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From September 1993 to August 2001, 7,190 phlebotomine were collected with CDC light trap in an endemic
area for human leishmaniasis, in the departments of Misiones and Itapua, Paraguay. Eleven species were identified:
Lutzomyia neiva(93.7%) L. whitmani(4.1%), andL. fischeri, L. shannoni, L. migonei, L. misionensis, L. cortelezzii,

L. pessoai, L. alphabetica, Brumptomyia aveltrdB. guimaraesiléss than 1%) The last three species are new
records for the country. The biodiversity and phlebotomine abundance were associated with the proximity to
primary forest or gallery forest, but. neivaiwas also found in peridomestic periurban environmienteivaiwas

found throughout the year, and showed a period of higher activity from September to April (spring to fall) with a
unimodal or bimodal pattern in relation to the annual rainy peaks during the summer. Background literature about
phlebotomine from Paraguay has been reviewed.
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The first reported outbreak of tegumentary leishma- This study is the first report of serial Phlebotominae
niasis in Paraguay was in 1934 due to the Chaco weollections in Paraguay. It was carried out in the depart-
(Gonzalez & Oliveira y Silva 1939, Gonzalez & Arcements of Misiones and Itapla, between 1993 and 2001.
Queirolo 1955b). Boggino and Mass (1945) recorded thierevious and current results are discussed in order to
first autochthonous case of visceral leishmaniasis. Hownderstand sand fly abundance associations, with the
ever, leishmaniasis had been already known in Paragyayrpose of contributing to the future design of surveil-
for many decades (Migone 1913a,b, Gonzalez & Ardance strategies based on entomological data.

Queirolo 1955a)l eishmania (Viannia) braziliensigas MATERIALS AND METHODS
isolated from cutaneous cases, while visceral and scarce ) )
cutaneous diffuse cases were ascribdd {&.) chagasi Phlebotominae were collected at ten sites along the

andL. (L.) amazonensigespectively (Grimaldi Jr et al. Parana river, in the departments qf Misiones (Coratei) and
1989). The incidence of tegumentary leishmaniasis rangé@pua (Ayolas, San Cosme-Damian, Carmen del Parana,
from 110 to 200 cases/year, but 900 to 1,600 cases wé&dditeria, Aguapey, Encarnacion, Bella Vista, Capitan Meza,
reported in 1982, 1985-1987, and 1991 periods (Arias et Mayor Otafio), Paraguay (Fig. 1). Two CDC miniature light
1996). An outbreak of canine visceral leishmaniasis todkaPs were used in parallel per site, both with, (300 ml/
place close to Asuncién, the capital city in 1997 (Samudfd, placed 1.5 m above the ground. Captures were carried
et al. 1997, Canese 2000). Thus, leishmaniasis is an @t monthly during 24 h, from September 1993 to August
creasing pub“c health prob|em in Paraguay. 2001 Epwronmental _characterlstlcs .Of the sites are de-
Phlebotominae sand flies were reported by sporadi¢ribed in the discussion. Phlebotominae were processed
captures mostly in connection with leishmaniasis’ fociand identified according to Young and Duncan (1994) and
Seventeen species were identified, dndzomyia Marcondes (1996). Meteorological data were obtained from
whitmani was found naturally infected by. (v.) EBY Ituzaingo (Argentina). Fisher RF tests were used for
braziliensis(Franga 1920, Duret 1950, Del Ponte 196@tatistical analysis. All statistical tests were considered sig-
Martins et al. 1978, Rojas de Arias & Ayala 1989, Inchausfiificant with 0.01 or less associated probabilities.
et al. 1990, Inchausti & Rojas de Arias 1991, Hashiguchi RESULTS

etal. 1992, Young & Duncan 1994, Galati 2000). . .
g ) Considering 332 days of capture (141 positive) 7,190

specimens were collected (Table I). There were 8 out of
the 17 species previously recorded for Paraguay, besides
L. alphabeticaBrumptomyia avellarandB. guimaraesi,

This work was partially supported by the Entidad Binacionajyhich represent new records for the country (Table II).
Yacireta. The ecological environment of Ayolas, San Cosme-

OD Salomén and GR Spinelli are members of “Carrera dgf,mian “Encarnacion, Quiteria, Mayor Otafio, Capitan
Investigador Cientifico”, Conicet. ! ! ' !
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danielsalomon@hotmail.com phlebotomine abundance was low (82.9% of collections

Received 3 June 2002 with five or less sand flies), so the results of these sites
Accepted 21 November 2002 were grouped (Table I). Encarnacion had a maximum cap-
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Fig.1: Phlebotominae collection sites with CDC light trap from 1993 to 2001, Paraguay.

