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A B S T R A C T   

In this ecological study, we investigated spatial patterns of human visceral leishmaniasis (VL) incidence, its 
correlation with socioeconomic aspects, environmental indices (obtained through remote sensing) and canine VL 
during 2011–2016 in the municipality of Rondonópolis, a relevant endemic area for VL in Central-Western 
Brazil. Human VL cases were georeferenced and point patterns were analyzed by univariate Ripley’s K func-
tion and Kernel density estimation (KDE). Poisson-based scan statistics were used to investigate spatial and 
spatiotemporal clusters of human VL incidence at the neighborhood level. Socioeconomic and environmental 
characteristics were compared between neighborhoods within and outside spatial human VL clusters. Also, we 
assessed the correlation between smoothed human VL incidence and canine VL seropositivity rates within and 
between neighborhoods. Human VL cases were clustered up to 2000 m; four hotspots were identified by KDE in 
peripheral areas. Spatial and spatiotemporal low-risk clusters for human VL were identified in central and 
southern areas. Neighborhoods within spatial low-risk cluster presented higher mean income, literacy rate, 
sanitary sewage service coverage and lower altitude, compared to the rest of the municipality. A positive cor-
relation was found between the occurrence of human and canine VL. On the northern outskirts, high human VL 
incidence was spatially correlated with high canine VL seropositivity in surrounding neighborhoods. In 
conclusion, human VL demonstrated a heterogeneous, aggregated and peripheral spatial pattern. This distri-
bution was correlated with intra-urban socioeconomic differences and canine VL seropositivity at the neigh-
borhood level.   

1. Introduction 

Visceral leishmaniasis (VL) is a severe neglected tropical disease 
caused by protozoa of the genus Leishmania (WHO, World Health Or-
ganization 2010). Brazil is among the six countries where more than 
90% of all VL cases reported worldwide occur, and is the most highly 
endemic area in the Americas (Alvar et al., 2012). In Brazil, VL is a 
complex zoonosis caused by Leishmania (Leishmania) infantum, which is 
primarily transmitted by the biting of female sand flies of the genus 

Lutzomyia (Diptera: Psychodidae). Foxes and other wild mammals sus-
tain the sylvatic transmission cycle of L. infantum, whereas dogs (Canis 
familiaris) are considered the main reservoir hosts in urban settings 
(Brasil, 2006). 

The recommendations of the Brazilian VL Surveillance and Control 
Program (VLSCP) for reducing VL transmission are essentially based on 
vector control and detection and euthanasia of seropositive dogs in 
urban settings (Brasil, 2006). However, these measures have not pro-
duced the desired effect in decreasing the occurrence of VL in Brazil 
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(Barreto et al., 2011). Annually, an average of 3500 new cases are re-
ported nationwide with an overall incidence rate of about 2.0 cases/100, 
000 inhabitants (Reis et al., 2017). In addition, the number of areas with 
occurrence of the disease has increased in recent years (Reis et al., 
2017). More than a quarter of the Brazilian municipalities have already 

reported autochthonous VL cases (Werneck, 2014), especially those 
from the Northeast, Southeast, and Central-Western regions (Graepp--
Fontoura et al., 2020). Among the factors related to the low effectiveness 
of the VLSCP are the high operational cost, instability of resources 
provision, discontinuity of control activities and failure in prioritizing 
high-risk areas to perform the measures (von Zuben and Donalisio, 
2016; Arruda et al., 2019). 

Spatial and spatiotemporal data analyses using geographical infor-
mation system (GIS) have been widely employed in the evaluation of the 
occurrence of human and canine VL in Brazil (Almeida and Werneck, 
2014; Ursine et al., 2016; Campos et al., 2017) and abroad (Abdullah 
et al., 2017; Bulstra et al., 2018; Moradi-Asl et al., 2019; Agayev et al., 
2020). These analyses contribute to a better understanding of VL 
epidemiology, and allow the identification of distribution patterns and 
priority risk areas (Marchi et al., 2019). Public health authorities can use 
this kind of information to implement and/or optimize prevention, 
control and surveillance actions (Barbosa et al., 2014). Given that the 
VLSCP measures are directly performed by municipal health co-
ordinators (von Zuben and Donalisio, 2016), it is reasonable to consider 
that spatial and spatiotemporal analysis conducted at the municipality 
level may provide an evidence base for rational resource allocation and 
reliable decision-making in a specific locality (Barbosa et al., 2014; 
Marchi et al., 2019). 

