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ABSTRACT  

GroupsofbroilerandlayerchickswereexperimentalLyinfectedwith400，  
20，OOOandl，OOO，0000OCyStSOfCrypEO甲OridiumbaiLeyiateither2，160r30  
daysofage・ClinicalslgnSWerenOtObservedinanyOftheinfectedbirdsandthere  
wasnosignificanteffectonweightgalnCOmParedtouninfectedcontroIs・Tissues  
examinedhistologicallyat2，5，7，14，21dayspost－infection（DPI）revealedthe  
presenceofparasitesintheBursaofFabriciusandeloacabetween7and14DPT，  
and occasionallylnthe caecaand trachea・Hypertrophy and hyperplasiaofthe  

linlngepithelialcells，Particularlyhlthebursa，WerethemainhistologlCalchangeS  
observed・A marked heterophilresponsewith acuteinnammatory exudate and  
bursalcastformatjonwasseeninsomeoftheheavi1ycballengedbirds・   

INTRODUCTION  

CrypLosporidiaare eoccidialparasites which develop on the microvi11us  
borderofepithelialcellsoftheirvertebratehosts（CurrentandBlagburn1990）・  
Avian cryptosporidia have been observedinthe enteric，reSplratOry and renal  
epitheliumofinfectedbirds（Goodwin1989）LTwospeCiesofCり，PtO岬Oridiumare  
genera11yrecognizedasoccurringinavianhosts（81agburn1989）・Morphometric  
Studiesonoocysts（Lindsayetal．1989）distinguishC．meleagridisfromC，bai］eyi・  
FurtherstudiesmayestablishadditionalspeCleS・  

Crypto岬‘ノridium meleagridis，isolated frorTl turkeys，develops  
predominantlyinthe sma11intestine（Slav］11955）・Cryp10V）Oridiumbaileyiwas  
firstreportedbyCurrentetal．（1986）fromthecloacaandBursaofFabriciusof   
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thedomesticchicken・ItisknowntOinfectseveralspeCleSOfgalliformeand  
anserifbmlebirds（Lindsayeta］・1986a）andotherdssuesincludingthecaecum，  
COlon and respiratory tract（Curren［and Blagbum1990）．Clinicaland  
pathologlCalslgnShaveh5enaSS（Xiatedwiththepresenceofcryptosporidiainthe  
respiratorytractofbirds（Dhillonetal．1981；Goodwinetal，1988；Itakuraetal．  
1984）・ExperimentalinfectionofchickenswithCbalileyiresultinoccurring  
diseasewhenadministeredintratracheally（Blagburnetal．1987；1991），butnot  
Whengivenorally（BIagburnetal・1987；Currentelal．1986）．TheobiectivesQf  
thepresentstudyweretomonitorthepathogenesisofexperimentalinfectionsof  
C・baileylin different agegroups ofboth broi）er andlayingchickens when  
administeredbytheoralroute．   

MATERTALSANDMETHODS  
Pαrα∫fおご〟J∫〟柁αmブc加地乃ge  

OocystsofC・baiLeylWereOrlglnallyobtainedfromJanssenPharmaceutica，  
Beerse，Belgium，Fresh（朕yStSforuseinthestudywereproducedbypassagein  
RossHisexdayoldchicks・FaeceswerecoIJectedintrayscontainlng2％potassium  
dichromateandO・02％sodiumazide・00CyStSWerereCOVeredbysaltflotationand  
Cleanedbycentrifugatio11inthepresenceofsodiumdodecylsulphate（SDS）and  
nocculatedinthepresenceof2％sulfuric acid・The oocystswere enumerated  
uslngaNeubauerhaemocytometerandstoredinHank－sbalancedsaltsolutionat  
40cuntilrequiredforuse．   

