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Abstract
Background

In Brazil, due to new and complex epidemiologic scenarios, the focal and dynamic transmissions of
American Cutaneous Leishmaniasis (ACL) occur in different patterns, depending on location.  An
important example of this phenomenon is the widespread distribution and various behavior patterns of
Lutzomyia (Nyssomyia) whitmani, a vector that transmits three types of dermatropic leishmaniases:
Leishmania (Viannia) braziliensis, Leishmania (Viannia) shawi and Leishmania (Viannia) guyanensis.
This study aims to correlate different types of Brazilian vegetation with the spatial distribution of L. (N.)
whitmani in the areas representing Spatial Circuits of Production for American Cutaneous Leishmaniasis
(ACL).

Methods

In order to evaluate the ACL vigilance and monitoring model in Brazil, the Ministry of Health has analyzed
the Spatial Circuit of the disease until 2013, currently adopting a classi�cation of ACL transmission in
municipalities that is based on the composite indicator of tegumentary leishmaniasis (ICLT). For this
study, a Geographic Information System (GIS) was used to integrate the layers of L. (N.) whitmani’s
geographic distribution with vegetation cover and Spatial Circuits of ACL in Brazilian municipalities.

Results

Out of the 5570 Brazilian municipalities here analyzed, information on the L. (N.) whitmani was found for
862. The vector occurred in nearly all types of vegetation, with a widespread distribution in: Dense
Ombrophilous Forests, Open Ombrophilous Forests (or transition forests), Seasonal Decidual Forests (or
deciduous woods), Seasonal Semidecidual Forests (semideciduous woods) and Steppe. The vector was
not found in Oligotrophic Woody Vegetation of the Marshes and of Sand Accumulation.

Conclusions

This ample presence of the vector reinforces the hypothesis that L. (N.) whitmani is a notable species,
that can easily adapt to different environments. 

Background
The focal and dynamic transmissions of American Cutaneous Leishmaniasis (ACL) occur in different
ways in different sites, depending on factors related to parasites, vectors, ecosystems, social processes
of production and soil use [1, 2] Considering this, the National Program for American Cutaneous
Leishmaniasis Vigilance analyzes the disease per Spatial Circuits of Production – which are large,
complex and continuous areas, de�ned by a high concentration of cases in a speci�c period, composed
by several poles and, for the most part, encompassing more than one municipality. These circuits result
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from particular, dynamic socio-environmental processes; and they may expand or shrink, depending on
the characteristics of their determinants [1,3].

In this context, the Lutzomyia (Nyssomyia) whitmani is of key importance, for being considered the main
vector of ACL in Brazil, with an ample geographic distribution and a capacity to adapt to different
climates and vegetation types. In Brazil, this vector is associated to three different epidemiologic
patterns: (1) Wild – here, transmission occurs in areas of primary vegetation. In this case, the disease is
characterized as a zoonosis of wild animals, which can affect humans only when they are in contact with
wild environments where the disease is circulating; (2) Occupational and Leisure – this pattern is
associated to the disorderly occupation of forest environments and processes of deforestation; (3) Rural
and peri-urban – in this case, ACL is related to migration processes, where the occupation of hills and
conglomerates in urban centers is associated to secondary or residual vegetation [4,5,6,7,8].

In the North region of Brazil, the L. (N.) whitmani presents a distinct behavior pattern from other regions in
the country: it is characterized as wild, being collected from large tree trunks, with a low tendency to bite
men. In the states of Amazonas and Pará, this vector transmits L. (V.) shawi (Lainson et al. 1989). In
Acre, Rondônia and Roraima, L. (N.) whitmani consists in the only species currently known to transmit L.
(V.) braziliensis [5, 6, 7].

