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ABSTRACT

The purpose of this work was to verify the occureenf Leishmania in naturally infected sandfliebeTinsects
were collected with Falcdo, Shannon and HP lighiss, in Doutor Camargo and Maringa municipalitiestiveen
November 2004 and October 2005. Of the 11,033 Besdfollected in Doutor Camargo, 2,133 surviviegniles
were dissected, particularly those of the Nyssonmgavai species (86.87%). In Maringa, 136 sandflesre
collected, of which 79 N. whitmani females and gdviemyia migonei female were dissected. The désétiects
were identified and stored in the pools of 10 gpecis. The PCR was carried out on 1,190 females néiMai and
190 of N. whitmani from Doutor Camargo, and on 30 M whitmani from Maring4, using the primers
MP1L/MP3H. The natural infection by Leishmania andflies was not confirmed by either of the methaoskd.
The results suggested the low natural infectioe 1@t sandflies by Leishmania in these areas, camating other
studies carried out in endemic areas of ACL.
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INTRODUCTION leishmaniasis has increased in Latin America,
particularly in Brazil (Armijos et al., 1997, King et
Leishmaniasis are diseases transmitted by tr., 2004; Ministério da Salde, 2005). In Brazil,
vectors and present a high degree of th852,059 cases of the American cutaneous
complexity in terms of ecology and epidemiologyleishmaniasis (ACL) were reported between 1980
(WHO, 2005). It is estimated that there are 12nd 2003, of which 12,304 (2.2%) occurred in the
million people infected around the world, with Southern region, with 12,220 (99.3%) of them in
approximately 600,000 new cases notified per yedhe Parana State (Lima et al., 2002; Ministério da
(WHO, 2005). The majority (90%) of the cases ofSaude, 2005).
the cutaneous leishmaniasis occur in the Middi&tudies carried out in the north of Parana showed
East (Iran, Saudi Arabia, Syria, Afghanistan) andhat the speciesMigonemyia migonei(Franca),
in South America (Bolivia, Peru and Brazil) Nyssomyia whitmani(Antunes and Coutinho),
(WHO, 2005). In the last 20 years, the cutaneouBintomyia pessoai (Coutinho and Barretto),
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Pintomyia fischeri(Pinto) andNyssomyia neivai aimed at verifying the occurrence of the sandflies
(Pinto) were always present and could be ohaturally infected byLeishmaniaby means of
importance in the epidemiology of ACL dissection and polymerase chain reaction (PCR).
(Membrive et al., 2004; Teodoro et al., 2001a;

2003a; 2003b; 2004). In the Americas, the

transmission cycle ofeishmaniainvolves only a MATERIALS AND METHODS

few of the approximately 460 species of the

sandfly existing in the region (Aguiar and Areas of study

Medeiros, 2003). The detection and identificatiorThe study was carried out in Doutor Camargo and
of the species ofeishmaniain naturally infected Maringa municipalities, both in the Central North
sandflies are important for the prevention of theMesoregion of the Parand. Recanto Marista is
disease in the endemic areas (Kato et al., 2009pcated in the municipality of Doutor Camargo
The infection rate in the naturally infected vectorg52°13’ West and 23°33’ South), on the banks of
in the endemic areas and the correct identificatiothe Ivai river in an area of 41 hectares of greatly
of the etiologic agent are of great importance inaltered residual forest. The Parque do Ing4, located
the epidemiology of the leishmaniasis (Michalskyin the urban area of Maringa municipality (51°25'
et al., 2002). Luz et al., (2002) confirmed, for thewest and 23°25’ South), is a 47.4-hectares area of
first time, the infection ofN. whitmaniby Le. preserved pristine forest. In these two areas where
braziliensisin the State of Parana, showing thethe research project was carried out, the forests are
necessity of new studies to detect the naturdf transitional type from the dense tropical to the
infection in other species of the sandfly that mighkubtropical, with the presence of some deciduous
be involved in the epidemiology of the ACL in thespecies and mild droughts occurring during the
state. winter. In these municipalities, the annual average
In the last ten years, the molecular techniques haygecipitation is 1,700 mm. The driest months are
been used in the detection and identification oflune, July, August and the rainiest are December,
Leishmaniain the culture, biopsy, scrapes, bloodJanuary and February.

