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First description of Leishmania (Viannia) infection  
in Evandromyia saulensis, Pressatia sp. and Trichophoromyia auraensis 

(Psychodidae: Phlebotominae) in a transmission area of cutaneous 
leishmaniasis in Acre state, Amazon Basin, Brazil
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Studies on the sandfly fauna to evaluate natural infection indexes are still limited in the Brazilian Amazon, 
a region with an increasing incidence of cutaneous leishmaniasis. Here, by using a multiplex polymerase chain 
reaction directed to Leishmania kDNA and hybridisation, we were able to identify L. (Viannia) subgenus in 12 
out of 173 sandflies captured in the municipality of Rio Branco, Acre state, revealing a positivity of 6.94%. By se-
quencing the Leishmania 234 bp-hsp70 amplified products from positive samples, infection by L. (V.) braziliensis 
was confirmed in five sandflies: one Evandromyia saulensis, three Trichophoromyia auraensis and one Pressatia 
sp. The finding of L. (Viannia) DNA in two Ev. saulensis corresponds to the first record of possible infection as-
sociated with this sandfly. Moreover, our study reveals for the first time in Brazil, Th. auraensis and Pressatia sp. 
infected by L. (Viannia) parasites.
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American cutaneous leishmaniasis (ACL), charac-
terised by single or multiple skin lesions, has been re-
corded in all Brazilian states and is undergoing territo-
rial expansion, revealing changes in its epidemiological 
profile (MS/SVS 2010). In Brazil, the disease is caused 
by seven Leishmania species with a significant diversity 
of parasites found in the Amazon Basin (Ready 2013). 
Except in primary forests in North Brazil and the Ama-
zon Region, Leishmania (Viannia) braziliensis (Vianna 
1911) is the primary widespread etiologic agent of ACL 
in the country (Rangel & Lainson 2009). In an epide-
miological context, Amazon has been identified as a 
circuit involving rural and occupational variables par-
ticularly associated with the destruction of forests. As a 
result, this region is undergoing rapid changes in envi-
ronmental conditions that directly impact the population 
of sandfly vectors and therefore disease transmission. 
Knowledge of the geographical distribution of phleboto-
mine sandflies responsible for ACL transmission is still 
scarce for some regions, such as in Acre state, where 
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the disease is endemic (Martins & Silva 1964, Arias et 
al. 1984, Silva-Nunes et al. 2008). Approximately 3,538 
cases were reported between 2010 and 2013 in Acre, be-
ing 918 notifications registered only in the Rio Branco 
municipality and without records of visceral manifesta-
tion of the disease in the state (SINAN 2015). Regard-
ing the sandfly fauna, 73 species were identified in the 
municipalities of Bujari, Xapuri, Rio Branco and Assis 
Brasil (Azevedo et al. 2008, Teles et al. 2013, Araujo-
Pereira et al. 2014). Of these, ten species were recog-
nised as Leishmania vectors, suggesting the existence 
of three transmission cycles in Acre: L. (V.) braziliensis 
by Nyssomyia whitmani (Antunes & Coutinho 1939), L. 
(V.) lainsoni (Silveira, Shaw, Braga & Ishikawa 1987) 
by Trichophoromyia ubiquitalis (Mangabeira 1942) and 
the transmission of L. (V.) guyanensis (Floch 1954) by 
Nyssomyia umbratilis (Ward & Fraiha 1977) (Azevedo 
et al. 2008). Vector surveillance investigations are often 
focused on studying the distribution of potential vectors 
and the prevalence of Leishmania infection in field-
captured sandflies. These studies are critical to better 
understand the dynamics of disease transmission and to 
identify new parasite-vector associations.

