Rev Inst Adolfo Lutz REVISTA DO INSTITUTO ADOLFO LUTZ
www.ial.sp.gov.br/ial/publicacoes/ Artigo Original/Original Article

Environmental risk factors of leishmaniasis in Bahia State, Brazil
raeorene - using NASA Earth observation satellites

OPEN ACCESS

Fatores de risco ambientais para leishmanioses no estado da Bahia,
Brasil, utilizando satélites da NASA de observacao da Terra

RIALA6/1775
Moarade SantanaMartins RODGERS"2, Maria EmiliaBAVIA? Bernard EicholdIT!, Claire SHIPM AN,
Nathan OWEN!, Hunter WINSTANLEY', Margaret GORDON!', Marine KARAPETYAN', Marta
Mariana Nascimento SILVA?, Deborah Daniela Madureira Trabuco CARNEIRQO?, Luciana Lobato
CARDIM?, Elivelton da Silva FONSECA?Z, John Brooks MALONE**

*Correspondence to: 2School of Veterinary Medicine, Louisiana State University, Skip Bertman Dr, Baton Rouge,
Louisiana, 70803, United States. Tel: +1 225 578 9692, Fax: +1 225 578 9710. Email: vtmalon@lsu.edu

'NASA DEVELOP Program, Mobile County Health Department, 251 North Bayou St., Mobile, AL, 33306
United States, *Louisiana State University, School of Veterinary Medicine, Skip Bertman Drive, Baton Rouge,
LA, 70803 United States

*Universidade Federal da Bahia, Av. Ademar de Barros 500, Ondina, 40170-000, Salvador, BA, Brasil

Recebido: 17.09.2018 - Aceito para publicagdo: 28.12.2018
ABSTRACT

NASA’s Earth Observing Satellites (EOS) were used to calculate three vegetation indices,
extract precipitation and elevation data, and then evaluate their applicability for assessing
risk of visceral leishmaniasis (VL) and cutaneous leishmaniasis (CL) in Bahia State, Brazil.
Regression models showed that either form of leishmaniasis can be predicted by NDVI,
NDMI, NDWI data products and TRMM) precipitation data (R>= 0.370; p<0.001). Elevation
was not significantly associated with the distribution of either VL or CL. In areas of high
annual precipitation, CL was 3.6 times more likely to occur than VL. For vegetative moisture
(NDMI), CL was 2.11 times more likely to occur than VL. Odds of CL occurrence increased
to 5.5 times when vegetation (NDVI) and 13.5 times when liquid water content of vegetation
canopies (NDWI) was considered. Areas at risk of CL and VL were mapped based on the
selected explanatory variables. Accuracy of models were assessed using area under the receiver
operating characteristic curve (AUC=0.72). We propose that statewide scale risk models based
on use of EOS products will be a useful tool at 1 km? spatial resolution to enable health workers
to identify and target high risk areas to prevent transmission of leishmaniasis.

Keywords. earth observing satellites, leishmaniasis, vegetation index, risk assessment.
RESUMO

Os satélites de observagdo da Terra (SOT) da NASA foram usados para calcular trés indices de
vegetacdo, extrair dados de precipitagio e elevacdo e avaliar sua aplicabilidade para identificar o risco
para leishmaniose visceral (LV) e leishmaniose tegumentar (LT) no Estado da Bahia, Brasil. Modelos
de regressdo mostraram que ambas as formas de leishmaniose podem ser preditas pelos NDVI,
NDMI, NDWI e precipitagio TRMM (R? = 0,370; p<0,001). A elevagdo nao foi significativamente
associada a distribuicdo de LV ou LT. Em dreas de alta precipitagdo anual, a LT foi 3,6 vezes mais
provavel de ocorrer do que a LV. Para a umidade vegetativa (NDMI), a LT apresentou 2,11 maior
probabilidade de ocorrer do que a LV. As chances de ocorréncia de LT aumentaram para 5,5 vezes
em relagdo com a vegetagdo (NDVI) e 13,5 vezes quando o contetido de agua liquida dos dosséis
da vegetagio (NDWI) foi considerado. Areas em risco de LT e LV foram mapeadas com base nas
variaveis explicativas selecionadas. A precisdo dos modelos foi avaliada usando a area sob curva
caracteristica de operagdo do receptor (Curva COR=0,72). Propusemos que os modelos de risco em
escala estadual baseados no uso de produtos SOT sdo uma ferramenta 1til na resolu¢do espacial
de 1 km? por permitir que profissionais de saude identifiquem e direcionem dareas de alto risco para
evitar a transmissao da leishmaniose.