In the Northeast, Southeast, South and Center-west regions, L. (N.) whitmani can be found in peri-
domiciliary environments, where it practices anthropophilia and transmits L. (V.) braziliensis [9,
10,11,12,13]. Important endemic areas are in the states of Maranhão, Ceará, Pernambuco, Bahia, Minas
Gerais, Espírito Santo and Paraná, where populations of L. (N.) whitmani inhabit domiciliary
environments and congregate the main evaluation criteria of phlebotomine vectoral competence: spatial
distribution associated with human cases, anthropophilia and natural infection by L. (V.) braziliensis [7].
Souza et al. [14] have recently veri�ed, through natural infection studies, the transmission of L. (V.)
guyanensisi by L. (N.) whitmani in the French Guiana and in Suriname. This fact brings back a
hypothesis raised by Lainson [15] that the L. (N.) whitmani would participate in the transmission cycle of
the Amazon.

Considering L. (N.) whitmani’s vast geographic distribution, this study aims to correlate the types of
Brazilian vegetation with the spatial distribution of this vector in areas encompassed by the Spatial
Circuits of Production of ATL in Brazilian municipalities. This exercise wishes to contribute to a better
epidemiologic understanding of this disease in Brazil.

Methods
Study Areas

This study was carried out in areas corresponding to the Spatial Circuits of ACL Production, where these
coincided with the geographic delimitation of states and the presence of L. (N.) whitmani. Following this
logic, out of the 36 Spatial Circuits of ACL Production, 6 were selected: C2 (encompassing the states of
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Maranhão and Piauí), C4 (including Pará, Tocantins and Maranhão), C7 (Minas Gerais and Espírito
Santo), C11 (Paraná), C12 (Rondônia, Acre and Amazonas), and C21 (Piauí and Ceará) (Figure 1).

Vegetation cover in association with Lutzomyia (Nyssomyia) whitmaniand the Spatial Circuits of
American Cutaneous Leishmaniasis (ACL) Production

The map of the Brazilian vegetation (https://mapas.ibge.gov.br/tematicos/vegetacao) was correlated to
the presence of L. (N.) whitmani in areas covered by Spatial Circuits of ACL Production. The
epidemiologic data with information on spatial circuits used in this study (covering the years of 2003 to
2013) was provided by the Working Group on Leishmaniasis of the Brazilian Ministry of Health. The
municipalities where L. (N.) whitmani´s presence was identi�ed and con�rmed were georeferenced, based
on the Brazilian municipal division information of 2007. These data were retrieved from scienti�c papers,
book chapters, the CAPES thesis databank, and information was also shared by State Health
Secretariats. The information used to generate the databanks of the vector L. (N.) whitmani includes
records of ACL presence, as well as: vector presence (meaning when more than one year of sampling was
carried out, consistently �nding vector presence); uncon�rmed presence (when more than one year of
sampling revealed no con�rmation on vector presence); vector absence (when in one year or more of
capture there were no records of the vector); and likely absence (when in less than one year no vector
presence was registered).

 Through the tools available in the Geographic Information System (GIS), the layers of Brazilian
vegetation, vector presence and spatial circuits of disease production were overlapped, using the program
ArcGis 10.4. The statistical package SPSS was the instrument chosen to calculate the correlations
between vegetation and vector presence. A t-test was used to estimate the signi�cance of the average
proportions of correlation between vegetation and vector presence.

After these calculations, thematic maps were developed, presenting the most relevant variables of this
study. Furthermore, a Kernel interpolator with an adaptation range was generated, aiming to identify hot
spots (transmission areas with a high concentration of ACL cases and vector presence).

Results
Spatial Distribution

The analysis of L. (N.) whitmani’s spatial distribution throughout Brazilian municipalities has shown a
wide spread of the vector. Out of the 5570 municipalities analyzed, 862 had information on the vector, out
of which 808 (93.7%) showed presence and only 45 (5.2%) did not. Further, 9 municipalities (1.1%)
showed uncon�rmed absence of the vector. The study shows that this phlebotomine occurs in twenty-�ve
states of the country, not being found only in Santa Catarina and Rio Grande do Sul (Figure 2).

