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Abstract

Introduction: Leishmaniasis is a complex vector-borne infectious diseases caused by protozoan parasites in the genus Leishmania
and spread by hematophagous phlebotomine sand flies (Diptera: Psychodidae, Phlebotominae). The aim of this study was to
investigate the phlebotomine fauna, endophily and exophily of the species found, and possible influence of climatic factors on
their populations. Methods: The study was conducted in the Xakriaba Indigenous Reserve (XIR) in the municipality of Sao Jodo
das Missoes in northern Minas Gerais state, Brazil. Insects were collected over three consecutive nights in the last week of each
month for 12 months from July 2015 to May 2016 from four houses in four different villages. Two traps were set up in each
house: one in the intra-domicile and another in the peri-domicile. Results: A total of 2,012 phlebotomine sand fly specimens
representing 23 species and belonging to 10 different genera were captured and identified. Among the studied villages, Riacho
do Brejo showed the highest density and diversity of phlebotomine sand flies. The species Lutzomyia longipalpis (80.3%) and
Nyssomyia intermedia (7.3%), which are major vectors of visceral and cutaneous leishmaniasis, respectively, had the highest
population densities, both in the intra- and peri-domicile. No correlation was observed between climatic factors and the density
of phlebotomine sand flies. Conclusions: The results of the present study may contribute to a better understanding and targeting
of the measures for preventing and controlling leishmaniasis by the authorities responsible for indigenous health.
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INTRODUCTION diversity and can present as diverse clinical forms that depend
on the Leishmania species and host immune response?. The two
basic clinical forms of human leishmaniasis manifestations are
visceral leishmaniasis (VL) and cutaneous leishmaniasis (CL)**.

Leishmaniasis is a complex infectious disease caused by
protozoan parasites in the genus Leishmania Ross, 1903, and
transmitted by hematophagous phlebotomine dipterans in the
family Psychodidae, subfamily Phlebotominae', commonly
known as sand flies. In the Americas, the transmission cycle
of leishmaniasis is zoonotic; therefore, an animal reservoir is
required to complete the life cycle and survive in the environment.
Leishmaniasis has a broad clinic spectrum and epidemiologic

Leishmaniasis is considered as a significant public health
problem, as it has a broad geographic distribution and is
considered to be part of the group of neglected tropical diseases.
It is strongly associated with poverty, prevalent in tropical arcas
where it coexists with other neglected tropical diseases, and has
low visibility in the rest of the world; therefore, the pharmaceutical
industry has not shown strong interest in developing and
improving products for leishmaniasis treatment and prevention®.
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of VL (AM Rocha: unpublished data) have been reported since
2001. In the XIR, a neglected population exists in an endemic
leishmaniasis area and there is little relevant information
regarding the epidemiologic chain of these diseases; therefore,
this study was conducted to assess various entomological aspects
of leishmaniasis epidemiology in the XIR.

METHODS

Study Area

The XIR is in the municipality of Sdo Jodo das Missdes
(latitude, 14° 88’ 51 S; longitude, 44° 07° 73 W) in the
northern region of Minas Gerais state (Figure 1). It is in the
upper middle zone of Sdo Francisco, a microregion of the
Peruagu Valley, and borders the municipalities of Miravania,
Manga, and Itacarambi®. The XIR is organized into 32 villages
which are distributed into five health base poles and has a
population of 7,760, with more than 50% of people under the
age of 24 years’. Because it is in the northern region of MG,
transitional vegetation is observed between the savanna and
Caatinga, with denser forest zones closer to the water sources
and a semi-arid climate with long periods of drought.

Selection of sampled villages and residences

Three villages selected for the study (Riacho do Brejo: 14°
81764 S, 44° 19’ 95” W, Brejo do Mata Fome: 14° 84’ 16

S, 44° 20’ 67 W, and Prata: 14° 83”42” S, 44° 16’ 38” W),
which have an average altitude of 633.25 m, have reported
cases of autochthonous canine visceral leishmaniasis, while
the other village (Riachinho: 14° 88’ 44” S, 44° 20° 46” W)
had no case records from the combination of serological results
obtained by enzyme-linked immunosorbent assay and indirect
immunofluorescence (AM Rocha: unpublished data). For insect
capture, residences recognized as favorable to the vector and
with the following environmental characteristics were selected:
a) presence of organic matter such as decomposed dry leaves and
animal feces, b) occurrence of areas with high humidity because
of the presence of trees, c) presence of animal enclosures
(e.g., chicken coop or pigsty) close to human habitation, and d)
considerable shade from fruit trees®’.

