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At‡STRACT  

TrItrichonwnasJbetusisthecausativeagentofbovinetritrichomorlOSis，a  
prlmarilysexua11ytransmitteddiseaseleadingtoinfertilityandabortionincat11e・  

To date，detection ofbovine T joetu．Tinfectionin routine diagnosticsis  
performedbyparasitologlCalmethodsinvoIvlngmicroscoplalexaminationof  
samplesdirectlyorafterinvitrocultivationinasuitableculturemediumlike  
Diamond■s medium or the commercially availablelnPouchTMTF test・These  
methodsmaybehamperedbycontaminationofthesampleswithintestinalor  
coprophilic microorganisms，furthermore they exhibitlimited technical  
sensitivlty・Recently，tWOdifferentmoleculardiagnostictestsbaseduponthe  
polymerasechainreaction（PCR）havebeendevelopped・Inthepresentstudy，the  
performancecharacteristicsof－thesetwotestsweredeterminedusingdiagnostic  
andclinicalsamples，andwerecomparativelyassessedwithinvitrocultivation  
methods．ThehighsujtabilityofaPCRtestbaseduponribosomalRNAgeneunit  
SequenCeSforroutinediagnosticapplicationwasthusconfirmed・   

INTROI）UCTION  

Bovinetritrichomonosis，CauSedbytheprotozoanparasiteTritrichomonas  
J（）etuL＼・，isasexuallytransmitteddiseaseleadingtoinfertilityandabortion（Levine  

1973）．Majorrouteoftransnlissionis thetransferfrom asymptomaticbulls．to  

heifers or cows during coitus．Prevalence may be considerably high under   
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naturalbreedingconditions．Thus，infectedbu11swerefoundin15．8％ofbeef  

herdsinCalifornia，USA（BonDurantetal，1990）andin26．7－44．1％ofranches  

inNevada，USA（Kvasnickaetal．1989）；inSaskatchewan，Canada，6％oftested  

bullswereinf巳CtedwithT二♪etus（Rileyetal・1995）・Comparableprevalence  

rateswerereportedforAustralia（Dennettetal．1974），andCostaRica（Perezet  

al．1992）．SpeerandWhite（1991）estimatedtheannuallossestotheUS beef  

industryat＄650mjllion．Thewidespreaduseofartincialinseminationandthe  

incidentintensivetestlngOfbreedinganimals，however，reSultedinveryeffective  

COntrOloftritrichomonosisinmanyEuropeancountries．Forexample，nOCaSeS  

OfTjbetusinfectionhavebeenreportedtill1994followingaperiodof20years  

in Switzerland（Felleisen et al・1996），and only two cases of bovine  

tritrichomonosis havebeenfoundintheUnitedKingdominthe sameperiod  

（Taylor，MarshallandStack1994）・However，apreValenceofstil12．9％was  

reportedin herds with alternating use of naturalmatlng and artificial  

inseminationinNorthwesternSpain（MartlnLG6mezetal・1996）・  

ConventionalparasitologlCaldiagnosis of bovine tritrichomonosisis  

performedbydirectmicroscopICalexaminationofpreputialwashingsfrombulls  

and cervicovaglnalsecretions from female cattle，Methodicalsensitivlty Of  

detectioncanbeconsiderablyincreasedbyinvitrocultivationoftheparasites  

fromdiagnostic samples（Thomas，HarmonandWhite1990；Borchardtetal．  

1992；Appe11etal・1993；Sch6nmannetal・1994）・Animportantobstaclefor  

ParaSitologlCaldiagnosis，however，isthepotentialcontaminationofsampleswith  

COprOPhilicorintestinaltrichomonadidprotozoawhichmightbemistakenforT  

jt｝etuS（Levine1985；Eckertetal．1992；Taylor，Marsha11andStack1994）．These  

methodscanthusbetimeconsumlng andlaborious、，andmayrequlre SpeCial  

experienceinthemorphologlCalidentihcationoftheparasite．Whenthesample  

COntainsonlylowparasitenumbers，anaCCurateandspeCies－SPeCincdiagnosis  

maybedifficult．Alternatively，tWOdifferentmoleculardiagnostictestsforthe  

detectionofTj♭etusbaseduponpolymerasechainreaction（PCR）havebeen  

independentlyestablished（Hoetal．1994，FelleiserIetal■1998）．BothPCRtests  

Weredescribedtobemethodicallyverysensitiveandspecinc，  

In the presentpublication，We rePOrtthe comparative evaluation ofthe two  

availablemoleculardiagnostictestswithclinicalanddiagnosticsamples，andthe  

COmParisonoftheirdiagnosticperformanCewithinvitrocultivationtechniques・   

MATERIAL AND METHODS  

／一丁■（けいこ（1（J  

ASwissreferencestrainforTjoeEusandahumanT vaginalisisola（ewere  

タノ   
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fromtheInstituteofVeterinaryBacteriology，UniversltyOfBern，andDr．Mai  

