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Å8STRACT   

J伽omousebabesioses．IethalBabesiaromainf arldnon・lelha18ab8SiamicIV打  
inlec（ions・Wer8eXaminedtod8termineifdamagetokidneysandJiveriscorrelatedwjth  
th8PrOgnOSis oftheseinf8Ctions．A‖BirOdhaini－infected micedied aflerasudd8n  
incr¢aS08Iparasi一別而a・＄帥erOhemoIys－S・師d excreti8nO▼reddishh8mOg－8厨nuria．  

A”B・micrp桁nfededmic¢SUrViveda伽ratemporarymoderateincreaseofparasitBmIa，  
mode「如h8m（〉lysIS，and¢XCretionofgreenishur血．且仰d厄加Hnfec旭dmic8Show8d  
jmmune c8mPlex－hlduced mesangJOPathic g［omerulonephropathy，mOderate renaJ  
tubuEarnecTOSis・andextensfv8Iivernecro＄is・l＝thegIomeTuIoncphropath乳electron  
microscopyshowed8I8CtrOn－densedepositsinthemesangialmatrixanda（ongth8  
gIom8rUlarbasementmeTnbrane・Bioch8mjc81analysisofbFoodandurine†rdmthese  
mice cQnfirmed renardamagein termsofincreased BUN and of proteinurjathat  
COntainedalbuminandprcteinofmorethan20OkDamorecurarweight，即dhepatic  
damag㊤int8rmS8†ar＝nc怜aSeins即umdirectbilirub血．8」仰庇椚蘭・in†e¢tedmieehad  
relalivcIymildimmunecomPlex－inducedmQSangJOPathicglom8rUlon鐘Phropathy，mild  
renartubularnecrosis，andfocaIlfvernecrosis．BUNandserurndirectbi］irubinshow8d  
noincreaSe・andprot8huriacontainednodetectab18PrOt8insofmor8than200kDa．  
Thesedatasugg8Stthatthe朗VerrtyOfdamag8inthekidneysandliverisc8rre！at8d  
WiththeprcrgnosisofthetwoBabesiainfectiQnS．   

】NTRODUCT10N   

Babesiais aspecies of hemoprotozoan parasit8thatinduces bab8Siosisin  
dom8Stic and8Xpe「im即佃Ia円価aは・鮎b8細 雨ectbninduceshem01ytぬan8mia，  

heTT）OgtObinomia・andsubsequ8ntdisord8r8fkidneysandliveLDamageofkidn㊥ySand  
liv即isthomosi00nSPicuou＄p融ho】og●Ca圧han98jnβ8be5ねi油et加s・■nth8kidn8yS，  
PathologicalchangesincIude r8naltuburar necrosisinduced by hemogJobjnemia  
（Hab¢la8taI・1991，HusseJn1977b，uddelotaL1980）and／Or gIomoruFon8PhTifj去  
（Maegraith et aL1957，Rogers1971．Hussein1977b）induce，d by hTlmUne  
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COmPl甲eS（Annab旭andWard197外 Patho10gjcalGhangesinth8仙8「8ワCOmPaSS  
70Cal・mid－ZOnalor 

． 

mcIUSebabesiqsis，β．仰d厄／〃／and β用地相打耐ections＄howd伽rentprognoses．且  
rodhainjisJethaltomicewhereas B．mjcrotig8∩8raJIyisnotJethaJ（ClarkandAltison  
1974）．WecomparedthesetwomousebabesiosesthaIhavediffeTentClinica［outcomes  
Withregard tq pathoEogrcaJchangesoccurringin kidneysand）iv即andwithregard to  
analysISOfbLoodandurinethatre“8d th白functionaJconditjonsofth8SeOr9anS・   

