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ABSTRACT  

SincethenrstdescnptlOnOfanintracellularbloodparasite，Flaematococcus  
bovis，1atertobeincludedinthegenusBabesia，anumberofpiroplasmsbelonglngtO  

thegenusTheileriaandBabesEahavebeendescribed・Theyinfectawiderangeof  

domestic and wild animals，SeVeralbird species and even man・Of a］lthe  

plrOplasmoses，theileriosis ofcattleinAfrica，Particularly T71eileriaparva・had a  

greaterimpactonthedeve】opmentofbeefanddairycattleindustries，OnVeterinary  

researchandinffaStruCttlreaSWellaslegislationandpoliciesthananyotherlivestock  
diseasecomplex．  

Piroplasmosisisstilltodayoneofthegreatestobstaclestothedevelopmentof  
thelivestockindustriesintrop）Ca］andsubrtroplCalcountrleSOftheworld・Cattleand  

horsesseemstobea鮎ctedthemostwithapproximatelyonebillioncattleandone  

hundredmillionequidsworldwideatriskofcontractlngPlrOplasmosis・Therealcost  

Oftick－borne diseases，including plrOplasmoses，is extremely difficult to estimate・  

However，desplte thelackofreliable data，the costs are generallyacceptedto be  

Substantial・Piroplasmosesresultindirectlossesasaresultofpoorgrowth・pOOrmi1k  

PrOduction，POOr performance and mortalityininfected animaJs andindirectly  
COntributeenormouslytothehjghcostsinvoIvedincontrollingthe（jckvectorsandin  
limitlngtheexportationofmanyanimals・Eradicationofeitherthetickvectororthe  

disease would at first appear to be theidealapproach to controlplrOPlasmosis，  
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however，therehavebeenrelativelyfちwattemptswithlimitedsuccessovertheyears・  

Tbday，eradicationofpiroplasmosisisnolongerconsideredeconomicallyJuSt摘able  

andothermeansofcontroIsuchasregularacaricideapplication，Oftenincombination  
withvaccinationandchemoprophylaxis，areuSed・DespiteextensiveresearchefFbrts，  

no n101ecu．arly emglneered vaccineis as yet avajlable for either cattle or horse  
plrOplasmosisandinmanycountriesliveattenuatedorganismsarestillbeingusedfor  
theimmunizationofcattle．  

lNTRODUCTION  

Oneofthegreatchallengesfacingtheworldatthedawnofthe21stcentutylS  
10prOducesufncientR）Odtosatisfytheneedsofthegrowlnghumanpopulation・The  

globalhumanpopulationisexpectedtogrowfromthecurrent6billionto8billionin  
the year2020（UN2000），CollSequeI叫，itis expected thatthe total meat  

consumptionwillincreasefrom180mi11iontomnes（1993）to275－310mi11iontonnes  

（2020），andmilkfrom400to770mi11iontonnesoverthesameperiod（Delgadoetal・  

－りりりし  

Domestic animals only meet about30％of human needs for food and  
agncultureinthebrmofmeat，milk，mi1kproducts，eggS，nbre，fertilizerforcrops  

and draught power・rrb meet the requlrementS鮎r meat and milk products・  

governmentShaveattemptedtointensifiytheirlivestockenterpnses，andinrecent  
yearstherehasbeenanincreaslngtrendtowardsimportationofcattlefromtemperate  
totropICalerlVironmentstoincreaseproductionofmeatandmilk▼Thishasledallto  

frequentlytoseriouslossesoftheseimportedcattlemostcommonlyduetotick－borne  
diseasesofwhichbabesiosisisthemostwide－Spread．  

1tisimpossibletodefineinexacttermstheimportanCeOfpiroplasmosison  
animalproduction asitis detelTnined by many factors some ofwhich（such as  
mortailities，PrOductionlosses，andquarantinecost），areeaSytOidenti＆andtherefore  

quaTlt巾，Others，thoughrealandmaybemoreimportantthantheseeasilyidentinable  

losses，areVerydifficuLtorimpossibletoquantify，includinglostopportunitiesand  

lostmarkets．  

This paper Willbelooking at thc role that a group of orgaTlisms，the  
plrOpLasms，belonglng tO tWO generaIBabesia and77zeilerEa，Playinlivestock  

