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ABSTRACT   

TbpanusomuevansioccursinavarietyorecologlCalreglOnSinboththeOldand（he  
NewWorldandalthoughitaffectsmanydifferenldomesticatedlivestockspecies・thereisa  
dearth ofinformation onits distribution，preVaLence andノorincidence and economic  
slgnificancethroughoutitsgeographicalrange・Although reproductive wastage has been  
identifiedoccasional1yasasourceofeconomicloss，theimpactofTlピVanSEonproductivlty  
isrecognizedusualJyonLywhenepidemicoutbreaksofdiseasecause、症despreadloss・The  
possibiIitylhateconomicalIyslgnificantproductior1lossesmightoccuralsowhenlessacute  
formsofdiseaseexisthasnotbeen considered．Theabsenceofaccurateinformationdistorts  
theoveral1picture＝OnLyoutbreaksofdiseasev血hahighmortallty tend tobequotedin  
discussionsoftheeffectsofsurra，DeficienciesinourknowledgeoftheepidemiologyofTl  
evansE contribLJte（0（his sittIa（ion，These shortfallsinclude our knowledge and  
understandingofthenaturaLhistoryofthedisease，theabsenceofanystrategiesforeffective  
monitorlng and surveillance．and theinabiLity to design andimplement cosLeffective，  
approprlateStrateg）eSforcontrolofthedisease・Furthermore，theinadequatedataon the  
effectsof T・eVanSiinfectiononmilkandmeatproduction，draughtpowerlOrrePrOductive  
efficiencytendtodiminishitsimportanceasadisease、andhasanegativeinfluenceonthe  
attitude of nationaL government andinternationaIfundinB Organizations（OimpLement  
measurestocontrolthediseaseortoundertakeresearch．Untili（ispossibletoputinplace  
reliablemethodsforidentifyinginfected animals，eStiTnatlng mOrbidity and assesslng rhe  
economicimpactofsurra，thissituationwiLIcontinue（OpreVail・   

lNTRODUCTION  

EffortstocontroLTbpanosomaevansl，thecausaLiveorganismofsurra、areStilLdirected  
（OWardsthe treatment ofindjvidualanimals thatexhibit eitherovert slgnS Ofdisease or  
parasitologlCalevideTICeOfinfection・Suchstrategiesbenefittheindividualanimal，andare  
importan（tothesmallhoJderfarmers－1ivelihood・However・thispolicydoes】ittletodecrease  
thenumberofcasesaseffectivelyastreatlnBalLinfectedindividuals・AIso，SuChanapproach  
fails to address the underlylng prOblem of anjlTla［s that have onLy coverL evidence of  
infection and thatcomprlSe afar Largerproportion ofthepopuLation than animals wi［h  
patentinfections・Anima］swithnon－Patentinfectionstherebycontribu【emoreslgnifjcant】y  
tothe overaIlmorbidity andalsoactasreservoirsofinfection anddanger Lo uninfected，  
susceptiblelivestock・Therehasbeenconsiderableefforttodeve］opdiagnosticteststhatw川  
identifyanimalswith cryptlCinfections；indeed、emPhasisisoften pLaced on the use of  
techniquesfor the rapid，，●penside‖diagnosis ofinfection・However，in order to enable  
effectivedecision－making attheindividual1evela（horough knowledgeoftherange of  
diseasein thepopulationisessentialifthe resu］tsofdiagnostictestsareto be properly  
interpretedandapproprlateaCtiontaken・Onlybyunderstandingthediseaseintheanimal  
population，inc］udingtheeffeetsofsub－ClinicalinfectionsonprcKluc（ivlty，Wi［＝tbepossible  
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toasscmbleslgnificantdatatoallowaproperassessmentofthedisease■seconomieirnpact  
andtheeげicacyand¢OSトeffectivenessofcomけQtmeaSureS．Although surraiscon扇由托dto  
beaneconomicalIyimportantdi＄eaSe，therearesuchconsiderablcdefici印Ciesinkno雨edge  
OfiLsepiderniologythattheability todetermineitsimpactdifferentlivestock producdon  
SyStemS、isabsentin mosLifnotall，Qfthecountrieswhere T．evansioceurs．StFChisthe  
Variety ofeeoIoglCalsystemsinYOLved andlivestock species affecled，it tnightTequlre a  
numberofdifferentcontroIoptlQnSdesignedforspecificsi暮uations．Thisreviewtherefore  
addre＄SeSanumberofquestionscomcernIng肋eepidemiologyofTlevansLthatare柁1evanl  
to血e controland managementofsurra，Specificauy．theseare（l）howeffective are the  
CurrentLyavailablFdiagnostictechnique召？（2）wherearLdhowoftendoesdi5e掴COCCur？（3）  
雨1atarethefactorsthatdeterminethetran計nissionandmaintenanceofinfection？itnd（4）  
howモf髄ctiveistreatment？   

TIIEECOLOGYANDNATURALHISTORYOF相即0ぶ¢財Ag棚J  
The relalionship ktween Tこevansianditsmammalianho＄tSisacomplex，dynamic  