MÅTER】ALS AN【）METHODS  

AnTmars8nd Paraslte9：Ma18andF8nlaLo BALB／CrTlice．6・7weekso［d，蠣reUSed  
intheseQXP即im剛性．βab8由佃肋a仙（Australiastra呵andβ8上招由血cro打（Mu血h  
Strain）were provided bythe Kyushu BranchotNationallnstitute ofAn価alHea［th  
（Ministryo†AgricuIture，ForestryandFisheTy．Kagoshima，Japan）and byPro†．O，A・  
Heydorn（FreeUniversityofBerlin，Berlin．G8rmany）resp8Ctively，andrna凧ainedby  
bFoodpassageinBALB／Cmicet Mic8Wer8inoculatedintraperitoneaI［y（i・P・）withlx†0ア  
ParaSitized erythrocytgs（PRBC〉・Th8PerCentag8O†paras鹿miawasdeterminedby  
COuntingthenumberofPRBCin taiIbJDOdsmeaTSSta油edwithGjemsa，H8matOCTitof  
the blood，Which was obtained from theinfraorbitaIvenous pJ8XUS（）f mic8，WaS  
measured bythe microh8matOCrit method・Brood serum and ur行帽SamPr8S W馴■8  
00帖cteddailyandstoredat・20℃ untilus8・  
馴Oehemlea18na1ysはOIbl00d s即Um：B100dsera wereoblaimdtromcentr血9ed  
bloQd colrec紬d from mous8hea雨Undcretheranesthesia．and examined†orserum  
bilirubin andbloodureanitro白en（BUN）．SerumbilirubincDnC8ntration wasmeasured  
With ne alkaline－aZObjljrubin method（8jIirubin B”・teStWako，Wako Pure CheTnjcaJ  
）ndustries．Ltd，，lbkyo．Japan）．BUNwasmeasuredwithacommercialkit（Unikitrate  
BUN．KantoCh8mical，Tbkyo．Japa叶  
Urinary prDteh dnalys［s： Urine was obtain8d from mice by forced urination．  
Urinary protein concentration was measured with the Bradford msthod with bovine 
SerUm albumin as standard．For detectjon of hemoglobir］in the urjne，Urjne and  
hemogrobinso［utionswereexamin8dwithsodiumdodecylsulfate－POlyacry［ami鵬gel  
eleclrophoresis（SDS－PAGE）・10adingヲamP］esona12％geLconcentrationwitha Minト  
PROTEANllc811（8io－Rad Laboraton8S，CA，U，S．A．）．Th8hemQg［objn sorution was  
Obtained frDm BALB／C mOuSe blood．The bJood was washed threelimes with  
PhysiologlCalsa（hlB，frcIZenandthawedtwice，dilutedwithdouble－distil［edwater．and  
C¢ntrけugやd13000xg†即20mれThes岬ern融antwasusedasahemog10binso山t加  
against whTch urhe samplesw8re COmPared．AftereJectrophoresis，the gers were  
Stained witho－dianisidinesoIutionfor hemog）obindetectjon，lbestimat8th8mOlecuIar  
Weightof proteinintheurine，SamP（eswereIoaded ona7．5％9elconcentFation and  
PrOtOins w8r8 Stain8d with O・1％C（）OmaSSi8 b「illiant bluo R－250  a什Or  
818GtrOPho柑Sis．  
TはSUe P10CeSSlng 8nd stalnh柑：Tissuesampleswe「8COll8et8d when仙奴加d  
mic8hadhlghparasitemiaandexcreteddiscoIDredurine・S∧rna］rpJeC8SO†the kidn叩＄  
andIive「specjrn8nSW8re PrO（：eSSedforhis10logJCaI，immunohistoIogical．andelecIrDn  
microscopic ＄tUdies・For histo］ogy，tissuesw8r8fixedin10％phosphale－buffered  
formalin．dehydratedin aIcohoJandxylene．BrT］b8ddedin paraffin，andsec紬ned at  
旬mr Soctionswerestainedwith hernatoxyLinandeosin（H＆E），Periodic－aLCid－Schiff  
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81h、ylal00旭Iandやm馳d舶dinEpQ鏑812・Thi【S8dionsw即8舶in8dw徹u指呼  
acctateandleadctr：lIe．tind examjFてedw臣IaJヒOLlO：〉CX eJモCtrOn rTicrosccpe、  
ForiTTl¶unCTluorescerlt SIudy、Srて1iIllb10Cksofへid：1QylissしJOWCreembuld（！d・nO・C・T  
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DI柑¢tlmm踊Ofluo柑S¢8nt antlbody s暮さInl噌：lgG，lgM．andC3in帥m白雨iw8怜  
献納面細byd摘dimmunOflu開＄閉口！antib8dyぬin軸Kidn8y SOdjon軍W色相t柑aぬd  
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antトmousolgM．orFITじCOnjJgatedgoatlgGfracl：unLorrつuSeC3at3汀 forlhr．  
washt）din PE）S．and exar11ned vvi！h aTluorescenco TTli（：ruSCOPO（Optiphot・2．Nikon．  
－ぬ極○，Japa呵・  