Nguyen，lnstituteofMedicalMicrobioIogy，UniversltyOfBern，reSpeCtively．  

Different other isolates of trichomonadid protozoa were obtained from 

American Type Culture Co11ection（ATCC），Rockvi11e MD，USAwith the  

払1lowirlg ref8renCe rlumbers二7二．わど加（30003，30166，30231，30232，30924，  

50151，50152）；T再けfc如椚0〃α∫血∫（30167，30168，30169）；rrかょc／‡0∽〃乃d∫  

抑油損鼎血（50116）；7セけqけl亡・ん（刑0〃α▲9gαJ肋α用m（30097）；Pe乃Jdけfc′10∽0乃α∫  

如珊血流（30098）；rrg（血〝∽／肌用相加血（30240，30241）；rr～cん〃m醐α∫gαJ肋〟g  

（30230）．   

血相r（フ川JかαJわ〃げfrよcん〃mOJJ仇お  

Trichomo11ads obtairIed f（・Om ATCC werccultiva（edin vitroin Diamond■s  

medium（Diamond1957）supplementedwith5％heatinactivatedhorseserumat  

370C，TheJnPouchTMTFtestforcultivationofdiagnosticsampleswasobtained  

fromBiomedDiagnostics（SanJose，CA，USA），andwasperformedaccordingto  

the manufacturerrsinstructions．  

∫〟〃甲Jビ∫α〃dgr〔′叩LTげα〃わ刀αJ∫  

Diagnosticsampleswereusedforthecornparativetes【1ngOfthetwoPCR  
assaysandinvitrocuJtivation：Preputialwashingswereobtainedfrom123bulls  
freeofTIJわetu∫infectjon keptiTlquarantine by the SwissAssociation for  

ArtificialTnsemination（group A），andvaginalmucuswas collectedfrom20  
hcalthy cows attheClinic forLargeAnimals，UniversityofBern（group B）．  
Furthermore，PrePutialwash fluids were selectively obtained from seven  
differentbullswithasuspected T，joetusinfection（groupC），COmprisingthe  
firstcasesofbovine7二joetusinfectiondocumentedinSwi（ZerIandsince1972．1n  
（hefarmswherethesebullsor］glnatedfrom，additionalsampleswerecollected  
伽）n－16nlale（groupD）and】51eⅡ－ale（gl■OuPE）cat【1ewi【hpotentialcontactto  

theinfected animals・Finally，14samples from cows were obtained from  
breeding farms where probleruS Of sterilityor frequent abortion have been  
documentedoveralongerperiod（groupF）．   

∫α〃甲Jf〃gq／■血相耶・∫Jよcm“rどrJ〟Jα〃d才∫OJ血…lqfge佃／血tβ則A   

Preputialwashingsandvaglnalmucuswerecollectedasdescribedpreviously  
（Fe】7eisenetal・，1998）・Iden［icalaliquotsofthesampleswefejnvi［roculfivated  

eitherinDiarTIOndlslnediumorintheInPouchTMTFtest，OrWereSubjectedto  
DNAisolation by a modified proteinase K digestion rnethod as described  
prcviously（Fe11eisen1997）．Preparation of genomic DNA fromin vitro   
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Cultivatedparasitesinlogarithmicphaseofgrowthwasperformeduslngthe  