PrOCeSSWhoseoutcorneisinflucncedbyseveはIfactors．Thehostspecies、an七IaLge，PreVious  
experieneeofinfectionandphysioIogicalcondi暮iondeterminethelevelofsu駆eptibilityto  
infection叩dthemanifestationofdiseas6．Thedegreebfinfectio11inthehostpopuL？tion，  
the、ぬgeofinfection（chror．icoraeute）andtheleve］ofparasitaemiahanjndividualanimal  
aretikely、ぬinfltIenCetranSmissi（）nbyinsぞCfvectQrS．Trypanosomepopulationscanvaryln  
tefmS Of pa血ogenielty andin their 絶nSitivity10 tryPanOCidaldrugs，Sca閑naland  
environJ耶ntalinfluences頑1laffectthcpopulationdensityofthcinsectv∈CtOrSandhencc  
theopportunidesfortfansmission．MorbidjtywillaIsobeinfluencedbyhusbandryptac鹿es  
suchas暮h8remOValofsi¢kanimalンSthatcouldaclasre韓fVOirsofin臨ction，theintrodu8丘on  
Ofinfectedanimalsthatmightlcadtooutbreakofdiseaseintheherd血eretheyareplaced，  
Ortheirrtrodu¢tionofsusccptible）ive或OCkilltOinfectedherds雨Ieretheymightsuccumb  
mpidlytoinfection．  

TheHost．Allspecies of domesticated Livestock callb¢infected涙th Tle帽nSi  
山地ou由，血eprinciplehostvaries酢Ographically．InAfricabeyondthenorl触rnmpstlimits  
QfthetsetseflyandinpartsofeasternAfricac卿Ielsarethemo＄timportanthost（Diaetal．  
1997），，WhilstinCentralandSou血Americathehorseisprincipallyaffected（Monzonetal．  
1995a；Silvaetal．1995）．InAsia，amuChwiderrangeofhostsisi11VOIvedine）udingbac扇an  
anddromedarycamels，Cattle，buffal0，horsesandpigs（Ⅰねthaketal．1993；Partoutomoet  
al．1994；Tun払SuVanetal．1996）．IntefeS血gly，inAfricaandSoulhAm即icathereis塘叩  
1itde evidence to sug／geSt that domesticatedlivestock other（han camcIs and horses  
T喝押掛頑y抑＝liniGally a仔ec鹿d（）rimd群d，infected雨血7こ押御感注柚ollghth鞍re are  
reportsofseroIogicalevidenceofinfectioningoatsandsheepfromtheSudan（Boide土山・  
1981）andinca（tle｝fromBraziI（FrankeetaI．1994a）andbothgodtsandcattlehavやbeen  
COnSideredaspotentialreservoirsofinfection（ClarkandDllnn1933；Dennig19名9）■Farm  
livestoekcanactasa犯urCeOfiれfeclionforotheranimalstoⅥ血ichtheycoぬeinto00n也珠  
thiscouldbeduetothepresence／Ofinfection withles＄Pathogenicstrainsd Tlervanslin  
Ca触orbuffalothatthenactassymptoml聯Carrier＄′Ofirifection（CIarkandDunn1933）・  
Equa11y，horses雨thfulmim孤thginfecdonsar¢adangerous診OureeOfinfectionf8rGa沈kor  
buffalo（Luckins1996）．Althoughthese events are reportedin theliterature，血tu象11y  
noぬi】鳩i＄knownofth£drGumぬmぢ蓼8Whi¢hl駐adtpthedis紀mimad叩Ofinf既正卿．且nd血ぢ  
n3ture Of the relationship between sympbmless carTiers，thc vectors，tranSmission and  
dis関節．  
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Itisnotclearto“′haLexlent．ifany、thereexisttruewildLanimalfociofinfeclion fhat  
operateindependently ofthe domesticatedanimalsHarmkanch siluation・lnfectionslbo（h  
naturaland artificial．have been shownin vaTious T～ヰId animalsincluding capybara  
（坤drc如ビr〟．9血γdrnc加gr“止血1d dogs、（C〟扇▲…＝αrαg）and deer 仲山出血㌦凡㍑  

tilTulren5is）．There have been no atteml］tStOinves（igate such relationships properLy，and  
（here are a number offactors thatmight precludei（S OCCurrenCe・First・（hroughoutits  

geographicalrange，r・e川T7StWaSintroducedasaparasiteofdornesticatedlives（OCktandany  
雨1danimaJsinfec【ionsareacquired secondarily、hencethediseaseisoften fatalin wild  
animals（Clarkandl〕unn1933），Second．insomeinstances．theecologicalconditionsmight  
precludeanyclosecontaLtWithwildanimalse・g・incoldorho（desertsforinstance（Africal  
northern China．India）orin densely popLllated．intensively farmed regions（1ndonesia．  
Vielnam．ThaiLand，thePhilipplneS．SOuthernChina）・However，Tevar”tShowsawiderange  
ofpathogeniclty，andchronicinfec［ionsinwi1danimalsdosometimesoccur，aSinSoulh  
America，Wherethecapybaramightbeareservoir（Ariaselal・I997：FrankeetaL1994alb；  
Stevensetal，1989），SomereportsindicateLha（CaPybaraarehighlysusceptib［etoTlevun・～′  
（Migone1910），bu（morereCentWOrkFrankeelal・（1994a）consideredcapybarawere  
implica暮edasreservoirsofinfeclioninaranchinthePantanalreglOnOfBrazil－Thesituation  
wascompFica（edhowever，Sincecattleand dogswerefoundtoharbourtrypanosomesand  
mightalsobeinvoIved・Dogsprobablyacquiredinfectionfrombeingfedcapybaraand  
wereconsideredhighly suspec（Since［hey associatedcloselywithhorses・Thisintereshng  
situationrequlreSrnuChmoreintensiveinvestlgationofthere］ationshipsbetweencapybaral  
dogs，Cattleandhorses；thefeedingpreferencesoffliesandthecharacteristicsofthestrains  
OftTTpanOSOmeSisolatedfrornthcdifferenthosts・  

