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Abstract

Visceral Leishmaniasis (VL) is a neglected disease with
increasing incidence in Brazil, particularly in the North-eastern.
The aim of this study was to analyze the spatial and spatiotempo-
ral dynamics of VL in an endemic region of North-eastern Brazil,
between 2009 and 2017. Using spatial analysis techniques, an eco-
logical and time series study was made regarding VL cases in
Sergipe filed as notifiable disease events. With data from the
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Brazilian Institute of Geography and Statistics (Instituto Brasileiro
de Geografia e Estatistica, IBGE), a digital population and carto-
graphic baseline was established. Segmented linear regression
was used to examine the temporal trends. The statistical analysis
methods of Global and Local Moran’ /, local Bayesian empirical
methodology and spatial-temporal scanning were used to produce
thematic maps. High instances were found among adults, males,
urban residents, non-Whites and persons with low levels of educa-
tion. A decrease in the recovery rate and an increase in the propor-
tion of urban cases and lethality was found. A heterogeneous VL
distribution with spatiotemporal agglomeration on the seaside of
the state was seen in Sergipe. To better manage the disease, new
research is encouraged together with development of public health
strategies. Further, improving health care networks, especially pri-
mary care, is suggested as this approach has a key role in health
promotion, prevention and monitoring of the most prevalent dis-
eases.

Introduction

Visceral Leishmaniasis (VL) is caused by an intracellular pro-
tozoan of the Leishmania genus and transmitted by various
species of the sand fly Lutzomya. It is a neglected serious systemic
infection which can be fatal if not diagnosed and treated within the
appropriate time. Its distribution is broad endemicity in 12 coun-
tries in the Americas. Between 2001 and 2017, 59,769 cases were
reported, with in an average of 3,516 cases per year. In Brazil,
around 96% (57,582) of the cases are reported (MoH, 2017;
WHO, 2015; Hailu et al., 2016; Bezerra et al., 2018).

Brazil had 33,080 confirmed cases of VL between 2009 and
2017, out of which 54.6% (18,060) were in the North-eastern. The
state of Sergipe had 556 confirmed cases in this period with 254
of those cases in the capital Aracaju, which is considered endemic
by the Department of Integrated Health Information
(Departamento de Informatica do Sistema Unico de Saude,
DATASUS) due to a large distribution and high lethality rate in
several places of the city (DATASUS, 2019). The urban areas of
Sergipe have expanded rapidly and some regions have therefore
become essentially urban and peri-urban. This provides opportu-
nities for increased numbers of several infectious Neglected
Tropical Diseases (NTDs; Costa de Albuquerque et al., 2017),
such as tuberculosis (Lima et al., 2019), schistosomiasis (dos
Santos et al., 2019), leprosy (de Souza et al., 2019) and leishma-
niasis (Boaz et al., 2019).
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Lethality due to VL is increasing in the state. This trend as well
as the increased incidence in immunocompromised populations,
such as those infected by the Human Immunodeficiency Virus
(HIV) and the elderly have captured the attention of health profes-
sionals and the scientific community. Gaining more knowledge
regarding transmission dynamics of this parasitic infection is
therefore imperative (Santos et al., 2019), while geospatial meth-
ods and spatial statistics are useful for defining risk areas, which
assists the development of efficient strategies for tracking and pre-
vention (Campos et al., 2017). This study aimed to analyse the spa-
tiotemporal dynamics of VL in the endemic North-eastern Brazil
between 2009 and 2017.

Materials and methods

Design and study area

This is a time series and ecological study employing spatial
analysis techniques and includes cases of VL in Sergipe between
2009 and 2017, which allows assessment in three 3-year periods,
as recommended by the Brazilian Ministry of Health (MoH, 2019).
The states’ 75 cities were used as analysis units. As stated by
Brazilian Institute of Geography and Statistics (Instituto Brasileiro
de Geografia e Estatistica, IBGE), Sergipe is situated in North-
eastern Brazil and has an estimated population of 2,298,696 on an
area of 21,915 km? (Figure 1). It is the smallest state in the Brazil
and characterized by social disparities with its south-eastern region
being the most developed region (Lima ef al., 2019).
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Data source

The System for Information on Notifiable Diseases (Sistema
de Informacgao de Agravos de Notificagdo, SINAN) of DATASUS
provided the morbidity data (DATASUS, 2019). The shapefile
extension containing the population estimates of Sergipe and its
digital cartographic bases using the geographical coordinate sys-
tem, presented by the Geocentric Reference System for the
Americas (Sistema de Referencia Geocéntrico para las Américas,
SIRGAS, 2000) were sourced from the IBGE (2019).