ture of 16 phlebotomine/day and B4neivaiin the over- were 1.5, 1.5, 0.1 and 0.5, and they were found in 10, 9, 2
all collection. No phlebotomine was obtained at the Carmemd 9 times respectively.
del Paran4 site. L. neivaiwas collected throughout the year, but the
On the other hand, 97.1% of the sand flies were cdlighest captures were obtained between September and
lected at the Coratei, Aguapey and Bella Vista sites. Thebruary. In Coratei and Aguapey a significant peak was
total number of days when traps have been placed didserved in the 1999-2000 season (maximum November).
not differ among the three stations, but the days with o Bella Vista there were two peaks, the 1999-2000 peak
or more sand flies collected were significantly differenfmaximums December and February), but also a higher
between Coratei (33.3%) and Bella Vista (71.4%), whilene during the 2000-2001 season (maximums October and
Aguapey showed an in-between figure (49.2%). February) (Fig. 2)L. neivaihighest collection in a single
The predominant species wameivaiin all the sites capture were 258,666 and 922 sand flies for Coratei,
of capture.L. neivaiWilliams means in the three sitesAguapey and Bella Vista respectively (ratio 1: 2.3: 3.6).
with largest collections were 0.66 in Coratei, 3.59 imeivaicollections from September to February during the
Aguatey and 5.23 in Bella Vista. Howeverneivaife- year with highest peaks were 358, 1,670 and 2,007 sand
male: male sex ratio in Bella Vista and Aguapey rangdhes (ratio 1: 4.7: 5.6). The other species were usually found
from 1.4 to 1.6, significantly different from the 2.1 ratio intogether with_. neivaipeaks.
Coratei. The_ relative abundance_ of species was di_fferent DISCUSSION
among the sites (Table I), neivaiwere collected with ) ] . ) .
other species in Coratei, Aguapey and Bella Vista 4, 3 and Phlebotomine species diversity and relative abun-
19 times respectively. In Bella Vista the lower relative aburflance were similar among the collections in Misiones and
dance obtained in a single capturelfoneivaiwas 72.7%, Itapta, Paraguay, and those reported previously from the
and it was found together with whitmani(23.5%),L. Argentinean side of the common border (Salomodn et al.
fischeri(3.5%) and.. migonei(0.3%). The four species 2002). In the latter, scarce captures.dbngipalpiswere
with the highest captures besidesneivaiconsidering Obtained (Salomén et al. 2001b), whilealphabeticaand
the overall collection weré&. whitmanj L. fischeri,L. L. cortelezzivere collected after the cited report (unpub-
shannoniandL. migonej their female: male sex ratios lished data).
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TABLE |

Phlebotominae species and species relative abundance (%), collected with CDC light trap in Coratei, Aguapey, Bella Vista, and
the remaining capture sites (Others), Paraguay, September 1993-February 2001

Species Coratei (%) Aguapey (%) Bella Vista (%) Others Dtal (%)

L. neivai 470 (97.3) 2527 (99.7) 3541 (89.3) 198 (96.1) 6736 (93.7)
L. pessoai 0 0 8 (0.2) 0 8 (0.1)

L. fischeri 2 (0.5) 0 52 (1.3) 0 54 (0.7)

L. migonei 2(0.5) 0 24 (0.6) 4 (2.0 30 (0.4)
L. shannoni 0 0 32 (0.8) 0 32 (0.4)

L. misionensis 0 0 4 (0.1) 0 4(<0.1)
L. whitmani 2(0.5) 6 (0.2) 287 (7.2) 2(1.0) 297 (4.1)
L. cortelezzii 0 2(<0.1) 2(<0.1) 1(0.5) 5(<0.1)
L. alphabetica 0 0 3(<0.1) 0 3(<0.1)
B. avellari 2 (0.5) 0 0 1(0.5) 3(<0.1)
B. guimaraesi 5(1.3) 0 13 (0.3) 0 18 (0.2)
Total 483(100) 2535 (100) 3966 (100) 206 (100) 7190 (100)

