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ABSTRACT   

Tiasi⊂methodforinvitrocultivationofBabesLa ovata wasexaminedusinga  
method whidlWaS developed byVegaetal・for cultivation of Z3・bfgemEna，a  
CIoselyrelatedorganism・Theparasitesobtainedfromaninfe亡tedSCIDmouse  
Wereinitiated their multiplicationwithin adult bovine RBCin Medium199  
SuPPlementedwith40％adultbovineserumunderalowoxygenatmosphere，5％  
q5％CO2and90％N2・AlthoughnoproliferationofB・OVLZtamaintainedin5  
（：D2inair wa5Seenduringtheinitia15days′theparasitespassagedthreetimes  
underthelowoxygenatmospherewerereadilyculturedin5％CO2inair，aSWell  
aLSunderthelowoxYgenatmOSPhere・The parasiteswerepropagatedintheRBC  
StOredin Vega y Martinezsolution at40C forup to2months・βabesILZ OVata－  
infectedRBC fromculturesweresuccessfu11y cryopreservedinlO％polyvlnyl－  
PyrrOlidoneinVegayMartinezsolutionandusedtoinitiatenewculttlrenOtOnly  
underthelowoxygenaLmospllerebutalsoin5％CO2inair・   

INTRODUCnON   

mesuccessofcontinuouscultivationof8abesfLZ bovtswithmi⊂rOaerOPhilous  
Stationaryphasesystem（Levyand Ristie1980）stimulated the cultivations of  
other BabesiLZ paraSitessuchas B・dfveTgenS（Vaayrynen andnlOmi1985），B・  
CaTZis（Molinaretal・1982）′ β・gfbsoni（Onishietal・1993），B・CabaLli（Holmanet  
al．1993）and臥equi（Holmanetal・1994）′andthesesucee5SOfinvitrocultivation  
⊂Ontributed to the morphologicalandbiochemicalstudy，drugsen5itivity and  
SuPPlyofantigenorimmumOgenSEorthepreventionofdisease（Kellermannet  
al．1985）．   

Babe5fa ovataisarelativelylargeBabesiLZParaSiteandwidespreadinTapan・Itis  
not highly pathogenie for cattle′but splenectomized cattle show highpara－  
＄itemias accompanied by anemia′hemoglobinuria，andin some eases，death  
（Ishihara and Minami1977；MinamiandIshihara1980）・Morphologically．the  
intraerYthroeyti⊂formsofB・OVaEaare⊂losely resembled8T bigemina・Vegaetal・  
（1985a）reportedthatB・bigeminLZWaSeulturedcontinuouslyunderinvitrolabo－  
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ra－ory COnditionsJand they alsoestablished a〔ryOPreSerVation methodof  
cultured B・bigemina（Vegaetal・1985b）・Weapplied these methodsto the  
⊂ultivationofB・OVataby taking advantageofrnorphoIoglCalsimi1arityoftwo  
parasites・Thepresentstudyreportsestablishmentofinvitro⊂ultureofB・OVa  
andofcryopreservationoftheparasite・  