Here we evaluate the rates of infection by Leishma-
nia spp. in non-blood-fed female sandflies captured in 
Rio Branco municipality, Acre state, from April 2011 
to April 2012, using five HP light traps (Pugedo et al. 
2005) per night during fifteen nights (Araujo-Pereira 
et al. 2014). Collection points were distributed in for-
ested areas impacted by the presence of man, around 
residences or in the Municipal Park and inside chicken 
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enclosures in the peridomicile. Three areas with two col-
lecting points each were considered strategic for regular 
captures in Rio Branco, representing sites with the oc-
currence of human ACL cases in the neighboring popu-
lation. The study area and sandflies capture were pre-
viously described (Araujo-Pereira et al. 2014) (Figure). 
Four hundred and fifty six sandflies were collected (256 
females and 200 males), individually mounted on glass 
slides and taxonomically identified into 23 species fol-
lowing the classification proposed by Galati (2003) with 
the generic abbreviations of Marcondes (2007). Taking 
into account the presence of blood in the gut contents 
of 83 insect females, a sampling consisting of 173 non-
blood-fed specimens were individually analysed for the 
presence of Leishmania DNA. Genetic material was ex-
tracted from each sandfly and submitted to a multiplex 
polymerase chain reaction (PCR) directed to Leishma-
nia kDNA (Passos et al. 1996) and to the IVS6 region of 
the cacophony gene in neotropical sandflies (Lins et al. 
2002). The amplified products underwent dot blot hy-
bridisation with a L. (Viannia) biotinylated probe (Pita-

Pereira et al. 2005) (Suppl. data, Fig. 1). Negative (male 
insects) and positive (infected Lutzomyia longipalpis 
(Lutz & Neiva 1912) females fed on rabbit blood contain-
ing 2 × 105 L. braziliensis/mL) controls were included. 
In two out of 173 samples, Leishmania kDNA product 
(120 bp) was visualised on stained agarose gel. Follow-
ing hybridisation, the sensitivity increased and ten other 
samples revealed positive signals, beyond confirming 
the presence of L. (Viannia) DNA in both sandflies pre-
viously detected by gel electrophoresis (Suppl. data, Fig. 
1). Thus, 12 out of 173 sandflies were positive, resulting 
in a detection rate of 6.94% for the finding of parasite 
DNA. The two positive samples first detected by PCR 
and agarose gel were related to forest area in the Bosque 
district (Figure - Area II), and corresponded to Th. au-
raensis (Mangabeira 1942) and Pressatia sp. (Manga-
beira 1942). For the ten positive samples identified after 
hybridisation, two corresponded to Evandromyia sau-
lensis (Floch & Abonnenc 1944) captured in the forest 
area of Chico Mendes Municipal Park (Figure - Area I). 
The remaining eight samples were identified as Th. au-
raensis from forest area of Bosque district (Area II). We 
did not find positive insects in the Moreno Maia settle-
ment (Figure - Area III). All positive sandflies were col-
lected in both periods of capture (April - rainy season, and 
October - dry season) with higher prevalence in October.

DNA samples from the 12 positive female sandflies 
were submitted to parasite species identification by am-
plifying the hsp70 Leishmania target, followed by clon-
ing and sequencing the 234 bp fragments (da Graça et 
al. 2012). This specific region of the hsp70 gene was 
confirmed to be a valid target for the diagnosis of ACL 
in humans with the capacity to distinguish among all 
species causing the disease in Brazil, after performing 
PCR-RFLP or sequencing (da Graça et al. 2012). At least 
three colonies for each positive insect sample were ran-
domly picked up and sequenced. Consensus sequences 
were edited using the software package Phred/Phrap/
Consed Version: 0.020425.c (University of Washington, 
Seattle, WA, USA) and those with Phred values above 
20 were used as contigs, further assembled and aligned 
in the MEGA5 software (Tamura et al. 2007). Species 
identification was held through similarity analysis with 
the BLAST algorithm (Zang et al. 2000) by comparing 
with available sequences on GenBank. Since there is a 
remarkable number of accessible hsp70 sequences for dif-
ferent Leishmania species and strains, such an approach 
allows the highest hit, i.e., E-value and identity, to reliably 
type a query’s species. Additionally, preliminary analysis 
of a large panel of hsp70 (173 sequences) obtained from 
representative strains of different species of Leishmania 
circulating in Brazil that broadly covers the L. (Viannia) 
diversity (Leishmania Collection, Oswaldo Cruz Institute/
CLIOC - unpublished data) was used as another source of 
comparison. For this, we performed clustering analysis to 
check similarity between samples.

