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ABSTRACT  

Two experimentalcross－infections of beagle puppleS With the  
intestinLZZisaredescribed・Ineachexperimentthreelittematesattheageof18and  

24dayswereincluded・1neachgroup，tWOpuPpleSWereOrallylnOCulatedwith  
cysts，thethirdanimalservedasacontrol・OneoftheinoculatedpuppleSineach  
group wasimmunosuppressedby dexamethasone・In thefirst experiment，  
isolatefromlambwasusedfortheinoculatlOnSatadoseof20，000cystsprototo，  
inthesecondexperimentanisolatefromplgatadoseof30・000cystsprototo・  
FeceswereexaminedregularlyforGianliacysts，bloodsamPleswereanalyzedfor  
speCificanti－GiaTdiaIgGandIgMar．tibodiesbymeansoftheIFLVtechniqueand  
parameters ofnon－SPeCincimmunlty Were determined・The attemptat cross－  

transmissionfailedeveninmarkedlyimmunosuppressedpuppleS・Neitherrelease  
ofcystsnorserocomversionofcirculatlngSpeCincantitx）diesweredetected・We  
assume that cross－infection of dogs can occur only under except10nal  
circumstanCeS・Dogsdo notrepresentsignificantsource ofGialdiaintesti  
infectionforman，eVenduringtheirmutualclosecoexistence・   

INTRODUCTION  
TheprotozoanGiaTdiaintesEinalis・COmmOnlyfoundinmanandanimals，is  

not strictly host speCincp Giardiosisis therefore currentlyimplicated as a  
zoonosis．Wallis and Wallis（1986）successfu11yinfected gerbils with  

isolatesfrombeavers，dogsandhumanS．TheworkofGasseretal・（1987）and  
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T加1minelietal・（1989）broughtfurtherconfirmationofthezoonoticpotentialof  
G・intestifuZlis・Howevenin1988BemrickandErlandseTleXpreSSeddoubtsasto  

Whethergiardiosis rea11yis a zoonosis．Nevertheless，Thompson et al．（1990）  
Sugge5tedthattheoccurrenceofgenetica11ydifferentisolatesfrom varioushosts  

do8SnOteXCludethezoonotictraJISmissionofGia血．Melonietal．（1995）who  
Studiedthe geneticcharaCterizationofGia血払isolatesfromanimals andhumans  

i11terprettheirresultsasanevidenceofpossiblezoonotictransmission．  
Theactivltyofimmunesystemisessendalforthecourseofinfection．The  

antilx）dy productionin particularis of crucialimportance for theimmune  

responseofthemacroorganism（Smith1985；FarthingandGoka1987）．Decreased  

totalantibodylevelswerefoundindogswithgiardiosis（rIbmanetal．inpress）．  

Dogslivlngln Close contact with humans are often discussed as a source of  

giardiosisforman（Hayetal．1990；Collyeretal．1992）．  

We studied therefore the zoonotic potentialofGiardia as related to the  
numberofspeCies，Variousisolatesandtheir speCificity（McDonaldetal．1997）  

withregardtothecoexistenceofmananddog．Theaimofthepresentstudywas  
to evaluate the susceptibility of dogs with differentimmune status to cross－  
transmissionofGianHa．  

MATERIALS AND METHODS  

Weperformedtwo experimentalcross－infectionswithisolatesof  
iTZteS（iTZalEsintheperiod between Apriland August1996．For each of two  
experimentalinfections，OnegrOupOfthreebeaglepuppleSfromonelitteratthe  

ageof24and18days，reSPeCtively，WereuSed・ThepuppleS Were keptindaily  
disinfectedkennelsandfed commercialdiet．Onepuppy from Exp．1and one  
PupPyfrom Exp・IIwereimmunosuppressed by dexamethasone（Dexonaiqi・，  

CadilaLab，LtdリIndia）imfourthree－daycyclesatadailydosel．1mg／五官1i．m．  

ThefirstdosewasadministeredthreedaysprlOrtOinfection．Beforetheonsetof  

experiment，thefbcesofthepuppleSWereeXaminedthreetimesforparaSitesand  

bJ00dsamPleswerecollectedfor serologlCalanalysISandimmunoIogicalpro瓜Ie  
deteminatiom．  

Thefirst experimentalinfectionwasperformed on puppleS24days old  
usingcystsisolatedfromgerbilsinfectedwithGiaTdiacystsoriginatingfroma9－  
Weekoldlamb．TheinfectedMongoliangerbils（Meriones unguicuhz（us）were  
kindlyprovidedbyDr．B・Koudela，Parasitologylnstitute，AcademyofScienceof  

the CzechRepublic，Two puppies，theimmunosuppressed andintactone，Were  
inoculatedoral1ywith20，000cysts・Thethirdpuppyservedasacontrol・  