Variables and measures

The main measure of the study was the VL incidence rate,
which was tabulated for each city as follows: by year (between
2009 and 2017), by triennium (2009-2011, 2012-2014 and 2015-
2017), by age (<4 years old, 5-19 years old, 20-39 years old, 40-59
years old and >60 years old) and by sex. For every period, the
crude incidence rate was deduced from dividing the average num-
ber of cases by the estimated central population. Dividing the tri-
ennial average number of cases by the estimated central population
(2010, 2013 and 2016, respectively) gave the triennial rates. The
data were smoothed using the local Bayesian empirical method,
which improved the stability of the incidence rates, especially in
cities with small populations (Assungdo ef al., 1998).

The risk of transmission in the area analysed was based on data
from the Epidemiological Surveillance Guide of Brazil’s Health
Office (MoH, 2019) and stratified using the following classifica-
tion: sporadic transmission (<2.4 cases/100,000 persons), mild
transmission (>2.4 to <4.4 cases/100,000 persons) and intense
transmission (>4.4 cases/100,000 persons).

The prevalence of VL was a secondary measure of the study
along with lethality (direct or indirect), percentage of VL-HIV co-

z 40°0E 160°0E 80°0W 40°0E 3
8 2
z 1B0"0W 12008,
2 g 3
2 @
il
8
B H3
z
S
g g
8 E 160°0W
Ocean
[l Sergipe
g 3
. " Geographic Projection System (LatLong)
Geodetic Reference System (SIRGAS 2000)
Digital Base Veclor (SEMARH 2016)
0 625 km Production: NUPEGEOS/UFS
z _ 2
2 40°0F 160"0E BO'OW 40'0E 3

Figure 1. Study area.
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infection and proportion of cities with VL transmission.
Epidemiological characteristics, such as skin colour, age group,
sex, level of education, residence area, type of case and outcome
were provided in simple and relative frequencies.

CPpress

Analysis of the temporal trends

Using segmented linear regression (joinpoint), the temporal
trends were analysed and classified as increasing, decreasing or
stable. Using the Monte Carlo permutation test, the best segment
of the model was selected. The year of event occurrence was
deemed an independent variable and the crude prevalence rates (in
the population), crude incidence rates (with respect to sex, popula-
tion and age range), percentage of VL-HIV co-infection, crude
mortality and lethality (in the population) and proportion of the
cities with transmission were deemed as dependent variables. The
Annual Percentage Changes (APCs) were tabulated for each seg-
ment and deemed significant at a P-value <0.05 and their IC95%
did not include zero. The final model chosen was the most adjust-
ed, enabling better representation of the trend and the lowest num-
ber of inflexion points (Antunes and Cardoso, 2015).

Spatial analysis

Choropleth maps were initially established to show the spread
of the crude VL incidence rates, then the smoothed rates were also
displayed graphically via maps. These two were stratified based on
the risk of transmission. Global Moran’s / was tabulated in order to
analyse the spatial autocorrelation via first-degree proximity
matrix as per the contiguity criterion. When autocorrelation was
identified, the Local Moran’s / (LISA) was applied to show the
occurrence of spatial clusters of cities with high VL transmission
and also to show a distribution diagram in four quadrants per city:
Q1 (high VL incidence rates and the same in neighbouring cities),
Q2 (low incidence VL rates and the same in neighbouring cities),
Q3 (low VL incidence rates and high rates in neighbouring cities)
and Q4 (high VL incidence rates and low rates in neighbouring
cities). “Moran Maps” diagrams were applied, only using statisti-
cally significant results (P<0.05).