Phlebotomine sand fly capture

Centers for Disease Control (CDC) light traps were used
to capture the insects with the goal of obtaining the greatest
possible diversity of sand flies. Capture was conducted over
three consecutive nights during the last week of each month for
12 months (June 2015 to May 2016). Pairs of traps were set in
each house, with one inside and one outside (close to the animal
enclosures, fruit trees, and accumulation of organic matter), and
were operated from 18:00 to 6:00. Following the capture period,
the support with a screen carrying the entomological material

Districts

2 - Manga

7 - Januaria

1 - Matias Cardoso

3 - Miravania

4 - Sdo Jodo das Missdes
5 - Itacarambi

6 - Conego Marinho

(km)

|j State of Minas Gerais
. North of Minas Gerais
Xakriaba Indigenous Reserve

Source: Adaptation from IBGE (2018).

FIGURE 1: Geographic location of the Xakriaba Indigenous Reserve.
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was uncoupled from the traps and placed inside plastic bags
containing chloroform for 20 min to kill the insects. They were
then sorted under magnifying glasses to remove any insects not
relevant to the study. Both males and females insects were stored
in hemolysis tubes containing 70% ethanol and transported to
the Leishmaniasis Laboratory of the René Rachou Institute,
where they were prepared and assembled between glass slides
and coverslips for taxonomic identification.

Sand fly preparation for internal and
external examination

Preparation of the captured sand flies was carried out
according to Langeron’s protocol'® with some modifications.
Initially, the sand flies were submerged in 10% potassium
hydroxide solution for 2-3 h in a Petri dish and identified.
Next, the sand flies were placed in 10% acetic acid for 20 min
and washed by soaking in distilled water three times for 15 min
each time. The sand flies were removed from the distilled water
and immersed in lactophenol for 24 h and then assembled on
a microscope slide in Berlese Liquid. This procedure enabled
examination of the internal and external taxonomic structures
of the flies with an optical microscope (Axe scope, Zeiss,
Oberkochen, Germany).

Sand flies assembled on the microscope slides were
identified according to the classification proposed by Galati'' and
compared with reference materials deposited in the Collection
of Phlebotomine Sand flies of the René Rachou Institute. The
microscope slides were properly labeled with the species name,
capture date, gender, capture locality, and trap number. Various
genera and subgenera of sand flies have the same initial letter;
therefore, to avoid confusion, the abbreviations proposed by
Marcondes'? were used.

Climatic data

Climatic data for the study area, including temperature (°C),
relative air humidity (%), and rainfall (mm), were obtained
monthly during the study period from the National Institute
of Meteorology website. The data were collected from the
automatic weather station of Mocambinho, located in the
municipality of Itacarambi, MG (latitude 15° 08” 61” S and
longitude 44° 01° 61 W), approximately 30 km from the XIR.

Statistical analysis

Data were organized in Microsoft Excel® (Office 2003,
Microsoft, Seattle, WA, USA) spreadsheets and statistical
analysis was performed with SPSS software version 22 (SPSS,
Inc., Chicago, IL, USA). When necessary, the results were log-
transformed to achieve a normal distribution. Statistical analysis
was performed for species present in samples with diversities
higher than 5% of the total sand flies captured. An unpaired
Student’s #-test was used to compare the mean values of the
sand fly population densities according to gender and intra- or
peri-domicile behavior. The means in different villages were
compared by analysis of variance (ANOVA), followed by post-
hoc analysis using a Student’s #-test to compare adjacent means.
Relationships between climatic variables (mean temperature,
mean rainfall, and mean relative air humidity) and mean monthly

population density of the sand flies were determined using the
Pearson correlation test. Differences were considered significant
when the p value was < 0.05.

RESULTS

During the 12-month study period, the phlebotomine
fauna comprised 2,012 specimens, representing 23 species
belonging to 10 genera, and are presented in Table 1. Lutzomyia
longipalpis appeared most frequently (1,615 specimens),
corresponding to 80.3% of the sand flies collected, as shown
in Table 1, followed by Nyssomyia intermedia accounting for
7.3% of flies. Two other species of medical importance were
found, Migonemyia migonei and Pintomyia pessoai, but at low
abundances 0f 0.55% (11 specimens) and 0.05% (one specimen),
respectively, among the total phlebotomine population density.
In general, the number of females (779) was lower than the
number of males (1,234), with a male/female ratio 1.58.
In Student’s -test, no significant difference (p = 0.09) was
observed between the population density of collected males
(0.32 £ 0.03) and females (0.26 = 0.02).