The municipality of Rondonópolis represents one of the most rele-
vant endemic foci for VL in Central-Western Brazil (Werneck, 2014; 
Carvalho et al., 2019a). Some studies focused on VL epidemiology at the 
individual level (Carvalho et al., 2018; Carvalho et al., 2019b; Luz et al., 
2019; Luz et al., 2020) and descriptive analysis (Guimarães et al., 2015) 
have been conducted in the area. However, there is still a lack of spatial 
statistical analyses combining GIS-based techniques and large datasets 
from surveillance activities. Therefore, this study aimed to investigate 
(i) the spatial and spatiotemporal patterns of human VL incidence in 
Rondonópolis, (ii) the socioeconomic and environmental factors un-
derlying spatial risk clusters for human VL and (iii) the spatial rela-
tionship between the distribution of human VL incidence and canine VL 
seropositivity. 

2. Materials and methods 

2.1. Design and study area 

This is an ecological study using georeferenced data to analyze 
spatial and spatiotemporal patterns of the occurrence of human VL in 
the municipality of Rondonópolis between 2011 and 2016. In addition, 
the socioeconomic and environmental characteristics of spatial risk 
clusters for the disease and the spatial relationship between human and 

Fig. 1. Spatial point patterns of human visceral leishmaniasis) cases reported in 
the municipality of Rondonópolis, state of Mato Grosso, Brazil (2011–2016). 
Plot of the estimated K function (plotted as its L function, orange line) ac-
cording to the distance with the upper (blue line) and lower (black line) limits 
of the simulation envelope developed under a model of Complete Spatial 
Randomness (for interpretation of the references to color in this figure legend, 
the reader is referred to the web version of this article). 

Fig. 2. Kernel density estimation analysis of the georeferenced human visceral 
leishmaniasis (VL) cases reported in the municipality of Rondonópolis, state of 
Mato Grosso (MT), Brazil (2011–2016). In the insertion is the geographic 
location of the study area in Brazil and in the state of MT. Limits represent the 
urban neighborhoods. 

Fig. 3. Spatial analysis of the incidence of human visceral leishmaniasis (VL) per neighborhood in the municipality of Rondonópolis, state of Mato Grosso, Brazil 
(2011–2016). Points and circle represent the georeferenced human VL cases and the significant purely spatial cluster for the disease detected by spatial scan statistics, 
respectively. Limits represent the urban neighborhoods. The gray areas were not included in the present study. 
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canine VL were checked. 
Rondonópolis (16◦28′15′′S and 54◦38′08′′W) is situated in the south 

of the state of Mato Grosso in Central-Western Brazil. It occupies an area 
of 4159.12 km2, which is characterized by Cerrado (savanna) vegetation, 
tropical climate with dry winter and average temperature of 27 ◦C. From 
2011 to 2016, rainfall was irregularly distributed throughout the year; 
during the rainiest (December-March) and driest (June-September) pe-
riods, the average monthly precipitation was 201.1 and 21.9 mm, 
respectively (INMET, 2020). The estimated human population is 232, 
491 inhabitants (IBGE, 2020), and the urban area is composed of 230 
neighborhoods (IBGE, 2010). 

Rondonópolis experienced its first outbreak of human VL in 2007 
(Carvalho et al., 2019a). From that time onwards, the VLSCP measures 
were implemented in the area. Nonetheless, the number of cases of 
human VL in the municipality increased sharply. Between 2003 and 
2016, Rondonópolis comprised almost half of the total number of 
recorded human VL cases within the state of Mato Grosso (Carvalho 
et al., 2019a). In addition, it was listed among the top 10 Brazilian 
municipalities that encompass 15.0% of all human VL records nation-
wide from 2001 to 2012 (Werneck, 2014). 

2.2. Data collection and study variables 

Information on the occurrence of human VL in the municipality were 
collated from VL notification/investigation forms from the Brazilian 
Notifiable Diseases Information System. We included all the autoch-
thonous VL cases confirmed and reported in the municipality between 
2011 and 2016. Relapses, cases reported in duplicate, and individuals 
residing outside Rondonópolis were excluded. This amounted to 81 
patients. We performed home visits to georeference case households 

using a handheld GPS device Garmin GPSMAP 76S (Garmin Inc., 
Lenexa, KS, USA) and WGS84 as the reference datum. One pair of 
geographic coordinates were recorded for each household. In addition, 
human VL cases were grouped by neighborhoods according to the year 
of reporting. 