Samemethod，  

か細仰∫血ク坤椚er鮎eCJ血乃rgαC血乃rPCRノ   

TheTF－PCR（Hoetal・1994）andtheTFR－PCR（Felleisenetal．1998）  
assays evaluatedinthis studywerecarriedoutunderthe sameconditionsas  
Original1ydescribed，uSingAmpliTaqDNApolymerase（PerkinElmerRotkreuz，  
Switzerland）・PrimersTFR3，TFR4，TFR8－Bio，TFl，andTF2，WereSynthesized  
throughGibco－BRL，Basel，Switzerland・UracilDNAglycosylase（UDG）was  
Obtainedfromthesamecompany・AmplificationwasdoneinaPerkinElmer  
thermalcyclermode1480．Aliqubts oftheamplificationreactions thenwere  
analysedonlO％polyacrylamideand2％agarosegels（Sambrook，Fritschand  
Maniatis，1989）・AsDNAmolecularweightstandard，bacteriophageOX174  
DNA digested withrestrictionenzyme HaeIIIwas used．Detection ofPCR  
amplificationproductsofTFR3／TFR4－PCRbyaDNAenzymeimmunoassay  
（DEIA）wasperformedasdescribedbyFelleisenetal．（1998）．   

ぶ昆あcわ血〃g‘‡〃d∫gヴ〟e乃C如g  

TheamplificationproductoftheTF－PCR（Hoetal．1994）obtainedwith  
genomicDNAoftheSwissreferencestrainwasisolatedfroml．5％agarosegels  
using a prep－A－gene purification kit（BioRad，Glattbrugg，Switzerland）and  

subclonedintotheunlqueEcoRVsiteofplasmidvectorpBluescriptKS＋，  
Sequencing was performedwith Sequenase2．0（USB－Amersham，Ztirich，  

35 Switzerland）andα一sdATPfo1lowingthemanufacturerTsprotocol・Sequencing  
prlmerSKSandSKlocatedadjacenttothepolylinkerreg10nWereuSed．   

RESULTS  

Asafirststep，themethodicalsensitivltyOftheinvitrocultivationmethods  

employingDiamondlsmedium（Diamond1957）andthecommerciallyavailable  
lnPouchュ1MTFtest（BiomedDiagnostics）wereevaluatedunderdiagnosticsample  

COnditionsandwithdefinednumbersQfTjDetusOrganisms（Fig．1）．Ingeneral，  

Diamondrs medium tumed outtobe more sensitive than theInPouchTMTF test．  

Inoculationwithtenindividualce11swassufficienttoresultinpositivecultures，  

independent of the sample typearlalyzed．Tn contrast，SenSitivlty Of the  

InPouchTMTFtestwasverymuchdependentonthesamplecomposition．While  

Cellsaddedtopreputialwashnuidsdisplayedgrowthcharacteristicscomparal）1e  
tothosegrowninDiamondrsmedium，paraSitesgrowninthepresenceofvaglnal  
mucusandintheabsenceofdiagnosticsubstratesdiedduringcultivation．  

㌧l、   
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Fig. 1: Methodical sensitivity of in vitro cultivation methods. Defined numbers of T ,_.'Jetus rganisr州r的rence strait川町add仙0 1 ml of a preputi山部hing pool (from 11 i/e�lthy bulls) or 1 ml _of a vaginal mucus pool (from 10 uninfected cows), and cultivated in Diamond ’
s medmm and the InPouch ™TF test. In p干rallel, parasites were cultivated without the addition of diagnostic substrates. 仁ultures were mspected at time points indicated. Filled 訪問出I�／i�

f�
r
:e目立ras1te growth was obse吋in C山

Consequently, the time point of microscopic examination of thelnPouch™TF test turned out to be very important with these cultures (Fig. I）・Thus, inoculation with 1 o4 parasites was necessary to generate a positive resultaft一r 4 days of cultivation, while cultures inoculated with less parasites werepositive after cultivation for few hours only (Fig. 1). 

。： 日

30240 

Fig. 2: In vitro cultivation in the InPouch™TF test. Serial dilutions of different isolates were ad_ded to 1 ml of a preputial washing pool (from 11 healthy bulls). Cultures were inspected by 
z；；忠弘；；／trer;g

i
�：：�：f ：！一 ��＼�c�

e
�：附es represent c山

94 

；；�日
T. foetus plus 

preputial washing 
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cultivated parasites in logarithmic phase of growth was performed using the 
same method. 