Spatiotemporal analysis

Identification of high-risk spatiotemporal clusters for VL trans-
mission and estimation of relative risks (RR) regarding the neigh-
bourhood was done via retrospective spatiotemporal scan statis-
tics. Poisson’s probability distribution was used for the following:
no geographic overlapping of the clusters, circular clusters, one-
year aggregation time, a 50% maximum size of the spatial cluster
of the risk population and 50% maximum time of the temporal
cluster of the study period. The primary cluster (most likely) was
identified using Likelihood Logarithmic Ratio (LLR) and shown in
a map. The results were considered significant if the P-value was
<0.05 via 999 Monte Carlo permutations (Kulldorff, 1997).

Software used

Microsoft Office Excel 2016 (Microsoft Corporation;
Redmond, WA, USA) was used for storage and preparation of the
data; and QGis 3.4.11 (QGIS Development Team Open Source
Geospatial Foundation Project) for map preparation. TerraView
4.2.2 (www.inpe.br) and GeoDa™ 1.14 (Anselin, 2005) were used
for spatial analyses. Joinpoint Regression™ 4.6 (US National
Cancer Institute, Bethesda, MD, USA) was used for temporal trend
analysis. SaTScan™ 9.6 (Harvard Medical School, Boston and
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Information Management Service Inc., Silver Spring, MD, USA)
was used for spatiotemporal analysis.

Results

In Sergipe, 813 suspected cases of VL were reported between
2009 and 2017, out of which 556 were confirmed, with an average
of 62 cases/year. The annual incidence ranged from 2.03 to 4.01
cases per 100,000 persons (Figure 2). The predominant character-
istics of the VL cases in the state were: adults (47.7%), non-White
(83.1%), limited education (41.9%), new cases (93.5%), males
(70.9%), residing in urban area (70.7%), and that evolved to recov-
ery (82.7%). The overall lethality of VL was 13.0% (72 deaths)
within the period with 35 cases of VL-HIV co-infection (6.3%),
(Table 1).

Table 1. Epidemiological characteristics of VL cases from 2009 to
2017, Sergipe, Brazil.

Diagnosed cases

New 520 93.53
Recurrent 23 4.14
Imported 4 0.72
Ignored 9 1.62
Sex
Male 394 70.86
Female 162 29.14
Age group
0-4 years 132 23.74
5-19 years 130 23.38
20-39 years 144 25.90
40-59 years 121 21.76
= 60 years 28 5.04
Ignored 1 0.18
Race
White 60 10.79
Non-white 462 83.09
Ignored 34 6.12
Residence area
Urban 393 70.68
Rural 127 22.84
Peri-urban 27 4.86
Ignored 9 1.62
Years of schooling
<8 233 4191
=8 62 11.15
Ignored 261 46.94
VL-HIV coinfection
Yes 35 6.29
No 453 814
Ignored 68 12.2
Clinical outcome
Discharge by cure 460 82.73
Treatment abandonment 12 2.16
Death by VL 72 12.95
Transference to another state 5 0.90
Ignored 7 1.26
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Table 2 shows the results of segmented linear regression used
to analyse the temporal trends of VL epidemiologic indicators. The
VL incidence (APC: -0.5; IC95%: -7.1 to 6.2) and prevalence
(APC: -0.5; IC95%: -7.1 to 6.5) were found to be stable. The por-
tion of the cities where the transmission of VL commonly occurs
was stable (APC: 5.0; 1C95%: -1.5 to 12.0), (Figure 3). No signif-
icant annual increase of new cases was seen when sex and age
ranges were considered. There was, however, an upward trend of
cases in the urban area (APC: 3.2; IC95%: 0.2 to 6.3). Although the
mortality trend was flat (APC: 10.3; I1C95%: -0.1 to 21.9), over the
years, the recovery percentage had decreased (APC: -1.5; 1C95%:
-2.9 to -0.1) while the lethality had increased (APC: 11.3; IC95%:
0.4 to 23.4).