For Lu. longipalpis, the ratio male/female was 2.31, with a
significant difference between males (0.30 + 0.03) and females
(0.20+0.02) (p=10.0056). As in Lu. longipalpis, Ny. intermedia
showed a significant difference (p = 0.01) in gender (males:
0.02+0.01 and females: 0.05 +0.01), but females predominated
the gender ratio (male/female) by 0.16.

Regarding sand fly behavior, 975 (48.5%) individuals
were captured outside of the houses and 1036 (51.5%) were
captured inside the houses, with no significant difference
(p = 0.33) between the means of the population density of
the intra-domicile (0.31 + 0.03) and peri-domicile behaviors
(0.27 = 0.03) (Figure 2A). A similar condition was observed
for Lu. longipalpis (p = 0.16) for intra-domicile (0.27 = 0.03)
and peri-domicile behaviors (0.22 + 0.02) (Figure 2B). For
Ny. intermedia, a significant difference was observed (p =0.03)
in intra-domicile (0.02 + 0.01) and peri-domicile behaviors
(0.05+0.01) (Figure 2D).

Examination of the population density of sand flies among
villages revealed significant differences (p <0.0001) by variance
analysis. Student’s #-test for multiple comparisons showed a
significantly higher sand fly density in Riacho do Brejo village,
followed by Prata village, and the villages, Brejo do Mata Fome
and Riachinho, which showed similar results (Figure 3A). For
Lu. longipalpis, Riacho do Brejo village showed the highest
population density, while Brejo do Mata Fome village showed
the lowest density (Figure 3B). No differences were observed
between the Riachinho and Prata villages. The population
density of Ny. intermedia showed a heterogeneous distribution
between villages (p <0.0001). The villages Brejo do Mata Fome
and Riacho do Brejo showed similar population densities which
were higher than those in other areas (Prata and Riachinho)
(Figure 3C).

Climatic data obtained from the National Institute of
Meteorology indicated that during the 12-month study period
(June 2015-May 2016), the annual averages of temperature,
relative humidity, and rainfall were 26.14+2.12°C, 57.11£9.35%,
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TABLE 1: Phlebotomine sand fly fauna collected with light traps (CDC) by gender in Brejo do Mata Fome, Prata, Riachinho, and Riacho do Brejo villages

in the Indigenous Land Xakriaba from June 2015 to May 2016.

Species Males Females % Total %
Brumptomyia avellari 2 100.00 0 0.00 2 0.10
Brumptomyia brumpti 1 100.00 0 0.00 1 0.05
Cortelezzii complex 0 0.00 41 100.00 41 2.04
Evandromyia cortelezzii 2 100.00 0 0.00 2 0.10
Evandromyia evandroi 2 33.30 4 66.70 6 0.30
Evandromyia lenti 30 54.50 25 45.50 55 2.73
Evandromyia sallesi 9 100.00 0 0.00 9 0.45
Evandromyia termitophila 0 0.00 1 100.00 1 0.05
Lutzomyia ischnacantha 9 52.90 8 47.10 17 0.84
Lutzomyia longipalpis* 1.127 69.80 488 30.20 1.615 80.27
Lutzomyia renei 6 22.20 21 77.80 27 1.34
Martinsmyia minasensis 0 0.00 1 100.00 1 0.05
Micropygomyia capixaba 0 0.00 5 100.00 5 0.25
Micropygomyia goiana 8 30.80 18 69.20 26 1.29
Micropygomyia oswaldoi 1 50.00 1 50.00 2 0.10
Micropygomyia peresi 6 54.50 5 45.50 1" 0.55
Micropygomyia quinquefer 3 11.50 23 88.50 26 1.29
Migonemyia migonei* 6 54.50 5 45.50 1" 0.55
Nyssomyia intermedia* 20 13.60 127 86.40 147 7.31
Pintomyia misionensis. 1 50.00 1 50.00 2 0.10
Pintomyia pessoai 1 100.00 0 0.00 1 0.05
Psathyromyia bigeniculata 1 100.00 0 0.00 1 0.05
Psathyromyia shannoni 0 0.00 1 100.00 1 0.05
Sciopemyia sordellii 0 0.00 2 100.00 2 0.10
Total 1.234 61.30 779 38.70 2.012 100.00

*species of medical importance.

and 43.6 + 110.2 mm, respectively. Analysis of the total
population density captured monthly in relation to the monthly
climatic data revealed no variation in the study period for
temperature and relative air humidity. However, increased
sand fly density was observed 1-2 months after an increase
in precipitation (Figure 4). Notably, the average precipitation
during the studied period (43.6 mm) was similar to the annual
average of the three previous years (41.3, 47.5, and 39.2 mm
in 2012, 2013, and 2014, respectively).

