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Abstract
Visceral leishmaniasis is a widely distributed zoonosis and canine infection is an important indicator of risk for 
the occurrence of the disease in humans. The goal of this analysis was to study the spatial clustering of canine 
leishmaniasis (CL) in the municipality of Santa Luzia, state of Paraíba. For this, 749 samples of canine plasma 
were tested using three serological tests. The dog was considered positive if it reacted in two serological tests. 
The location of the residences was performed with a Global Positioning System receiver (GPS Garmin® eTrex 30), 
and used to perform georeferencing and spatial analysis. The prevalence of CL was 15.49% and it was observed 
that most cases of the urban area were concentrated in the Frei Damião neighborhood, on the outskirts of the 
city, where a high-risk cluster for the occurrence of the disease was formed (p = 0.02; RR = 2.48). No statistically 
significant cluster was observed in rural areas. CL is widely distributed in the municipality of Santa Luzia in a 
heterogeneous manner and with a tendency to urbanization. The areas identified with high prevalence and 
highest risk should be prioritized to maximize the efficiency of the Visceral Leishmaniasis Surveillance and Control 
Program and minimize the chance of new canine and human cases.

Keywords: Epidemiology, Geographic Information Systems, Leishmania infantum, One Health, zoonosis.

Resumo
A leishmaniose visceral é uma zoonose amplamente distribuída, e a infecção canina é um importante indicador de 
risco para a ocorrência da doença em humanos. O objetivo foi estudar o comportamento espacial da leishmaniose 
canina (LC) no município de Santa Luzia, estado da Paraíba. Para tal, 749 amostras de plasma canino foram 
testadas por meio de três técnicas sorológicas. O cão seria considerado positivo se apresentasse duas sorologias 
reagentes. A localização das residências foi realizado pelo receptor de Sistema de Posicionamento Global (GPS 
Garmin® eTrex 30) e usado para a realização do georreferenciamento e análise espacial. A prevalência da LC 
foi de 15,49% e observou-se que a maioria dos casos de LC da zona urbana estava concentrada no bairro Frei 
Damião, localizado na periferia da cidade, onde se formou um cluster de alto risco para ocorrência da doença (p = 
0,02; RR = 2,48). Nenhum cluster estatisticamente significativo foi observado na zona rural. A LC está amplamente 
distribuída no município de Santa Luzia, porém de forma heterogênea e com tendência à urbanização. As áreas 
identificadas com intensa prevalência e maior risco devem ser priorizadas para maximizar a eficiência do Programa 
de Vigilância e Controle da Leishmaniose Visceral e minimizar a chance de novos casos caninos e humanos.
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Introduction
Visceral leishmaniasis (VL) is a zoonosis caused by the protozoan Leishmania infantum which affects humans, 

canids, and other mammals (WHO, 2010). The VL has a broad worldwide distribution and 96.00% of the VL cases 
on the American continent occur in Brazil, mainly in the Northeast Region (Brasil, 2014; PAHO, 2018). Despite the 
usage of control strategies proposed by the Visceral Leishmaniasis Surveillance and Control Program (PVCLV) (Brasil, 
2014), in general, there is no decrease in the number of cases of human and canine leishmaniasis, and the disease 
is expanding in Brazil, with notification of cases in areas where VL had not yet been reported (Moreira et al., 2004; 
Oliveira et al., 2008; Campos et al., 2017).

To increase the effectiveness of the control strategies, the Health Ministry recommends that the actions should 
be distinct for each epidemiological situation and that the areas with more serious epidemiological situation must 
be prioritized (Brasil, 2014). In this sense, spatial analysis tools may help in epidemiological research and improve 
the use of public resources, since enable the mapping of the areas where the cases occur, characterizing and 
quantifying, and allowing a greater recognition of the local reality (Brasil, 2006; Pavarini et al., 2008; Barbosa et al., 
2014; Ribeiro et al., 2014).

Bearing in mind that canine infection is an important indicator of risk for the occurrence of human VL (Faye et al., 
2011) and that the epidemiological aspects may signalize important actions for controlling the disease to local 
surveillance agencies, the objectives of this research were to map the distribution of canine leishmaniasis (CL) and 
to detect spatial clusters to identify the areas at risk for VL in the municipality of Santa Luzia, Paraíba.