Spatial dynamics of the intensity of the VL transmission is
shown in Figure 4 with national stratification using the three-year
base. The spatial distribution in Figure 4 shows the crude incidence
rates (A) and the smoothed incidence rates (B). In both cases, the
persistent concentration of cities with moderate to high VL trans-
mission along the seaside is remarkable, especially in the North-
eastern, which corresponds to the middle sertdo region, and in the
metropolitan area. Maps of spatial distribution of the average inci-
dence rates in the entire period of study (2009-2017) were estab-
lished. Figure 5 shows the distribution of the crude incidence rates
(A), and the smoothed rates (B). Noteworthy is the clustering of
cities with high transmission along the seaside, similar to the pat-
terns shown in Figure 4.

Global Moran’s / statistics of the average incidence rates of the
entire period (2009-2017) were tabulated. Significant spatial auto-
correlation was seen when the smoothed rates (/ = 0.707; P =
0.001) and crude rates (I = 0.25; P = 0.003) were analyzed, which
demonstrates the existence of a spatial dependence in the VL dis-
tribution in Sergipe.

Univariate LISA, subsequently performed with statistically sig-
nificant represented by “Moran Maps” allowed us to identify the
cities categorized as per local indicators (Figures 5C and 5D). The
high-risk spatial clusters were found to be grouped on the seaside of

Table 2. Temporal trends of VL epidemiological indicators.
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Figure 2. VL reported cases and crude incidence rate in Sergipe,
2009-2017.
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Figure 3. Cities VL transmission trends, from 2009 to 2017,
Sergipe, Brazil.

Crude prevalence rate (per 100,000 hab.) 2009-2017 0.5 (-7.1t0 6.5) Stable
Crude incidence rate (per 100,000 hab.)

General 2009-2017 0.7 (-7.1t0 6.2) Stable
Sex

Male 2009-2017 0.2 (-8.2t09.3) Stable

Female 2009-2017 2.6 (-11.7t0 7.5) Stable
Age group

<4years 2009-2017 -5.4 (-13.6 to 3.5) Stable

5-19 years 2009-2017 -5.3 (-15.5 t0 6.0) Stable

20-39 years 2009-2017 1.9 (-10.0 to 15.4) Stable

40-59 years 2009-2017 7.7 (-3.3t0 19.9) Stable

= 60 years 2009-2017 2.8 (-13.3t0 21.8) Stable
Proportion of cases per residence area

Urban 2009-2017 3.2% (02t0 6.3) Upward

Rural 2009-2017 -42 (-10.9 to 3.0) Stable
Cure rate (%) 2009-2017 -1.5%* (2.9 to -0.1) Downward
Crude mortality rate (per 100,000 inhabitants) 2009-2017 10.3 (-0.1to 21.9) Stable
Lethality rate (%) 2009-2017 11.3* (0.4 to 23.4) Upward
Proportion of cities with LV transmission 2009-2017 5.0 (-1.5 to 12.0) Stable
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the state and especially in the metropolitan area, which includes the
capital Aracaju. The cities classified as Q3 (Low/High) and Q4
(High/Low) also need attention at as they may either be affected or
may influence the VL transmission in the neighbouring cities.
Finally, space-time scan statistics identified a statistically significant
spatiotemporal grouping of VL in the general population (LLR =
31.95; P <0.001), which included 157 new VL cases between 2010
and 2013 in the cities Aracaju, Estancia, Itaporanga d’Ajuda,
Salgado and Sdo Cristovao, with a crude annual incidence rate of
5/100,000 persons (RR = 2.25), (Figure SE).

Discussion

Despite international efforts to control the disease, eventually
aiming at eradication, VL remains a serious public health problem
in temperate and tropical areas of the world. We analyzed the spa-
tial and spatiotemporal dynamics of VL between 2009 and 2017 in
North-eastern Brazil, which is endemic. The results show that there
has not been a reduction of disease incidence in Sergipe but rather
an increase in disease lethality and a reduced recovery rate. This
indicates the control of VL has not been successful.