TheVecLor．Tわ／）anOS（ノma eVanSllacks the genes necessary for mitochondrial  
deveJopment（Borst et al・1987）and thereforeis unabIe to undergo growth and  
differentiationin（heinsect vector．Neverthelessthis has notprecLuded transmission  
insects・Indeed，the、扇despreadoccurrenceof r・eVanL9iislargelyduetoitsbejngspread  
thebitesofhaematophagousfIies▲Transmission bybitingfliesisnotthesoJemeans  
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whichinfectionisperpetuated；ingestionofmeatfrominfectedcarcassesbycarnivores∵Can  
resultininfectionstoo（Ware1928）andin SoulhAmerica，VamPirebatsaresaidtobeof  
importancebothasreservoirsofinfectionandasvectors（Dunn1932）・H仰℃Ver，therehas  
never been any definitive study to confirm their role in the epidemiology of 
trypanosomiasisandilisnotreaJlyclearhowimportanttheyare・Ayalaandl晦11s（1974）  
questionedthesignificanceofvampirebats，COnCludingthatIargenumbersofbatswouldbe  
requiredtomaintain andtransmitinfectionsand wherethereare fewbats、theirroleis  
negliBible．They might merely serve asindicators of the presence ofinfectionin  
domesticatedlivestock．  

Thelink be（Ween the disease．surra．and the presence oflarge biting nies was welJ  
known101ivestock ownerslong before the causalagent andits vec（Or Wereidentified・  
Experimentalevidencefortheroleofthetabanidf］ywasfirstreportedbyRogers（1901），  
us＝ganunidentifiedspeciesofflytotransmitinfectiontothedog，horseandgulneaAPlg・  
Sincethatreport，manyhurldredsofexperimentshavebeenreportedinwhichattemptshave  
been made to transmit T，eVan．Yiwith Tbbanus，Lyperc・・一ia．jhemaE（）P〃［a，Chrv・mPS and  
St（，mL）XySSPP・Moststudieshave been carried outwith7bbanusspp anditis general1y  
acceptedthalthisgenuscontainsthemostimportantvectors（Leese1909；1912），a］though  
thereareTelalivelyfewfielddata－aPartfromstrongcircumstantialevidencetO SuPPOrt  
lhiscontention・7bbariidfliesareaggressivefeeders†andlheirvlgOrOuSattaeksonthehost  
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CauSedefensive reactionsthatdjsturb theflies so hatthey attack agaJn and agaln，Often  
Chooslng Other hosts．in order to complete their blood meal．Thisform ofinterrupted  
feeding enablestransmissioTlOfthe trypanosornes；fliesinitia”y feeding on aninfected  
animalinitially，may COmPlete feedingln an uninfected host．Successf山 tranmi鍋ion  
depends on the survivat of the trypano＄OmeS PreSentin blood trappedin the fly■s  
mouthparts．  

Morethan20differentspeCleSOfTbbanushavebeenshownexperimenta11ytotransmit  
rg川≠正including：－九・板柳欄伽血明地血J．α伽J乃ed血∫，㍗わむ飢眈肌パr．鋸k払Ⅶ仏．ア．  

如拙叫那．r・甥由血購，r・d血g〝血肛rJ勉一両加J町r・ル椚腑′，rgrJ∫叫，α¢i∫，㍗力血rfぶ．  
ri研削d油．㍗山f匝：9C如，r．椚αC訂，r mα如αe耶Jj・．r．〝＝〃J〝M∫，㍗乃ビタ蹴JCα／払∫町 r  
〃ピ㈲m聴r〃〝由叫rrと血槻rr〟わ血∫，王叫仙郷抽．r．血恥r．嘲れr．v卿∫，  
TIveneckLand TIvErgo（Cross1923；Crossand Patel1921；Fraserand Symonds1908；  
Kelser1927；Lingard1906；Mitzmain］913；Nieschulz1926a，I928a，b；Nieschulz and  
lbnto1927；SinghJ925；Yutuc1940）．Many transmission experiments have been  
COnductedtodefine theconditionsunder whichT，eVanSicanbetransmitted．Thereisoften  

COnSiderable varialionin success raleSObtainedin different experinlentSOr by different  
WOrkersbutcomparisonsaredifficultLVadationsoccurflynumbers、flys匹CleS，hostspeCleS  
and trypano50meisoLates・Successfulexperimen（S have usua11yinvoIved feedinglarge  
numbersoffliesonho邑tSWithhighparasitaemias，butinotherinstancesevenaslnglefLywas  
found to transmitinfeclion on severa］occasions（NieschuIz and Pon101927）．The few  
experimentsconductedinwhichtrypanosomeswereabsentfromtheperipheralbloodofthe  
donorhos（Were unSuCCeSSful，Survivalperiodsoftrypanosomeson thefliesmouthparts  
Variedfromasshortasafewminutestoaslongasthreedays，butitisgenerallyagreedthat  
transmission succeedsiffeeding take place wlthin one hour of theinfective feed．The  
PrObabilityoftransmissionisO．05within5minutesofaninfcctivefeed，decreaslngtOO．04  
by60minutes，0．（旧1within3hoursandO．0003at24hours（Leclerq1952）．  

