome戸  
isoLatedfromvariousspecies ofanimalsinThalland havebeenidentifiedas T・e・VWIL、L・  
Saralaphanetal・（1987）characterizedtrypanosomesfoundinthebloodsmearsofthree  
SOWSinSaTaburipTOvinceandfromeachofco町dogaJldhorseinKhonkaenprovince  
byrr）eaSuremellLofseveralpaTalT．eterS、includingbodylength，lengthofnagellunland  
Length ofposterior e11d to kinetoplast，and eoncluded thalthere were no slgnificant  
differences amongthevariousisolates‥allwereidentified as T・e一）Lm＾Yi・1ntraSpeeies  
di17erentiation ofsixisolates ofT．ev（m∫ico11ected fromcattlewas ob（ained by DNA  
flngerprintlngWitharbitrary prlmerSPO］ymerase chairlreaCtion（AP－PCR）・Chlyoneof  
tenrandomlydesigned12－merPnmerSCOuldgenera（etheDNAfingerpnntsprofiLesthat  
Showedtheintra－SpeCiesdifferences（Watanapokasinetal・1997）・   

TRANSMISSION  
7bbanusspp・arePrObabLythemostimportalltVeCtOrSOfT・eVmA－i，Whereas stable  

flies（Sfom（，XyS CakLITrmS），Chrv．一（，P．～■SP．andI］αma叩〔＞［a sp，arelessimpoTtant・  
Studieson thevec【orwerecarriedouton aca仕1efamlinPatootTlthaniprovincewhere  
trypanosoワOSisoutbreaksoccurredfrornJune1994toJuly1995（Bunchite（al・1996）・  
Five speCleS Of tabanids wereidentified；including T・megd（）PLY．T．ruhidu∫，T・  
rLUhr（：utelkdu▲、・，T・▲l・かi（du▲YandT．（）X＿VbeksintheperCentageOf65．5，29．7，3．1，0．7and  

O・2，reSPeCtively・Tabanidswerefoundthroughout（heyearbuttheywerernostabundant  
fromJuneto（ktober・They gradual1y decreasedin r）uTllbers towards Marchand LheTl  
began（Oincreaseagalnir）ApT11・AccordingtothemeteorologlCaldata，thehightabanid  
POPulatjoncoincidedwiththewetseason，  

AsurveyoftabanidfliesinThai1and，incILldingsomc30provincestookplaceduring  
1994－1996・1t was reportedthat there were45species oftabanids coTnprlSlngthree  
genera，ThbamLS．fkLematGPOTaandCrysops・ItLhanu・Slr〟blduswasfoundmostfrequentty  
anddistributedineverypartofthecountryandpresentin25pr（一Vinces．Thesecondmost  
frequentspecies was T▲∫friutul，rOundin theNorthandtheCentralreg10n，71めmus  
meguk）PSWaSfoundonlyintheCentralregion（lto1996）・Althoughpigfarmshadlow  
POpulations ofTtd｝LmuS，SurraOutbreaks sti1loccurTed・Inthesecases Lrypanosomosis  
WaSCOr）Sideredtohavebeentransmi（tedmechanically．   

CLINICAL SIGNS ＆PATH（）LOGY   
ClinicalslgnSinanimalsinfectedwithTpevwISiarevaned，dependingonuleanimal  

SPeCies・The slgnSi［一infected horses are depression，inappetence．intemlittent feveT，  
alleamla，icterus，Oedemaandecchymotichemorrhageofsomepartsofbulbar，Palpebral  
COrUunCtivaandoedemaofsubctl（aneoustissuesofthelegs．brisketandbeLly，Even（ually，  
irulllreated，theydie（Boonyawongetal・1975）・ThemostseverecasesusL．al1yoccurin  
horses；WhilsL chronic cases occur mostlyininfected buffaloes and eaf（1e which  
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SOmetimesdonotshowanyclinica】sigTIS（MatiasandMuangyai1980，PhoIparketal．  
1984）・However，abortiotlatlatepregnancy orearlyparturition causedby T．ev‘m・i  
OeeurSinbuffaloes（Timsadetal・1985，Lohretal．1986）．lndairyca杜1e，abortio71Can  
OCetlrfromthefourthmonthsofpregnaIICyun（ilearlycalving（TrlSanarOmetal．1987）．  
1lle Ca山e show retentlOn Of placenta，high fever and decreased mi1k yield．  
Chaiehanapunpoletal．（1987）dernonstratedT．evwzsiinbloodsmearfromtheheartofan  
abortedcalf．ln buffdoes，StreSS factors such as fasciolosis combjnedwithseasonal  
malnutrition during the dry season，lower the resistance of theanimals causITlg，  
exacerbationofclinicaltrypallOSOTrtOSis（Lohretal．1985）．   