Palavras-chave. Satélites de observagdo da Terra, leishmanioses, indices de vegetacao, avaliado de risco.
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The use of satellite remote sensing technology
has shown promise for assessing the risk of vector-
borne diseases at multiple spatial scales. Although
remote sensing products do not identify the vectors
themselves, they can be used to characterize the
environment in which the vectors thrive. Earth
observing satellite measurements of environmental
conditions have distinct advantages over ground
measurements because they can be collected
repeatedly, automatically, and they are considerably
faster to obtain over broad synoptic coverage areas.
For the present study, NASA satellite data were used
to generate three different vegetation indices and to
extract precipitation and elevation information that
was then correlated with incidence of leishmaniasis
in Bahia State, Brazil.

In Latin America, the risk of cutaneous
leishmaniasis (CL) or visceral leishmaniasis (VL)
has been associated with proximity to woodlands,
elevation, and temperature’. Annual rainfall is an
important predictive variable for the prevalence
and annual incidence of VL* the distribution of the
vector, and presence of reservoir hosts by affecting
the vegetation, the diurnal temperature range, and
the relative humidity of a given area.

NASA EOS provides a potentially useful tool
to identify favorable environmental conditions for
the transmission of leishmaniasis in Bahia, Brazil®.
The capability of identifying and monitoring risk
areas using remote sensing allows for the efficient
use of available resources to prevent leishmaniasis
transmission by providing fast and affordable
identification of areas in need of targeted control
practices. The objective of this study was to investigate
the usefulness of data products from NASA Earth
Observing Systems (EOS) and their applicability in
surveillance and response systems for leishmaniasis
in Bahia, Brazil.

Study Area

Bahia state occupies an area of 567,295 Km?
on the northeastern Atlantic coast of Brazil with a
tropical, semi-arid climate and average temperatures
between 19.2 to 26.6 °C. Bahia is composed of 417
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municipalities and has a population of 14.5 million®.
The study period for this project included data collected
at five-year intervals, 2001, 2006, and 2011. All twelve
months were included in each study year so that wet
and dry season patterns could be analyzed. The five-year
intervals within the study period were chosen, rather
than each year, so that any climatic/environmental effects
could be analyzed over the past decade.

Data Acquisition

Leishmaniasis data was provided by the Bahia State
Secretary of Health and Surveillance (SESAB) (Secretaria
de Saide do Estado de Bahia, 2012). It included VL
and CL cases per municipality per month for the study
period. Data products from the MODIS sensor were
downloaded from the USGS Global Visualization Viewer
(Glovis http://glovis.usgs.gov/). The temporal resolution
of the product was 8-days and the spatial resolution
of the imagery was 250 meters’. The Tropical Rainfall
Measuring Mission (TRMM) product used for this study
was obtained through the NASA Goddard Space Flight
Center’s release Giovanni (TRMM Online Visualization
and Analysis System - TOVAS) (http://disc.sci.gsfc.nasa.
gov/gesNews/version_7_tmpa-rt). This product uses a
combination of the monthly multi-satellite product and
rain gauge data to estimate monthly rainfall (Huffman,
2007; Liu et al., 2012). Shuttle Radar Topography Mission
(SRTM) data were downloaded from the DIVA-GIS web
site as a digital elevation model product for Brazil (http://
www.diva-gis.org).

Data Processing
After imagery processing, three environmental
vegetation indices were calculated as follows (Figure 1):
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Figure 1. Schematic of Data Processing and Analysis. Areas at risk of

CL and VL were mapped using the probability of having either CL or
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VL, considering elevation (SRTM), precipitation (TRMM), moisture
(NDMI), vegetation (NDVT) and water content of vegetation (NDWT).
The multiple stepwise regression model developed showed that the
occurrence of both VL and CL was influenced by NDMI, NDVI,
NDWT and precipitation (R*= 0.370; p<0.001). The accuracy of VL and
CL prediction models were assessed using the area under the receiver

operating characteristic curve (AUC=0.72)

1) Normalized Difference Vegetation Index
(NDVI): using the near infrared band (0.86um) and
the visible red band (0.66pm) to determine changes
in greenness on the earths surface based on the
density of green chlorophyll in vegetation®.

