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Abstract

Human visceral leishmaniasis (HVL) cases are important public health problems due to their
zoonotic aspect, with high rates of morbidity and mortality in Brazil. The aim of this this
study was to identify spatial patterns in both rates of HVL cases in Brazilian states during
the period from 2006 to 2015. This is an ecological study, using geoprocessing tools to create
choropleth maps, based on secondary data from open access platforms, to identify priority
areas for control actions of the disease. Data were collected in 2017 and analysed according
to the global and local Moran’s I, using TerraView 4.2.2 software. Similar clusters were
observed in neighbouring municipalities in thematic maps of HVL, suggesting spatial similar-
ity in the distribution of the disease in humans mainly in the North and Northeast Regions,
which concentrate the states with the highest rates of HVL. Heterogeneous spatial patterns
were observed in the distribution of HVL, which show municipalities that need higher priority
in the intensification of disease surveillance and control strategies.

Introduction

Leishmaniasis occupies the ninth position in the world ranking among the priority infectious
diseases (World Health Organization., 2015; Machado et al., 2016; Carvalho et al., 2018).
Visceral leishmaniasis (VL) is present in more than 80 countries (Mehrjou et al., 2016), never-
theless 90% of these cases are concentrated in 10 of them (Brazil, Bangladesh, Ethiopia, China,
Kenya, Nepal, India, Sudan, Somalia and South Sudan) (World Health Organisation, 2009;
Arruda et al., 2019). In the Americas, it is present in 12 countries, and 95% of the cases
are reported in Brazil (Mehrjou et al., 2016).

In the 1990s, the highest index of Brazilian notifications was around 90% in the Northeast
Region. The unplanned expansion of the peripheries in small and large cities, associated with
the lack ok of adequate infrastructure (Albuquerque et al., 2014; Silva and Abud, 2016), and
the presence of dog, the main reservoir of Leishmania infantum (Mehrjou et al., 2016),
favoured environments conducive to the proliferation and adaptation of the vector, as well
as the consequent expansion of the disease to other regions, as Midwest and Southeast.
Thus, the percentage in the Northeast Region decreased to 77% (Brasil, 2014, 2015).

In Brazil the disease is more prevalence in Maranhão, Ceará, Bahia, Piauí, Tocantins, Pará,
Minas Gerais, Mato Grosso do Sul and São Paulo State (Brasil, 2015). The cases are often
related to poor quality of life and child malnutrition (Duarte-Cunha et al., 2012).

Epidemiological and socioeconomic situations and ecological processes can reduce the
impact of control programmes (Otranto and Dantas-Torres, 2013). The Secretariat of
Health Surveillance of Ministry of Health coordinates the VL control and surveillance activities
in Brazil (Mehrjou et al., 2016). However, the control strategies currently applied were not suc-
cessful in decreasing the incidence of the disease to acceptable levels (Costa et al., 2013), expos-
ing the vulnerabilities of such measures (Araújo et al., 2013; Arruda et al., 2019).

Using spatial analysis tools and those from Geographic Information System (GIS) allows
the creation of thematic maps that assist in the checking and offer a better understanding
of the spatial patterns of data distribution, making it possible to detect risk areas and
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associated factors, as well as indicate the regions with greater need
to intensify and/or prioritize control measures, in addition to
implementing control strategies, both for the disease and the lim-
ited financial resources (Arruda et al., 2019).

A model of geographic distribution has been used in the
human visceral leishmaniasis (HVL) (Barbosa and Werneck,
2011; Karagiannis-Voules et al., 2013; Barbosa et al., 2014;
Fontoura et al., 2016) and is widely used to analyse the spatial dis-
tributions of other studies, as dengue (Rodrigues et al., 2016),
Zika virus (de Oliveira et al., 2017), tuberculosis (Santos Neto
et al., 2017), diarrhoea (Fontoura et al., 2018a), among others.

Although spatial analyses have already been used in other
Brazilian research studies, this study was necessary to identify spa-
tial patterns during the period of last 10-years in order to deter-
mine areas that must be prioritized regarding planning disease
surveillance and control actions in the country, mainly taking
into account the HVL rates in the Brazilian states.

Materials and methods

Study area

Brazil is located in South America, and its area comprises 8.5 mil-
lion km2. Its population was estimated in 211 million residents in
2020. It is divided into five regions, i.e. Northeast, North,
Midwest, Southeast and South, with 27 federated states
(1 Federal District and 26 States) and 5570 cities (IBGE, 2020).

Study design and population

We carried out an ecological spatial analysis based on secondary
data and time series related to HVL cases in Brazilian cities
between 2006 and 2015. We analysed the epidemiological charac-
teristics, spatial patterns with time trends of the HVL distribution,
as well as the identification of risk areas.

Data sources

Populational data collected in 2017 originated from the 2010
Demographic Brazilian Census (IBGE, 2017a) carried out by the
Brazilian Institute of Geography and Statistics (IBGE, 2017b).
HVL data were obtained from Information System of Disease
Notification (SINAN, acronym in Portuguese) from 2006 (Brasil,
2017a) and between 2007 and 2015 (Brasil, 2017b), which includes
standardized forms that are completed by the physicians in charge
of notification. The disease notification form provides demo-
graphic data (gender, skin colour/ethnicity, age range, years of
study, data regarding region and states), and clinical information
(HIV coinfection, evolution, entrance type, diagnosis examina-
tions, confirmatory criteria). These data are available in the website
of Computing Department of the Brazilian Unified Health System
(DATASUS, acronym in Portuguese) and they are of public
domain, therefore they can be accessed for free. We included all
data available between 2006 and 2015 regarding HVL in Brazil.

The selection of indicators was based on the distribution of
HVL cases reported and their association with risk factors for
its occurrence. The analysis was based on indicators that deter-
mine the HVL (Araújo et al., 2013; Arruda et al., 2019). The
HVL epidemiological characteristics were compared with gender,
skin colour/ethnicity, age range, evolution, type of entrance, diag-
nosis examinations, years of study grouped in a biennial form and
data regarding region and states.