T.foetus 

Diagnostic polymerase chain reaction (PCR) 

The TF-PCR (Ho et al. 1994) and the TFR-PCR (Felleisen et al. 1998) 
assays evaluated in this study were carried out under the same conditions as 

originally described, using AmpliTaq DNA polymerase (Perkin Elmer Rotkreuz, 
Switzerland). Primers TFR3, TFR4, TFR8・Bio, TFl, and TF2, were synthesized 
through Gibco-BRL, Basel, Switzerland. Uracil DNA glycosylase (UDG) was 

obtained from the same company. Amplification was done in a Perkin Elmer 
thermal cycler model 480. Aliquots of the amplification reactions then were 
analysed on 10% polyacrylamide and 2% agarose gels (Sambrook, Fritsch and 
Maniatis., 1989). As DNA molecular weight standard, bacteriophage φX174 
DNA digested with restriction enzyme Hae III was used. Detection of PCR 
amplification products of TFR3/TFR4-PCR by a DNA enzyme immuno assay 
(DEJA) was performed as described by Felleisen et al. (1998). 

Subcloning and sequencing 

The amplification product of the TF-PCR (Ho et al. 1994) obtained with 
genomic DNA of the Swiss reference strain was isolated from 1.5% agarose gels 

using a p叫－A-gene purification kit (BioRad, Glat伽ugg, Switzerland）叫
subcloned into the unique Eco RV site of plasmid vector pBluescript KS'. 
Sequencing was performed with Sequenase 2.0 (USB-Amersham, Zurich, 

Switzerland) and α＿35s dATP following the manufacturer ’
s protocol. Sequencing 

primers KS and SK located adjacent to the polylinker region were used. 

RESULTS 
As a first step, the methodical sensitivity of the in vitro cultivation methods 

employing Diamond ’
s medium (Diamond 1957) and the commercially available 

InPouch™TF test (Biomed Diagnostics) were evaluated under diagnostic sample 
conditions and with defined numbers of T. foetus organisms (Fig. 1). In general, 
Diamond ’

s medium turned out to be more sensitive than the InPouch™TF test. 
Inoculation with ten individual cells was sufficient to result in positive culturesヲ

independent of the sample type analyzed. In contrast, sensitivity of the 
InPouch ™TF test was very much dependent on the sample composition. While 
cells added to preputial wash fluids displayed growth characteristics comparable 
to those grown in Diamond's medium, parasites grown in the presence of vaginal 
mucus and in the absence of diagnostic substrates died during cultivation. 
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In order to characterize potentialvafiabilityln grOWth characteristics，  

definednumbersofparasitesrepresentingvariousisolatesofTJbetusandT．  

Suis，andanisolateofTvaginaliswereinoculatedinth巳InPouchTMTFtestinthe  

PreSence of preputialwash fluids（Fig．2）．A remarkable variabilityin the  

growthcharacteristicsofthedifferent7二Jbetusisolateswasobserved．While  

Certainisolates seemed to adapt wellto theInPouchTMTF culture medium  

（referencestrainand50152），Otherstrainsdiedoutsooninthisculturemedium  

（30231and30924）．Thesamevariabilitywasobservedwiththe7二suls5trains  

Studied．ThediagnosticsensitivityoftheInPouchTMTFtestthusappearedvery  

much dependent on the parasiteisolate encountered．TheInPouchTMTF test  

Obviouslywasnotselectivefortritrichomonads，butsupportedalsothegrowthof  

Other trichomonadid organisms，SuCh as 71vaginaLis which was well  

proliferatinginthismedium．  

For afurther evaluation，the twoin vitro cultivation techniques were  

COmParativelyassessedwithdiagnosticsubstratesobtainedbyroutinelyapplied  

Sampling techniques（Tablel）・Frequent problems with bacterialor fungal  

contaminationswereencounteredwhenDiamondrsmediumwasusedforinvitro  

Cultivation：Intotal，47．8％ofthesesamples（17・7％cows／56・1％bulls）couldnot  

beanalyzedduetobacterialorfungalcontamination（Tablel）．Incontrast，nO  

COntaminationproblemswereobservedwiththeInPouchTMTFtest・  Table坤   
sample type Diamond■smedium  InPouchTMTF test total   

（監rOul）1  neど T）OS COnt neど  t）OS COnt．  

（A）bulls（COntrOIs）   54 0  69  123 0  0  

（B）cows（COntrO】s）  18 0  2  20 0  0  

（F〕cows（diamostic）  10  0  4  14  0  0  
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つ
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l
 
 