2) Normalized Difference Moisture Index
(NDMI): a moisture index that measures the amount
of moisture by sensing characteristic differences
between the very reflective near infrared band
(0.86um) and the water absorbed short-wavelength
infrared band (1.64pm). This index highlights areas
of healthy green vegetation with high moisture
content and disturbed areas of vegetation with low
moisture content using values also ranging from +1
and -17%,

3) The Normalized Difference Water Index
(NDWI) detects liquid water content in vegetation.
Using the near-infrared band (0.86um) and a
particular short-wave infrared band (1.24pm),
NDWI measures vegetative liquid water in the
canopy’.

TRMM accumulated rainfall totals were
derived for each month during the years 2001, 2006,
and 2011, for the area encompassing the state of
Bahia. The data were interpolated using an ordinary
exponential kriging technique in ArcGIS 10.1 to
create a raster file displaying the rainfall distribution
across the study area.

Data Analysis

Pearson’s correlation and logistic regression
were used to analyze the variables that most
influenced the occurrence of VL and CL in the state.
Analysis of variance (ANOVA) was used to identify
significant differences over time. The probability of
occurrence of VL and CL was calculated, and the
accuracy of the prediction model was assessed using
the area under the receiver operating characteristic
curve (ROC). Statistical analyses were performed

using SPSS® version 18.0 (SPSS Inc., Chicago, 2009)
and SAS® version 9.1.3 (SAS Institute Inc., Cary,
2004).

In the years 2001, 2006 and 2011, SESAB
recorded a total of 12,456 cases of leishmaniasis of
which 10,782 were for CL of this disease and 1,674
were for VL. VL was reported in approximately
59% of the municipalities in Bahia State, while
CL was present in approximately 70% of the
municipalities. VL was concentrated in the north
and central region of the state while CL was mainly
concentrated along the coast and only sparsely
occurred in the southern part of the state (Figure 2).

Figure 2. Maps represent annual averages for vegetation indices
(NDMI, NDVI and NDWI), annual precipitation derived from
TRMM, and cutaneous and visceral leishmaniasis case incidence from
417 municipalities in Bahia state. The maps show areas ranging from
highest to lowest values of vegetation indices derived from MODIS
imagery. Each map represents an annual composite for moisture
content, vegetation abundance and water content of vegetation in
Bahia State and disease incidence data for visceral leishmaniasis
(VL) (black circles) or cutaneous leishmaniasis (CL) (red circles).
The annual precipitation map was derived from TRMM. A risk map
of CL and VL in Bahia state was later calculated by the probability of
incidence of CL or VL based on significantly associated environmental

features using Maxent software

A significant difference between the number of
cases reported each year was observed (p=0.0201). It
was also observed a peak in the number of cases of
both CL and VL in January, February and March in
all three years studied (p=0. 0158).
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The mean NDMI was 0.084 (SEM+0.004).
The mean NDVI was 0.561 (SEM+0.004) and the
NDWI mean of -0.064 (SEM+0.001). No significant
oscillation between months, years and mean values
of the three indices was observed, which suggests
the potential of some transmission throughout the
year.

Pearson’s correlation indicated that both
forms of disease increased when NDMI (r=0.23;
p<0.001), NDVI (r=0.17; p<0.001), NDWI
(r=0.25; p<0.001), and precipitation (r=0.21;
p<0.001) were greatest. June and December were
the wettest months in all three years studied,
with the highest precipitation observed between
200 and 276 mm/month (p<0.05). An inverse
relationship of elevation and VL and CL cases
was observed, with leishmaniasis decreasing as
elevation increased.

The multiple stepwise regression model
developed showed that the occurrence of both VL
and CL was influenced by NDMI, NDVI, NDWI
and precipitation (R*=0.370; p<0.001). In areas with
high precipitation, CL was 3.6 times more likely
to occur than VL. When considering vegetative
moisture (NDMI), CL was 2.11 times more likely
to occur than VL. The odds of CL occurrence
increased 5.5 times when vegetation (NDVI) and
increased 13.5 times as compared to VL when liquid
water content of vegetation canopies (NDWI) was
considered.