TheeffectorT・eV‘のSionmilkproductionofdairycattlewasstudiedoTLafarmin  
Nakornpathomprovinceduringanou［breakofsurra・Theprevalenceratesonthefarm  
Were80・8％andl00％byparasitologicalmethodsandrFATrespectively．About24％of  
theinfectedcowsstoppedlactatlngbecauseofuleSickJleSS．Themilkyieldoftheinfected  
COWSdeclinedgradual1yby20．9％and35．5％inthefirstpeakand secondpeakofthe  
ChroniccasesrespeCtively（Sarataphanetal・1989）・   

SporadicoutbreaksofT・即a7Siinfectiot）incattleinThai1andhavebeenrepoTtedfbr  
anumberoryearsbuttherehavebeenfewreportsofanimalswithnervousslgnS・Dming  
thelaterainyseasonandwinterseasonin1990，Outbreaksofsuspectedtrypanosomosis  
innadveca江1e（Bosindicus）occurredon13farTnSinPet£haboonprovipce・Fonytwo  
Cattlediedwithnervous symptomsincluding：Circling，eXCitation，JumPlng，aggreSSive  
behavior，1ateralrecumbency，COllVulsionandfitlal1ydeath．Theihfectionrateofsurraon  
OnefarTnWaSl00％by MITandlFAT・inthreeca仙ewhichdiedwithnervous slgnS，  
ParaSiteswerefoumdnotonlyin bloodsmears butalsoitlCerebrospinalfluidsmears．  
UsinBlmPreSSionsmearsstainedwithGiemsa’sstaln．T．ev仇Sicouldbedemonstratedin  
nervoustissuefromthecerebrum（Tuntasuvanetal．1997）・rrhishdingsuggested  
thepチraSitewasabletopassthroughthecentralnervouspystem（CNS）asobserved  
expenmentauybySudartoetal・（1990）・Recentlynervousygnscausedbytheparasites  
havealsobeenobservedinhogdeerinSam11th－PrakartlpTrOVlnCe．   

TheclinicalslgnSjTIPlgSinfectedexperimentallywith T・eVmSiareinappetence，  
undulantfever，PeteChialhemorrhagesontheskinoftheears，breasts，legsandscrotumin  
boars・SomepregnantsowsabortandsomeinfectedpigsshownervousslgnS；COnVulsion  
anddeathHow9Ver，infectedfhtteningpigsshownocLinicalsigns（Teeraprasertetd・  
1984b），1nexpenmenta11yinfectedpregnantsows，animalshadnoappetiteonday3after  
infectlOnandonday4thebodytemperatureincreasedtolO5．g’Fandtheyaborted．The  
Clinicalsignsininfected deer were simi1ar to thoseininfected cattle；including  
inappetence，Weakness，fever，1ameneSS，COnVulsionanddeath．Therewasnosignincant  
reduct10nin PCVjninfecteddeeT’（TTldrakamhangetal▲1996）．Henceinacute，Clinical  
disease，abort10n，Centralnervous system disoT’derand even deathcaJIOCCuT，Whilein  
Chronicconditions，WOrkingcapacityandproductivityoftheanimalsaremorelikelytobe  
affeeted．TheinvoIvementoftheCNSin trypanosomosis callSedby T．evmsiinthe  
infectedcatde，PlgSanddeer needsmores血1dy，partieularlylnrelationtotheca11SeS Of  
nervousslgnSandpassagethroughbloodbrainbarrier．   

DIAGNOSIS  
Thediagnosisofs11rrareliespnncipallyonthedetectionofT．ev（椚Slinthinblood  

SmearS Stained with Giemsa’s stain or byinoculationinto rodents（MIT）．For the  
identificationandisola血onofT・eVmSiinbloodor tissue，fresh materialis required・   
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Tuntasuvanetal，（1997）delerTrtiTledtheviabilityofT．ev肌、・＝nErJTAbloodaTld brain  
tissuearLeTkeep．ngbtoodandtissuesa（＋4いCror］／2，24and30hours・1twas「oundthat  
whileparasitesinEmAbloodcouldbeisolatedbyMITforupto24hours、theparasites  
couldnotbeisolatedfromanytisstLeSbyMITwithin30minutesofcollectionT   