and sandflies (Michalsky et al., 2002). However,

the most frequently used method of verifying theSandfly collection

infection in the sandflies by the flagellates is than Doutor Camargo, the collections were carried
observation of the content of the digestive tract oput in December 2004, January, February, March,
the insect by dissection (Michalsky et al., 2002)May, June, July, August, September and October
After isolation, the parasite is inoculated into the2005 in the peridomicile, interior of the forest and
hamsters oin vitro in the culture medium for the in the hen houses from 8 p.m. to midnight, giving
identification of the species. a total of 304 hours of collection. In Maringd, the
In Recanto Marista, Doutor Camargo municipality.collections were carried out in November and
where 10 human cases of ACL were registered iDecember 2004, and August 2005 at the edge of
1996, diverse measures for the control of thehe forest near wild animal shelters from 7 p.m. to
sandfly population have been carried out withi1 p.m. to a total of 40 hours of collection. The
some success (Teodoro et al, 200la; 2003&jollections were carried out with Falcdo, Shannon
However, the sandfly population continues to beand HP light-traps (Pugedo et al., 2005).

dense specially in the hen houses, constructed

deliberately to attract them, thus preventing direcbhissection and identification

contact with the inhabitants of the area (Teodoro ethe insects were dissected at the place of the
al., 2001a; 2003a). In Parque do Inga, Maringgapture or in the Laboratory of Entomology of the
municipality, the infection of two night wardens Department of Clinical Analysis of Maringa State
was confirmed. The areas mentioned host som@niversity. The dissection for the observation of
species of the wild mammals, potential reservoirshe natural infection by eishmaniawas carried

of Leishmania making the existence of an out by the technique used by Lainson (1997), with
enzootic cycle of eishmaniapossibleN. neivaiis  some modifications. The females were dissected
dominant in Recanto Marista amdl whitmaniin  under a stereoscope, using the minute needles on
Parque do Inga. In these localities the populatiothe slides washed with 2% sodium hypochlorite
of these species has been increasing (Teodoro &id disinfected with 70% alcohol. Two drops of
al., 2001a; 2003a; 2003b). Therefore, this studyhe saline (0.9%) were placed on each slide: the
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legs and wings of the female were removed in on6AA CGG GGT TTC TGT ATG C — 3") primers
of the drops and the dissection was carried out iwere used, as described by Lopez et al., (1993),
the other by making two incisions in the distalwhich amplified a fragment of 70 bp of the
portion of the abdomen and, with zigzagminicircle region present in the kDNA of members
movements, the digestive tract removed, the wholef the Leishmania (Viannia)subgenus. The
being covered with a cover-slip and examinedeaction mixture (28L) was prepared containing
under optical microscope (400 x) for thethe final concentration of uM of each primer
identification of the species of the sandfly and th€Invitrogen®), 0.2 mM dNTP (Invitrogen®), 2U
search for the flagellates. The female sandfliesf Tag DNA Polymerase (Invitrogen®), 3 mM of
were identified by the observation of themgcCl, enzyme buffer and HIL of DNA. The
spermathecae, palps and other morphologic®NA amplification was performed in a
characters. The dissection for verification of therhermocycler Personal Cycler (Biometra) using
infection was only carried out on live femalesjnitial heating of 95°C for 5 minutes. Later, thirty
because of the difficulty of performing the cycles were carried out, each of them divided into
procedure after the sandfly was dead for a longhree stages: denaturation (95°C — 1.5 minutes),
time. The insects dissected were conserved in thgynealing (56°C — 1.5 minutes) and
tubes containing the absolute alcohol (Cabrera @folymerization (72°C - 2 minutes). Then, the
al., 2002). Each tube contained 10 digestive tractpnaterial was maintained at 72°C for 10 minutes
The nomenclature of the sandfly species followednd the amplified product was stored at 4°C until

Galati (2003). its analysis. The amplified products were analyzed
) by the electrophoresis in 3% agarose gel stained
DNA extraction with ethidium bromite 0.Jug/mL at 100 V during

The alcohol in the tubes was evaporated in a dryg minutes. Negative and positive controls were
bath (BIOPLUS 1T-2002) at 95°C and theyseq at all the stages of the amplification. The
extraction of the DNA was carried out byproducts of the amplification were visualized
guanidine-phenol  method  (Chomczynski ancEnd(—:‘r the ultraviolet light in a transilluminator
Sacchi, 1987), modified as follows: 3@ of  (Macrovue UV-20 Hoefer).

