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Abstract 

Leptospirosis is a disease that is caused by the Leptospira bacteria. Transmission occurs via 

contact with water and mud that has been contaminated by the rodent’s urine. High incidence 

rates occur during wet seasons. The aim of this research was to use geospatial techniques to 

evaluate the association between the socioenvironmental variables and the spatial distribution 

of leptospirosis in Sao Paulo, Brazil. Four physical geographic maps (slope, elevation, distance 

from rivers and river density) and two socioeconomic maps (average family salary and average 

number of residents in the household) were used. The statistical significance of the differences 

between the average values of the variables that are calculated for the areas with leptospirosis 

cases and the areas without leptospirosis cases was evaluated. The average family salary, the 

number of residents in the households and the river density from the census sector variables 

were significantly associated with cases of leptospirosis.  
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1. INTRODUCTION  

Recent studies have focused on modeling epidemics using geospatial analysis, including 

dengue fever (Ferreira, 2014; Mahmood et al., 2019); yellow fever (Kraemer et al., 2017), 

A(H1N1)pdm09 (Doukissas et al., 2018); and leptospirosis (Luenam and Puttanapong, 2019). 

Leptospirosis is a disease with a worldwide geographical distribution. It is caused by bacteria 

in the Leptospira genus, and it affects humans and animals. Transmission to humans occurs 

directly by contact with rodent urine or tissue and indirectly by contact with water or mud that 

have been contaminated by rodent urine (Caldas, 1979; Levett, 2001; Raghavan et al., 2012, 

2013). Rodents, mainly the Rattus norvegicus, are the hosts of the bacteria. The disease affects 

people working with animals in open spaces or living in urine-contaminated environments 

(Traxler et al., 2014; Hartskeerl et al., 2011). 

In tropical regions, higher incidence rates are frequent during wet seasons or after major 

river floods (Ward et al., 2004; Gracie et al., 2014). Several urban geographical factors are 

associated with the bacteria infection, such as family income, river proximity, sanitary 

conditions, land use, terrain slope and household characteristics (Barcelos and Sabroza, 2001; 

Reis, 2008; Soares et al., 2010; Robertson et al., 2012; Raghavan et al., 2012; Gracie et al., 

2014; Vega-Corredor and Opadeyi, 2014). These factors interact spatially, creating 
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geographical local associations that favour bacteria dissemination throughout the population. 

In the large cities of developing countries, leptospirosis has been associated with living near 

flood areas, near domestic garbage disposal sites and in densely populated slums near river 

channels and periodically flooded areas (Reis, 2008). In Brazil, leptospirosis epidemics are 

concentrated from the months of October-March, when major floods may distribute the 

Leptospira bacteria throughout populations living near rivers.  

Our study proposes an exploratory spatial analysis of leptospirosis using GIS techniques. It 

evaluates the effects of the socioenvironmental variables on the spatial distribution of 

leptospirosis cases in Sao Paulo - the most populous municipality in Brazil with 12,100,000 

inhabitants (SEADE, 2018). Figure 1 shows the location of the Sao Paulo municipality in 

Brazil. 

The study analysed four physical geographic risk variables (slope, elevation, distance from 

rivers and river density) and two socioeconomic risk variables (average family salary and 

number of residents in the household). Slope and elevation are geomorphological variables that 

directly influence the flooding process along river plains and the surficial water accumulation 

sites that are created in urban areas. We used Quantum GIS Desktop GIS 3.02 (QGIS) to 

perform the geospatial analysis operations, data generation and thematic mapping of the 

environmental and socioeconomic variables. 

 

Figure 1. Location map of the Sao Paulo municipality in Brazil. 

2. LITERATURE REVIEW 

The first study about leptospirosis in Brazil, which was carried out by Azevedo and Correa 

(1968) in Recife, concluded that the disease’s epidemics occurred after major flood events. A 

few years later, in Rio de Janeiro, Silva et al. (1975) noted that there was an association between 

the number of infected people and the hydrological and socioeconomic characteristics of 

surrounding areas. Barcelos and Sabroza (2001) concluded that infection risk is lower farther 

from water sites and higher closer to the exposed garbage areas of Rio de Janeiro. Leptospirosis 

cases are more frequent in Rio de Janeiro during the summer when populations have direct 

contact with river and lake waters in response to high temperatures (Guimaraes et al., 2014). 