Theroleortabanidfliesotherthan TbbarzLL・†SPPLSnO（Weltdocumented、becausefew  
Studieshavebeenunder（aken，butsuccessfule又perimentaltransmissionhasbeen obtained  
Withboth肋ema叫フ（〟a，LypemsiaandChrysups（Fraser1909；Nieschulヱ1926b，1927a，b）．  
TheposidonofSk）mOXySiscquivocal；anumberc・fsuccessfulexperimentaltransmissions  
havebeencarriedoutwithS，nigTuandS．caLciETunS（Mitヱmain1912；ScrgentandDonatien  
1922），aIthoughthesuccessrateispossiblylessthanthatobtainedwithtabanids．  
nなⅢWaSCOnSideredtobethepri11CiplevectorofsurrainMauritius（Moutia1928）blltin  
Otherstudiesil】thePhiJippines（Mitヱmain1912）Stom（・，てy・YWaSthoughttobeunimportant．  
SinceSEOfnOXyS．［血ematopotaand上押eTT）SiacompletetheirbloodmealsonaslrlgIeamimaL  
their efficiency asvectors may below．However，Other authors consider thatin certain  
Situations，SuCh asin stabLes，Sわmoxy・9isimportantin spreadinginfection due to the  
presenceoflargenumbersoftheさeflies，Whereasin open conditions，tabanidsaremore  
impo血nt（ks¢1912；Sergent町IdDonatien1922）・  

Althoughthemode ofmechanicaltransmis＄ioniswe11established．itsdynamicsarenol  
understood．Considerable experlmentation thereforeis sti11required to attempt to define  
quantitativelytheeffec（Ofthehostspeeies，thedurationofinfectionillthehostandthelevel  
Ofparasitaemia．theperiod between feeds and the relative efficiency ofdiffcrent vectc・r  
SpeCiesin ensurlng SuCCeSSfultransmission．1nlhe fieldt studies should rinvestlgate  
はa瓜封ni亀Sionin relat10n tO th¢preYaknce of71・ぞVq〃∫Jinrectionin the host species，仙e  

SeaSOnalabundanccofbitingfliesandtherelativeimportanceofparticularspeciesofbiting  
Ⅲesamo一喝飢血osefoundfeedir唱On血eanimalh（｝Sb・  

・■．リ   



EPIDEMlOL（）（iYOFnIYl）AN（）S（）MA］11VAN．＼’J  

ThePamsiLeltishypothesisedthalT．ev（u7S［orlglnatedfromT・hru（■e［hvadaptation  
to a non－CyClicalmode oftransmission and Lossof（he ability to undergo growth and  
differenIiationinlhefLyvector（Hoare］り57）・CamelsthaLcameintoconIacIwithtsetseflies  
atthenorthernmostlimitortheirdistributlOnaCquiredinfections（heI－Whencarnelsmoved  
tonon－tSetSeareaS，tT鋸ISmissionwasspreadbyotherhaematophagousflies・Thediseasewas  
fLJrther（lisseminated hy camelcaravans traveling to north Africa．the MiddLelてas（and  
furthereastin（OSouthAsia．l11aSimilarmanner、horseswereprobabJ）（themeansbywhieh  
surrareachedSouthAmerica，prlnCIPallybymovemen（OftheanimalsfromWestArricain  
the16th cerltury；evidence（romisoenzyme studiesand characterization ofntLClear and  
kinetoplast supportthis hypo（hesisand suggest only alimited evolutionary orLg．n Of T・  
evunSZ．（Gibsonetal，1983；Songae†a】，］990）．1nspiteofthis、theparasitehasachieveda  
wide geographicaldistributlOn，infects numerous host species and shows a range of  
pathogenicltylhatindicate thepossibilitv of arange ofgenotypes・Stoeks of T・eV（ln  
isolatedfrom severaldifferentareasof Kenyawere foundtoconrorm toa homogeneous  
patternofzymodemesand were simiLarto thepatternsobservedinanother threeiso］ates  
fromSouthAmerica，NigeriaandSudan（Gibsoneta］・1983）・Simi1arworkon12isolates．  
iso］atedfrom buffalo、Came［sandhorsesfrom（IifferentpartsChinaconfirmedthatisola（es  
of T，eVan．ヾiformedahomogeneousgroupirrespectiveoftheirorigin（Iノunetal・1992a）・  
ThishomogeneltyWaSalsoseenamoI－gStOCksoftrypanosomesthatwereisolatedfromdogs  
and capybara and differedin their virulence・Although there were marked behavioural  
difference between the nine sLocks examined．allwerefound to have similar zymodeme  
patternsandtoresernble7ymOdemesfromAfricaandotherpartsofSouthAmerica（S（evens  
elal．1989）．Iden（icaJzymodemeswereaIsofoundindogs，horsesandcapybara（Frankeet  
al．1994）．In South EastAsia．stocks of T，eVan．iifTOmJava were showntO form a  

