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ABSTRACT  

TwentyLeishmanla（Ⅵannia）braziliensisisolatesrecoveredfrompatients  

Jivlngln three distinct endemic areasin Paraguay and presentlng Slngle or  

multiplecutaneouslesionswereanalyzed．AltoParan孟andCanindeytilocatednear  
theboundaryofParan畠State（Brazil）presentepidemiologicalpatternscompatible  

withareas ofanCienttransmissionofthedisease．TheareaofSanPedrolocatedat  
the oriental shore of the Paraguay River is considered to be of recent 

transmission，Withmucocutaneousclinicalformsbeingpresent．  

Threedifferentpolymorphicmarkers wereusedin ordertocharacterize  

and to provide a preliminary molecular mapplng Of the circulatlng Strains・  
Restriction fragmentlength polymorphisms of kDNA analysis revealedthe  

PreSenCe Of three different schizodemes circulatlngin the endemic areas・  

1soenzymaticvariantswerealsodetectedinsixoutofthesixteenstrainsstudied・  

However，nOCOrrelationwasfoundbetweenenzymepolymorphismsandaspecific  
typeofschizodeme．  

Our results demonstrate theintraspecinc heterogenelty Ofthel／iannia  
species circulating in Paraguay suggesting a more complex epidemiological 
Situationin some endemic foci．Furthermore，the nnding of genotypIC  
polymorphisms amonglSOlates ofthe same speCleS raises questions regarding  
ParaSitevirulenceintheAmericanltgumentaryLeishmaniases・  
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HUMAN LeishmLZnia（V）bra＝iliensisJN PARAGUAY  

INTRODtTCTION  

lntheNewWorldthirteendiffbrentspeCleSOfLeishmaniaareresponsible  
for American TegumentaryLeishmaniases（ArL）（Grimaldietal．1989）．The  
SPeCiesare tranSmittedtosilvaticanddomesticanimalreservoirsbythebiteof  
phlebotomine sandflies．TheÅrLis considered as a zoonosis and the manan  

accidentalhost．Althoughthe humaninfectioniswidespreadin tropicaland  
Subtropica］regionsoftheAmericas（Grimaldietal．1989），theepidemi0logyis  
quitecomplex．InBrazil，enVironmentalchangeshaveinducedtheappearanceof  
an anotherepidemiologlCalprofileevoIvlng beyondthe man，domestic animals  
andsandflies withhigh capability to adapttomodined environments（Lainson  
1983）．   

In Paraguay，Since1976the occurremce ofindividuals suffering from  
CutaneOuSandmucocutaneousleishmaniasesisincreaslnglnthe m叫OntyOfthe  
DepartmentsformtheeastsideofParaguayRiver，beingendemicinAltoParan丘，  
Canindeyd，SanPedroandCaaguaヱd（Hashiguchietal・1991；1992a）・Uptonow  
three speCies of Leishmania：L（ViaTmia）braziliensis，L．（Leishmania）  
amazonensLsandL．（LeEshmania）〝画Or－1ike（Grimaldietal．1989；Yamasakiet  

al．1994）havebeenidentinedinParaguay．SuchspeCieswereisolatedfromhuman  
CaSeSin a newly established communltyin the southeast reglOr［JuSt nearthe  
Brazilianborder．  

AccordingtocasesreportedinParaguay，theclinicalmanifestationsofthe  
diseasediffer markedly from slnglecutaneouslesions to disfigurlng and non－  
healing mucocutaneous ones（130gginoandlnsaurrald1945；Hashiguchietal・  
1992）．Thejmpactofthediseaseisdramaticcausinggreatsuffering，eSpeCially  
becauseofthesocialandpsychologlCaltraumaassociatedwithdisngurementfor  
life，uSua11yfromayoungage・  

The different clinicalforms may be due to the LeishmaniainvoIved  
（Blackwelland Alexander1960），the polyclonality of theinitialinoculum  
（Pachecoetal．1990）aswellasthe degreeofsusceptibilityofthehumanhost  
（BlackwelJand Alexander1960）．Ontheother hand，theplasticity observedin  
p訂aSites of the Vim7fW Subgenus can also be resultant from changesin the  
environmentalconditionassociated totheintroductionofnew humanand animal  
POPulationsprobablyduetotheattemptsinestablishingnewbiocenosebetween  
theparasitesanditshosts（BlackwellandAlexander1960）・  