Statistical analysis

We described the available variables of the studied population:
gender, skin colour/ethnicity, age range, disease evolution,

entrance type, HIV coinfection, parasitological diagnosis,
immunofluorescent diagnosis, confirmatory criterion, region,
and states. The descriptive statistics included absolute number,
95% confidence interval (95% CI) for categorical variables, and
average annual rate (AAR), standard deviation (S.D.) and 95%
CI for continuous variables.

Gross rate and AAR were calculated by dividing the HVL
number in each year through the direct method using the 2010
Brazilian population, multiplied by 100 000 residents.

Prais–Winsten linear regressions were used between 2006 and
2015, a statistical procedure for the analysis of prevalence trend
regression and autocorrelation in time series (Falavina et al.,
2019). It was used for annual increment rates and respective con-
fidence intervals (95%). Based on these parameters, they were clas-
sified as increasing (positive rate), stable (regression coefficient not
significant between its value and zero, P > 0.05) or decreasing
(negative rate) (Brilhante et al., 2017; Costa et al., 2019).

Finally, we analysed the spatial patterns of HVL distribution in
Brazil using the home cities (n = 5570; 2010 territorial division).
The geographic units were analysed per tool of the GIS, which
are useful in the geographic distribution assessment, as well as
in the spatial dependence of the HVL rates.

The development of thematic maps occurred based on gross
rates (number of HVL/population living in Brazil in 2010 × 100
000 residents) (Martins-Melo et al., 2014b). The gross rates of
HVL were grouped in every 2 years (2006–2007; 2008–2009;
2010–2011; 2012–2013; 2014–2015) and in the total period
(2006–2015).

After the descriptive analysis of data, we estimated global and
local Moran’s I indices (Local Indicators of Spatial Association –
LISA), which estimate the spatial correlation and local self-
correlation by helping to identify sub-regions with the occurrence
of spatial self-correlation. We used a first-order neighbourhood
criterion to concretize calculations, in which the cities defined
as neighbours were those in the borders (Barbosa and Werneck,
2011; Fontoura et al., 2016). Moran’s I global index is defined
between −1 and 1, in a way that values close to 0 suggest absence
of spatial correlation or randomness and next to 1, positive spatial
dependence with more similarity between the adjacent cities
(grouping). Negative spatial dependence is pointed as −1,
which indicates dissimilarity (dispersion) and negative spatial
self-correlation (Martins-Melo et al., 2014a; INPE, 2015).

Data available between 2006 and 2015 were analysed in order
to observe a potential overlap between HVL (Fontoura et al.,
2016). It was defined in quantiles (form in which the classes
are divided, each one receives the same number of occurrences),
because this is the best configuration to represent data using the
intervals: 0,0 for absence of cases; >0,1 to 5,0, very low; >5,0 to
10,0, low; >10,0 to 20,0, medium; >20,0, high (this format
was used to classify the gross rate per 100 000 residents).
Choropleth maps were developed to better visualize the attribute
variation (Barbosa and Werneck, 2011; INPE, 2015).

The generation of LISA map showed clusters of HVL and CVL
cases, suggesting places with higher and lower need of interven-
tions, in which 0 indicated non-significant (P > 0.05) that showed
inexistence of self-correlation; 1 had low self-correlation, with a
95% confidence level (P = 0.05); 2, medium self-correlation and
99% confidence (P = 0.01); and 3 indicated existence of high self-
correlation and 99.9% (P = 0.001) (Barbosa et al., 2014; Carvalho
and Nascimento, 2014; Fontoura et al., 2016).

Data for Moran’s I Map construction were generated indicat-
ing a significance level in the interface (>95% confidence) and
suggested places with priority of intervention (INPE, 2015), con-
sidering as criteria: zero for non-significant (absence of data);
quadrant 1, Q1 – high–high, high priority (positive values, posi-
tive means); quadrant 2, Q2 – low–low, low priority (negative
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values, negative means); quadrant 3, Q3 – high–low (high variable
values and low of neighbours) and quadrant 4, Q4 – low–high
(low variable values and high of neighbours), which are consid-
ered of medium priority (negative spatial association) (Barbosa
and Werneck, 2011; Fontoura et al., 2016). Random oscillations
were minimized, considering that several consecutive years were
analysed according to each variable.

For the spatial analysis, cartographic data presentation, calcu-
lation of spatial and local self-correlation indicators and construc-
tion of thematic maps, we used the TerraView 4.2.2 software
(Instituto Nacional de Pesquisas Espaciais, INPE, São José dos
Campos, SP, Brazil – INPE, 2013). The descriptive analysis of
the data, as well as the Prais–Winsten regression tests, with 5%
significance, was performed using the IBM SPSS 24 programme
(IBM SPSS Statistics, 2016).

Results

During the study period, 37 411 cases of VL were reported
between 2006 and 2015, representing AAR of 1.95 case/100 000
inhabitants (S.D. ±0.14; 95% CI 2.05–1.88). The Prais–Winsten
regression showed that the incidence rate of the total number of
cases remained stable −4.9/100 000 inhabitants (P = 0.12).

Male gender (23 510; 63%; AAR of 2.51/100 000 inhabitants)
and mixed-race (72%) corresponded to the predominant charac-
teristics of HVL. The highest incidence was found among indi-
genous people (AAR of 4.28/100 000 inhabitants). The highest
proportion was in the age group of children between 1 and 4
years old (27.73%), but with a higher incidence in children
under 1 year old (AAR 2.42/100 000 inhabitants). We found
2408 deaths reported (AAR of 0.13/100 000 inhabitants), 26 857
(AAR of 1.39/100 000 inhabitants) were considered cured, 33
916 were new cases (AAR of 1.77/100 000 inhabitants), and
1534 (AAR of 0.08/100 000 inhabitants) presented recurrences.

Among the diagnostic tests performed, 13 260 cases (AAR of
0.68/100 000 inhabitants) were confirmed by parasitological exam-
ination, and 15 641 by the indirect immunofluorescence test (AAR
of 0.80/100 000 inhabitants). The LVH/HIV co-infection was pre-
sent in 2229 people (AAR of 0.13/100 000 inhabitants) (Table 1).