l岬ro¢tlmmu明仙即○食80nt8ntl如咄＝舶刷ng：Kidneys8伽憎W即机reat朗  
w肋b帖班噌＄Olu伽nat87℃for訓）min andincuba旭dwith eith即醸巨a哺・且  
［OdIIL7inior且mic（0打st！［しrTtOrnCmlalratserumascontrolat3：l：for3O min．ThtlSe  
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r：g、8．P＾Ssta：ndsoctionsshowinganincroas8innじmbero†m飴SaQ9ial  
感k即d輌幽渦潮 m融軋れ且ゐ鵬由軸廟粕川蜘聞取極帆 8如  
1P河m．b，8・地相脚n一触ぬdm¢u報ki如㊥．駿匝柑〝m・   

Bioch8micaIanarysJS Dfthe urineindicatedlunctionaldamag8tO the kidn8yS・  
Proteinunawasdetected bythe2nddayaf（erinfectionandmarked［yincreas8dto24・6  
±9．5mg／mlimmediate［yboforedeath（Fjg・4）・SDS－PAGE anarysisoftheuHne  
（Boesken8tal．1973）showednotonEyaprominentbandofalbuminbutaLsosev8ral  
conspICUOuS bandsoflargerproteinsthatweremore than200kDamolecularweight  
（Fig．5）．Biochemicaltestsofth8b】00dserumshowedanincreaseinBUN（Fig・6）and  
bilirubinconcentraticrn（Fjg．7aandb）beforethemicedied・BUN，WhichisausefuI  
serum rnark8r tO eStimate r8nalfunction，reaChed 46．1±15．3mg／dJ（COntrOI：  
36．4±2．7mg／dl）．Tbtalb＝rubin concentration was O・47±0・33mg／dl（COntrOl：  
0・07士O・06TTlg／dl）・anddirectbilirubin？OnCenlrationwasO・10±0・11mgNl（COntrOI＝  
0，01±0．03mg／dl）．Totalbiljrubin dom■nant bilirubinemia corresponded to severe  
hemolysis in B. rodhainCinfeded mice. The increase of direct bilirubin suggests 
山nctjonaldamag80†仙8川SSUe－  
b）PathoIogyo†thekjdn8ySand＝ver   

Whenthemicehadthehighestparasitemiaandw8reeXCretingreddishurine，W8  
examined the microscopic appearance of kidneys and livers. Mesangiopathic 
glcrmeru10nePhropathywasthemainhistopatho10grCalchangeinthekidneysandwas  
charact8rizedbyQndocapi”aryproliferation，increas80f rnesangialmatrix，andmild  
thickening of the basement membrane（Fig・8a）・Additionally，tUbular necrosis  
SOmBtim8SWaSObserved（notshown）．   