development．  
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βα♭ej・ぬ  

MembersofthegenusBabesiaaregeneraJlydividedintowhatiscommonly  

referred to aslarge and smal1babesias・These parasiteshave been recordedfrom  

manydifferenthosts；mOStdomesticanimals，birds andevenman・Tbdate，VeCtOrS  

fbronly afew speCies havebeenidentified－inallcases ticksare thebiologlCal  

VeCtOrStranSmittlngtheinfectiontransovariallyandtransstadia11y，Whilemechanical  

transmission，byinsects，doesnotoccur・AlltheBabesiapropagateexclusivelylnred  

bloodce11s．  

〃血叩  

Magurealluin1884was probably the firstperSOn tOdiscoveraplrOplasm  

SpeCies，WhenhedetectedtheparasiteinsheepinRomania（CitedbyEuzeby1990），  

butitwasonlymuchlatero餓ciallydescribedasBabe5laovis（Starcovici1893）・The  

nrstrecordeddescnptlOnOfthepiroplasmsandBabesiainparticular，datebacktothe  

late19thcentury when，in response to a persistent cattle disease，the Romanian  

governmerltin1887 established a commission headed by Dr Victor Babes to  

investigatetheproblem（Babes1888）・AsaresultofthesestudiesBabesconcluded  

thatthecause ofthe disease，termedenzootic haemoglobinuria，WaS aSma11intra－  

erythrocytic organism which he ca11ed HaematococcuL－bovis（Babes1888）・Later，  

Starcovici，amemberofBabes’researchteam，renamedtheetio］og］CalagentBabesia  

わov～∫（1893）．  

InvestigationsintheUSAbySmi血andKilborneatapPrOXimatelythesame  

timeled to the demonstration for the first time ofa protozoan parasite（Babesia  

bigemina）transmissible toits mammaJian hostby an arthropod vectorBoophilus  

anYZu！atus（1893），Lignieres（1903），WhilestudyingbabesiosisincattleinArgentina，  

recognizedthathewasdealingwithtwostrainsofB・bigemLna・Oneわrmwaslarge，  

resembling the organism described by Smith and Kilborne，While the other was  

Smal】er and often difficult to nndin blood smears．He subsequently named the  

Srnal1erorganismP血plaLma（1aterBabe5ia）argentina（Lignieres1910）atemused  

formanyyearsinAustraljaandSouthandCentralAmericaanditwasonly111mid  

1970thatparasitoJoglStSagreedthatB，bovisandBabesiaargentinawerethesame  

parasite（Brocklesby1976）．  

Some yearslaterM’Fadyean and Stockman（1911）in Englandencountered  

another sTT）al1intraerythrocytlC Organismsin cattle which they named Priop／asmu  
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（1aterBabesEa）divergen5．OtherEu；opeanworkersobservedsimilarorganismsbut  

assumed（hemto be B．bovis and formanyyears a dive曙enS Wa5thoughttobe  

synonymouswithB．bovi5．ItwasaYugoslavianteamin1955（Simic，Petrovicand  

Rakovic1955）thatpointedoutthatthiswasnotthecaseasthetickvectorsofthetwo  
parasitesdiffered．M’FadyeanandStockman（1911）alsomadereferencetoalarge  

Babe5iawhichwasprobablyBTmq／Or，butthisspecieswasonlynamedin1926by  

Sergentt  

TbdatemorethanlllspeciesofBabesiahavebeendescribed（Levine1985）・  

However，the systematic position ofmany ofthe so－Cal1ed“mall”babesias has  

alwaysbeendoubtfulandhasledtomanyCOntrOVerSiesovertheyearsIRecentDNA  
phylogenetic analyses have shown that atleast some ofthese specleS belong to  
di鮎rentgenera・BabesiaequiforexamplehasrecentlybeenreclassifiedasTheilerEa  

equL（Mehlhorn and Schein1998）・Itwas alsovery recentlyshown thatBabesia  

micTVtiformagroupseparatedfromthe772eileriaandBabesiaandclusterwith  
rodhaniandarecentlydescribedsma11caninepiroplasm（Theileriaannae）（Zahleret  

al，2000）．Thiswouldsuggestthatthereisprobablyathirdtaxonomicentityofequal  

rankbesidestheBabesiidaeandTheiledidae（Zahler，RinderandGothe2000）．  

川南／t，√山  

Themembersofthegenus Thei［erLadifferfromthemembersof血egenus  

Babesiainavarietyofcharacteristics：TheneiLerlaisgeneral1ysmall，pleomorphic  

（round，OVOid，rOd－andcommashaped）parasitesusuallyl－2yminlength．Unlikethe  

Babesia they reproduce by merogonylnlymphocytlC Ce11sin addition to their  

merogonylnerythrocytesITransmissionof771eileriabyticksislimitedtotransstadial  

transmission．  

ThedescnptlOnOftheT77eLleriasonlyoccurredmuchlaterandRober（Koch，  

thefamousGemlanbacteriologJStWOrkingwithhisassistantGiemsa，WaSprObably  

thenrstpersontosee TheileriaineryhthrocytesofcattleinDaresSaIaam（Koch  

1898）・TheydescribedatthetimethepresenceoflargeandsmallformsofBabesia，  

butthiswasprobablydualinfectionsofboth TheilerEaandBabesia．In1901Koch  

had the opportunltytO Studythe first outbreakofwhatwas generallyto become  

kJlOWnaSEastCoastfeveTinsouthernAfrica．HerecognizedtheintraLlymphocytlCOr  

SChizontstageof771eileria，WhichforalongtimewasknownasKoch，sbluebody・  

TheparasiteeausingthisdiseasewasdescribedbyStephensandChristopher（1903）  
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as pLfT）lasmakochi，butit was thename that SirAmoldTheilergave the parasite，  

Piropla∫maParVumthenextyear（1904）thatbecameentrenchedintheliteratureand  

which was subsequently renamed to T7zeileria parva by Bettencourt，Franea and  
Borges（1907）．1t was Lounsbury（1904），the Govemment Entomologistin Cape  

rtbwn，SouthAfrica，that showedRhipicephalus叩PendicuLaEu∫tO bethevectorof  

thjsparasitelInthesameyearthatTparvawasdescribed，DschunkowskyandLuhs  
（1904）identified another closely related parasitein Georgia（then Caucasia），  

P血〆α∫肌〟d〝〃〟Jdf〟椚（＝me∠Jピrgdα〃〃“Jαぬ）・  

1nthemostrecentreviewLevinelists34speCiesofT71ei／eria（Levine1985），  

butmanymoreprobablydoexistinnatureandareJuStWaitlngtObediscovered・   

IMPORTANTBABESL4SPRINTHEDIFFERENTHOSTS  
βov′〃g  

AlthoughseveraldifferentBabesiaspp・Ofcattlehavebeendescribed，many  

areprobablysynonymsandgeneral1yonly4speciesareconsideredtobeofeconomic  
impo爪ance，且占β再∫，β・壇ビ血〃d，β・dれでrgピ〃∫and且′乃叫〃r・  