Regarding sex over the years, both AAR of total and of male
and female sex were similar, with a slight decrease between
2012 and 2013, then increasing again (Table 2). Rates related to
colour skin or race and to indigenous race had significant increase
between 2010 and 2011, with a slight decrease between 2012 and
2013, then increasing again. Concerning the age, rates continued
similarly, with an increase between the years 2008 and 2011, and
then they decreased. Mortality and cure rates remained almost the
same, with a slight growth in 2015. The rates of new cases
increased significantly between 2010 and 2011, with an important
decrease in the period between 2012 and 2013, increasing again
between 2014 and 2015, unlike recurrences that were remained
the same between 2006 and 2011, with an increase between
2012 and 2013, getting higher between 2014 and 2015. The diag-
nosis rates confirmed by parasitological method presented with
significant regression over the years, unlike the rates of positive
diagnoses confirmed by the indirect immunofluorescence test
that significantly increased over the years until 2010 and 2011,
with an important decrease between 2012 and 2013 and an
increase between 2014 and 2015. The HVL/HIV coinfection
rates gradually increased over the years, especially after 2010.

The Prais–Winsten regression showed that the incidence rate
of the total number of cases remained stable −4.9/100 000 inhabi-
tants (P = 0.12), in the period from 2006 to 2015, without signifi-
cant changes over the years, conferring a stable trend, without
statistical significance (P > 0.05). However, in some variables,
the incidence rates presented an increasing trend with positive

values among indigenous peoples 61.44/100 000 inhabitants
(3.75–151.19; P = 0.04), in the age groups between 40 and 59
years 6.41/100 000 in inhabitants (1.81–11.22; P = 0.01), 60–64
years old 0.93/100 000 inhabitants (0.37–1.48; P 0.00),
65–69 years old 1.86/100 000 inhabitants (0.74–2.99; P = 0.01),
70–79 years old 5.68/100 000 inhabitants (3.37–8.04; P < 0.001),
>80 years old 5.44/100 000 inhabitants (−0.23 to 11.43; P 0.05),
relapses 1.16/100 000 inhabitants (0.60 to 1.72; P 0.01) and
co-infected HVL/HIV patients HIV 3.99/100 000 inhabitants
(2.28 to 5.73; P 0.00). In other variables, it was possible to observe
a decrease (P < 0.05), with negative values, such as female gender
−7.1/100 000 inhabitants (−12.2 to −1.7; P = 0.02), individuals
with white colour/ethnicity −9.0/100 000 inhabitants (−10.00 to
−7.99; P < 0.001), Asian descendants −17.59/100 000 inhabitants
(−32.45 to 0.55; P = 0.05), aged between 5 and 9 years −5.59/100
000 inhabitants (−8.67 to −2.41; P = 0.00), cure −7.10/100 000
inhabitants (−12.58 to −1.28; P = 0.03 inhabitants parasitological
tests positive −7.74/100 000 inhabitants (−9.76 to −5.68;
P < 0.001) and negative −0.69/100 000 inhabitants (−1.24 to
−0.14; P = 0.03). The other variables remained stable (P > 0.05)
(Table 3).

The highest proportion of cases of HVL was in the Northeast
(19 908; 53%), but the highest incidence was in the North Region
(AAR of 7.35/100 000 inhabitants). Among the states with the
highest rates of HVL, Ceará was the prevalent, with 5654 (15%)
of the reported cases, but the highest rate was in the state of
Tocantins (AAR of 24.18/100 000 inhabitants) (Table 4).

In relation to the regions and states of Brazil, the annual
increase in incidence rates of VL in the period from 2006 to
2015 remained stable, without significant changes, over the
years, in most variables, conferring a stable trend, without statis-
tical significance (P > 0.05). Except for the variables that showed a
decreasing trend (P < 0.05), with negative values, as in the North
−67.79/100 000 inhabitants (−82.56 to −40.52; P = 0.00), in the
states of Pará −47.03/100 000 inhabitants (−60.92 to −28.22;
P = 0.00) and São Paulo −6.24/100 000 inhabitants (−9.30 to
−3.08; P = 0.00), as well as the variables with increasing
trend, with positive values (P < 0.05), such as the states of Goiás
8.89/100 000 inhabitants (0.79–17.65; P = 0.03), Paraíba 17.76/1
000 000 inhabitants (5.44–31.52; P = 0.01; P = 0.76 Paraná
0.69/100 000 inhabitants (0.14–1.25; P = 0.02) and Roraima
44.54/100 000 inhabitants (−7.62 to 126.15; P = 0.00) (Table 5).

The highest rates presented, according to the classification
from the highest to the lowest, referring to the total number of
notified cases, were from the North (AAR of 7.35/100 000 inhabi-
tants), Northeast (AAR of 6.20/100 000 inhabitants), Midwest
(AAR of 3.79/100 000 inhabitants), Southeast (AAR of 1.50/100
000 inhabitants) and South (AAR of 0.04/100 000 inhabitants).
The highest proportion of cases (64%; mean: 53; median: 63;
S.D. ±5) and the highest rate of HVL over the years were from
Northeast Region, between the years 2014 and 2015 (AAR of
10.83/100 000 inhabitants; mean: 6.94; 95% CI 5.40–8.47). The
North Region had the second highest incidence over the years,
in the period between 2008 and 2009 (AAR of 8.95/100 000
inhabitants).

In order of classification, the states that had the highest HVL
rates, between 2006 and 2015, were Tocantins (AAR of 24.18/
100 000 inhabitants), Mato Grosso do Sul (AAR of 8.94/100 000
inhabitants), Maranhão (AAR of 7.99/100 000 inhabitants),
Piauí (AAR of 7.45/100 000 inhabitants), Ceará (AAR of 6.47/
100 000 inhabitants) and Pará (AAR of 4.48/100 000 inhabitants).

The thematic maps showed the presence of municipalities and/
or clusters statistically significant (P < 0.05), with high HVL rates,
in the Northeast, North, Midwest and Southeast Regions
(Fig. 1A). A higher concentration of LVH rates forming clusters
was found in the Northeast Region, covering the nine

Parasitology 1667

https://doi.org/10.1017/S0031182020001754 Published online by Cambridge University Press

https://doi.org/10.1017/S0031182020001754


northeastern states. In the North Region, there was a concentra-
tion of clusters throughout the state of Tocantins and the south-
east of the state of Pará. In the Midwest Region, the rate clusters
encompassed practically the entire state of Mato Grosso do Sul
and the central and southern part of the state of Mato Grosso.
The global Moran’s I was 0.46 (P < 0.01), indicating similarity
between neighbouring municipalities.