MATERIALANDMETHODS  
Parasites＝Babesia oData（Miyakestrain）wasprovidedfromtheKyushuBranehof  
NationalInstituteofAnimalHealth（Kagoshima，Japan）・AfrozenstabilateofB・  
ovatawasinoculatedinto，insteadofeattle′aSPleneetomizedSCIDmousewhich  
wastranstu5edwi血bovine】柑C，aeCOrdingtothemethodofT叫ietal・（1992）・  
Whenparasitemiareachedat2・3％，infectedRBCwerecollectedfromtheSCID  
mousebya⊂ardiacpuncturewithasyrlngeCOntainlng glassbeads′andthedeT  
fibrinatedbloodwasthenwashedtwi⊂eWithVegayMartinez（VYM）phosphate－  
bufferedsalinesolution（Vegaetal■1985a）andusedforinvitro亡ultivation・  
Culturemedia：Three仁ulture media′RPMI164O′Medium199（M199）and  
Minimum EssentialMedium（MEM），Were Pur⊂hased from FIowLaboratories  
（ICNBiomediealTnc．，CA，USA）．TheculturemediaeontainedNaHCO｝（2・2g／1）or  
25mMHEPES（N－2－hydroxyethylpiperazine－N’－2－ethanesulfoni⊂a亡id）′andpHof  
al1themediawasadjustedto6・70－6・90andsupplernentedwithbovineserum・  
Antibioticswerenotaddedtoany〔ulturemediausedintheexperiment・  
Dovineerythro（yteSandsera：NormalvenousbloodfromadultHoIstein⊂OWSOf  
theUniversityfarmwasasepticallyeo11ectedandwasimmediatelydefibrinatedby  
shakingwithglassbeads・Thedefibrinatedbloodwas eentrifuged at80OgforlO  
minat4。C and serumwas separatedanddistributedintosterile15mlplastic  
tubesin4・Omlaliquots′andstoredat－80●cuntiluse・Remainlng RBCwere  
subsequentlywashedtwi⊂einVYMsolutionat800gforlOminat40ctoremove  
buffy亡OatCells′andresuspendedinVYMsolutiontoafina130－50％concentration  
forstorageat4ロCuntiluse・Fetalbovineandcalfserawerepur⊂hasedfromICN  
Biomedi⊂aりapanCo・Ltd・（Osaka，1apan）・  
Culture亡Onditions；Aninfe亡ted RBC suspension was prepared atlO％eon－  
⊂entration（v／v）bymixingone partofpacked RBC with9partsofserum－  
supplementedmedium・DuplicateRBCsuspensionswerepla〔edinwellsof  
sterile′disposable24－Wellmultipleplates（oneml／we11）（CorningLaboratory  
ScieneesCompany，U・S・A・）andin⊂ubated underalowoxygenatmosphere（5％  
（0ち5％0？′90％N2）orin5％CO2inair．Culturemediumwasdlangeddailywith  
fresh medium．  

Cryopreservationofparasites；Sto〔k solutionof20％polyvinylpyrrolidone（PVP）  
wasmadeinVYMsolutionaecordingtoVegaetal・（1985b）andusedasacryo－  
protectantsolution・Whenparasitemiawashigherthan5％JpaekedinfectedRBC  
weremixed with an equalvolume of20％PVP and su5Pendedinl・5ml  
eryotubes・ThePVPconcentrationofthefinalmixturewaslO％・Thevialswere  
rappedwithtissuepapersandErozenat－80’covemight・Thevialswerethen  
storedinliquidnitrogenfollowlngday 

The frozen vials were taken from liquid nitrogen container and rapidly 
thawedina37．Cwaterbatl一・ThethawedsampleswereimmediatelydilutedinlO  
mlof VYMandcentrifugedat800gat40cforlOmin・7neresultingpelletswere  
resuspendedinfreshculturemediumcontainInglO％normalbovineRtiCand  
onemlofRt｝Csuspensionwasdispensedinwellsof24－Wellmicroplates・The  
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CULTURE OF βA王室ESJA0VATA  

Platesthenwereineubatedunderthelowoxygenatrnosphereorin5％COlinair・  
Culturemediumwas⊂hangeddailyandthegrowthofparasitewasmonitoredin  
Giemsa－Stained bloodsmearsbymeansoflightmi亡rOS⊂OPy・  