This study shows a higher VL prevalence in men, as pointed by
other epidemiological studies, probably due to genetic factors and

a different lifestyle with an increased contact to peri-urban areas
and rural settings, either to work or housing (Santos et al., 2018;
Goes et al., 2012; da Rocha, 2018). Moreover, recent studies in
Sergipe show an upward trend in the age range of VL cases over
the years, with adults representing the majority of incident cases
(Goes and Jeraldo, 2013; Goes ef al., 2014; Santos et al, 2018).
Hence, the data indicate an upward trend of cases in urban
areas. This is believed to be due to fast environmental alterations
due to anthropic action, with migration to peripheral urban arecas
leading to increased human interaction with wild animals and dogs
in the face of the easy adaptation in residence surroundings by the
sand fly vector Lutzomya longipalpis (WHO, 2015; Lane, 2016;
Toledo et al., 2017; Gobes and Jeraldo, 2013; Barbosa et al., 2014;
Campos et al., 2017). The fast-paced urbanization process with a
lack of planning may be a factor in the dynamics of several dis-
eases vector-borne diseases such as VL, with the transmission
chain becoming more complex than in rural area (Gontijo and
Melo, 2004). A higher VL prevalence in a population with limited
education was revealed in this research, and this may be related to
the higher risk of contracting the disease due to demographic,
social and economic aspects. Dos Santos Sousa et a/. (2018) have
highlighted a correlation between a higher level of education (> 11
years of study) and a lower VL incidence (4.9% of the total figure),
suggesting that the high prevalence of VL among those with limit-
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Figure 4. Spatial dynamics, from 2009 to 2017, Sergipe, Brazil. A) Crude incidence rates distribution; B) Smoothed incidence rates dis-

tribution (Local Empirical Bayes).
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ed education is due to weaker epidemiological control, a situation
likely connected with a broader access to information on preven-
tive measures by those with higher education.

Noteworthy is that VL-HIV co-infections have increased
worldwide, e.g., as shown by a study conducted in Sergipe
between 1999 to 2015, the authors found an increase in the lethal-
ity indicator to 6.3% from 4.5% over the study period (Goes and
Jeraldo, 2013). The higher VL-HIV co-infection rate can have led
to a general increase in disease lethality in the state, since co-
infected patients have a more pronounced symptomatology, such
as coughing, weight loss and reduced recovery rates (Santos et al.,
2018).

The VL lethality rate (13%) in Sergipe raises concern, since it

w‘

is higher than Brazil and North-eastern region mean rate, 7.9% and
7.8%, respectively (DATASUS, 2019). In different periods, Ceara
and Rio Grande do Norte states (Brazil) showed a lethality rate
below 7%, while Pernambuco, geographically closer to Sergipe,
presented a 12.3% rate, from 2006 to 2015 (Cavalcante et al.,
2019; Lima et al., 2018; dos Santos Sousa et al., 2018). Moreover,
patients older than 60 years of age are 14.2 times more likely than
5-14 years old ones to die from VL, in Piaui, also located in the
North-eastern region of Brazil (Sena, 2015) The increase of VL
lethality demonstrated herein may be associated to a delay in the
diagnosis and disease control/treatment in the primary care, along
with difficulties to access the University Hospital, the only one
specialized in VL treatment at Sergipe. Mendes ef al. (2016) high-
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Figure 5. VL spatial, temporal and space-time clustering distribution, from 2009 to 2017, Sergipe, Brazil. A) Spatial distribution of VL
crude incidence rates; B) Spatial distribution of VL smoothed incidence rates; C) Moran map showing high-risk clusters related to VL
crude incidence rates; D) Moran map showing high-risk spatial clusters related to VL smoothed incidence rates; E) Spatio-Temporal

analysis thematic map.

[page 290]

[Geospatial Health 2020; 15:885]

OPEN aACCESS



light evidence of a relationship between climatic variables such as
temperature, precipitation, humidity and the transmission of vector
diseases such as leishmaniasis in the North-eastern of Brazil.
These authors report the highest level of transmission of VL during
and right after the rainy season, a time corresponding to the peak
of insect density in urban environments and the outskirts of cities.
In addition, clustering of cases was observed in the coastal area,
mostly in the metropolitan region of Aracaju. Likewise, it was
recently observed that this region has environmental peculiarities
(high humidity, deforestation and vacant building lots) together
with poor living conditions, factors that can favour VL transmis-
sion, the dynamics of which are known to be seasonal and depen-
dent on the distribution of sand flies and climatic conditions that
influence vector density. The increase in VL cases in the interior of
Sergipe may be explained by these characteristics observed near
cities with a high density of rivers and canals along with residences
with much vegetation and debris (Campos et al., 2017).