The selected Spatial Circuits of ACL production were mapped and associated with the presence of the
vector L. (N.) whitimani, which was predominant in all circuits (Figure 3).
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Epidemiology

The pattern of spatial density within municipalities with L. (N.) whitmani presence revealed a higher
concentration in the following regions: North (Acre, Amazonas, Rondônia, Pará, Tocantins and Amapá),
Center-west (Mato-Grosso and Mato Grosso do Sul), Northeast (Ceará, Paraíba and Pernambuco),
Southeast (Minas Gerais, Espírito Santo and São Paulo), and the South (Paraná). Coincidentally, these
are the areas where important Spatial Circuits of ATL production are located (Figure 4).

Types of vegetation cover in association with Lutzomyia (Nyssomyia) whitmani

The L. (N.) whitmani is found in almost all types of Brazilian vegetation, except for Oligotrophic Woody
Vegetation of the Marshes and of Sand Accumulation (https://mapas.ibge.gov.br/tematicos/vegetacao).
The L. (N.) whitmani was identi�ed in: Pioneer Formation Areas, Ecologic Tension Areas (where there is a
contact between different types of vegetation), Steppe, Seasonal Decidual Forests (deciduous woods),
Mixed Ombrophilous Forests, Ecological Refuges (Altitude Fields); and, in a higher concentration, in
Dense Ombrophilous Forests, Seasonal Semideciduous Forests (semidecidous woods), and Open
Ombrophilous Forests (transition woods) (Figure 5).

The analysis of L. (N.) whitmani’s spatial distribution in association with vegetation cover and the six
Spatial Circuits of ACL showed a higher density of the vector in Dense Ombrophilous Forests, Seasonal
Decidual Forests, Seasonal Semideciduous Forests, Savanna and Steppe (Figure 6).

Discussion
The thematic maps produced from the data on L. (N.) whitmani’s spatial distribution in Spatial Circuits of
ACL Production associated to the different types of Brazilian vegetation showed a widespread
distribution of the vector. This was mainly true for municipalities where Dense Ombrophilous Forests,
Decidual Ombrophilous Forests, Seasonal Semidecidual Forests, Ecological Tension Areas, Savanna and
Steppe vegetation were predominant. The variety of vegetation types where the vector was found
indicates its capacity to endure wide environmental variations and to expand to new areas, as described
by Costa et al. [16]. These results reinforce the theory of vector presence in all Brazilian biomes, except for
the Pampa, as previously suggested by Costa et al. [17] and Rangel et al. [18]. The fact that the vector
occurred in all Brazilian states, except for Santa Catarina and Rio Grande Sul, also contributed for this
study to conclude that the vector adapts smoothly to different types of vegetation, including
environmentally impacted areas, where important Spatial Circuits of ACL are found. This conclusion
supports studies performed by Costa et al. [6] on the widespread geographic distribution of L. (N.)
whitmani in association with forest, cerrado and caatinga areas.

The great region of Tucuruí (C4) encloses areas in the states of Pará, Maranhão and Tocantins and
suffers from great environmental impact due to external interventions, containing a high concentration of
ACL human cases. In this region, L. (N.) whitmani is the predominant vector species, inhabiting both wild
and human-occupied spaces [19, 6, 3]. In Tocantins, the applicable Spatial Circuit of ACL did not enclose

https://mapas.ibge.gov.br/tematicos/vegetacao
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the entire state. However, given the percentage of human cases of ACL resulting from human action (the
construction of hydroelectric plants, agricultural activities and the establishment of settlements), it can be
said that the disease has a powerful impact in the state. These human activities are likely to have
enabled or facilitated the spread of L. (N.) whitmani to 136 out of the 139 municipalities that compose
Tocantins [20, 21].

In the North region, L. (N.) whitmani acted within eight Spatial Circuits of ACL production (C3, C4, C12,
C13, C15, C16, C17 e C18), but especially in the states of Amazonas and Pará, transmitting L. (V.) shawi,
and using monkeys (Cebus apella, Chiropotes satanas), “royal” sloths, "bentinha" (Choloepus didactylus e
Bradypus tridactylus) and quatis (Nasua nasua) as hosts. In this region, the vector inhabits tree trunks of
primary forests and bites avidly when disturbed [22, 15, 23, 24, 8]. To the north of the Amazon river, in the
states of Amazonas, Pará and Roraima – where important ATL Spatial Circuits are located – and in
Amapá – where there is no de�ned Spatial Circuit of ACL - L. (N.) whitmani transmits L. (V.) guyanensis.
In these areas, the vector´s hosts are sloths (Choloepus didactylus), tamanduás (Tamandua tetradactyla),
the marsupial Didelphis sp. and the rodent Proechimys sp. [15, 25, 22, 26]. Recent studies on natural
infection have shown the transmission of L. (V.) guyanensis by L. (N.) whitmani in Monte Dourado (PA),
which brings back a discussion proposed by Lainson [27] on the taxonomic status of this vector [14].

