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Abstract

Visceral leishmaniosis is a neglected tropical disease. We evaluated the spatial distribution of cases of visceral
leishmaniosis in the state of Alagoas, Brazil. All cases of VL, registered by the health department, were analyzed
and georeferenced. Results: Between 2008 and 2017, 97.1% of the municipalities presented sporadic classification
of transmission. With temporal evolution, the incidence of cases of visceral leishmaniosis was concentrated in
most municipalities in the microregion of Santana do Ipanema-AL. Space-time analysis, if considered, may promote
the improvement of surveillance and control actions of visceral leishmaniosis.
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Resumo

A leishmaniose visceral é uma doenga tropical negligenciada. Foram avaliadas a distribuicdo espacial dos casos
de leishmaniose visceral no estado de Alagoas. Todos os casos de LV, registrados pela secretaria de satde, foram
analisados e georreferenciados. Entre 2008 e 2017, 97,1% dos municipios apresentaram classificacdo esporadica de
transmissdo. Com a evolugdo temporal, a incidéncia de casos de leishmaniose visceral se concentrou na maioria dos
municipios da microrregido de Santana do Ipanema-AL. A andlise espaco-tempo, se considerada, pode promover

o aprimoramento das acdes de vigilancia e controle da leishmaniose visceral.

Palavras-chave: leishmaniose visceral humana, analise temporal, analise espacial e espacial, Brasil.

1. Introduction

Visceral leishmaniosis (VL) known as calazar is a
chronic and systemic disease, which, if not properly
diagnosed and treated appropriately, may progress to
death in more than 90% of cases (Brasil, 2017; OPS, 2019).
It is considered an endemic disease in 12 countries in
the Americas, where 63,331 new cases were recorded
from 2001 to 2018, with an average of 3,518 cases per
year (Karagiannis-Voules et al., 2013). In 2018, of the
total number of cases, 97% (3,466) were concentrated
in Brazil. In addition, in Brazil between 2003 and 2018,
more than 51,000 human cases were confirmed, with an
average incidence of 1.7 cases/100,000 inhabitants, ranging
from 1.4 to 2.1 and lethality of 7.2%, the Northeast region
responsible for the largest number of cases. This expansion

has been occurring in space and time, with an increase in
the number of affected municipalities and the number of
cases and deaths (Brasil, 2019; Lima et al., 2019).
Phlebotomines (Diptera: Psychodidae) are small insects,
and the hematophagous females of some phlebotomine
species are responsible for transmitting protozoan parasites
belonging to the genus Leishmania. In the Americas, the
genus Lutzomyia is the most important genus, with more
than 400 identified species; however, little more than 50 are
considered as potential vector species or involved in the
transmission of the different species of Leishmania in the
Region (Diniz et al., 2014). The community composition and
richness of sand flies result of ecological interactions and
local geographic aspects (Okwor and Uzonna, 2016), then
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environmental changes affect the abundance, diversity,
behaviour and habits of the different species within a
community (Martins-Melo et al., 2018).

The clinical form of VL revolves around the reticulo
endothelial system, presenting symptoms that can range
from an asymptomatic infection to the appearance of
chronic and systemic symptoms such as persistent fever,
paleness in the ethopamucosa, weight loss, asthenia,
adynamia, associated with exuberant hepatosplenomegaly
(Brasil, 2015). Clinical suspicion of VL should be raised
when the patient has fever and splenomegaly associated
or not with hepatomegaly (Lima et al., 2019; Aguiar and
Rodrigues, 2017; Queiroz et al., 2004). Thus, the present
study aimed to describe in space and space-time the
occurrence of VL in AL, between 2008 and 2017.

2. Material and Methods

The state of Alagoas is located in the east of the northeast
region and has as limits Pernambuco to the north and
northwest, Sergipe to the south, Bahia to the southwest
and bathed by the Atlantic Ocean to the east. It has an
estimated average population of 3,337,357 inhabitants, a
territorial extension of approximately 27,843,295 km? and
a population density of 112.33 inhabitants/km?, according
to the IBGE census in 2010, and is organized in three
mesoregions and 13 microregions, including: Serrana do
Sertdo Alagoano (composed of 5 municipalities), Sertdo
do Sdo Francisco (3), Santana do Ipanema (10), Batalha
(8), Palmeira dos Indios (11), Arapiraca (10), Traipu (3),
Serra dos Quilombos (7), Mata Alagoana (16), Litoral Norte
Alagoano (5), Macei6 (10), Sdo Miguel dos Campos (9) and
Penedo (5), totaling 102 municipalities (Figure 1).