While the seaside is the state’s most economically developed
region, considerable social inequality exists due to the fast-paced
urbanization of the region, which promotes the formation of areas
of poverty (Lima et al., 2019) where the population is vulnerable
and lives in social deprivation. In Bihar, India, VL has been found
to impact the poorest of the poor (Boelaert ez al., 2009) and recent
study results in Brazil demonstrate that disparities in poverty,
income distribution, limited education and fragile life conditions
all contribute to a high VL mortality (Nunes et al., 2020). Even
though the capital Aracaju has the highest number of confirmed
cases, statistically significant spatiotemporal clusters were found
in other cities such as Estancia, Itaporanga d’Ajuda, Salgado and
Sao Cristévao where expansion of the disease was found through-
out the analyzed period. A previous study detected VL in 75% of
Sergipe’s cities between 2009 and 2016, with a distribution in all
regions of the state from inland areas to the seaside (Santos ef al.,
2018). It should be noted that VL is a Neglected Tropical Disease
(NTD) and while Brazil expands, the North-eastern has the highest
number of identified VL cases. There was a space-time agglomer-
ation in the state of Sergipe and the capital Aracaju is considered
endemic, with focus on a growing trend of cases in the urban area.
This dynamic is due to anthropogenic action, with rapid environ-
mental changes and migration of the population to the peripheral
urban areas. In addition, there were higher case rates in working-
age males, which has a key impact on the individual and social
economy leading to higher government spending. Another concern
regards the lethality of the disease, which can be statistically relat-
ed to the increases in HIV-LV co-infected patients and limited
access to the specific treatment needed, given there is only the
University Hospital of Aracaju to deal with the situation.

Our conclusions regarding the timing an localization of VL
clusters turned out to be similar with other studies in Sergipe ana-
lyzing the spatiotemporal distribution of leprosy (Hansen's dis-
case), (de Souza et al., 2019) and that of tuberculosis (2001-2016),
(Lima et al., 2019). This is of concern since overlapping both time-
wise and geographically is a potential threat of overwhelming the
health care system to handle different diseases in the territory.

Reducing social inequalities could be an important pathway to
approach leishmaniasis, combined with public policies focused on
the local reality, with investment in improved handling of cases
and surveillance systems, and whose implementation is supported
by a focused research agenda (Romero and Boelaert, 2010; Hailu
et al., 2016; Werneck, 2016). The control of VL must additionally
be based society actions, such as the health education development
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initiatives, keeping dogs responsibly and individual control and
prevention measures, such as using leashes containing insecticides
(Costa et al., 2018).

Given that techniques for spatiotemporal analysis allowing pri-
ority area identification of target disease control actions are consid-
ered to be incorporated into the surveillance system, synergic
efforts should be made for wiping out diseases that specifically
affect the vulnerable sectors of the population. To reach this goal,
the primary care services must be improved as they represent the
preferred entry to the health system and are responsible for longi-
tudinal follow-up activities. It is important to rethink the manage-
ment of the whole VL programme enabling professionals and pro-
viding fast tests for early diagnosis and treatment, as well as facil-
itating the design and advertising of vector control actions and
canine cases not generally accessible to society.

Conclusions

The present study enabled spatial and spatiotemporal dynamics
analysis of VL in the state of Sergipe, Brazil, during the period of
2009 to 2017. VL clearly stands out as a persistent public health
issue in the state, given that there is no reduction of its incidence.

The results indicate a predominance of new cases in specific
groups, such as adults, males, those with limited education and
urban area residents. A greater number of cases on the seaside of
the state were further observed, in particular in the metropolitan
area. Worth mention is that despite the use of secondary data, like-
ly due to case under-reporting, the study is relevant for the under-
standing of VL in the state, useful for the development of new
research and the conception of strategies in public health for VL
control and surveillance.
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