Leishmania (V.) braziliensis is the main responsible for ACL in the northeast, southeast, south and center-
west regions of Brazil. Important Spatial Circuits are located in the states of Maranhão, Ceará,
Pernambuco, Bahia, Minas Gerais, Espírito Santo and Paraná. In these states, the populations of L. (N.)
whitmani can be found in different environments and possess two fundamental criteria in the evaluation
of phlebotomines´ vectoral competence: a spatial distribution that coincides with human cases of ACL,
and anthopophilia due to the vector´s presence in peri-domiciliary environments [28, 29, 26, 5, 7]. 

Lutzomyia (N.) whitmani is capable of adapting and surviving deforestation in several regions of Brazil.
This species´ presence has been recorded in Mata Atlântica Reserves, in the Amazon, in Cerrado,
Caatinga, and Pantanal. But also in peri-domiciliary environments, where residential areas are close to
forests [30, 6, 17]. Recently, Costa et al. [16] have performed a study on climate adequacy, and they
indicate the south as the most conducive direction for future presence of L. (N.) whitmani. The authors
also predict an expansion of the vector to the North region, particularly in the state of Amazonas, in spite
of the drought foreseen for this region, with an intensi�cation and expansion of the dry season [31]. The
authors sustain that L. (N.) whitmani will remain in the North, and will maintain a larger area of climactic
adequacy.

Compared to other regions in the country, the L. (N.) whitmani presents a distinct behavior in the North.
There, the species was considered to be mainly wild, being captured in tree trunks and treetops, with low
interest in biting humans [25]. Studies in the following years con�rmed these observations, and
suggested that, if this species was anthropophilic, this would only be the case in speci�c situations [29,
28]. According to the results of the present study for the North of Brazil, spatial circuit 12 is present in the
region, associated with Open Ombrophilous Forests. This type of vegetation is associated with a
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relatively dry climate, predominant in 2 to 4 months per year, with temperatures ranging from 24 to 25°C.
Other than the North region, this type of vegetation can also be found in the states of Bahia, Espírito
Santo, Alagoas, Pernambuco and Paraíba [32]. Circuit 12 also encompasses an area of Dense
Ombrophilous Forests. This vegetation’s main ecologic trades are the records of the highest temperatures
and most abundant rainfall indexes of the littoral and Amazonic regions. Here, rainfalls are well
distributed throughout the year, contributing to a bioecological context where there is barely any dry
period (consisting in 0 to 60 days per year) [33]. As evidenced by the dissonant characteristics of these
two types of vegetation, the L. (N.) whitmani is capable of adapting to very diverse environments. This
vector´s role in ACL transmission in diverse epidemiologic patterns throughout Brazil has made the L. (N.)
whitmani the single most important vector of ACL in the country. This vector is associated to three
parasites of ACL: L. (V.) braziliensis, L. (V.) shawi and L. (V.) guyanensis.

Costa et al. [16] report that ACL tends to expand to the Northwest of Brazil, and that the disease is linked
to recent deforestation areas. In old human occupation areas, the endemic character of the disease is
closely related to modi�ed residual forests, and in newer occupation areas, this endemic character is
connected to the development of productive activities in contact with woods in their original form [8].

Lutzomyia (N.) whitmani is a species that can transmit ACL in both types of occupied areas: recent and
old. This vector is responsible for the circulation of L. (V.) braziliensis, a species of parasite with a wider
distribution and with a different epidemiology from L. (V.) shawi and L. (V.) gyanensis [34, 7]. As it
transmits L. (V.) braziliensis, L. (V.) shawi and L. (V.) guyanensis; L. (N.) whitmani is considered the main
vector of ACL in Brazil. It is found in areas with various types of vegetation cover - be they natural or
impacted by human action -, and it is associated with important Spatial Circuits of ACL Production.