In1982．acomplemen（fixationtcst（CFT）wasdevelopedspeeiallyforthcdctection  
ofantibodiestoT．evw11・iir）Cattleandbuffaloes（Lohretal．1985）．La【er、Nishikawaet  
al1（1990）usedlFATintheモurVeyOrSurraincattIeandbuffaloモS・Tuntasuvanetal・  
（1997）comparedthesensitiv叫andspecificityorIFATandparasltOlogiealrnethodsjn  
infectedcattle・Thosecattlethatwereshownposi（ivebyMTT，WereteStedwithwetblood  
filrn，haematocritcentrlfugetesいhinbloodsmear，andIFATandgavedetectionTateSOf  
6・3％，43・8％，43・8％arldlOO％respeCtlVely・Hence（FATwasthemostsensitivetesLas  
repoTledelsewherebyMonzonetal・（1990）・  

Tuntasuvanet al．（1996）used crude somatic T．evwISiantigen as described by  
l，uCkins（1970）foruseinELISAforlhedetectionofantlbodyagainstT・eVWl∫iinpigs・  
Antibodiescouldbedetectedinan experimentallyinfecLedpigt）yday17postinfeetion  
untiltheendofthestudy（day76postinfection）・TllPjgsnaturallyinfectedwithT▼eVWISi，  
theassayalsogavepositiveTeSultswithhighODvaLLleS‥thetesthadaspecificityof95％  
and there were also no cTOSS reaCtions（O PlgSinfected with T（）・r（，PkLV7”Or  
Epervthm＝OLm・Theassay wasfound tobe very valuableiTICerebraltrypanosomosis  
cases，Whentheparasitesaccumulateinnervoustissuesandeannotbedetectedinblood  
（unpublisheddata）・   

Wuytsetal．（1994）developedapoLymeraSeChainreactioTl（PCR）－baseddetection  
techniquewithasensitlVityofO．5pgofparasitel）NA（equivalen†toonesingleparasitein  
lOLtLofcLouedbloodsample）・DNAprlmeTっPMUTec6・258wasusedandthespecifie  
bandwas227bponagarosegels（Chokesqijawatee、1993）・Thetestmadeitpossibleto  
detectinfectioIISinlivestockon day2posLin［eetion・（n additlOn，ilcould bc used to  

distinguish treated animals from untreated animals because the PCK signals in an 
experimentallyinfeetedcowdisappearedbetween6and12hoursaftertreatment・   

TREATM甘Ⅳr＆CONTROL   
ThreetrypanoeidaLdrugsareavailableinThaitand；diminazeneaceturate（BercnilR）、  

isometamidium chloride（SamorinR or TrypamidiumR）andllapthylamine sulphonate  
（NaganoIR）．TheemcacyofBerenilandSamorininthetreatmentofsurrawasstudiedin  
ratsexpehmentallyinfectedwithr・eVCm∫ibySarataphanetal・（1992）・Thejnrectedrats  
weredividedinto8groups・Athighparasitaernia（heratsingroupl，2，3and4were  
treatedwithBerenilat3．5，8，10and20rng几gandT・e，VW7SIwasdisappearedfromthe  
bLoodwithin24，20，8arLd3hoursposttreatment．respeCtively▲1nrectedratsintheother  
4groupsweretreatedwithSamorinatO・5，1・0，2・Oand3▼Omg／kg，WhereT・eV∽1PIwas  
Clearedfromthebloodstreamonday3．3，3and2posttreatmellLrespectjvely・BeTenilat  
3．5mg此gcouldcureratsinoculatedwjthT・eVm・YEoTlday7、butnotonday14，30and  
600ftheexperiment．NoratsdiedarLeTtTeatmen10nday7butsurvivalwasonly75％and  
5O％onday14aTld30respectively・However，allratstreatedwithsamorindiedonday  
60．  