DISCUSSION

The phlebotomine sand fly fauna found in Riacho do
Brejo, Riachinho, Prata and Brejo do Mata Fome villages in
the XIR demonstrated high levels of diversity, with 23 species
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collected, which belong to 10 genera. The species Ev. sallesi
and Ev. cortelezzii were identified through the male sand flies.
The females were identified as part of the cortelezzii complex,
due to the morphological similarity between the species'®. The
number of species collected corresponded to 23.7% in a total
of 97 species of sand flies already recorded in Minas Gerais'*!".
Among the species collected, four were medically important,
and vectors of leishmaniasis: Lu. longipalpis, Ny. intermedia,
Mg. migonei. The species Lu. longipalpis transmits VL and the
other species transmit CL.

The species showing the highest population density during
the studied period was Lu. longipalpis, totaling 80.2% of the
samples, which has also been found in many endemic areas of
visceral leishmaniasis in Brazil'®?¢. This species was followed
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FIGURE 2: Relationship between population density and behavior (intra-
and peri-domicile) (A), Lu. longipalpis (B), Ny. intermedia (C) captured with
light traps (CDC) in Brejo do Mata Fome, Prata, Riachinho, and Riacho do
Brejo villages located in the Xakriaba Indigenous Reserve from June 2015
to May 2016 (p = 0.33; p = 0.16; p = 0.03 — Unpaired Student’s t-test).

FIGURE 3: Relationship between phlebotomine sand fly population densities
(A), Lu. longipalpis (B), Ny. intermedia (C) captured with light traps (CDC) in
Brejo do Mata Fome, Prata, Riachinho, and Riacho do Brejo villages located
in the Xakriaba Indigenous Reserve from June 2015 to May 2016 (p < 0.0001;
p < 0.0001; p < 0.0001; one-way ANOVA).
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FIGURE 4: Population density of phlebotomine sand flies captured monthly with light traps (CDC) and mean of the monthly climatic variable of rainfall in
Brejo do Mata Fome, Prata, Riachinho, and Riacho do Brejo villages located in the Xakriaba Indigenous Reserve from June 2015 to May 2016.

by Ny. intermedia with a density of 7.3%. The other species of
medical importance, Mg. migonei and Pi. pessoai, presented
very low population densities with values of only 0.55%
(11 specimens) and 0.05% (one specimen), respectively.

Rego et al.?’ studied the same XIR but different villages and
ecotopes (trails in the woods) and captured 8,046 specimens of
sand flies from 11 different genera and 28 species. Comparison
of the fauna collected by Rego et al.”” with those identified in
the present study showed that species such as Lu. cavernicola
and Ev. spelunca, among others, observed in this previous study
were not collected in the present study; other species such as
Mi. oswaldoi, Pa. bigeniculata, and Pa. shannoni were found in the
present study but not in the previous study. Other differences in the
faunal diversity in this study compared to the one by Rego et al.”’
include the presence of Pi. pessoai and the absence of Nyssomyia
whitmani, which are both vectors of CL. Notably, only a few
specimens of Pi. pessoai and Ny. whitmani were identified. These
results were expected, possibly because of the different location of
the villages and ecotopes, as the present study was carried out in the
peri-domicile and intra-domicile, while Rego et al.”” focused on peri-
domiciles and trails where rocky outcrops areas with craters in the
soil exist, propitious to shelter some phlebotomine sand fly species.

Female sand flies act as agents that transmit leishmaniasis
through their hematophagous feeding habits; although we
captured a lower number of females than males in this study, a
significant difference between the population density was not
observed. A significant predominance of males, however, was
observed for Lu. longipalpis, with a ratio of 2.3 (M/F). In fact,
the predominance of males of Lu. longipalpis in the field was
consistent with those reported previously!”#2720282930 i contrast,
Rego et al.” found a larger number of female sand flies than
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males in Imbaubas village with a ratio of 2.13 females/males.
The highest proportion of males captured with CDC light traps,
particularly for Lu. longipalpis, can be explained by the natural
behavior of males that accompany females during their movements
to ensure fertilization. However, this result was not observed
for Ny. intermedia and a higher density of females was found
compared to males, which has also been observed previously?’!32,

