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In Colombia, fiveBiomphalarigplanorbid species are knowB: kuhniana, B. straminea, B. peregrina, B. canonica
andB. oligoza(var. B. philippiana).Among themB. stramineas intermediate host oEchistosoma mansoandB.
peregrinahas been found to be experimentally susceptible to this parBsigéeramineas commonly confused with
B. kuhnianaand they have been clustered together \Bithintermediain the complex namel. stramineaThe
difficulties involved in the specific identification, based on morphological data, have motivated the use of new
technigues as auxiliary tools in cases of inconclusive morphological identification of such planorbid. In the present
study, fiveBiomphalarigpopulations from the Colombian Amazon region and from Interandian Valleys were morpho-
logically identified and characterized by polymerase chain reaction-restriction fragment lenght polymorphism
directed at the internal transcribed spacer region of the rRNA gene, followed by digestion of the generated fragment
with restriction enzymg®dd, Alul, Rsd, Mval andHadll). Known profiles of the Brazilian speciBs straminea, B.
peregrina, B. kuhniana, B. intermediadB. amazonicabesides8. kuhniangrom Colombia, were used for compari-
son. The five populations under study were morphologically and molecularly identifedkastnianaand B.
amazonica
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The Colombian snail fauna of the ge®ismphalaria 1988). The difficulties involved in specific identification
is represented thus far by five speciBs:kuhniana based on morphological characters have motivated the
(DeJong et al. 20018. peregrina(Malek 1985),B. use of more modern techniques such as molecular biol-
straminea(Barbosa 1968)B. canonicaandB. oligoza ogy.
var. B. philippiana(Uribe 1950) Among them,B. The type locality ofB. kuhniana(Clessin, 1883) is
stramineais intermediate host @chistosoma mansgni Paramaribo, Surinam but it is also found in Cayenne,
being one of the main species responsible for schistogtrench Guyana (Floch & Fauran 1954a,b, Floch & Lajudie
miasis transmission in many localities of the Northeas1945), Venezuela (Baker 1930), Tucurui, Pard, Brazil
ern region of Brazil. This species was described by Dunk@araense 1988), and Panama (Paraense - pers. commun.
(1848) and according with Paraense (1963) “The type 16998). Regarding susceptibility, Floch and Fauran (1954b)
cality was vaguely mentioned as South America, wheshowed thaB. kuhniands resistant t&. mansoninfec-
several species answering to that description are knowan.
to occur” and “Martens (1873) restricted the type locality The type locality oB. amazonic&araense, 1966, is
of P. stramineugo Venezuela (Lagunilla and Caracas)Manaus, Amazonas, Brazil. To date, its distribution is re-
and also referred it to the State of Ceard, Brazil”. Beingtricted to the Brazilian states of Acre, Amazonas,
experimentally susceptible 8 mansonithe specieB. Rondonia (Paraense 1983), Mato Grosso (Paraense 1983),
peregrinais regarded as a potential host of the trematodéato Grosso do Sul (Dorval & Silva 1990) and Bolivia
(Paraense & Corréa 1973). Concerning the epidemiologPontier et al. 2002). Experiments on susceptibility showed
cal importance oB. straminedor schistosomiasis, this that such species is a potential hos$ afnansoniCorréa
species is commonly confused wBh kuhnianaandB. & Paraense 1971, Paraense & Corréa 1985). Vidigal et al.
intermedia For this reason, these three species were cly&000a) characterized this snail by polymerase chain reac-
tered into a group namé& stramineacomplex (Paraense tion-restriction fragment lenght polymorphism (PCR-
RFLP) with the enzymBded and detected three species-
specific profiles in specimens from the same or different
localities.