In order to locate the municipalities with ACL transmission, the Program of Tegumentary Leishmaniasis
Vigilance (PV-LT) classi�es municipalities into �ve categories, based on the composite indicator of
tegumentary leishmaniasis (ICLT). The categories are: sporadic transmission, moderate transmission, low
intense transmission, average intense transmission and high intense transmission [8]. The results
obtained through the association of L. (N.) whitmani with Brazilian vegetation types, in the states where
important Spatial Circuits of ACL Production occur can be converted into ICLT categories, as long as
magnitude and incidence of the disease in each municipality is known.

Conclusions
The L. (N.) whitmani has a widespread geographic distribution and can be found in all regions of Brazil,
which makes it an important vector of ACL in the country. Considering this scenario and the geographic
expansion of this vector, the use of geo-technologies serves as a resourceful tool to identify the spatial
distribution of L. (N.) whitmani and ACL transmission in the areas of important Spatial Circuits of the
disease, in association with different vegetation types. The congregation of these factors with
deforestation generates relevant environmental impacts, that favor the establishment of outbreaks and
endemic areas for ACL. As it is known that environmental changes may impact on the eco-epidemiology
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of ACL, the results discussed in this study should be taken into consideration for vigilance initiatives. In
that way, they can contribute to health promotion in risk areas where L. (N.) whitmani transmits ACL, and
strategies can be projected to municipalities, according to epidemiologic situation of the disease.

Declarations
Acknowledgments

To the Foundation for Research Support of the State of Rio de Janeiro (Fundação de Amparo à Pesquisa
do Estado do Rio de Janeiro, FAPERJ) FAPERJ (E-26/111.618/2011, E-26/111.577/2014); Laboratório
Interdisciplinar de Vigilância Entomológica em Diptera e Hemiptera, Instituto Oswaldo Cruz
(IOC/FIOCRUZ/RJ),

Funding

FAPERJ grant E-26/111.618/2011, E-26/111.577/2014); INCT for Climate Change and the Brazilian
Network for Research on Global Climate Change (CLIMA Network).

Availability of data and materials

The data supporting the conclusions of this article are available within the main text.

Authors´ contributions

SMdC collected all the data. MdAFMM, RdSdGGC and EFR performed the statistical analyses. The three
authors equally participated in writing the manuscript and approved its �nal version.

Ethics approval and consent to participate

 Not applicable.

Consent for publication

Not applicable.

Competing interests

The authors declare that they do not have any competing interests.

References
1. Vigilância e monitoramento da leishmaniose tegumentar americana em unidades territoriais –

Brasil, 1994-2001. Boletim eletrônico epidemiológico - ANO 02, N° 05, 13/12/2002.

2. Kawa H, Sabroza PC, Oliveira RM, Barcellos C. A produção do lugar de transmissão da leishmaniose
tegumentar: o caso da Localidade Pau da Fome na cidade do Rio de Janeiro, Brasil. Cad Saúde



Page 9/18

Pública 2010;26:1495-507.

3. Ministério da Saúde. Secretaria de Vigilância em Saúde. Departamento de Vigilância
Epidemiológica. Manual de Vigilância da Leishmaniose Tegumentar Americana / Ministério da
Saúde, Secretaria de Vigilância em Saúde, Departamento de Vigilância Epidemiológica. – 2. edição
atualizada – 3 reimpressão – Brasília : Editora do Ministério da Saúde. 182 p.: il. – (Série A. Normas
e Manuais Técnicos) 2013.

4. Peterson AT, Shaw J. Lutzomyia vectors for cutaneous leishmaniasis in Southern Brazil: ecological
niche models, predicted geographic distributions, and climate change effects. International Journal
Parasitology 2003;33(9):919-31.