Material and methods

Ethical considerations
The work was approved by the Ethics Committee of the Health and Rural Technology Center (CSTR), Federal 

University of Campina Grande (UFCG), under the protocol n. 283/2015.

Area of study
The cross-sectional study was conducted in the urban and rural areas of Santa Luzia (06°52’18”S and 36°55’18”W), 

in the Brazilian semi-arid, located in the immediate and intermediate geographical regions of the municipality of 
Patos, Paraíba (IBGE, 2017).

The urban area is composed of six neighborhoods and the rural area has seven census sectors (Figure 1). Santa 
Luzia is characterized by presenting great irregularity in its pluviometric regime, with annual averages of about 
550 mm, and rainfall concentrated during the months of January to April. The temperature records show values 
which range between 20ºC to 34ºC, with an annual average of 25°C. It has an area of 455 km2 and a population of 
15,341 inhabitants, more than 90% of whom live in the urban area, according to estimates by the Brazilian Institute 
of Geography and Statistics (IBGE) in 2016 (IBGE, 2020).

Sample size
Considering the existence of one dog for every seven inhabitants, the estimated canine population was of 

2,191. The size of sample was determined by the simple random sample calculation, proposed by Thrusfield (2007), 
considering an expected prevalence of 50%, confidence level of 99% and sampling error of 4%.

Sample collection
The collections were carried out between July 2015 and July 2016. Dogs older than six months and without 

distinction of either race or sex were included in the study. The sampling in the urban area was carried out 
by convenience, a collection points were set up in each neighborhood. In the rural area, the sampling was by 
conglomerates, and the collection was conducted in 16 communities pre-selected by random raffle and were 
contemplated all the houses and all the dogs of the raffled localities.

The blood was obtained by jugular or cephalic venipuncture. A total of 5 mL of blood was immediately deposited 
in a tube containing 4% sodium citrate. After the collection, the samples were centrifuged at 2000 rotation per 
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minute (rpm) during 5 minutes at room temperature for the plasma separation, which was stored in microtubes 
of 1.5 mL, identified and stored at -20ºC until serological tests were performed.

Serology
The serological tests used for the diagnosis of the CL were: ELISA-S7® Kit immunoenzymatic assay (Biogene 

Indústria e Comércio Ltda., Recife-PE, Brazil); Dual Path Platform rapid immunochromatographic test (TR DPP® 
LVC, Bio-Manguinhos, Oswaldo Cruz Foundation, Rio de Janeiro-RJ, Brazil); and the IEE-LVC® Kit immunoenzymatic 
assay (Bio-Manguinhos, Oswaldo Cruz Foundation, Rio de Janeiro-RJ, Brazil) only in the samples that reacted in the 
TR DPP®. All the assays were conducted following the manufacturer’s instructions. To determine the prevalence 
of CL, the dog was considered positive if it reacted in at least two serological tests.

Georeferencing and spatial analysis
A Global Positioning System receiver (GPS Garmin® eTrex 30) was connected in front of the residence of the 

dog and the latitude and longitude were recorded in the questionnaire. The coordinates obtained with the GPS 
receiver were spatially mapped with the Google Earth 5.0 program.

The spatial representation of the cases of CL and their statistical analysis were carried out using the QGIS 
2.18.22 and SaTScan 9.4 software. The georeferenced data was inserted in the digitized cartographic base of 
the municipality, obtained from the site of the IBGE, using the official datum of Brazil, SIRGAS 2000 (Geocentric 
Reference System for the Americas), and coordinate system UTM zone 24S.

A thematic map of the municipality was made detailing the census sectors (rural areas) and neighborhoods (urban 
area) based on the prevalence rate. Statistical analysis of the estimation of density curves was also performed by 

Figure 1. Geographic location of the municipality of Santa Luzia, Paraíba, Brazil. Highlight for the urban area (red rectangle) 
and its neighborhoods.
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In the rural area, only one census sector did not present any cases of CL and the frequency in the other sectors 
varied between 4.00% in the rural census sector to the Southeast, and 19.23% in the rural census sector to the 
Northwest (Figure 2A). Although CL is widely disseminated in the municipality, the mapping showed heterogeneity 
in the distribution of the disease, with intense clustering of cases in some areas, such as in the rural census sectors 
in the Northwest and Northeast, and in Frei Damião and São José neighborhoods (Figure 2B).