L: LutzomyiaB: Brumptomyia

The Bella Vista capture site was located at the denberein as “others” showed that sand flies might reach
forest near the Parana river, the Coratei site was at mopleridomestic habitats. Thus, the risk of human-
fied vegetation close to residual patches of the Paraplebotomine effective contact is possible even in the
gallery forest, and the Aguapey site was at the residuatinity of cities such as Encarnaciéh. neivai L.
forest, 300 m from a water stream and 30 m from a househitmanj andL. migoneiwere associated with perido-
Therefore, phlebotomine density and collection frequengyestic tegumentary leishmaniasis foci in Argentina
correlated to the density of the vegetation coverage. T(@alomoén et al. 2001a,c-e, 2002).
species diversity was positively associated with the vi- L. neivai seasonal abundance showed activity from
cinity of primary forest, as 10 out of the 11 species identAugust-September to April-March (spring to fall) with a
fied were in Bella Vista. Bella Vista had also the lowest single peak or a bimodal pattern. Consistently,
neivaifemale: male ratio probably due to the closeness ptlebotomine populations usually showed the highest
the resting/breeding places. The low captures obtainddnsity peaks during the warm-humid months, and the
in highly modified environments such as those groupddwest in the cold-dry season, both in Brazil and Argen-
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Fig. 2: Lutzomyia neivaabundance, maxima temperatures (°C) and rainfall (mm) by month during the year 1999 and 2000. Bella Vista,
Iltapla department, Paraguay.
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tina (Aguiar & Soucasaux 1984, Gomes & Galati 198%ured recently during an outbreak of canine visceral leish-
Salomoén et al. 2002), although the density is not alwaysaniasis with Shannon traps during the evening (Samudio
correlated with the rainfall and the temperature (Condiret al. 1997).

etal. 1998). The Bella Vista 2000-2001 peak may be due to The eastern region belongs to the Amazonian domain
the fact that sand flies were collected there during tiidepartaments of ItapUa, Misiones, and Alto Parana) and
winter of year 2000, captures not observed in other sitshowed the greatest phlebotomine biodiversity.

or years. Phlebotomine abundance peaks were assatphabeticaB. avellariandB. guimaraesieported here
ated with rainfall peaks. The 1999-2001 peaks were alace the first records for the country. Between 1984 and
observed in the captures at the Argentinean equivalet85 an outbreak occurred in a recently settled locality
sites, and it was attributed to favorable climatic condi{Tavapy Il) in Alto Parand, three man-hiting sand fly spe-
tions (Salomon et al. 2001b, 2002). cies were identifiedl. intermedia s.1(78.6%) L. migonei

Paraguay is a landlocked country ecologically divide(lL2.8%) and.. whitmani(5.6%) (Rojas de Arias & Ayala
in three main regions: (1) the densely wooded hills of tHE989). Outbreaks of tegumentary leishmaniasis were also
east and the Parana river basin, with over 2,000 mm r&fported in recently settled communities at Limoy, Alto
rainfall per year; (2) the grassy plains, woody patchdZarana (Hashiguchi et al. 1991). At the Argentinean bor-
and marshes of the center and the Paraguay river basier an outbreak was also reported in 1997-1998 (Salomon
with 1600 mm of rainfall per year; (3) the dry forest anét al. 2001d).
thorny scrub of the large arid region of the west (Chaco), L. neivai (L. intermediazomplex) was the prevalent
with less than 800 mm of rainfall per year. Data from thgpecies in all the sites sampled in the departments of Itapta
Chaco region are scarce and in connection with the souttnd MisionesL. intermediacomplex was recently differ-
ern marshes of the Pilcomayo river basin. West to 6 1°L\ntiated in two speciek, intermedia sensu stricandL.

150 cases of tegumentary leishmaniasis were reportechi@ivai (Marcondes 1996, Marcondes et al. 1998, Mar-
1934 during military activities carried out in the woodscondes & Borges 2000). The previous captures are re-
(Cafiada del Carmen) (Gonzélez et al. 1939, GonzéleZf&red here ak. intermedia s.l.although the specimens
Arce Queirolo 1955b). captured in Paraguay could be attributeld.toeivaicon-

The central region involves 20% of the territory andidering the latitude and longitude where they were col-
80% of the country population and the highest number ticted.L. intermedia s.landL. whitmaniwere both in-
leishmaniasis cases. Phlebotominae of this region wemeéminated as vectors af. braziliensis L. whitmaniis
reported in the departments of San Pedro, Guaira, Caazdp&, most important species in residual forests or histori-
Caaguazl and Central (Table Ll).longipalpiswas cap- cal collections within the forest, while the relative abun-

TABLE I
Phlebotominae species by department or region (Chaco) reported in P&aguay
9 S \g >
3 o 8 g 8 g = 3
o = > S S 5 o £ E 3
g 5 & & g 2 2 o € &8
(9] O] @) @) = = < @) < O
Lutzomyia alphabetica X
Lutzomyia aragaoi X
Lutzomyia cortelezzii X X
Lutzomyia fischeri X X X X X
Lutzomyia intermedia sh. X X X X X X X X
Lutzomyia lanei X X
Lutzomyia longipalpis X X X
Lutzomyia longispina X
Lutzomyia lutziana X
Lutzomyia migonei X X X X X X X X
Lutzomyia misionensis X X
Lutzomyia monticola X X
Lutzomyia pessoai X X X X
Lutzomyia sallesi X
Lutzomyia shannoni X X X X X X
Lutzomyia teratodes
Lutzomyia walkeri X X
Lutzomyia whitmani X X X X X X X
Brumptomyia avellari X X
Brumptomyia guimaraesi X X

a: in the literature there are two more species that requires confirmhtitmmmyia correlimai(Galati 2000), and.utzomyia
teratodeq’Young & Duncan 1994): L. intermedia sensu lato/L. neivai

