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ＡＢＳＴＲＡＣＴ 

ThreetaeniidtapewolmsinfecthumansinAsiaandthePacific:TYIe"iasol伽,、ＩＣ"ｉａｓａｇｉ"皿加,andTzle"iaasiat-
ica.ＡlthougMhereiscontinuingdebateaboutthedefinitionofanewspecies,phylogeneticanalysesofthesepar-
asiteshaveprovidedmultip1elinesofevidencethatTMzsiaticａｉｓａｎｉｎｄｅｐｅｎｄｅｎｔｓｐｅｃｉｅｓａｎｄｔｈｅｓisterspecies 
ofTXMgi"〃α・Ｈｅｒｅwereviewbrieflythemorphology,Ｐathology,molecularbiology,distributionandcontrolop-
tionsoftaeniasis/cysticercosisinAsiaandthePacificandcommentonthepotentialrolewhichdogsmayp1ayin 
thetransmissｉｏｎｏｆＴＸｓｏＩ〃"・Specialattentionisfocusedonlndonesia:taeniasiscausedbyTMzsiaticainNorth
Sumatra,taeniasis/cysticercosisofTsoIi"抗andtaeniasisofmMgi"ａｔａｉｎＢａｌｉ,andtaeniasis/cysticercosisofm
solj"加inPapua(fonnerlyIrianJaya).Issuesrelatingtothespreadoftaeniasis/cysticercosiscausedbyⅢSOI伽ｚ
inPapuaNewGuineaarehighlighted,sinceserologicalevidencesuggeststhatcysticercosisoccursamongthelo-
calresidents・Theuseofmoderntechniquesfordetectionoftaeniasisinhumansandcysticercosisinhumans,pigs
anddogs,withthepossibleadoptionofnewcontrolmeasureswiUprovideabetterunderstandingoftheepi-
demiologyoftaeniasis/cysticercosisinAsiaandthePacificandleadtoimprovedcontrolofzoonoticandsimul‐ 
taneouslymeat-bornediseasetransmission・KeyWords:Ｔ０ｚｅ"iasoli"加一TＩｓ咽i""ta-TMEsiatica-Cysticercosis-
Taeniasis-AsiaandthePacific-Indonesia-PapuaNewGuinea-Emergingandre-emergingzoonotic 
disease-Immunodiagnosis-Moleculardiagnosis-Vaccine･Vector-BorneZoonoticDis､4,95-107. 

provedfollowmgtherecognitionthat,maddi-
tiontotheporktapeworm，Tcze"iasolizmzand 
thebeeftapeworm，Tzle"iLzsagi"伽，athird
Tcle"iLzspeciesinfectshumansmAsia・Several
decadesagoitwasreco8mzedthattaeniidces-
todesexpelledfromlocalpeop1einsomeareas 
ofAsiａａｐｐｅａｒｅｄｔｏｂｅＴ､scZgi"伽(socalled
AsianTcze"ね),althoughthepersonsharboring
theparasitesateporkbutnotbeef(KosmetaL 
l972).TheuniquelifecycleofAsianTcze"mwas 
demonstratedexperimentallyｂｙＦａｎ(1988)in 
TaiwanJncontrasttoT・szlgi""fα，ｐｉｇｓａｃｔａｓ

IＮＴＲＯＤＵＣＴＩＯＮ 

][畷翻;脇蹴機織)翻t総
mansandanimalswiththemetacestodestages 
oftheseparasites(cysticercosis)arerecognized 
tooccurincountriesintheAsia-Pacificregion 
(Ito1992,SimanjuntaketaL1997,Rajshekhar 
etaL2003).However,theirepidemiologym 
Asiahasnotbeenthesubjectofsubstantial 
scientificinvestigation・Relativelyrecentlyour
understandmgofthisdiseasecomp1exhasim-

'DepartmentofParasitology,AsahikawaMedicalCollege,Asahikawa,Japan、
2CommumcableDiseaseControlandEnvironmentalHealth,MmistryofHealth,IndonesiaJakarta,Indonesia、
3AmmalLaboratoryforMedicalResearch,AsahikawaMedicalCollege,Asahikawa,Japan 
4DepartmentofParasitology,FacultyofMedicme,Umversityoflndonesia,Jakarta,Indonesia 
5MolecularParasitologyLaboratory,UmversityofMelbourne,Victoria,Australia． 

9５ 



9６ ＩＴＯＥＴＡＬ． 

tionalwayoflife・Suchasituationpredisposes
thesecommunitiestotransmissionofT・soIi"m

fromhumantopigs・
Thesituationwithregardtotaemasismhu-

mansmAsiashouldbere-evaluatedbasedon 

featuressuchasmitochondrialDNA(mtDNA） 
sequencesthatareabletodifferentiateT､sLZgi-
"伽andＴ・LZS鮒CLI(ZarlengaetaL1991,Bowles
andMcManusl994,ＥｏｍａｎｄＲｉｍ２００１,Nakao 

etaL2002,Yamasakieta1.2002,2004).Itisthere-

forenecessarytoengageinnewandbroad-
basedsurveysacrosstllisregionAnalysesus-
mｇｍｔＤＮＡｈａｖｅｒｅｖｅａｌｅｄｔｈａｔＴ．〃siaticczis
distributedmTaiwa､,china,SouthKorea,In-

donesiaandVietnam(EometaL2002,Willing-
hametal2003,Yamasakietal2004).Itislikely 
thatitalsoexistsmThailand(FanetaL1990)， 

thePhilippmes（ＦａｎｅｔａＬ１９９２,Bowlesand 
McManusl994LandMalaysia（Bowlesand 
McManusl994)． 