This heterogeneity is confirmed by the Kernel map (Figure 3) and by purely spatial scanning statistics using 
the Bernoulli model (Figure 4). In the Kernel map, it is possible to observe the variation in the pattern of spatial 
points, estimating the density of CL cases on a scale ranging from very high to very low, with some areas of very 
high density being identified, both in urban and rural areas.

Figure 4 shows a cluster (A - purple) of risk for CL in the urban area of   Santa Luzia, which covers Frei Damião 
and part of São José neighborhoods, the same urban area that showed remarkably high density by Kernel density 
estimation. When it was taken into consideration the flight capacity of the phlebotomines (radius of up to 300m), 

Kernel map through the quartic function, which allows examining the variation in spatial point patterns, estimating 
the density of CL cases on a scale ranging from very high to very low. Subsequently, the verification of areas in 
which the CL was found above the expected, the spatial scanning statistic was used for the detection of clusters 
using the Bernoulli’s model. The measure of association used in the calculation of the clusters was the relative 
risk. The clusters were generated in two stages according to the size of the high-risk cluster: a) considering up to 
50% of the population at risk and b) considering a radius of up to 300 meters, which is the flight capacity of the 
phlebotomines (Troncarelli et al., 2012).

Results
From a total of 749 collected samples, 649 were from the urban area and 100 from the rural area. After the 

serology was performed, a considerable prevalence of CL was observed: 15.49% (116/749; CI 95%: 12.90-18.08) of 
the dogs presented anti-Leishmania infantum antibodies, without a significant difference between the prevalence 
in the urban area (15.87%; CI 95%: 13.06-18.68) and rural area (13.00%; CI 95%: 6.41-19.59).

The CL was widely distributed in the municipality of Santa Luzia (Table 1 and Figure 2). It can be observed in 
Table 1, that there were cases in all the neighborhoods of the urban area, however the one which presented the 
highest prevalence was the Frei Damião with 26.23% (32/122), followed by the São José neighborhood, 18.55% 
(41/221). In the central neighborhoods, Nossa Senhora de Fátima, Antônio Bento and São Sebastião had similar 
frequency, varying between 9.72 to 9.89%.

Table 1. Discrimination of the prevalence of canine leishmaniasis per locality of the municipality of Santa Luzia, Paraíba, between 
2015 and 2016.

Area Identification (Sector/Neighborhood) Nº of Positives Total Collected Prevalence (%)

Urban Centro 7 72 9.72

Nossa Senhora de Fátima 8 82 9.76

Antônio Bento 6 61 9.84

São Sebastião 9 91 9.89

São José 41 221 18.55

Frei Damião 32 122 26.23

Rural South 0 11 0.00

Southeast 1 25 4.00

Northeast 2 12 16.67

Northwest 10 52 19.23
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the cluster (B – yellow) was located only in the Frei Damião neighborhood, on the boundary with the São José 
neighborhood. There was a risk of canine infection up to 2.62 times higher in cluster A compared to other areas 
of the municipality. The relative risk and the results of the spatial analysis are described in detail in Table 2.

Figure 2. (A) Frequency of canine leishmaniasis (CL) per neighborhoods (urban area) and per census sector (rural area); (B) 
Georeferencing of the properties according to the serological result for CL in Santa Luzia, Paraíba, Brazil, between 2015 and 
2016 (with approximate detail of the urban area).
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Figure 3. Kernel density map of the canine leishmaniasis in the municipality of Santa Luzia, Paraíba, Brazil (2015-2016).