In Belo Horizonte, Brazil, it was found that 24% of the infected people lived in slums and 

poor neighbourhoods, and 21% lived in lowlands that were exposed to periodic flooding 

(Figueredo et al., 2001). In Sao Paulo, during the dry season, high incidence rates occurred in 
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low-income neighbourhoods that were distant from rivers; however, during the wet season, the 

disease also spreads to poor neighbourhoods that were situated near rivers (Soares et al., 2010). 

Leptospirosis transmission occurs mainly in densely populated suburbs that are a short 

distance from rivers in Sri Lanka (Robertson et al., 2012). In Semarang city, Java, the cases are 

concentrated in the dry season and in areas that are more elevated and with no flooding risk, 

which is different from those in other tropical countries (Sunaryo, 2012). A study that was 

published by Sanchez-Montes (2015) shows that in Mexico, air temperature is more important 

in explaining the spatial distribution of leptospirosis than rainfall. In Lyon, France, the 

transmission rate is large in densely populated and low-income neighbourhoods. In these areas, 

more rodents that were infected with Leptospira bacteria were found (Ayral et al., 2015). 

Furthermore, the association of the environmental and socioeconomic factors with the 

locations of leptospirosis cases is affected by the geographical scale and the areal unit size that 

is used in the geospatial analysis. A study that was carried out in the state of Rio de Janeiro, 

Brazil, Gracie et al. (2014) concluded that at the local level (census sector), leptospirosis 

incidence was correlated with the percentage areas that flooded; at the regional scale, the 

incidence was correlated with the number of people living in slums and the percentage of 

densely urbanized areas. However, at the municipal scale, the authors observed that there were 

no significant correlations between the environmental and socioeconomic factors and 

leptospirosis incidence. 

An extensive study carried out by Soares et al. (2010) evaluated the association between 

socioeconomic variables and leptospirosis incidence and lethality in Sao Paulo using a district 

database from 1998 to 2006. The results showed that the spatial pattern of clustered cases was 

related to the literacy rate, average monthly income, number of residents per household, water 

supply and sewage system. These authors also found that the incidence and lethality rates were 

correlated with the socioeconomic conditions of the population in both the rainy and dry 

seasons. These authors also found that during the dry season, the cases were concentrated only 

in the poorest districts of the city, but during the rainy season, the disease also spread to the 

other districts, possibly due to the districts’ proximity to rivers. The research of Soares et al. 

(2010) did not evaluate the effects of the environmental variables on the distribution of 

leptospirosis cases, although it has been suggested that their influence is probably greater during 

the rainy season. 

Rapid changes in the urban landscape structure of large cities may be affecting the spatial 

epidemiology of vector-borne infectious diseases in some Latin American countries, such as 

Brazil. Those changes create new epidemiological landscape units that are composed of areas 

where the host, vector and pathogen interact spatially within an environment that is permissive 

to transmission (Reisen, 2010). The most significant human-induced impact on the urban 

landscape is the creation of domestic microhabitats (nidus) that favour the transmission of 

diseases (Pavloskiy, 1966; Gubler, 1996). Leptospirosis microhabitats are formed by the spatial 

association between environmental factors (river flooding, flat terrain, areas that are located 

near urban rivers, high river density and low elevation areas), and socioeconomic factors 

(poverty, average monthly salary, and number of residents per household, among others). 

3. MATERIALS AND METHODS 

3.1 Materials 

3.1.1 Vector cartographical database 

A cartographic database that was composed of four vector maps in the shapefile format was 

used as follows. The maps included the territorial limits of the Sao Paulo Municipality, the 
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hydrographical network, the census sectors and the districts of Sao Paulo. All these shapefiles 

were obtained from the Metropolis Study Centre of Sao Paulo (CEM, 2015; SIH, 2007) and 

GEOSAMPA (2017) and later projected on a South American Datum 1969 - SAD 69, and UTM 

coordinate system using a QGIS projection module. The census sector is the smallest spatial 

aggregation unit that is used by the Brazilian Institute of Geography and Statistics (IBGE, 2010) 

to collect socioeconomic information in the national census survey. From the census sector 

shapefiles, data for the average salary, total resident population and average number of people 

living in the household were gathered. 