Socioeconomic and environmental characteristics were selected 
based on a previous description of their association with the occurrence 
of leishmaniasis, abundance of sand flies, or application in the charac-
terization of urban areas (Costa et al., 2005; Oliveira et al., 2012; Araújo 
et al., 2013; Belo et al., 2013; Abdullah et al., 2017; Ghatee et al., 2018; 
Sekertekin et al., 2018). The following neighborhood-level indicators of 
socioeconomic status were acquired from the last Demographic Census 
(IBGE, 2010): mean monthly nominal income per private permanent 
household (PPH) (in Brazilian minimum wages), literacy rate among 
individuals aged ≥ five years old, mean number of inhabitants per PPH, 
% of PPHs with public garbage collection and % of PPHs with sanitary 
sewage service. 

Environmental data per neighborhood were obtained through 
remote sensing. We employed orthorectified surface reflectance images 
from the Operational Land Imager and the Thermal Infrared Sensor 
onboard LANDSAT 8 (orbit 225 and point 071), which were collected 
during the drought (September 27, 2013; September 14, 2014; 
September 01, 2015; and August 02, 2016) and post-rain (June 20, 
2013; June 7, 2014; April 26, 2015; and May 14, 2016) periods. Images 
were chosen based on the absence of cloud cover and smoke from fires in 
the study area. Images from 2011 to 2012 were not included because of 
data incompatibility and unavailability, respectively. For each image, 
we calculated the following indicators on land cover/use and tempera-
ture, aggregated to neighborhood-level: normalized difference vegeta-
tion index (Rouse et al., 1974), normalized difference water index (Gao, 

Fig. 4. Spatiotemporal analysis of the triennial 
human visceral leishmaniasis (VL) incidence 
per neighborhood in the municipality of Ron-
donópolis, state of Mato Grosso, Brazil 
(2011–2016). (A) and (B) represent the inci-
dence, georeferenced human VL cases, and the 
significant spatiotemporal clusters for the dis-
ease detected by spatial scan statistics within 
the triennia 2011–2013 and 2014–2016, 
respectively. Limits represent the urban neigh-
borhoods. The gray areas were not included in 
the present study.   
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1996), index-based built-up index (Xu, 2008,) and land surface tem-
perature (Avdan and Jovanovska, 2016). Next, for the geospatial anal-
ysis, the value of each indicator for each neighborhood was averaged 
over the repeated available images. Elevation and slope were extracted 
from the ASTER Global Digital Elevation Model V3 (NASA/METI/AIST 
2018) downloaded from https://earthdata.nasa.gov/. All LANDSAT 8 
images were obtained from the United States Geological Survey (htt 
ps://earthexplorer.usgs.gov/) and processed using SPRING 5.3 soft-
ware (INPE, São José dos Campos, SP, Brazil) (Câmara et al., 1996). An 
overview of the environmental indices is given in Table S1. 

Data on canine VL were extracted from the physical registry books of 
the Unit of Surveillance in Zoonosis (USZ) of Rondonópolis. We recorded 
information on date of blood collection, residential address, and results 
of canine VL serology. We included 12,186 dogs whose owners resided 
in the urban area of the municipality and that were screened over the 
study period by means of serosurveys or by request of individual dog 
owners who came to the USZ. Records with unidentified addresses or 
with indeterminate results were not considered (n = 741). Between 
2011 and 2012, the diagnosis of canine VL was established if a dog was 
positive on both an enzyme-linked immunosorbent assay (ELISA) and an 
immunofluorescence antibody test (Brasil, 2006). From 2013 onwards, 
diagnosis was based on positivity on both a rapid chromatographic 
immunoassay based on the dual-path platform (DPP) and an ELISA. In 
total, 4869 animals were seropositive for Leishmania spp. infection 
(overall seropositivity rate: 39.9%). Of these, 2054 were classified based 
on the result of the first test only (namely, ELISA and DPP in the period 
2011–2012 and 2013–2016, respectively). 

2.3. Data analysis 

Analyses were performed considering either point patterns or 

neighborhood-level rates. Because of data availability, we did not 
consider the neighborhoods that were not listed in the last Demographic 
Census, and we grouped units that were both homonymous and shared 
borders (e.g., Centro A and Centro B were pooled and considered as 
Centro). This amounted to 187 neighborhoods. Maps were produced in 
QGIS 3.6.1 with the results of all spatial analysis. 