Figure 4. Spatial agglomerates (clusters) of high prevalence of canine leishmaniasis, detected by the spatial scanning statistics, 
according to the Bernoulli model, in the municipality of Santa Luzia, Paraíba, Brazil (2015-2016). Satellite image data: Google, © 
2015 CNES / Airbus; Landsat/Copernicus; Maxar Technologies (Google, 2015).
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Discussion
The present study was the first serological survey that covered the canine population of the entire municipality 

and through which it was possible to know the geographical distribution of CL in Santa Luzia, demonstrating a higher 
occurrence of cases in the urban area. This finding emphasizes the change in the epidemiological profile of VL in 
Brazil, which, until the 1970s, had a strictly rural pattern, however, from the following decade its urbanization began 
to be observed in large urban centers (Cerbino et al., 2009). This same profile is also present in small municipalities 
in the interior of the country, as observed in Santa Luzia, Paraíba.

Initially, the migration of people and their pets from rural to urban areas was identified as the main responsible 
for the urbanization process. However, from new studies, it was observed that the form of occupation of the 
territory (disorganized occupation and unsatisfactory urban services), environmental changes (deforestation and 
climate change), social and economic factors (precarious living conditions) were more decisive, also associated 
with the great adaptability of the vector (WHO, 2002; Costa et al., 2005).

The variation in the prevalence of CL is enormous between Brazilian cities and states, with rates ranging from 
0.70% in Salvador, state of Bahia (Barboza et al., 2009), and 75.30% in Anastácio in Mato Grosso do Sul (Cortada et al., 
2004). This variation may be associated with several factors, such as the geographic region, the population studied 
and the sensitivity and specificity of diagnostic tests. Prevalences like those found in Santa Luzia were observed in 
Ipatinga, Minas Gerais (14.80%) (Lana et al., 2018), and in Petrolina, Pernambuco (19.00%) (Pimentel et al., 2015). 
Prevalences like those found in Santa Luzia were observed in Ipatinga, Minas Gerais (14.80%) (Lana et al., 2018), 
and in Petrolina, Pernambuco (19.00%) (Pimentel et al., 2015). In João Pessoa, capital of Paraíba, the seroprevalence 
of CL was much lower (5.90%) (Fernandes et al., 2016). In the hinterland of Paraíba, seroprevalence was 20.00% in 
Cajazeiras, 16.30% in Uiraúna and 10.50% in Sousa (Silva et al., 2018). In Patos, a municipality far 44 km from Santa 
Luzia, has a similar data, with a prevalence of 18.40% in the urban area (Fernandes et al., 2016) and 11.33% in the 
rural area (Silva et al., 2016). These divergences in the prevalence values   demonstrate that different ecosystems 
favor the maintenance of the vector in different ways, causing heterogeneity in its distribution (França-Silva et al., 
2003; Silva et al., 2016). This situation was observed even between different locations in the same municipality, as 
seen in Santa Luzia. This makes clear the impact that socioeconomic aspects and environmental characteristics 
have on the occurrence of the disease (Coura-Vital et al., 2011; Ursine et al., 2016; Campos et al., 2017). Specifically, 
in the state of Paraíba, the municipalities with the highest prevalence of the disease in both humans and dogs are 
located in the semi-arid region, composed of the Caatinga biome, and also with a lower Human Development Index.

The Frei Damião neighborhood behaved as a high-density and high-risk area for CL, as well as part of the São 
José neighborhood. Dogs in these neighborhoods are 2.62 times more likely to become infected than dogs in the 
rest of the county. These neighborhoods are located on the outskirts of the city, which grow in a disorderly manner, 
have a precarious health infrastructure and are close to remnants of Caatinga vegetation. These areas suffer 
deforestation for occupation by the low-income population, making it a favorable place for their contact with wild 
reservoirs and the vector. Aversi-Ferreira et al. (2014) and Cerbino et al. (2009) correlated deforestation through 
unplanned urbanization with higher frequencies of visceral leishmaniasis, which usually occurs in neighborhoods 
located in peripheral areas of the city that are expanding, presenting an area of   rural/urban transition (peri-urban).

Nossa Senhora de Fátima and São Sebastião neighborhoods had much lower prevalence than Frei Damião 
and São José neighborhoods, although they have similar socioenvironmental profiles, such as: they are peripheral 
neighborhoods of recent occupations, with little infrastructure and close to the remaining Caatinga vegetation, 
and whose population has low family income. This difference may have occurred due to an action taken by 
the Epidemiological Surveillance in the first half of 2015, after the death of a child by VL in the São Sebastião 
neighborhood. The Municipal Government intervened with activities close to the human case based on the PVCLV: 

Table 2. Geographic grouping (cluster) of canine leishmaniasis in Santa Luzia, Paraíba, Brazil (2015-2016).

