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Remote sensing is the technology that has enabled us to obtain information about the Earth's surface without directly 

contacting it. For this reason, currently, the Bolivian state has considered a list of interesting applications of remote 

sensing in the country, including the following: biodiversity and environment monitoring, mining and geology, 

epidemiology, agriculture, water resources and land use planning. The use of satellite images has become a great tool 

for epidemiology because with this technological advance we can determine the environment in which transmission 

occurs, the distribution of the disease and its evolution over time. In that context, one of the important diseases related 

to public health in Bolivia is Chagas disease, also known as South American Trypanosomiasis. 

Chagas is caused by a blood-sucking bug or Vinchuca, which causes serious intestinal and heart long term problems 

and affects 33.4% of the Bolivian population. This disease affects mostly humble people, so the Bolivian state invests 

millions of dollars to acquire medicine and distribute it for free.  

Due to the above reasons, the present research aims to analyze some areas of Bolivia using satellite images for 

developing an epidemiology study. The primary objective is to understand the environment in which the transmission 

of the disease happens, and the climatic conditions under which occurs, observe the behavior of the blood-sucking bug, 

identify in which months occur higher outbreaks, in which months the bug leaves its eggs, and under which weather 

conditions this happens. All this information would be contrasted with information extracted from the satellite images 

and data from the Ministry of Health, and the Institute of Meteorology in Bolivia. All this data will allow us to have a 

more integrated understanding of this disease and promote new possibilities to prevent and control it. 

 

 

I. INTRODUCTION 

Vectors are living organisms that can transmit 

diseases, from one infected person or animal to another 

[1].  

The vectors cause serious diseases in the human being 

and are more prevalent in tropical and subtropical areas 

and in places with problems of access to drinking water 

and sanitation. 

For the World Health Organization (WHO) over 17% 

of infectious diseases are transmitted by vectors [2]. 

Chagas disease (CH) is a serious public health problem 

because of its impact and complicated control [3].  

In the Latin American region, Chagas disease is 

present in 20 countries, as we can observe in the next 

figure and currently affects 8 to 9 million people and 

more than 90 million people are at direct risk of 

contagion [4].  

 
Fig. 1: Incidence of Chagas in South America. Source: 

Corazones Unidos contra el Chagas 
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CH is caused by the parasite Trypanosoma cruzi (TC) 

[2]. The vinchucas nest and multiply in houses built with 

precarious materials, such as adobe, mud or straw, for 

this reason in rural areas where this type of constructions 

predominate, people are at higher risk of contracting the 

disease [3]. 

The main CH infection is carried out by contact of 

mucous or wounded skin with the feces of the infected 

host animal, usually a triatomine insect known in the 

region as vinchuca [5]. There are other forms of 

contagion, for example: transfusional, congenital, organ 

transplants, oral and laboratory accident.  

 

Fig. 2: Chagas disease transmission cycle 

Source: Argentina Chagas Initiative 

 

Chagas disease has two phases: acute and chronic; the 

first may present without symptoms or with very mild 

symptoms such as fever, general malaise, swelling of the 

eyes, swollen area and redness at the site of the bite. If 

Chagas is not treated in time it can cause cardiovascular, 

gastrointestinal or neurological disorders. 30% of 

patients develop heart disease that can trigger death. 

Although the outbreaks of Chagas are a concern for 

the Ministry of Health, so far has not been possible to 

characterize the environmental macrofactors that 

condition the reproduction, development and 

maintenance of the mosquito vector in the country. 

Therefore, it has not been possible to identify the risk 

areas in the country to apply preventive measures to 

mitigate the effects of the disease in the population and 

to make a better decision-making. 

Seeing the problematic situation of the country with 

respect to Chagas disease, this project wants to analyze 

the relationship between the environmental factors and 

the prevalence of Chagas cases in Bolivia, using 

meteorological data and Landsat 8 satellite imagery of 

2016, to identify the environmental conditions in which 

the disease is transmitted. 

 

II. CHAGAS IN BOLIVIA 

There are 140 species of vinchucas in the world, in 

Bolivia there are 21 types of vinchucas identified, the 

most common vinchuca is the Triatoma Infestans, which 

is responsible for the largest number of Chagas cases 

recorded in the country. 

 
Fig. 3: Life Cycle of the Vinchuca. 

 Source: World Health Organization (WHO) 2010 

 

Bolivia is the country with the largest dispersion area 

of the CH vector (Triatoma Infestans). It is dispersed in 

approximately 60% of the Bolivian territory. According 

to figures calculated by WHO in 2010, Bolivia is the 

country with the highest incidence of Chagas in South 

America [6].  