Sources: Duret 1950, Martins et al. 1978, del Ponte 1960, Hashiguchi et al. 1991, 1992, Young & Duncan 1994, this report.
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dance ofL. intermedia s.Iwas higher in peridomestic  Infeccdo natural de flebotomineos em foco enzodtico de

habitats in Brazil, in the state of Rio de Janeiro (Rangel et leishmaniose tegumentar no Estado de Séo PRelode

al. 1984, 1990, Oliveira-Neto et al. 2000, Souza et al. 2001), Satde Publica:$31-433.

in the state of S&o Paulo (Forattini et al. 1972, Gomes et#[an¢a C 1920. Observations sur le genre Phlebotomus. II.

1990, Gomes 1994, Tolezano 1994, Stolf et al. 1993 Pthgb‘;,tomes d%'\‘lfgvea; “{'%”qu(?gigoé‘%?us du Brésil
' . ' P : » et du ParaguaypBull Soc Port Sci Nat: - .

Casanova 2001). and in the state of ,Parana (Teodoro lati EA 2000. Phlebotominae (Diptera, Psychodidae).

Kuhl 1997), and in Argentina (Salomén 2001a-e, 2002). Apostila Curso de Entomologia Médica 2000, S&o Paulo, p.

However, in a eastern primary forest reserve in the state 1.47.

of Parana, Brazil... ayrozaiandL. geniculatawere the  Gomes AC 1994. Sand fly vectorial ecology in the State of Sao

predominant species (Marcondes et al. 2001). On the other Paulo.Mem Inst Oswaldo Cruz 8857-460.

hand,L. whitmaniwas the prevalent species in peridoGomes AC, Coutinho SG, Paim GV, Oliveira SMO, Galati EAB,

mestic habitats of the state of Parana, Br@aik et al. Nunes MP, Capinzaiki AN, Yamamoto YI, Rotter P 1990.

2000), and in human bait collections in Alto Parana de- Aspectos ecol6gicos da leishmaniose tegumentar americana.

partment, Paraguay (Hashiguchi et al. 1992), although in 8- Avaliacdo da atividade enzodticalasshmania (Viannia)

this department, in the Monday river, Rojas de Arias and bra2||||en3|s em ambiente florestal e per'?om'c'“"’.‘{; regiao

Ayala (1989) found a higher proportion lofintermedia do Vale do Ribeira, Estado de Sdo Paulo, Brél Inst

| biting h dweli Med Trop Sdo Paul82: 105-115.
s.l.biting humans near dwellings. Gomes A de C, Galati EAB 1987. Aspectos ecolégicos da

In conclusion, in the Southeastern region of Paraguay |eishmaniose tegumentar americana. 5. Estratificacio da
11 phlebotomine species were identifiedneivaiwas atividade espacial e estacional de phlebotominae (Diptera,
the prevalent species followed hywhitmani The pro- Psychodidae) em areas de cultura agricola da regi&o de Vale
portion of the latter and the size of the overall collections do Ribeira, Estado de S&o Paulo, Brdgdém InstOswaldo
increased in the vicinity of the residual primary forest or Cruz 82 467-473. . o o
the secondary gallery forest. The sand fly population h&gPnzalez G, Arce Queirolo A 1955a. Leishmaniosis . I. Historia
peaks related to the warm-rainy months, when suspected 9€ |2 leishmaniosis en el Paragugv Médica del Para-

vectors of L. braziliensiswere found in peridomestic . 9uay 1 65-68.

. . - . Gonzalez G, Arce Queirolo A 1955b. Leishmaniosis. II. Leish-
habitats and periurban collections. The speme% maniosis cutineo-mucosa y guerra en el BosmeMédica

biodiversity is greater in this region than in other areas of g Paraguay 169-74.

Paraguay. Any surveillance strategy or control design tfonzalez G, Oliveiray Silva M 1939. La leishmaniosis forestal
the area should take into account the different geographi- americana en la guerra del Chaovena Reunién Sociedad

cal lineage of sand fly complexes as thdt.ohtermedia- Argentina de Patologia Regional 259-974.
L. neivai That lineage may have different degrees ddrimaldi Jr G, Tesh RB, McMahon-Pratt D 1989. A review of
peridomestic adaptation, and therefore diffet@ishma- the geographic distribution and epidemiology of leishma-
nia transmission associated risk. niasis in the New WorldAm J Trop Med Hyg-l 687-725.
Hashiguchi Y, Arias O, Maciel D, Mansur J, Furuya M,
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