RESUrrS   

Infectedb）00dwasobtainedfromthespleneetomizedSCIDmouseinfected  
With B．ovatLZatthetimeofinitiationoEeulture．The defibrirLated and wa＄hed  
bl00dwassuspendedinamixtureoEM199supplementedwith40％adultbovine  
SerumCOntaininglO％normalRBC（v／v）・Onemlofsuspensionwastransferred  
toa welloftwoseparate24－Wellmieroplates・Theplates werein⊂ubatedin  
humidifiedatmosphereof5％COユinairorunderthelowoxygenatmosphere  
（5％COち5％O2，90％N2）at3rC・Nogrowthofparasiteswasobservedinculture  
in5％CO2in air・1ncontrast，grOWthoL8・OVataWaSObservedinthecultures  
maintainedunderthelowoxygenatmosphere（Fig・1）・Althoughparasitemiawas  
Verylow（1essthanO・3％）untilday3，thereafterparasitemiasteadilyinereasedon  
days4and5（0・6％andl・2％，reSPeetively）・Subculturewasmadeonday5by  
dilutingl＝2with a10％normalRBCsuspension・Theseeond subculture was  
Carriedoutonday9bydilutingl：10withlO％norTnalRBCsuspensionwhen  
ParaSitemiareachedat4・2％・Theparasiteswerethensub亡ulturedevery3to5days  
dependirLgOnthegrowthofparasites′andmaintained⊂OntinuouslylnVitrofor  
morethanlyear・Parasitemiasinex⊂eSSOE6％were frequently observed■AEter  
threepassagesofparasitetlnderthelowoxygenatrnosphere′grOWthofparasite  
WaSObservedin5％CO2inair′aSWellasunderthelowoxygenatmosphere（Fig・  
2）．  
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Fig・2・CrowthoEE・OValaindiEEcrentatmosphercs Fig・3・CrowlhoLB・OUala usngvarlOuSnllhlre  
aLter Lhree pa5SageS・SymLx，1es；lowoxygcn（○） media・Symboles；NaHCOlbuEEeredM199（口）′  
and 5％CO2inair（●）．  HEPES－buLFeredM199（T），NaHCOlburrered  

MEM（○〉andNaHCO3－hEferedRPMI1640（●）．   

Three eulture media′M199，RPMI1640and MEM bufferedwith NaHCO3，  
andonemedium′M199bufferedwithHEPES，WereeXarninedonthegrowthof  
parasites・Allthe media contained40％adult bovine serum・No slgnificant  
diEferenceinparasitemiawas foundamong the4mediaonday2・HoweveちM  
199bufferedwithNaHCO3SuPPOrtedhigherparasitemiathanotherthreemedia  
Onday4（Fig・3）・NaHCO3Showedsuperioreffecttosupporttheparasitegrowth  
lhanHEPES whenitwasaddedtoM199．ThereforeM199bufferedwithNaHCO3  

WaSSele⊂tedforfurtherexperiments・  
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Fi＄▲6・Crow抽ofZl・Ot，qFninnornaladulltx）vine Fig・7・GrowthoF8－OV油indi．．erentatmospheres  
RtlCstoredat4’ClordifferentFNmids・Symtx））es；artercryopresrva－ion・Symboles；．OWOXygenat汀岬  
freshty⊂01t∝led（□）・Slordlor37days（△〉and phere（○）and5％COユinaiT（●）・  
S10rdbr57day5（■）・  

AfterNaHCO3－bufferedM199wasselectedin thepreviousexperiment，the  
efEectofdifferent⊂OnCentrationsofadultbovineserumonthegrowthoEparasites  
wasexamined・Although20％orhigherconcentrationsseemed tosupportthe  
growthofparasites・thehighestparasitemiawasobservedatthe40％ofserum  
l：OnCentration（Fig・4）■Howev叫SuPPlementwith40％offetalbovineserumor  
calfserumdidnotsupportthegrowthofparasite（Fig・5）・Heat，inactivationof  
serum（at56．Cfor30min）didnotaffeetthegrowtho（parasiles（datanotshown）・  

The eEfeetofstorage ofadultbovine RBC on the growth oEparasites was  
examined for practical consideration. Normal RDC were collected on day of 
experllnentOreOllectedfromthesamedonorandhadbcenstoredfor37and57  
daysinVYMsolutionat4●C′reSPe⊂Lively・NodiffereneeoEtheparasitegrowth  
wasseeninRBCstoredEordiEferentperiodsoftime（Fig・6）・Astheresultofthis  
finding′nOrmalRBCwerestoredforupto2monthsinVYMsolutionat4’C・  