ノーい血…′．・＝、∫ハノ、  

MaleRossHisexandfemaleLohmannBrownlayerchickswereobtained  

fromalocalhatcheryatadayoldandallowedtoacclimatizeforaperiodof24  

hrspriortothestartofthestudy．Thebirdswerehousedinwirefloorcages（l．O  

m3，10birds／m2）ataniniLialtemperatureof308cwith14hrsofredlightandlO  
hrsofredlight．A11birdswerefedadlibitumonastaJldardanticoccidialfreediet  
prepared on site・Water was supp）iedvia gravlty feed nipp）e drinkers from a  

bottle reservoiJ：From14days ofage，birds were maintained at an ambient  

temperatureof258cwith14hrsofdaylight．   

且甲grブ椚ど〃JβJ（お∫な乃  

Thestudywasconductedin3parts．TrialAwasconductedinbroilerchicks  
tomonitorclinicaleffectsandweightperformance．TrialB wasconductedina  
Similarmanner toTrialA，butinlayerchicks，Whilst TrialC was designed  
SPeCincally toinvestlgate the pathologlCaleffects．Each tria［was conducted  

accordingtothe sameprotocol・EssentiaJly，at the star【ofeachofttials，birds   
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were randomized on the basis ofbody weightinto four groups・Fromthese，  
groupsof8birdswereglVen400，20，000andl，00O，00000CyStSateither2，160r  
30daysofage・RemainlngbirdsactedasuninfectedcontroIs，Asummaryofthe  
trialdesignis gLVeninTablel・1ndividualbirdswere orallyinfectedwithC  
bailey100CyStSbydirectadministratjonintothecroplnlmlvolumebyclean  
plasticp．pettes・AllbirdswereobserveddailyforslgnSOfclinica］abnormalities・  

Table 1. Experimental design.. 

Group  Challcnge dose AgeatCha”enge  

2 days 
2 days 
2days   

16 days 
L6 days 
16days   

30 days 
30 days 
30 days 

400  

20，000  

1，000，000  

Uninfectedcontrol  

朝〕0  

20，000  

1，000，000  

Uninfectedcontro】  

≠11  

20，（凋0  

1，000，000  

しJninfectedcontrol  

1
2
3
4
5
6
7
8
9
柏
‖
1
2
 
 

爪IgCαJoβC押0以申〟g  

Faecaloocystoutputforeachgroupofbirdswasmonitoredbythemethod  
describedbyTayIoretal．（1994）．Essential1yfaecal0∝yStSOutputWaSdetermined  
bycollectionoffaecesondayO，5，7，14and21post－infectionandnumbersof  
o∝yStSWereenumeratedonaNeubauerhaemocytometerafterconcentrationbya  
modifiedcentrifugalsaltnotatiollteChnique（MAFF1986）・   

．＼■…り・、りりト・・‥由一i・   

IntrialC，atOtalofsixtybirdswereexaminedbynecropsy・Onebirdper  
groupwaskilledbyintracardiacinoculationofbarbiturateat2，5，7，14，21DPI・  
Samplesoftissuefrom theduodenum，ileum，CaeCa，Cloaca，BursaofFabricius，  
tracTlea，1ung，CrOp，PrOVentriculus and caecaltonsilwere placediTISeparate  
containersofBouinrsfluid・Additionalsamplesweretakeninto3％g］utaraldehyde  
forscanningelectronmicroscopy（SEM）studies・Additional1y，SamPleswerealso  
examinedfor thepresence ofcryptosporidialo∝yStSby directsmearlng OntO a  
c］ean microscope slide andexamined uslng a mOdified Ziehl－Nielsen stainlng  
techniqueasdescribedbyChermetteandBoufhssa－Ouzrout（1988）L Tissuesfor   
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lightmicroscopywereembeddedinpara餌nwax，SeCtionedat3LAm，Stainedwith  
haematoxylinandeosinandexaminedhistologically．ForSEM，tissues鮎edin3％  
glutaraldehydewereprocesseduslnganOSmiumtetroxidethiocarbohydrazide  
COatingtechnique（MalicketaJ・1975），fo1lowedbydehydrationinagradedseries  
OfethanolandnIlallyacetone・Ti＄SueSWereCriticallypointdriedwith）iquidCO2  

andsputtercoatedwithgoldbeforeexaminationonaStereoscanS250Mark1日  
ScamingElectronMicroscope（CambridgeInstruments）．   

∫ぬJ加わαJAJ‡d恒g∫  

DatawereanaIyzedbyanalysisofvarianceandStudentlst－teStuSlngthe  
StatisticalpackageMINITAB．   

RESUIノーS  

Oralinoculationofchickswith00CyStSOfC・baiZeyiatdosagesofeither  
400・20・000andl，000，000resultedinpatentinfectionsinallchalJengegrotlPS・No  