Forthesecondexperimentalinfection，thestrainP2MERisolatedfroma6－  
Weekoldpigletwasused，Thisstrainwastransmittedto gerbils（infbctedgerbils  
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were also obtained from Dr．B．Koudela）．Again，a healthy and an  
immunosuppressedpuppywereinoculatedorallyattheageof18dayswiththe  
infectiondoseof30，000cysts・Thethirdpuppyservedasacontrol・  

ExaminationoffecalsamplesofpuppleSWeredoneeveryotherdaywith  
theflotationmethodusingsaturatedsaccharoseso】utionwithspeCincmassofl・3・  
Theblood samPlesfrom puppleS Were COllectedonceaweekforaperiod of6  
weeks・Fivemlofheparinizedbloodwas usedforcellscountsandnonspecific  
activlty teStS・Totalimmunoglobulinlevels andisotype speCincanti－Gia  
antitx｝dylevelsweredeterminedinserum・Duringthecourseofexperiments・the  
healthstatusandbasicclinicalparametersofpuppleSWereeXamined・Inthedead  
puppya scraplngOfsmal1intestinalmucosawas takenandthe sampleswere  
stainedbyGiemsa・HistologlCalpreparationsoftheintestinewerealsoexamined・  

ThedetectionofspecificantiLGiaTdiaantibodieswasperformedbyindirect  
nuorescentantibodytest（IFAT）usingcorリugateSDogIgG－FITCandDogIgM－  
FITC（1mmunotechandCoulterCompany）．GiaJdkzcystsisolatedfrom fヒcesof  
inoculated gerbils were used as an antlgen・Cysts were pur沌ed by sucrose  
gradientflotation（Roberts－Thompsonetall1976）andthesuspenSioncontaining  

Giafdiacystswasappliedtos）idesandantlgenWaSfixedwithacetoneandstoredat  
－20Oc．BIoodseraweretestedsimultaneously101gGandIgMintwofolddilutions  
startlng at titer10up tothe positive end titer・Reliability ofthe serologlCal  
reactionwascheckedbyinclusionofthefollowlngCOntrOIs：negativepwithout  
serumandwithrepeatedlynegativesera；pOSitive－withrepeatedlypositivesera・  

Totalleukocyte counts were determined uslng Cellcounter Dicel1500・  

Differentia．leukocyte counts were done from blood smears by routine  
hematologic procedures．Flow cytometry（Coulter EPICSII）was used for  
determinatjon oflymphocyte subsets・A panelof坑ve monocIonalantibodies  
againstsurfaceantigensofleukocytes（kindlyprovidedbyDr・E・Kremer，Mumich  

andDllP F．Moore，Davis）wereusedinthefirst step andswineanti－murine  
FITCcortjugate（LjSOLPrague）inthesecondstep・Thephagocyticactivitywas  
determinedbycountingingestedmetacrylate（HEMA，ARTTMPrague）particlesin  
neutrophilsandbycalculatlngPhag∝ytlZlngCells・ThemetabolicactivltyOfthe  
phagocytizing cells was determined by chemiluminiscence method in the 
luminometerBioOrbi［1251uslngluminolasluminophore・Respiratoryburstof  
cells was determined after stimulation withl％rice starch，The activlty Of  

lymphocyteswasassessedinlymphocytetransforrnationtest・Mononuclearcells  
wereisolated on gradient and cultivatedin media RPMI1640withmitogens  
（PhytohemagglutininandcoTICanaValinA）andtheincorporation of3Hlabe）ed  
thymidin into the newly formed DNA was measured. The immunoglobulin 
concentration was determined speCtrOphotometrically measurlngthe turbidity   
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resultingfromaddition ofzincsulfate．Detai1eddescrlpt10nOfthe methodwas  
publishedelsewhere（1bmanetal．1997）．   

RESIJLTS  
Thefirstexperimentalinfection－＝theisolatefromlamb  
J－I7り川・…J什仙りJ  

Parasitologicalexamination offeces ofpuppleSaimedattheshedding of  

Gianhawasnegative．OnlyspeCincIgGantibodiesagalnStGiaTdぬatlowtiters40－  

80werepresent．Inthedam，IgGwasidentinedatthetiter160．IgMwasfound  

neitherinthepuppleSnOrintheirdam．Theleukocytecountsandparametersof  

nonrspecinc activity oftheimmune system of experimentalpuppies prior to  
inftction corresponded to the stage of ontogenesis・Higher percentage of B  
lymphocytesandlowerproportionofTlymphocyteswascharacteristic．   