theintermediatehostwhereinfectivemetaces-

todesdevelopmtheliver､Themetacestodesm 
pigshaveonlyrudimentaryorvestigialhooks， 
butadulttapewormslackrostellararmature 
andmthisregardaresimilartoT・sczgi"ａｆａ・Ｅｏｍ
ａｎｄＲｉｍ(1993)suggestedthisparasitetobea 
newspecies，Tzze"/〃asiafica，andprovidedthe
firstfulldescriptionwithajustificationforrec-
ognizmgandnanngthespeciesltisnowclear 
thattherearetwosisterspeciesmAsia,Ｔ・suzg-
i"ＬＪｆａｆｒｏｍｂｅｅｆａｎｄＴ．〃siaticafromviscera

ofpigs（reviewedbyFanl988，Fanand 
qlungl998,EomandRim2001,Hoberg2002， 
Pawlowski2002,ItoetaL2003a,2003b).ＡＣ‐ 

cordmgtotllecriteriaforthespeciationofdis-
cretebiologicalentities,Ｔ・asizlticLJisexpected
tobeanmdependentspeciesandisthesister 
speciesofTMg伽加(Hoberg2002)．
Thisbriefreviewconsidersthepresentsitu-

ationconcernmghumanTLze"iLzmfectionsm 
AsiaandthePacificwithspecialemphasison 
theepidemiologyofinfectionsmlndonesia 
anｄＰａｐｕａＮｅｗＧｕｍｅａ(PNG).Advancesm 
technologyfordiagnosisandcysticercosiscon-
trolarealsodiscussed 

Bio/Ｗｑ/ﾓﾉZet/ｚ７ｅｅｈｕ加川TaeniasPeczes

Thethreehumantaeniidspeciesandtheirde-
velopmentmmtermediatehostanimalsare 
summarizedinTablel(Itoetal2001,2003a， 
Pawlowski2002)．Ｔｈｅcriticaldifferencebe-

tweenT・nsiLzficaandT・ｓａｇｉ"伽isthepreferred
mtermediatehostofeachspecies.Ｔ・nsiLzfic2uti-
1izesthepigwhereasT,ｓ`Zgi"afapredommantly 
infectsca壮lenlecysticercusofT・LZS鮒caistyp-
icallysmall,bemgabout2mmmdiameter,and 
occurspredominantlymtheliverofpigswhile 
T・sLJgi"伽cysticercimaydevelopuptolOmm
mdiameterandoccurpredominantlymthe 
musculatureofcattleFigurelshowsmature 
cysticerciofT､ｓａｇｉ"伽ａｎｄＴ､nsiUzfic〃thatde-
velopedmseverecombmedimmunodeficiency 
(sciの、ice,particularlymnon-obesediabetic
sci`(ＮＯＤ/Slli-sci`)ｍice(ItoetaL2001).I"uit7o 

hatchedoncospheresofallthesehumantaeniid 
speciescandevelopmtofullymaturecysticerci 
mＮＯＤ/Shi-sciamice(ItoetaL1997,2001,re-
viewedbyltoandltol998,ItoetaL2003a).The 
potentialforsuchdevelopmentofcysticercim 
modelhostsprovidesanopportunitytoobtam 
largequantitiesofparasitematerialforresearch 
anddiagnosticpulposesparticularlymtoT.〃ｓｉ－
ａｆｉｃａ,wllichisrelativelydifficulttoobtam 

Basedonmolecularphylogeneticanalysis,iｔ 
ｈａｓｂｅｅｎｒevealedthatT・asinticLziscloselyre-

T`'２"iaspeciesi城cti"ｇｈ"加川i"Ａｓｉａ
"ｍｆｈｅＰａｃ流c

ltisclearthathumantaemasisandcysticer-
cosisarepresentmAsiaandtheAsian-Pacific 
regionmsoIi"川ccursmthemajorityofAsian
countries，mcludingChina，India，Indonesia， 
Thailand,Laos,Cambodia,Nepal,Philippmes， 
Myanmar,Vietnam,ａｎｄKorea(reviewedby 
SmghetaL2002),wherelocalpeop1econsume 
porklnPNG，serologicalstudieshavesug-
gesｔｅｄｔｈａｔＴ・ｓｏ伽加infectionscanbeassoci-
atedwiththemovementofPapuanrefugees 
(FritzscheetaL1990,WandraetaL2003)． 

PorkisastaplepartofthedietmChma,es-
peciallymruralvillagesandT・ｓｏ伽加cysticer-
cosisisaseriouspublichealthissueinthis 
country(ＳｍｇｈｅｔａＬ２００２,ItoetaL2003b)In 
southeastAsia,mcludmgthesouthernpartof 
ChinaandnorthernpartofVietnam,ｉｔｉｓｃｏｍ－ 
ｍｏｎｆｏｒｒｕｒａｌｐｅｏｐｌｅｔｏｌivemhouseswhere 
pigs,dogs,ａｎｄｏｔｈｅｒａｍｍａｌｓａｒｅｈｏｕｓｅｄｕｎ－ 
ｄｅｒthenoorslndeed，theChinesecharacter 

meanmg''house'′showspigskeptunderthe 
roof(underthefloor）andreflectsthetradi‐ 
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aThenumberofhooksofthemetacestｏｄｅｏｆＴｓｏＩｍ腕ｇｒｏｗｎｍＮＯＤ/Shi-sci‘mouseishighlyvariablefromOto
32(MargonoetaL2003） 
bAlthoughhumansareconunonlymfectedwiththemetacestodes,theseinfectionsarenotmvolvedmsubsequent 

transmissionoftheparasite(HobergetaL2001)． 
cThesizeofmetacestodesgrownmNOＤ/Shi-sci‘ｍousel50daysaftermoculationofi〃uit70hatchedoncospheres