Theseandadditionaldiagnosticsampleswerecomparativelyassessedwith  

thetwodifferentPCRassays（Table2）：aboutonethirdofthecontroIsamples  

（groupsAandB；31％and33％ofbullsandcows，reSpeCtively）gaverisetoan  

amplincationproductwiththeTFMPCR（Hoetal・1994）・Mostofthesefragments  

upon detection by agarose gelelectrophoresls were slightly larger than the 

expecteddiagnosticband■Wethusassumedthatthesefragmentswerederived  

fromunspecificamplifications．Similar，Size－differentproductswerealsofound  

Whenculturcnegativediagnosticsampleswereanalyzed（groupsD，E，andF）．   

The use of theInPouchTMTF test resultedin the detection of flagellated  

PrOtOZOa、insevensamples（groupC）．However，eXCeP（forone samplewhere  

Subsequentlytheseorganismscouldbemorphologica11yidentifiedasTjbetus by  

タJ   
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王旦坦拉些rfcITTnanCeOfthediLferenltestswithdiaざrK桔ticsample＄・  

sample type TnPouch■rMTFtest TF－PCR  TFR－PCR total  

（寧〕吋）  n∈ぎ・叩・ n印・p郁・  ne凧 F）S・  

（A）bulls（control）  123 0   84C 38a  121d o  123  

（B）cows（control）   20 0   15 5a  20 0  20  

（C）bulls（diagnos【ic） 0  7  2 5   1b 6  7  

（D）bu11s（diagnostic）16 0   14 2a   ］6 0   16  

29  0  29  （輌 9a  
apcRproductlargerthandiagnosticband；bslightlylargerPCR－prOduct，negativeinDEIA  
Cduetoinhibition，OneSamPlenotanalyzed，dductoinhibition・tWOSamplesnotanalyzed・   

aFrcnchreferencelaboratory，a11othersamPlescontainednotenoughorganisms  
to allow unambigous morphologlCalidentification・Allother controland  
diagnosticsamplesshowednodetectablegrowthofprotozoa・Fromtheseven  
culturepositivesamples，fivereactedpositiveintheTF－PCR（groupC）・   
IntheTFR－PCR，incontrasttotheTF－PCR，nOunSpeCificampliconswere  

observedwithgenomicDNAofthecontroIsamples（groupsAandB）and  
culturenegativediagnosticsamples（groupsr），E，andF）・Fromthesevenculture  
positivebulls（groupC），Sixreactedclearlypositiveinthetest・Inonesample，a  
slightlylargerPCRproductwasfoundwhich，incontrasttothesixpositive  
samples，reaCtednegativeintheDEIAassayuponconfirmation・Ofthe195  
samplestestedintotal，Onlyoneal－dLwosamPles，reSpeCtively，COuldnotbe  
ana］y7edbythetwoPCRassaysduetojnhibitionofthearnpliflCationreaction・   

ThetargetsequenccoftheTF－PCRhasnotbeenpublishedyet・Inorderto  
jdentifyputativerestrictionsiteslocatedintheamplifiedfragmentwhichcould  
a1low to discriminate between products of speCific and unspecific prlmer  
annealiIlgbyrestrictioneIIZymedigestionofPCRproducts・theTF－PCRproduct  
oftheSwissreferencestrainwassubcIonedanditssequencedetermined（Fig・3）・  

CATTATCCCAAATGGTATAACATTTAGGACTTAAAGCTATGCAATTATCACCTTGTTTTT  6D  
GワAAでAGGGmACCATAmでAAATmmAでÅCGTTAATAGTGGAACAAAÅA   

cAACAGCAAGACCTAATATTTTCTTTTCATCATTAATGCCTTTTGATGGA℡ごみ3GCAACC120  
GTTGTCGTTCTGGATTATA且AAGAAAAGTAGTAATTACGGAA2LWTACCrmCGTでGG   

ÅmAでA姐TAでGmAmAでÅGAATワワAワGTACTTAATGAC 162  
TAAATAmATACAAGワAAでAmTTAÅATACATGÅA¶ÅeTG  

Fig・3‥SequenceofthePCR丘agmentoftheTF－PCRtcsL岬Oetal・，1994）・PrlmerJerlVed  
sequcrMXSareunderllned，theuniqucSau3ArestrictlOnSite（GATC）ish］ghlighted・   
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ThesequencecontainedauniquerestrictionsiteforSL2u3A（Fig．3）which  

upondigestionoftheTF－PCRproductgeneratedtwo丘agmentsoflO9bpand  
53bpwhichcouldbereadilydistinguishedbypolyacrylamidegelelectrophpresis・  
However，theslightlylargerPCRproductscouldnotbedigestedbySau3A（data  
notshown），thuspointingtowardsalackingidentitywiththeTjbetus－SPeCific  
SequenCe・   