As observed in the present study, the species most commonly
sampled in the peri-domicile were Lu. longipalpis (51.08%)
and Ny. intermedia (31.79%), in contrast to the results found
by Rego et al.?’. Interestingly, the density and diversity of the
total sand fly faunas between peri- and intra-domicile areas
were equivalent, supporting previous observations by Resende
et al.?. However, previous studies reported a higher density
in the peri-domicile**?*3. The population density was also
equivalent between the intra- and peri-domicile, specifically
for Lu. longipalpis. Additionally, the population density of
Ny. intermedia was higher on the peri-domicile, which agrees
with some previous studies’'*2,

These results suggest the endophilic behavior of the vectors
and emphasize the probability of leishmaniasis transmission in
the intra-domicile environment' 2242, Thus, sand fly species
with the greatest epidemiological importance for leishmaniasis
persistence in the XIR are Lu. longipalpis and Ny. intermedia,
as they have a high vectorial capacity and anthropophilia®*-3¢,
Additionally, they showed high densities in both intra- and
peri-domicile areas.

The variability in sand fly diversity and population density
observed in the different villages may be associated with
environmental differences. Compared to other villages evaluated
in the study, Riacho do Brejo showed a greater variety of animal
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enclosures, such as pens for chickens, pigs, and dogs, as well as fruit
trees such as banana and guava trees, providing excellent conditions
for phlebotomine reproduction and population growth?*, Brejo
do Mata Fome was much more artificially modified and showed
the lowest population density and lowest sand fly faunal diversity,
corroborating the previous results of Feitosa et al.*.

The interference of climatic factors with the sand fly
population has been studied previously. Variables such as
temperature, humidity, and rainfall were found to influence sand
fly populations in different manners depending on the region.
Rutledge & Ellenwood* suggest that sand fly seasonality is
related to rainfall distribution patterns, which modify breeding
site conditions in the soil. These insects are typically found at high
densities during warm and humid months*'** or in drier months, as
observed by Zelédon, Murrillo, and Gutierrez* in an area of Costa
Rica and Galati et al.* in Mato Grosso do Sul state, Brazil. Barata
et al.?! showed that in Porteirinha, MG, a municipality relatively
close to that in the current study, climatic factors interfered with
the population density of sand flies, particularly the factors of
rainfall and humidity, but not temperature. Similar results were
observed previously?***47, However, in the present study the sand
fly density tended to increase after rainy periods, particularly after
March and April 2015 and January 2016, when higher peaks of
rainfall occurred and there was a consequent increase in sand fly
abundance in subsequent months; this tendency was also observed
in previous studies®® 2647,

Although the correlation between abundance and climatic
variables is crucial for understanding the risk dynamics in each
locality, the biological plasticity of a species and different biotic
and abiotic factors also explain the different results obtained in
different geographic areas*. As the eco-epidemiological profile
of VL and CL is complex and shows specific characteristics in
each transmission area, the entomological results presented in
this study improve the understanding and targeting of prevention
and control measures that can be applied in the peri- and intra-
domicile of the XIR villages by the responsible authorities.

Acknowledgments: We thank the residents of Xakriaba Indigenous Reserve,
Minas Gerais, and Espirito Santo Special Indigenous Health District (DSEI-MG/
ES), particularly the server Jeova Vitor dos Santos, Epidemiology Laboratory of
the Universidade Federal de Ouro Preto (LEPI) and research group Taxonomy
of Phlebotomines/Leishmaniasis Epidemiology, Diagnosis and Control of the
René Rachou Institute — Fiocruz Minas (IRR). We also thank Mr. Gabriel L. F.
Dias for creating the Xakriaba Indigenous Reserve map.

Conflict of interests: The authors declare that there is no conflict of interest.

Financial Support: National Council for Scientific and Technological
Development - CNPq.

REFERENCES

1. World Health Organization (WHO). Control of the leishmaniasis:
report of a meeting of the WHO Expert Committee on the Control of
Leishmaniases. Geneva: WHO; 2010 March. 186p; Report No.: 949.

2. Pan American Health Organization (PAHO). Leishmaniases:
Epidemiological Report of the Americas. Pan American Health
Organization; 2013 Apr. 4p; Report No.:1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Grimaldi Jr G, Tesh Rb. Leishmaniases of the New World:
Current concepts and implications for future research. Clin
Microbiol. 1993;6(3):230-50.