(ItoetaL2001；unpubhshed)． 

ｌａｔｅｄｔｏＴ､ｓＬＪｇｉ"伽withsomedistmctbutmi-
nordifferencesinDNAsequence(Zarlengaet 
aL1991,BowlesandMcManusl994,Hoberget 
al2000,EometaL2002,Ｉｔｏｅｔａ1.2002b).The 

debateonwhetherthisporcineparasiteshould 

beclassifiedasanewspecies(T､nsiaticLz)ora 
sUbspecies（Ｔ・Ｓαg伽ｍａｓ鮒Ｃａ）hasbeenthe
topicofconsiderabledebateoverthepast 
decade(PanetaL1995,reviewedbyltoetaL 
2003a,2003b,ItoandCraig2003).However,the 

FIG1．Cystsomze"msng伽、(A)andnze"川s城czz(B)ｍNOD/Shi-sci`mice5monthsafterinjectionofi〃uif70
hatchedoncospheres． 
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tamedfromproglottids，ｅｇｇｓormetacestode 
sampleslnaddition，thepresenceoftaemid 
DNAmfecalsamp1escanbeconfirmedbyco-
pro-DNAanalysis（GonzalezetaL2000,Ya-
masakietaL2004)andacopro-antigentestcan 
beusedtodetecttaeniasis(AllanetaL1990， 

1996,2003).Serologicalmethodstodetectspe‐ 
cificantibodiesmtaemasis(Wilkmsetall999， 

NakaoetaLunpublished）andcysticercosis 
(TsangetaL1989,Ｉｔｏｅｔａ1.1998,Ｙａｎｇｅｔａ1. 
1998,ChungetaL1999,DelBruttoetaL2001） 
arealsoavailableforusewithhumaｎｓｅｒｕｍ 

ｓａｍｐｌｅｓａｓｗｅｌｌａｓｆｏｒａｎｉｍａｌmtermediate 
hosts(TsangetaLl991,Ｉｔｏｅｔａ1.1999,2002a， 
SubaharetaL2001,ＳａｔｏｅｔａＬ２００３).A1tema-

tively,detectionofcirculatmgantigensisalso 
available（HarrisonetaL1989,BrandtetaL 

l992,Ｇａｒｃｉａｅｔａｌ２０００,NguekametaL2003， 
ItoandCraig2004)． 
Thesituationwithregardtotheavailability 

andtypeofserologicalassaysfordiagnosis 
ofcysticercosisischangmgCurrently,specific 
serologyforT・ｓｏＩｉ"抗cysticercosisisavailable
fromCDC,Atlanta(TsangetaL1989)andfrom 
AsahikawaMedicalCollege(AMC)(ItoetaL 
l998;reviewedbyltoandCraig2003).Theim-
munoblotdevelopedatCDCutilizingafrac-
tionofcysticercusglycoprotemshasbeenrec-
ognizｅｄａｓｔｈｅ″goldstandard″forserology 
ofcysticercosis，howeverthesameantigemc 
preparationwasnoteffectivewhenusedma 
simp1erserologicalteclmiquesuchaｓＥＬＩＳＡ・
Ｍｏｒｅrecently，glycoprotemspurifiedusmg 
preparativeisoelectricfocusmgatAMChave 
beenfoundtocontamveryfewcontammants 
andserologicalresultsinimmunoblotand 
ELISAwereverysimilar,allowingthisprepa-
rationtobeusedforspecificdiagnosisofcys-
ticercosismELISA(Itoetal､1998,1999,Satoet 
aL2003)Ｔｈebiochemicalandmolecularchar‐ 

acteristicsofthediagnosticglycoprotemsare 
bemgdetermmed（Ｃｈｕｎｇｅｔａ1.1999,2002, 
SakoetaL2000,GreeneetaL2000,Hancocket 

aL2003)anditappearslikelythatdefinedre-
combmantantigensmayeventuallyreplacethe 
glycoproteinsderivedfromcysticercithatare 
currentlybeingused(HancocketaL2004)． 
Littlegeneticvariationhasbeendetected 

amongisolatesofT・asizzficzzandconsiderably
lessthanthatobservedforT､suZgi"伽（Ya-
masakietaLunpublished).Molecularevidence 

extentoftheevidenceforT､ａｓmficabemgan 
mdependentspecies-1eveltaxonisdifficultto 
refutewithoutanyevidenceofhybrids(Eom 
etaL2002,Hoberg2002).Availableevidence 
suggeststhatT・zzsinficadoesnotcausecys-
ticercosismhumans，ａｓｉｓａｌｓｏｔｈｅｓｉｔｕａｔｉｏｎ 

ｗｉｔｈｉｔｓｓｉｓter-species，TMZgi"ａｆａ（Ｉｔｏｅｔａ1. 
2003a).Thephysiologicalbasisforthediffer-
entiationbetweenTMgi伽α/T・ａｓ城c〃ａｎｄＴ・
soIizZ腕,mthisrespect,ｒｅｍａｍｓｕｎｋｎｏｗｎ、
Ｔｏｄａｔｅｎｏｅｖｉｄｅｎｃｅｈａｓｂｅｅｎｆｏｕｎｄｔｏsug-

gesttheexistenceofgenetichybridizationbe-
tweenTszZgi"ＬＪｆａａｎｄＴ・nsinficamChinawhere
thetwospeciesoccursympatrically(EometaL 
2002,YamasakietaL2004),althoughthedata 
availableappearnottobesufficientasconclu-
siveevidence､Tllismaybeexpectedtoprovide 
furtherevidenceforassigningT・zzsiaticaasa
newspecies・However，asdistinctfromfree-
livmganimalsandplants,parasitessuchasces-
todesareoftenisolatedasmdividualswithin 

