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A一重STRACT   

The developmentofThei］eriasergenEi，Babesiaovata，and Babesia  
gibso7uintheirvertebratehosts，andinthe tickvector，Hae〝呼hysaLis  
longlCOrnisisinvestlgated．TnreefomlSOfT・SeTgenEL are notedinhost  
erythrocytes，thebaci11us－1ike，COCCuS－1ikeandrod－1ikeforms．lnthetick  
VeCtOr，T．5eTgentL goesthroughgametogony（ring，and roundforms，  
microgamete，maCrOgamete and zygotes）in the gut，and sporogony  
（primary，SeCOndary and tertiary sporoblasts，and sporozoites）in the  
Salivaryglands．MorphologlCally，merOZOites ofB．ovata areclassified  
intofourtypes：Slnglepyriform，buddingform，Pairedpyriformandcrisis  
form．In tick hostinfected with B．ovaEa，tWO grOWthstages canbe  
Observed，gametOgOny（ring，SPherical，fission，bizarre and elongate  
formS，microgameteandzygote）inthegut，andsporogony（sporontand  
SPOrOZOileS）inthesalivaryglands．Initstickvector，B・gibsoniundergoes  
gametogony（ring，Spherical，fission，bizarre，elongate forms，  
microgamete，andzygote）inthegut・   

INTRODUCTION   
PiroplasmosisinJapanexceptintheOkinawaPrefectureiscausedby  

T7zeiLeriase7genti（Uilenberge1981），Babesiaovata（MinamiandIshihara  
1980），andBabesiagibsoTZi（Patton1910）．All血reeinfectiousagentsare  
tranSmittedbytickspeCies，Haemq）hysalisLongicornis（IshiiandIshihara  
1951）．Theileria spp．and BabesEa spp．are known to undergo  
morphologlCalchangeSduringtheirgrowthintheirdefinitive and tick  
hosts．Thispaper presentsacomparisonofthedevelopmentalstages of   
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PiTqPLasma speCiesendemicinJapanwiththoseofother Theileriaand  
Babesia speciesinothercountries．   

DeYelopment or r加fJgrね ∫βrg鋸南   

A．lncattle，aSdefinitivehosts   

In the peripheralblood，merOZOites of T．seTgenti are  
morphologically classifiedinto ten typesandthreesubtypes（Ishihara  
andIshii1958）・Thyama（1975）reportedtwodifferentin［raerythrocytic  
fomlSOfT・SeTgenEi．Hefoundpairedformsthatwereconnectedatone  
end・FinemorphologlC StruCtureS OfT・SeTgeTZfiinsideerythrocytesare  
Similarto771eiLeriaparva（凱ttner1967），TheilerLa annuLata（Scheinet  
al・1978），andBabesia equi（WayneandHolbrook1974）．Withscanning  
electronmicroscopy，Hjguchietal．（1985）notedbacilJus－1ike，COCCuS－1ike  
and rod－1ike foms ofT・L－ergenEi・AIso，ParaSitesinsideerythrocytes  
measurel・0－2・5FLmlong，andshowdistinct mclei，rOughendoplasmic  
reticulum，VaCuOles，mitochondrion－1ikebodies，CytOStOmeand tubules．It  
WaS thoughtthattheparasiteseemsincapableoftakingup nutrients  
throughthe cytostome，aSWellasofexcretionvia血etubule（Higuchiet  
al．1983，1984a，1984b）．   

B∴hticks，aSVeCtOrS   

Koch（1906）and Gonder（1911）notedthesexualphaseofT．parva  
inthegutof Rh4，icq）ha］us appendicu［atus nymphs afterengorgement  
Onaninftcted cattle・Attemptstolikewise，findasexualphaseofT．  
PaTVa byNuttal1andHindle（1913），Reichenow（1935，1937）andMartin  
etal・（1964）proved unsuccessful・CowdryandHam（1932）suggestedthe  
PreSenCeOfasexualphasewithoutnecessarilydemonstratlnglt．The  
detailsofthe developmentalcycleofT．parva（MehlhornandSchein  
1976；Scheineta】．1977）and T．annuLata（Mehlhometa）．1975；Schein  
andFriedhoff1978）intickshavebeenstudiedusinglightandelectron  
microscopy. They observed the formation of microgametes and 
macrogametesinthegut of nymphalticks afterfeedingonT．parva  
andTannu［ata－infectedcattle・rmedevelopmentofT・Sel￥entiinthe  
midgutofH．Zongicornis（Higuchi1987a，1987b）showed the releaseof  
rounded，COrrma－Shaped orspindle－Shapedl・0－2・5FLm merOZOitesfrom  
erythrocyteslO－24hpost－rePletion，andthen followed by merozoite  
transformationinto rlng formsmeasurlng］－2FLmindm・Simi1arrlng  
forms havebeenreportedinT・annulata（Schein1975），T．parva（Schein  
etal・1977）andT71eiLeria tauTDZragi（Youngetal．1980）．Within48to72  
h post－rePletion，rlng forms are transformedinto eosinophilic   