A descriptive, cross-sectional, retrospective and
quantitative study of reported cases of AVL was conducted
in Alagoas, from 2008 to 2017. Data were collected from the
website of the Department of Informatics of the Unified
Health System (DATASUS), through the Notifiable Diseases
Information System (SINAN). To carry out this study,
variables were analyzed as an incidence of the number
of cases in Alagoas during the study period.

Regarding the classification of the level of transmission
of VLin Brazilian municipalities according to the Ministry
of Health, it considers the average number of cases in
the last 5 years, resulting in the following categories: no
transmission (mean = 0 cases); sporadic transmission
(mean> 0 and <2.4 cases); moderate transmission (mean
> 2.4 and <4.4 cases) and intense transmission (mean >
4.4 cases) Brasil, 2017).

Data tabulation was performed through the Microsoft
Office Excel program®, with conference or consistency of
the collected data. After the construction of the database
with the annual VL values, a descriptive analysis was
made using absolute values and valid percentages, using
tables and/or graph, data processing was performed on
the Stata 12.0® platform.

Terraview 4.2.2 softwares (DPI, 2020) was used for
georeferencing the incidence rates of VL. In this analysis
it was possible to verify the spatial autocorrelation of
the disease under study, presenting it in thematic maps.
The maps were colored according to the value of the
incidence rates in five categories, based on equal step
intervals, the darker the map area, the higher the incidence
rate of the study period.

To know the global spatial autocorrelation, the values
of the global Moran statistic were used. Moran’s coefficient
was used to measure the strength of the association that
will allow the distinction between spatial association in the

1. Political division of Brazil and the microregions of Alagoas, 2020.
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Figure 1. Political division of Brazil and the microregions of Alagoas, 2020.
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distribution of incidence rates, self-correlating with their
close neighbors. The nullhypothesis is to verify whether
this effect is a purely random variation in space, that is,
neighboring states tend to have a more similar pattern
than distant states forming possible clusters in similar
areas whose characteristics are close to the event studied
in space. Moran’s coefficient is calculated by Equation 1:

Y 00T 7)

7= (1)

STy S

i=1 i=l j=1

Where: Y ¢ the incidence or mortality rate in state i and
the wij are weights belonging to the proximity matrix W.
The closer the States Ai and Aj, the greater the weight w,.
A Moran coefficient with a small value, that is, a value close
to zero, together with significance above 0.05, provides
evidence that one should not reject the hypothesis that
there is no spatial autocorrelation.

Thematic maps were constructed from the Moran Map,
fixing 99 permutations with a statistical significance of
95%. The results were presented in cluster clusters, through
the effect of the significant spatial correlation of the
dependent variable of the high-high type (Q+/+), low-low
(Q-/-), high-low (Q+/-) and low-high (Q-/+). Secondary data
available on official websites of the Brazilian Ministry of
Health were used, without identification of subjects, and
were exempted from consideration in a research ethics
committee, in accordance with Resolution 466-2012 of
the National Health Council.

3. Results and Discussion

In the analyzed period, cases have been reported in all
three mesoregions, in the 13 microregions and in 66 of
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the 102 municipalities. A total of 352 cases were reported,
with an average of 35.2 cases per year, with an average
incidence of 1,083 cases/100,000 inhabitants, falling below
the national average of 1,903 cases/100,000 inhabitants.
In addition, Alagoas has always maintained a lower
incidence rate than the rates in the Northeast and Brazil,
representing only 0.93% of the national cases and 1.76%
of the cases in the northeast, which corresponds to
more than half of the cases in Brazil (53.04%). It is also
noted that Alagoas had a higher incidence in 2017 with
1.42 cases/100,000 inhabitants and lower incidence in
2016 with 0.71 cases/100,000 inhabitants (Graphic 1).

Several factors are associated with the occurrence
of VL such as low socioeconomic status, deforestation
and poor sanitation®. The creation of population clusters
without the slightest sanitary infrastructure and the
destruction of the natural ecotops of the vector causes
people to be exposed to the risk factors responsible for
the dissemination of VL. Between 2008 and 2010, 97.1% of
the municipalities had a sporadic classification and only
two of them classified themselves as moderate and one as
intense. Between 2011 and 2017, about 99% of cities were
classified as a level of sporadic transmission and only one
with a moderate level.

Surveillance and control in municipalities with moderate
and intense transmission involve additional actions by
health surveillance. The municipalities with transmission
(with cases in the period) of VL were classified according
to the criteria of the PCLV. Thus, medium and large
municipalities, using the same indicator, can stratify areas
or sectors within the municipality itself, thus allowing the
specific surveillance and control actions for each situation
to work (Brasil, 2019).