theirhumanhostwithlimitedprobabilityofsi-
multaneousexposuretodualmfections（Ito 
andCraig2003,ＩｔｏｅｔａＬ２００３ａ,2003c,McCoy 
2003,MeefisetaL2003).TTIisislargelyaffected 
bytraditional，culturalandreligiousfactors・
Therefore,asdiscussedpreviously(ItoetaL 
2003b),itwouldbeinterestingtodetermineif 
thesetwospecieshadthecapacitytoformhy-
bridsifgiventheopportunitytoco-existma 
smglehost・Thereisareportdescribmgdetec-
tionofout-crossofarelatedtaeniidspecies， 
EC/zi"ococc"MzzJM0c"Ｉａ７ｉｓ(NakaoetaL2003） 

andbetweensisterspeciesofSchisfoso77za川払
so"iandS､７０`/zα〃(MorganetaL2003)．

Tech"i9zlesa伽励ﾉﾋﾞﾉbri`e"噸cafio〃伽
吻g"osisqftae"iasis`Mcysticeγcosisc"ｚＭｂｙ
Ｔ・solium,Ｔ､sagmata,ＬｚｍＴ・asiatica

Thevariousteclmiquesthatareavailablefor 
differentiationofthedifferentspeciesofTcze"m 
inhumansaresummarizedmTable2(Itoand 

Craig2003)．Whenproglottidsareobtamed 
frompatients，prelimmarydifferentiationof 
theparasitespeciescanbemadebyobserva-
tionofsegmentmorpholo8y・Wherepossible，
itisalsovaluabletosupportmolphologicalob-
servationsbyanalysiｓｏｆｍｔＤＮＡ（Bowles 
andMcManusl994).SuchDNAanalysis,ｕｓ－ 
ｉｎｇＰＣＲ,canbeundertakenusmgmaterialob－ 
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TABLEZIMMuNoLocIcALANDMoLEcuLARTEcHNIQuEsAvAILABLE 

FoRDIAGNosIs/IDENTIFIcATIoNoFTAENIAsIs/CYsTIcERcosIs 

R砿re"CCSTcchlzi9"２ 

Immunologicaltechniques 
Detectionofantibodiesforcysticercosisｍ 
ｈｕｍａｎｓｐｉｇｓａｎｄｄｏｇｓ 

GottstemetaL1986；ParkhouseandHarrisonl987； 

ＴｓａｎｇｅｔａＬｌ９８９,1991；ＹａｎｇｅｔａＬ１９９８;Ｉｔｏｅｔａ1. 
1998,1999,2002a）ＣｈｕｎｇｅｔａＬ１９９９ﾉＳａｋｏｅｔａ1. 
2000；ＷａｎｄｒａｅｔａＬ２０００,2003jSubaharetaL2001ノ
DelBruttoetaL2001ノHancocketaL2003;Ｓａｔｏｅｔ
ａＬ２００３ 

ＨａｒｒｉｓｏｎｅｔａＬｌ９８９'ＢｒａｎｄｔｅｔａＬ１９９２；ＧａｒｃｉａｅｔａＬ 

２００ｑNguekametaL2003 
WilkmsetaL1999；NakaoetaLunpublished 
A11aneta1.1990,1996,2003 

Detectionofcirculatmgantigensfor 
cysticercosismhumansandpi8s 

Serologyfortaeniasismhumans 
Copro-antigentestfordetectionoftaeniasis 
mhumans 

Moleculartechniques 
DNAanalysisforidentificationoftaemid 

spec1es 

MitochondrialDNAanalysisforidentification 
oftaeniidspeciesanｄｔｗｏｇｅｎｏｔｙｐｅｓｏｆ 
Ｔ・ｓｏ/izmzworldwide

Copro-DNAtest 

ZarlengaetaL1991；BowlesandMcManusl994ノ
ＥｏｍａｎｄＲｉｍ２００１；Ｎａｋａｏｅｔａｌ２０００,2002ノ
ＹａｍａｓａｋｉｅｔａＬ２００２,２００４ 

ＯｋａｍｏｔｏｅｔａＬ２００１ノＮａｋａｏｅｔａｌ２００２;Ｙａｍａｓａｋｉ
ｅｔａＬ２００２,２００４ 

GonzalezetaL2000,2002a,b;ＹａｍａｓａｋｉｅｔａＬ２００４ 

suggeststhatT・SOI血沈emergedseveralmillion
yearsagomAfrica(HobergetaL2001)andhas 
differentiatedmtotwogenotypes：Asianand 
American/African(OkamotoetaL2001)over 

aperiodofapproximatelyonemillionyears 
(NakaoetaL2002；reviewedbyltoetaL2002b， 
2003b).Whiletherearecleargeneticdifferences 
betweenthesetwoT､soIizmzgenotypes,node-
fimtiveevidenceexistsatthisstageforthere 
bemgotherbiologicaldifferencesbetween 
AsianandAmerican/Africanparasites． 

onSamosirlslandノalsopigsareincreasingly
bemggroｗｎｗｉｔｈｎｏｄｉｒｅｃｔｃｏｎｔａｃｔｗｉｔｈｈｕ－ 
ｍanfecesparticularlymBali・However，the
prevalenceofT・ｓａｇｉ"amtaeniasisismcreasing
mBaliwhereuncookedbeefisnowmorecom-