Desjeux P. Leishmaniasis: current situation and new perspectives.
Comp. Immunol. Microbiol. Infect. Dis. 2004;27(5):305-18.

Régo FD, Rugani JMN, Simabukuro PHF, Tonelli GB, Quaresma PF,
Gontijo CMF. Melecular detection of Leishmania in Phlebotomine
sand flies (Diptera:Psychodidae) from a cutaneous leishmaniasis
focus at Xakriaba Indigenous Reserve, Brazil. PLoS One. 2015;10(4).

World Health Organization (WHO). First WHO report on neglected
tropical diseases: working to overcome the global impact of
neglected tropical diseases. Geneve: World Health Organization;
2010 Feb. 140p; Report No.: WHO/HTM/NTD/2010.1

Instituto Brasileiro de Geografia e Estatistica (IBGE). Censo
Demografico 2010 - Caracteristicas gerais dos indigenas: Resultados
do universo. 2010.

Vianna EN, Morais MH, Almeida AS, Sabroza PC, Reis IA, Dias
ES, et al. Abundance of Lutzomyia longipalpis in urban households
as risk factor of transmission of visceral leishmaniasis. Mem Inst
Oswaldo Cruz. 2016;111(5):302-10.

Dias ES, Regina-Silva S, Franga-Silva JC, Paz GF, Michalsky EM,
Araujo SC, et al. Ecoepidemiology of visceral leishmaniasis in the
urban area of Paracatu, state of Minas Gerais, Brazil. Vet Parasitol.
2011;176(2-3):101-11.

Langeron M. 1949. Précis de microscopie. Masson et Cie, Libraires
de L'Académie de Medicine, Saint-Germain, Paris, 1949.

Galati EA. Classificagao de Phlebotominae. In: Rangel EF, Lainson
R. editors. Flebotomineos do Brasil. 1th ed. Rio de Janeiro: Editora
Fiocruz; 2003. p. 23-51.

Marcondes CB. A proposal of generic and subgeneric abbreviations
for phlebotomine sand flies (Diptera: Psychodidae: Phlebotominae)
of the world. Entomol News. Sep 2007;118(4):351-56.

Galati EA, Nunes VL, Oshiro ET, Rego Jr FA. Nova espécie
de Phlebotominae, Lutzomyia corumbaensis, sp. n. (Diptera,
Psychodidae) do complexo Lutzomyia cortelezzii. Rev Bras
Entomol. 1989;33:765-475.

Andrade AJ, Dantas-Torres F. Phlebotomine sand flies (Diptera:
Psychodidae) of the state of Minas Gerais, Brazil. Neotrop Entomol.
2010;39(1):115-23.

Carvalho GM, Brazil RP, Sanguinette CC, Filho JD. Description of
Evandromyia spelunca, anew phlebotomine species of the cortelezzii
complex from a cave in Minas Gerais state, Brazil (Diptera:
Psychodidae: Phlebotominae). Parasit Vectors. 2011;4(1):158.

Barata R A, Serra e Meira PC, Carvalho GM. Lutzomyia
diamantinensis sp. nov., a new phlebotomine species (Diptera:
Psychodidae) from a quartzite cave in Diamantina, state of Minas
Gerais, Brazil. Mem Inst Osw Cruz. 2012;107(8):1006-10.

Andrade AJ, Galati EA. A New Species of Evandromyia (Diptera:
Psychodidae: Phlebotominae) From Minas Gerais State, Brazil. J
Med Entomol. 2012;49(3):445-50.

Queiroz MF, Varjao JR, Moraes SC, Salcedo GE. Analysis of sand
flies (Diptera:Psychodidae) em Barra do Gargas, State of Mato
Grosso, Brazil and the influence of environmental variables on the
vector density of Lutzomyia longipalpis (Lutz & Neiva, 1912). Rev
Soc Bras Med Trop. 2012;45(3):313-7.

Michalsky EM, Fortes-Dias CL, Franga-SilvaJC,RochaMF, BarataR A,
Dias ES. Association of Lutzomyia longipalpis (Diptera: Psychodidae)
population density with climate variables in Montes Claros, an area
of American visceral leishmaniasis transmission in the state of Minas
Gerais, Brazil. Mem Inst Oswaldo Cruz. 2009;104(8):1191-3.

