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separatjonoroIX〉′St5・“′ate「bornedisease・  

AI主STRACT  

Severalseries ofbench scale experiments wereperformedtoevaluate the  
usefulness of well established sucrose flotation techniques for separation of 
CT），PtOSPOridiumoocystsfromwatersamplesunderthevariouscondition  

Firstly，fresh（onemonthold）andaged（36monthold）oocystsofC・ParVum  

were spikedintodistilledwaterandseparatedbythe modifiedsucroseflotation  
techniqueorbythediscontinuoussucrosegradients・Themeanrecoveryrateoffresh  

oocystsby（hemodifiedsucroseflotationtechniquewashigher（87・2％）thanbythe  

discontinuoussucrosegradients（68．4％）・Incontrast，themeanrecoveryra（esofaged  

oocystsbytwomethodsweresignificantlylower・Therecoveryrateuslngdifferent  

initialconcentrationofoocystsshowednoslgnificantdifferencesinrecoverybetween  
each ofthem．The usefulness ofthe modified sucrose flotation techniqueforthe  
separatioI10foocystsfromrawwatersampleswasalsoevaluated・Therecoveryrate  

ofoocystsfromlowandmoderateturbiditywater（ntu＝0・8and15・4）wasnearly80％，  

however the recovery rate from highturbidity water（ntu＝350）was significantly  

lower（60．7％）．  

Fromtheseresultsweassumethatthemodifiedsucroseflotationtechniqueis  
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Sti11usefula5a fast one－SteP，Simple to performandinexpensive method for the  

SeparationofCryptosporLdiumoocystsinenvironmentalwatersamples・  

INTRODUCTION  

Cryptosporidiumparvumwasident沌ed頁rstlyln1907anditwaspnmari1y  

associated withinfectionsin animals（Tyzzer1907）．The sporulatedoocystsis the  

dormantStageOftheparasiteandtheon）yexogenousstage，itsurvivesfora10ngtlme  

intheenvironment，InfectionofappropriatehostsbyCTyPtOV，Oridiumoccursdirectly  

viathefaecal－Oralroute，mainlybywaterorfoodcontaminatedwithoocysts．After  

the oocysts areJngeSted，fbur sporozoites excyst from oocystsand parasitize  
epithelialcellsofthehostsintestine・Aftermultiplicationanddevelopmentthenewly  

PrOducedoocystsintheinftctedhostareexcretedinthefeces・Current（1985；1986）  

describedtwotypeSOfoocystsinthelifecycleofC・ParVum；thethinwal1edoocysts  

（20％ofthewhole）responsiblefortheautoinfectionofthehostandthethickwa11ed  

OOCyStS（80％ofthewhole）whichleavethebodybythefecestowidespreadinthe  

envlrOnment．  

C・ParVumhasbeenrecognizedtobeoneofthemostimportantwaterbome  

pathogensforindustrializedcountrles・Between1993and1996，thisparasitecaused  

23waterbome outbreaksin USA and United Kingdom（Frickerand Crabb1998；  

SmithandRose199B）．OtheroutbreakshavebeenreportedfromCanada（Belletal・  

1993；Wallisetal．1996）andJapan（Kurokietal．1996；Yamazakietal・1997）・  

Themethodologycurrentlyusedto●detectCrypfosporLdLuminwater（Musial  

etal．1987；Roseetal，1988；LeChevallieretal．1991；Ⅵね11isetal．1996；Karanisetal・  

1998）isbasedonthemethodprimari】ydevelopedforthedetectionofGiardiain  

water（JakubowskiandEricksen1979；Jakubowskj1984）．Themostcommonlyused  

techniqueis the U．S．EmvironmentalProtection Agency（EFA）cartridgeⅢter／  

immunonuorescencemethodforconcentrationandidentificationofCJγPtOSPOridium  

oocystsin environmentalsamples，It has been designed to meet monitorlng  
reqauirementsoftheEPAandconsistsoffourmajorsteps：a）filtrationofwaterto  

concentrateoocysts，b）elutionoffiltermaterial，C）separationofoocystfromdebris，  

andd）final1ymicroscopicanalysisfortheidentificationofCryptosporidiumoocysts  
inape］1etresultingfromthesamplepreparation・Yet，therearestillmanyproblems  