Tntraespec摘c variationin the VkzTuWSubgenus has beendemonstratedat  
nuclearandmitochondria】1evels（LopeSetal．1984；Pachecoetal．1986；Saravia  
etal．1990；CupoLliLoetal．1994；Pachecoeral・1995）・Althoughthe biological  
meamngofsuchpolymorphismsinmitoehondrialDNAremainsanenlgma，the  
maintenance of minicircle heterogeneity may offera selectiveadvantage to the  
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HUMAN LeishmLmia（V）braziliensisIN PARAGUAY   

ParaSitesandhasbeenincriminatedasasourceofgeneticinfbrmationasstressed  
byBorst（1991）．  

The recent paper reports the nnding ofintraespecinc genetic  
POlymorphismsinbothnuclearandmitochondrialgenomesinL．（t（）braziLiensis  
isolatedfrompatientsproceedingfromtheStatesofAltoParan孟，Canindeydand  
SanPedro．  

MATERIALS AND 二METHOIIS  
LocalitiesandLeishmaniaisoLates：  

ThestudywascarriedoutinLimoy（StateofAltoParan孟）andNaipi（State  

OfCanindeyti），bothattheBrazilianborder．InPancholo（State ofSanPedro），  

locatedatthe easternsideofParaguayRiver，withinthelowlaJld areasofthe  

r．chacoaustral‖，1imitedatthewestsidebyArge71tinaandBolivia（Fig．1）．  
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Figurel・MapofParaguayshowingtheeIldemicareasstudiedandthethree  
genotypicprofilesfound．  

7β   



HUMAN Leishmania（V）brtzziZien．mi N PARAGUAY  

TwentylSOlatesfromslngleandmultiplelesionsofpatientswithcutaneous  
leshmamia5is were analyzed．Tablelsummarizes allinformation regarding  

demographicdata，Clinicalconditions，Orlglnandidentincationoftheisolates・  

T姐el．Patie11tSStudied，Onglr［andch打aCterlZatlOnOftheiso）ates・  

Number of Molec山archamcteriヱ上山on  ▼  
PatieJltS Sex Age ：  ▲．            0rigin  〉‖ 

1esicms   t’－■‘   zymodeme Schizdeme Hybridiヱatjon  

3  A．Paran点 上イVJあ．旨  

2  A．P独mn点  上イVノあ．  

1  A．ねran点  上．仲川．  

1  A．Paran点 エイVル邑  

1  A．Paran点 上．（Vル邑  

3   A．Paran貞  エイりわ 

6  A．Paran丘 ⊥．rVノれ貴  

2  A．Paran丘  ⊥．（Vノム．  

1 Cani汀dey嶋  上・（Vル・  

l Canindey丘 いVル†  

2  Canindeyd  上・rVノム・  

1 Canindeyd  上．「Vノあ・  

5  Canimdey丘  ⊥．「Vノみ・  

1 Canimd¢y正  ND  

I  S．Pedro  ND  

I  S．Pedro  ND  
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YM．S．  

J．RS．  

R．R  

A．R．  

B．C．A．  

J．C．D．  

1．S．C。  

M．M．C．  

Ⅰ．D．  

R．R．S．  

J．A．  

VO．  

J．E．G．  

G．M．  

S．G．P  

C．A．0．  

B，RC．  

B．G．N．  

N．1．V  

C．5．  

、l〉l、・ニ  

坤pe2  

、l〉ドニ  

Type I 

Type2  
「吋pe3  

1さドl  

乃pel  

1   S．Pedro  上′．仲川・ 乃pel  

l  S．Pedro  上一．（Vル尋  乃匹1  
1   S．Pedro   上りrり占． 1サ匹1  

1   S．Pedro  ND  Typel  

ND：nO（done，§：Yanarlt＾，†：VariantB．  

Leishmania parasites obtained from biopsies of cutaneous lesions were 
culturedinSchneiderlsDrosophilamedium（Sigma）supplementedwithlO％of  
fetalbovineserum（WL－Tmmunoquimica）at26Oc，Theparasitesinthestationary  
phasewereharveStbycentrifugationat4，000rpmforlOminat4Ocandwashed  
severaltimeswithsterilizedphosphatebufferedsaline，pH7．2・L・（V）braziliensis  
（MHOM／BR／75／M2903），L．（L．）guyanensis（MHOM／BR／75／M4147）andL・（L・）  
amazonehsis（IFLA／BR／67／PH8）werellSed as reference strainsin zymodeme，  
ShizodemeandhybridizationanalysesL  
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・lJ‘′吊＝用、ミ′∫ご．、湘・・イ汀＝ゾ・／…ハブ、いJ…J川h・仙．甘いハ．・  