monlyeatenbylocalpeop1eastheeconomic 
situationmBalihasimprovedＩｎｍａｎｙAsian 
countriespeopleofteneatporkwhentheireco-
nomicsituationispoorbutwhenitimproves， 
manｙｐｅｏｐ１ｅｍｏｖｅｔｏｅａｔｍｇｂｅｅｆｌｎＢａｌｉ,al-
thou8hthemajorityofthelocalpopulationis 
Hmdu（non-strictHmdu)，ｔｈｅｅａｔｉｎｇｏｆｕｎ‐ 
codkedmincedbeefwithvegetableandco-
conutsisincreasmginpopularityandreplac-
mguncookedmincedporkwithfreshpig 
blood,ｋｎｏｗｎａｓ″ＬＡＷＡＲ､″Followingafield 
surveyinDecembeｒ２００２ｍＢａｌｉ,２９１ocalpeo-
plefroml25villagerswereconfirmedtohave 
taemidcestodeaAtotalof3２tapewormswere 
expelledafterantihelmmtictreatmentandcon-
firmeｄｔｏｂｅＴ・Mgi〃mbymorphologyand
mtDNAanalysis(WandraetaLunpublished） 
HumancasesofTsoIi"加cysticercosiscontinue

tooccurmBali,butitisverydifficulttodetectT・
SOI〃7TtaemasismBalinowadays・Thereisnode-
finitiveevidencefOrthepresenceofT・nsmficzzm
Bali,althou8m46of638pigs(22.9％)ataslaugh-
terhousemBahml998werefoundtohavecysts 
mlheliver(SutisnaetaLunpublished)． 

Dist7iMio〃qft/zefhree加加`〃伽"〃
species／〃１，０"esiUz

InlndonesiaT・ｓｏ肋加ｉｓｋｎｏｗｎｔｏｏｃｃｕｒｍ

ＢａｌｉａｎｄｉｎＰａｐｕａ(IrianJaya）（Sutisnaetal 
l999,ＷａｎｄｒａｅｔａＬ２０００,2003,SubaharetaL 

2001,ＩｔｏｅｔａＬ２００２ａ,MargonoetaL2003,re-
viewedbySimanjuntaketaU997,SmghetaL 
2002)whileT・asiLzfic2existsmtheBatakethnic

communitiesmSumatra,especiallymSamosir 
lslandmLakeToba,NorthSumatra(Kosmet 

aL1W2).ＴＭｇｉ"伽alsooccursinBali(Siman-
juntaketaL1977,SutisnaetaL1999).Ｔ・so/izJ77z
taeniasisinBaliandT･zzsizzficataeniasism 

Samosirlslandarenownoteasytodetectbe-
causelocalcustomshavechangedandpeop1e 
aretendmgtoeatwell-cookedporkespecially 
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a1.2003,Margonoeta1.2003).Assumnarized 
mTable3,itwasclearthatthemajorityofthe 
localpeoplewithahistoryofepilepticseizures 
andsUbcutaneousnoduleswereserologically 
positiveforcysticercosisFigure2illustrates 
theresultsofcysticercosisELISAcarriedout 
onsamp1esfrom961ocalpeop1efromJayawi-
jayaDistrict､Subcutaneousnodules,removed 
fromsomeindividualswereanalyzedmor-
phologicallyandbymtDNAanalysisandwere 
confirmedｔｏｂｅｔｈｅＴ・solizmzAsiangenotype
(ＷａｎｄｒａｅｔａＬ２００３).Itwasconcludedthat 
morethan80％oflocalpeop1eoverl8years 
oldwhohadhistoryofepilepticseizuresand 
subcutaneousnodulesfromJayawl)ayawere 
confirmedashavingcysticercosisbasedupon 
serologicalandmtDNAanalysis(Table3).Ap-
proximately30％ofasymptomatichealthy 
peoplewereserologicallyidentifiedaspositive 
forcysticercosisalthoughfollow-upmvestiga-
tionswiththesepeop1emdicatedthatmany 
didhavedetectablesubcutaneousnodules、

C1earlythesimp1estmethodwhichcangivea 
goodmdicationofcysticercosismveryremote 
areasisphysicalexaminationfordetectionof 
sUbcutaneousnodules(WandraetaL2003,Ito 
etaL2003a)． 

ＩｎｍａｎｙａｒｅａｓｏｆＰａｐｕａ，localpeop1elive 
withfree-ranｇｍｇｐｉｇｓａｎｄｄｏｇｓ,andlatrines 
arerarelyusedhencetheseanimalshavefree 
accesstohumanfeces､Serologicalanalysisof 
pigsfromJayawijayaDistrict,Papuarevealed 
approximately70％tobeseropositive(Subahar 
etaL2001).Furthermore,11.0％(7/64)oflocal 

dogsmJayawﾘaya,Papuawerefoundtobe 

T`me"msis/bystice7cosisq/Taemasolium 
i〃Ｐａｐ"α(I7i伽〃yα）

NewGumealslandisdividedpolitically 
intotwocountriesThewesternpartwasgov-
ernedbytheDutchbutmorerecentlyhasbeen 
incorporatedintoIndonesia(froml969）and 
calledlrianJayauntilbecommgｋｎｏｗｎｓｍｃｅ 
２０００ａｓＰａｐｕａＴｈｅｅａｓｔｅｒｎpart,PNGwaspre-
viouslygovernedbyAusｔｒａｌｉａａｎｄｉｓｎｏｗａｎ 
independentcountry．Ｔ・solizmzistheonly
taeniidcestodefoundmhumansmPapua・An
lncreasmgHowofrefugeesfromPapuaenter-
ingPNGhasbeenraisingconcernswiththe 
PNGgovernmentthatthesepeoplemaycarry 
infectiousdiseasesandT､ｓｏ肋川particularly，
mtoPNG(FritzscheetaL1990,McManusl995, 