3.1.2 Leptospirosis data 

A total of 1,885 cases that were documented over 10 years (1998-2007), 1,702 of which were 

from 1998-2006 and 183 from 2007, were used. The 1998-2006 data were obtained from a 

leptospirosis case map that was available in the Identification and Delimitation of Priority Areas 

for Leptospirosis Control in Sao Paulo Report (PMSP, 2007). This map, which was originally 

in raster format, was georeferenced in QGIS using an SAD69 datum and latitude-longitude 

coordinate system to represent the locations of all cases that occurred over the 1998-2006 

period. A sample of 1,702 leptospirosis cases from the period from 1998-2006 was captured 

using an on-screen digitizing method that was applied to the leptospirosis case map at a 

1:50,000 scale by means of the Vector Point Feature Adding option in the Editing module of 

QGIS. Only the visually accurate points in the leptospirosis case raster map at that scale were 

digitized. 

In addition to the 1,702 leptospirosis cases that were digitized and collected for the period 

from 1998-2006, data from 2007 that were available in point shapefile vector format, containing 

the locations of 183 geocoded leptospirosis cases, were obtained from the Metropolis Studies 

Centre of Sao Paulo database (SIH, 2007; CEM, 2014); they were added to the database, 

increasing the total to 1,885 cases. 

3.1.3 Socioenvironmental variables data 

 Slope (SLO) and surface elevation (ELV):Data from ASTER GDEM2 (Advanced 

Spaceborne Thermal Emission and Reflection Radiometer Global Digital Elevation 

Model) were used to map the slope and surface elevation of the Sao Paulo Municipality. 

ASTER GDEM2 data represent the terrain elevations using a 30-metre spatial resolution 

grid and a 15-metre altimetry resolution (Tachikawa et al., 2011). The digital elevation 

model data in raster format were obtained from ASTER GDEM (2014). The SLO and 

ELV maps were generated using the Terrain Analysis Raster module of QGIS. 

 Average monthly family salary (SAL) and Average number of residents in the household 

(RES): Data from the SAL and RES variables were gathered from the census sector 

database (IBGE, 2010). This database includes a census sector map and an attribute 

table containing the demographic and socioeconomic data that are linked to census 

sector polygons. The SAL and RES maps were prepared using the field calculator tool 

that is available in the Vector Attribute Table module. Since the RES variable refers to 

the average number of residents in the household, in sparsely populated areas, 

uninhabited households may exist, and for this reason, the average value of the RES 

variable can be less than 1.0. 

 River distance (RDI):The spatial variation of distances from rivers was represented as 

an isodistance raster map, which was prepared using a 30-metre spatial resolution grid. 

The grid cells of the map include the recorded Euclidian distances from a certain point 

to the nearest river. The river distances were mapped using a hydrographic network map 
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as a reference and the Distance function, which was available in the Raster module of 

QGIS. 

 River density in the census sector (RDE):River density in the census sector was 

calculated using hydrographic and census sector maps. These maps were combined by 

using the Adding Line Lengths in Polygons function, which was available in the Vector 

module of QGIS. Then, the total river channel length by census sector polygons was 

extracted. Next, the river density in the census sector was calculated by using the Field 

Calculator tool, which was available in the Vector Attribute Table module of QGIS. 

3.2 Methods 

3.2.1 Leptospirosis average annual incidence rate by Municipal District 

In the first step of the research, we calculated the leptospirosis incidence rate in the 96 districts 

of Sao Paulo. In this sense, the average annual incidence rate per 100,000 inhabitants (IL) in the 

period from 1998-2007 was estimated using Equation 1: 

                                                        𝐼𝐿 = (
𝑛

𝑃𝑎𝑣𝑔
) . 100,000                                            (Eq. 1) 

where 𝑃𝑎𝑣𝑔 is the total average population in the districts in 2000 and 2010, and n is the total 

number of reported leptospirosis cases by district in the 1998-2007 period. The IL values were 

mapped into four classes using the quantile classification method. A population density map by 

district was also produced to show if the districts with the highest population densities are those 

with the highest incidence. 