B・bovLs and B・bigemina．respectively a smal1and】arge speCies・are  

transmittedbyBuophilu5ticks・Theyusua］1yoccurtogetherandhaveaworldwide  

distributioncorrespondimgtotheirBoophilu～・VeCtOrSi・e・incountriesbetween32Os  

andabout400N（McCosker1981），but B．bovisis generally regarded as the more  

importantcauseofdisease・These2parasilesprobablyhavehadamaJOrimpacton  

thedevelopmentoflivestockindustriesi止North＆SouthAmerica，AustraliaaTld  

SOuthernAfricawheretheyhavebeenandstillareamongthemostimportantcauses  
OfmortalitylnCattle・1nmostofthesecountriesthediseaseisundercolltrOl，eitheras  

a resuJt of a successfu1eradication program asin the USA or an effective  
immuniヱationprogramasinAnstraliaandSouthAfrica（McCosker1981）・However，  

inLatinAmeIIcaandtherestofthesouthernAfricanreglOn，Seriouslossescontinue  
to oceur．outbreaks are associated with the movement ofcattle什orn vector－rree tO  

endemicareas，aSWellaswhere seas（〕nalclima10loglCalfactorsfavouratemporary  

increaseinthetjckpopulation，OrWhereexoticBoLY（aurusCattleareintroducedto  

upgradeindigenousbreeds・PurebredBos（aurusOrLheircrossesaremoresusceptible  

toticksand babesiosis thanare Boslndfcus andin mostAsian countries，Where Bo5  

indicus cattle predominate，the effbct of babesiosisis relativelyinslgnificant  
（McCosker1981）．  
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In east Africa，babesiosisis secondinimportance to another tick－borne  

disease，East Coast fever，CauSed by TIparva－the controlmeasure（intensive  

dipping）forthisdiseasealsocontrollingthetickvectorsforBabesiaLInmanyother  

PartSOfAfrica，Otherdiseasesofcatt】esuchasrunderpest，CBBPandtrypanosomosis  

have seriouslylmPaCted on development・However，aS these diseases come under  

effectivecontrol，tick－bornediseases，includingbabesiosis，becomemoreimportant．  

B・mq］OrOCCumnginEuropeandthemiddleeastistransmittedbyHaemaphyLV  

PunCtataandisusua11ylesspathogenicthantheotherbovineBabe∫iaspp．  

B・diveTgenSOCCurSinwesternandcentralEurope，including Scotlandand  

WeStem England・1tis transmitted by／∫Odes ricinuJand does cause slgn泊cant  

mortality．AnnuallossesinEnglamdandScotland，basedona1974estimate，WaSin  

fheregionofabout450，OOOUS＄（Barnett1974）・  

Thereareatleast3newlyidend貞edlargeBabesiaspp．1nCattle，thathave  

VeCtOrS Other than Bopphilus and are usually not pathogenic（or very mi1dly  

Pathogenic）tocattle．OneoftheseisB．ovatathatiswidelydistributedinJapanand  

appearsdifferentfrom B．bigeminaand B．bovis（MinamiandIshihara1980）．Itis  

transmitted by F［aemaphyl5alislonglCOrnis．1n198la Babe5ia wasisolatedfrom  

F＆alommama777inatum rLdipe5andsubsequentlytransmittedtocattlein SA－this  

ParaSitewasnamedBabe∫iaoccultans（GrayandDeVos1981）・Itisprobablywidely  

distributedinsouthernAfricaanditsrelationshipwithBabeL～liabeliceri，describedin  

Russia，alsotransmittedbyaF～a／ommaspp．，isunclear．  

5んど叩α相dGo仙・  

Tt appears that tickLborne diseases of sheep and goats and particularly  

babesiosisareamongtheleastrecognizedproblemsinveterinaryscience．Thelackof  

researchinthisfieldaccountsforremarkablegapsinourknowledge・Threespecies  

havebeendescribed，Babe．†iaovis，Babesiacra5SaandBabesiamota5i．  

B・OViL、1isprobabIythemostimportantdiseaseagentin sheepbutrarelyln  

goats（Friedhoff1997）・The prlnCipalvectoris Rhipicephalu5 bursa，but  

RhipLcephalusturanicu5andFIyalommaanatolicuYT7eXCaVatumhavealsobeenshown  

experimentallytotransmittheparasite（Beermann1987）．B．ovisisconsideredtobe  

highlypathogenic，mOrtality rates，despiteparasitaemias beingre］ativelylow（0．2－  

3％），insusceptible！heeprangingfrom30－50％，Thepathogenicmechanismsarein  

SOme aSpeCtS Simi1ar to those of B，boviL、Ialthough severe haemoglobinurla are  
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frequentlyencountered（Friedhoff1997）・TheexactgeographicaldistributionofB・  

ovi5is stillunknown butitappearS tObe widespreadineastem Europe，SOuthern  
Ukraine，Spain，Portugal，SOuthernItaly，Greece，Turkey・Syria，Israel・Jordan，Iraq，  

Iran，andthecentralAsianstatesoftheformerUSSR．B．ovisisalsowidespreadin  

northemAfrica，butsouthoftheSaharaB．ovishasonlybeenreportedfromNigeria，  

GhanaandSomalia．B・OVishasbeenreportedn・OmCentralandSouthAmericaand  

Cuba，however，thegeographicaldistributionandprevalenceofB・OVisinSouthand  

EastAsia（includingChina？ndJapan）isunknown・  

Alllarge Babe5ia spp・Of sheep or goats，besides B・CraLYSa，have been  

descrlbed as B．motasi・Whether thisis the only valid speCies，Or a COmplexof  

subspecies，isstillunknown・1tisreportedthatstrainsinwesternandnor山emEurope  

arefarlesspathogenicthantheMediteraneanstrainsandthereareserologlCalarLd  
evem slight morphologlCaldifferences between the two，Some strains are also  
infectiveforsheepandgoatswhileothers areonlyinfectiveforsheep（Friedhoff  
1997）．ItappearstobemorewidelyspreadthanB・OVisandhasbeenreportedfrom  