The results of the 234 bp-hsp70C PCR and sequenc-
ing to identify among L. (Viannia) spp. found in the 
12-sandfly DNA extracts, revealed five of them as L. (V.) 
braziliensis (Suppl. data, Fig. 2), based on highly stable 
polymorphisms presented among L. (V.) braziliensis DNA 

Municipality of Rio Branco, state of Acre, Brazil. Inset shows a satel-
lite image with the distances among the three study areas where sand-
flies were collected (two collecting points were performed in each area; 
not indicated in the image). (1) Area I - Chico Mendes Municipal Park 
(10º02’135’’S, 67º47’716’’W) situated in the Vila Acre district. The 
park occupies an area of 52 ha and is located along the highway AC-040 
and 10 km from the city of Rio Branco. It is considered one of the last 
remaining areas of primary forest with very important representative 
species of fauna and flora. (2) Area II - Bosque district (09º55’802’’S, 
67º51’763’’W) represents an urban area located near the centre of Rio 
Branco, where houses have been constructed very close to the Ama-
zon forest with the presence of domestic and wild animals in peri-
domicile areas. (3) Area III - Moreno Maia settlement (10º10’357’’S, 
67º55’505’’W) is situated along Transacreana Road and represents a 
rural area far away from the centre of Rio Branco, where the few exist-
ing residences are situated near forest with the maintenance of domestic 
animals in the peri-domicile areas. Source: Rio Branco (67º49’52”S and 
9º59’11”W), Google Maps. Image from HM Nogueira Diniz; produc-
tion service and image treatment, IOC, Fiocruz.
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sequences, separating it from other species (da Silva et al. 
2010, da Graça et al. 2012). These samples corresponded 
to Pressatia sp. (the only positive one) and Th. auraensis 
(three out of nine positive) collected in Area II, and Ev. 
saulensis (one out of two positive) from Area I. BLAST 
analysis revealed only one Th. auraensis specimen iden-
tical to L. (V.) braziliensis with 100% identity and E-value 
of 6.00E-75. The other four samples also matched with 
L. braziliensis, although with lower identity values vary-
ing between 95% and 99%, presenting E-values below 
10 (the default threshold) (Suppl. data, Table). The DNA 
fragment used was short (234 bp) but informative to dis-
tinguish between L. (Viannia), regarding the current tax-
onomy for the subgenus, due to polymorphisms detected 
for each species within this fragment (da Silva et al. 2010, 
da Graça et al. 2012). In our study, the inconclusive re-
sults of sequencing the 234 bp-hsp70C fragment in seven 
out of 12 positive sandflies were due to the small DNA 
amount yielded by one single sandfly used for diagno-
sis and further parasite species identification, generating 
low-quality readings (Phred values below 20).

Although the number of trapped specimens was rel-
atively low (456 sandflies in total; 256 females and 200 
males), this Amazon Region presents a large variety 
of species, as observed in other areas of primary forest 
(Bejarano et al. 2002, Azevedo et al. 2008, Teles et al. 
2013). Th. auraensis was the most frequent species col-
lected (243/456 - 53.3%) and nine specimens were find 
harboring parasite kDNA out of the 96 non-fed blood Th. 
auraensis females analysed (9.4%). These results contrast 
with previous work performed in Acre, where this spe-
cies comprised 19% of all captured sandflies (Azevedo et 
al. 2008). Curiously, the same species was also the most 
abundant (63%) in Madre de Dios, an Amazon Region in 
Peru bordering the state of Acre, but the prevalence of in-
fection was lower (estimated to be 0.6% by kDNA-PCR 
performed in sandfly pools) (Valdivia et al. 2012). In the 
study area, authors identified Th. auraensis as a natural 
carrier of L. (V.) lainsoni and L. (V.) braziliensis, using a 
FRET-based real time PCR (Valdivia et al. 2012). Other 
investigation in Puno, Peru, showed that Th. auraensis 
could be anthropophilic (Arístides 1999), although this 
evidence requires confirmation (Fernandez et al. 1998). 
These findings highlight the need to infer the relevance of 
this species in the transmission of ACL in the Neotropics.