DEVELOPMENTAL STACES OF PIROPLASMA  

macroganeteS（3－4FLmindm）and spindle shapedmicrogameteS（5FLm  
long）・Roundorellipticalzygotes4－5FLmindmappearinthegutwithin  
threetofive d post－rePletion．rmesefindingsare consistentwiththose  
reportedin T．annulata，r mutanSand Tparva．About6d after  
repletion，ZygOteS decreasein mmberandfinallydisappearfromthe  
gut，and dlerOundfoJmS（4－5pmindm）canbefoundagaininthegu（  
epi血elialceus．   

ComparisonofthesizeandfirstappearanCeOfmacrogametes，the  
mean sizeofzygotes，andsimilaritiesinthedevelopmentofT．sergenEi  
and other Theileria spp・intheirtickhostsis presentedin Tもblel．  
T7zeiZeria spp・develop kinetes whentheyreachthetickhaemolymph，  
andthekinetes onthe basis oftheirmorphology are ofthree types  
（Higuchietal・1987a）・Kinetesdecreaseinnumberwithin32dperiod，  
disappearlng almost completely from the haemolymph44d post－  
engOrgement．   

There are numerous reports onthedevelopmentofT71eileriaspp．  
in the salivary glands．Purne11andJoyner（1968）noted three  
morphologic forms of T．parya；While Schein and Friedhoff（1978）  
described four types of T．annukzLa．0ther authors（Pumeu et al．  

Tbblel．ComparisonofLhe developmentalstagesofThciLe血Spp，lnticks  
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1975；Young etal．1980）also classinedthe developmental stages of  
T．mutans andT，taurOtragiintofour（ypes．1ntheprocessofbudding  
into sporozoitesinthe salivary glandsT．sergentishows three forms  
Of developmentalstages（primary，SeCOndaryandtertiarysporoblasts）  
within one to follr d（Higuchi1986a）． The sporozolteS are  
apparently formed in the acinar cells and are released from the 
CytOPlasm onthe4thd．   

TheiLeria species are spread prlmarily by stage to stage  
tranSmissionbutrarelyiatranOVarialroute・IshiiandIshihara（1951）  

notedaformoftransmlSSionlnVOIYing nymphs and adultticks of  
Haemqphy∫alis spp．ininfectionwithT．sergen（i．AttemptstodetectT．  
SeTgenEifromthe ovarianfollicles and eggs ofadult H．LonglCOT・nEs，  
howeveちShowedno parasites，and propagative forms werelikewise，  
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absentin the ooplasm during theperiod ofoogenesis（Higuchi1985）．  
Higuchi（1986b）also，nOted adult ticks unexposedtoT．seTgenEii？  
theirlarvalstage devoidofparasitesin the salivary glands，midgut，  
malpighian tubules，rePrOductive organs and haemolymph．These  
firLdingsstrongly suggest dlat tranSOVariantransmissionofT・SeTgentito  
tick vector is least likely to occur. 

Development of鋸あg∫ね〃相加   

A．hcattle，aSdefinitivehosts  
Minami andIshihara（1980）noted the density ofpaired  

PyriformB・OVataaSindicativeoftheleYelofparasitemia・Theyalso，  
reported statistically slgnificant differenceinthenumberofpyriforms  
between Babesiabigemina（SmithandKilboume1883），Babesia bovLs  
（Babes1888），Babesia divergen∫（M’FadyeanandStockman1916）and  
Babesia mLdor（Sergentetal・1926）・There are fourmorphological  
typesofB・OVaEamerOZOites，namely，Slnglepyriform，buddingfoml，  
Paired pyriformand crisis form（Higuchietal．1987b，1991d，1992a）．  
In a study corlductedbyTakahashietal．（1983），theyrecordedan  
average detection raleof23％of the paired pyriform bovine Babesia  
Sp・isolatedfrom cattleinHokkaido・hterestlngly，the detection rate  
did not change with thelevelof parasitemia・Inarelatedstudywith  
B・OVafa，Higuchietal・（1987b，1989c）observedthesingleandpaired  
PyrifoITn and budding forms ofmerozoites as predominant forms  
during high parasitemia，incontrasttothedominanceof血ecrisisform  
with low parasitemia. These findings demonstrate an apparent 
COrrelation between the morphologlCalform of Pinplasmain  
erythrocytes and the rate ofparasitemultiplication．  