Cluster
Centroid

Radius (m) Nº. of cases 
observed

Nº. of 
expected 

cases
Relative Risk p-Value

Latitude Longitude

A -6.872330 -36.909369 720 74 50.85 2.62 0.001

B -6.870853 -36.909129 242 29 14.05 2.48 0.02
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spraying with insecticide, serology of dogs and euthanasia of positive animals. These control actions took place in 
the same year as this research and covered the neighborhoods of São Sebastião and Nossa Senhora de Fátima.

The peripheries of the cities were pointed as being the areas with the highest concentrations of VL in several 
works (Cerbino et al., 2009; WHO, 2010; Campos et al., 2017; Carvalho et al., 2018). Rangel & Vilela (2008) report 
that the vectors find conditions to multiply and easily adapt to the peridomestic environment, particularly in poor 
neighborhoods in the outskirts of the cities, exploring the accumulation of organic matter generated by domestic 
animals and the inadequate sanitation. Ursine et al. (2016) observed that the central region of Araçuaí, Minas 
Gerais, concentrated the largest number of human and canine cases, but were, in most cases, locations with 
deficient sanitation infrastructure and populations in precarious living conditions, with large quantities of animals 
and organic matter. Santa Luzia does not have large intra-urban differences, but it is believed that even small 
differences can influence the occurrence of the infection, since Centro and Antônio Bento are neighborhoods 
that have better infrastructure, sanitation and socioeconomic conditions and are among those that presented 
the lowest frequencies of CL.

The Kernel map shows that the highest density of CL cases in rural Santa Luzia occurred in the northwestern 
census sector. This area has water mirrors and dense vegetation with the presence of trees and shrubs typical of the 
Caatinga, which favors the accumulation of organic matter and, consequently, the reproduction and maintenance 
of the vector (Silva et al., 2005; Nieto et al., 2006). In the same census sector, there are also barns for the breeding 
of birds, which serve as a breeding ground and source of food for the vector and attract wild animals that are 
reservoirs of L. infantum (Alexander et al., 2002; Casanova et al., 2013).

The Southeast sector had no case of CL. One hypothesis is that because it is the most deforested area among the 
census tracts, it disadvantages the interaction between the wild and peridomiciliary cycles of the disease, making 
it difficult to maintain sandfly populations and the spread of VL (Lainson & Rangel, 2005). From the public health’s 
point of view, the high density of CL cases found in Santa Luzia is concerning. According to de Araújo et al. (2013) 
and Lima et al. (2018), in studies conducted in Minas Gerais and Rio Grande do Norte, respectively, the density of 
the population of infected dogs is directly correlated (positive linear correlation) with the relative risk of contracting 
human VL. Therefore, this study is useful to prevent new cases also in this population.

For VL strategies to be more effective, the prevention and control measures must be focused on the context 
of “One Health”, in other words, integrated programmes which, besides focusing on the control of vectors and 
reservoirs, reflect upon the improvement of the infrastructure, environmental management, and mainly, on the 
health education. It must be kept in mind that health education, from the population to the political community, 
is the central item for the prevention and control of any disease (WHO, 2010). However, what has happened in 
recent years is that the actions to control visceral leishmaniasis only happen when a case occurs in humans and 
around this case, in short, it allows someone to get sick in order to act. Such measures cannot be classified as a 
“Surveillance and Control Program” and, therefore, should be reviewed and improved.

Conclusion
Canine leishmaniasis is widely distributed in the municipality of Santa Luzia in a heterogeneous manner and 

with a tendency to urbanization. The areas identified with high prevalence and highest risk should be prioritized to 
maximize the efficiency of the Visceral Leishmaniasis Surveillance and Control Program and minimize the chance 
of new canine and human cases. Spatial analysis proved to be efficient to better understand the disease behavior 
in the municipality and should be applied, whenever possible, in epidemiological studies.
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