Discussion

This study provides an in-depth view of the HVL in Brazil, char-
acterizing spatial and temporal patterns of its occurrence, in the
period. Spatial clusters of HVL were presented in this study.
Despite the slight decrease in the number of cases reported
nationally in recent years, HVL has expanded geographically to
other regions. This information is worrying and follow different
pattern, related to regions, as sex, age group and skin colour,

exposing a problem for the public health (Nascimento et al.,
2011; Martins-Melo et al., 2014a; Brasil, 2015; Druzian et al.,
2015; Herrador et al., 2015; Lane, 2016).

HVL is expanding geographically in Brazil. The epidemio-
logical profile of this disease has been modified in developing
countries (Herrador et al., 2015), due to its expansion from
rural to urban areas (Nascimento et al., 2011; Albuquerque
et al., 2014; Brasil, 2015; Druzian et al., 2015).

The higher prevalence found in male individuals may be
related to socioeconomic, behavioural and environmental factors
(Martins-Melo et al., 2014b). The literature indicates that the dis-
ease affects both sexes, but men are described as the most suscep-
tible (Lane, 2016). Occurrence was higher in the age group
between 1 and 4 years old, with higher incidence between those
who were under 1 year, possibly because children are more sus-
ceptible to morbidity and mortality, probably due to the greater
contact with animals, the cycle of home/peridomestic

Table 1. Epidemiological characteristics of HVL in Brazil, from 2006 to 2015

Characteristic n % 95% CI AAR 95% CI ±S.D.

Sex

Male 23 510 62.84 62.17–63.83 2.57 2.42–2.61 0.15

Female 13 901 37.16 36.32–37.68 1.35 1.34–1.52 0.14

Total 37 411 100.00 – 1.95 1.88–2.05 0.14

Skin colour/ethnicity

White/Caucasian 6032 17.00 16.48–17.52 0.49 0.58–0.74 0.13

Black/Afro-descendant 2991 9.00 8.69–17.31 2.12 1.95–2.17 0.18

Yellow/Asian descendant 290 0.78 0.78–1.12 1.20 1.15–1.63 0.39

Mixed 24 479 72.00 71.17–72.83 3.26 2.82–3.33 0.25

Indigenous 280 0.75 0.56–1.14 4.28 2.80–5.05 1.01

Age group, years

<1 3516 9.40 8.63–9.47 2.42 2.05–4.26 0.98

1–4 10 373 27.73 27.37–28.63 2.35 1.56–3.05 0.39

5–9 3861 10.32 9.63–10.37 0.69 0.63–0.86 0.11

10–14 1875 5.01 4.77–5.23 0.32 0.24–0.39 0.05

15–19 1874 5.01 4.75–5.25 0.23 0.19–0.39 0.08

20–39 8012 21.42 20.52–21.48 0.90 0.51–0.95 0.19

40–59 5500 14.70 14.58–15.42 1.06 0.68–1.39 0.17

60–64 762 2.04 1.85–2.15 0.21 0.13–0.27 0.03

65–69 580 1.55 1.46–2.14 0.31 0.15–0.34 0.08

70–79 739 1.98 1.84–2.16 0.81 0.32–0.91 0.23

>80 300 0.80 0.78–1.12 0.41 0.29–0.42 0.10

Deaths 2408 8.23 6.18–9.82 0.14 0.12–0.14 0.01

Cure 26 857 91.77 85.96–98.04 1.29 1.32–1.50 0.15

New case 33 916 95.67 89.16–102.84 1.77 1.70–1.85 0.12

Recurrence 1534 4.33 2.56–5.44 0.10 0.07–0.12 0.02

Positive parasitological 13 260 78.24 73.82–82.18 0.58 0.53–0.76 0.11

Negative parasitological 3688 21.76 19.75–24.25 0.18 0.18–0.21 0.02

IF positive 15 641 85.86 81.27–90.73 0.66 0.65–0.89 0.12

IF negative 2575 14.14 12.08–15.92 0.14 0.12–0.15 0.02

HIV coinfection 2229 5.96 4.02–7.98 0.17 0.08–0.19 0.05

95% CI, 95% confidence interval; AAR, average annual rate per 100 000 inhabitants; S.D., standard deviation; IF, indirect immunofluorescence.
Ignored or unspecified values were not considered.
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Table 2. Epidemiological characteristics over the years of HVL in Brazil, from 2006 to 2015

2006–2007
(n) % Ratea

2008–2009
(n) % Ratea

2010–2011
(n) % Ratea

2012–2013
(n) % Ratea

2014–2015
(n) % Ratea

Sex

Male 4.568 61 2.49 4.967 63 2.66 4.819 62 2.56 4.306 64 2.29 4.850 65 2.57

Female 2.920 39 1.54 2.915 37 1.51 2.985 38 1.52 2.430 36 1.24 2.651 35 1.35

Totalb 7.488 20 2.01 7.882 21 2.07 7.804 21 2.03 6.736 18 1.75 7.501 20 1.95

Skin colour/ethnicity

White/Caucasian 1.489 22 0.82 1.394 19 0.77 1.203 17 0.66 1.046 17 0.57 900 13 0.49