Clinicalsignsorincreased mortality were seenin any ofthebirds duringthe  
periodofobservation・Inmalebroilers（TrialA），thelevelsofinfectionproduced  

noapparenteffectonperformance・Chicksinfectedat2daysofageshowedno  
significant difference between mean body weights throughout the period of 
Observation comparedwithuninfectedcoTltrOIs．Birdsjnoculatedwithl，000，000  

CNXyStSat16daysofqge showedanll％reductioninbody weightby14DPI  
compared to uninfected controls although this was not statistically significant 

（P＝0・233）・Lowercha11ellgegrOupSOfbirdsinfbctedat30daysofageperformed  
better than the group of uninfected controJs，although agaln this was not  
Statistically signi石eant．Growthcurvesforeachoftheinfection groupsofmale  

bmi1ersexpressedasaperCentageOftheuninfectedcontroIsareshowninFig．1．   

Infemalelayers（TrialB），infectionwithC．baiLeyihadnosignificanteffect  
OnPerformance・Chicksinfectedat2daysofageshowed noslgnincantdifference  
inliveweightgalnCOmParedwithuninftctedcontroIs，aJthoughthe meanbody  
Weightsofthethreeimfectiongroupswereconsistentlyhigherthantheuninfected  
COntrOIsat21DPT．Allthreegroupsofbirdsinfectedat30daysofagehadlower  
mean bodyweights at7DPIcompared with uninftcted controIs．Noneofthese  
differeTICeSWere白tatisticallysigni航cant．Growthcurvesforfemalelayerchicks  

areshowninFig．2．  

EndogenousstagesofC・baileyiwerehistopathologicalyobservedingroups  
Chal1engedwithlO60∝yStSaSearlyas2DPI・Stagesoftheparasitewereconlined  
tothemicrovillous regionofepithelialce11s ofthe cloacaand bursa．In other  
groups，endogenous stages were not detected on histopathology and mucosal  
SCraplngSunti15DPI・InonesectiontakenffOmabirdinfectedwith1060∝yStS   



脚rHOGENESISIN CHICTiENWrrHCRYPTOSPORIDTOSTS   

at16daysofage，ParaSiteswereseeninthetracheaat5DPI・  
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Figure］－Growthcurvesformalebroilers（a）irrrec（edat2daysofage，（b）infecteda116days  
ofage，（C）infectedat30daysofageexpressedasapercentageoftheuninfectedcontroIs■   
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Figure2・Growtheurvesforfemalelayers（a）in知teda（2daysofag已，（b）infectedat16days  
Ofage，（C）infecledat30daysofageexpressedasapercen（ageoftheuninfectedcontroIs．   
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、l、l＼‖ll＼‥－トト、  Fig胱ヨ．靭Cloaca8fa4day－Pld血ck印8正之DⅢ（  
d帥d叩ment且is払g鱒脈組曲由b血Ium細山su伽げ印i伽Iial頭1s・Tゆhoひi一朗  
yldam抑l血卓畠hi立0両極）areattachedtothebruShborderor鹿ho5tCells（H＆Eゝph  
cofltTnSt）．（B）BIJPsabf7day－0］dbird（5DPl，40OQOCyStS）・Theepithelialceltsare  
山凰dyb脚ilypa儲iliヱ鴎hy阿rpphic叩dshowi帽areaSOfhy阿西壷叩＆軋   

Trachealin鎚ctionwasalsoobservedinsectiohstakenat21DPIffomabird  
in鉛ctedat2daysoldwith4000呵StS∴触y岳鴨W離dbseⅣedin叩uCO組1sm組rS  
ofcaecafromseveralgroups，butendogerLOuSStageSWerenOtSeeninhistoIQSICal   
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SeCtions・HypertrophyandhyperP）asiaofepithelialce11s，Particular）ythoseofthe  
bursa，WerethemainhistologlCalchangesobservedinmanyofthesectionswith  
large numbers Df parasites attached to theluminalepithelialsurface・Large  
numbersofparasiteswerealsoobservedon theluminalsurfaceofthebursa oII  
SCannlngelectron microscopy・Amarked heterophilresponsewas presentfrom  
about5DPl・insomecasesinvoIvin．gthecorticalandmedullaryareasofbursal  
foJlicleswithmanyheterophilsmlgratingintotheconnectivetissueandthrough  
the hyperp】astic epithelium．Heterophilia was not con航ned to the heavily  
parasitizedbursae．OtherpartsofthelowerjrlteStine，Whereparasiteswerenot  
Observed，Showedlargenumbersofheterophils withinconnectivetissue．By21  
DPI，manyOftheparasiteshadbeeneliminatedfromthebursalepithe）iumwhich  
remainedhypertrophicwithareasofvacuolationcontainlngneCrOticcelldebries．  
Intheolderagegroupofbirds，therewasaninflammatoryexudatepresentonthe  
Surface ofthe epithelium andwithin thelumen compnslnginnammatory and  
epithelialcellsandparasites．Inmanyofthesebirds，bursalcastswerefoundon  
grosspathology．   