Fordecades，thetaxonomywithinthegenusTritrichomonaswasthesubject  
Ofcontrbversaldiscussion（seeliterahreinFe11eisen1997）：itwasspeculatedthat  

Tβetusand7こsuis，the甘itrichomonadsfromcattleandswine，reSPeCtively，  
belongtothesamespecies・Recently，thisoperlqueStioncouldbemostlyclarined  
bycomparativesequenclngOfthe5・8SrRNAgenesandtheflankinginternal  
transcribedspacerregionsITSlandITS2（Fe11eisen1997）andbyrandom  
amplinedpolymorphicDNA（RAPD）analysesofthetwospeciesinquestion  
（Felleisen1998），Whichunambiguouslydemonstratedgenomicidentityofthese  
twoparasites・Consequently，theTFR－PCRwhichisbaseduponsequencesofthe  

rRNAgeneunitrecognizedisolatesfrombothparasites・ToclarifyiftheTF－  

PCRassay（Hoetal・1994）wasalsosuitableforthedetectionofgenomicDNA  

fromTsuis，WeCOmparativelyevaluatedthespecificityofthetwoPCRassays  

WithBenOmicDNApurinedfromdifferentTjbetusand7二suisisolates（Fig．  

4）・Furthermore，Otherrelatedtrichomonadidprotozoawereincluded．  

Fig．4：ComparativeanalysisQfspecificityof（A）TF－PCRand（B）TFR－PCRwithDNAfrom  
r・伽加（1－8）andrela【edtrichomonads：r封血（9－11）・r椚βみ〃印∫fH12），r・ぎ〃肋qr〟m  
（13），P・みβ肌J〃i∫（14），rVαg血揖（15－17），andrgd〃げ摘肥（柑），Lane19：Ne糾tlVβCOntrOl．  
PositiorlSOfdiagnosticbandsareindicatedbyarrows（allothersarediagnostical1yirrelevanl），  

Withbothtests，alleightTjbetusstrainsanalyzedgaverisetoamplification  

PrOducts oftheexpectedsize・Furthermore，forboth assaysamplicons ofthe  

Same Size、aS With T．jbeEus Were Obtained using DNA of T suisand T．  

mobilensfsasatemplate（Fig・4）・WiththeTFR－PCR，nOamPlificationwas  

好   
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observedwithgenomicDNAfromalltheotherrelatedtrichomonads（Fig・4B）・  
However，WiththeTF－PCR，Weekbutclearlydetectableamplificationproducts  
wereobservedwithgenomicDNAs丘omTYichomonasvaginalis，Tgallinae・T  
tenax，andPentatrichomonashominis（Fig．4A）．Ofthetrichomonadstested，Only  
Tbtratrichomonasgallinarumreactednegative・   

DISCUSSION  

Strictsurveillanceofbreedingrbullswithsensitiveandaccuratediagnostic  
methodsissti11oneofthemosteffectivemeasuresforthepreventionofbovine  
tritrichomonosis to date・In the present study，We COIr．paratively assessed  

conventionalparasitologlCalandnovelmoleculartechniquesforthediagnostic  
detectionofTjbetusinfectjonsincattle・  

TheinvitrocultivationmethodshavetheadvantageofadirectetiologlCal  
proofforthepresenceofLheparasiteindiagnosticsamples・However，Suitability  
ofthe Diamondls medium（Diamond1957）for primaryin vitro cultivation  
seemedtobelirnitedbyrelativelyfrequentcontaminationsofdiagnosticsamples  
withbacteriaorfungl・lncontrast，PrOblemswithcontaminationswererelatively  
rare with the commercially available lnPouchTMTF test. The methodical 
sensitivltyOfthisinvitroculturesystem，however，Seemedtobelimitedandin  
additionvery muchdependentontheparasiteisolateandbiologlCalsample  
composition・Nevertheless，theInPouchTMTFtestmaybethemediumofchoice  
fordiagnosticinvitrocultivationL   