Areas at risk of CL and VL were mapped
using the probability of having either CL or
VL, considering elevation, precipitation,
moisture (NDMI), vegetation (NDVI) and
water content of vegetation (NDWI) (Figure
2). It was observed that for CL, coastal areas
are at higher risk, but there was also high risk
at a specific area on the northwest region of
the state. For VL, areas at higher risk included
the north and southwest regions of the state.
Although specific areas for occurrence of one
or the other form of the disease were identified,
both forms of leishmaniasis can overlap, and,
even within a municipality, the risk levels may
differ. The accuracy of VL and CL prediction
models were assessed using the area under
the receiver operating characteristic curve
(AUC=0.72).
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Bahia State is affected by both the cutaneous
and visceral forms of leishmaniasis (Figure 2).
Cutaneous leishmaniasis is widespread in Bahia
with existence of foci of infection in all geographic
regions (SUVISA, 2013). For VL, areas of occurrence
in Bahia are expanding, especially in the semi-arid
areas of the north and west regions of the state.
Occurrence of VL in these areas has been associated
with the implementation of agricultural projects'.
Increasing incidence in municipalities in the east
region of the state, especially north of the state capital
Salvador, has been attributed to a progressive increase
in human population density. Bahia State had more
municipalities with reported cases of CL than VL
and an increase of both forms of the disease in the
state has been observed, especially towards the west
region; this has been proposed to be a consequence
of environmental changes associated with the
development of soybean and rice production™.

The climate in Bahia state is tropical with
stable and elevated temperatures throughout the
year and two distinct wet seasons. A tropical climate
is predominant in the coastal areas, while in the
interior areas, which occupy most of the land area,
the climate is predominantly semi-arid. The wet
season for the coastal area is from April to July, but
rainfall is observed throughout the year. In the semi-
arid region, the annual rainfall never exceeds 24 mm
and the dry season is from April to October. In the
semi-arid northeast region, where most records of
both CL and VL are reported, dry and rainy seasons
are clearly defined and there is evidence that vector
density is low during the dry season and increases
after the end of the rainy season (December—April),
reaching its highest density level around May. These
observations support reports of peak numbers
of Leishmaniasis cases in the months of January,
February and March when an increase in vector
density favors transmission'’.

NDMI - The NDMI gives an indication of the
wetness of the land surface. It detects the different
content of humidity from the landscape elements,
especially soil, rocks and vegetation. This index is
also a good indicator of dryness’. High NDMI values
indicate the existence of greater soil surface moisture
and low values indicate low soil surface moisture
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content. The mean NDMI observed in the present
study indicates dry soils are prevalent in areas in the
interior classified as a semi-arid environment. By
contrast, high moisture is observed throughout the
coast where a tropical climate predominates. NDMI
has been proven reliable in measuring moisture
from soil, vegetation and even predicting surface
temperatures. Soil moisture plays a significant role
in leishmaniasis incidence'>. Vegetated areas have
a greater abundance of sand flies than exclusively
urban environments®. The impact of moisture and
small water bodies as a source of moisture in the
environment on the occurrence of VL indicates that
NDMI is useful for identifying areas that provide
suitable conditions for vector development'2.

NDVI - NDVI has been widely used for
environmental studies on parasites as a remote
sensing surrogate of precipitation and surface
hydrologic regime Areas of recent interaction
between population growth and NDVIin urban areas
have been shown to be risk factors for VL in Piaui
State, Brazil, and demonstrated the impact of recent,
rapid occupation of periurban areas on risk of VL.
Population growth in an area thatis already urbanized
has a much smaller impact on VL incidence than the
same level of growth in an area with heavy vegetation
cover; NDVI can thus be a useful tool in identifying
pockets of dense or scarce vegetation coverage.
Vegetation in endemic areas provide shelter sites for
sand flies as well carbohydrates, which is the main
energy source for sand flies.

NDWI - NDWI values exhibit a quicker
response to drought conditions than NDVI®. This
index was associated with increased probability
of having VL or CL in the state. Although little
utilized thus far in studying diseases, NDWI can be
a useful tool in the public health sphere by either
identifying water bodies or a considerable quantity
of water in vegetation and isolated water bodies".
Since NDWI is also a good indicator for drought,
it is important to note that droughts have been
shown to favor the development of epidemics in
Latin American countries. Prolonged droughts in
semi-arid north-eastern Brazil have provoked rural-
urban migration of subsistence farmers, and a re-
emergence of VL. Such outbreaks could be the result
of human migration due to drought, environmental
degradation or economic reasons and may lead to