withthismethod，becauserecoveryofoocysts什omwatermaybea鮎ctedbyallof  

thepreparationstepsfbrseveralreasons・Naturalryoccurrlngdebrissuchasclaysand  
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aLgaeinwaterandalsochemicalsaddedtothewaterduringthetreatmentpr∝eSS  

mayaffecttheconcentrationofparasi（esbythisdetectionmethod・Turbidity・CauSed  

bydebrisusuallyoccurrlng．nWater・reSultsinadditionalintetferenceandlossof  

parasitesduringtheprepara（ionofthewatersample（LeChevallieretal・1995；Fricker  

1995）．Notonlywaterquality，butalsothebiologicalpropertiesoftheparasitemay  

affect the effectiveness for Cryptosporidium oocysts separation resulting in the 
decrease ofthe entire recovery efficiencyofoocystsin watersamples・Thereare  

strongevidencesthatthesourcesoftheisolate，ageOfoocysts，StOragemedia・and  

countingtechniquesmayafftcttheresultsoftheanalyticalprocedure（Klonickietal・  

1997；Karanis，unPublisheddata）・  

For the separation of oocysts from debrisin water，SuCrOSeflotation or  
percolトsucroseflotationtechniquehavebeencommonlyused（Musialetal・1987；  

Roseetal．1988；LeChevaltieretal．1991；Wallisetal．1996；Karanisetal・1998）・A  

number ofoocysts must be）ostin this separation step because ofthe factors  
mentionedabove，howevertheactua］recoverye瓜cienciesofthesucroseflotation  

techniqueinseveralconditions（e・grSpeCificgravityofsucrose，ageOfoocysts，Water  

quality）ares（i11unclear・Thepurposeofourstudywas：l）toevaluatethesucrose  

notationtechniquesinbenchscaleexperimentsfbrtherecoveryofCTTPLt，5POridium  
oocystsfromwater，2）toshowpossiblevariabilityintherecoveryofoocystsfrom  

watersamplesusingfreshandagedoocysts，3）toassesstheusefulnessofsucrose  

notationtechniquetoseparateoocystsfromwaterwithvariableturbidity・  

MATERIALSANDMETHODS  

∫〃〟r（－gα〃d加ゎJわ〃q／〃〃C囲∫  

C・ParVumOOCyStSWereisolatedfromfecalsamplesofinfectedcalvesand  

have been storedin2・5％potassium dichromate solution at40C・00CyStS Were  

purifiedbydiscontinuoussucrosegradientstechnique（ArrowoodandSterlinB1987）・  

Theoocystsusedfortheexperimentswerel－5monthsoldand36monthsold・The  

oocysts wereidentined and confirmed by phase contrastmicroscopy and by a  
commercialimmunofluorescence assay（IFA）kit（Cellal）S Pty・Ltd・，Sydney，  

Australia）．ThenumbersofoocystswerecountedbyaNeubauerhemocytometer・  
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2．04x1050fonemontholdor36monthsoldoocystsweresuspendedin5ml  
disti11edwaterandlaidontosucrosediscontinuoussolutionina50mlcentrifugation  

tube（GreinerLabortechnik）asdescribedbyArrowoodandSterling（1987）・Aftera  

centrifugationatl．500gfor30minat40cwithoutbrake（HeraeusSepatech，Varifuge  

3．OR），themiddlelayerfrom15mlto7・5mlwhichcontainedtheinterfaceof（WO  

differentgravltyOfsucrosesolutionswaspooledintoa50m）cemifugationtubeto  
evaluatetherecoveryofoocysts・Theupperlayer打om25mlto15ml，andthelower  

layerfrom7・5m］to（hebottomofthetubewhichcontainedsedimentwerealso  

pooledtobeexaminedforpossible presenceofoocysts・A11pooledlayerswere  

dilu【edwithdistilledwaterandcentrifugedat3，000gfor20minat4Ocwithbrake・  

Afterthecentrifugation，thesupernatantwasasplratedti111m］andthepe11etwas  
storedat4Oc．  