homogeneousgroup withsimilar characLeristics tostocksiso］atedelsewhere（Boid1985）・  
Thelevelof discrimination betweenisolates wasimproved by the use moLecuLar  
karyotyplng；StOCks that wereindistinguishable byisoen乙yme analysISWere found to fa］］  
intoseveralkaryotype groups（Lun etaIL1992b）・AnisolateofT・eVanSifromthe north  
wes（OfChinatha（hadbeenisolatedfrorrlaCamel（lifferedfromthekaryotypeexpressedby  
Otherstocks，SuggeStLngtha（T・eVanSimighthavebeenintroducedintoChinaonmorethan  
oneoccasion．oncefromthesouth（Luckins1988）anda］sofromlhenorth．CharacterLZation  
OfstocksfromChina，AfricaandSou（hAmericaand thePhilipplneSbyrestrictionfragment  
】ength polymorphism revealed that the Chinese stockswereidentical．but differed from  
isolates from eLsewhere（7：hang and thltz1994）．ln cameLsin Kenya，eight different  
karyotypesweTeidentified amongsttrypanosomesiso］ated from twoherds that had been  
underdifferenttherapeuticregimes（Waitumbiand Young1994），lIlaherdthathad been  
PrOteCtedbylhelongtermuSeOfquinapyramineprosaltglVenPrOphylac（ica［ly，aIlbutone  
isolateconformed toa slnglekaryotype．1ncontrast，in aherdwhere treatmenthad been  
adminjstered to camels when they became parasitolog．ca”y positive，Cigh（differen［  
karyotypeswerepresenl（Waitumbiand Young1994），Thpan（，S（，m“eVanSLresisLarlt（Othe  
effectsofquinapyraminewerefoundto expressIwodifferenlkaryoLypes（Waitumbie（al・  
1994）・No polymorphismsin T evaF”istocksfrom caTTteLsin Kenya were revealed by  
random amplified polymorphic DNA（RAPD－fて二R），eVen though karyotype difTerences  
WereObserved（WhitumbiandMurphy1993）・Inlndonesia，OVer40karyotypeswereround  
amongst80isoLates collected from different parts of the country（Sukanto、PerSOnal  
COmmunication），andunlikethestudyinKenyaalimitedRAPDpolymorphismwasshown  
by theseisolatesこfoLLr PatternS、代re described・A similar karyotypediverslty WaS found   
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amountsisoIatesofT＿eVanSicollectedfromseveralvi11agesinamuchsmallergeographical  
arcaoveran18－mOnlh period（Rae and Luckins，unpUblished observations）butthe80  
StOCksexaminedshowedanidentica）RAPDpattern．  

C］early，mOlecular characterisation has considerable potentialin understanding the  
epidcmiology of T，eVanSl．particularIyin determinlng the re］ationship belween strains  
isolatedfrom domesticatedlivestock andtheputatiYe reSerVOirhosts．theor］gln Ofstrains  
and tTlejr spread amongstindividualsin a herd，their possible associationwith disease  
OUlbreaks．the seasolla］changesindiseaseandthe presenceoftheparasite，theeffcct＄Of  
trypanocidaltreatment（OrOtherintervehtion）and（hepresence ofdrug resisEance・This  
information could provide vaJuableinformation for deve］oplng COntrOlmethodology  
Unfortunately，relativelyfewisolaleshavebcen examinedcomprehensivelyand，Currently．  
Our kno雨edge of the molecular characteristics of7二evansiin relation to the overall  
epidemiologyofthediseaseisverylimited．   

J）ESCR［PTIVE＾ND＾N＾LYTTC＾L＾SPECTSOFDISEASEDTSTRIBtJTTON  
Tbpanosoma evansiis the rnost widely distributed of the pathogenic aninlal  

trypanosomiases，affecting domesticatedlivestock jnAsia，Africa and Centraland South  
America．1ts spreadinto South EastAsiahasoccurred only relatively recently．and the  
Seriousepidemicsofsurrainthatwererecorded towardslheendofthe19thcentury and  
earlyyearsofthepresentcenturylnIndonesiaandthePhiJipplneS，SuggeStthatitcouldhave  
SPreadintotheseregionswithinthelastlOOyears（Luckins，1988；Lunetal－1993）・This  
Pathogenicformofdiseaseisobservedlessfrequently、butwhileepidemic outbreaksof  
diseasedog［ilJoccurinIndonesia，ThePhi）ippines，Vietnam，Thai［andandChin′a（Luckins，  
198S，1996；Lunetal．1993）itisnowmoreprobablethatinmanycountriesitisadisease  
涙thahighmorbidilyandlowmortality，However，tOprOperlyevaluatethisassumptlOnitis  
nece畠SarytOhavedataonitsoccurrenceanddistribution・Currently，thereisalackofdata  
thatis used toofrequentlyto別】ggeStthat T．evansiisoflittleeconomicimportance－a  
judgmentbasedonlgnOranCeOfthetruesituation．ratherthanfact・  

Diagnosis．DiagJIOStictestlngisthekeytodeterminlngtheimportanceofadisease・  
AttheherdlevellrglVeSanindicationofthefrequencyofdi＄eaSewithinthepopu）ation；at  
theindilぺdualJevelitcanbeusedtotargetanimalsfortreatmcntandassesstheefficacyof  
chemotherapy．AlthoughtherehasbeerICOnSiderabledevelopmentindiaBnOStictechniques  
applicableto surra，theirevaluation，Standardization，applicationanddeploymenthasnot  
been forthcomlng．Consequently、di喝nOSjsis sti11based on traditionalpara＄itological  
methodsoreven clinicalsignsofdisease．ParasitologlCaldetection methodshaveapoor  
diagnosticsensjtivlty．Often＜50％andclinicalslgnSarenOtPathognomonicforT・eVanSi  
（Luckins1992；Monzon et al．1990；Nanhlya1990）．1tisthereforelikely thatin most  
situationsTlevansiisunderrdiagnosedandthelevelofirlfectionisgreaterthanisfrequently  
reported．Howthereforewi11thevarioustechnolog］Ca］deve］opmentsindiagnosiscontribute  
10diseasecontro）？Itisimportanttoaskwhatparticulardiagnostict亭Stisusedandwhatwiu  
bedoneif the（estis positive．These two questions have probably not been addressed  
sufficien（1y，Con㌍qtlently，diagnosisismoreoften drivenbycurrenttrendsin techniques  
andperceivedwi如om－increasedsensitivity，increasedspecificity，penSidediaBnOSisrrather  
thanwhetheratestisforscreenlnBOrClinicaldiagnosisandtheimplicationsthatmighthave  
initsinterpretation．ThereisafalseinlpreSSion amongst manyscientists workingwith T：  
evansithatthesensitivltyandspecificityofatestcanbeusedtopredictanacLualtestresult  
andthereseemstobeacompJetenegationoftheveterinarian’sroleinintuitive rea［SOnlng，  
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basedon whetheratestresuLl（positiveor negative）isfrom ananimalathigh risk（high  
prevalence）orlowrisk（lowprevalence）・1naddition・littlecognisanceis（akenofpredictive  
valuesandtheconsequencesoftheimpIementationofaconLrolpTOgrammethatw州al（er  
the degree of risk w－thin a populaLion such that prevalence willdecLine necessita（．ng  
introductionofaltema（iveteststrategleSanddecisionmaking・  