SuspensionswerebyhomogenizlnglO8promastlgOteSinphosphatebuffer，  
pH7・0・AnalysISWaSperformedusingagarOSegelasdescribedbyMomenetal．  
（1985）・Nine different enzymes were used：6－fosfogluconate dehydrogenase  

（6PGDHE・C・1・1・1・43），Glucosephosphateisomerase（GPIE．C．5．3．1．9），Isocitrate  

dehydrogenase（lDHE．C．1．1．1．42），Glucose－6－Phosphate－dehydrogenase（G6PDH  
E・C・1・1・1▲1・49），Malato dehydrogenase（MDH E．C．1．1．1．37），Nucleosidase（NH  
E・C・3・2・2・1），Phosphoglucomutase（PGM E．C．1．4．1．9），Peptidase 3（PEP3  
E・C3・4・11）andProlineaminopeptidase（PEP－DE．C．3．4．13．9）．   

凡、椚・圭・・…－1け川川∫J川Lりブリい汗JJ…・J両、川・、・亜．・・・－い抽・・ソ川＼、l■仙小、い．・  

The kDNA extractionand restriction enzymeanalysIS Were Carried out  
accordingtothemethodpreviouslydescribed（Goncalvesetal．1984；Pachecoet  
al・1986）・ThekDNApreparationsweredigestedwiththerestrictionenzymesMsp  
IandRsalat370cfor3hrsintheapproprlatebuffers．kDNAfragmentswere  
Separated byelectrophoresisin5－10％linear polyacrylamide gradient gels and  

Stainedwithethidiumbromide，   

肋血血肌坤加地血肌  
PurifiedkDNA（20ng）fromtheisolateswerepriortoapplicatlOninnylon  

membranes（Zetaprobe，BioRad），denaturedinO，4N NaOHandapplied under  
VaCuumuSingamanifold（Schleicher＆SchwellInc．，Keene，NH，USA），  

AclonedminicircleofL．（V）braziliensis（M2903）was radiolabeledwith  

alpha32p dÅrPaccording totheprotocoIpreviously described（Pachecoetal．  

1994），tOaSpeCincactivityofaboutlO9dpm／JJg．Hybridizationconditionswere  
asfollows：membraneswerepresoakedfor2hrsinO．6MNaCl，0．12MTris，4  

mMEDTA，0．75％non－fat－milkandO．15％SDSatroomtemperature，andthenin  
hybridizationsolution（thesamecomponentsaboveplus50％forrnamideand6％  
PEG）for40min at42Oc prior to the addition of the denatured probe．  
Hybridizationwascarriedoutat42Dcovernightandthemembraneswerewashed  
initiallyin2×SSCfor20minatroomtemperatureandthen3timesinO．1×SSC，  

0．5％SDSat600cfor30min．  

A synthetic oligonucleotide subgenus Viannia specinc（Fernandes et al．  

1995）wasradiolabeled withgamma32pATPandT4polynucleotide kinase and  
alsousedasprobeindotblotexperiments．Autoradiograph wasdone ovemight  
Withanintensifyingscreenatr70Oc，  
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RESUIXS AND DISCUSSION  
TheDepartmentsofAltoParan丘andNaipiaredeforestedareaswithchange  

tosubsistencecu）turespeCia11y＄Oyandwheat．SanPedroDepartmentisaboggy  
reglOnandalargeareaforcattleraislngandplantationofbanana，CaSSaVa，teaand  
tabacco．ThemediatemperatureOfthecountryisabout23qC（Fig・1）・  

Eight human isolates out of the twenty analyzed proceeded from Alto 
Paran丘，SixfromCanindeydandtheremainlngfromSanPedro・Fourteenpatients  
Weremaleand six托malewith agesranglng from onetosixtythreeyears old・  
SingleandmultiplelesionswereobservedinindividualslivinginAltoParan益and  
Canindeyti．HoweverpatientsfromSanPedropresentedaslllglecutaneouslesion・  
The biochemical characterization uslng three different molecular techniques  
COnfimed也eidend餌cation of theisolates a5 山繭加馴鹿「VJ加地肋刑血  