2.3.1. Spatial and spatiotemporal patterns of human VL occurrence 
Georeferenced data points related to the households of human VL 

cases were first analyzed using Ripley’s K function (Ripley, 1981), to test 
for spatial aggregation of cases. The estimated K function was plotted as 
its L function of distance (from 0 to 2000 m) in intervals of 25 m. The 
estimated pattern was compared against a model of Complete Spatial 
Randomness with its simulation envelope developed from 9999 per-
mutations. Spatial randomness is supported when the estimated curve 
does not exceed the envelope boundaries at any distance; values below 
the lower limit of the envelope suggest a uniform distribution, while 
values above the upper limit indicate spatial aggregation (Câmara & 
Carvalho, 2004). The K function was calculated using SPRING 5.3 
(Câmara et al., 1996). 

Next, we employed the quartic function with adaptive radius of 
kernel density estimation (KDE) (Gatrell et al., 1996) to assess the 
location of human VL hotspots. KDE is an interpolating technique based 
on the density of point events in a spatial vicinity and was computed in 
TerraView 4.2.2 software (INPE, São José dos Campos, SP, Brazil). 

The overall and triennial incidence of human VL (in cases/100,000 
inhabitants) was calculated for each neighborhood by dividing the 
number of cases reported over the study period by the population size 
defined in 2010 by the Demographic Census (IBGE, 2010), which was 
assumed as constant over the years. A three-year analysis was carried 
out because this is the period of time currently used by the Brazilian 
Ministry of Health to perform risk classification of VL endemic areas 
(Brasil, 2019). Then, we employed the Kulldorff’s spatial scan statistics 
to detect spatial and spatiotemporal clusters of human VL incidence at 
the neighborhood level in Rondonópolis (Kulldorff and Nagarwalla, 
1995). These analyses were performed in SaTScan™ 9.3 (National 
Cancer Institute, Bethesda, MD, USA) employing the neighborhood in-
formation on the counts of human VL cases and population, as well as 
the geographical coordinates of the neighborhood centroids. We used a 
discrete Poisson model considering an aggregate with up to 50% of the 
population at risk in a circular format, no geographical overlapping, and 
999 Monte Carlo replications to calculate p-values. In particular, for 
spatiotemporal analysis we set the time precision at years and a 
maximum temporal cluster size equal to 50% of the period 2011–2016. 
A p-value < 0.05 was considered to indicate the presence of clusters with 
either high or low risk for human VL. 

2.3.2. Socioeconomic and environmental characteristics underlying human 
VL spatial clusters 

Given that the occurrence of human VL in urban settings is usually 
associated with precarious socioeconomic conditions and environ-
mental features favorable to sand flies (Harhay et al., 2011), our hy-
pothesis was that neighborhoods within spatial clusters for human VL 
would be different. Thus, we compared the socioeconomic and envi-
ronmental indicators between the neighborhoods inside and outside the 
spatial clusters using the Mann-Whitney U test in R studio 3.6.2 (R 
Studio Team, 2015). Differences with p < 0.05 were considered statis-
tically significant. 

2.3.3. Spatial relationship between human and canine VL 
To evaluate the spatial relationship between the occurrence of 

human and canine VL at the neighborhood level, we first calculated the 
canine VL seropositivity per neighborhood (i.e. the ratio between the 
absolute number of seropositive dogs and the number of dogs screened 
in each neighborhood during the overall study period). Then, we 
employed the local empirical Bayesian estimator to smooth the canine 

Table 1 
Summary of the socioeconomic and environmental characteristics of neighbor-
hoods located inside and outside the spatial cluster with low-risk for human 
visceral leishmanaisis (VL) in the municipality of Rondonópolis, state of Mato 
Grosso, Brazil (2011–2016).  

Variable Human VL low-risk cluster p-value 

Inside (n =
93) 

Outside (n =
94) 

Median (min. 
- max.) 

Median (min. 
– max.) 

Mean monthly nominal income per 
PPH (Brazilian minimum wages)a 

4.2 
(1.9; 13.8) 

3.1 
(1.7; 23.7) 

<0.001* 

Literacy rate among individuals 
aged ≥ five years old (%) 

92.9 
(79.3; 100.0) 

90.7 
(71.4; 100.0) 

0.003* 

Mean number of inhabitants per 
PPH 

3.1 
(2.2; 4.0) 

3.2 
(2.1; 5.2) 

0.002* 

% of PPHs with public garbage 
collection 

100.0 
(0.1; 100.0) 

100.0 
(0.0; 100.0) 

0.103 

% of PPHs with sanitary sewage 
service 

48.1 
(0.0; 100.0) 

1.7 
(0.0; 100.0) 