ElectronmicroscopyshowedanincreaseinmesanglaJc8rlsandmat血■aSWeJlas  
electroTl，densod8POSits，inthem8Sang■aImatrixandalongthegJom8ruhrbaserTTent  
membTanC（Fig．9aandc）・The basement membran8WaS SOmeWhat thick8ned and  
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Fi9・9■E18納nmicr89raPho†910m？mlu＄inβ・柑d厄叫針b，可an′d  
且mわ和〟裾8dion（恥8，M85an91a】expansjonwithaninαe弘eOf  
C8”s（M）即1d matrix（MxトBar＝；1／川．b，Fusion ot foot process8S  
（訂和Wh8ads）and ot相和n－d即SO d叩OSits（arrowち）a10n9 tho  
bas叩Ontm8mbran乱Endotholiale釧S（E）・Ba「＝1／‘m・】nset：Hi9h  
magni弛ati8n OI818dron－de爪S患 d叩OSits（D）and†鵬ed f00t   
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PrOC¢＄8S（町Bar＝0・5／▲m・¢，Electr即－d8nS8depqsits（D）釦0ng  
th。basem耶t加mbranp（amws）・Bar茸1〝m・d－Mesan幽l  
OXPan＄ion withincreas8m CeLIs（M）and matrix（Mx）■ El餌trOn－  
d引1別＝弛画廊ts（arr01叶 Fusion o††obt P「OC粥S¢S（a「rowh8a叫  
Bar＝2jLm・Inset＝High magnification of electronJense deposits  
in thom鴎御唱旭 mat血（ar「OW）．Bar＝≡0・5／′m・   
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foot pro聞SSeS Of podocytBS Were foc釧y fused（Fig・9b）．］mmun8histochBmistn（  
帽V的場d d甲OSilsローlgG（Fig・1血）．1gM，C8and飴わ8由antjg紺Sin帥¢m¢San帥坤  
柑g旧帽anda10ngth8ねs8m即t m8mbra叩．   

Li9ht mjcroscopyofth白lト柏r shQWed extensive mid－ZOnalandcen血1cぬu加  
弼顧顔鏑．withleuねcyt8i醐tra血naround the∩8Crローica帽aS（Rg．11aj，M訓y  
l¢ukQCy旭Sineludinglymphocyt時mOnp叫略 and macropha卵S Wer色 柄 佃¢  
S血sojdsand dil融ed亡8ntratVein亭anて＝nt8r10b山arv扇n＄．   

2）β∴何州冊ection拍 mi珊   
a）C‖nぬa‡data   

Pa甲it8miaappe那由onth¢加dqayaft即冊8Ction．値achedit＄P餉k（51，8±  
4・9％）bythelOthday．andgraduafIydec間Sedbythe14thdayWhen m如recoveTed  
仲卸n廿沌inf8Ctfon（Fig・1）lTh紬hematopritdecreas白dafteTiT7fectionandfBIlt036．8  
士g・0％a（thel肘Iday（Fig・2）・Gr8Cnishurineappearedbythe8－1Othdayand9ra血坤  
disappear8dasl両ce柑COV即◎df柑mth¢infeclion．Proteinuria was fdund atthetime  
噂両脚嘩i†抑ね・SDS・PAGE即atySl＄¢＝h8UH紬ShowedabandwhicheomSPOn由d  
toa［bumjn（Fig・5）・HemoglobjnandprQ‡感nslargerthan200kDaweren8tdetectedin  
thegr8enishurine・BiochemicaJte＄t＄Ofthebloodserumshowedanincreas8inbilirubin  
COnCentTation（Fig・7）・Totalbi帆bin conc＄ntrationwas o．44±Q．32mg／dl：howev叫  
directbiLimbinccncentTaIionwaswfthjnnomaLljmit＄．TheTncroaseo＝ndiredbjlirubin  
SuggeSted that greenish urine was bilirubinuria．The BUN concentration wat5 nOt  
ine怜a＄ed（Rg．6）．   