5. Lainson R, Shaw JJ. New World Leishmaniasis – the neotropical Leishmania species. In: Cox FEG,
Kreier JP, Wakelin D (org). Topley and Wilson’s Microbiology and Microbial Infections. London: Arnold
2005; p.313-349.

�. Costa SM, Cechinel M, Bandeira V, Zannuncio JC, Lainson R, Rangel EF. Lutzomyia (Nyssomyia)
whitmanil. (Antunes & Coutinho, 1939) (Diptera: Psychodidae: Phlebotominae) and the Epidemiology
of American Cutaneous Leishmaniasis in Brazil. Memórias do Instituto Oswaldo Cruz
2007;102(2):149-153.

7. Rangel EF, Lainson R. Proven and putative vectors of American cutaneous leishmaniasis in Brazil:
aspects of their biology and vectorial competence. Memórias do Instituto Oswaldo Cruz 2009;104(7):
937-54.

�. Ministério da Saúde. Secretaria de Vigilância em Saúde. Departamento de Vigilância
Epidemiológica. Manual de Vigilância da Leishmaniose Tegumentar Americana / Ministério da
Saúde, Secretaria de Vigilância em Saúde, Departamento de Vigilância Epidemiológica. – 2. ed. –
Brasília : Editora do Ministério da Saúde. 182 p.: il. – (Série A. Normas e Manuais Técnicos) 2017.

9. Vexenat JA, Barretto AC, Rosa AC. Infecção Experimental de Lutzomyia whitmani em cães
infectados com Leishmania braziliensis braziliensis. Memórias do Instituto Oswaldo Cruz
1986;81:125-126.

10. Hoch A, Ryan L, Vexenet JA, Rosa AC, Barretto AC. Isolation of Leishmania braziliensis braziliensis
and other trypanosomatids from Phlebotomines in mucocutaneous leishmaniases endemic area
Bahia, Brazil. Memórias do Instituto Oswaldo Cruz, 81 (Suppl): BI 44,1986.

11. Azevedo ACR, Rangel EF, Costa EM, David J, Vasconcelos AW, Lopes VG. Natural infection of
Lutzomyia (Nyssomyia) whitmani (Antunes & Coutinho, 1939) by Leishmania of the braziliensis
complex in Baturite, Ceará State, northeast Brasil. Memórias do Instituto Oswaldo Cruz 1990;85: 251.

12. Ryan, L.; Vexenet, A.; Marsdem, P.D.; Lainson, R. The importance of rapid diagnoses of new cases of
cutaneous leishmaniasis in pinpointing the sand �y vector. Trans Roy Soc Trop Med Hyg
1990;84:786.

13. Azevedo ACR, Rangel EF. Study of sand�y species (Diptera: Psychodidae: Phlebotominae) in focus
of cutaneous leishmaniasis in the Municipality of Baturité, Ceará, Brasil. Memórias do Instituto
Oswaldo Cruz 1991;86(4):405-410.



Page 10/18

14. Souza AAA, Santos TV, Jennings YLL, Ishikawa EAY, Barata IR, Silva MGS, Lima JAN, Shaw J,
Lainson R, Silveira FT. Natural Leishmania (Viannia) spp. infections in phlebotomine sand �ies
(Diptera: Psychodidae) from the Brazilian Amazon region reveal new putative transmission cycles of
American cutaneous leishmaniasis. Parasite 2016;23: 22.

15. Lainson R. Epidemiologia e ecologia da leishmaniose tegumentar na Amazônia. Hiléia Médica
1981;3:35–40.

1�. Costa SM, Cordeiro LP, Rangel EF. Environmental suitability for Lutzomyia (Nyssomyia) whitmani
(Diptera: Psychodidae: Phlebotominae) and the occurrence of American cutaneous leishmaniasis in
Brazil. Parasites & Vectors, 11:155, 2018. https://doi.org/10.1186/s13071-018-2742-7.

17. Costa SM, Cordeiro JP, Rangel EF. Distribuição espacial de Lutzomyia (Nyssomyia) whitmani
(Diptera;Phychodidae;Phlebotominae), vetor de Leishmaniose Tegumentar Americana, em
associação com os diferentes biomas brasileiros. In: 1ª Conferência Brasileira em Saúde Silvestre e
Humana 2012;24-26.