Flewl999,WandraetaL2003,ThompsonetaL 
2003,ItoetaL2003a).Areportwhichinvesti-
gatedthedistributionofT､ｓｏ肋加taeniasis／
cysticercosismPapuaandPNGhasbeenpub-
lishedrecently(Wandraetal2003)msoIi川
cysticercosishasbeenconfirmedfromPaniai， 
JayawりayaandManokwariDistrictsmPapua、
Table3summarizestheresultsofserological 
mvestigationscarriedoutonsamplesfrom96 
1ocalpeopleinJayawijayaDistrict,PapuaAs 
therewasnohospitalwherecomputedto-
mography(CT)ormagneticresonanceimag-
mg(ＭⅢ)couldbeusedtoconfirmcysticer-
cosismfectionmmdividuals，itwasonly 
possibletocheckforsubcutaneousnodules， 
knownlocallyas``Biji-Biji,"andpositiveserol-
ogyusmgannnmunoassaywithspecificgly-
coproteinantigens(ItoetaL1998,Ｗａｎｄｒａｅｔ 

TABLE3SERoLocIcALANALYsIsoF96LocALPEoPLEINJAYAwUAYADIsTRIcT， 
PAPuAl996FoRDETEcTIoNoFSPEcIFIcANTIBoDYREsPoNsEs 

AcAINsTTHEGLYcoPRoTEINsoFTAENIAsoLIuMCYsTIcERcI 

ELISA（％d） IVnWerso"sex伽"ＢｉG70zzps 

１２(706） 
１０(83.3） 
２(40.0） 

２０(62.5） 
３２(65.3） 
１４(29.8） 
４６(479） 

７
２
５
２
９
７
６
 

１
１
３
４
４
９
 

ESa 

WithSCNb 

WithoutSCN 

SCN 

Subtotaｌ 

ＨＰａｔｒｉｓｋｃ 

Ｔｏｔａｌ 

aWithhistoryofepilepticseizures 
bWithsubcutaneousnodules・

cHealthypeopleatrisk 
dPercentageofnoofseropositivepersons/no､ofexanUnedpersons 
OrigmaldatafrｏｍＷａｎｄｒａｅｔａＬ２００３． 

(Fig.２） 
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２．５ 

２ 
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０ 

Ｍａｌｅ Fｅｍａｌｅ Ｍａｌｅ Fｅｍａｌｅ Ｍａｌｅ Ｆｅｍａｌｅ 

ＥＳ SＣＮ ＨＰ 

FIG2．ELISAresultsof961ocalpeoplefromJayawijayaDistrictinPapua,Indonesial996ES,SCN,andHPgroups 
representmdividualswithahistoryofepnepticseizures,mdividualswithsubcutaneousnodulesandhealthymdi-
vidualsatrisk,respectively(Table3)(origmaldatafromWandraetaL2003).Opencirclesrepresentindividualｓｗｉｔｈ 
ｂｏｔｈＥＳａｎｄＳＣＮ・Arrowsshowl4personsfromwhomsubcutaneousnoduleswereresectedandconfirmedtobevi-
ableTsoli"mcysticercibyeithermorphologicalormitochondrialDNAanalysis・Therewasnodifferencemantibody
responsesmlocalpeopleofcysticercosiswithorwithouthistoryofepilepsy． 

relativelyweakresponsesandwerepossibly 
exposedtoeggsofT･ｓｏ伽加．

TTlefirstsuspectedcysticercosiscasewasre-
portedfromaPapuanrefugee（Fritzscheet 
aL1990）whowasserologicanypositivefor 
cysticercosisusmganimmunoblotmethod 
(Go廿ｓｔｅｍｅｔａＬ１９８６).Thedetectionofcys-
ticercosismnon-importedcasesmaybecrucial 
tosuggestthatT､ｓｏ肋77zmighthavebeenes-
tablishedmPNGevenpriortothearrivalof 
Papuanrefugees(McManus1995,Hewl999， 
ThompsonetaL2003).Therefore,fieldsurveys 
inlocalpeopleandpigstodetectcysticercosis， 
byserologyandpost-mortemobservationof 
cystsinpigsaremattersofpriorityinstudies 
mvestigatmgthedistributionofT・ｓｏ肋加m
PNGandEastTimorandotherneighborareas 
wherethemajorityisChristianandeatpork 
(ItoetaL2003a)． 

positivemserologicalassaysforcysticercosis 
andweresubsequentlyconfirmedtoharborvi-
ableT・soIizl腕cysticerci(ItoetaL2002b)．

ＯＣＣ"ｒ７ｅ"ceq/TsoliurMze"i"sis/bysfice7cosis 
mPNG 

Investigationsmtothepresenceanddistrib-
utionofT・ｓｏ胸加fromPNGarepreliminary、
Approximately600humanserumsamples 
fromPNGhavebeentestedforcysticercosis 
(WandraetaL2003,ItoetaL2003a,Itoetal・

unpUblished).Approximately3％ofthemwere 
foundtobeserologicallypositiveforcysticer-
cosis､One(29-year-old)ｗomanwhosespouse 
wasaPapuanrefugeeshowedanantibodyre-
sponsetypicalofcysticercosisandreportedoc-
casionalheadachesmdicatingpossibleneuro-
cysticercosis・Otherpositivecaseｓｓｈｏｗｅｄ
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ｏｆＴ､ｓｏＩｉｚｍｚｔｏｈｕｍａｎｓｈａｓｎｏｔ,toourknowl-

edge,beenthesubjectofspecificmvestigation 
Thiscouldbeanimportant,Previouslyunder-
recognizedfactormunderstandmgtheepi-
demiologyofT・ｓｏ加川transmissionandmay
needtobegivenparticularconsiderationmre-
lationtofutureeffortstobetterunderstandthe 