DISCUSSION  
CryptosporidiumbaiLeyiproducednocliTlicalsignsandhadnosignificant  

effectonweightgalninbroilerorlayerchicksinfectedat2，16and30daysof  
age．Patentinfectionswereestablishedwithasfewas40000CyStSinbirdsllptO30  
daysofage．00CyStSheddingcommencedatabout7DPlandfo1lowedthepattern  
Previously described by Taylor et al．（1994）．Oralinfectionwith C．  
resultedin parasites confined prJmarily to the cIoacaand Bursa ofFabricius．  
ThesefindinBSareiIlagreementWiththoseofothers（FletcheretalL1975，Randall  
1982；Tsaietal－1983；Itakuraetal．1984；Guyetal．1988；Levyetal・1988；Levy  

et al．1988；Goodwin and Brow111989；Iwabuchiand Kirioka1992）t The  
histologlCalfindingsofepithelialhyperplasiaandinflammatorycellinfiltrationin  
thesetissues竿renOtuSuallyassociatedwithclinicalsigns（Fletcheretal・1975；  
Randall1982）．These observations werecon爪rmedin this，andother previous  
experimentalstudiesinwhichchickshavebeeninoculatedorally（Blagbumetal・  
1987；Lindsayetal．1986b）．Asfarascanbeascertained，thisisthefirstrecorded  
instanceofpuru1entexudatefromthehyperplasticepitheliumresultinginbursal  
CaStformation，mOretyPicallyseenwithinfectiousbursaldisease（IBD）（RandaJl  
1991）．Trache／alinfections following ora）jnoculation have been reported by  

Lindsay et al．（1986b）．Whilst the possibjlity of accidentaliTlOCulation ofthe  
resplratOry traCt Can nOt be ruled out，the presence oflarge numbers of  
developmentstagesat21DPl，in abird whichhadbeenhl托ctedwithonly400  

00CyStS，SuggeStSthatjnfectionarosethroughrecyclingofinfection．Lindsayetal．   
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B
 
 

Figure4・（A）Bursalcastforldongross p且thologyin30day－Oldbird（14DPl，20，000  
00CyStS），（B）ScanningElectronMicrograph（SEM）ofthebursaofa23dayOldchicken   

（7DPl，咄）oocysts）．Ⅰ∬ge numbersofparasitesc甜tXSeerlOVerdleSuTfaceofthe  

bursaLAmareaof parasite detachment（arrowhead）can tN5Seen両th remnarltS Ofthe  
parasitophorousmembranesandattachmentzor．esclearlyvisibLe．   

（1988）demonstratedthatasageatinfectionbytheintratrachealrouteincreased，  
SuSCePtibilitytoresplratOrydiseasedecreased．Similarobservationsweremadeby  
Goodwin and Brown（1989）iT126day－Old broilers．In this study，the tissue   
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distributionandnumbersofparasitespresentfollowlngOralinfection，WaSmuCh  
reducedintheoldergroupsofbirds，CurrentandSnyder（1988）demonstrated  
that14day－01dbroilerswerecapab）eofcleanngendogenousstagesofC・  
fromthecloacaandcloacalbursaby14DPIfol10WlngChallengewithlO60∝yStS・  
Theperiodofpatencydoes，howevel；appeartObeinfluencedbythechallenge  
dose，withlowercha）1engedosesresultinginalongertissueparasitemia（恥yloret  
al・1994）・Saltanova et al・（1991）have suggested that birds with bursal  

CryPtOSPOridiosissufferanimpairedimmunoJoglCalresponsewiththedepression  
OfhumoralandcellmediatedimmunltyCloselycorrelatedtothedoseofo∝yStS  
glVen・Clearly，thenatureofthehostsimmunologlCalresponsesto C・  
requlreSfurtherinvestlgation．   
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