Fie］dstudiesonthee爪cacyofBerenilandSamorinwerecarriedoutonafarmwhere  
T．ev（肌l・iwas endemic（Tuntasuvan elal．1992）．AlthoughBerenilat3・5mg／kg or  
Samorina（1．O mg几gcould elearT・eVCmSlfromthe bloodsteamofnaturallyinrec（ed  
Ca止Iebysi7（hoursposttreatment，tryPanOSOmeSreapPearedinsomeanimalsthreemonths  
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later・TheperCentageOfpositiveanimalsatthistimewas25％and18・2％respeCtively．It  
WaSnOtknown，iftheseinfectionswererelapsesorrepresentedanewinfbction．Evenin  
infectedcattlewithnervoussymptoms，aftertreatmemwithBerenilat3・5mgn’gnOTr．Ore  
Cattledied andT・eVmSiwas nolongerdetectedin blood samples two months post  
treatment（Tuntasuvanetal，1997），  

Theeffec（ivedoseof Berenilininfecledbufraloesisdifferent frominfectedcattle．  

Pholparketal・（1984）treatedexperimentdlyinfectedbuffaloeswithBerenilat5mgJkg．  
TheyfoundthattheparasitescotJldbedetectedfromtheinfectedbuffhloesaftertreatment．  
ThemostsuitabledoseofBerenilintreatingthenaturallyinfectedbuffaloeswas8mgn（g  
（Kashemsantetal・1989）・However，5％ofthetreatedbuffaloeswerepositlVeatWeek  
POSttTeatme血・ITICOntraSt，ParaSitescouldnotbedetectedintheinfectedbuffaloesfrom  

WeekOtoweek16af（ertreatmentwithSamodnO．5mg／kg．Sirivanetal．（1994）studied  
也eemcacyofBerenilandSamorinininfectedpigs．Theyreportedthatinfectedsows  
treatedwith Berenilat3・5mgrkg wereal1clearofparasites by MITon daylpost  
treatrneT．t，Whereas37％and87％ofthetreatedpigswerestiupositivewithT，  

aftertreatmentwithSamorinatO．5mg／kgandl．Omg／kgrespectively．   
ThecontrolofthediseaserequlreStreatmentOfinfectedanimalswitheiYectivedrugs  

andreducingbloodsuckitlgfliesbyregulafinsecticidetreatment．Topreventoutbreakof  
disease，itisimportanttocarryoutcountrywidesurveyswhereendemicareas ofsurra  
OeCur・Fromthee∬lierstudiesitisevidentthatoutbreaksoftenoecurredduringthelate  
rainyseasonaJ）dearlywinteTSeaSOn（fromOdobertoFebruary）whenflyactivitywas  
highandlargenumbersofTbbanusspp・Werefound（Table2）・  

TabJe2．Retrospectivestudyon（1teoccL［rrenCeOrSurraOutbre＆kslnThilaJIdl，83－1996   

Monlh   P川Yinl：e   Al血血極刑Ieざ  Author＄   

Aus．8ユ   Surln（NE）   Buf抱】0   Tm】Sadeta】．t985   

May－Jun．1984   Nilkompatom（C）  Pig   Tcpsumctanonetal，1984   

Jull．－A喝．】9R4   pisanulok（N）   Pig   Teeraprasetletal．1984   

Jun．－Sep．1986   Chicngmai（N）   Daiり′Ca仕k   Trisanaromct且l．1987   

JuIl．－Nov．1朋柏   SupaTlbuh（C）   Pig   Sirtvanctal．1987   

Ocl．1989．Feb．1990  Pelchabon（N）   NatjヽでCat血  Tunlasuvane‡at．1997   

Jan．1992   P訳00mthanj（C）   Da巾′Ca廿k   lndrakamha喝Cta】1994   

Oct．】9錮   Chachocn節aO（C）  P癌   Sirivanetat．1994   

De（∴1995－Mar＿199f）  Ayuthaya（C）   Dc（汀   Indrakamhangetal．1996  

C＝Cell的1region．N＝nOrthregion、NE＝nOl廿陀aStr喝】On   

lnconclusioIl，SurraCauSeShigheconomiclossesinlivestockinThailandbecauseit  
reducespigletandcalfproduetion，meatandmilkproductionininfectedanimalsandthe  
COStOftreatmentwithantitrypanOCidaldrugSishigh・AsingletreatmentwithBereniltoal1  
aninldsinfectedwithsurTaWOuldcostabout7．67milliondollars，basedonanestimated  
PreValenceincattle，bufraloesandpigsisabout12・5％，20％and4・6％TeSPeetively．1tis  
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