Black/Afro-descendant 597 9 2.06 600 8 2.07 636 9 2.19 543 9 1.87 615 9 2.12

Yellow/Asian descendant 75 1 1.80 53 1 1.27 74 1 1.78 38 1 0.91 50 1 1.20

Mixed 4.483 67 2.72 5.034 72 3.06 5.091 72 3.09 4.508 73 2.74 5.363 76 3.26

White/Caucasian 37 1 2.26 51 1 3.12 67 1 4.10 55 1 3.36 70 1 4.28

Indigenous 37 0 4.52 51 1 6.24 67 1 8.19 55 1 6.72 70 1 8.56

Age group, years

<1 720 10 3.63 780 10 4.20 684 9 4.05 671 10 3.97 661 9 3.91

1–4 2.413 32 2.94 2.315 28 2.97 2.158 27 3.24 1.683 25 2.53 1.804 24 2.71

5–9 922 12 0.88 912 12 0.90 756 10 0.83 610 9 0.67 661 9 0.73

10–14 403 5 0.38 421 5 0.42 395 5 0.38 322 5 0.31 334 4 0.32

15–19 404 5 0.37 402 5 0.39 399 5 0.39 313 5 0.30 356 5 0.35

20–39 1473 20 0.55 1568 19 0.57 1718 22 0.61 1517 23 0.54 1736 23 0.61

40–59 818 11 0.61 1069 14 0.74 1179 15 0.78 1082 16 0.72 1352 18 0.90

60–64 111 1 0.12 141 2 0.14 169 2 0.15 162 2 0.15 179 2 0.16

65–69 92 1 0.16 88 1 0.14 130 2 0.19 121 2 0.18 149 2 0.22

70–79 93 1 0.29 135 2 0.39 155 1 0.41 161 2 0.42 195 3 0.51

>80 38 1 0.28 44 1 0.27 56 1 0.32 89 1 0.50 73 1 0.41

Death 470 7 0.12 455 8 0.12 499 8 0.13 448 9 0.12 536 10 0.14

Cure 5825 93 1.53 5517 92 1.45 5841 92 1.53 4743 91 1.24 4931 90 1.29

New case 6851 96 1.80 6935 96 1.82 7244 96 1.90 6132 95 1.61 6754 95 1.77

Recurrence 261 4 0.07 252 4 0.07 280 4 0.07 354 5 0.09 387 5 0.10

Positive parasitologicalb 3195 80 0.84 2984 80 0.78 2612 77 0.68 2244 76 0.59 2225 77 0.58

Negative parasitologicalb 789 20 0.21 752 20 0.20 774 23 0.20 698 24 0.18 675 23 0.18

IF positiveb 3122 88 0.82 3511 86 0.92 3676 86 0.96 2807 86 0.74 2525 82 0.66

(Continued )
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transmission and by vectors, as well as nutritional and immune
deficiencies (Martins-Melo et al., 2014a; Guimarães et al., 2015).

The HVL prevalence was higher between those with
mixed-race – and most of the Brazilian population considers
themselves as with mixed-race. The higher incidence was found
between the indigenous people. Indigenous populations are
more susceptible to HVL, probably due because of the gold min-
ing activities, the increased immigration from endemic areas and
the visits to family members taking dogs contaminated by
Leishmania or contaminated in the place visited (Guimarães
et al., 2015; Silva and Abud, 2016).

The method for diagnosing HVL used with the greatest num-
ber of positive cases was the indirect immunofluorescence test.
This test is more effective than the parasitological test, since it is
based on the antibody response (World Health Organization.,
2010; Dupnik et al., 2011;Souza et al., 2012; Cota et al., 2013,
2014; Albuquerque et al., 2014; Druzian et al., 2015; Távora
et al., 2015).

According to DATASUS, out of the HVL patients, 93% were
considered cured and 7% died, with prevalent numbers in the
Northeast Region (49.74%) and in the state of Minas Gerais
(18.87%). HVL is a potentially lethal disease if not treated and
diagnosed early (Martins-Melo et al., 2014a).

Concerning the type of entry, 96% were new cases and 4%
were recurrence. The mortality rates are often higher in immuno-
compromised individuals and in recurrences (Gomes et al., 2012;
Fontoura et al., 2018b).

Using geoprocessing techniques, we analysed the distribution
of the occurrence of HVL, and the detection of statistically signifi-
cant spatial clusters. The HVL distribution is heterogeneous, but,
with the different techniques for spatial analysis, it is possible to
identify areas with greater and lower needs for interventions,
where control measures, when targeted, become more effective
(Martins-Melo et al., 2014a; Silva and Abud, 2016).

The national AAR of HVL was 1.95 per 100 000 inhabitants.
When analysing the spatial distribution of HVL rates, we found
that HVL was recorded in all Brazilian regions – with clusters
prevalent in the Northeast Region. However, the highest rate
was in the North Region (rate 7.04/100 000 inhabitants), specific-
ally in the state of Tocantins (rate 21.65/100 000 inhabitants). The
HVL notified cases have increased and expanded to other areas in
the state of Tocantins (Fontoura et al., 2016). Irregular land occu-
pation causes environmental imbalance.

A study carried out in Tocantins State evaluated the correl-
ation of the HVL incidence rate with environmental and climate
variables. These rates increase as night temperature increases, as
well as air humidity and precipitation (Reis et al., 2019).
Temperature increase is associated with phlebotomine density
increase, contributing to the occurrence of higher contact between
vector and host and favouring the disease spread (Galati et al.,
2015), as well as its activity (Rivas et al., 2014). Consequently,
there is higher parasitic load in the vector due to the increase
in the number of times blood repast occurs (Serafim et al.,
2018) and Straw mosquito infectivity.

The city of Araguaia, in the North of the state, has one of the
highest rates of HVL (Silva, 2016). In addition to intense urban
expansion, deforestation without proper planning and inadequate
infrastructure shows climate and environmental factors favourable
to the vector development (Reis et al., 2019). Besides climate and
environmental factors, others have been associated with subjects,
including socioeconomic status, low immunity, and nutritional
condition (Toledo et al., 2017).

The VL is a disease associated with poverty that also perpetu-
ates it (Lane, 2016). The high number of cases in the Northeast
Region reflects the socio-environmental conditions that favour
the spread of HVL (Martins-Melo et al., 2014b; Silva et al., 2015).Ta
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Table 3. Regression analysis with annual percentage of incidence rates of characteristics of HVL in Brazil, from 2006 to 2015

Variables

Annual incidence rates

Annual rate of change % (IC95%) P* Situation2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Sex

Male 2.61 2.37 2.66 2.66 2.43 2.69 2.20 2.37 2.57 2.58 −2.1 (−10.3 to 7.0) 0.58 Stable

Female 1.69 1.40 1.56 1.45 1.44 1.60 1.21 1.26 1.33 1.37 −7.1 (−12.2 to −1.7) 0.02 Descending

Total 2.14 1.87 2.09 2.04 1.92 2.13 1.69 1.80 1.93 1.95 −4.9 (−11.0 to 1.6) 0.12 Stable

Skin colour/ethnicity

White/Caucasian 0.87 0.76 0.82 0.71 0.63 0.69 0.58 0.57 0.52 0.47 −9.0 (−10.00 to −7.99) <0.001 Descending