 

 
Fig. 4: Dispersion of the Chagas vector in South 

America. Source: World Health Organization (WHO) 

2010 

 

In the country, three endemic zones were identified: 

the valley area comprised by the departments of 

Cochabamba, Chuquisaca, Tarija and Potosí, the Chaco 

area comprised by the departments of Santa Cruz, 

Chuquisaca and Tarija, and finally the Amazon area 

departments of Beni, Pando, part of Santa Cruz, north of 

La Paz and north of Cochabamba. 
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Fig. 5: Endemic vector map of Bolivia                 

Source: Ministry of Health of Bolivia 

As we can see in the image, the purple squares 

symbolize the endemic areas where incidence of  Chagas, 

we can see that the vector disease has comprised part of 

the departments of Santa Cruz, Beni, Cochabamba, La 

Paz, Sucre and Tarija. 

The departments of Tarija, Chuquisaca, show an 

almost complete dispersion of the vector and the 

departments of Cochabamba, Santa Cruz, La Paz and 

Beni show a partial dispersion [7]. 

In Bolivia there are approximately 3 million people 

infected with Chagas. In 2016 the Ministry of Health of 

Bolivia recorded 17,892 new cases. 

In the department of Santa Cruz, 57.72% of the total 

cases of chagas were concentrated, followed only by the 

department of Cochabamba, which concentrated a total 

of 23.13% of infected persons. 

 

III. SELECTION OF THE STUDY AREA 

As described above the Chagas has become an 

emerging disease in Bolivia, as it has found in the warm 

departments of the country, such as Santa Cruz, Tarija, 

Chuquisaca and Cochabamba, the adequate conditions to 

prevail and transmit the disease.  

For the other hand we can also observe that Chagas 

disease has affected six of the nine departments of 

Bolivia. 

For this reason we must select among the departments 

of the country the most affected by this viral disease and 

where there is a high prevalence of cases. [8] 

For this, the National Program of Preventative and 

Control of Chagas in Bolivia was revised, where the 

epidemiological situation of the country in 2016 can be 

observed. 

 

 
Table 1: Acute Chagas incidence in Bolivia - 2016. 

Source: National Program of Preventative and Control 

of Chagas in Bolivia 

 

As we can see in the table the departments of Bolivia 

with the highest incidence of Chagas cases are three: 

Santa Cruz, Cochabamba and Tarija. During the year 

2016, Santa Cruz presents 10328 cases of Chagas, so we 

will choose a study area belonging to this department. 

 

 
Table 2: Acute Chagas incidence in Santa Cruz - 

2016. Source: National Program of Preventative and 

Control of Chagas in Bolivia 

 

As we can see in the table above, there are three 

provinces of the department of Santa Cruz that record 

the highest incidence rates of acute Chagas in 2016. 

 

  
Fig. 6: Map of provinces of Santa Cruz, Bolivia Source: 

Military Geographic Institute Bolivia 
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As we can see in the figure, the area selected by the 

shape in red is our area of interest, where we have three 

provinces, these are: Andrés Ibañez, Obispo Santistevan 

and Warnes. Therefore these three provinces will be 

selected as our study area. 

 

IV. SATELLITE IMAGE PROCESSING 

The general block diagram of the present project is 

shown below: 

 

 
Fig. 7: General block diagram.  

Source: Own elaboration 

 

In the previous diagram we can observe the sequence 

of ordered steps that will help us to achieve the objective 

of the present research project. 

 

Data acquisition 

For the development of this research, different types 

of data must be acquired, the most crucial is, the number 

of acute Chagas cases in the study area region during the 

study period, on the other hand, it will be necessary to 

supplement these data with data from the meteorological 

stations located in the provinces of study and finally the 

satellite images of the department of Santa Cruz. 

 

A. Incidence of Acute Chagas 

The Ministry of Health of Bolivia, through its 

Departmental Health Service (SEDES), in a joint effort 

of the nine departments of Bolivia, has developed an 

informatic tool for develope the epidemiological 

surveillance of vector-borne diseases, including: Dengue, 

Zika, Chikungunya and the acute Chagas disease. [9] 

 

 
Fig. 8: Epidemiological surveillance tool 

Source: Ministry of Health of Bolivia 

This tool allows us to know the number of cases of 

acute Chagas by department, province and municipality 

during all the year, in this case the data of 4 months have 

been collected from July to October of 2016, since these 

are the months selected to carry out the study. 