The other positive samples for Leishmania DNA 
found in the present study refer to Ev. saulensis (two 
positive out of nine submitted to molecular diagno-
sis - 22.2%) that constituted 3.5% of the total sandfly 
species collected, followed by Pressatia sp. (one posi-
tive out of four analysed - 25%) representing 3.3% of 
all species found in the study area. For the genus Evan-
dromyia (Mangabeira 1941), there have been reports of 
Ev. cortelezzii (Brethes 1923) and Ev. sallesi (Galvão & 
Coutinho, 1940) naturally infected with L. (L.) infantum 
in Minas Gerais, Brazil (Carvalho et al. 2008, Saraiva et 
al. 2009). The complex cortelezzii has also been found 
infected by L. (V.) braziliensis in the municipality of 
Belo Horizonte, Minas Gerais (Saraiva et al. 2010). This 
finding was corroborated by an investigation in Chaco, 
Argentina in an active transmission area of ACL, rein-

forcing the hypothesis that members of the cortelezzii 
complex could act as vectors of Leishmania (Rosa et al. 
2012). However, to date, there have been no reports of 
Ev. saulensis infected by Leishmania spp. This sand-
fly is widely distributed in South and Central America 
and has been frequently reported in Brazil, for instance 
in the Amazon Region (Young & Ducan 1994, Galati 
1995). The identification of only one specimen of Pres-
satia sp. infected in our study corroborates recent re-
port of Leishmania spp. infection in this same sandfly 
captured in a region of Peru bordering the state of Acre 
(Hugo Valdivia, personal communication). Pressatia 
sp., as other sandflies, are too similar to allow species 
discrimination based on morphological characteristics 
and may correspond to subpopulations in the early stag-
es of speciation that have not yet evolved morphologi-
cal differences (Pinto et al. 2015). There have been no 
reports of anthropophily or feeding habits for these two 
sandflies: Ev. saulensis and Pressatia sp.

In general, the finding of L. (Viannia) DNA in two 
Ev. saulensis with the confirmation of L. braziliensis in 
one specimen, as far as we know, corresponds to the first 
record of possible infection associated with this sandfly. 
Moreover, our study reveals for the first time, in Brazil, 
the identification of Th. auraensis and Pressatia sp. in-
fected by L. (Viannia) parasites (where in three out of 
nine positive Th. auraensis and in the only positive Pres-
satia sp. the genetic material was confirmed as L. brazil-
iensis), corroborating previous investigation carried out 
in Peru. The role of these species as vectors of parasites 
responsible for ACL remains to be established for better 
understanding the risk of New World tegumentary leish-
maniasis transmission in the Neotropics.

ACKNOWLEDGEMENTS

To Chico Mendes Municipal Park, for support during 
sandfly collection, the Acre State Department of Health, for 
logistical support and the residents of the study area. We also 
appreciate Dr José D Andrade Filho, for taxonomic assistance 
with the sandflies and the Program for Technological Devel-
opment of Health (PDTIS-Fiocruz), for the use of DNA se-
quencing platform, and the Leishmania collection (CLIOC) 
from the Oswaldo Cruz Institute, for making available the 
panel of sequences of Brazilian Leishmania reference strains.

REFERENCES

Araujo-Pereira T, Fuzari AA, Andrade-Filho JD, Pita-Pereira D, Brit-
to C, Brazil RP. Sandy fly fauna (Diptera: Psychodidae: Phle-
botominae) in an area of leishmaniasis transmission in the mu-
nicipality of Rio Branco, state of Acre, Brazil. Parasit Vectors. 
2014; 7: 360.

Arias JR, de Freitas RA, Barrett TV. A new sand fly in the subgenus 
Nyssomyia (Diptera, Psychodidae) from the Amazon Basin of 
Brazil. Mem Inst Oswaldo Cruz. 1984; 79(3): 325-7.

Arístides H. La leishmaniasis tegumentaria en el Alto Tambopata, 
Departamento de Puno, Peru. Rev Per Med Exp Salud Publica. 
1999; 15(1): 15-24.