northen，eaStern and southern Europe，nOrthernand tropICalAfrica，the Nearand  

MiddleEast，CentralAsiaandIndia・B・mOtaSSEisreportedtobetheonlypathogenic  

speciesofsheepandgoatsinLatinAmerica・ReportedvectorsareHaemaphyl∫ali5  

lMnCtata，PerhapsLwde∫ricinusandDermacentorspp・（butnotR・b〟r∫a）（Friedhoff  

1997）．The diseaseis not as severe asthat caused by B ovis，however，the  

parasitaemiaismuchhigherwithanaemiabeingthemainclinicalslgn・  

／∴ごlさ．ト  

TwoplrOPlasmsareofimportanceinequids，i・e・Babesiacaballiandwhatis  

today known as TyzeiLerla equi・Theiler，WOrkingin SA was the first to nnd a  

Piroplasmin equids（Theiler1901）which was subsequently named by Laveran  

（1901）asPrLoplasmaequi，Thisparasiteoccurswide－SPreadin Zebrawhichthus  

p（〕tentially creates a naturalsource ofinftction for ticks and horses・The  

pathogenicJtyOfdifferentstrainsofTequiisvariableandmortalitiesinsusceptible  
horsescanbeashighas50％・ThiswasobservedamongEuropeanhorsesintroduced  

into SAduring the Boer war，in Australia horses taken toIndia andin northern  
EuropeanhorsesmovedtoItalyduIjngWorldWarl．  

TheexacttaxonomicpositionofBabe・一iaequLremainedcontroversialandit  

hasbeenmovedbackandわrthbet、Veendifferentgenera，butwasevenluallyplaced  
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inthegenusBabe5iabyI．evine（19g5）・However，Whenthelymphocyticstagesof（he  

parasitehad been descrlbedlthe reclass摘catiorlaSa771eileria becameinevitable・  

With the development ofDNA technology and phylogentic analysIS，it was also  
possibletoshowthatthisorganismwasclearlydistinctfromtheclassicalBabesia  
spp．and，infact，thati［formedaparaphyleticgroupwithB・rOdhaniandC）tauxzoon  
juis（ALIsoppetal．1994）．B・mEcTY，tihasalsobeenshowntohaveaexo－erythrocytic  

stageinitslifecycle（Mehlhornetal・1986）・B・equEwasfbrTnallyreclassifiedasT  

equiin1998（Meh］hornandSchein1998）・  

TequiistrarlSmittedbiologicallybyticks，butonlystage－tO－Stage（asisthe  

casewiththeother771eileriaspp），withinthegeneraRhipicephalus，Dermacentorand  

坤aLomma．TheintraerythocyticforTr．Sfrequentlyseeninamaltesecrossformation  

helpstodistinguishitfromBLCuballL・B・Caballi，Ontheotherhand，isatruelarge  

BabejliuandisbiologlCallytransmittedbyticksofthesamegeneraasTequi・but  

tramsmissionistransovariallyinmostofthem（Friedhoff1988）．Althoughticksare  

theonlybiologlCalvectorsoftheplrOPlasmsofhorsestransmissionofTequifrom  
damtofoetusprenatallyhasbeenreportedqulteCOmmOnly・1narecentsurveyln  

SouthA什icaapproximatelyll％ofallreproductivefailuresinThoroughbredmares  

weredueto7二equiinfectionofthefoetus（DeWaal，HornandJosemans1999）・  

IatrogenicspreadofTequihasaLsobeenreportedLInAustraliain1976・afterthe  

impor［ationofinfectedhorsefromSpain（ChurchillandBest1976；Callow1984）and  

alsoin the UKin aherd ofexperimentalhor5eS Where6lofthe66horses，bled  
regular］ybrhormoneconcentrationassays，WereSerOloglCallypositiveforT：equl・  

while19animalskeptLnClosephysicalcontactwiththeseropositivehorses，butnot  
bledregularly，teStednegative・Theproposedsourceofinfectionwasamareimported  

in1989fromNorthAfrica（Gerstenberg，AllenandPhipps1999）・  

B．caballiand7二equLgenerallyhavethesamedistributionpatternS・Bothare  

widespread，OCCurrlng On eVery COntinent，being recordedin most troplCaland  

subtroplCalareas ofthe world and，in someinstances，eXtendinglntO temperate  

climaticzones．1thasbeenestimatedthatmorethen90％ofthetotalequidpopulatiorl  

（118mi11ion）occurinendemicareas（Schein1988）．InEurope，isendemicinFrance，  

thelberianpeninsula，Italy，theBalkansandlargeareasoftheformerUSSRwithB  

caballiextendingasfaras58ONlatitude・ItisapparentlyabsentfromtheBdtishIsles  

and northern Europe・Africa，Madagascar and westemAsia・Centraland South  

America are endemic．The status ofthe Far Eastis uncertain，however，Japanis  

JJJ   



GLO8ALIMPORTANCEOFPIROPLASMOSIS  

consideredfreeasareAustraliaandtheUSA，TheUSAwasconsideredfreeofequlne  
plrOPlasmosis tilJ1961，When B・CaballE wasintroducedinto southern Florida，  

probablyby30horsesimportedfromCubain1958・Withinayearaf（eritwas伽st  

recognized，B，Caballiwasfound throughout Florida，andthe tropICalhorse tick  

Dermacentor nitens was shown to bethe vector．Controlmeasures，including tick  

control，SerOlogical testlng，treatment and quarantine have contributed toits  

con鋭nementtoFIorida．ThefirstneldcaseofT equtwasdiagnosedinFloridain  

1965．This hasled to regulations requlrlnB a negative T equland B・CabalLi  

complement鮎ationtest（CFT）onal1horsesimportedintotheUSA，Whichhas  

probablycontributedtothecontinuedpiroplasmosis－freestatusofhorsesinother  
areasoftheUSA．  

Thereissomeevidencethathorsessu叫ectedtoheavytrainlng，pOOrnutrition  

or other stress factors may develop relapslng episodes，a触r having previously  

acquiredanorL－Clinicalinfection（Hai1atetal・1997）1Controlthroughthemeasures  

describedabovecanbesuccessful，buteradicationfromareaswheretheinfectionhas  
establishedhasnotbeenachieved．  