4βerJ′昨c血乃  

We could not負nd release of GiaTdiain any puppy by parasitological  
examination．LowlevelofspeCificIgGwasfoundinpuppiesbymeansofIFAT．  

Themaximaltiterwas80anditdecreased gradua11y．Anti－Gia励IgMwasnot  

detected，Afterinfection，0nlyminimalchangeSOfnonTSpeCificparametersofthe  
immune systemwere determined．The minimal1glevelinexperimentala11imals  

WaS aChieved at the age of5weeks，Whilein the controldog atthe age of5－6  
Weeks．In theinfected and notimmunosuppressed puppy，tranSientdecreasein  

Phagocyticactivity wasdetected3weeksaf［er experimentalinoculation・Inthe  
immunosuppressed puppy，increaseinneutrophils and decrease oflymph∝yte  

counts and activity were observed. 

Neitherthecontrolnorthei11fected puppy showed clinicalsymptoms of  

diseaseandtheirdevelopmentd11ringthecourseoftheexperimentcorresponded  

totheirage．Onthecontrary，intheimmunosuppressedpuppylnCreaSedwater  
intalw匝OLyd如ia）and excessivellrination（クβLyuria）were Qbserved・The  

growthofthepuppywasmarkedlyretarded，itwasletharglCanditsabdomenwas  
enlarged．Numerouspustules（impeligo）appearedontheskinoflowerabdomen  
andingulnalare乱   

Thesecondexperimentalinfection”theisolatefromplg  

アrわrJ〃fJ痴cJわ乃  

TheparasitologlCalexaminationoffecesdidnotrevealsheddingofGia  
CyStS．No specificimmunoglobulins G and M to GEa7dia were deteeted by  
SerOloglCalanalysisinthepuppleSandtheirdam．TheparametersofnonLSPeC摘c  
activityoftheimmunesystemweresimilartothosefoundinpuppiesintheExp・  
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Duringthecourseoftheexperiment，nOPuPpyWaSSheddingGiaTdhcysts・  
Speci鮎anti－GiardiaimmunoglobulinsGandMwerenotdetectedbyserological  
analysis・Similarly，Onlyminimalchangesin non－SpeCinc parameters of the  

immunesysteTr．Werefound．Theminimallevelsofimmunoglobulinswerefound  
ir）theinfectedpuppleSinthe5thweek，Whileinthecontrolpuppyinthe5thaJld  
6thweek．  

TheimmunosuppressedpuppydiedatllDPIwithoutmaJOralterationof  
theactivityoftheimmunesystem．Atnecropsy，enlargedfragi1eliver，enlarged  
kidneys and effusionin abdominalcavlty Were found・Neither Gia  
trophozoites nor cysts were observed during the examination of the small 
intestinalmucosalscraplngandhistologlCalpreparations・  

The status of the infected and control puppy was again identical, i.e. 
correspondingtothegrowthstageandwithoutclinicalslgnSOfdisease・lnthe  
immunosuppressedpuppy，theclinicalchangesobservedinthefirstexLPeriment  
werenotnoteduntilthedeathofthepuppy・   

DISCUSSION  
Thegiardiosisoccursindogsofteninrelationtotheageandthesystemof  

keeplng・GiaTdiacystswerefoundjn5■5％ofdogsintheCzechRepublic・The  
release ofcysts was more commonin young animals andinlarge kennels  
（Svobodov丘etal．1987）．Theprevalenceofspecificantibodies（36・5％）suggests  
thecontactofdogswiththisof［enlatentoropportunisticinfectionduringtheir  
life（Svobodov丘etal．1995），   

IsolatesfromlambandpigwereusedforexperimentalinfectionofpuppleS，  
sincethereleaseofGianiiacystsisfrequentlyencounteredinyoungfarmanimals  
which are also considered as a potentialsource ofinfection for humans  
（Kirkpatricketal．1989）・Dueto higherconcentrationsinwhich anima）sare  

rearedwecanconsidertherelativelyeasytransmissiontodogslivlnglntheir  
vicinity．Vhinoculatedthepuppieswithrelativelyhighdosesofcysts（20，000and  
30，000prototo）whichexceedseveraltimestheamountofcystssufncientfor  
naturalinfection（Rendtorff1954；Kirkpatrick1987；Eckert1989）・We used  
exactlydennedGiaTdiaisolatesinordertoconfirmthesuccessfulinfectionincase  
of cysts release and to exclude other possible sources，e・g・autOChthonous  
infection・＝owever，nOCyStSSheddingoccurTedduringthesixLWeekstudy・  