Black/Afro-descendant 2.30 1.81 1.96 2.17 2.14 2.25 1.76 1.98 2.25 1.99 −0.23 (−10.17 to 10.82) 0.97 Stable

Yellow/Asian descendant 1.78 1.82 1.49 1.06 1.82 1.73 1.20 0.62 1.39 1.01 −17.59 (−32.45 to 0.55) 0.05 Descending

Mixed 2.75 2.70 3.07 3.05 2.87 3.32 2.60 2.88 3.17 3.35 9.40 (−4.19 to 24.91) 0.15 Stable

Indigenous 1.96 2.57 3.06 3.18 4.65 3.55 2.45 4.28 3.18 5.38 61.44 (3.75 to 151.19) 0.04 Growing

Age group, years

<1 3.96 3.30 4.66 3.74 3.85 4.25 3.37 4.57 3.84 3.99 5.20 (−8.88 to 21.45) 0.43 Stable

1–4 3.10 2.78 3.15 2.79 3.09 3.38 2.33 2.72 2.71 2.70 −9.64 (−21.73 to 4.33) 0.13 Stable

5–9 0.90 0.86 0.91 0.89 0.76 0.91 0.63 0.72 0.77 0.68 −5.59 (−8.67 to −2.41) 0.00 Descending

10–14 0.35 0.42 0.42 0.42 0.38 0.38 0.30 0.32 0.34 0.31 −2.28 (−4.94 to 0.46) 0.06 Stable

15–19 0.37 0.37 0.37 0.42 0.36 0.42 0.34 0.27 0.33 0.36 −1.37 (−4.06 to 1.39) 0.22 Stable

20–39 0.56 0.54 0.56 0.58 0.59 0.63 0.53 0.54 0.59 0.64 1.39 (−0.83 to 3.66) 0.23 Stable

40–59 0.65 0.57 0.69 0.80 0.73 0.84 0.74 0.70 0.90 0.90 6.41 (1.81 to 11.22) 0.01 Growing

60–64 0.13 0.12 0.14 0.14 0.16 0.14 0.16 0.13 0.18 0.15 0.93 (0.37 to 1.48) 0.00 Growing

65–69 0.16 0.17 0.13 0.16 0.16 0.22 0.17 0.18 0.20 0.23 1.86 (0.74 to 2.99) 0.01 Growing

70–79 0.30 0.29 0.38 0.39 0.34 0.48 0.43 0.41 0.50 0.52 5.68 (3.37 to 8.04) <0.001 Growing

>80 0.29 0.26 0.29 0.26 0.29 0.34 0.62 0.38 0.43 0.39 5.44 (−0.23 to 11.43) 0.05 Growing

Deaths 0.15 0.10 0.12 0.12 0.12 0.14 0.11 0.12 0.13 0.15 0.46 (−0.09 to 1.02) 0.26 Stable

Cure 1.69 1.36 1.48 1.41 1.43 1.64 1.23 1.26 1.29 1.30 −7.10 (−12.58 to −1.28) 0.03 Descending

New case 1.91 1.68 1.77 1.86 1.80 2.00 1.55 1.67 1.76 1.78 −2.50 (−9.26 to 4.76) 0.41 Stable

Recurrence 0.09 0.04 0.06 0.08 0.07 0.08 0.10 0.09 0.09 0.11 1.16 (0.60 to 1.72) 0.01 Growing

Positive parasitological 0.92 0.76 0.81 0.75 0.68 0.69 0.59 0.58 0.62 0.54 −7.74 (−9.76 to −5.68) <0.001 Descending

Negative parasitological 0.21 0.20 0.18 0.21 0.19 0.21 0.16 0.21 0.17 0.18 −0.69 (−1.24 to −0.14) 0.03 Descending

IF positive 0.78 0.86 0.94 0.90 0.89 1.04 0.77 0.70 0.65 0.68 −4.50 (−12.58 to 4.33) 0.25 Stable

IF negative 0.12 0.11 0.14 0.15 0.17 0.15 0.11 0.13 0.15 0.14 0.46 (−1.19 to 2.14) 0.54 Stable

HIV coinfection 0.00 0.06 0.09 0.11 0.12 0.14 0.17 0.15 0.16 0.17 3.99 (2.28 to 5.73) 0.00 Growing

*Prais–Winsten regression (P < 0.05).
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Table 4. Epidemiological characteristics of HVL in Brazilian regions and states, from 2006 to 2015

2006–2007 (n) % Ratea 2008–2009 (n) % Ratea 2010–2011 (n) % Ratea 2012–2013 (n) % Ratea 2014–2015 (n) % Ratea Total % AAR

Region

North 1563 21 8.72 1642 21 8.95 1605 21 8.31 1209 18 6.26 961 13 2.81 6980 19 7.35

Northeast 3828 51 6.16 3854 48 6.06 3913 49 6.10 3549 53 5.53 4764 64 10.83 19 908 53 6.20

Southeast 1463 20 1.54 1689 21 1.75 1570 19 1.62 1222 17 1.26 1266 17 4.60 7210 19 1.50

South 8 0 0.02 13 1 0.04 13 1 0.04 9 1 0.03 12 0 0.04 55 0 0.04

Midwest 625 8 3.91 684 9 4.16 705 9 4.13 748 11 4.38 498 7 5.28 3260 9 3.79

States

Alagoas 83 1 1.33 59 1 0.95 70 1 1.12 61 1 0.98 95 1 4.57 368 1 1.15

Amazonas 3 0 0.04 6 0 0.09 1 0 0.01 2 0 0.03 1 0 0.01 13 0 0.04

Amapá 2 0 0.15 1 0 0.07 0 0 0.00 1 0 0.07 0 0 0.00 4 0 0.07

Bahia 636 8 2.27 573 7 2.04 806 11 2.88 644 10 2.30 937 13 9.90 3596 10 2.49

Ceará 1187 17 7.02 1237 16 7.32 1152 14 6.81 890 13 5.26 1188 16 11.76 5654 15 6,47