升fαJ∫♪r血rgcov叩吋’〃呵∫J∫i〃血刷どdwαrピr〟∫吻fんど㈲〟仲d∫〟CrO∫ビ  

ル頗血相融血押  

The modified sucrose notation technique wasperformed as descdbed by  
CuTTent（1990）withminormodifications．2．04xlO50fonemontholdoocystsor36  

monthsoldoocystsweresuspendedin5mlofdisti11edwaterandmixedwellwith30  
m）ofl，3speci甫cgravltySuCrOSeSOlutionina50mlcentrifugationtube・Then5ml  

ofdistilledwaterwerecarefullylaidoverthesucrosesolutionandcentrifuged at  
l，500g払r20minat4□Cwithoutbrake（HeraeusSepatechlVarlfuge3・OR）・Af（erthe  

centrifugation，theupperlayerfrom40mlt630rnlwhichcontainedtheinterfaceof  
waterandsucrosewaspooledintoa50mltube・Thelowerlayerfrom30mlto  

bottomwhichcontainedsedimentwasa］sopooledLAllpooledlayerswerediluted  
withdisti11edwaterandwashedbycentrifugationat3，000gfor20minat4Ocwith  
brake・Aftercentrifugation，thesupematantWaSaSplratedti111mlandthepelletwas  

storedat4dc．  

打Jd／∫かど毎rどCの，eり7q／〃Orツ∫J∫f〃d血〟ね〟≠・〟rピ川油vαrJα抽f〃J血J仁■〃〝ビピ乃舶rJ州  
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2，26xlO4，2．34xlO3andl・67xlO20ffour months old oocysts were  

suspendedin5mlofdistilledwaterandthemod浦edsucroseflotationtechniquewas  

performedasdescdbedabovetoevatuatetherecoveryofoocysts・  
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2．20xlO40f鎖vemonthsoldoocystsweresuspendedin5miofthreeraw  

watersampleswithdifferentturbiditieswhichwerecollectedfromariver（ntu＝350），  

fromaLakeat15mldepth（ntu＝15．4）andat40mdepth（ntu＝0・8）・Themodified  

sucrose notation technique was perfbrmed as described above to evaluatethe  
recoveり′Oftheoocysts・  

Evd山αJ加（げ血rピ∫〟加  

Eachseriesofexperimentswasperformedat飢eseparatetrials・Numbersof  

oocystsinresultingpe11etswerecountedinaNeubauerhemocytometerunderphase  
contrastmicroscope・The slgnincanceofdi鮎rencesbetween each meanrecovery  

rateofexperimentwasexpressedatapヤalueinMan－WhitneyUtest・  

RESUIJS  

Themeanrecoveryrateoffreshoocysts（OnemOntholdoocysts）indisti11ed  
waterusingthemodifiedsucrosenotationtechniquewashigher（87・2％）thanusing  

thediscontinuoussucrosegradients（68．4％）（rIbblel）．Thestatisticalcomparisonby  

Utestindicatedadifferencebetweenthem（P＜0．1）．Foragedoocysts（36monthsold  
oocysts），themeanrecoveryratewashigher（48・1％）usingthediscontinuoussucrose  

gradients than using the modified sucrose tlotation technique（39・6％）（Thblel），  

howevertherewasnostaticallydifference（P＞0．1）■Usingbothtechniques，themean  

・reCOVeryrateSOfagedoocystswassignincantlylowerthanfresho∝yStS（P＜0・05in  

bothtechniques）（rIbblel）・Usingthediscontinuoussucrosegradients，30・6％iffresh  

oocystsand15・3％ofagedoocystswerebundinthelowerpartofthelayerwith  

sediment．Usingthemodifiedsucrosenotationtechnique，11％ofbothfreshandaged  
oocystswerefoundinthelowerpartofthelayerwithsediment（datanotshown）p  

Tablel．RecoveryofCTWtO5FWrLdLumoocystsuslngthediscontlnuOuSSuCrOSegradients  
ortheTTlOdifiedsucroseflotationtechnique．  

Age of DiscontinuoussucrosegradieTltS Modifiedsucrosenotationtechnique  
Oocysts＊  
（rnonth） MeanrecoYeryrate（SD） Range Meanrecoveryrate（SD）Range  

1  （i臥4（12．9）   47．l－78．S  87．2（13・1）   66・ユー96・2  

i6  48．1（5．9）  39．g－55．3  39．6（12．7）   32．0－62■1  

＊2－02x105oocystswerespikedinto5mlwater・  
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Table2・RecoveryofCりplo5POridLurnoocystsirlYariab］einitiaL  
concentr且tioTluSlngthemodifiedsucroseflotatior．（echnique・  