In Alagoas, during the study period, the mesoregion
with the highest number of reported cases was sertdo
Alagoano, with 150 cases, corresponding to 42.6% of the
reported cases, followed by the agreste Alagoano with 30.4%
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Graphic 1. Comparison of the incidence of VL between Alagoas, Northeast and Brazil, 2008-2017.
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and East Alagoas with 27% of the cases. Considering the
number of cases reported by municipalities, Sdo José da
Tapera and Palmeira dos [ndios each presented 29 cases,
both corresponding to 16.48%. Of the 66 municipalities
with notifications of AVL cases, only 10 of them account for
more than half of the state’s case numbers, corresponding
to 50.27%, these municipalities are: Sdo José da Tapera
(n=29; 8.24%), Palmeira dos Indios (n=29; 8.24%), Macei6
(n=19; 5.40%), Estrela de Alagoas (n=16; 4.54%), Santana

do Ipanema (n=16; 4.54%), Traipu (n=16; 4.54%), Girado
do Pociano (n=15; 4.26%), Senador Rui Palmeira (n=13;
3.69%), Maragogi (n=12; 3.41%) and Pdo de Agucar (n=12;
3.41%) (Table 1).

Regarding the microregions, it is observed that Santana
do Ipanema presents the largest number of cases (n=92),
with approximately 26.14% of the total, followed by the
microregions of Palmeira dos indios with 56 cases (15.91%),
Maceié with 44 cases (12.5%), Arapiraca with 33 cases

Table 1. Number of reported cases of AVL in the microregions and municipalities of Alagoas, 2008-2017.

Microregions and municipalities N Cases %
Serr. Sertao AL 12 34
Agua Branca 6 17
Canapi 3 0.85
Inhapi 2 0.57
Mata Grande 1 0.28
Sert. S. Franscisco AL 19 54
Delmiro Gouveia 6 1.7
Olho d’Agua do Casado 4 114
Piranhas 9 2.56
Santana do Ipanema 92 26.14
Carneiros 1 0.28
Dois Riachos 9 2.56
Maravilha 1 0.28
Ouro Branco 3 0.85
Pdo de Aglicar 12 3.41
Pogo das Trincheiras 8 2.27
Santana do Ipanema 16 4.54
Sdo José da Tapera 29 8.24
Senador Rui Palmeira 13 3.69
Batalha 27 7.67
Batalha 5 142
Belo Monte 1 0.28
Jacaré dos Homens 6 1.7
Jaramataia 3 0.85
Major Isidoro 7 1.99
Olho d’Agua das Flores 1 0.28
Olivenga 4 114
Palmeira dos indios 56 15.91
Cacimbinhas 2 0.57
Estrela de Alagoas 16 4.54
Igaci 5 1.42
Minador do Negrao 2 0.57
Palmeira dos indios 29 8.24
Paulo Jacinto 1 0.28
Tanque d’Arca 1 0.28
Arapiraca 33 9.37
Arapiraca 2 0.57
Campo Grande 2 0.57
Coité do Nbia 5 1.42
Craibas 4 114
Feira Grande 1 0.28
Girau do Pociano 15 4.26
Limoeiro de Anadia 2 0.57
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Table 1. Continued...
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. . RN Cases

Microregions and municipalities N %
Taquarana 2 0.57
Traipu 18 511

Olho d’Agua Grande 2 0.57
Traipu 16 4.54
Serr. Quilombos 2 0.57
Ibateguara 1 0.28

Sdo José da Lage 1 0.28
Mata AL 8 2.27

Capela 1 0.28

Coldnia Leopoldina 1 0.28
Jacuipe 1 0.28

Murici 1 0.28

Porto Calvo 2 0.57

S3do Luis do Quitunde 2 0.57
Litoral Norte AL 23 6.53
Japaratinga 9 2.56
Maragogi 12 341

Porto de Pedras 2 341
Maceié 44 12.5

Barra de Santo Antdnio 1 313
Barra de Sdo Miguel 1 0.28
Maceid 19 5.4
Marechal Deodoro 8 2.27
Paripueira 4 114