7/8



Costa AT et al. - Ecology of phlebotomine sand flies in Xakriaba

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

8/8

Souza CM, Pessanha JE, Barata RA, Monteiro EM, Costa DC, Dias
ES. Study on phlebotomine sand fly (Diptera: Psychodidae) fauna
in Belo Horizonte, state of Minas Gerais, Brazil. Mem Inst Oswaldo
Cruz. 2004;99(8):795-803.

Barata RA, Silva JC, Costa RT, Fortes-Dias CL, Silva JC, Paula EV,
et al. Phlebotomine sand flies in Porteirinha, an area of American
visceral leishmaniasis transmission in the State of Minas Gerais,
Brazil. Mem Inst Oswaldo Cruz. 2004;99(5):481-7.

Barata RA, Franga-Silva JC, Mayrink W, Silva JC, Prata A, Lorosa
ES, et al. Aspects of the ecology and behaviour of phlebotomines in
endemic area for visceral leishmaniasis in State of Minas Gerais.
Rev Soc Bras Med Trop. 2005;38(5):421-5.

Francga-Silva JC, Barata RA, Costa RT, Monteiro EM, Machado-
Coelho GL, Vieira EP, et al. Importance of Lutzomyia longipalpis
in the dynamics of transmission of canine visceral leishmaniasis in
the endemic area of Porteirinha Municipality, Minas Gerais, Brazil.
Vet Parasitol. 2005;10;131(3-4):213-20.

Monteiro EM, da Silva JC, da Costa RT, Costa DC, Barata RA, de
Paula EV, et al. Visceral leishmaniasis: a study on phlebotomine
sand flies and canine infection in Montes Claros, State of Minas
Gerais. Rev Soc Bras Med Trop. 2005;38(2):147-52.

Missawa NA, Dias ES. Phlebotomine sand flies (Diptera:
Psychodidae) in the municipality of Varzea Grande: an area of
transmission of visceral leishmaniasis in the state of Mato Grosso,
Brazil. Mem Inst Oswaldo Cruz. 2007;102(8):913-8.

Dias ES, Franca-Silva JC, da Silva JC, Monteiro EM, de Paula
KM, Gongalves CM, et al. Sand flies (Diptera: Psychodidae) in an
outbreak of cutaneous leishmaniasis in the State of Minas Gerais.
Rev Soc Bras Med Trop. 2007;40(1):49-52.

Régo FD, Shimabukuro PH, Quaresma PF, Coelho IR, Tonelli GB,
Silva KM, et al. Ecological aspects of the Phlebotominae fauna
(Diptera: Psychodidae) in the Xakriaba Indigenous Reserve, Brazil.
Parasit Vectors. 2014;7:220.

de Oliveira AG, Andrade Filho JD, Falcdo AL, Brazil RP. Study of
sand flies (Diptera, Psychodidae, Phlebotominae) in the urban area
of Campo Grande, Mato Grosso do Sul State, Brazil, from 1999 to
2000. Cad Saude Publica. 2003;19(4):933-44.

Resende MC, Camargo MC, Vieira JR, Nobi RC, Porto MN,
Oliveira CD, et al. Seasonal variation of Lutzomyia longipalpis in
Belo Horizonte, State of Minas Gerais. Rev Soc Bras Med Trop.
2006;39(1):51-5.

de Almeida PS, Nascimento JC, Ferreira AD; Minzao LD, Portes
F, de Miranda AM, et al. Species of phlebotomines (Diptera,
Psychodidae) collected in urban municipalities with transmission
of visceral leishmaniasis in Mato Grosso do Sul State, Brazil. Rev
Bras entomol. 2012;54(2):304-10.

Domingos Mde F, Carreri-Bruno GC, Ciaravolo Rde M, Galati EA,
Wanderley DM, Corréa FM. American tegumentary leishmaniasis:
Phlebotominae in an area of disease transmission, the city of Pedro
de Toledo, southern region of the state of Sao Paulo, Brazil. Rev Soc
Bras Med Trop. 1998;31(5):425-32.

Rangel EF, Azevedo AC, Andrade CA, Souza NA, Wermelinger
ED. Studies on sand fly fauna (Diptera: Psychodidae) in a foci of
cutaneous leishmaniasis in mesquita, Rio de Janeiro State, Brazil.
Mem Inst Oswaldo Cruz. 1990;85(1):39-45.

Souza NA, Andrade-Coelho CA, Vilela ML, Peixoto AA, Rangel
EF. Seasonality of Lutzomyia intermedia and Lutzomyia whitmani
(Diptera: Psychodidae: Phlebotominae), occurring sympatrically
in area of cutaneous leishmaniasis in the State of Rio de Janeiro,
Brazil. Mem Inst Oswaldo Cruz. 2002;97(6):759-65.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Killick-Kendrick R. The life-cycle of Leishmania in the sand fly
with special reference to the form infective to the vertebrate host.
Ann Parasitol Hum Comp. 1990;65.