Incontrast，thernethodicalsensitivltyOfbothPCRassaysevaluatedinthe  
presentstudyprlnClpallylSVeryhigh・BothPCRassayscouldnotdiscriminate  
betweenthe three Tritrich（）mOnaS SPeCiesanalyzed，T・joe（uS，T suisandT・  

mL7bilensis．Howe＼′er，adifferentiationofthesespeCieswithrespecttobovine  
infection seelnS nOttObe necessary，because，basedonmolecularbiologlCal  
analyses，itappearedevidentthatTルelusand7二suisrepresentthesamespecies  
（Felleisen1997；1998）．Ontheotherhand，T mobi［ensiswasdescribedasa  
parasiteoftheBoliviansquirrelmonkey（Pindaketal・1985；Culbersonetal・  
1986），andthusitsoccurencei11CattleappearStObeveryunlikely・  
The TF－PCR（Ho et al．1994〕was rrequently hampered by unspecific  

amplicons・Potentia11y，theseunspecificPCRproductsmaybeexplainedbythe  
presenceofcontarTlinatlngCOPrOphilicorintestinalprotozoainthesediagnostic  
samples whichmight be occasionally occurjng（Eckertet al・1992；Taylor，  

Marshalland Stack1994）．Furtherrnore，COmparative evaluation of the  

spcciflCityoftheTF－PCRassaylnOurStudyrevealedthepresumablepresenceof  
therespectiveprlmerSequenCeSalsoinothertrjchomonadidprotozoa・Wecould   
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Showthatidentificat10nOfthespecificampliconsofTF－PCRanddiscrimination  
fromproductsofunspeCificprlmerannealingbyrestrictionenzymedigestion  
and electrophoretic analysisisin prlnCiple possible，／but these methods are  

laborious and time consuming. 
Incontrast，uSingtheTFR－PCR（Felleisenetal．1998），Onlyoneof195  
SamPlesanalyzedshowedanamplificationproductwhichhadasizediffering  
fromthatoftheactualdiagnosticfragment，Therespectiveampliconcouldbe  
ideIltinedunambigouslyasunspecificbyaDNAenzymeimmunoassay（DEIA），  
thus demonstrating the helpfulnes ofthat techniquein the confirmation of  
positivePCRresults・Theabsenceofunspecificproductsmaybeduetoahigher  
SpeCihcityoftheprlmerSequenCeSuSedforTFR－PCRwhichisreflectedbythe  
absenceofamplincationwithgenomicDNAoftrichomonadidprotozoarelated  
toTjbetus．TheslightlylargerunspecificproductoftheTFR－PCRwasobtained  
With／aSamPlewhichwaspositivebyinvitrocultivationwiththeInPouchTMTF  
test．This sample tumed out to be also negativein the TF－PCR assay，and  

furthermore，alsotheinvitroculturesedimentwasnegativeinbothPCRassays  

（datanotshown）．1tisthusreasonabletoassumethatotherflagellatedprotozoa  
growingintherespectiveculturemayhavebeenmistakenfor7二jbetusbylight  
microscopy．Consequently，thePCRassayscanactasareliableandspecific  
conもmlationtestforinvitrogrownorganisms．  
Asapreventivemeasure，theUracilDNAglycosylase（UDG）system，Which  
represents animportant andhelpfultoolto avoid carry－OVerCOntaminations  
through products ofprevious amplification reactions（Longo et alL1990），is  

includedintheTFR－PCRassay．AdaptationoftheTF－PCRtothissystemwould  
berecommendable．ThemethodicalsensitivltyOfbothPCRassaysinpnncipleis  

COnSiderablyhigh．However，itwasnotpossibletodrawadefiniteconclusion  
frornourexperiments aboutthediagnostic sensitivlty Ofthe twoPCRassays  
becausethenumberofprovenculturepositivesampleswasnotlargeenoughto  
allowstatisticalevidence．  

ln conclusion，the TnPouchTMTF testis clearly superior to Diamondrs  

mediumfordiagnosticinvitrocultivation．BothPCRassaysmaybeappliedas  

COnfirmation test forin vitro culture sediments of samples with protozoa  

growlnglnthelnPouchTMTFtest・1nprlnCIPle，theyarealsosllitableasadirect  
SCreeni喝teStforr二joetusindiagnosticandclinicalsamples・However，theTF－  

PCR is hampered by frequently observed unspeclfic amplicons. Thus this 

techniquepotentiallymaycausedifncultiesinroutinediagTlOSi、S．Incontrast，the  
TFR－PCRexhibitedagooddiagnosticperformance，andwesllggeSttOfurther  

evaluateitforroutineveterinarydiagnosticapplication．   
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