The PCR-RFLP technique has been successfully used
Work partially supported by Fapemi in studies orBiomphalaria(Vidigal et al. 1998, 2000a,
+Corr£sponc¥ingp§uthor g’ax, E’r 559_’;,31_3295 3115, E.mai@ldeiraetal. 1098, 2000, Spatz et al. 1998 0melania
omar@cpqrr fiocruz.br ’ ' ' ' Hope & McManus 1994) _anullnusspem_es (Stothard
Receibed 11 April 2002 etal. 1996, Stothard & Rollinson 1997). This methodology
Accepted 12 June 2002 was also used for molecular identification of Mammalia,
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Coleoptera and Platyhelminthes (Clark et al. 2001, Dyn&TTS1 (5-TGCTTAAGTTCAGCGGGT-3) (Kane &
et al. 2001, Verkaar et al. 2002) and for the distinction é&tollinson 1994). PCR amplification conditions were the
cryptic species within th@rypanosoma brucegroup same as used by Vidigal et al. (1998). Several enzymes
(Agbo et al. 2001). The technique is based on the amplimployed in our previous studies wgltomphalariasnails
cation of a particular genomic DNA region, followed by(Vidigal et al. 1998, 2000a, Caldeira et al. 1998, 2000) were
digestion of the generated fragment with restriction erused hereDdd, Alul, Rsd, Mval andHaelll. Digestion
zymes. Considering the simplicity and easy execution ahd RFLP analysis were performed as described by Vidigal
the technique, in the current study we used PCR-RFleRal. (1998).
and morphological identification in order to characterize RESULTS
Biomphalariasnails from the Colombian Amazon region
and the Valles Interandinos. Morphological identification The snails were mor-
phologically identified a8. amazonicgFig. 2) andB.
MATERIALS AND METHODS kuhniana(Figs 3-4) The vaginal corrugation, so charac-
Snail populations This study was carried out usingteristic of theB. stramineacomplex, show a difference
snail populations from five localities in Colombia (Fig. 1) among thé. kuhniangpopulations studied. Specifically,
together with specimens identified Bs peregrina, B. in the snails from Llanogrande (located at 2,100 m alti-
straminea, B. intermedia, B. amazona@dB. kuhniana tude), minimal swellings in the vaginal wall were found, in
(Table) used for comparison. All the snails obtained frorsharp contrast with the finding in snails from Acacias
the field were examined for the presence&somansoni (530 m altitude).
cercariae. All populations showed to be negative &imansoni
Morphological identification Ten specimens of each cercariae. Some specimen®Bokuhnianarom Acacias
populationfrom Colombiawere killed, their feet removed were infected with unidentified trematode cercariae.
and conserved in ethanol. The remaining material was Restriction profile analysisDNA amplification with
fixed and dissected for morphology of the shell and rehe ETTS1 and ETTS2 primers generated a fragment of
productive organs as described by Deslandes (1951) amgproximately 1,300 bp for all specimens. Fig. 5 shows the
Paraense (1975, 1976, 1988). profiles obtained with the enzyreld for Brazilian popu-
DNA extraction Total DNA was extracted from the lations ofB. peregringlanes 1, 2)B. intermediglanes 3,
feet of the snails by phenol-chloroform extraction and ethd), B. straminedlanes 5, 6)B. kuhnianglanes 7, 8), for
nol precipitation (Vidigal et al. 1994). B. kuhnianapopulations from Venezuela (lanes 9, 10)
PCR-RFLP analysis The entire ITS region (which compared with populations from the Interandean Valleys
includes the 5.8S rDNA gene together with the flankinganes 11 to 22). The four populations from the Interandean
ITS1 and ITS2 spacers) was amplified using the primeké&lleys showed species-specific profilesBokuhniana
ETTS2 (5-TAACAAGGTTTCCGTAGGTGAA-3) and The enzymealul, Rsd, Mval andHadIl generated spe-

Fig. 1: geographic distribution d@iomphalaria kuhniangO) and B. amazonicgA). A: in Colombia; municipality: 1 Segovia; 2 Porce;
3 Llanogrande; 4 Acacias; 5 Leticia; B: in Central and South America
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TABLE
Origin of theBiomphalariaspecies used in the study
Species of Geographic
Biomphalaria Locality State/Country coordinates Altitude
B. kuhniana Tucurui Paréa/Brazil 03S46/49W40 50
Villa de Cura Aragua/Venezuela 10N01/67W29 550
Segovia Antioquia/Colombia 07N04/74W42 900
Porce Antioquia/Colombia 06N91/75W13 950
Acacias Meta/Colombia 04N35/71wW48 523
Llanogrande Antioquia/Colombia 06N06/75W27 2100
B. amazonica Benjamin Constant Amazonas/Brazil 04S22/70W01 100
Manaus Amazonas/Brazil 03S07/60W01 50
Bardo Melgago Mato Grosso/BraZil 16S11/55W41 200
Leticia Amazonas/Colombi& 04S13/69W56 82
B. straminea Picos Piaui/Braz#t 07S04/41W28 50
Floriandpolis Santa Catarina/Brazil 27S35/48W32 100
B. intermedia Pindorama S&o Paulo/Brazil 21S11/48W54 150
Itapagipe Minas Gerais/Brazil 19S54/49W22 400
B. peregrina Alfenas Minas Gerais/Brazil 21S25/45W56 900
Taim Rio Grande do Sul/Brazil 32S530/52W30 50