Azevedo ACR, Costa SM, Pinto MCG, Souza JL, Cruz HC, Vidal 
J, et al. Studies on the sandfly fauna (Diptera: Psychodidae: 
Phlebotominae) from transmission areas of American cutaneous 
leishmaniasis in state of Acre, Brazil. Mem Inst Oswaldo Cruz. 
2008; 103(8): 760-7.



Leishmania infection in field-sandflies • Thais de Araujo-Pereira et al.78

Bejarano EE, Uribe S, Rojas W, Vélez ID. Phlebotomine sand flies (Dip-
tera: Psychodidae) associated with the appearance of urban Leish-
maniasis in the city of Sincelejo, Colombia. Mem Inst Oswaldo 
Cruz. 2002; 97(5): 645-7.

Carvalho GM, Andrade-Filho JD, Falcão AL, Rocha-Lima AC, Gon-
tijo CM. Naturally infected Lutzomyia sandflies in a Leishma-
nia-endemic area of Brazil. Vector Borne Zoonotic Dis. 2008; 
8(3): 407-14.

da Graça GC, Volpini AC, Romero GAS, de Oliveira Neto MP, Hueb 
M, Porrozzi R, et al. Development and validation of PCR-based 
assays for diagnosis of American cutaneous leishmaniasis and 
identification of the parasite species. Mem Inst Oswaldo Cruz. 
2012; 107(5): 664-74.

da Silva LA, de Sousa CS, da Graça GC, Porrozzi R, Cupolillo E. 
Sequence analysis and PCR-RFLP profiling of the hsp70 gene 
as a valuable tool for identifying Leishmania species associated 
with human leishmaniasis in Brazil. Infect Genet Evol. 2010; 
10(1): 77-83.

Fernandez R, Galati EB, Carbajal F, Wooster MT, Watts DM. Notes 
on the phlebotomine sand flies from the Peruvian southeast - I. 
Description of Lutzomyia (Helcocyrtomyia) adamsi n. sp. (Dip-
tera: Psychodidae). Mem Inst Oswaldo Cruz. 1998; 93(1): 41-4.

Galati EAB. Morfologia e taxonomia: morfologia, terminologia de 
adultos e identificação dos táxons da América. In: Rangel EF, 
Lainson R. Flebotomíneos do Brasil. Rio de Janeiro: Fiocruz; 
2003. p. 53-175.

Galati EAB. Phylogenetic systematics of Phlebotominae (Diptera, 
Psychodidae) with emphasis on American groups. Bol Dir Ma-
lariol Saneam Amb. 1995; 35(1): 133-42.

Lins RM, Oliveira SG, Souza NA, de Queiroz RG, Justiniano SC, 
Ward RD, et al. Molecular evolution of the cacophony IVS6 re-
gion in sandflies. Insect Mol Biol. 2002; 11(2): 117-22.

Marcondes CB. A proposal of generic and subgeneric abbreviations 
for Phlebotomine sandflies (Diptera: Psycodidae: Phlebotomi-
nae) of the world. Entomol News. 2007; 118(4): 351-6.

Martins AV, Silva JE. Notas sobre os flebotomíneos do estado do 
Acre, com a descrição de duas espécies novas (Diptera, Psychodi-
dae). Rev Bras Biol. 1964; 24: 127-38.

MS/SVS - Ministério da Saúde/Secretaria de Vigilância em Saúde. 
Manual de Vigilância da Leishmaniose Tegumentar. Brasília: 
MS; 2010.

Passos VMA, Lasmar EB, Gontijo CMF, Fernandes O, Degrave W. 
Natural infection of a domestic cat (Felis domesticus) with Leish-
mania (Viannia) in the metropolitan region of Belo Horizonte, 
state of Minas Gerais, Brazil. Mem Inst Oswaldo Cruz. 1996; 
91(1): 19-20.

Pinto IS, das Chagas BD, Rodrigues AAF, Ferreira AL, Rezende HR, 
Bruno RV. DNA barcoding of neotropical sand flies (Diptera, 
Psychodidae, Phlebotominae): species identification and discov-
ery within Brazil. PLoS ONE. 2015; 10(10): e0140636.