3.2.2 Kernel density estimation (KDE) 

The spatial density of leptospirosis cases was mapped using the kernel density estimation 

(KDE) method, which uses a mathematical smoothing function for the aggregate point nuclei 

mapping that is distributed on a grid surface (Smith et al, 2009). We used the quartic bi-weight 

function and a 3,300-metre radius around the leptospirosis case points as the spatial parameters 

of the kernel method. The choice of the radius value was based on the maximum daily 

displacement of rodents (3,300 m), which was estimated by Fenn and MacDonald (Fenn and 

MacDonald, 1987; Masi et al., 2009) using telemetric techniques. The kernel density map 

shows the possible rodent activity areas that are located around areas with a high density of 

leptospirosis point cases. The KDE map was classified into four classes, varying from a low 

density to a very high density of leptospirosis cases, using the quantile method. 

The kernel density values that were classified as very high kernel density (VHD) were 

considered to be the areas with a great number of microhabitats for leptospirosis. Therefore, the 

VHD areas are examples of the possible epidemiological landscape units of the disease. The 

land use spatial structure of the VHD areas was visualized and analysed using high-resolution 

orthorectified digital aerial photographs (1-metre spatial resolution). 

3.2.3 Spatial autocorrelation analysis 

The presence of spatial autocorrelation (SA) for the IL variable was also tested using the 

univariate LISA (local univariate spatial autocorrelation) with Moran’s index (I). The K-nearest 

neighbours spatial weight option, which was available in the GeoDa package (Anselin, 2003), 

was used to calculate the I values. We chose Moran's index because it is one of the most 

commonly used indices in spatial analysis and is easily accessible in the GeoDa software. The 

results are presented as an SA scatter plot and a positive SA district map that show the districts 

with a significant local Moran’s index. 
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3.2.4 Statistical Analysis 

A grid with cells measuring 200 x 200 metres was overlaid on the map of Sao Paulo. This grid 

was used in the National Census of Brazil 2010 survey. From this grid, we selected 1,633 cells 

where cases of leptospirosis were registered during the period from 1998 to 2007. The selection 

of the cells was made using the Point in the Polygon vector operation and the Attribute Table 

feature selection option that were available on QGIS. In 1,590 cells (97.36%), one case 

occurred, and in the other 43 cells (2.63%), two cases of the disease occurred. The map of these 

cells, which are called case cells, shows the samples from areas possibly containing 

microhabitats of leptospirosis. The population residing in the cells was obtained from the 

Brazilian National Census of 2010.  

Descriptive statistical parameters of the resident populations in the case cells were 

calculated, and the outliers were removed. In this way, only a population ranging from 306 to 

1,001 people residing in the case cells was considered. Based on this population interval, we 

selected a sample of 1,028 case cells (Figure 2a). In addition, a no-case cell map was produced 

by selecting only the cells whose resident populations were in the same population interval of 

the case cells [306 – 1,001]. Thus, a sample of 653 cells in which no cases were recorded was 

selected (Figure 2b).  

The average values of the SAL, RES, RDI, RDE, SLO and ELV variables were calculated 

for the case cell and no-case cell maps using the Statistical by Zone operation, which is available 

in the Raster module of the QGIS. Since the SAL, RES and RDE maps were in vector polygonal 

format (census sectors), their conversion to the raster format was necessary. 

First, the centroids of the census sectors were mapped, and the values of the SAL, RES and 

RDE variables were assigned to these centroids. Then, the centroid values were interpolated by 

using the inverse square distance algorithm using the same spatial resolution as the other maps 

(30 m). Then, the independent samples t-test was chosen to evaluate the statistical significance 

of the differences between the average values of the SAL, RES, RDI, RDE, SLO and ELV 

variables, which were calculated for the case cell and for the no-case cell maps. The statistical 

analysis was performed using the MedCalc statistical software version 18.6 (MedCalc, 2018). 