Currently，three typeS Of assays are being used for diagnosis of7二evunsi・enZyme  
linkedimmunosorbent assays（ELLSA），Card agglutina（ion tests（CATT）and］atex  
agglutination（ests（LAT）・Underexperimentalconditions（hesetes（Shave been shown to  
de（ect（rypanoSOmeantibodiesorantlgenSSOOnafterinfcction・Antibodvdetection－ELISAs  
（Ab－ELISAs）havebeen used todetectinfectionincame］s（Luckinseta［．I979）．buffalo  
andcat（1e（fhyneelal．1991）．However，dataonsensitivityandspecificilyofthetestsarenot  
alwaysavai】ableanditisnotpossibLe todetermine howwe11theassaysmightpredictthe  
diseasestatusofan animal．However，in alater study（やIeetal・1989）in camelsin the  
Sudan，a rigorous evaluation of Ab－ELISA and antigen detection ELLSA（Ag－ELISA）  
showedthatAb－ELISAcouldbeusedtoidentifycame］swithpatentor（moreimportantly）  
non－Patentinfec（ions・Ab－ELISAsarerobustandsimpleandusua”ybasedonnon－defined  
antlgenSWhichcou】dbeproblema（icifuniversalstandardizationwasrequired・1n contrastl  
CATTtestsarealreadystandardized andworkwe11ins（udiesinbuffalo，Catt［elCame］and  
horses（Songa e［al．1989）．Antigen de暮ection assays based on ELISA have shown  
considerablepo（ential（Monzonetal，1995こNantulyaetal・1989a、b）butareCurrentIynot  
viewedfavourablydue（0thelowsensitivltyandspeCificitylWhereaslatexagglutination（estS  
forantlgen detectionare held toovercome theproblems of specificityinherentin the  
Ag－ELISA（01aho－Mukanie（a］．1996）．Although the foregoing tests have been used・  
extensively，adequatevalida（ionhasnotalwaysbeendone・IIowever，Davison（1997）carried  
OutCriticalevaluationofAb－ELISA．CATTandAg－ELISAinbuffaIoinlndonesiaandwas  
ab】e to show that the antibody assays had a higher sensitiⅥty and specificity than  
A㌢ELISA．Comparisonoftheassaysbycalculationofpost－teStPrObat）ilitiesofinfection，  
andlikelihoodratjossuggestedthatAb－ELISAwouJdbeIesslikely（0missinfection，and  
CATTwouldbelesslikely thanAb－ELISAteststovn－OngIyclassifyuninfectedbuffaloesas  
infected．Hence Ab－ELISA tests could be usedforini（ialscreerHng Of］arge numbersof  
Samples（OidentifyanimalsatriskandCATTcouldbeusedforconfirmlngdiagnosisandas  
arationalefor（reatment．Asimi］arapproachis requiredforotheranimalspeCies，butitis  
importan（thatanynewtestisaccordedmuchmorecriticaleva］uationthanhashithertobeen  
allowedifserologicalassaysaregolng（Obeareliablefac（OrinformuLatlngCOntrOIs（rategy・  

DisLTibutronandPnvaEence．Estimates of the prevalence of T，eV（〃川■ almost  
invariablyderivefrom studiescarriedou（inresponsetoseriousoutbreaksofdisease・Even  
then．diagnosisisoftenrestrictedto parasitoIoglCaltechniquesorc］inica］slgnSReportsof  
（heserologlCa）prevalenceofinfectionhaveusuallybeenbasedonsmallnumberofsampJes，  
wi（hout attempting toinstitute proper samp］ing survey procedures（Lohr et al・1985；  
Monzoneta］．1995），Apossib】eexceptionarethesludiesdoneinChina（Lunetal1993）  
WherehundredsofthousandsofanimalshavebeentestedserologlCal．Sometimes，multiple  
diagnostictestinghasbeen used（DiaetaJ・1997）buttheresultscanbeproblemalic since  
Withoutproper validationinterpretation can be difficult．Where rlgOrOuS Valida（ion and  
SurVeyCriteriahavebeenapplied，theresultsaremoreinfomative・   

THEMANAGEMENTOF DISEASE＿PLANNTNG AND MONITORINGCONTROL  

DLsease．Intheearlyyearsof thiscenturydevastatlngepidemicsof trypanosomiasis   
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CauSCd by T・eVanLYiaffected the Philippines，Mauritius、Indonesia andlndia（Luckins，  
1988）．Thissitua（ionisnotfrcquen（1yseennowadays，butepidemicsdosti1loccur（Luckins，  
1996）．The clinicaland haematologicalcharacteristiesofinfectionissimilar amongstthe  
different speciesofhostsanimalsandincludesaprogressiveanaemia，hightemperature，  
markeddepression，duIJness，lossofconditionandinsornecases，deathLThereisatenderlCy  
toascribetheoccurrence ofsevereandof（enfata］diseasetothehorseandcamel、andmilder  