伽g∫  

Dogs are generallyinfected with two Babe5ia spp・，Babesia canisand  

Babe5iagibsonL・However，reCentStudiesonthevectorspeCincity，enZymaticpattems・  

crossimmunlty，SerOlogy，pathologyandmolecularbiologlCalanalysissuggestedthat  

B・Canis actual1y consist of3sub－SPeCies；BabesLa canis canis transmitted  

Dermacentor reticulatusin Europe，Babesia canLs vogelitransmitted  
y
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RhipicephaLussanguLneusintroplCalandsubtropICalcountries，andBabesiacani∫  

rossitranSmitted by Haemaphysalisleachiin South（ern）Africa（Uilenbergetal・  

1989）．Ithasevenbeensuggestedthatthesesubspeciesmightbeconsideredastrue  

SpeCies（Carretetal．1999）．B．cani∫LgrOuPhasalsobeenisolatedfromavarietyof  

wi1dCanidae，buttheepidemiologicalsignificanceoftheseaspotentialreservoirsis  
not yetfu11y known・With the greater movement ofdogs and the presence of  

COmPetent tick vectorsin the temperate clima（ic zones，rePOrtSindicate thatthe  

diseaseisbecomlngwidespreadthroughouttheworld・  

B・gibsonihasstrongsupernCialsimi1aritiestoTequl・Sincethe丘）rmSmOSt  

frequentlyseeninerythrocytesaremoreorlessround，buttheoccasionalrnaltese  
CrOSSformsseeninsomeisolates，mainlyfromAmerica［butappeartobeabsentin  
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parasitesdescribedfromAsial．1gSrRNAsequencesfrom4isolatesofB・gibsonl，  

orlglnatingfromJapan，MalaysLaandSriLankawerecomparedwithani501atefrom  
Califomia，USA，Showlng almostidenticalBenOtyPeS between the smal1canine  

Babesja fromAsia，but a distant genetic relationshipto thatfrom the USA・The  

Americanisolate segregatestogetherwith T equiwhiletheAsianisolateshowed  
closerelationshipwithB．diveT？enSandBabesLaodecoiLei（2hhleretal・2000）・These  

authors concluded that the American parasite should be attributed to the genus 
T7zeilerla．RecentlyZahleretal・（2000）described，Whatappearstobe，adifferent  

smal1prioplasmsofdogs，beingmorecloselyrelatedtoB・micrtotE，B・rOdhaniandT  

equiforwhichtheyproposedtheTlameTheElerEaamae・  

B・gibsonihasalimiteddistributionbeingrecordedinnorthAfrica・India，Sri  

Lanka，Malaysia，USAandthe FarEast（includingJapan）・TranSmissionis byR・  

∫angulneus and FklemaPhysalis bispiT70Sa・This parasiteis also somewhat more  

toleranttotheusualbabesiacides・Contrarytothepattemobservedincattle，Where  

theyoungarerelativelyresistant，yOungdogsandpupsappearhigh1ysusceptible，  

withdeathof（enoccurnngintheabsenceoftreatment・  

ハニご、  

Thebabesiasa5SOCiatedwithpigs，Babesiatrautmanni（1arge）andBabesia  

permcitoi（small）occur atlowerprevalence ratesthanthe babesias ofgrazing  

animals・ThewarthogarldbushpigappreartobenaturalreservoirsofB・trau  

（DeWaal，Lopez－RebollarandPotgieter1992）・ThevectorshaveonlyrecentIybeing  

corlfirmed，being Rhipicephaulus sjmu5and Rhipicqhalus Euranicus－in both  

instances transmissionis transovarially by thelick（De Waal，Lopez－Rebollar，＆  

Potgieter1992；Lopez－Rebo11arandDeWaal1994）▲  

B・trautmannihasbeenreportedfromtheformerUSSR，SOuthemEuropeand  

Africa．B．peroncLtoEhasaverylimiteddistributlOnandhasbeenreportedfromItaly，  

NorthAfrica，SenegalandNigeria・ThevectorofthisparaSiteissti11unknowrL・  

．11イり／J  

AnumberofBabesiaparasiteshavebeendescribedfrombirds，manylnerrOr．  

being confusedwithrickettsiarlike organisms，immature stages of other blood  

parasites（jlaernop）・oteuL－SpPOrP／a∫mOdLumspp）（Pierce2000）LrIbdate13BabesEa  

specieshadbeenrecognizedinbirds，mOStOftheseappearedtobehostspecific，at  
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1easttothefamilylevel（Pierce2000）．Theyusual1yappearaSrir）gforms，fanShaped  

orcruCiformtetradschizontspresentlngthecharacteristicMaltesecrossformation・It  

has been speCulated that they are probably also not true BabesLa’s andin all  

likelihood relatedtotheB．mictTVtitype（Allsoppatal・1994）・Onlyoneofthe13  

describedspeciesofBabesiainbirds，Babesia∫horiti，iskJlOWntObepathogenicand  

parasitaemiasashighas65％havebeenobservedandinfectbirdsintheFalconidae  
andAccipitridaefamilies．IthasbeensuggestedthatArgasidticks（thesoftticks）are  

arethevectors，but（Odatethevectorsarestillunknown（PlerCe2000）．  

〃f〃肋川  

Althoughhumanbabesiosiswasonlyfirstreportedinthe1950’s，drawlngSOf  

WilsonandChowning（1904）frompatientswithspottedfeveriJlustratedwhatappear  

tobeBabesiaorganismsintheerythrocytes・Withtheimprovernentofdiagnostic  

techniquesinrecentyearsithasbecomeevidentthatbabesiosisofmanoccursina  
signi鮎antnumberofinstanceswheremaninadvertentlylnterruPtSthevectorhost  