Enzyme electrophoresis using nine enzymaticlocishowed zymodeme  
homogeneity．Similarelectromorphicpro且1eswere foundinthem可Orityofthe  
isolates analyzed when compared to a reference strain（M2903）of L・（V）  

bTuZiEiensis．Eightoutofthenineenzymetesteddisplayednopolymorphismand  
WererepreSentedbyaslngle．electromorph．Enzymaticpolymorphismwasonly  
foundfortheenzymePEP－3insixisolates．ResultsareshowninTable2・  

Thble2，ElectromorphsobservedinLeishnwia（V）bluZilZeTZSisisolatesfromParaguay・  

Enzymes  
lso】ates   

PEP－D PEP－3  6PG GPI IDH NH MDH PGM  
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Biochemical characterizations using kDNA restriction profiles and 

hybridizatior）have a）soident摘ed theisolatesasL．（V）braziliensis．Genotypic  

heterogenelty WaS detected among theisolates．Polymorphjsmsin kDNA  

minicirclereglOnSWereObservedaf［erdigestionwiththerestrictionenzymeRsa  

I，indicating the presence of three distinct pronles of L．（V）braziLie  

CirculatinginendemicareasinParaguay（Fig．2）．  

Figure2．LinearpolyacJYlamide  
gmdi巳nt gel（5－10％）showing  
fragments of kDNA minicircles 
且触rdigらS也onw他山eres血ction  
en野me Rsal・Three di写tinct  
genotypic pronles（SChizodemes）  
C封I b obserYed．Lme5 1－ヰ：  

虻址扮deme typeI，1anes5，7，9  
肌d】1：SChiヱdemety匹ⅠⅠ，Ⅰ弧eS  

6，g甜dlO：SChizdemetypeIIl二  
1椚12：エ．rVノ わ和ZJ鮎血∫  
refi帽nCe Stmin（M2903），1肌e  
13：エ．伴＝門間脚血川鵬ren¢e  
Straim（M4147）．  
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Therestriction profile typeIwasobservedinthe kDNAfrom parasites  

isolatedfromSanPedro－spatients・BesidesthetypeIpattern，tWOOthervariants，  

typeIIandTIIwere observedinsamplesfrom Canindey血andthetypeIIIwas  

OnlydetectedinisolatesfromAltoParan畠，  

The hybridization analysis has validated the results of zimodeme and  

SChizodeme analyses by showing stronghybridization slgnalsinal1isolateswith  

bothDNAprobes．Thespecificityofourprobeswasconfirmedbytheabsenceof  

CrOSS－hybridizationwithkDNAfromL．（L，）amaヱOnenSis（Fig．3）．  
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C●  
2   3  4   5  

1■  －l  

Figure3，Autoradiographsshow）ngdot－blothybridi祐一ions．・：puri鮎dkDNAsfrom   
lheisolales毎longlngtO也e仏陀egenOtyplC騨批msa伊InStaClonedmimidrcleofエ・   
（V）brazilLensisasprobe，C3：L，（V）btYZZiliensisstrainM2903aspositivecontrol，C4：  
L，（L）α椚aZOnenSisstrainPH8asnegatiYeCOntrO］，Il：SelectedkDNAsrelaledtothe  
th昧SChizodemes against仇e oligonucledde V細別血s鱒浦c鮎prObe，Cl：上．（Ⅴノ  
わrdZ〟由舶J∫St相加M2恥3asposi血econけ01，C2＝⊥．什」α傲粕川創成＝tlainPHgas  
negativecontrol．  

1n this study we have reported the moIccularcharacterization oftwenty  
Paraguayan Leishmaniaisolates from patientslivinginLimoy（Alto Parani），  
Naipi（Canindeyti）andPancholo（SanPedro）．  

Among thepatients studied them再Ority wasmale（70％），eXCePtin San  
Pedrowhereitwasalsoveri鮎dthattheagewasabove25yearsold，SuggeStlng  
thatthetransmissionofthediseasemightlxoccurrlngfarfrom thehouses．ln  
Pansholothepatientsexamineddisplayedonlyonecutaneouslesion．InLimoyand  
Naipithere wasno differenceinageprevalence suggestingthe occurrence of  
Peridomiciliar tranSmission，andit was possible to detect children and adult  
presentlngOneOrmOrelesions・TheDepartmentsofAltoParan丘andCanindeyd  
located near the boundary of Paran丘State（Brazil）present epidemiological  
PatternS COmPatible with areas of ancient transmission，aS Observedin Brazil  
（MarzochiandMar之ochi1994）．The areaof San Pedrolocated atthe oriental  
ShoreoftheParaguayRiverisconsideredtobeofrecenttransmission（Marzochi  
andMarzochi1994）．  

