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TheLow Sedimentation SpeedofCryptosporidium Oocysts：  
AFurtherExplanationfor鴨terbomeOutbreaks  
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ABSTRACT  

TheverylowsedimentationspeedofCryptosporidiumparvum，CLmuri5・  
andC・baiZeyLOOCyStSisreported・Theregressionofthesedimentationspeedof  
oocystsin fecalsuspension and tap water could t”described by exponential  
equations・Dependingontemperature，Sedimentationmedia，andspeCleS，between  
O・5－3・5dayswereneededforthetotaldisappearanceofoocystsfromtheupper  
layerofwatetlThischaracteristic mightbeattributedtodirectiveselectionof  
CryptojPOridiLim SPpL forlow denslty through the wayof transmission・The  
settlementofC・ParVumWaSSlowerthanthatofC・baileyiorC・muris・Theslow  
disappearance of Cryptosporjdium oocysts from sewage，Surface waters，and  
public water supplies could be one ofthe maJOr factors responsible for the  
transmissionofthisparasitesviadrinkingwater・   

1NTRODIJCTION  
CTWfosporidiumparvum have recentlyemerged themostprevalentand  

widespreadintestinalparasiteinhumansinNorthAmerica（CurrentandGarcia  
1991）．1talsoinfectsvirtuallyallothermammalscausingself－1imitingdiarrhea  
（Tziporiand Griffiths1998）・Cryp（05POridiuminfections are particularly  
probJematicforimmunocompromisedindividualssincedrug－herapytocontroIor  
eliminatethis parasite from human or animalhostsis not available（Griffiths  
1998；Tzipori1998）．Crypto岬Oridium murisand CrTPtO岬Oridium baileyE are  
prevalentparasitesindairycattle andpoultry，reSpeCtively（OIDonoghue1995；  
Sreter1998）．  

Theimportanceofcryptosporidia asamicrobialcontaminant of water  
has only recently been recognized・MuchatLentionis the result of the1993  
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WaterborneoutbreakofcryptosporidiosisoccurredinMilwaukee，Wisconsln，  
Whichresultedinmorethan400，000peoplebeinginfヒctedandincludedat  
least70f如alities（MacKenzieetal・1994），Inrecentyears，CryptOSpOridia  
havebeen detectedinsewage，Surfacewaters，andpublicwatersq）Plies  
acrossNorthAmericaandUK，andseveralwaterborneOutbreakshavebeen  
reportedworldwide（Widmeretal．1996，SmithandRose1998）．Thisisex－  
Plainedbythelargenumberofoocystsexcretedbyin知tedhosts（Chappelet  
al・1996），thelowdosage（3000CyStS）requiredfbrinftction（DuPontetal．  
1995），thelackof；orreducedhostspecincity（0’Donoghue1995），thesmall  
Sizeofoocysts（CurrentandGarcia1991），andtheresistanceoftheoocyststo  
environmentalpressuresandwatertreatments（Korichetal．1990，Robertson  
etal・1992，Fayer1994，FayerandNerad1996），Herein，WerePOrtthevery  
lowsedimentationspeedofCりplo乎Oridiumoocysts，Whichcouldalsobea  
Significantfactorinthetransmissionoftheseparasitesviadrinkingwater．   

NATERIALS AND METHODS 

OocystsofC・ParVumWaSisolated鉦omacalfinHungaryandwerepas・  
Sagedin spec漬c－pathog印－free C57BL／6Nmiceimmunosuppressedwith  
Phosphateddexamethasone（12トLg／mldrinkingwater）asdescribedelsewhere  
（Healeyetal・1995）・00CyStSOfC．muriswerekindly、prOVidedbyM．Iseki，  
（OsakaCityUniversjty，MedicalSchool，Japan）andpassagedinmice（Iseki  
etal，1989）．00CyStSOfC，bailqyiwereoriginallyisolated育omanoutbreak  
OfcryptosporidiosisinHungary（Dobos－KovAcsetal．1994）andweremain－  
tajnedbyserialpassageinchickensrTheisolationandstorageofoocystsand  
PreParationofinoculumwasdoneasdescribedelsewhere（Sreteretal，1997） 
Cryptosporidia一丘eebovineandavianfヒceswerecollected倉omacow  

andchickens，reSpeCtively，Animalsweresubsequentlysampledandex往m－  
inedfbrthepresenceofCりptO軍OridiumoocystsbySheather’ssugarnota－  
tion（Current1990）befbrecollectionoffbces，   
Feceswereweighed，a2－fbldvolumeoftapwaterwasaddedandwere  

brokenupwithanelectricmixerfbrapproximately2min．A15mlsample  
（containing5gftces）wa戸withdrawninagraduatedcylinderwithawide－  
borepipette．ThesuspenSlOnSWeretranSfbrredintolOOrmlbeakers，andthe  
VOlumeswerebroughttolOOmlwithtapwaterplusfbrmalintogive4％con－  