No．ofOocysts Meanrecoveryrate（SD） Range  

2．26x104   

2．34xlO3  

1．67xlOヱ  

83．1（14．0）  70．9－106．2  

72．3（17．5）  47．0－95．7  

73．3（4l．1）  20．4－116．8  

串3．monthsoldoocystswe帽uSed．  

Themeanrecoveryrateuslngdifferentinitialconcentrationsof2・26xlO4，  

2．34xlO3andl，67x1020fthreemontholdoocystsindistilledwaterbythemodified  

sucrose notation technique was83．1％，72．3％and73・3％，reSpeCtively（Thble2）・  

Therewerenosignincantdifftrencesbetweeneachrecoveryrate（p＞0・l）・  

Themeanrecoveryratesoffivemontholdoocystsinthreerawwatersamples  
withdi触rentturbiditiesareshowninThble3，Recoveryofoocystsinhighturbidity  

water（ntu＝350）waslower（60．7％）thaninmoderate（ntu＝15▲4）andlowturbidity  

（ntu＝0．8）water（79．3％and84．6％，reSpeCtively）．Therewassignificantdifferences  

betweentherecoveryrateinhighandlowturbiditywaters（p＜0・05）・Inlowturbidity  

water，themeanrecoveryratecorrespondedtothemean recoveryrateindistilled  
waterwhichwassuspendedwiththesamenumberofoocysts（P＞0・1）（Thbles2and  

3）．  

Table3．Reeovery of Cryp（03POT・idium oocystsin w且ter With  
variousturbiditiesus］ngthemodifleオsucrosef］otationtechnique・  

Turbidity（ntu） Meanrecoveryrate（SD） Rarlge  

Hjgh（350）  00・7（は3）   4臥6－81・g  

Moderate（15．4）  79．3（11．3）  70．9－99・】  

Low（0．8）  呂4．6（17．3）  67．7－106・4  

＊2．2xlO400CyStSWereSpikedinto5m［water・  

DISCUSSION  

Flotation techniques used fbr purifying CrypEOSPOridium oocystsin fecal  

sampleshadbeenadaptedfcrrseparationofoocystsfromdebrisinwatersamplesby  

combination ofsucrose gradients or Percol）－SuCrOSe gradient（LeChevallier et al・  

1991；Karanisetal，1998）．Theajrnofflotationtechniquesistoseparateparticlesand  
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debris什omoocystsbytheirdiffefenceinspeCincgrav．tyandtoamveofspecimen  

forbettervisualdetectionformicroscopy．Inthisstudywefocusedonourtrialsnot  

onlv t（）eValuate the recoveryefnciency ofsucrose flotationtechnique butalsoto  

examinethefactorswhichmaya付ettherecoveryofoocystsduring（heflotationsteps・  

rIbevaluatethistechnique．weusedtwoentirelydifferentagesofoocyststos（udythe  

affet ofage ofparasites toits recovery・Inaddition we examined therecoveryof  

OOCyStSundertheinf］uencesofwaterturbidity・  

The meanrecoveryrateofonemontho】d（fresh）00CyStSindistilledwater  

usinS the lnodified sucrose flotation technique was higher than using the 
discontinuous sucrose gradients（Tablel）・1n the discontinuous sucrose gradients，  

LlearIy three times more fresh oocysts were countedinlower sedimentlayer  
comparedwiththemod拍edsucroseflotationtechnique・Thereresultsdemonstrate  

thatmixlngthesamplewithhighersp6CincgravltyOfsucrosesolutionyieldsbetter  
recovcryrateparticularlyforfreshoocysts・UsingacombinationofPercollrsucrose  

densitygradients，LeCheva］1ieretal・（1995）alsodemonstratedthatrecoveryoffresh  

oocys［swasimprovedwhenaspecificgravltyOfl・3wasused・OurresultssugBeSt  

that the use of the modified sucrose notation technique willbe better fbr the  

separationoffreshoocystsincleanwatersamples（Thblel）・  

1rlCOntraSt tO the recoveryoffreshoocysts，the mean recoveryrate of36  
monthsoId（aged）00CyStS WaS Signincantlylowerandconsiderable partofthem  

werenotねundinanylayerbybothtechniques・Thisisprobablythatthewallsof  

aged oocysts becamefraglle because oflong－term StOrage and destroyed bythe  
osmoticpressureorthesucrosesolution・Vanabilitylntherecoveryofoocystsof  