Hashiguchietal．（1992b）1istedfivespeCiesofsandflycapturedbyhuman  
bait and／or Shannon trapin Paraguay easternlocalities・A11species were  
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Carried outin the same reg10nSit was demonstrated the prevalence ofLu・  

WiEhmanEamongthesandf】yfaunacaughtsurrounding thehousesin theItalpu  
dike areas（Vi11ar1993）．On the other hand，in Pancholo Lu．withmaniwas  
CaPturedonlylnSilvatic areas・Althoughboth sandnies arefoundinanthroplC  
environment，it seemsreasonabletosuppose thatthereare differencesbetween  
types of transmissions jn thelocalities studied，SuggeStlmg a Peridomiciliar  

Spreadingin LimoyandNaipi．InPancholo（SanPedroState）thetransmission  
probablyoccursforfromthehouses，intheforestenvironment．  

Alltheisolates ana）yzed were characterized as L．（V）braziliensis by  

PhenotypIC and genotypIC methods as recommended to distinguish from other  

SPeCiesfoundinParaguay（YamaSakietal．1994）．Themolecularhybridizaiton  
WaSuSedinthisstudyinordertostrengthentheresultsobtainedbyisoenzymeand  
SChzdemeanalyses．Highcopynumberofhomologoussequenceswasdetectedin  
thekDNA fromal1isolates whentested againstaclonedminicircle ofL・（V）  

braziliensisandanoligonucleotideViannaspeCificusedasprobes．  

The restriction fragmentlength polymorphisms of kDNA（SChizoderne）  
analysisisconsidereda5aPOWerfultoolinepidemioloBICalinvestlgations being  

efncientforstudyingthenaturaldistribution ofL．eishmania strainsindifferent  

endemicfoci（Pachecoetal．1986；Lopesetal．1984）．Inthisstudytheschizodeme  
analysis provided an additional contribution by revealing that three distinct 
genotypic proⅢesofL，（V）braziLiensisarecircl11atingin humansin Paraguay．  
ThepolymorphismobservedinkDNAminicirc】ereglOnSfromsomeisolatescan  
be regarded as genetic microheterogeneities．However，aS patientslivlngln  

endemic areas are constantly exposed to the bite of phlebotomines，the  
accumulation of multipleindependentinfections can be a possibility．Hence，  

genotypic differences foundin humanisolates from the same speCleS Can be  
attributabletosuchmechanism．  

lnterestlngly，Variant zymodemes were more predominantly foundin  
isolates from Alto Paran畠（4／8）be10nging to the schizodeme typeⅠII・  

Nevertheless，nOCOrrelation wasobserved betweenisoenzymaticvariantsand an  

SPeCinc typeOf schizodeme．Isoenzymatic variants were also detectedin the  
SChlZOdemetypelfromapatientresidentinSanPedroandintheschizodemetype  

IIfromapatientlivinginCanideyd．AccordingtoisoenzymeresultstwoLJ．（V）  
braヱiliensISpOPulationsarepresentinParaguay・  

GenotyplCprOfilestypeⅠ，IIandIIIwerefoundinCanideyti’sisolatesand  

typeI7IinAlto Parana．Both Departmentsareneartwo Brazilianstateswhere  
ÅrL occurs（Grimaldietal，1989；Teodoro et al．1991）．Canindeytiand Alto  
ParamaarenewlyestablishedBraziliancommunities，eVenthoughallpatientswere  
Paraguayan．  
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Only one genotypic pattern（kDNA typeI）was observed circulatingin  
patientsfromSaJIPedrosugBeStlngamOreSimpleepidemiologlCaLsituation■The  
reglt）TlOf San Pedrois distinguishable from the others studied，by the  
demo写raphicaspeCtSwiththerecentParaguayancolomizationandtheabsenceof  

CriticalenvironmemtalchangeS．  

These molecular techniques together with further clinical and 
epidemiologicalinformationwi11surely provide newinsightsint0the rLatural  
historyoftheAmericanTegumentaryLeishmaniasesinParaguay．   
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