Pilar 1 0.28

S. Miguel Campos 5 141
Anadia 2 0.57
Coruripe 1 0.28

Sdo Miguel dos Campos 1 0.28
Teotonio Vilela 1 0.28
Penedo 13 3.7

Feliz Deserto 1 0.28
Igreja Nova 1 0.28
Penedo 2 0.57
Piagabugu 6 17

Porto Real do Colégio 3 0.85
Total 352 352

(9.37%) and Batalha with 27 cases (7.67%). The microregion
of Serra dos Quilombos presented the lowest number of
cases in the study period with 2 cases (0.57%) (Table 1).
Regarding the temporal evolution of AVL cases in
Alagoas, it can be seen that between 2008 and 2010, it
was shown a higher incidence in the municipality of Sdo
José da Tapera, which was responsible not only for the
highest number of cases (n=17), but also for the higher
incidence, with 48.88 cases/100,000 inhabitants, followed
by the municipalities of Japaratinga (27.38%) and Dois
Riachos (24.58%), noting that the highest incidences are
concentrated in the microregions of Santana do Ipanema
and Batalha (Figure 2A). Between 2011 and 2013, there
was a considerable expansion in the incidence of cases
in the microregion of Santana do Ipanema in almost
its entirety and we can see a slight reduction in the

Brazilian Journal of Biology, 2024, vol. 84, e253098

microregion of Batalha, despite having the municipality of
Jacaré dos Homens with the second highest incidence of
this period with 43.55 cases/100,000 inhabitants, second
only to Japaratinga with 48.98 cases/100,000 inhabitants
(Figure 2B).

In the last study period, between 2014 and 2017, there was
a territorial advance for the entire microregion of Santana
do Ipanema and for the microregions of Batalha, Traipu
and Palmeira dos Indios, which presented the municipality
with the highest incidence, represented by Estrela de
Alagoas with about 55.89 cases/100,000 inhabitants
(Figure 2C). It is noticed that with the temporal evolution,
the incidence of cases of AVL was concentrated in most
municipalities in the microregion of Santana do Ipanema
and in some municipalities of the microregion of Batalha,
that is, in the Mesoregion of Sertdo Alagoano (Figure 2).
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In the spatial statistical analysis observed in Figure 2 by
moran’s method, he presented indices between 2008 and
2010 (1=0.372; p=0.01); 2011 to 2013 (1=0.345; p=0.02)
and from 2014 to 2017 (1=0.603; p<0.01), showing the
presence of clusters with autocorrelation between several
microregions of the state of Alagoas.

These indicators showed more significant clusters
located in the microregions of Santana do Ipanema,
Batalha and Traipu, covering part of the Serrana do Sertdao
Alagoano and Sertdo do Sdo Francisco, during the period
from 2008 to 2010 (Figure 3A).

Valor de p=0.010

Moran=0.603
Valor de p=0.010

Between 2011 and 2013, there was a permanence of the
most significant clusters in the regions mentioned in the
previous period, except in Traipu (Figure 3B). In the last
period, between 2014 and 2017, there was an expansion to
the microregion of Palmeira dos Indios (Figure 3C). We can
also observe a concentration of clusters with clusters of low
incidence in the three study periods, mainly concentrated
in the Microregions of Sao Miguel dos Campos, Maceio,
Serrana dos Quilombos and Mata Alagoana (Figure 3).

A published study indicates that 1.69 billion people
live in adequate areas for VL transmission and this points

Figure 2. Bayesian distribution by site of standardized incidence of VL in Alagoas, 2008-2017.
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Figure 3. Local Moran index, according to VL incidence in Alagoas, 2008-2017.
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to the importance of maps that estimate the risk of the
disease and provide a basis for evaluating future incidence
in the identified high-risk regions, in order to guide other
public health actions (Pigott et al., 2014).

Studies similar to ours were conducted in Petrolina
(Maia et al., 2014) and Ceara (Maia et al., 2014) where
during the spatiotemporal analysis of VL in these cities,
clusters were detected. In another study conducted in
Sergipe, during spatial analysis between 2010 and 2015,
demonstrating that clusters were formed with positive
spatial self-relations between the municipalities, revealing
similar epidemiological findings (Aradjo, 2017). The studies
cited showed that there was a marked geographical
expansion of VL, with the emergence of new foci in addition
to the persistence of the old areas of occurrence of the
disease, as is the case of the spatial-temporal analysis of
VL in the city of Natal (Barbosa, 2016).

Visceral leihsmaniasis is a disease of focal occurrence
and, thus, local epidemiology can differ widely depending
on the level of observation, being crucial to understand
the structure of each focus for the adoption of efficient
control measures directed to the reservoirs of infection
and vectors (Dantas-Torres and Branddo-Filho, 2006).
Thus, the finding of cases of VL in the urban and rural
area of Macei6 corroborates the process of expansion of
the disease that has been occurring in several Brazilian
regions, with cases of the disease being recorded in fully
urbanized areas or in the urbanization phase. During the
spatiotemporal analysis, it was also verified the presence
of clusters both in the rural area and in the urban area.
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