 

 
Figure 2. The case cell (A) and no-case cell (B) maps that were used as a reference to evaluate the statistical 

significance of the differences between the average values of the SAL, RES, RDI, RDE, SLO and ELV 

variables. 
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4. RESULTS 

4.1 Average Leptospirosis Incidence Rate by Municipal District 

The average annual incidence rate (IL) of leptospirosis in the 1998-2007 period in Sao Paulo 

was 2.048 cases per 100,000 (95% CI = 1.781 ± 0.1770). Districts with higher IL values, which 

were classified in the upper quartile, are shown in Table 1. Figure 3a shows the IL values by 

district map. It can be noted on the IL map that the disease is concentrated predominantly in 

districts that are located in the outlying areas of the municipality. 

We could identify two large clusters of districts with higher incidences: the Southwest 

region, which formed by the districts of Socorro, Santo Amaro, Capao Redondo, Campo Limpo, 

Morumbi, Vila Sônia, Raposo Tavares, Rio Pequeno, Butanta, Jaguare and Jaguara; and the 

Northeast region, which is formed by the districts Tremembe, Jaçana, Vila Medeiros, Vila 

Guilherme and Cachoeirinha. It was also possible to identify other districts with high incidences 

that are distributed in the eastern zone and in the central zone, where the Se district is located, 

and with the highest estimated incidence of the disease (IL = 4.318) 

The KDE map (Figure 3b) shows the spatial distribution of five areas with a very high 

density of cases (VHD) that were accumulated over 10 years. VHD 1 includes the Cachoerinha 

and Brasilândia districts; VHD 2 includes the Tremembe and Jaçana districts; VHD 3 includes 

the Vila Curuça and Itaim Paulista districts; VHD 4 includes the Cidade Ademar district; and 

VHD 5 includes the Capao Redondo, Campo Limpo and Jardim Sao Luiz districts. By 

comparing the KDE map with the population density map (Figure 3c), we can see that the very 

high density of cases areas 3, 4 and 5 are related to the high population density districts, such 

as Vila Curuça (east zone), Cidade Ademar (southeast zone) and Capao Redondo (southwest 

zone).   

 
Table 1. Leptospirosis average incidence rate (LI) (1998-2007) by municipal district in Sao Paulo (districts 

classified in the LI upper quartile). The geographical location of districts, which are directly identified using ID 

numbers, is shown in Figure 3b. The LI values were calculated using Equation 1. 

 
 

ID 

 

District 

 

Population 

 

n  

LI 

95% CI = 1.781 ± 0.1770 

1 Se 20,840 9 4.318 

2 Parque do Carmo 66,849 27 4.038 

3 Cachoeirinha 152,529 59 3.868 

4 Morumbi 33,435 12 3.589 

5 Jaçana 92,323 33 3.574 

6 Bras 25,873 9 3.478 

7 Vila Medeiros 134,628 45 3.342 

8 Raposo Tavares 94,059 30 3.189 

9 Barra Funda 12,971 4 3.083 

10 Butanta 50,345 15 2.979 

11 Erm. Matarazzo 111,735 33 2.953 

12 Tremembe 174,767 50 2.860 

13 Jaguare 42,054 12 2.853 

14 Vila Guilherme 49,196 14 2.845 

15 Campo Limpo 203,813 57 2.796 

16 Socorro 37,894 10 2.638 

17 Capao Redondo 258,012 68 2.635 

18 Rio Pequeno 113,878 30 2.634 

19 Vila Curuça 146,482 40 2.589 

20 Vila Sônia 87,379 22 2.481 
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21 Santo Amaro 60,539 15 2.481 

22 Jaguara 24,914 6 2.408 

23 Jardim Helena 146,370 35 2.391 

24 Cidade Líder 123,548 28 2.266 

4.2 - Spatial Autocorrelation 

The univariate LISA map for the LI variable is presented in Figure 3d. Moran’s index for the 

leptospirosis incidence rate was low for a positive SA (Moran’s I = 0.2729) for the 1998-2007 

period. By analysing the map in Figure 3d, we noted that of the 30 positive SA districts (5.20% 

of all Sao Paulo districts), the SA p-value was 0.05 in five of them: Tucuruvi, Bras, Rio 

Pequeno, Vila Sônia, and Vila Andrade e Campo Limpo. The remaining positive SA districts 

had less significant I-values (p > 0.05).  