叫F切h血gyo†th¢kidn8ySand紬Qr   
Kidneys showed mo＄angl叩athic釧Om8ru】on8Phropathy wjlh anin¢帽aS′8in  

m郎angialce11sandmesangねImンa柚りFig・8b）・lmmリnOh細chemぬ10bseⅣ甜血s  
釧0鵬ddepo融sot19G，lg帆¢3and且加亡母紬n柏8∩引n the me＄a咽ia】喝1OnSand  
alongth8basem8ntmembrane（Fig・10b）・ElectroTlmicroscopyshDWed eL8Ctr9nrden＄8  
depositsinth8meSangiaJmatiix and along thebasement membrane，and fu如n of  

Fig・1O・aIGranulard8PO＄ition8f．gGjnthemesangIUmOf且FOdhajnHnfected  
mjco捕dn8y・b，Gran＝lardeposit如¢＝gMin th¢mOSangium o†風面C仰終  
inf8d8dm庖kidney．  

J与三■   
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鞘」1．槻E金一如細聞離叩・さ－榊一正pnaln¢耶Si笠田）8f′th81i峨r．p包廟一  
卵卿射n乱作劇画坪■n噸掬町や坤鱒押in冊「a鯖mモarr8W）那加nd  
th8鴨鍋ti¢名相乱 伽n噛∀や抽（V）．随筆1恥吼b，F08a】n舵【蛮isく岬  
劇仁価愴I一明rP離n¢吋main且∬血相ガ Fn陶頭即L山相加明和＝雨1暮感触  

（ar四叫∴¢帥圃V鞄緬（V）・8a†＝10〝m・  

POdocytesfootprocesses（Fig・9d）・Howev叫thes8Ultrastructuralchan 
． 

tubulardamagewasmild（notshown）．  
Livertissu8ShowedfocaInecrosisandsome［eukocyteinfiltrationinthemid－ZOneOf  

river10buEes（Fig．11b〉．ThesenecroticchangeswereIessseverein B．micIVti－infected  
micelhanin 且佃dわ∂Jロトinlect（ld mic8．   

DISCUSS10N  
B，rOdhalniinfectionwasdiff8rentfrom8．mic／血＝nfectioninits crinicalcourse．AIJ  

B．rodhainLinfectedmic8diQdafte「thesuddeninc「eas80fparasitemiaandexcr8tionof  
r8ddish hemogIobinuria．Jn contrast．allB．micro（i－infected mice survived aftera  
temporarymoderateincreas8in parasitemiaandin8XCretjon ofgreenish urine．The  
decrease of hematocrjt and theincrease ofindirect bilirubin confirmedintravascu］aT  

hernoIysIS，Which causeddisco）oredurinein both8abesjainfoctions．Theexcretionof  
hemoglobinuria suggested that s白「Um hemogIobin conc8ntratiDn eXCe8ded serum  
haptog10bins，Which captur8and bind fr88h8mOgFobin moJecuIes and pr飢帽nt their  
excretion．Thesedatejndicat8thatth8intravascurarh8mOrySISWaSmOreSeVerein Li  
rodhaini－infectedmicethan B，microti－infected mice．   

Bioch8micalanaEysISO†bIoodandurinoshc．wedfunctioTlaIconditionsofkidn8ySin  
these Babesiainfections．Bothtypesoftheinfectedmiceexcretedproteinuha．which  
COntained albumin．How8V8r，the specific data（SuCh as th8increas80f BUN and  

JざJ   
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Pr¢teinuriacontainjngIarg8mt）Ie6ulaTWPi9htproteinsthatwere moret71an三200kt3a）  
Su998如dth融8」作劇8姉in佃dedmk泊hadmO柑＄eV即Ofunc血naldamag80I睨∩甲S  
tIl即did乱鵬C佃酎n†8d由mic0．BUNisa岬り毎Ipa「am射8「りf（】iagno由0†t摘renal  
inv帥Om即tjnβ如eぬint細ions（Hu＄S8in1977b・Mae卵jtheta・11957・RQ9母指1甲1す  
Wri9htl′972）・Th88XCrOt加Dflarg8Pr触抽Sindi¢a始＄S帥8r8d細雨e「oIthofilt即  
仙ne紬カOfkidn8yS．   