a: laboratory populations

Fig. 2: Biomphalaria amazonicdrom Leticia, Colombia. A: penial complex, pp: prepuce, ps: penis sheath, vd: vas deferens; B: vaginal

complex, sp: spermatheca, va: vagina, vp: vaginal pouch. Bar = 1 mm
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cies-specific profiles for the fouB. kuhnianapopula- gene and partial subunit 16S mitochondrial of rRNA gene
tions from the InterAndean Valleys (data not shown). of 23Biomphalariaspecies (16 Neotropicals and 7 Afri-
Fig. 6 shows the profiles obtained with the enzymeans). However, the Colombian specimens showed only
Ddd for Brazilian populations d8. amazonicglanes 1to one of the three profiles, reported by Vidigal (2000a), which
11; 16-17) compared with the samples from Colombiamirrors less polymorphism when compared with Brazilian
Amazonia (lanes 12 to 15). The profiles of the latter provexpecimens. The phylogenetic relationship Bf
similar to each other and also to one of the three profilasnazonica obtained through sequencing analyses by
of the BraziliarB. amazonica Vidigal et al. (2000b) and DeJong et al. (2001), with species
DISCUSSION of the same genus, from Neotropical and African regions,

] ] showed thaB. amazonicgossesses high affinity with
We report here for the first time the presencdof the species of the compl8x straminea

amazonican Colombia. The genitalia characters of this  Among the populations d&. kuhnianaunder study
species correspond to those described by Paraense (19gf3sented variability of the vaginal corrugation, with more
It does not present phenotypic plasticity but has wellmarked differences among the populations from
defined morphploglcal charact'ers. On the other hand, thfanogrande, which showed very slight swellings, and
molecular profile of these snails sometimes shows thre@m Acacias, which exhibited conspicuous corrugation.
variants in the same locality (Vidigal et al. 2000a). Sucimterestingly, this kind of morphological variability was
intraspecific variation was further studied by Vidigal et alnot detected at the intrapopulational level in contrast with
(2000b), when the ITS2 region of BraziliBlomphalaria  the finding reported iB. kuhnianarom Tucurui, Brazil
snails was sequenced. Through PCR-RFLP analysis, yparaense 1988).

ing the same snail samples, these investigators could Owing to the morphological similarity and short ge-
observe, in all trees, a polymorphism concerning the pfetic distance betweeB. stramineaand B. kuhniana
sition of the three individuals (two from Amazonas angParaense 1988, Caldeira et al. 1998), these species are
one from Mato Grosso, Brazil). Dejong et al. (2001) obcommonly confused by health technicians who are not
served an intraspecific variation in tBoamazonic®ra-  specialized in Malacology. Indeed, snails from Venezuela
zilian snail populations (the same under study by Vidiga§ientified asB. stramineawere actuallyB. kuhniana

et al. 2000a, b) and in another from Bolivia, using comcaldeira et al. 2000). Such misclassification may also
bined data of the sequenced regions ITS1, ITS2 of rRNfave occurred in Colombia since some populatior of

A B C D

Fig. 3: penial complex oBiomphalaria kuhnianan different localities from Colombia: A: Llanogrande; B: Porce; C: Segovia; D: Acacias,
pp: prepuce, ps: penis sheath, vd: vas deferens. Bar = 1 mm
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kuhniang previously identified a8. straminea tweenB. stramineaand B. kuhniana and despite the
(Veladsquez & Vélez 1999), were molecularly characterizedorphological similarity oB. stramineandB. intermedia
asB. kuhnianain the present study. with B. peregrinait could not be included in the complex,
Caldeira et al. (1998), by using PCR-RFLP analysis afhich is supported by the morphological information re-
the ITS region of rRNA oB. stramineaB. intermediaB.  ported by Paraense (1988). Following this, Vidigal et al.
kuhnianaandB. peregrinaobserved the cluster of three (2000b), through the sequencing of ITS2 of rRNA of the
groups, which comprise: B. stramineandB. kuhniana ten BrazilianBiomphalariaspecies, confirmed tha.
II) B. intermediaand Ill)B. peregrinaGroups | and Il are kuhniana(from VVenezuela and Brazil) is more closely re-
more closely related while the third one showed to belated with B. straminea(from Brazil) than withB.
distant group. It was very clear the close relationship bextermediafrom Brazil). Afterwards, Dejong et al. (2001)