The region with the greatest number of positive SA values was composed of the following 

contiguous districts: Jaguara, Jaguare, Rio Pequeno, Butanta, Raposo Tavares, Vila Sônia, 

Morumbi, Campo Limpo, Vila Andrade, Jardim Ângela, Socorro, Campo Grande and Pedreira.  

We also identified three smaller positive SA clusters: North (Tremembe, Jaçana, Vila 

Medeiros, Tucuruvi and Brasilândia), East (Cidade Lider, Parque do Carmo, Jose Bonifacio, 

Sao Mateus and Iguatemi, Vila Curuça and Jardim Helena) and Central (Bras, Pari and Bom 

Retiro). 

Figure 4 presents the orthorectified aerial photographs (1-metre spatial resolution) showing 

part of VHD areas 1 to 4, which were mapped in Figure 3b. When analysing these images, we 

see that the spatial structure of the urban landscapes in these places is characterized by the high 

land occupation density of houses that were constructed in a spontaneous way with very small 

lots. There are several lots with multiple houses that are located near rivers where untreated 

sewage is dumped, on rainwater accumulation sites, or on high-inclination angle hills. 

According to the Sao Paulo City Hall (PMSP, 2017), in these areas, there are many slums and 

precarious allotments where citizens live with high and very high social vulnerability.  

The geotechnical map of the Sao Paulo Municipality (GEOSAMPA, 2017) shows the 

occurrence of the sites with accumulated garbage on the surface (lixões, in Portuguese) near 

these areas. These various socioenvironmental factors that are associated with these locations 

contribute to the formation of a landscape structure that is highly favourable to the emergence 

of leptospirosis. The spatial distribution of the leptospirosis cases in relation to the 

socioeconomic and physical geographic variable maps are shown in Figure 5. 

4.3 - Statistical Analysis 

The results of the statistical analysis are shown in Table 2 and Figure 6. In relation to the 

topographical variables, we found that the average slope in the case cells (SLO = 7.111°) was 

higher than that in the no-case cells (SLO=6.928°) (p=0.1200). The average altitude was higher 

in the case cells (ELV=775.07 m) than that in the no-case cells (ELV=774.86 m) (p=0.8679). 

In relation to the hydrographic variables, we observed that the distance to rivers in the case cells 

(RDI=141.80 m) was lower than that in the no-case cells (RDI=152.73 m) (p=0.1025). 

Furthermore, the river density in the census sector in the case cells (RDE=2.547 km/km2) was 

higher than that in the no-case cells (RDE=2.309 km/km2) (p=0.0012). 
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Figure 3. (A) Average leptospirosis incidence rate by district map, (B) the kernel density map showing in 

numbers the areas with a very high kernel density (VHD) of leptospirosis cases, the average population density 

by district map (C), and the LISA significance by district map showing the positive spatial autocorrelation 

districts for the leptospirosis incidence rate (D). 

Table 2. Average values for the SAL, SLO, RDE, RDI, RES and ELV variables that were calculated for the case 

cell and no-case cell maps and their respective p-values that were estimated using the independent samples t-test. 

 Case cells (n = 1,027) No-case cells (n = 653)  

Variables Average 95% CI Average 95% CI p 

SAL (US$) 386.14 371.75 to 400.53 479.52 455.17 to 503.86 <0.0001(1) 

RES 3.195 3.180 to 3.210 3.091 3.067 to 3.115 <0.0001(1) 

SLO (o) 7.111 6.961 to 7.260 6.928 6.753 to 7.103 0.1200 
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RDE (km/km2) 2.547 2.456 to 2.638 2.309 2.199 to 2.419 0.0012(1) 

RDI (m) 141.80 133.63 to 149.97 152.73 142.44 to 163.022 0.1025 

ELV (m) 775.07 773.53 to 776.60 774.86 772.86 to 776.85 0.8679 

 
(1) Differences between the average values that were statistically significant at p<0.005. 