Distrito Federal 32 0 0.62 32 0 0.62 19 0 0.37 29 0 0.56 26 0 0.35 138 0 0,67

Espírito Santo 1 0 0.01 10 0 0.14 10 0 0.14 5 0 0.07 14 0 0.13 40 0 0.15

Goiás 66 1 0.55 74 1 0.62 84 1 0.70 76 1 0.63 113 2 0.62 413 1 0.68

Maranhão 907 12 6.90 1029 13 7.83 933 11 7.10 1050 16 7.99 1213 16 17.45 5132 14 7.99

Minas Gerais 834 11 2.13 1147 14 2.93 1111 14 2.83 756 11 1.93 889 12 9.17 4737 13 2.45

Mato Grosso do Sul 475 6 9.70 450 6 9.19 490 7 10.00 554 8 11.31 312 4 4.50 2281 6 8.94

Mato Grosso 53 1 0.87 128 2 2.11 112 1 1.85 89 1 1.47 47 1 0.68 429 1 1.33

Pará 878 12 5.79 719 9 4.74 708 9 4.67 546 8 3.60 540 7 3.29 3391 9 4.48

Paraíba 62 1 0.82 62 1 0.82 73 1 0.97 81 1 1.08 107 1 1.55 385 1 1.01

Pernambuco 179 2 1.02 160 2 0.91 158 2 0.90 142 2 0.81 347 5 1.81 986 3 1.14

Piauí 505 7 8.10 466 6 7.47 367 5 5.88 403 6 6.46 551 7 5.40 2292 6 7.45

Paraná 3 0 0.01 4 0 0.02 7 0 0.03 5 0 0.02 7 0 0.09 26 0 0.03

Rio de Janeiro 12 0 0.04 4 0 0.01 7 0 0.02 14 0 0.04 12 0 0.24 49 0 0.03

Rio Grande do Norte 146 2 2.30 189 3 2.98 204 3 3.22 175 2 2.76 193 3 11.81 907 2 2.85

Rondônia 4 0 0.13 1 0 0.03 0 0 0.00 6 0 0.19 1 0 0.03 12 0 0.07

Roraima 7 0 0.78 8 0 0.89 30 0 3.33 30 0 3.33 39 1 2.17 114 0 3.17

Rio Grande do Sul 2 0 0.01 9 0 0.04 4 0 0.02 2 0 0.01 5 0 0.04 22 0 0.02

Santa Catarina 1 0 0.01 1 0 0.01 2 0 0.02 3 0 0.02 0 0 0.00 7 0 0.01

Sergipe 123 2 2.97 79 1 1.91 150 2 3.63 103 1 2.49 133 2 4.01 588 2 2.83

São Paulo 533 7 0.65 528 7 0.64 442 6 0.54 447 8 0.54 351 5 0.43 2301 6 0.55

Tocantins 668 9 24.14 907 11 32.78 865 11 31.26 624 9 22.55 380 5 6.45 3444 9 24.18

AAR, average annual rate per 100 000 inhabitants.
Ignored or unspecified values were not considered.
aAverage biennial rate per 100 000 inhabitants.
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Table 5. Regression analysis with annual percentage of incidence rates of HVL in Brazil regions and states

Variables

Annual incidence rates

Taxa de variação anual % (IC95%) P* Situação2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Region

North 8.63 8.80 9.43 8.47 7.25 9.37 6.59 5.92 4.53 5.41 −67.79 (−82.56 to −40.52) 0.00 Descending

Northeast 6.85 5.47 5.99 6.14 5.79 6.40 4.84 6.22 7.60 7.24 25.31 (−26.28 to 113.01) 0.34 Stable

Southeast 1.61 1.46 1.76 1.74 1.66 1.57 1.36 1.15 1.20 1.41 −9.01 (−20.31 to 3.90) 0.14 Stable

South 0.03 0.02 0.02 0.06 0.05 0.03 0.04 0.02 0.04 0.04 0.23 (−0.87 to 1.34) 0.78 Stable

Midwest 4.10 3.73 4.48 3.84 3.83 4.42 4.79 3.97 3.10 2.73 −22.91 (−52.07 to 23.99) 0.23 Stable

States

Alagoas 1.63 1.03 0.87 1.03 1.12 1.12 1.15 0.80 1.38 1.67 3.99 (−15.71 to 28.29) 0.68 Stable

Amazonas 0.03 0.06 0.09 0.09 0.00 0.03 0.06 0.00 0.03 0.00 −1.37 (−2.99 to 0.28) 0.10 Stable

Amapá 0.15 0.15 0.15 0.00 0.00 0.00 0.00 0.15 0.00 0.00 −3.39 (−7.57 to 0.97) 0.13 Stable

Bahia 2.78 1.76 1.47 2.62 2.91 2.84 2.22 2.38 3.74 2.95 31.52 (−7.15 to 86.29) 0.10 Stable

Ceará 7.52 6.52 6.58 8.06 6.39 7.24 4.85 5.68 7.31 6.74 −18.72 (−52.97 to 40.48) 0.40 Stable

Distrito Federal 0.70 0.54 0.78 0.47 0.27 0.47 0.47 0.66 0.47 0.54 −3.17 (−11.85 to 6.37) 0.44 Stable

Espírito Santo 0.03 0.00 0.09 0.20 0.06 0.23 0.03 0.11 0.09 0.31 3.51 (−0.96 to 8.19) 0.09 Stable

Goiás 0.63 0.47 0.60 0.63 0.78 0.62 0.57 0.70 0.95 0.93 8.89 (0.79 to 17.65) 0.03 Growing

Maranhão 7.60 6.19 8.78 6.87 6.84 7.35 5.20 10.77 8.68 9.76 81.97 (−16.52 to 296.64) 0.11 Stable

Minas Gerais 1.99 2.27 2.79 3.06 3.00 2.67 2.09 1.77 2.01 2.53 6.17 (−32.52 to 67.03) 0.76 Stable

Mato Grosso do Sul 9.88 9.51 10.33 8.04 8.86 11.15 12.66 9.96 7.23 5.51 −54.50 (−91.75 to 150.96) 0.31 Stable

Mato Grosso 0.69 1.05 1.94 2.27 1.85 1.85 1.75 1.19 0.63 0.92 0.23 (−42.00 to 73.22) 0.99 Stable

Pará 6.65 4.93 5.26 4.22 4.26 5.08 3.67 3.54 3.18 3.94 −47.03 (−60.92 to −28.22) 0.00 Descending