Culturedparasites from thesixth passageintheRBCwerecryopreserved  
uslng20％PVPinVYMbufEerasacryoprotectant・Cultureswereinitiatedagaln   
fromtheeryopreservedparasitespropagatedunderthelowoxygenatmospherep   
LownumbersofB．ovata withinRBCwerefirstobservedontheday2afterthe  
initiationofculture・Ondays4and6，ParaSiternias ofculturewereO・3％and   
3・6％′reSpeCtively・Onday7，atthetimewhentheparasitemia was4・9％′Eirst   
sub⊂ulture was made・The parasitemiain thesubculture was reaehed at7・7％   
threedaysaftertheinitialsl】beultivationJthereaftersu〔〔eSSfulsubcultureswere   
madeevery3－5days▼Inaseparateexperiment／theeffe⊂tOfculturcatmosphere   
onthecryopreservedB・OVaLawasexaminedbyinitiatingculturesagalnfromthe   
CryOpreServedmaterialseitherunderthelowoxygenatTnOSPhereorin5％COユin   
air・Theatmosphere of5％CO2inain aswellasthelowoxygenatmosphere／   
supportedthegrowthofparasite（Fig・7）・   
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DISCUSSION  

The presentstudydemonstrated thatB・OVata（Ouldbe cultivated亡Ontin－  
uouslylnVitrouslngamethodwhichwasdevelopedforinvitro亡ultivationof  
B・bigem血′aelosely related organism・Alowoxygenatmosphere（5％02′5％  
∝）2and9O％N2）wasnecessarytoinitiategrowthofB・OVaEainbovineRBC・The  
reducedoxygenrequlrementforinvitro〔ultureis also reportedinB・bigemina  
（Vegaetal・1985a）′B・CLZbLZLLi（Holmanetal・1993）andB・equi（Holmanetal・1994）・  
These results suggest thatoxygen gas tension seems tobea key factor for  
initiationofinvitro eulture of Babesiaparasites・Afterthreepassages′however′  
B．ovLlta eOuld be maintainedin bovine RBC亡ulture under5％CO2in air  

（high－Cb）asobservedinPEasmodium falciparr（WakietalL1984）andB・  
bigem血（Vegaetal・1985b）・Theoxygen requlrementOf BL bovis was varied  
according toinitialparasitemiaofsubculture（Rodriguezetal・1982）・BabesLa  
bovfs grewreadilyln亡ulturesin5％CO2inairwhenaninitialparasitemiawas  
O・5％orabove′buttheparasites didnot when theinitialparasitemiawasO・1％or  
less．1Ethis similareffect oecurredwith B．ovatL7，thresholdofthegrowthofB・  
OVatain5％COコinairmightbelowerthanofB・bovis・   

Serum supplementto mediumisessentialtoinvitrogrowthof B・OVata・  
Cultures withoutserum did notsupportevcnlimited parasite multiplication′  
but⊂ulturescontainlnggreaterthan20％serumsupportedthegrowth・Cultures  
with40％ofserum亡Oneentration showed the highest multipli⊂ation・Further－  
more，effectsoffetalbovineand calfseraonthelhegrowthofparasiteswere  
⊂OmParedwiththoseofadultbovineserum′Sin⊂eyOunganimalsareknownto  
be more resistant to Babesiainfection than adults（Levy and Ristic1981）・  
Commerciallyobtained fetalbovineand亡alf seradidnotsupportthegrowthof  
B．ovata・Onepossibleexplanationmayrelatetothepreseneeof aninhibitory  
factor（s）toparasitegrowthinyounganimalsassuggestedinB・bovis（Levyetal・  
1982），Orlackingasupportingeomponent（s）forgrowthofB・OVata・Further study  
ofeffectofRBCandleukoeytesfromyounganimalswillneedtodeterminethe  
roleof bl00deomponentsinthephenomenonofage resistan⊂e・  