Lainson R, Rangel EF. Lutzomyia longipalpis and the eco-
epidemiology of American visceral leishmaniasis, with
particular reference to Brazil: a review. Mem Inst Oswaldo Cruz.
2005;100(8):811-27.

Rangel EF, Souza NA, Wermelinger ED, Azevedo AC, Barbosa AF,
Andrade CA. Phlebotomus of Vargem Grande, a focus of cutaneous
leishmaniasis in the State of Rio de Janeiro. Mem Inst Oswaldo
Cruz. 1986;81(3):347-9.

Borges BK, Silva JA, Haddad JP, Moreira EC, Magalhaes DF,
Ribeiro LM, et al. Animal presence and the risk for transmission of
visceral leishmaniasis in Belo Horizonte, Brazil. Arq. Bras. Med.
Vet. Zootec. 2009;61(5)1035-43.

Forattini OP. Nota sobre criadouros naturais de flebotomos em
dependéncias peri-domiciliares, no Estado de Sdo Paulo. Arquivos
da Faculdade de Higiene e Saude Publica da Universidade de Sao
Paulo, 1953;7(2):157-68.

Feitosa MA, Julido GR, Costa MD, Belém B, Pessoa FA. Diversity
of sand flies in domiciliary environment of Santarém, state of Para,
Brazil: species composition and abundance patterns in rural and
urban areas. Acta Amaz. 2012;42(4):507-514.

Rutledge LC, Ellenwood DA. Production of plebotomine sand flies
on the open forest floor in Panama: The Species. Environmental
Entomology 1975;4:71-77.

de Aguiar GM, Soucasaux T. Ecological aspects of phlebotomus of
the Parque Nacional da Serra dos Orgéos, Rio de Janeiro. I. Monthly
frequency in human baits (Diptera, Psychodidae, Phlebotominae).
Mem Inst Oswaldo Cruz. 1984;79(2):197-209.

Gomes Ade C, Galati EA. Ecologic aspects of American tegumentary
leishmaniasis. 5. Stratification of the spatial and seasonal activities
of Phlebotominae (Diptera, Psychodidae) in areas of agricultural
culture of the Vale do Ribeira region, State of Sdo Paulo, Brazil.
Mem Inst Oswaldo Cruz. 1987;82(4):467-73.

Gomes Ade C, Rabello EX, Santos JL, Galati EA. Ecological
aspects of American cutaneous leishmaniasis. I. Experimental
study of the frequency of Phlebotomus in artificial ecotopes with
special reference to Psychodopygus intermedius. Rev Saude
Publica. 1980;14(4):540-56.

Salomoén OD, Rossi GC, Cousiio B, Spinelli GR, Rojas de Arias A,
Lopez del Puerto DG, et al. Phlebotominae sand flies in Paraguay:
abundance distribution in the Southeastern region. Mem Inst
Oswaldo Cruz. 2003;98(2):185-90.

Zeledén R, Murillo J, Gutierrez H. Ecology of Lutzomyia
longipalpis (Lutz & Neiva, 1912) and possibilities of the existence
of visceral leishmaniasis in Costa Rica. Mem Inst Oswaldo Cruz.
1984;79(4):455-9.

Galati EA, Nunes VL, Dorval ME, Oshiro ET, Cristaldo G, Espindola
MA, et al. Study of the phlebotomines (Diptera, Psychodidae), in
area of cutaneous leishmaniasis in the State of Mato Grosso do Sul,
Brazil. Rev Saude Publica. 1996;30(2):115-28.

Michalsky EM, Fortes-Dias CL, Franga-SilvaJC,RochaMF, BarataR A,
Dias ES. Association of Lutzomyia longipalpis (Diptera: Psychodidae)
population density with climate variables in Montes Claros, an area
of American visceral leishmaniasis transmission in the state of Minas
Gerais, Brazil. Mem Inst Oswaldo Cruz. 2009;104(8):1191-3.

Salomoén OD, Feliciangeli MD, Quintana MG, Afonso MM, Rangel
EF. Lutzomyia longipalpis urbanization and control. Mem Inst
Oswaldo Cruz. 2015;110(7):831-46.

OPEN ACCESS
https://creativecommons.org/licenses/by/4.0/