isothiocyanate of guanidine-phenol solution was

added to the sandfly pools, which wereassay of sensitivity

homogenized for 1 minute and then HQ of  The males were grouped into tubes (containing 10
chloroform were added with gentle shaking. Aftersandflies each), to which different amounts
centrifugation at 9,200g for 10 minutes, the(zo,ooo, 2,000, 200, 20 and 2) loé. braziliensis
supernatant was transferred to another tubgromastigotes, cultivated in 199 medium and
containing 30QuL of the absolute ethanol, which washed in PBS, were added.

was shaken for 1 minute and centrifuged at 9,200g

for 15 minutes. The sediment was then washed

with 300 pL of the absolute ethanol with RESULTS

centrifugation at 9,200g for 10 minutes. The

supernatant was discarded and the sediment waiable 1 showed that from the Recanto Marista,
dried in a dry bath at 95°C. The DNA sediment11,033 sandflies (7,959 females and 3,074 males),
was hydrated in 5@ of TE buffer (Tris-base representing the following five species, were
10mM, pH 8.0; NgEDTA-H,O 1mM, pH 8.0), collected:N. neivaj N. whitmanj P. fischerj M.
incubated in a tube homogenizer for 6 hours ahnigonej P. pessoai Evandromyia cortelezzii
room temperature and stored at 4°C until use. FgBréthes) andPintomyia monticolaCosta Lima).
each of the 22 samples submitted to DNAThe predominant species wele neivaj with
extraction, 1 negative control (male sandfly) and B,926 specimens (80.90%), aNd whitmanj with
positive control (female sandfly ke. braziliensis 2,044 (18.52%). The other species represented less

promastigotes) were used. than 1%. In Parque do Inga, 136 sandflies (81
females and 55 males) were collected, belonging
Polymerase chain reaction to the specie®N. whitmaniand M. migonej with

For the DNA amplification, MP1L (5" - TAC TCC the former predominating (98.75%). From the total
CCG ACA TGC CTC TG — 3") and MP3H (5" - of 2,133 dissected females, 1,853 whkeneivaj
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265 N. whitmanj 9 P. fischerj 5 P. pessoaand 1 20 parasites per sandfly (Fig. 1A). It was carried
E. cortelezzii(Table 2). Of the dissected females,out on 1,190 females df.. neivaiand 190 ofN.
624 (29.25%) were collected in the hen houses. whitmanij collected in the Recanto Marista and 30
Parque do Ing4, 80 females were dissected, @males ofN. whitmanj collected from the Parque
being N. whitmaniand 1M. migonei(Table 2). do Inga. The female sandflies submitted to the
The natural infection by.eishmaniawas not seen PCR did not reveal the presence of the DNA of
in any of the dissected females. any member of theLeishmania (Viannia)
The PCR (extraction by guanidine-phenol andubgenus (Fig. 1B).

amplification with primers MP1L/MP3H) detected

Table 1 - Sandflies caught from the Doutor Camargo (RexaMfarista) and Maringa (Parque do Inga)
municipalities.

Recanto Marista Parque do Inga

Species Female Male Total Female Male Total
Nyssomyia neivai 6,386 2,540 8,926 0 0 0
Nyssomyia whitmani 1,542 502 2,044 80 52 132
Pintomyia fischeri 17 21 38 0 0 0
Pintomyia pessoai 8 3 11 0 0 0
Migonemyia migonei 4 8 12 1 3 4
Pintomyia monticola 1 0 1 0 0 0
Evandromyia cortelezzii 1 0 1 0 0 0
Total 7,959 3,074 11,033 81 55 136

Table 2 - Female sandflies dissected to verify the naturtdction by Leishmaniafrom the Doutor Camargo
(Recanto Marista) and Maring& (Pargue do Inga) oipaiities.