 

 
Table 3: Epidemiological surveillance tool 

Source: Ministry of Health of Bolivia 

 

As can be seen in the above table, in total our area of 

study comprises three provinces and twelve 

municipalities. It can be observed that the incidence rate 

of acute Chagas throughout the four months of study is 

of 3100 confirmed cases during that period. 

 

B. Meteorological data 

Through the National Service of Meteorology and 

Hydrology of Bolivia it was possible to identify the 

meteorological stations installed in the study area. [10] 

They can be observed in the following figure: 

 

 
Fig. 9: Location of the weather stations in Bolivia  

Source: National Service of Meteorology and 

Hydrology - SENAMHI 

 

In total there are six meteorological stations located 

in the provinces of Obispo Santistevan, Warnes and 

Andres Ibañes, as we can observe in the next table: 
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Table. 4: Selection of weather stations 

Source: National Service of Meteorology and 

Hydrology - SENAMHI 

 

From the six meteorological stations selected, data of 

the minimum, maximum and average temperature were 

obtained; in addition to the average precipitation data of 

the study area in the selected period of time. 

 

C. Satellite Images 

For this research project we use the satellite imagery 

from Landsat 8, which is an American terrestrial 

observation satellite launched on February 11, 2013. It is 

the eighth and most recent satellite of the Landsat project 

operated by NASA and the United States Geological 

Survey (USGS) since 1972. [11] 

The Landsat 8 satellite carries two instruments: 

Operational Land Imager (OLI) and the Thermal Infrared 

Sensor (TIRS). Of the total of 11 spectral bands, 9 bands 

are taken by the OLI instrument and 2 bands are taken by 

the TIRS instrument, in the next table we can see the 

specifications: 

 

 

Table 5: Landsat 8 Satellite Sensor Specifications. 

Source: USGS-NASA 

 

A level 1 scene consists of a radiometrically and 

geometrically corrected image with 13 files, where 11 

files are in GeoTIFF and correspond to each of the 11 

recorded bands, one metadata file (MTL) and one more 

file with a scene quality evaluation (QA). 

For download the Landsat 8 images we must enter in 

the website of USGS (https://earthexplorer.usgs.gov/), 

for download the satellite images we do not need to use 

special software, as mentioned above is free and allows 

you to download the images that you want. Initially we 

look for our area of interest, in this case Santa Cruz, 

Bolivia: 

 

Fig. 10: Downloading Landsat 8 images.  

Source: USGS Website 

 

We can filter the images by different criteria, mainly 

by year, month, percentage of cloudiness and others.  

The selected study months are: July, August, 

September and October of 2016, due to the fact that the 

other months of the year have a high percentage of cloud 

coverage of more than 70%, which can lead to erroneous 

results. 

 

 
Fig. 11: Making a shape of the study area. 

Source: Own elaboration 

 

As we can see in the previous image, it was decided 

to create a shape and crop the satellite image in order to 

obtain the data only from the area of interest. 

 

Image preprocessing 

Due to satellite instruments, different effects can 

occur that can affect the images acquired, which is why, 

in order to acquire valid information from our satellite 

images, different types of corrections must be made in 

the pre-processing stage, since we need correct the errors 

that our satellite image acquired when it was exposed to 

different interferences.  

 

 
Fig. 12: Preprocessing step block diagram.  

Source: Own elaboration 
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The corrections that will be made in the present 

project will be explained in the following section. 

 

D. Radiometric correction 

This correction is the technique to reconstruct the 

physically calibrated values by correcting the spectral 

distortions caused by different reasons like: the 

instrumental effects due to the calibration, the seasonal 

changes, the type of terrain that influences the radiation, 

the sunlight that affects the radiometric values and the 

scattering effects of the atmosphere, among others. [12] 

The main purposes of the radiometric correction is to 

perform a sensor calibration for reduce the red-out effects 

and improve the sensitivity of the detector, also the 

calibration wants to reduce the sun angle and topographic 

effect for reduce the surface slope, finally wants to 

correct the phenomena caused for the absorption and 

scattering caused for the Earth’s atmosphere. 

For this reasons the radiometric correction is really 

important for this project as we will perform a 

quantitative image analysis and we know that the 

improperly calibrated Landsat 8 images may lead us to a 

wrong conclusion. 

 

E. Geometric correction 

The geometric correction is the technique to re-

project the radiometrically corrected image onto a 

common map projection. Also an important step is to 

georeferencing each pair of pixel in the image with a 

geographic coordinate of the map. Finally applying these 

two techniques we will achieve a geocoded product. [13] 

For this project we will need a totally geometrically 

corrected image, because for this application we required 

the absolute locations of the data extracted from the 

image. 