 

 
 

Figure 4. Partial view of the land use patterns in the very high kernel density of leptospirosis case areas (VHDs 

1 to 4; see Figure 3b), which were obtained from high-resolution orthorectified aerial photos. Source: Aerial 

photos that were adapted from GEOSAMPA (2017). 
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Figure 5. Spatial distribution of the leptospirosis cases that were documented from 1998 to 2007 in Sao Paulo in 

relation to the average number of residents in the household (A), average monthly salary (B), river density in the 

census sector (C), river distance (D), slope (E) and altitude (F). 

4.3 - Statistical Analysis 

The results of the statistical analysis are shown in Table 3 and Figure 6. In relation to the 

topographical variables, we found that the average slope in the case cells (SLO = 7.111°) was 

higher than that in the no-case cells (SLO=6.928°) (p=0.1200). The average altitude was higher 

in the case cells (ELV=775.07 m) than that in the no-case cells (ELV=774.86 m) (p=0.8679). 

In relation to the hydrographic variables, we observed that the distance to rivers in the case cells 

(RDI=141.80 m) was lower than that in the no-case cells (RDI=152.73 m) (p=0.1025). 

Furthermore, the river density in the census sector in the case cells (RDE=2.547 km/km2) was 

higher than that in the no-case cells (RDE=2.309 km/km2) (p=0.0012). 
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Table 3. Average values for the SAL, SLO, RDE, RDI, RES and ELV variables that were calculated for the case 

cell and no-case cell maps and their respective p-values that were estimated using the independent samples t-test. 

 Case cells (n = 1,027) No-case cells (n = 653)  

Variables Average 95% CI Average 95% CI p 

SAL (US$) 386.14 371.75 to 400.53 479.52 455.17 to 503.86 <0.0001(1) 

RES 3.195 3.180 to 3.210 3.091 3.067 to 3.115 <0.0001(1) 

SLO (o) 7.111 6.961 to 7.260 6.928 6.753 to 7.103 0.1200 

RDE (km/km2) 2.547 2.456 to 2.638 2.309 2.199 to 2.419 0.0012(1) 

RDI (m) 141.80 133.63 to 149.97 152.73 142.44 to 163.022 0.1025 

ELV (m) 775.07 773.53 to 776.60 774.86 772.86 to 776.85 0.8679 

(1) Differences between the average values that were statistically significant at p<0.005. 

 

 

Figure 6. Data comparison graphs showing 95% confidence intervals for the means that were estimated for the 

case cells and no-case cells for the river density in the census sector (A), river distance (B), altitude (C), slope 

(D), average monthly salary (E) and average number of residents in the household (F). 
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The results from the socioeconomical variables showed that the average monthly salary that 

was calculated for the case cells (SAL=386.14 US$) was lower than that in the no-case cells 

(SAL=479.52 US$) (p<0.0001). With respect to the number of residents in the household, the 

average for the case cells (RES=3.195) was higher than it was for the no-case cells (RES=3.091) 

(p<0.0001). 

5. DISCUSSION 

Due to the great number of cases that were observed over the 10 years that were analysed, we 

assume that the areas corresponding to these five nuclei are leptospirosis epidemiological 

landscape units that are composed of microhabitats that have social and environmental 

characteristics favouring the contagion of the Leptospira bacteria. 

Although we confirmed the positive spatial autocorrelation of leptospirosis case incidences 

in Sao Paulo (I=0.27) in our study, this index was not statistically significant. Soares et al (2010) 

found very similar values, i.e., I=0.26 for the incidence of cases during the dry period and I=0.19 

during the wet period. This finding may indicate that during the rainy season, the disease 

probably spreads, decreasing the local agglomerates. However, during the dry period, the cases 

aggregate in the epidemiological landscape units. 

The values that are found in our study for the average incidence rate of leptospirosis in the 

districts of Sao Paulo from the period from 1998-2007 varied from 0.25/100,000 (Vila Mariana 

district) to 4.31/100,000 (Se district). These values were relatively close to those that were 

obtained by Guimaraes et al. (2014) for Rio de Janeiro, Brazil (0.54 to 5.71/100,000) and by 

Sanchez-Montes et al (2015) for Mexico (0.08 to 11.75/100,000). However, our results were 

smaller than those that were found by Costa et al. (2014) for the slums of Salvador, Brazil 

(35.4/100,000).  