<0.001* 

Mean normalized difference 
vegetation index 

0.320 
(0.131; 0.628) 

0.332 
(0.229; 0.602) 

0.101 

Mean normalized difference water 
index 

− 0.065 
(− 0.140; 
0.169) 

− 0.065 
(− 0.147; 
0.090) 

0.950 

Mean index-based built-up index 0.012 
(− 0.061; 
0.040) 

0.013 
(− 0.042; 
0.038) 

0.977 

Mean land surface temperature ( 
◦C) 

29.9 
(26.8; 30.9) 

29.8 
(27.0; 31.6) 

0.742 

Elevation (m) 232.1 
(200.0; 297.8) 

246.6 
(209.7; 306.8) 

<0.001* 

Slope (%) 6.8 
(4.4; 10.7) 

6.8 
(4.1; 9.7) 

0.587 

PPH: private permanent household. 
aBrazilian minimum wage (2010) = US$ 154.4 (R$ 510). 
*Significant at p < 0.05. 
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VL seropositivity and the overall human VL incidence per neighborhood. 
This method estimates a specific rate of a given neighborhood consid-
ering the rates of the neighbors converging to a local mean, which 
reduce random fluctuations in the values, especially in neighborhoods 
with high counts of events among few individuals (Assunção et al., 
2001). 

Given the smoothed rates for human and canine VL, we first checked 
the correlation between them within each analytical unit using the 
Spearman’s correlation coefficient (r). In sequence, we performed the 
bivariate global Moran’s I index (I) to check if values of human VL 
incidence in a given neighborhood have relationship with the values of 
canine infection seropositivity in the adjacent neighborhoods. The 
global index ranges from − 1 to +1: while positive values indicate direct 
spatial correlation, the negative values suggest inverse correlation. In 
addition, we used the bivariate local Moran’s I index to identify the 
degree of spatial correlation between human and canine VL in each 
neighborhood. The statistical significance of Moran’s I indices was 
verified in a pseudosignificance test based on 999 random permutations 
of the values among the neighborhoods under analysis. The spatial 
correlation was considered significant at p < 0.05. All these analyses 
were performed in GeoDa 1.10 (University of Chicago, Chicago, IL, 
USA) using a first order and queen contiguity-based spatial weights 
matrix. 

2.4. Ethical aspects 

This study was approved by the Ethical Committee for Human 
Research of the Júlio Müller University Hospital (CAAE number: 
52.023.215.5.0000.5541). 

3. Results 

The 81 human VL cases reported in Rondonópolis from 2011 to 2016 
exhibited an aggregate pattern given all the evaluated distances between 
0 and 2000 m (Fig. 1). The KDE explanatory analysis of the georefer-
enced human VL cases identified four hotspots for the disease in the 
northern, eastern, southeastern and western peripheral areas (Fig. 2). 

Twenty-three percent (43/187) of the urban neighborhoods of 
Rondonópolis reported human VL cases. The overall incidence of the 
disease widely varied across the neighborhoods (range: 0.0–86.6 cases/ 
100,000 inhabitants). The highest rates were observed in the northern 
region of the municipality; only a few neighborhoods in the central and 
southern area presented incident cases of the disease. We identified a 
spatial cluster of low risk for human VL composed of 93 neighborhoods 
from the central and southern regions. Within this area, the relative risk 
(RR) for the occurrence of the disease was 85% lower than outside. No 
significant spatial cluster for high-risk of VL was detected (Fig. 3). 

Spatiotemporal analysis confirmed the potential existence of a per-
i‑urban pattern of human VL in Rondonópolis. Within the first tri-
ennium, when 63.0% (51/81) of the disease cases were reported in 
17.1% (32/187) of the neighborhoods, a single spatiotemporal high-risk 
cluster (RR = 4.4) was detected in the northern periphery from 2011 to 
2012 (Fig. 4a). In the following period (2014–2016), both the number of 
human cases and affected neighborhoods (10.2%, 19/187) sharply 
decreased. In addition, it was formed a spatiotemporal cluster with RR 
equal to zero encompassing 64 central and southern neighborhoods 
(Fig. 4b). Table S2 presents the characteristics of the spatial and 
spatiotemporal clusters identified. 