B．hTickvectors  
Reports on the developmentofBabesiaspplin tick vectors are  

numerous such asthose ofB・bigemLnainBoqphLlusmicrqpLus（Stewart  
etal・1986；Higuchietal・1992b），Babesia argenELnain B．micnpLus  
（Riek，1966），B・bovisin B．micTPP［us（Stewart1978），andBabesia  
CanisinHaemLPhysalisleachi（Shortt1973）．Works ofHiguchietal．  
（1989a，1991c，1991e）on the development ofB．ova（a in H．  
longlCOrnisis summarizedinFigurel．Thereleaseofmerozoitesinto  
the tick midgut occurswithin12h post－rePletion，followed by  
tranSformationintorlngforms・andwithin48－72h post－rePletion rlng  
forms developinto sphericalbodies．Fission and bizarre formS   
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appear threetofourd，and4－6d post－rePletion，reSpeCtively・During  
this timethey are elongate parasitic forms，and round zygotic forms  
likewise，aPpear6－8dpost－rePletion in the gut・Kinetes of B・OVaEa  
are fomedin the haemolymph of adult ticks15d post－rePletion  
（Higuchietal．1987c，1989b），and onthe9thdof oviposition，kinetes  
appearin theooplasm（Higuchietal．1991a）．Table2showsalisting  
Of some ofthecharacteristics ofthedevelopmentalstagesofBabesia  
SPp．intheirtickvectorsnotedinthepresentstudyandcomparedwith  
thosereportedbyo血erwo正ers．  

恥ble2．Compansonor山eIn即phologyorlkdevelopm8n血sl且geSOrぬ加血spp．m【icks  

可  b）  ゆ  d）  d  

S匹CICSOrβαぁと血  乱〃V8∫〃  且的ど椚血 且〝ge血w 且ぬvf∫ 且cd血∫  

〟舶〝叫〉砂血由β叩仙鮒  β伽p九fJ∬  β叩刷揖 〟α〝岬坤由  
S鱒1eSOrV∝山一血bJβ〃g血′山∫  仰ぐr叩J〟  仙C′叩J舶  机Jα叩J〟 加舶  

24J18h  
匹Sl柁ple山om  

b．り  

48－72hp．L  

mg－rm  血酢  
（2－ユ〃m）  spknc山一  

Iorm  

印hed腿l－  bhaけ一  山vid血g－  
二bm  貴弘ion  ねm  

hngrl）ml  
Spk舶見1－  

bm don伊鹿一  
山nns  

elon騨庇－ Clllb－Sb匹d  
bm b∝ly  

large oYOid－bm  
Ye血c山e  

Spt℃dcal一  缶おion－  curved 
払m（小5〃m）旭y（20／上m）cigar一血匹d  

bdy（2ふ5．6  
X7．2－13．8〃m）  

nssion－bm 如mtu℃一  町gOle  
（4－5／∠m）  ri5Sion  

旭y  

b加－  Spbnc山一  Sp血c山一  
rD皿  form  My  

（6－7／∠m）  

eloIlg鋸¢－  elongale－  
hm（6－8〝m）旭y  

rolmd＿fo皿  
（9－10／‘m）  

YeITmimle  
hm（13－15／‘m）  

3－4血ys（d）p・r  

小6dp．L  

6－8dp．れ  

8－12dp．T．  

篭諾慧琵器鍔謂諾 
，i． 



DEVELOPMENTAL STAGES OF PLROPL＾SMA  

Development orβαふゼ∫ね g肋〃〝Jinli⊂k vectors．  

Significantdifferencesinthedevelopmentalcycleofdifferentspecies  
OfBabesiaintheirtickvectorshavebeenreportedby variousworkers．  
Table3showsacomparisonofthecharacteristicdevelopmentalstagesof  
B・gibsonLintickswithotherBabesLaspp・BabesiagibsoTZLinthemidgutof  
H・longLcornLsshowssomesimilaritieswithB．canis（Mehlhornetal．  
1980）・BT bEgeヮi？a（Stewartetal・1986）and BL？Vata（Higuchietal・  
1989a）．The tlmlng Of thematuration of vermlCules varies with  
Babesia spp・（Higuchietal．1989a；Mehlhometal．1980；Stewart1986；  
Stewartetal・1978），ItisbelievedthatsuchphenorりenOnmaybe  

COntrOlledbyfactorsassociatedwithdifftrencesintickspecleSandstmins．  
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Higuchiet al・（1990a，1990b，1991b，1992In Press）reported the  
PreSenC？Oflargeroundedfonps（＝ringfolm）ofB・gibsoniinthegutof  
H・LonglCOrniAS24hpost－rePlet10n，andthenfollowedwithtransformation  
intosphericalforms．W仙in2－4dpost－rePletion，bizarreformS develop  
intoelongate forms，andat5－6dpost－rePletiontimelargeroundedor  
ellipticalformsbegintoappearinthegut，Which蔦na11yreachthegut  
epidlelialcells8dpost－rePletion（Higuchietal．1991b）．rIbble4presents  
asummaryofthe characteristic features ofB．gibsonicomparedwith  
0therBabesiaspp・lnticks・BasedonkinetesizeandtimeofitsappearanCe  
inthehaemolymph，BabesLagibsorzLandB．canisshowthemostsimilanty．  
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