1�. Rangel EF, Costa SM, Carvalho BM. Environmental changes and the geographic spreading of
American cutaneous leishmaniasis. In: Claborn D, editors. Leishmaniasis trends in epidemiology,
diagnosis and treatment. Croatia: InTech 2014;p.3–25.

19. Rebêlo JMM, de Oliveira ST, Barros VLL, Silva FS, Costa JML, Ferreira LA, da Silva AR.
Phlebotominae (Diptera: Psychodidae) de Lagoas, município de Buriticupu, Amazônia Maranhense. I
- Riqueza e abundância relativa das espécies em área de colonização recente. Revista da Sociedade
Brasileira de Medicina Tropical 2000;33(1):11-19.

20. Vilela ML, Grasser C, Azevedo ACR, Sena JM, Leite JH, Grajauskas AM, Afonso MMSA, Novo SP,
Gouveia C, Rangel EF. Studies on the vectors of Leishmaniases in State of Tocantins, Brazil. Archives
de l’Institut Pasteur de Tunis 2005;82(1): 126.

21. Vilela ML, Azevedo ACR, Costa SM, Costa WA, Motta-Silva D, Grajauskas AM, Carvalho BM, Brahim
LRN, Kozlowsky D, Rangel EF. Sand �y survey in the in�uence area of Peixe Angical hydroeletric
plant, state of Tocantins, Brazil. In: 6th International Symposium on Phlebotomine Sand�ies, 27-31
Oct 2008, Lima, Peru, 2008.

22. Ministério da Saúde do Brasil. Manual de Controle da Leishmaniose Tegumentar Americana. Brasília
2000.

23. Lainson R. Leishmânia e leishmaniose, com particular referência à região Amazônica do Brasil.
Revista Paraense de Medicina 1997;11(1): 29-40.

24. Silveira FT, Lainson R, Brito AC, Oliveira MRF, Paes MG, Souza AAA, Silva BM. Leishmaniose
Tegumentar Americana. In: Leão RNQ. Doenças Infecciosas e Parasitárias: Enfoque Amazônico.
Belém: Editora CEJUP 1997.

25. Lainson R, Shaw JJ, Ward RD, Ready PD, Naiff RD. Lesmmaniases in Brazil: XIII. Isolation of
Leishmania from armadillos (Dasypus novemcinctus), and observation on the epidemiology of
cutaneous leismaniasis in north Pará State. Trans R Soc Trop Med Hyg 1979;73: 239-242.



Page 11/18

2�. Rangel EF, Lainson R. Ecologia das Leishmanioses: Transmissores de Leishmaniose Tegumentar
Americana. In: Rangel EF e Lainson R (eds). Flebotomíneos do Brasil, Rio de Janeiro, Fiocruz 2003;
pp 291-310.

27. Lainson R. Ecological interactions in the transmission of the leishmaniasis. Philosophical
Transactions of the Royal Society London Serie B, 1988;321: 389-404.

2�. Shaw JJ, Ishikawa EAY, Lainson R, Braga RR, Silveira FT. Cutaneous leishmaniasis of man due to
Leishmania (Viannia) shawi Lainson, De Souza, Póvoa, Ishikawa & Silveira in Pará State, Brazil.
Annales de Parasitologie Humaine et Comppare 1991;66: 243 0- 246.

29. Ready, P.D.; Lainson, R.; Shaw, J.J.; Ward, D. The ecology of Lutzomyia umbratilis (Ward & Fraiha,
1977) (Diptera: Psychodiade), the major vector to man of Leishmania braziliensis guyanensis in
north-eastern Amazonian Brazil. Bulletin of Entomological Research 1986;76: 21-40.

30. Souza NA, Vilela ML, Andrade-Coelho CA, Rangel EF. The Phlebotominae sand �y (Diptera:
Psychodidae) fauna of two Atlantic Rain Forest Reserves in the State of Rio de Janeiro,Brazil.
Memórias do Instituto Oswaldo Cruz 2001;96(3): 319-24.