CyCleofBabesiaofothermammals・HumanbabesioisintheNewWdrldhassofar  

beendiagnosedascausedbytherodentBabesia・B・microtLtransmittedbyLrodes  

damminL，andintheOldWorldbyjnfectionwiththecattleBabesia，B・divergen5，  

transmittedbyLrode5ricinus（HealyandRistic1988）・Humanbabesiosisisnolonger  

consideredamedicalraretyandinfectionamongthegeneralpopulationissignificant・  

The clinicalpresentation ofbabesiosisin splenectomised andimmunosuppresed  
individualsis of［en severe，with possible’fatalconsequences，butirlmOSt nOn－  

SPlenectomized patients，theinfection can be contro11ed by drugS（Tblfbrd et al・  

1993）．  

IMPORTANTr打方ILERLASPPlINTHEDIFFERENTHOSTS  
C（打JJe  

Anumberof771eileriaspp．occurincattle，themostimportantofwhichareT：  

armu／ataandTparva．Anumberofother，1esspathogenic，SpeCieshavea］sobeen  

recorded．  

772eileria annulata－this parasiteis reported toinf玩t cattle and Asiatic  

buffalo（Buba／usbuba］i∫），ltishighly pathogenicforcattle andis transmitted by  

HvalommaticksofwhichF＆alommaa．anatolicumisprobablythemainvector・It  

hasalimiteddistributioninsouthernEurope，AshandnorthAfric乱Thedistrlbution  
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inAfricaiscon茄nedtothecounth昌snorthoftheSaharadesert，butitextendson  

throughEgyptlntOSudantosouthofKhattoum・Theextentofitsdistributioninthe  

FarEastisnotyetclearlydelimited・  

77zeiLeriaparva－isaparasiteoftheCapebu肋lo（Synceruscq蹄r）andisalso  

infectivetocattleandAsiaticbuffalo．ttis highLypathogenictocattleandcauses  
whatiscommonlyknownasEastCoastfever，CorridordiseaseandJanuarydisease  
（Norval，PerryandYoung1992）．Previouslyregardedas3sub－SPeCies，mOlecular  

DNAstudieshaveshownthesesub－SPeCiestobeindistinguishablefromeachother  
onamolecularlevel．althoughthediseasesyndromestheycausearequitedistinct  
（Norval，PerryandYoung1992）・Tparvaiswidelydistributedineastem・Centraland  

southem Africa．The main vectors are RhEpicq）halus appendLcuLaEuS and R・  

zambezien∫is（Norval，PerryandYoung1992）・  

Theileriamutans－WaSPrObablyfhstpartIydescribedin1906byTheiler・Itis  

alsoaparasiteoftheCapebufEalothatisinftctivetocattle，Itisusuallyoflow  
pathogenicityincattleandonlyoccasional1ycausesfatalinfections・ltistransmitted  

byAmb＆ommaticksanditsdistributioncoversvirtuallyallofsub－SaharanAfrica  

andtheCarribean．  

TheLleria taurotragi－ described from an Eland（Tburotragus oTV）  

（Brocklesby1962）hasbeenshowntoinfectcattle，Sheepandgoats（Norval，Perry  

andYoung1992）・Incattlevariableclinicalreactionsoccurandmostaremi1dand  

subclinical．IthasbeenrecordedfromcattleinEastem，CentralandsouthernAfrica・  

771ei［eria5ergenfi／orlefWalis／bLtguL－COmPlex，IthasbeenfoundthatTheLleria  

parasites oflow pathogeniclty・previously considered to be T mutans were  

widespreadthroughouttheworldandnowgeneral1yreferredtoasthe771eiLeria  
seF￥enti／orientali5／bL脚茄complex・TheseparasitesaredistributedmainlyinJapan，  

Anstralia，AsiaandAfrica・fhemaphysalE5Spp・ticks are reportedto be vectors・  

However，thename7：sergentiisinvalid（MorelandUilenberg1981）and some  

controvesystillexistswhetheronlyone，tWOOreVenmOrebenignTheikriaspp・Of  

cattleexists（Stewart，UilenberganddeVos1996；Kawaヱuetall1999；Chaeetal・  

1999）．  

ぶ毎甲d作dg（融－  

Theonlypathogenic771eileriasppofsheepandgoatsappearstobe771eiLeria  
lestoquardi・77teilefLaseparata，knowntoinfec－sheepandsometimesgoatsdonot  

〃7   



GLOBALIMPORTANCEOFPIROPLASMOSIS  

CauSe eCOnOmicallyimportant disease・rle5tOquardiis tranSmitted by坤，alomma  

anatolicum anatolicum and has been recordedin south，eaStem Europe，nOrthem  

Africa，andtheNearandMiddleeastandpartsofChina・Malignanttheileriosisof  

SheepandgoatsiswidespreadinsomeimportantsheepbreedingregiollS（1ikeIran，  

1raq andIndia），Whereitcauses highmorbidityandmortalityinmainlyexoticbut  

alsolocalbreeds．ThediseaseresemblesthatofTlannulataofcattle（Friedhoff1997）．  

RecentstudiesonaTneilerEaspp・CauSlngfataldiseaseinsheepandgoatsin  

thenorthwesternpartofChina，believedtobeTlesEOquardi，haveshownthatsome  

Characteristics ofthis parasite are notin accordanCewithattrlbutes ascribed to T  

lestiquaTdi（Schnittgeretal，2000）．SrRNA sequencecomparisonrevealedthatthe  

ChineseparasitewasmorecloselyrelatedtoTbWi，liandclearlydivergentfromT：  

lestoquardE，SuggeStingthatthisisanasyetundescribed771eileriaspp．（Schnittgeret  

al．2000）．  

IMPORTANCEOFl｝IROPLASMOSIS  

MortalitydueLobabesiosisinimportedsusceptiblecattleisfrequentlyhighL  

amortalityrateinexcessof50％isnotuncommon．Thisisparticularlysoinsome  

I・atinAmericancountries，AfticaandAsiaSuchIosses魚・equentlyescalateasaresult  

Ofstressassociatedwithtransport，Changerinnutrition，PregnanCy，etC．Immunization  

may reduce suchlosses to negligible proportions・Productionlosses，though  

temporary，are Ofconsiderableimportancetotheindividualimporter・Suchlosses  

include decreasedmilk and meat produCtionin animals recovenng from acute  

plrOpJasmosis，abortions，temPOraryinfertility，delaysin reaching matunty and  

decreased draught power. 