A summary of the socioeconomic and environmental characteristics 
of the neighborhoods inside and outside the spatial cluster of low risk for 
human VL are compared in Table 1. The distribution of the mean 

Fig. 5. Socioeconomic and environmental characteristics of the neighborhoods superimposed with the location of cases of human visceral leishmaniasis (VL) and the 
low-risk spatial cluster for the disease in the municipality of Rondonópolis, state of Mato Grosso, Brazil (2011–2016). Limits represent the urban neighborhoods. The 
gray areas were not included in the present study. 
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monthly nominal income per PPH, literacy rate, mean number of in-
habitants per PPH,% of PPHs with sanitary sewage service and the 
elevation were significantly different between neighborhoods at low risk 
for human VL and those outside the low-risk area. Fig. 5 shows that in 
general the neighborhoods within the low-risk cluster demonstrated 
better socioeconomic indicators (higher mean monthly nominal income 
per PPH, literacy rate and sanitary sewage service coverage, as well as 
lower mean number of inhabitants per PPH) and lower elevation. 

Dogs from 89.3% (167/187) of the neighborhoods were screened for 
canine VL during the period 2011–2016, and the crude canine VL 
seropositivity per neighborhood ranged from 0.0 to 100.0% (Fig. S1). 
The smoothed rates assumed values between 0.0 and 72.4%. Although 
the canine infection was widespread throughout the municipality, the 
highest rates were observed among the neighborhoods located in the 
northern, eastern, and southeastern regions (Fig. 6a). In general, these 
areas overlapped with those neighborhoods with the highest smoothed 
human VL incidence coefficients (Fig. 6b), and there was a direct sta-
tistical correlation between both rates within each neighborhood (r =
0.33; p < 0.001) (Fig. S2). The calculated bivariate global Moran’s I 
index (I = 0.155, p = 0.001) suggested a positive spatial correlation 
between the occurrence of human and canine VL. The local Moran’s I 

index analysis revealed that human VL incidence was positively corre-
lated with canine VL seropositivity in surrounding areas in 15 neigh-
borhoods of the northern part of Rondonópolis (High-High). On the 
other hand, seven neighborhoods located in the central and southeastern 
regions of the municipality were classified as areas with low occurrence 
of both human and canine VL (Low-Low) (Fig. 6c). 

4. Discussion 

By using a large dataset from surveillance activities covering a 6-year 
period and integrated GIS-based approaches for point- and area-pattern 
analysis, this study demonstrated a heterogeneous, aggregated and pe-
ripheral spatial pattern of human VL occurrence in the municipality of 
Rondonópolis. At the neighborhood level, we found this distribution to 
be correlated with intra-urban socioeconomic differences and with the 
canine VL seropositivity. The spatial distribution of human and canine 
VL is usually related with the spatial distribution of infected sand flies, 
plus the human and canine population movements and the individual 
susceptibility (Lainson and Rangel, 2005; Harhay et al., 2011). Socio-
economic indicators are proxies of housing quality, crowding, hou-
sing/urban infrastructure and services, accessibility to health systems, 

Fig. 6. Spatial relationship between the occurrence of human and canine visceral leishmaniasis (VL) per neighborhood in the municipality of Rondonópolis, state of 
Mato Grosso, Brazil (2011–2016). (A) and (B) represent the smoothed canine VL seropositivity and human VL incidence per neighborhoods accumulated during the 
overall study period, respectively. (C) represents the Moran’s bivariate local indicators of spatial correlation between human and canine VL. Limits represent the 
urban neighborhoods. The gray areas were not included in the present study. 
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nutrition-immunological status and dog-ownership practices (Alvar 
et al., 2006; Carvalho et al., 2021). 

Previous studies corroborate our findings by reporting a heteroge-
neous (Lima et al., 2017; Arruda et al., 2019), aggregated (Bermudi 
et al., 2018) and peripheral (Campos et al., 2017) distribution of human 
VL in urban areas nationwide. In contrast, a homogenous (Rocha et al., 
2018) and central (Ursine et al., 2016) occurrence of human VL cases 
were already reported elsewhere in Brazil. As discussed by Cerbino Neto 
et al. (2009), these divergences are probably related to differences in the 
processes of occupation and social organization of the geographic space. 

Rondonópolis is an agricultural and industrial reference center that 
have recently experienced an intense population growth. Between 2000 
and 2010 the population size increased more than 30% (IBGE, 2010) 
with a disorderly occupation of the periphery (Negri, 2011). This may be 
related with changes in landscape, poverty, housing-urban services with 
low quality, crowding and migratory movements of humans and dogs 
from endemic zones. Taken together, those factors may have favored the 
adaptation and proliferation of sand flies breeding sites in peripheral 
areas. Consequently, along with the existence of susceptible human and 
reservoir populations (dogs and/or synantropic mammals), urban VL 
transmission cycles and outbreaks were established, as similarly pro-
posed for other Brazilian endemic settings (Harhay et al., 2011; Campos 
et al., 2017; Lima et al., 2017; Rocha et al., 2018). In the current study, a 
single spatiotemporal high-risk cluster for human VL was identified on 
the northern outskirts, when the municipality was still going through the 
epidemic period of the disease (2011–2012) (Luz et al., 2018). 