 

F. Atmospheric correction 

The atmospheric correction is the technique of 

evaluate and eliminate the atmospheric and terrain 

distortions that are introduced in the values of radiance 

that arrive at the sensor from the Earth's surface. [14] 

This with the main objective of recovering the 

physical parameters of the terrestrial surface including 

the reflectance of the surface, the visibility of the ground 

and the temperature. This correction is especially needed 

for the application of the present project, because it is 

necessary to compare and analyze images of different 

dates and taken in different conditions. 
 

Image processing 

In the image processing step we will need to extract 

environmental parameters that are relevant indicators for 

the study of the epidemiological chain of Chagas disease. 

For this we need to extract from the satellite images the 

next parameters:  

 

Fig. 13: Processing step block diagram.  

Source: Own elaboration 

 

As we can observe we need to compute the Land 

Surface Temperature (LST), Relative Humidity, 

Normalized Difference Water Index (NDWI), 

Normalized Difference Soil Index (NDSI), Normalized 

Difference Vegetation Index (NDVI), Tasseled Cap 

index, which is an indicator of greenery, brightness and 

humidity. 

An algorithm was programmed in MATLAB to 

calculate the above mentioned parameters, the general 

block diagram of the algorithm was as follows: 

 

 
Fig. 14: General flowchart of the algorithm 

Source: Own elaboration 

 

According to the flow diagram, the programmed 

algorithm first selects the bands of interest, then reads the 

metadata file from which it will extract certain constants, 
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then perform the calculations with the programmed 

equations and finally show heat maps and graphics to be 

able to analyze the behaviour of the environmental 

parameters in the different areas of the image. 

After compute the environmental parameters of the 

satellite images of the study area we create a database 

with all the information acquired in the different stages 

of the study: 

 

 
Fig. 15: Data base diagram.  

Source: Own elaboration 

 

As can be observed, the environmental parameters 

calculated from the image processing step, the 

meteorological data of the SENAMHI stations located in 

the study area and finally the data of the incidence of 

acute Chagas were included. 

After the creation of the database, a statistical analysis 

was performed. The results will be displayed in the next 

section. 

 

V. ANALYSIS OF RESULTS 

The data obtained have been analyzed by statistical 

tools that allow synthesizing the information, minimizing 

the loss of information. For this purpose the principal 

components model was selected to analyze the data. 

 The variables included in the analysis are detailed in 

the following table: 

 

 

Table 6: Definition of the measured variables. 

Source: Own elaboration 

 

These variables have been calculated to investigate 

their effect within the variation of number of cases during 

the months of analysis. An important effect to which we 

gave greater presence is the variation of temperature, for 

this reason we analyzed the maximum and minimum 

temperature of the period, and the standard deviation of 

the daily variation of temperature, this parameter is a 

cause of the variations in the production of the vector and 

therefore the contagion of the same. 

From the analysis of principal components the 

following table of results was obtained: 

 

 
Table 7: Result of principal component analysis. 

Source: Own elaboration 

 

To maximize the explained variance, the first three 

components that explain 100% of the variance have been 

selected. If we add a new component no differences are 

observed, if we decrease one of the components we lose 

12% of the explained variance. 

 In the following table we show the relationships of 

each principal component with each variable: 

 

 
Table 8: Relationship between components and 

variables. Source: Own elaboration 

 

From the table we can see that the three components 

depend on all the measured variables. 

Component 1 has a strong positive influence on 

incidence, temperature, and water stress of vegetation. 

Second component has positive influence in 

important percentage with a NDWI, NDSNI, and 

temperature variation. 

Finally, component 3 is positively related to 

precipitation and minimum temperature. 

 

VI. CONCLUSIONS AND RECOMMENDATIONS 

 

● Taking into account that in Bolivia the occurrence 

of Chagas outbreaks shows an increasing intensity 

since 2015, this study allow us to have a more 

integrated understanding of this disease, 

understand the environmental factors in which the 

transmission of the disease happens. 
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● With this proof of concept we can indicate that the 

incidence of Chagas cases is linked to certain 

parameters such as: temperature, the water stress 

of vegetation, water bodies and accumulated 

precipitation. 

● A future project pretend create a system that allow 

us to identify areas with ideal environmental 

conditions to house the vinchuca in order to plan 

and apply preventive measures in those places to 

mitigate the disease, resources and actions should 

also be planned, impact assessments and even 

projections can be made in the future to protect the 

vulnerable population living close to areas where 

mosquitoes develop.  
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