COSTOFINTRODUCTIONINTOAREGION  

Asaresu］toftheRinderpestpandemicof1896andtheeffectsofthewar，the  

CattlepopulationinthenorthernterritoriesofSouthAfricaweredramatical1yreduced  
andcattlenumberswereinadequatetomeettheneedsofthepopulatjon・Cattlewere  

SubsequentlyJmpOrtedftomvariouspartsoftheworld，includingAfナica・Veterinary  

authoritiesfailedtorealizethatECFwasbeinglntrOducedfromcattleimportedfrom  
EastAfrica・untilitwastoolateandthediseasecamewellestablishedinthereglOn  

（SOuthernAfrica），EastCoastfeverwasthusfirstintroducedintosouthernAfncain  

1902ftomcattlebeingimportedfromGermanEastAfrica（rIbnzania）andZanzibar  
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andrapidlyspreadthroughoutthe‘region（Norval，PerryandYoung1992）・Mortality  

exceeded90％and the efftcts were devastatlngforthe already diminished cattle  
populationintheregion，Thousandsofanimalsdiedandtransport（oxenusedinthose  

days for transport）came to a standsti11（Norval，Perry and Young1992）・ltis  

estimatedthatatotalof400，000deathsoccurredintheperiod1904－1910inSA・With  

atotaldeathtollofl．4millattheendoftheeradicationcampaignby1960（Norval，  

PerryandYoung1992）・  

COSTOFPREVENTION  

Thecos10fcontrolpoliciestopreventtheintroductionofthediseasecanbe  
astronomicalasillustratedbythe managementsafeguardsimposedbytheGeorgla  
and USA Departments of AgdcultureItO PreVenttheintroduction of equlne  
piroplasmosisintotheUnitedStatesofAmerica，byhorsescompetIngintheSummer  
OlymPicgamesof1996inAtlanta（Brooks1999）・Only4horseshallyreceived  

importpemitsandthecontrolprogrammecost500，000US＄or125，000US＄per  

equinepiroplasmosispositivehorse（Brooks1999）・Incontrast，theAustraliansfor  

the 2000 01ymp．c games have regarded the risk ofintroduction of equlne  
plrOPlasmosisintoAustraliaasnegligibleand，mOStimportantly，thattheintroduction  

offorelgnticksshouldbeprevented・latroBenicspreadshouldalsobepreventedby  

useofcleaninstrumentsonallhorses（Martin1999）．  

COSTOFERRADICATION  

Probablythemostsuccessfulslngleprogrammeforthecontrolofbabesiosis  
wa5COnductedintheUSAfrom1907to1940whenBoophilustickswereessentially  
eradicatedfrom al，8milkm2area（Bram and Gray1983）・Eradication was  

accomplishedbydipplngallcattleevery2weeks・Anotherfactorcontributhgtothe  

success of the programme was thatlarge areas，Which were environmentally  
marglnallysuitableforBoophLlus，alsohadasubstantialwintertickkill・Inaddition，  

veTylow numbers ofwildruminants were presentinthese areas，Whichallowed  
eradicationto occurbyremovlng Cattlefbrextensive periodsfrom pastureduring  
Whichtimethetickscoulddie．Anothersigni鎖cantfactorcontributingtoitssuccess  

was overwhelmlng SuppOrt bycattleproducersLIn1906itwas estimatedthatthe  
annua1lossesassociatedwithticksandbabesiosiswas130millionUS＄－intoday’s  

terms，prObablyinexcessoflbilliondollars・Theendresultwastheeliminationof  
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babesiosisintheUSA，Therehavebeenonlyfewreportsofseriousorslgnincant  
。utbreaksofbabesiosisinthe USA（borderingonMexico）since tickeradication・  

Similareradicationprogrammeshavebeenattemptedinseveralcountrie′SSuChas  

Australia，Argentina，Mexico，Uruguay，etC・（FAO1989）・These have not been  

successful（mainly due to acarlCide resistanCe developing），and todayitis not  

consideredeconomically」uStifiableandothermeansofcontrolaredeemednecessary・  

VIZ．’1mmunlZatlOn．  

AsaresultofthecontinualspreadofECFandthefhilureoftheimmunization  
techniqueofKochtocontrolthediseaseitwasdecidedin1904toeradicateECF  
fromsou血ernAfrica．Themethodimplemetedwerequarantineofinfectedareasand  

controlof allcattle movement by permit・A programme Of fenclnginftcted  

farms／locationswasintroducedtocontrolthespread・Itwasnotunti11909thata  

dippingstrategytocontrolthebrowneartick（R・aPPendiculatus）wasintroducedA  

5－7daydippinglntervalwasrecommendedwith3daydippingwheretherewasa  
threatofinfection．This redueedcattlemortality，SOthatthepopulationincreased  

steadily throughout the reglOn，butit failed to eradicate theinfectionIFurther  
measures wereimplementedin1929，eOnSistlng Ofquarantine and slaughter or  
removalofa11cattlefrominfectedfarms，leavlngtheareafreeofcattleforatleast15  
months．Thenrstsuccesscameonlyin1946whenthethenTransvaalProvinceofSA  
achievedcompleteeradication・ThediseasewasfinaltyeradicatedfromSAin1954  