the spread of diseases in unexpected ways, and new
breeding sites for vectors. The vector of VL in Bahia,
Lu. longipalpis, has been often found inside residences
during drought periods’. Prolonged drought periods
can impact vector density and contribute to a
gradual increase in the potential risk of some related
epidemiologic factors, such as waning population
immunity and increase in the susceptible population
in the endemic areas'. According to Wilson and
Sader'®, NDWIand NDMI are theoretically similar to
each other for detection of spatial variation of surface
wetness. However, NDWI performed better than
other indices in identifying wetland surface water in
Bihar, India and detected more pixels with water and
water features in the Sahara-Sahel transition zone”.
TRMM Precipitation - Precipitation is an
important risk factor for CL and VL, and each form
of disease, and their respective vectors, have unique
environmental suitability requirements related to
moisture. Precipitation plays an indirect role in the
incidence of leishmaniasis by providing a suitable
habitat for vector development in terms of humidity.
SRTM - Topographic influences, especially
in landscapes where major altitude relief occurs, is
of particular importance in predicting disease risk.
Elevation by itself may not represent a crucial factor
in the incidence of leishmaniasis but may influence
other factors such as distance to water bodies, low
vegetation, soil rich in organic matter, which are basic
requirements for development and maintenance
of the sand fly vectors. Bhunia et al*> observed that
altitude had a relatively strong influence on the
distribution of Phlebotomus vectors in India where
Kala-azar incidence is concentrated at low altitudes
with fewer cases in the highlands. These results
indicate that a higher incidence should be expected
at low elevation as was found to be the case in Bahia
State. The results of the current study in Bahia State
agreed with studies by Bavia’ in which an inverse
relationship between leishmaniasis and altitude was
observed. Elnaiem et al”’, observed that although
the elevation did not correlate with VL incidence
in Sudan in their preliminary analysis, it appeared
as an important variable when used in multivariate
analysis indicating that in the final analysis, elevation
integrates the effects of many other factors, including
distance from rivers. Such results are in agreement
with other authors regarding the requirements and
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environmental preferences of vectors of Leishmania
parasites. However, it is necessary to take into
consideration the differences between different
geographic areas as well as sand fly species.

The present study indicated that risk models
based on use of environmental data generated from
NASA EOS can be used to identify and specifically
targetinterventionsinareasforcontrolof transmission
of leishmaniasis. Knowledge of the timing of the
transmission cycle and associated environmental
features is important so that intervention measures,
such as insecticide spraying, can be directed to areas
at risk. The cutaneous form of leishmaniasis was
more sensitive to environmental factors and NDWI
was the index that best depicted occurrence of both
forms of leishmaniasis in Bahia. NASA EOS data
products can be an effective tool in identifying the
environmental features that influence CL and VL
distribution and abundance in Bahia State, Brazil as
part of operational surveillance and response systems
for control and elimination of neglected tropical
diseases. Results of comparisons of classical NDVI
measurements calculated by NIR and red wavelengths
of the electromagnetic spectrum with more recent
NDMI and NDWT indices calculated from the NIR
and SWIR wavelengths, suggest further studies are
needed to better define the usefulness of NDMI and
NDWTI as compared to NDVI on suitability of the
environment for leishmania and other vector-borne
diseases.

The authors acknowledge the NASA DEVELOP
Program for supporting this project and providing
scientific consultancy under contract NNL11AA00B.

1. Valderrama-Ardila C, Alexander N, Ferro
C, Cadena H, Marin D, Holford TR et al
Environmental risk factors for the incidence
of American cutaneous leishmaniasis in a sub-

6/7

andean zone of Colombia (Chaparral, Tolima). Am
J Trop Med Hyg. 2010;82(2):243-50. http://dx.doi.
0rg/10.4269/ajtmh.2010.09-0218

Bhunia GS, Kesari S, Jeyaram A, Kumar V, Das
P. Influence of topography on the endemicity of
Kala-azar: a study based on remote sensing and
geographical information system. Geospat Health.
2010;4(2):155-65. http://dx.doi.org/10.4081/
gh.2010.197

Bavia ME, Carneiro DDMT, Gurgel HC, Madureira
Filho C, Barbosa MGR. Remote sensing and
geographic information systems and risk of
American Visceral Leishmaniasis in Bahia , Brazil.
Parasitologia. 2005;47(1):165-9.