The detected changesin ce11numbersand non－SpeCi重c activlty Ofthe  
immune systemwere associatedwiththematurationoftheimmunesystem or  
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immunosuppressionin selected puppleS．Thedifferencesin the decreaseofthe  
totalimmunog）obulinlevelsinindividualpuppiescan1xattributedtoindividual  
Variationaswellastodifferentlevelsofcolostralimmunlty川OttOtheinfhence  
Ofin托ctionwithGiaTdia・SimilarlyJthedecreaseinphagocyticactivityinone  
puppy three weeks after experimentalinfection cannOt be attrib11ted to this  
inoculation・Inourpreviousstudies（Tbmanetal．inpress）wefoundlowIevelsof  
immunoglobulins，neutrOpeniaandinsomecasesdecreasedphagocyticactivityin  
dogswithgiardiosis・Wedidnotnotethesechangesinexperimentalinfeetion．The  
PuppleS did notevenrespond totheinoculation by the production ofspeci鮎  
CirculatlnglgGandIgMantibodies，thatis，anObservationcompatiblewiththe  
factthat actua）1y no transmission and multiplication oftheinoculated strains  
OCCurred・LowIgGtitersfoundinpuppleSinthenrstexperimentwereprobably  
derivedfromthedam－scolostrumSincetheirlevelswereverysimi1arprlOrtO  
and fb1lowlng theinoculation．Vh assumethe elimination of theintroduced  
Gialdiabymeansofintestinalimmunemeehanisms，particularlybyintestinallgA  
（Heyworthetal・1988）・TheGianbhadbeenthusdestroyedbeforetheywere  
abletoinitiatethesynthesisofspeC捕ccirculatlngantibodies．Dataintheavai1able  

literature suggest thatthe decreased activlty Ofimmune SyStem rePreSentS a  
PredispositiontogiardiosisratherthantXingitsconsequence（Smith1985；Toman  
et al・in press）・However，in ourexperiments we even couldnot facilitate the  

CrOSS－tranSmissionin cases withimmunologlCally and clinically markedly  
expressedimmunosuppression・IsolatesusedinpuppleSCOnfirmthelowspeCificity  
OfGLanlia，becausethetransmissionfrom plg andlambto gerbilsandkidswas  
SuCCeSSful（KoudelaandVftovecinpress）．However，gerbilsareverysusceptible  
toinfeetionwithGiaTdiaandtheywereinfectedwithvariousisolatesincl11ding  
those from dogs（Wal1is andWdlis1986；Gasser1987）．Consideringour own  
Observation，the transmission of Giardiaisolatedfrom dogs to gerbilsis often  

unsuccessful，incontrasttoisolatese．g．from ruminants．Ifcross－infectionoccurs  

indogs，itrepresentsprobablyanexceptlOnalsituation，aSdescribedbyWooand  
Paterson（1986），Whounsuccessfullyattemptedtoinfectpuppiesandkittenswith  
CyStSisolatedfromchildren■sfeces．  

WecanassumethatthetranSmissionofGiaTdiafromthedogtomanisalso  
anexceptlOnWhichisconfirmedindirectlybytheresultsofanalysisof飴cesfrom  

OWnerSandstafftakingcareofinfecteddoBS．Innocase，jncludingfamilieswith  
Smal1children，COnCurrentinfectionwasfound（Svobodov良etal．1987；Castorand  

Linguist1990；Pospfsilov畠and Svobodov丘1992；Hr句Sand Koudela1994）．Of  

COurSe，theseresultsdonotdefinitelyexcludethepossibletransmissionfromdog  
tomanWithregardtomanygeneticallydifferentisolatesofGiaTdiaorlglnatlng  
fromanimals andmaninvarious geographicalregions（Gasser1990；Thompson  
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etal．1990）．IncontrasttoVhrburtonetal．（1994）andCollyeretal・（1992），in  
OurOplniondogsareofteninfectedwithGiardiaduringtheirlife，however，they  

donotrepresentmaJOr SOurCeOfinfectionformanandarenotresponsiblefor  
Sigmificantnumberofcasesofhumangiardiosis・Glaseretal・（1994）donoteven  

excludethecoexistenceofpetswithHⅣ－pOSitivepatientssufferingfromgeneral  

immunode茄ciency，Sincethe positive effectofsuch relationship outweighs the  

relativelysmallriskoftransmission．Ofcourse，alldogspasslngOutGiaTdiacysts  
Should be treatedin order to minimize the danger ofinfection for man and  
animals．  
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