disease m cattle．bulthe range of susceptibility of thelivestock and the variationin  
pathogenicity of the（rypanosome strainsis so greatthat thisis an unrealistic view．  
Experimenta）studies have shown that markedimmunosuppression to v狐Cine antlg印S  
OCCurSin sheep that have only sub－Clinicalinfeclions（Onah etal．1998），hence evenin  
Situationswhere7二evaTiSidoesnotapparendycauseanyovertslgnSOfi11ness．itcotJld be  
COmPrOmislng VaeCine efficacy orleading to severe disease with otheriFlterCurrent  
imfcCtions・1nthefield，repOrtSOfdiseaseincamels，buffalo，Cattle，horsesandpigsareWell  
documentedandamongtheaffectsseenaredeath（Tuntasuvanetal．1997）abortion（bhr  
etal．1986），Weigh（loss（Luckins，unpublishedobservations）and reduceddraughtpo胱ー．  
Whereepidemicsinvolyingthousandsofanimalshaveoccurredtheeconomicconsequences  
Of theseJosses have not been quantified，the cost of controlling the outbreakswith  
（rypanocidaldrugshasnotbeendeterminedandtherehavebeennolongterm surveillanee．  
SOitis oftenimpossible to determine the jmpact ofthe controIstrategy．Epidemics of  
diseasedrawattentiontotheexistenceofTeva11Si，butthereJevanceofsurraanditsimpact  
OnPrOductivitywheresubLClinicalinfectionsocctJrislarge］y］gnOredandtherehavebcen  
fewdetailedstudieseitherexpenmentaJly，Orinthefield，SOthattherearefewsounddata，  

れ刊血cnEafZdConLrvL．Various preventive rneasures have been used bylivestock  
OwnerSfor many years todecrease the nuisancc presentedby bitingflies・Th8Seinclude  
StablinganimaIs．theuseofsmudgefirestodiscouragefliesandtheuseofnettlngtOprOteCt  
dairy eatde．Itis not known how effectivethese measuresmight bein reducing thc  
transmissionoftrypanosomiasisbe¢auSCnO gtudieshavebeenundertaken．Treatmentwith  
（rypanocidaldrugsistheusuaLmethodofcontrolof7二evansiandfivecompounds，namely  
Suram転dimina乙ene，isometa血idium，qulnapyramineand cymelarsen havebeen used to  
treatcamels、CattLe．buffalo，horsesandpigs・Suraminhasbeenthemainstayoftreatmentfor  
a11hostspecleSforover70yearseventhoughitsintravenousrouteofadmhljstra血ncanbe  
PrOblematicinthe field．Quinapyramine has been usedin camels and horses whilst  
diminazene andisometamidium have been used for treatment of catde and buffal0．  

Cymelarsenhasbeenintroducedonlyrecentlyfortreatmentofsurraincamels・Diminazene  
hasbeenusedsuecessfully totreatcattleand buffaloinlndiaand ThaiJand、butthere are  
so血edol】btsaboutitsefficacyattherecommendeddoserateof3．5mg此g；SOmeauthorities  
suggestahigherdose（e・g．7mghEgbodyweight）・A］thoughthedrugShavebFeninuse｛for  
manyyearsthcreportsofdrugresistancefromthefieldaresurprlSlng）yfew・Nevertheless、  
anumberofstudieshaveindicatedthatdrugresistantstrainsoftrypanosomesarepresentin  
KenyaandVietnam（Mainaetal．1996；LeNgocMyetal・1998；恥itumbietal・1994）・  
R亡Sistancewasdeterminedonthebasisofinvitroassayormou諾inoculationtests，SOj（is  
notkno昭IWhatthe actualdcgree ofresistance wasinlhehostanimals．Since there have  
beenfewstudieson drugresistarICeitsactualextentandimportancein varioushostsand  
differerr［reg10nSisunknown．  

There havebeenno pIannedcarnpalgnS10COntrOIT．evan5iinfectionsus）ng mOdem  
methodsofflycontroIorchemotherapy；inmostcases，COntrOlislimitedtotreatingthose  
animaJsdlatare COnSideredto beinfected onthe basisoftheunreliable clinicalsigns，Or  
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CauSed b）′ T・‘ノV（Jn～［afrecte〔lLhe PhiLippines．Mauriliし1S．1ndonesia乙一n（1lndia（Luckins．  

1988）． This si（uationis not frequently seen nowadays．but epidemics do s（illoccur  
（LuckillS、1996）・The clinica】and haematologLCalcharacteristics orinf■ectionis simi】ar  

amongst the d汀ferent speciesof hostsanimals andincIudcs a progressivc anacmia，high  
Iempcrature．markeddepression，du‖ness．1ossofcondilionandirlSOmeC乙1SeS．death・There  
isatendenc）r tOaSeribe［he occurrenceof severeandof（en rataldiseaseto（hehorse and  
Camel，and miはerdiseasem cattle．but（herangeof susceptibilityofthelivestocka一一d（he  
Variationin pathogenicltyOfthetrypanosome strainsis sogreat tha†thisisan unrealis（ic  
View．Experimentalstudieshavesholmthatmarkedimmunosuppression tovaccineantlgenS  
OCCurSin sheep tha（have only suhrclinicaLinfections（Onah etal－199き弓）．hence evenin  
Situationswhere T．，eVa／川■doesnotapparentlycaL］Se anyOVertSlgnSOfiLhess．itcouLd t）e  
COmPrOmising vaccine efficacy or Leading to severe disease、血h otheri［1（ercurrent  
infections．Inthefield，rePOrtSOfdiseaseincamels、buffalo，Cattle．horsesandpigsa］－eWell  
documentedandamongtheaffectsseenaredeath（TuntasuvanetaL L997）abortio■一（Lohr  
etaI・1986）、WeightLoss（Luckins，unPublishedobservaLions）and reduceddra11ght power・  
WhereepidemicsinvolⅥngthousandsofanimalshaveoccurredtheeconomicconsequence  
Of these］osses have not been quant汀ied，the cost of contro”ing the outbreaks with  
trypanocidaldrugshasnoLbeendeLerminedandlherehavebeenno】onglerm surveiLlance．  
SOitis oftenimpossible to determine theimpact of the controIstrategy．Epidemics of  
diseasedrawatlention to（heexis（enceofT・eVun・Vt，bu（therelevanceofsurraanditsimpact  
On PrOductiv］ty Where subLC［inica］inrectionsoccurislargelylgnOred and there have been  