C D
Fig. 4: diversity of vaginal corrugation iBiomphalaria kuhniangrom Colombia: A: Llanogrande; B: Porce; C: Segovia; D: Acacias; sp:
spermateca, va: vagina. Bar = 1 mm
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observed that, among the B®mphalariaspecies stud- (Par4, Brazil) an8. kuhniana(2) B. straminedSao Paulo,
ied, the most closely related group was that forme.by Brazil) andB. intermedia Only after the analysis of the
stramineaBrazil), B. kuhniangDominica, Colombia and three DNA regions was it possible to observe the cluster
Venezuela) anB. intermedigParaguay). However, theseof a single group. These auth@geculate about a pos-
authors remark that when the region 16S was separatsiiple hybridization among these species, which could ex-
analyzed, two groups were then formed:B1¥traminea plain the close relationship among them. It is also impor-
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Fig. 5: silver-stained 6% polyacrylamide gels showing restriction fragment length polymorphism profiles obtained aften difjés¢io

rDNA internal transcribed spacer witbdel enzyme.Biomphalaria peregrina Lanes: 1 - Alfenas (Minas Gerais, Brazil); 2 - Taim (Rio
Grande do Sul, Brazil. intermedia 3 - Pindorama (S&o Paulo, Brazil); 4 - ltapagipe (Minas Gerais, BrBzi§traminea5 - Picos (Piaui,

Brazil); 6 - Floriandpolis (Santa Catarina, BrazB®; kuhniana7, 8 - Tucurui (Para, Brazil); 9, 10 - Villa de Cura (Aragua, Venezuela); 11-

13 - Segovia (Antioquia, Colombia); 14-16 - Porce (Antioquia, Colombia); 17-19 - Acacias (Meta, Colombia); 20-22 - Llanogrande
(Antioquia, Colombia).

1 2 3 4 § 66 7 8 9 10 11 12 13 14 15 15 17

Fig. 6: silver-stained 6% polyacrylamide gels showing the restriction fragment length polymorphism profiles obtained g dhgesti
rDNA internal transcribed spacer witbdel enzyme.Biomphalaria amazonica Lanes: 1-5 - Benjamim Constant (Amazonas, Brazil); 6-

8 - Bardo de Melgago (Mato Grosso, Brazil); 9-11 - Manaus (Amazonas, Brazil); 12-15 - Colombian Amazon (Amazonas, Colembia); 16
17 - Manaus (Amazonas, Brazil).
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tant to remark that for Venezuela, country considered the mansoniRev Inst Med Trop Séo Paul@: 387-390. _
type-locality ofB. stramineasuch species appear not td’eJong RJ, Morgan JA, Paraense WL, Pointier JP, Amarista
exist anymore, as recently reported by Caldeira et al. (2000), M. Ayeh-Kumi PF, Babiker A, Barbosa CS, Bremond P,
perhaps suggesting a misclassi-fication of the species, Xarnecsfﬁi%PNdeK:Vfl’;ﬁg $Pkg;'g‘v'vnegléelz< Sii(gillg Sl:_,vgﬂgcr)rez
(Izlrjhyrﬁtér?aprogresswe substitutionBf stramine&or B. NJS. Mimpfoundi R, Njiokou F. Noel Poda J, Sene M.

. e .. Velasquez LE, Yong M, Adema CM, Hofkin BV, Mkoji
Therefore, the correct identification of these snails is gy quker ES 2001.gEvqutionary relationships and biojge-

of great importance since it allows the detection of spe- ography ofBiomphalaria(Gastropoda: Planorbidae) with
cies in areas of schistosomiasis transmission, as well asimplications regarding its role as host of the human
in areas free of the disease, which might become schisto- bloodfluke,Schistosoma mansomol Biol Evol 18 2225-
somiasis foci, owing to the presence of natural or experi- 2239.

mentally susceptible species. Thus, the methodology Ueslandes N 1951. Técnica de dissecacdo e exame de pla-
ing PCR-RFLP proved to be effective for the characteriza- horbideosRev Serv Esp Salde P4kB71-382.

tion of ColombiarBiomphalariasnails since it was able Dorval MEC, Silva RP 199®iomphalaria amazonicRaraense,

: : s P 1966 in the State of Mato Grosso do Sul, Brazil (Mollusca,
to confirm the classical morphologic identification. Pulmonata, Planorbidadylem Inst Oswaldo Cruz 8517-
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