epidemiologyofＴ・soIizmzcysticercosisandtae-
nlaslsparticularlymAsia． 

Possi肱γルノbγ`Ogsi〃thet川sl"issio〃q/Ｔ・
Ｓoliumcysfice7cosis 

Pigsaretheprmcipalmtermediatehostfor 
T・ｓｏ加川，howevernumerousotherspecies
havebeendescribedassuitablemtermediate 

hostslnadditiontopigsandhumansasm-
termediatehostsofT・soIizmz,Abuladze(1964）

citedashostsavarietyofspeciesofboar,ｐｉｇ 
ａｎｄｍｏｎｋｅｙａｓｗｅｌｌａｓｔｈｅｄｏｇ,rabbit,hare， 
camelandbear・Manyoftheseobservations
havereliedondia8nosesbasedonparasito-
logicalfeaturesofthecysticerci，particularly 
thesizeandmorphologyoftherostellarhooks， 
andpossiblymcludesomecasesofmisidenti-
ficationHowever，therearenumerousinde-

pendentreportsidentifymgcysticerciofT、
soIMmthedomesticdog（Ｃａ"is/tz伽伽is）
fromavarietyofgeographicalsites(seelitera-
turecitedbyAbuladze1964).Ｍｏｒｅrecently， 
experimentalconfinnationoftheabilityofT・
soﾉﾉzmztocauseviableinfectionswithcysticerci 
mthemusclesofdogswasｐｒｏｖｉｄｅｄｂｙＦａｎｅｔ 
ａＬ(1994)ｕｓｉｎｇＴ・soIizmzeggsfromproglottids
obtainedfromapatientmHamanProvmce， 
china・Ashasbeenmentionedearlier,serolog-
icalandnecropsyexammationofdogsmthe 
JayawijayaregionofPapuahaveconfirmed 
manytobemfectedwithviablecysticerciofT・
solizmz・Notonlyistherealargedogpopula-
tionmIndonesia(recentlythelndonesianMm-
istryofAgricultureestimatedthecountry'ｓdog 
populationtobeaWroxhnatelyl/16ｏｆthehu-
manpopulation),buttheconsumptionofdog 
meatbyhumansoccursfrequentlymSumatra， 
Sulawesi,theF1oreslslands,JavaandPapua 
Theeatmgofdogmeatistraditionalandcom-
monlnmanyotherAsiancountries,mcludmg 
Thailand,Vietnam,Ｃｈｍａ,andKorea(seeHou 

l983,Dissamarnandhdrakamhangl985,Cui 
andWang2001).Furthermore,theeatingof 
dogmeatisknowntooccurinmanynon-Asian 
countries,mcludm8manypartsofAfrica,Latm 
America,andsomeEuropeancountriesHence， 
thetransmissionofT・ＳＯＩ加刀betweendogsand
humanscouldoccurifthepeopleweretoeat 
undercookedmeatfromdogsinfectedwithT・
so伽7zcysticerci・Whilethispossibilityhasbeen
recognizedsincetheearliestdescriptionsofthe 
presenceofthelarvalparasiteindogs,thesig-
nificanceofthispotentialmodeoftransmission 

/brco"troMcysficercosis Pofe"肋ノsf7ategies
i〃Ａｓｉａ

lnthesamewaythatimprovementsmsanl-
taryconditionsandpubliceducationwhichoc-
curredoverthepastcenturymEuropehave 
hadamaiorimpactofthetransmissionoftae‐ 
masis/cysticercosis，similarimprovementsm 
thestandardofpublichygieneandeducation 
arｅｌｉｋｅｌｙｔｏｒｅｄｕｃｅｔｈｅｉｍｐａｃｔｏｆｎeurocys-
ticercosisinAsiancountries、hdustrializa-

tionandintensificationofpig-rearingpractices 
couldalsobeexpectedtoleadtodecreasedpo-
tentialforexposureofpigstohumanfeces 
andhencedecreasedtransmissionofT・ｓｏ肋加．

However，suchchangesaregenerallyassoci-
atedwithincreasesmgenerallivingstandards， 
and，forthosecommunitiesindevelopmg 
countriesmwhichneurocysticercosisisasig-
mficantcauseofhumanmorbidityandmor-
tality，otherdiseasecontrolmeasuresarere-
quiredinordertoachievediseasecontrolmthe 
foreseeablefuture、

Effectiveanthe1minticsareavailabletoelim-

matetheadulttapewormfromTc7e"iLzcarriers， 
However,whileeverthereexistsasubstantial 

reservoiroftheparasitesinpigswhichcan 
causenewcasesoftaeniasis,thepotentialre-
mamsforcontmueddiseasetransmission 

Theoretically，controlcouldbeobtainedby 
sustameddiagnosisandtreatmentofTcze"iUz 
carriers,orbytreatmentofthewholepopula-
tionwithanthelminticssufficientlyregularlyso 
astopreventtheoccurrenceofanygravidtape-
wormswithmthepopulationForT・soliLmz，
thiswouldrequiretreatmentapproximately 
every3monthsltmaybenecessarytopersist 
withsuchtreatmentswhileanyinfectedpigs 
remamasasourceofnewinfectionsinhumans 