6lom8rUIon8PhrQPathy was a charaGteristic patho‡ogI¢alchangein bqth  
bab8細島路丁佃dep8SitionoI19G，19吼¢3即dBabosiaantige帽tngbm8rUIusstro頑y  
S咽卵StOd thalbab8S加es蕗U由d t幅Immuno comp18X・i¶ducQd m邑Sangiopathi¢  
如m即山On叩hFOPathy・＄imi如immun8′eOmPlox・induced9lomo仙¢n8Phr8pathywさS  
呵叩巾頭巾＝瑚 bab宅癌iosis（Anna別oa佃Wa「d1974）and行†丹胞釦Ⅲ加仇〟nin時針卸値  
tA眠飢蠣＝旺al．1988．Al脂0∩¢taI．196乳D如n1966，Wardand KibukanlUS8kelg89，  
Ha鵬nboworot乱19花BhamarapravatiandBoo叩UCknavi91g73．B00nPUCk憫Vi白  
and、Sitprija197乳InbabosぬSis，thod印0釦批川Ofo旭d「○什－【旭nse mal即ialswasIi悸t  
mani†es旭dln帥8m8San91a】a怜aandalongbas8m即tm引¶bran¢S：仙康治d¢nSiti舶  
TTlayC8rTeSPOndtpthohTlmUneCQmPIoxdepcsits．1tshouLdben8tedthatalthough such  
depositswerejmmedia181yobviousbyelQCtrQnnlicroscopy．th8yW8rOnOtdiscernibfeby  
COnVentbTlaJlightmicroscopy・WitheTectronmicroscopy，1hBSedeposjt＄Wer¢Ubiquitous  
intheglomeruIarbasementm8mbranesoIB，TVdhaini－infectedmice．but寧POradicinth8  
B・micro抑nfect8d animaIs．Thes8uLIrastrudura（changesin8．Tt）dhaini－infected  
kidn8ySCOrr8SPOnd8dtothe relativelyseverofunctionaldaTnag8incuTTedbythese  
OrganS・   

Th8kidneysofth8infected miGe aLso had TTlild tubulardamag8，It has been  
PDStuIat8dthat8XCeSSivehemoglobininconcerLwilhtissuehypoxjaistoxictor8naI  
tubules（Braunelal．1970）．Thisisconsist馴1tWiththefactthatrenartubutarnecro＄is  
WaSmOrBS糾er8in B．rDdhainiTinfecledmjcewilhreEativeIyseverehemolysisandIow  
hernatocrjtthanin B．miclt）（Linf8Ctedmic8．  

The8XtenSjv81ivern8CrOSisandinCreaS80fdirectbilirubinin B．1Vdhaini－j  
mice shQWed thatliver damagQ WaS relatively sev8r8in B．1Vdhainii  
8ab鴨極如＝両uc粥tho charactori≦tlc†ocal，mid一ヱ0∩軋and／or controldbularliv8r  
n¢8rO＄薩invariousanimals（Hab01a8tal．1991．Liddel8ta】．1981．Huss8in1977a．  
Maeg「aith8t al．1954，Ro卵rS1971ト Gtark¢taI．（1987）sL将9eSted an耶C郎Siv邑  
「¢l8a880Ilumor necrotic tac批汗COuld acc8Unt†or mid－ZOnalliv8r dama卵in  
Pねぎmロdiumin†ection．Howev即仙emechanismo‖heliv8rneCrOSishasnotyelbe細  
山】1yduddat8d．   

Weshow8dthatseverityofthedamggotokidneysandIiverundertheconditjonsof  
highpar縛itemiaanddiscoIoredurEneexcretioniscorreratedwilhtheprogno由ofthese  
twoBabesiainfoctionsq Thedamagetokidney＄andIiver警WeTlass8y8reh8mOIytic  
an8m】a．in良作d厄血′in拍c紬n s8馴¶8dtoeaus8†aillng O†the ml¢e．eVOntua”y  
lea的場ね湖面「death．   
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