Instituto Brasileiro de Geografia e Estatistica - IBGE.
Estudos e pesquisas: informagao demogréfica e
socioeconOmica, 28. Indicadores sociais municipais:
uma analise dos resultados do universo do censo
demografico 2010. Rio de Janeiro(R]): IBGE;
2011. Avaliable in: https://biblioteca.ibge.gov.br/
visualizacao/livros/1iv54598.pdf

Gu Y, Hunt E, Wardlow B, Basara JB, Brown
JE Verdin JP. Evaluation of MODIS NDVI
and NDWI for vegetation drought monitoring
using Oklahoma Mesonet soil moisture data.
Geophys Res Lett. 2008;35(22). http://dx.doi.
0rg/10.1029/2008 GL035772

Hayes D, Cohen W, Sader S, Irwin D. Estimating
proportional change in forest cover as a continous
variable from multi-layer MODIS data. Remote
Sens Environ. 2008;112:735-49. http://dx.doi.
org/10.1016/j.rse.2007.06.003

Elith JH, Graham CP, Anderson R, Dudik M,
Ferrier S, Guisan A et al. Novel methods improve
prediction of species’ distributions from occurrence
data. Ecography. 2006;29(2):129-51. http://doi.
wiley.com/10.1111/j.2006.0906-7590.04596.x

Jin S, Sader SA. Comparison of time series
tasseled cap wetness and the normalized
difference moisture index in detecting
forest disturbances. Remote Sens Environ.

Publicagao continua on line: nimero de paginas sem efeito para citagao
On line continuous publishing: page number not for citation purposes



Rodgers MSM, Bavia ME, Eichold II B, Shipman C, Owen N, Winstanley H et al. Environmental risk factors of leishmaniasis in Bahia State,
Brazil using NASA Earth observation satellites. Rev Inst Adolfo Lutz. Sdo Paulo, 2018;77:¢1775.

10.

11.

12.

13.

2005;94(3):364-72.
rse.2004.10.012

https://doi.org/10.1016/].

Gao BC. NDWI - A normalized difference water
index for remote sensing of vegetation liquid water
from space. Remote Sens Environ. 1996;58(3):257-
66. Avaliable in: http://ceeserver.cee.cornell.edu/
wdp2/cee6150/Readings/Gao_1996_RSE_58_257-
266_NDWI.pdf

Franke CR, Staubach C, Ziller M, Schliuter H.
Trends in the temporal and spatial distribution of
visceral and cutaneous leishmaniasis in the state
of Bahia, Brazil, from 1985 to 1999. Trans R Soc
Trop Med Hyg. 2002;96(3):236-41. http:// dx.doi.
0rg/10.1016/50035-9203(02)90087-8”

Bavia ME, Hale LE, Malone ]JB, Braud DH, Shane
SM. Geographic information systems and the
environmental risk of schistosomiasis in Bahia,
Brazil. Am ] Trop Med Hyg. 1999;60(4):566-72.
http:// dx.doi.org/10.4269/ajtmh.1999.60.566”

Bhunia GS, Kesari S, Chatterjee N, Pal DK,
Kumar V, Ranjan A et al. Incidence of visceral
leishmaniasis in the Vaishali district of Bihar, India:
spatial patterns and role of inland water bodies.
Geospat Health. 2011;5(2):205-15. http://dx.doi.
org/10.4081/gh.2011.173

Saraiva L, Andrade Filho JD, Falcio AL, de
Carvalho DA, de Souza CM, Freitas CR et al.

14.

15.

16.

17.

Phlebotominae fauna (Diptera: Psychodidae) in an
urban district of Belo Horizonte, Brazil, endemic
for visceral leishmaniasis: characterization of
tavored locations as determined by spatial analysis.
Acta Trop. 2011;117(2):137-45. http://dx.doi.
org/10.1016/j.actatropica.2010.11.007

Cerbino Neto J, Werneck GL, Costa CH.
Factors associated with the incidence of urban
visceral leishmaniasis: an ecological study in
Teresina, Piaui State, Brazil. Cad Saude Publica .
2009;25(7):1543-51. http://dx.doi.org/10.1590/
S0102-311X2009000700012

McFeeters SK. Using the normalized difference
water index (NDWI) within a geographic
information system to detect swimming pools for
mosquito abatement: a practical approach. Remote
Sens. 2013;5(7):3544-61. https://doi.org/10.3390/
rs5073544

Wilson EH, Sader SA. Detection of forest harvest
type using multiple dates of Landsat TM imagery.
Remote Sens Environ. 2002;80:385-96. https://doi.
org/10.1016/S0034-4257(01)00318-2

Elnaiem DEA, Schorscher ], Bendall A, Obsomer
V, Osman ME, Mekkawi AM et al. Risk mapping of
visceral leishmaniasis: the role of local variation in
rainfall and altitude on the presence and incidence
of kala-azar in eastern Sudan. Am ] Trop Med
Hyg. 2003;68(1):10-7. http:// dx.doi.org/10.4269/
ajtmh.1999.60.566”

717