Paraíba 0.98 0.66 1.09 0.56 0.80 1.14 1.14 1.01 1.59 1.25 17.76 (5.44 to 31.52) 0.01 Growing

Pernambuco 1.15 0.89 0.95 0.86 0.81 0.99 0.82 0.80 1.93 2.01 22.74 (−10.92 to 69.12) 0.17 Stable

Piauí 7.98 8.21 9.04 5.90 5.03 6.73 6.13 6.80 9.14 8.53 69.00 (−69.0 to 268.64) 0.90 Stable

Paraná 0.03 0.00 0.02 0.02 0.01 0.06 0.01 0.04 0.02 0.05 0.69 (0.14 to 1.25) 0.02 Growing

Rio de Janeiro 0.06 0.02 0.00 0.03 0.01 0.03 0.03 0.06 0.03 0.04 0.46 (−0.64 to 1.58) 0.40 Stable

Rio Grande do Norte 2.37 2.24 2.94 3.03 2.68 3.76 3.00 2.53 3.19 2.90 15.61 (−9.84 to 48.25) 0.20 Stable

Rondônia 0.00 0.26 0.00 0.06 0.00 0.00 0.13 0.26 0.06 0.00 0.23 (−0.32 to 0.79) 0.94 Stable

Roraima 1.11 0.44 0.44 1.33 3.55 3.11 2.22 4.44 4.00 4.66 44.54 (−7.62 to 126.15) 0.00 Growing

Rio Grande do Sul 0.02 0.00 0.00 0.08 0.02 0.02 0.00 0.02 0.04 0.01 0.23 (−1.42 to 1.91) 0.93 Stable

Santa Catarina 0.00 0.02 0.02 0.00 0.00 0.03 0.03 0.02 0.00 0.00 0.02 (−1.08 to 1.13) 0.97 Stable

(Continued )
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According to the Moran maps of HVL, the Northeast Region,
part of the North Region and part of the Midwest Region are
among the regions with the greatest need for intervention (in
red, which corresponds to high-high). The LISA map indicated
the statistically significant clusters (P = 0.001). Thus, it is possible
to observe the importance of TerraView software for spatial ana-
lysis studies, showing regions with greater and lower intervention
needs (Campi and Nascimento, 2014).

Poor living conditions in the community favour the prolifer-
ation of diseases (Diro et al., 2014; Castelo Branco et al., 2016).
It is necessary to develop the correction of precarious infrastruc-
ture questions and inadequate packaging waste, and to improve
HDI indicators (Brasil, 2014; Ursine et al., 2016). The lack of
basic sanitation and the breeding of animals around the home
favour human and canine infections by attracting Lutzomyia long-
ipalpis (Lane, 2016).

From the moment one invests to improve the poor living con-
ditions of a population, the spread of disease must be minimized.
The number of HVL cases increases in regions with conditions
conducive to the development of sandflies, especially in the peri-
domicile (Nascimento et al., 2011; Albuquerque et al., 2014;
Brasil, 2015; Druzian et al., 2015). In a place where rigorous con-
trol measures were adopted, with the reorganization of the home,
construction of suitable places for animal shelters away from the
residence, improvement of the sanitary facilities, proper pack-
aging waste, pruning of trees, it was possible to drastically reduce
the number of sandflies around 90% (Machado et al., 2016).
Ignorance in relation to VL control measures, both for the popu-
lation and health professionals, added to the lack of infrastructure
for early diagnosis and treatment in health services, has contrib-
uted to the expansion of VL in Brazil (Lane, 2016).

The HVL has changed its epidemiological profile and increased
its morbidity and mortality. This fact requires urgent attention
from epidemiological surveillance agencies, aiming at preventive
and interventional measures, such as combating the vector and
breeding sites, mainly with investments from the agencies respon-
sible for correcting deficiencies in infrastructure of basic sanitation
(adequate waste disposal and sewage), especially in communities
with poor living conditions (Ursine et al., 2016). The HVL has
been spread to other areas, but it has also maintained the old out-
breaks, indicating the inefficiency of current control measures.

There are still many obstacles to control HVL, with enormous
challenges (Araújo et al., 2012; Menon et al., 2016; Silva and
Abud, 2016). All patients with characteristic signs and symptoms
of HVL in endemic areas should be investigated, aiming at early
diagnosis and treatment (Alexandrino-de-Oliveira et al., 2010;
Martins-Melo et al., 2014b; Brasil, 2015), in addition to making
compulsory notification (World Health Organization., 2010;
Brasil, 2014; Albuquerque et al., 2014), so that databases of institu-
tions such as the World Health Organization and the Pan
American Health Organization were fed (Araújo et al., 2012; Das
et al., 2014; Albuquerque et al., 2014). However, despite the adop-
tion of preventive measures, intending to interrupt the transmis-
sion cycle, such as early treatment of positive human cases,
chemical control of vectors, and elimination of infected domestic
reservoirs, there has been an increase in the HVL impulse in
national public health (Machado et al., 2016). The adaptive charac-
teristics of the L. longipalpis vector hinder the epidemiological con-
trol (Van Griensven et al., 2014; Castelo Branco et al., 2016).

Secondary data are subject to limitations due to possible
inconsistencies in information and/or underreporting, despite sig-
nificant progress in the quality and the coverage of information in
recent years (Martins-Melo et al., 2014b; Cardim et al., 2015). In
addition to underreporting, there are ignored or blank items,
which should have been filled out or reported correctly, limiting
the robustness of the data. As the canine data are incompleteTa
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for many municipalities, with little information about areas
research, universe of dogs and type of survey (sample or census),
the occurrence values can be biased and/or inconclusive.

Conclusion

Our study offered the detection and analysis of clusters of HVL
rates and the occurrence, as well as pointed out the sites with
greater and lower need for intervention. Based on the Prais–
Winsten estimation, we found a stabilization of HVL in the aver-
age annual rates per 100 000 inhabitants. Mortality rates have
remained stable in the last 5 years, and there has been a slight
drop in the average annual rates of new cases in the last 9
years, suggesting that, in some way, interventional actions have
an effect on reducing or maintaining cases of VL in different epi-
demiological contexts, despite the many obstacles to the control of
this disease. It is expected that these findings will be useful for
planning disease surveillance and control actions in the country.
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