differentagewasalsoreportedbyBukhariandSmith（1995）・Theyfoundthatsucrose  

solutionofspeciflCgraVltyOfl・18selectivelyconcentratedviableorin（actoocysts・  

ProlongedstorageofoocystsaffectstheviabilityandinfectivltyOftheparasiteshas  
beensuggestedforothercoccidianparasitesalso・Especial1yforCryptosporidiumit  

hasbeensuggestedthatinfectivitydecreasesslgnificantlyaf【ertwomonthsofstorage，  

but a considerable percentage of oocysts remains viable for up to12months  
（Sherwoodetal．］982；Currcnt1990）．AIsoinourstudy，themeanrecoveryratesof  

oneto重vemontholdoocystsspikedintodistilledorlowturbiditywatershowedno  

difference（from83．1to87．2％）．Theseresults suggestthattheageofoocystswill  

greatlyaffectthewholerecoveryrateinnotationseparationstep・AIsoKlonickietal・  

（1997）pointedout thatthe age ofoocystsis one ofthe mostcriticalhctorsin  
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Cryptosporidiumresearch・Thesameauthorscriticizedthatmanypublicationsoffer  

omlyincompletedocumentationofimportantfactors（e・g・SOurCeSOfoocysts，aBeOf  

OOCyStS，StOrage media）which affect the qua］ity of oocyst，reSultinginlarge  

discrepancyofcountlngmethodsrTheyalsofoundhiBhvarlationinoocystrecovery  
usingthePercoll－SuCrOSeflotationwhichexplainswhytheTCRmethod（Infomation  

CollectionRule，EPAmethod）hasshownlowprecision・  

Inlow and moderate turbidity water，the recovery rate offive months old  
OOCyStS WaS nearly80％andcorresponded（0therecoveryrate ofone month old  

OOCyStSindistilledwater・Incontrast・therecoveryrateinhighturbiditywaterwas  

signi重cantlylower（Table3）．Fricker（1995）demonstratedthatwhenthe sucrose  

flotation technique was used，the recovery ofoocysts fromraw waterwaslower  
（55％）thanfromreservoirwaterorfullytreatedwater（67％and80％，reSpeCtively）・  

LeCheval1iereta）．（1995）alsoreported asign摘cantdecreaseofoocystsrecovery  

from environmentalsamplesin Percoll－SuCrOSe gradient・This occurs presumably  

because particles in raw water may adach to oocysts altering their sedimentation 
Characteristicsordestroythem・  

Inthisstudy，Wedirectlycontaminatedsmal1volumesofwater（5ml）with  

OOCyStSbecauseweattemptedtoevaluateonlytherecoveryefficiencyofnotation  
methods withoutconcentrateofoocysts by貞1trationstep．Fromthisreason，initial  

concentrationsofoocysts usedinallourtrialsbecamehigherthanexpectedinthe  
naturalcontaminationleve］（Karar［isetal．1998）．Althoughthestatisticalevaluation  

showed no slgnincant difference of r虎overy rate between diffbrentinitial  

COnCentrationsofoocysts（Thble2），WeCannOteXCludethepossibilitythatthehigh  

initialconcentrations of oocystsimproved the recovery・In this polnt，further  

investlgationshouldbecarriedoutusJnglowinitialconcentrationsofoocysts・  

Recently new separation method，immunomagnetic separation（lMS）was  

proposed alternative to notatior）teChniques（Bukhariet al・1998）・1nlMS，the  

recoveryratesofoocystsfromwatersampJesofvariousturbidities（50to5000ntu）  
rangedfrom O．12to85％using three commercially available kits（Bukhariet a］・  

1998）．These dataindicate the potentialability ofIMS fbr separation ofoocysts  

especiallyfromhighturbidityrawwater，butthemethodneedsmoredeve］opmentfor  

practicaluse．Inaddition，COmmerCialkitsofIMSareratherexpensjvetouseindaily  

routineworks，Forexample，Dynabeadsanti－Crypto5POridiumkit（DynalA・S・Oslo，  

Norway）is54，OOOJapaneseYen（2，100Norway・Krone）forlOsamples・Wedonot  
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excludetheuseofother【echnique吉suchasIMSforseparationofoocystsfromwater  

samples，butatthismomentweassumethatthemodifiedsucroseflotationtechnique  
isstilLusefulasafastone－Step，Simpletoperformandinexpensivemethod簸）rthe  

analysISanddetectionofCり′Pfo5POrEdiumoocystsinenvironmentalwatersamples・  
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