ThestorageofRtきCforlongerperiodisverylmpOrtantforpractiealeonsid－  
erationofthisculturemethodrThepresentstudydemonstrated thatstorageof  
RBCinVYMbufferforupto2monthsat40Cdidnotaffectparasitegrowthand  
duringtheperiodseverehemoly51SWa5nOtObserved・ThisfindinglS亡OntraSt tO  
the⊂ultiva（ionofB，bovi5 and B・bigemina，Where thatRBCcanbestoredat  
most foroneweekonly（VegaetalL1985a；LevyandRistic・1980）・DeVerdieretal・  
（1981）reportedthefavorableeffectofcitrate－Phosphate－dextrosesupplemented  
withadenine－guaSOnineon the stability ofhumanblood stored at40c・High  
亡On亡entrationofglucoseinVYMsolutionsuppliesenergysour⊂eforRBC′and  
adenineandguasonineenhanceATPand2，3－DPCproduction′andATPisdo5ely  
linked topreservationof bieoncaveshapeofRBC・An addition ofadenine to  
humanbloodpreservationmediaextendedthestorageperiodofRBCfrom21to  
28daysor35days（Sasakawa1983）・Thesefavorableeffectsmayoccurwithrespect  
tothestorageofbovineRBCforlongerperiodsinthe亡aSeOfB・OVataCultivation・   

Thereestablishmentofinvitroculture，uSlngfrozenBabesiL7ParaSites′WOuld  
eliminate the need for rnaintainlnginfeeted animals■The successfuleryopres－  
ervationof B．bovIs forinitiationofinvitrocultureswasreportedbyPalmeret  
al・（1982）usinglO％PVPinPa⊂k’ssalineCsolutionsupplemented withextra  
glueose・Howeveいhis⊂ryOPrOteCtantSOlutiondidnotworkwith B・bigemfna・  
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Vegaetal・（1985b）developedamodifiedpro⊂edureforcryopreservationofB・  
晦emi7Za WithlO％PVPinVYMsolutioninsteadofPack’ssalineG・Appli⊂ation  
ofthisproeeduretoB・OVata WaSSuC⊂eSSfulintheinitiationofcultureofcryo－  
preservedparasitesand animalinoculation（datanotshown）・CrowthofB・  
ova拍wasobservedineulturesunderalowoxygenatmosphere（5％CO2，5％  
90％N2）asobservedinZL bigem血（Vegaetal・1985b）・Furthermore′B・OVata  
couldbealso⊂ulttlredin5％CO2in air・This resultmayindicatethathigh  
infectivityofcryopre5erVedB・OVata WaSretainedduring亡ryOPreSerVationof  
parasites，Sincerelatively highoxygenatmosphereoflO％O2，5％Cqand85％N2  
couldsupporttheinitiationofgrowthof8・bigemina，ifahighratioofinfe亡tivity  
wasu5ed（Vegaetal・1985b）・meSereSults suggestthatlO％PVPinVYMsolution  
ishighlysuitabletoeryopreserve臥ovaia・   

Thepresentstudysuggeststhat臥OVqta（anbe亡ulturedreadilyusinga  
conventionalCO2in亡ubator after establishment ofirt vitro culture or cryo－  
preservationofparasitesfromculturedmaterials・BYeStablishmentofinvitro  
cultivation，aniInalinEeetionforrnaintainlngparaSitesandtheriskofspreadto  
SuSCePtibleanimalscouldbeavoided・Inaddition，invitrocultivation ⊂anbe  
usedtoproducespedficantigenforseroIogy′ andtostudythelife⊂y〔1eand  
biochemistryofparasitesandtodevelopeffectiveandsafeva亡Cines・   
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