31. Joetzjer E, Douville H, Delire C, Ciais P. Present-day and future Amazonian precipitation in global
climate models: CMIP5 versus CMIP3. Climate Dynamics, 41 (11-12): 2921 – 36, 2013.

32. IBGE (2012). Manual Técnico da Vegetação Brasileira. 2a ed. Rio de Janeiro: IBGE. Disponível em:
https://ww2.ibge.gov.br/home/geociencias/recursosnaturais/vegetacao/manual_vegetacao.shtm.
Acessado em 02/04/2018.

33. Ellenberg H, Mueller-Dombois D. Tentative physiognomic-ecological classi�cation of plant
formations of the Earth [based on a discussion draft of the UNESCO working group on vegetation
classi�cation and mapping.] Berichte des Geobotanischen Institutes der Eidg. Techn. Hochschule,
Stiftung Rübel, Zürich, 37 (1965-1966): 21-55, 1967.

34. Basano SA. American cutaneous leishmaniasis: history, epidemiology and prospects for control.
Revista Brasileira de Epidemiologia 2004;7(3):328-337.

Figures

https://ww2.ibge.gov.br/home/geociencias/recursosnaturais/vegetacao/manual_vegetacao.shtm


Page 12/18

Figure 1

Geographic distribution of the 36 Spatial Circuits of American Tegumentary Leishmaniasis’ production.
Map developed by: Geoprocessing cluster - LIS/ICICT/FIOCRUZ. Note: The designations employed and
the presentation of the material on this map do not imply the expression of any opinion whatsoever on
the part of Research Square concerning the legal status of any country, territory, city or area or of its



Page 13/18

authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.

Figure 2

Spatial distribution of Lutzomyia (N.) whitmani in Brazilian municipalities. Map developed by:
Geoprocessing cluster - LIS/ICICT/FIOCRUZ. 2016. Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
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part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.

Figure 3

Spatial distribution of Lutzomyia (N.) whitmani by ATL Production Spatial Circuits. (a) Circuit 2
(Maranhão and Piauí), (b) Circuit 4 (Pará, Tocantins and Maranhão), (c) Circuit 7 (Minas Gerais and
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Espírito Santo), (d) Circuit 11 (Paraná), (e) Circuit 12 (Rondônia, Acre and Amazonas) and (f) Circuit 21
(Piauí and Ceará). Map developed by: Geoprocessing Cluster - LIS/ICICT/FIOCRUZ, 2016. Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.

Figure 4
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Lutzomyia (N.) whitmani’s density, in association with Spatial Circuits of ATL Production in Brazil,
according to the Kernel technique. Map developed by: Geoprocessing Cluster - LIS/ICICT/FIOCRUZ, 2016.
Note: The designations employed and the presentation of the material on this map do not imply the
expression of any opinion whatsoever on the part of Research Square concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or
boundaries. This map has been provided by the authors.

Figure 5
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Spatial distribution of Lutzomyia (N.) whitmani associated to vegetation types
(https://mapas.ibge.gov.br/tematicos/vegetacao). Map developed by: Geoprocessing Cluster
LIS/ICICT/FIOCRUZ, 2017. Note: The designations employed and the presentation of the material on this
map do not imply the expression of any opinion whatsoever on the part of Research Square concerning
the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of
its frontiers or boundaries. This map has been provided by the authors.

Figure 6
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Analysis of the Lutzomyia (Nyssomyia) whitmani’s spatial distribution in association with vegetation
types (https://mapas.ibge.gov.br/tematicos/vegetacao), within the six Spatial Circuits of American
Tegumentary Leishmaniasis: (a) Circuit 2 (Maranhão and Piauí), (b) Circuit 4 (Pará, Tocantins and
Maranhão), (c) Circuit 7 (Minas Gerais and Espírito Santo), (d) Circuit 11 (Paraná), (e) Circuit 12
(Rondônia, Acre and Amazonas), and (f) Circuit 21 (Piauí and Ceará). Map developed by: Geoprocessing
Cluster - LIS/ICICT/FIOCRUZ, 2016. Note: The designations employed and the presentation of the
material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.