Species Recanto Marista Parque do Inga

N % N %
Nyssomyia neivai 1,853 86.87 0 0
Nyssomyia whitmani 265 12.42 79 98.75
Pintomyia fischeri 9 0.42 0 0
Pintomyia pessoai 5 0.23 0 0
Migonemyia migonei 0 0 1 1.25
Evandromyia cortelezzii 1 0.05 0 0
Total 2,133 100.00 80 100.00
DISCUSSION Michalsky et al., (2002), who detected the

presence of one and ten parasites per sandfly,
The species collected from the Recanto Maristeespectively. These results were similar to those
and Parque do Inga have been previouslfound in this study, employing the extraction by
described in these locations (Teodoro et al., 2001&e guanidine-phenol and amplification with the
2003b). The predominant species in Recantprimers MP1L/MP3H, which detected 20 parasites
Marista wasN. neivai (80.90%), followed byN. per sandfly. The lower sensitivity observed could
whitmani (18.52%), while in Parque do Ingk, be attributed to possible interference due to the
whitmani predominated (98.75%). No sandfly contents of the insects’ digestive tracts, an
specimen was found to be infectedlsishmania  observation previously made by Aransay et al.,
either on the dissection or PCR at the location§2000).
studied. The PCR is a highly sensitive technique,
confirmed by Pita-Pereira et al.,, (2005) and
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In spite of the fact that the ACL is endemic in1999). The PCR has been widely used in the study
Parana State, the investigation of the sandflgf the natural and experimental sandfly infection,
infection rate in the state has been neglected. Thesing various primers (Pérez et al., 1994;
first isolation and identification dfe. braziliensis Rodriguez et al., 1999; Aransay et al., 2000;
in sandflies was carried out by Luz et al., (2002)Michalsky et al., 2002; Miranda et al., 2002; Pita-
in the city of Cambira in the north of Parana, whdPereira et al., 2005; Kato et al., 2005; Jorquera et
found 3 (0.18%)N. whitmanifemales naturally al., 2005). According to Arevalo et al., (1993), the
infected byLe. braziliensisout of a total of 1,612 primers MP1L and MP3H, which amplify a
female sandflies dissected. The low infection ratéragment of 70 bp of kKDNA from parasites of the
was attributed to the low parasite pressure. It ikeishmania (Vianniasubgenus, as well as being
important to remember that in Parana State, theery sensitive, have been successfully tested for
parasites isolated in the majority of cases ofhe diagnosis and detection of sandflies naturally
human and canine ACL have been identifietleas infected with promastigotes.

braziliensis(Lonardoni et al., 1993; Silveira et al.,

20,000 parasites
| 2,000 parasites
200 parasites

20 parasites
2 parasites

- Negative control
Positive control

1 2 3 4 5 6 7

Figure 1 - Representative gel showing a 70 bp fragment of kHENA minicircle region of
Leishmania (Viannia)subgenus, amplified by polymerase chain reactisimgu MP1L/MP3H
primers.

A - Polymerase chain reaction sensibility using DNArasted by the guanidine isothiocyanate-
phenol method and using MP1L/MP3H primers. Différsoncentrations dfeishmania (Viannia)
braziliensiswere added to the sandfly pools, the DNA was ete¢thand used as target DNA. M,
Molecular weight standard.

B - Lanes 1, 2, 3 and 4, negative sample sandfly péete 5, negative control (PCR reaction
mixture); lane 6, positive control of extractiomnk 7, positive control [DNA extracted from
Leishmania (Viannia) braziliensgromastigotes]. M, Molecular weight standard.

Numerous studies carried out in Brazil have showm the specimens dfl. whitmaniinfected with the