fewdetailedstudiesei（herexperimentaLLy，Orinthefield，SOthattherearefewsounddataT  
Trea（menlundC（mLr（）L・VarioLJS PreVentive measures have been11Sed bylivestock  

OWnerSfor man）′yearS tOdecrease thc nuisance presented by biling flies・Theseinclude  
Stablinganimals，（heuseofsmudgefirestodiscouragefliesandtheuseofnettlngtOprOteC（  
dairy cattle・Jtis not kno耶一how eff■ective these measuresmight be jn reducing the  
transmissionoftrypanosomiasisbecauseno s（udieshave beenundertaken．Treatmen仁山th  
lrypanocidaLdrugsis（heusua］methodofcontroJofT．eva丑扇andfivecompounds，narnely  
Suramin，dimina7ene，isornetamidiu帆quinapyramine and cymelarsen have been used to  
treatcamels．calIle，buffalo．horsesandpigs・Suraminhasbeen themainstayoftreatmentfor  
allhostspeciesforover70yearseventhoughitsintravenousrouteofadministrationcan be  
PrOblemilticin the field．Quinapyramine has been usedin came］s and horses whiLst  
diminazene andisome（amidium have been used for treatmen（Of caltle and buffa］0，  

Cymelarsenhasbeenintroducedonlyrecentlyfortreatmen（Ofsurraincamels．Diminazene  
hasbeen usedsuccessfully tolreatcatIIeand burfaLoinIndiaand ThaiJand，butthere are  
SOmedouhtsaboulitsefficacy如Iherecornmendeddoserateof3．5mg／kg；SOmeauthorities  
SuggeStahigherdose（e・g・7mgA’gbodyweight）・ALthoughthedrugshavebeeninusefor  
manyyearsthereportsofdrugresistancefromthefieldaresurprlSlnglyfew，Nevertheless．  
anumberofstudieshaveindicatedthatdrugresis（antstrainsoftrypanosomcsarepresentin  
Kenyaand Vielnam（Mahla etal，］996；Le NgocMyeta】．1998；Ⅵ包jtuml）ietal．1994）．  
ResislancewasdeteTminedonthebasisofinvitroassayormouseinoculationtests，SOitis  
notknoIVn Whatthe actualdegree ofresistance wasin Lhehost anirnals，Since there have  
beenfew studieson drug resistanceilsactualextentandimportancein varioushostsand  
differentreg－OnSisunknown・  

There havebeen no planned campalgnS tOCOntrO［T・eVarZSEinfectionsuslng mOdem  
methodsoffLvcontrolorchemotherapy；i■lmOStCaSeS．COnlrolisLimite（11olreallng（hose  
animalsthatare consideredto beinfected onthe L）aSisof theunreliabLe c）inicaJs］gnS，Or   
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information，WedohaveavailableatpresenttechnologleSthatcan♭euscdforestablishing  
controLoreradicationprogrammes・Inaddition，WeShouldalsoaddresstherequtrementsfor  
improvlng．mOdifyingandresoIvingotherissuesthatare peripheraltotheactualcontrol  
methodoIogy，butmightenhancethedesignandeffectivenessofcontroloptlOnS・Themost  
important needs areinformationaland there are severalsteps by which these can be  
achieved．Specifica”y，theseare（1）applica（ionofvalidated・Standardizeddiagnostictestsat  
localand regiona］levelsこ（2）development of appropriate moni10ring and surveillance  
procedurestoevaluaterisk；（3、）estimationofthenationaLand regionaloccurrenceofT・  
evan．琉（4）quantificationoftheeconomiccostsoftrypanosomiasisintermsofproductjvity  
as堺電1las socio－eCOnOmic effects，in different production systems andirlCluding the  
consequencesofsuレclinicalinfection：（5）developmentofpredictivemodelsforplanning  
controlprogrammesindifferentproduction system，and（6）applicationofchemotherapy  
andanalysisofitscosteffectiveness・  

Anumber of researchissueswould beimportant adjunct to these strategleS・These  
wouldinclude（1）continued developmen（Ofdiagnostic tests、particularly simple penside  
tests；（2）idenlification of（he principle vector speCies responsible for transmissionin  
differentecologicalsituations；（3）improvingunderstandingofthedynamicsofmechanical  
transmissioninendemicandepidemicsituations；（4）investigatingthe potenlialforvector  
controlinthemanagementofdiseaseこ（5）determiningtheefficacyofdifferentlrypanocidal  
drugs，the ex（ent ofdrug－reSistance anditsimportance；（6）determining whatfactors  
precjpitateepidemicoutbreaksofdise鱒Seand（7）determiningifwi1d－animalreservoirshave  
anyroleintheepidemiologyoftrypanosomiasiscausedbyT・eVaTiSL・   
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