（NoⅣal，PerryandYoung1992）・  

Eradication ofthe disease by eradTcating the tick vectoris generally not  
advisable underendemic situations．The bestmethodforcontrolling babesiosisin  
endemic areasis notto controlticks atall．However，WhereBo5tauruS Cattleare  

concerned，itisnecessarytolimitthenumberoftickstopreventtick－WOrry・The  

relianceontickcontrolforthepreventionofbabesiosishistorica11yhasprovenhighly  
effective，butcompleterelianceononesystemmaylmpOSeCircumstancesthatprove  
hazardous．Ofintere5tinthisrespeCtarethereportsfromZimbabweofsignificant  
Cattlelosses（nearlylmi11ionheadofcattleintheperiod1973－1979）occurringinthe  

Periodofpoliticalunrest，duringwhichtimethepreviouslywellestablisheddipping  
program broke down，With the stlbsequent rapidincreasein，amOngSt Other，  

Boophilusticks・Thiswasrapidlyfollowedbyanincreaseinthemq）OrtickLborne  

diseases，includingbabesiosis・  
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PREVENTATIVEVACCINATION  
tmmunizationagalnStPlrOplasmosisisonlypractisedincattleonalargescale・  

Tn Australia，South Africa andin certain Latin American countries wide scale  
immunizationuslngliveattenuatedstrainsofBblgeminaandBbovisareusedand  
theimmunizationofsusceptibleexoticcattlebeinglmPOrtedintoanendemicareais  
themostimportantrequlrementaSWel】asimmunizationofcattleinendemically  

unstableareasLthelatternecessitateagoodknowledgeoftheepidemiologyofthe  
parasiteinthecountry（Orregion）・InsomepartsofAfricatheimmunizationand  

treatment method is used to vaccinate cattle against ECF using tick derived 
sprotozoite s（abilate（Musisi1999）andin some Medittiraneancountries atissue  

culture schizoTllis used to vaccinate cattle against T annLLlatainfection（Pipan0  
1992）．  

Despite many years of intensive research at the expense of enormous 
resources，nO＝sub－unit，，orrnolecularvaccineisavailableforanyoftheBabesiaor  

T72eiLeriainfections．Thereis，however，SOme enCOuraglng prOgreSS being made，  

whichwillbehighlightedduringtheconference・  

CONCLUSION  

Approximately80％ofthel，338billioncattle are atriskofcomtracting  

♭abesiosis；theimpactofthisdiseaseondevelopmentanditseconomicimpactare  

insufncientlydocumentedtoallowanexactestimatebutithasbeen巳Stimatedthat  

globallossesamountingto13，9－18，7bi11ionUS＄（in1997）occurannual1y（DeCastro  

1997）．Therefore，piroplasmosisisoneofthegreatestobstaclestothedevelopmentof  

livestockindustriesinmanytropICalandsubtroplCalcountriesoftheworld・  

RecentlyRossMcLeod（McLeodandKristianson1999），uSingaspreadsheet  

modelbasedonvariouspresumptlOnSeStimatedtheannualcostoftickandtick－bome  
diseasesinselectedcountriesinAfricaandAsiaTWiththecostbeingthehighestin  
India・Ithasbyfarthelargestcattleherdofthecountriesincludedinthestudyand  

about5％ofthetotalcattleherdinIndiawascomprisedofEuropeanaJldcross－bred  

cattle．Theileria annulata seems to bethe m叫Or disease，reSultinglnl14million  

US＄lossduetomortalitiesandafurther125mi11ionUS＄inlostmilkproduction，  

TheannualcostperherdwashighestintheAfricancoumtriesascattleproducersin  
thesecountriesemployhighintensitytickcontrolmethodstooffsetproductionlosses  
associatedwithtick－bornediseases．ItmustalsoberememberedthatECFisendemic  
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in much ofthis reglOn・Theimpact ofequlne PlrOplasmosisin SAand probably  

elsewhereintheworldiseconomical】ymostlycenteredintheThoroughbredindustry  

wherereproductivefailuresandlossesinrevenueasaresultofhorsesnotcompeting  
in races，etC reSultin considerabIelosses（2．5million US＄／annum）（Guthrie A・  

unpublisheddata）・  

Diseasecontro］technologleSforlivestockdiseasesareof［eninadequatelyor  

incorrectly applied because ofpoor understanding ofthe epidemi01ogy ofthese  
diseasesunderdifferentconditionsandtherelativemeritsofdifferentcontroIopt10nS  
intermsofefficacyandimpact・1tisof［enmoreecOnOmicallyattractivetoprotect  

onlythemoreintensiveprodtlCtion unitsinproximitytomarkets・Theco］lapseof  

cattledipplnginfrastructuresfortickcontrolinEasternandSouthernAfricaandthe  
disappearanCeOfsignificantmosqultOandtsetsecontroIprograI－1meSmaySerVeaS  
examplesrThedilemmaisthatthepa5tOralandruralsocietiesthataremostinneedof  
assistance havevirtually no opportunlty tO tranSlate assistanceinto the self－  
supportlng SuStainable systems that wouldimprove theirlivelihood・Afurther  

COntributingfactortotheresurgenceofdiseaseisenvironmentalconcernsthatmay  
preclude or restrict application ofinsecticide－based controlmethods・Losses of  

marketsfbrlifeqgradeorpedigreecattleareanotherrealfactorthoughdifBcultto  
quantifyinassesslngtheimportanceofpiroplasmosis・ForthedeveloplngCOuntryOr  

PrOducerintheendemic area，thisisrealized whenrestrictions are placed onthe  
movementofanimalsわrfhttenlngOrSlaughter，fromendemicareatotick－freeareas，  

orwhencattlefrom endemic areas attain’）owerpnces onthe open market・Such  

restrictionsmayaffectmovementofanimalswithincountriesorbetweencountries  
and most frequently reduces accessibility tolucrative markets for producersin  
endemicareas．  
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