Centrationofthelatter．BeakersfilledwithlOOmltapwateronlywerealso  
Prepared．Samplesinthebeakerswereplacedeithertoreftigeratorandstored  
at50Corstoredatroomtemperature（25CC）－Fecessuspensionandtapwater  
SamPles wereinoculatedwith C．pan，um，C muris，Or C．bailqyioocysts  
（Tab】el） 
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Fo1lowlngtheadditionoflO90OCyStStOlOOmlsedimentationmedium  
andstirrlngfbr5min，fbur30－L11aliquotswereremoved舟oml－Cm－depth  
withadigitalmicroplpetteimmediatelyaftermixlngandweretransfbrredtoa  
Fuchs－Rosenthalhemacytometer（Fein－Optik，BadBlankenburg，Germany）・  
ARerwards，beakerswerestoredateither5OCor25OC（Tablel），Thesample  
wasleftinthehemacytometersfbI・4min，andtheoocystswerecountedusing  
640×magnincation，［Comment：thesedimentationspeedofC77PtO甲Oridium  
oocystsinthehemacytometerswasdeterminedbytracingoocysts（n＝60）  
什omthetoptothebottornofthechamber・About4rninprovednecessaryfbr  
theslowestoocyststosettlea鮎rn11ingthechambersandplacementofcov－  
ersliponthesuspension・Ashorterperiodresultsinunderestimationofthe  
n。mber。foocysts（Vargaetal．1995）．］The占xaminatjonwasrepeated2，4，6，  
8，16，24，30，36，48，60，md72hourslater・   
StatisticalanalysiswasperfbrmedbySPSS7・5fbrWindows95（SPSS  

lnc．，Chicago，Tllinois）statistlCalpackage．Therelationshipbetweentimeand  
oocystconcentrationwasfbundtobectlrved，therefbre，nOnljnearregression  
analysiswasusedtofitacurvetodataandfindvaluesofvariablesthatmake  
theequationbestntthedata・  

Tablel・Equationsdescribingthesedimentationspeedofoocy5tSinsamplesseededwi血  
oDCyStSOfCりp／叩Drfd〟椚タロⅣ〃椚，C・椚椚Ⅶ㌧訂dC飯浦少・  

Sedimenta－  StoTage   EquationsdesclibingthesedimentationofoocystsR   
honmediⅧm  tempera－  hs鮎nplesseededwith  

仙re（OC）  C．pα川〟椚   C．mⅣrね   C．加減勅   

Fecal   y＝170・3×e…Xx   
25   Y＝225．5×e－ 
5  y＝123・8×eU礼Jン〉  y＝338・3×e‾＝XX 0・24xx  

SuSpenSlOn  Y＝228．3×e8■23×X   

5  y＝10l・3xe川U／×x  y＝113・8xe 
‾U・UbメX  

Tapwater  
25  v＝150，4×e－0・08×X   

且r2≧0．85，P＜0・005，yistheoocystconcentrationinpercent｝Xisthetime血hours  
e＝2．7183．  

RESULTSANDpISCtJSSION   

ThesedjmentationspeedofoocystsofCparvumwasverylowasillus－  
tratedinFigurel・Theregressionofthesedimentationspeedofoocystsinfb－  
calsuspension andtapwatercouldbedescribedbyexponentialequations  
（Tablel）．ThesettlementofC・ParVumWaSSlowerthanthatofCbailqyior  
C．muris（Tablel）．Itmightbeattributedpossiblytothesma11ersize（Cl  
pα川柳r4＿5岬1VS．C．占α如才＝6・5岬10rC・椚〟r≠∫：7・5岬l）andthelower  
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dens和OfCrpa7VumOOCyStS（1．05＜8＜1，09；Current1990）．Becauseofthe  

lessintensivetherrnalagitation，thedisappearancerateofoocystswasslightly  
lowerintapwaterat50C（Tablel）・Thesedimentationspeedofoocystswas  
Slowerinftcalsuspensionat25OC・Asthedensityofthem年iorityof免cal  
Pa托iclesarehigherthanthatofoocysts，theirsettlementresulttheco・Settle－  

mentofooeysts・ThedisappearanCerateOfoocystswasconsiderablyhigherin  
ftcalsuspension at5OC because ofthelessintensive bacterialmovement  

（Tablel）．  
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Asillustrated，the sedimentation speed ofCりptO平Oridium oocystsis  
Verylowin aqueous medium as comparedto other coccidian oocysts or  
helmintheggs・Dependingontemperature，Sedimentationmedia，andspecies，  
betweenO．5－3・5daysareneededforthetotaldisappearanCeOfoocystsofatl－  
Cmdepthofwater．Deeper丘omthesurfhce，00CyStSCanbedetectedevenaf・  
terseveraldays（datanotshown）．Moreover，dependingonnowrateofwater，  
theoocystconcentrationinsewage，Surfacewaters，andpublicwatersupplies  
mightdecreasemoreslowlythanfoumdinthisstudy．ThischaraCteristicwas  
notdescribedearlier（Widmeretal．1996，SmithandRose1998）andmight  
be attributed to the directive selection of cryptosporidiaforlow density  
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throughthewayoftransmission（i．e．00CyStSWjthlowersedimentationspeed  
haveagreaterchanceforinfectinganewhost）＿Testingofthishypothesisjs  
inprogress．SinceCりPtOjPOridiumspp．survivefbrmonthsintheenvjron－  
ment（Robertsonetal，1992）anddisappearveryslowly什omwater，thereisa  
need to explore betterwatertreatment methods（Fricker and Crabb1998），  

WhichmayresultamoreefricientCりptO4）Oridiumremovalratessoastoen－  
Surepublicandanimalhealthprotectionandpreventfurtherwaterborneout－  
breakscausedbytheseⅥ′idespreadparasites．   
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