Our findings on the characteristics underlying the spatial cluster with 
low risk for human VL detected among central and southern neighbor-
hoods corroborated the above suppositions. First, these neighborhoods 
presented different elevation of the surface compared to those located 
outside the cluster, and cases were predominantly observed in higher 
areas. It was already speculated in Latin America that higher lands 
positively impact on the distribution of the vector Lutzomyia longipalpis 
(González et al., 2014). Also, Margonari et al. (2006) observed in 
Southeastern Brazil an association between elevation of the surface and 
incidence of human VL, which have been attributed to a higher abun-
dance of Lu. longipalpis. However, it is unlikely that the vector biology 
underlies the difference herein detected because of the low variation in 
altitude of the local landscape (from 200 to 306.8 m). The occupation of 
the territory in Rondonópolis started from the banks of rivers located at 
low elevations in neighborhoods currently defined as the center towards 
the periphery (Prefeitura do Município de Rondonópolis, 2017). 
Therefore, central areas would be expected to present better urban 
infrastructure and living conditions than those occupied more recently 
under intense population flows. 

In fact, socioeconomic indicators of the neighborhoods within the 
spatial low-risk cluster were remarkably better from those observed for 
the rest of the municipality. Although we did not find differences in the 
other way round (i.e. high-risk spatial clusters composed of neighbor-
hoods with worst socioeconomic index), previous ecological studies 
reported associations between the occurrence of human VL and low 
income, education and sanitary sewage coverage in Brazilian urban 
centers (Werneck et al., 2007; Araújo et al., 2013; Belo et al., 2013). 
Moreover, Carvalho et al. (2019b) recently pointed an association be-
tween low social class of dog owners and canine VL in Rondonópolis 
through a cross-sectional approach. This strongly suggest that areas with 
worst socioeconomic conditions are indeed more susceptible for the 
occurrence of the disease. 

Elsewhere, ecological associations between VL and remote sensing- 
based indices has been described (Almeida and Werneck, 2014; Abdul-
lah et al., 2017; Figueiredo et al., 2017). The rationale underlying such 
associations lies in the relationship between characteristics on land 
cover/use and the habitat, size and longevity of sand flies populations 
(Werneck et al., 2007). Surprisingly, we did not find differences between 
the neighborhoods within and outside the human VL low-risk cluster 
regarding those variables. Nonetheless, the central areas of 

Rondonópolis were recently described as negative for the presence of VL 
vectors over the period 2003–2012 (Guimarães et al., 2015). It is likely 
that highly urbanized lands have suffered the phenomenon of urban heat 
island, which presents unfavorable characteristics for the developing of 
sand flies, e.g. high land surface temperature, low humidity and poor 
vegetation coverage (Araujo et al., 2015; Salomón et al., 2015). In our 
study, the use of indicators aggregated and averaged in space and time 
may have compensated the within area microheterogeneity-variance 
leading to a failure in capturing these correlations. 

The influence of environmental determinants on the occurrence of 
human VL in the municipality would be apparently better addressed 
employing more local characteristics, especially because of the limited 
flight range of Lu. longipalpis in urban areas (Brazil, 2013). Indeed, 
previous studies involving individuals and their households have 
already pointed out human (Luz et al., 2020) and canine VL (Carvalho 
et al., 2019b) associated with microenvironmental conditions in Ron-
donópolis. These conditions are exemplified by the existence of vege-
table garden, fruit trees, decaying fruits and animal breeding, which 
supposedly favor the proliferation of sand flies within the backyard of 
the households. Therefore, we hypothesize that environmental charac-
teristics play a role in the occurrence of human VL in a microscale (in-
dividuals and households), while socioeconomically disadvantaged 
conditions of neighborhoods should be considered in a macroscale 
(community level). Further multilevel studies considering micro- and 
macroscales aspects matched in space and time should be performed to 
validate this hypothesis. 