the difficulties involved in detectingeishmanian  promastigote forms in the State of Mato Grosso do
naturally infected sandflies. Queiroz et al., (1994)Sul. Although the isolation and characterization of
in the State of Ceara, reported a natural infectiothe parasite was not possible, the presence of the
rate of 0.42% (44/10,612) ®f. whitmani(1.13%), parasite in the hindgut and midgut suggested the
M. migonei (0.30%), Psychodopygus wellcomei infection byLe. braziliensis Silva and Griinewald
(0.06%) and Psathyromyia shannoni (0.16%). (1999), in the State of Rio Grande do Sul, found 3
Galati et al., (1996), reported only 0.15% (1/680females naturally infected withLeishmania
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(Viannia) 2 specimens oP. pessoaiand 1 of Naturally infected sandflies have also been found
Pintomyia misionensijs among 920 sandflies in other South American countries. In Ecuador,
dissected. Feitosa and Castellon (2004), in thBuruya et al.,, (1998) found.e. equatorensis
State of Amazonas, found no natural infection irpromastigotes in 6 of 61 dissected female
375 dissected females of 12 sandfly species, ttepecimens ofLutzomyia hartmanni Again in
majority of which wereNyssomyia umbratilisiln  Ecuador, Kato et al., (2005) found Lutzomyia
the State of Sdo Paulo, Silva and Gomes (200hByacuchensisfemales infected bye. mexicana
found no natural infection by the flagellates inout of the 143 dissected and detected 6 infected
5,448 dissected females, the majority (97.1%) ofemales among 183 by the PCR. In Peru, Pérez et
which wereNyssomyia intermedjaonfirming the al., (1994) grouped 5,861 recently fed females into
natural tendency of a low rate of the infection for713 pools, of which 8 (0.14%) were infected by
this species, despite the simultaneous report afeishmania spp. The infected species were
high sandfly densities and outbreaks of the ACL. Pintomyia verrucarum(6 pools) andLutzomyia
While the dissections carried out bin intermedia peruensig2 pools). In Venezuela, Jorquera et al.,
by Silva and Gomes (2001) did not fulfill one of (2005), using multiplex PCR, found 8 out of 51
the requirements for the vectorial incriminationsandfly pools (of 2 to 12 females) infected by
(transmission from the vector to a hamster)Leishmania spp., estimating that 1.5% of
proposed by Killick-Kendrick and Ward (1981), Pintomyia ovallesi and 0.64% of Lutzomyia
the experimental infections of this sandflygomezi were infected. Again in Venezuela,
demonstrated its susceptibility tee. braziliensis Rodriguez et al.,, (1999), of a total of 2,700
strains and their localization in the digestive tractdissected females, found 65 infected by the
This fact, together with the epidemiology of theflagellates and isolatedle. braziliensisfrom 2
ACL, suggested that the sandflies of ttNe specimens of L. gomezi and 3 from
intermedias.|. complex could play an important Psychodopygus panamensis
role in the epidemiology of leishmaniasis. It isStudies of Leishmaniaisolation from the wild
worth noting that theN. intermedia complex mammals have shown that the infection rates vary
consists of the speci® intermedias. str.andN. greatly (Lainson et al.,, 1981; Alexander et al.,
neivai(Marcondes, 1996). 1998; Brandao-Filho et al., 2003; De Castro et al.,
Freitas et al., (2002), in the State of Amapa, foun@005; Loyola et al., 1988), which, together with
60 females naturally infected by the flagellatesthe low infection rate of sandflies, hinder the
compatible with Le. guyanensjs among 511 enzootic cycle of the various species of
dissected sandflies of the speciék: umbratilis Leishmaniaand their transmission to humans.
(56/211), N. whitmani (1/6), Lutzomyia Considering the facts thaN. neivai was the
spathotrichia(1/3) andPsathyromyia dendrophyla predominant species of sandfly in the Recanto
(2/14). In the State of Bahia, Miranda et al., (2002Marista, where autochthonous cases of the ACL
found 30 pools (of 10 to 20 females) infected byhad occurred, the role of this species in the
Le. braziliensisamong 335 sandflies, concluding Leishmania transmission could not be
that if in each positive pool one sandfly wasunderestimated, in spite of none infected female
infected, 0.4% of all the insects were infected. Th&vas found among 1,853 dissected. In such quantity
most frequent species found by Miranda et alof the dissected insects, at least one infected
(2002) were N. whitmani (92.8%) and N. female (0.02%) would have been expected
intermedia(6.9%). considering the lower infection rate reported by
In Adriandpolis municipality, in Parana State, DeQueiroz et al., (2002), who detected 0.06% of
Castro et al.,, (2005) detected no infection bynfected P. wellcomeifemales among the 5,278
Leishmania in 2,559 dissected females d. dissected.
intermedia (2,530), M. migonei (11), P. fischeri The absence of the natural infection in the sandfly
(15) and N. whitmani (3). Pita-Pereira et al., species dissected in this study could be partially
(2005) in the State of Rio de Janeiro analyzed 46xplained by the dissection of the nulliparous
pools of the females by the multiplex PCR andemales, low number of the natural reservoirs of
hybridization and foundLe. braziliensisin N. Leishmaniaand by the fact some of the collections
intermedia (5/32) and M. migonei (3/5), were carried out close to the hen houses that were
concluding that 2% of the insects were infected. constructed to act as zooprophylatic barriers in the
Recanto Marista (Teodoro et al., 2003a).
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According to Alexander et al., (2002), an existingrealizados em areas endémicas de LTA, inclusive
infection might be eliminated when the sandfliesno Parana.

took a second blood meal from the chickens. The

dissection of the female sandflies collected in the
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