The districts that are in the highest quartile of incidence rates are situated in the clusters that 

are mapped by Soares et al (2010) using Moran’s index; these results are similar to the literacy 

rate, average monthly income and average number of residents by household. Although we 

confirmed the positive spatial autocorrelation of leptospirosis case incidences in Sao Paulo in 

our study (I=0.27), this index was not statistically significant. Soares et al. (2010) found very 

close values, i.e., I=0.26 for the incidence of cases during the dry period and I=0.19 during the 

wet period. This finding may indicate that during the rainy season, the disease probably spreads, 

decreasing the local agglomerates. 

The leptospirosis cases that were used in our study were reported during both the dry and 

wet seasons. However, we know that the associations with the river density and river distance 

variables may be higher during the wet season than during the dry season. However, during the 

dry season, most cases occur in poor neighbourhoods with households that are distant from 

rivers (Soares et al., 2010). 

Family salary was significantly lower in the case cells than in the no-case cells. The number 

of residents in the household was significantly higher in the case cells than in the no-case cells. 

The research that carried out by Soares et al. (2010) found a significant negative correlation 

between the incidence rate of leptospirosis and average income in Sao Paulo districts. Ayral et 

al. (2015) showed that rodent-transmitted disease risk is higher in the low-income 

neighbourhoods of Rhône, France.  

The river distance was not significantly lower in the case cells than in the no-case cells. The 

river density in the census sector was significantly higher in the case cells than in the no-case 

cells. A higher frequency of cases occurred mainly in small hydrographic basins with high river 
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densities in the census sector, which were occupied by slums and had populations that suffer 

because of the floods after rainstorms.  

In relation to the river distance, our results were different from the findings of Sunaryo 

(2012), who studied the city of Semarang, Java. That author concluded that a higher frequency 

of cases was observed in households that were situated 50 to 300 metres from rivers. Similarly, 

in Sri Lanka, a higher risk for leptospirosis was associated with areas less than 400 metres from 

rivers (Robertson et al., 2012).  

In the República, Santa Cecília, Bela Vista and Consolaçao districts, which are situated in 

the old central area of Sao Paulo city, we identified a census sector cluster with a high number 

of cases, but the sector is distant from rivers. In these districts, there are some blocks with 

multiple families residing in the same households with inadequate sanitary conditions (PMSP, 

2019). Perhaps this fact contributed to the occurrence of a greater number of cases in districts 

where households are situated far from rivers. However, this suggestion needs to be investigated 

in the future. 

6. CONCLUSIONS 

We used geospatial techniques and GIS to study the relationships between the spatial 

distribution of leptospirosis and the socioeconomic and physical geographic variable maps in 

Sao Paulo, Brazil. This geographical approach permitted us to assess the relative importance of 

each spatial variable in the occurrence of leptospirosis. The vector techniques allowed us to 

analyse the punctual locations of the cases according to the polygonal geographical units, such 

as municipal districts and the census sectors. The use of vector techniques facilitated the 

estimation of the observed frequencies according to the socioeconomic class intervals, as well 

as the incidence rate mapping and calculation of the river density by census sector. 

In addition, the use of the vector statistical grid of the Brazilian National Census of 2010, 

which was associated with the raster and vector data corresponding to the socioenvironmental 

variables, allowed us to obtain data on the population and statistical parameters that we used in 

the significance tests.  

The average family salary, the number of residents in households and the river density in the 

census sector were more associated with leptospirosis than the distance from a river and the 

topographic variables (slope and altitude). The differences between the geospatial techniques 

that were used to map the socioeconomic (vector analysis) and physical geographic variables 

(raster analysis) may have influenced the lower statistical significance values for the 

topographical and hydrographical variables. In addition, the interpolation method that was used 

to generate surfaces may have underestimated the associations of these variables with the spatial 

distribution of leptospirosis cases.  
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