Somesuccesshasbeenachievedmcontrollmg 
T・ｓｏ！伽7zthroughanthelmmtictreatmentof
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伽ｉｎ・Thesedatahavebeenreviewedrecently
elsewhere(LightowlersetaL2003).Morere-
cently,asimnarapproachhasbeenadoptedto-
wardsthedevelopmentofapracticalvaccme 
agamstT､solizmzinfectioninpigs・ｏｎcosphere
antigenshavebeencloned,characterized,and 
expressed,ｂｅmgthehomologuesofthe45W 
antigen(GaucietaL2001)andthel8Kantigen 
(GaucietaLl998).Twomdependenttrialshave 
beencomp1etedmMexicousmgtheseprotems 
(TSOL18andTSOL45)asvaccmesagamstex-
perimentalchallengemfectionwithT・ｓｏ〃min
pigslnbothtrials,theTSOL18antigenmduced 
comp1eteornearcompleteprotectionagamst 
thedevelopmentofcysticercifollowingthe 
challengeinfection(FlisseretaLunpublished)． 
Muchfurtherdevelopmentworkisrequired 
beforethisvaccinecouldberecommendedfor 

practicalapplicationandthesestudieshavebe-
gunAdoptionofpigvaccmationwouldbe 
likelytobefacilitatedifthevaccｍｅｗｅｒｅａｂｌｅ 
ｔｏｂｅｐｒｏｄｕｃｅｄｉｎａｎｅｄｉｂleformAnumberof 
aspectsofT・ｓｏ/izmztaemasis/cysticercosis
suggestthatthisparasitemaybeeradicable 
(SchantzetaL1993),andacasecanbemade 

foraneffectivecontroloreradicationstrategy 
basedontreatmentofTZze"iLzcarrierswith 

anthelmintiｃｗｈｉｌｅａｔｔｈｅｓａｍｅｔｉｍｅｐｒｅｖｅｎｔ－ 
ｉｎｇｐｉｇｓｆｒｏｍａｃｔｍｇａｓａｓｏｕｒｃｅｏｆｎｅｗｍfec-
tionsbyapp1icationofaneffectivevaccme 
(LightowlersetaL1999)． 
ＯneimportantconsiderationfOrcontrolofT 

soIizmztransmissionwhichmayhaveparticular 
relevanceforAsiaisthepotentialmvolvement 
ofdogsasintermediatehostsfOrtransmission 
oftheparasitetohumans・Thereisanurgent
needforscientificmvestigationoftheextentto 
whichthismodeofpotentialtransmissionofT・
soIizmzcontributestotheepidemiologyofthe 
disease 

ThemedicalconsequencesofinfectionwithT・
sCZg伽ｔａｏｒＴ.αsmficaaresubstantianylessthａｎ
ｔｈｅｙａｒｅｆｏｒＴ・ｓｏ/izmzandhencetheurgencyfor
adoptionofdiseasecontrolmeasuresforthese 
parasitesarelikelytobedeterminedoneco-
nonucgrounds・Asmentionedabove,avacclne
hasbeendevelopedwhichisveryeffectivem 
preventingT・sngi"afLzinfectionmcattle・Given
thecloserelationshipbetweenT・szJg伽fczandT、
asiZzficLz,thesamevaccmemaybeeffectivealsｏ 
ｉｆｕｓｅｄａｇａｍｓｔＴ・Jzsiaficainfectionmpigs．

TuJe"iacarriers,publiceducation,ｏｒｂｏｔｈ(Sarti 
etaL2000);however,noexamplesexistwhere 
suchmeasureshaveledtolhesustamablecon-

troloftheparasiteThedifficultywithsuchan 
approachinthedevelopingworldisinthecost 
andhencesustamabilityofthecontrolmea-
suresforasufficientlengthoftime 
Therecentdiscoveryofasingleanthelmmtic 

treatmentthatcanelimmateviablecysticerci 
frompigsprovidesanimportantpotentialnew 
controlmeasuretoassistwithT・solizmzcontrol

(GonzalesetaL1996,2001).Aregimewhereby 
allpigsweretreatedbeforeslaughterwouldre-
moveｔｈｅｓｏｕｒｃｅｏｆＴ・ｓｏ伽mtaemasismhu-

mans・Whilethismeasurehasthepotentialto
playavaluablerolemcontrolofＴ・ｓｏｌｉｚｍｚ，it
remamstobeseenwhetheritisadoptedwidely 
forparasitecontrolorwhethertheorganlza-
tionalstructurerequiredtoadministeriteffec-
tively,especiallywheremformalslaughteroc-
curs,willlimitthisasacontrolmeasure・

Recentresearchresultspomttothedevelop-
mentofapotentiallypowerfulnewcontrol 
measureforT､ｓｏIizmzbasedonpreventionof 
parasitetransmissionthroughpigsbyapp1ica-
tionofavaccmeSeveralresearchgroupsare 
activemthearea,andearlyresultslookvery 
promismｇＴｗｏＤＮＡｂａｓｅｄｖａｃｃｍｅｓｈａｖｅ 
ｂｅｅｎｄｅｓcribedasmducmgprotectionagamst 
challengemfectionmpigswithT､so肋加(Cai
eta1.2001,WangetaL2003).Usmgadifferent 
approach,Huertaetal.(2001)haveundertaken 
afieldtrialmpigsusmgsyntheticpeptides 
ThesequencesofthesepeptiCleswerebasedon 
theaminoacidsequencesofantigensdiscov-
eredinthemousemodelparasiteTc7e"izzc7assi-
cePsPigsvaccmatedwiththepeptidesshowed 
areducｔｉｏｎｍｔｈｅｎｕｍｂｅｒｏｆａｍｍａｌｓｈａｖｍｇ 
ｖｅｒyhighlevelsofinfection・Avacclnewhich
wascapableofachievmgthiseffectonareli-
ablebasiscouldhaveanimpactontheproba-
bilityoftransmissionoftlleparasitetohumans 
and,mdirectly,reducingtheincidenceofboth 
humantaemasisandneurocysticercosis・
Analternativeapproachwhichisbemg 

takentovaccmedevelopmentisthroughthe 
applicationofrecombmantoncosphereanti-
genslT1isapproachhasbeensuccessfulmde-
velopmgpracticalvaccmesthatreliablypro-
vide＞95％protectionagainstcysticercosism 
sheepduetonze"mouisandcattleｄｕｅｔｏＴ・szJg‐
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