Pita-Pereira D, Alves CR, Souza MB, Brazil RP, Bertho A, Barbosa A, 
et al. Identification of naturally infected Lutzomyia intermedia and 
Lutzomyia migonei with Leishmania (Viannia) braziliensis in Rio 
de Janeiro (Brazil) revealed by a PCR multiplex non-isotopic hy-
bridization assay. Trans R Soc Trop Med Hyg. 2005; 99(12): 905-13.

Pugedo H, Barata RA, França-Silva JC, Silva JC, Dias ES. HP: um 
modelo aprimorado de armadilha luminosa de sucção para a captu-
ra de pequenos insetos. Rev Soc Bras Med Trop. 2005; 38(1): 70-2.

Rangel EF, Lainson R. Proven and putative vectors of American cuta-
neous leishmaniasis in Brazil: aspects of their biology and vecto-
rial competence. Mem Inst Oswaldo Cruz. 2009; 104(7): 937-54.

Ready PD. Biology of phlebotomine sand flies as vectors of disease 
agents. Ann Rev Entomol. 2013; 58: 227-50.

Rosa J, Pita-Pereira D, Brazil RP, Andrade-Filho JD, Salomón O, Sze-
laga E. Natural infection of cortelezzii complex (Diptera: Psycho-
didae: Phlebotominae) with Leishmania braziliensis in Chaco, 
Argentina. Acta Trop. 2012; 123(2): 128-31.

Saraiva L, Andrade-Filho JD, Silva SO, de Andrade ASR, Melo MN. 
The molecular detection of different Leishmania species within san-
dflies from a cutaneous and visceral leishmaniasis sympatric area in 
Southeastern Brazil. Mem Inst Oswaldo Cruz. 2010; 105(8): 1033-9.

Saraiva L, Carvalho GM, Gontijo CM, Quaresma PF, Lima AC, Fal-
cão AL, et al. Natural infection of Lutzomyia neivai and Lutzom-
yia sallesi (Diptera: Psychodidae) by Leishmania infantum cha-
gasi in Brazil. J Med Entomol. 2009; 46(5): 1159-63.

Silva-Nunes M, Cavasini CE, Silva NS, Galati EAB. Epidemiologia 
da leishmaniose tegumentar e descrição das populações de fle-
botomíneos no município de Acrelândia, Acre, Brasil. Rev Bras 
Epidemiol. 2008; 11(2): 241-51.

SINAN - Sistema de Informação de Agravos de Notificação. Secre-
taria de Vigilância e Saúde. Ministério da Saúde [database on the 
Internet] [cited 2015 Dec 2]. Available from: http://dtr2004.saude.
gov.br/sinanweb/index.php.

Tamura K, Dudley J, Nei M, Kumar S. MEGA4: Molecular Evolution-
ary Genetics Analysis (MEGA) software version 4.0. Mol Biol 
Evol. 2007; 24(8): 1596-9.

Teles CBG, Freitas RA, Oliveira AFJ, Ogawa GM, Araújo EAC, Medei-
ros JF, et al. Description of a new phlebotomine species (Diptera: 
Psychodidae, Phlebotominae) and new records of sand flies from 
the state of Acre, northern Brazil. Zootaxa. 2013; 3609(1): 85-90.

Valdivia HO, de los Santos MB, Fernández RG, Baldeviano C, Zorri-
lla VO, Vera H, et al. Natural Leishmania infection of Lutzomyia 
auraensis in Madre de Dios, Peru, detected by a fluorescence 
resonance energy transfer-based real-time polymerase chain re-
action. Am J Trop Med Hyg. 2012; 87(3): 511-7.

Young DG, Ducan NA. Guide to the identification and geographic 
distribution of Lutzomyia sandflies in Mexico, the West Indies, 
Central and South America (Diptera: Psychodidae). Mem Am 
Entomol Inst. 1994; 54: 1-881.

Zang Z, Schwartz S, Wagner L, Miller W. A greedy algorithm for 
aligning DNA sequences. J Comput Biol. 2000; 7(2): 203-14.