Although canine VL seropositivity was widely dispersed throughout 
the study area, higher rates were recorded in peripheral neighborhoods, 
similarly to the human disease. In fact, we found correlations between 
the incidence of human VL and canine VL seropositivity. Similarly, 
Carvalho et al. (2018) described a peripheral overlap between human VL 
cases and positive dogs in Rondonópolis during a serosurvey performed 
in a different timeframe (2016–2017). Like in other endemic localities 
(Werneck et al., 2007; Arruda et al., 2019), these results support the 
notion that domestic dogs are important for the maintenance of zoonotic 
VL transmission in urban settings. However, it should also be considered 
that areas with reporting of human VL cases are specifically targeted by 
surveillance and control actions, which may have biased the canine VL 
seropositivity. On the other hand, in areas that are not intensively tar-
geted with such measures, the seropositivity might be relatively high 
because it is primarily based on screening under community requests 
rather than population-based surveys. Therefore, given the instability of 
resources provision for the VLSCP in Brazilian endemic areas (von Zuben 
and Donalisio, 2016) and the persistence of VL in the periphery, local 
public health authorities should prioritize the execution of interventions 
in neighborhoods located in the eastern, southeastern, western, and 
especially, northern peripheral areas of the municipality. In scenarios of 
higher availability of human, material and financial resources, those 
actions may be extended to central and southern areas (Barbosa et al., 
2014). 

The following limitations of the present study also deserve attention: 
(i) the use of secondary data susceptible to underreporting; (ii) ecolog-
ical approaches do not allow direct causality inference and extrapolation 
to the individual-level; (iii) neighborhoods that emerged on the outskirts 
after 2010 were not considered due to lack of official demographic in-
formation; and (iv) we did not assess environmental characteristics of 
areas beyond the limits of the urban zone, such as green forests or 
pastures. Despite these limitations, we provided useful insights about 
the dynamics of occurrence of zoonotic VL in urban areas, especially 
because Rondonópolis shares demographic features with other emerging 
endemic municipalities in Brazil (Bermudi et al., 2018) and abroad 
(López et al., 2016). At the community level, human VL occurrence was 
predominant in peripheral areas and correlated with poor socioeco-
nomic conditions and canine infection. The persistence of VL in a given 
area should be take into account during allocation of resources for 
control and surveillance. Otherwise, surveillance about changes in 
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vectors, environment, urbanization trends and migration should be 
implemented. Finally, public policies focused on the improvement of 
socioeconomic conditions and urban infrastructure for the existing and 
future outskirts neighborhoods in endemic areas should be encouraged. 

5. Conclusion 

In conclusion, human VL demonstrated a heterogeneous, aggregated 
and peripheral spatial pattern. Intra-urban socioeconomic differences 
were underlying this distribution at the neighborhood level, whereas 
environmental characteristics would be probably better addressed 
considering microscales (such as individuals or households). Also, 
human VL were spatially correlated with canine VL seropositivity, which 
reinforces the relevance of dogs as urban reservoirs in endemic areas for 
zoonotic VL. 
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review & editing. Juliana H. Chávez-Pavoni: Investigation, Writing – 
review & editing. Caroline Bulstra: Methodology, Writing – review & 
editing. Luc E. Coffeng: Methodology, Supervision, Writing – review & 
editing. Cor Jesus F. Fontes: Conceptualization, Supervision, Writing – 
original draft, Project administration. 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.actatropica.2021.105965. 

References 

Abdullah, A.Y.M., Dewan, A., Shogib, M.R.I., Rahman, M.M., Hossain, M.F., 2017. 
Environmental factors associated with the distribution of visceral leishmaniasis in 
endemic areas of Bangladesh: modeling the ecological niche. Trop. Med. Health 45, 
13. https://doi.org/10.1186/s41182-017-0054-9. 

Agayev, I., Vahabov, E., Jalilov, V., Moradi-Asl, E., Saghafipour, A., 2020. 
Epidemiological situation and spatial distribution of visceral leishmaniasis in the 
Republic of Azerbaijan. J. Parasit. Dis. 44 (3), 639–645. https://doi.org/10.1007/ 
s12639-020-01242-4. 

Almeida, A.S., Werneck, G.L., 2014. Prediction of high-risk areas for visceral 
leishmaniasis using socioeconomic indicators and remote sensing data. Int. J. Health 
Geogr. 13, 13. https://doi.org/10.1186/1476-072X-13-13. 

Alvar, J., Yactayo, S., Bern, C., 2006. Leishmaniasis and poverty. Trends Parasitol. 22 
(12), 552–557. https://doi.org/10.1016/j.pt.2006.09.004. 
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