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ABSTRACT

Objectives: to identify high-risk areas of leprosy in Brazil from 2001 to 2015. Methods:
this is an ecological study of spatial analysis based on Brazilian municipalities. Spatial scan
statistics were used to identify spatial clustering and measure the relative risk from the
annual detection rate of new cases of leprosy. By criterion based on the Gini index, only
secondary clusters were considered. Results: spatial scan statistics detected 26 clusters,
in which the detection rate was 59.19 cases per 100 thousand inhabitants, while in the
remainder of the country it was 11.76. Large part of the cluster area is located in the Legal
Amazon. These groups included only 21.34% of the total population, but 60.40% of the
new cases of the disease. Conclusions: Leprosy remains concentrated in some areas,
showing the need for control programs to intensify actions in these municipalities.
Descriptors: Leprosy; Endemic Diseases; Epidemiology; Cluster Analysis; Brazil.

RESUMO

Objetivos: identificar as dreas de alto risco da hanseniase no periodo de 2001 a 2015 no
Brasil. Métodos: trata-se de um estudo ecoldgico de andlise espacial, sequndo dados dos
municipios brasileiros. A estatistica scan espacial foi utilizada para identificar agrupamentos
espaciais e medir o risco relativo a partir do indicador taxa de deteccdo anual de casos
novos de hanseniase. Pelo critério baseado no indice de Gini, foram considerados apenas
os clusters secundarios. Resultados: a estatistica scan espacial detectou 26 clusters, em que
a taxa de deteccéo foi de 59,19 casos por 100 mil habitantes, enquanto no restante do pais
foi de 11,76. Grande parte da area de clusters estd situada na Amazodnia Legal. Esses grupos
incluiram apenas 21,34% da populagdo total, mas 60,40% dos novos casos da doenca do
periodo. Conclusées: a hanseniase permanece concentrada em algumas areas, apontando a
necessidade de os programas de controle intensificarem agdes nesses municipios.
Descritores: Hanseniase; Doencas Endémicas; Epidemiologia; Anélise por Conglomerados;
Brasil.

RESUMEN

Objetivos: identificar las areas de alto riesgo de lepra en el periodo de 2001 a 2015, en Brasil.
Métodos: estudio ecoldgico de andlisis espacial, con base en los datos de los municipios
brasilefos. Se utilizé la estadistica scan espacial para identificar las agrupaciones espaciales
y medir el riesgo relativo a partir del indicador indice de deteccion anual de nuevos casos de
lepra. Con base en el indice de Gini, se consideraron solo los clusters secundarios. Resultados:
la estadistica scan espacial detectd 26 clusters, en que la tasa de deteccion fue de 59,19 casos
por 100 mil habitantes, mientras que en el resto del pais fue de 11,76. La gran parte del area
de clusters se encuentra en la Amazonia Legal. Estos grupos incluyeron solo el 21,34% de la
poblacién total, pero representa el 60,40% de nuevos casos de la enfermedad en el periodo.
Conclusiones: la lepra sigue concentrada en algunas areas, lo que apunta la necesidad que
tienen los programas de control de intensificar las acciones en estos municipios.
Descriptores: Lepra; Enfermedades Endémicas; Epidemiologia; Analisis por Conglomerados;
Brasil.
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INTRODUCTION

Leprosy is a severe infectious disease: more than 200 thousand
new cases are reported annually, although it is curable with multi-
drug therapy (polychemotherapy)™. The last epidemiological record
published by the World Health Organization (WHO) obtained data
from 150 countries for 2017 and showed that Southeast Asia and the
Americas are the areas most affected by the disease, with detection
rates of 7.72 and 2.86 cases per 100 thousand inhabitants respec-
tively. India, Brazil and Indonesia are the most endemic countries,
accounting for 80% of the total registered cases'.

Geographic variations are a striking characteristic of leprosy. Even
at the national level, the occurrence is more common in certain
places than in others®?. Evidence indicates that the heterogeneous
distribution may be associated with low income “ or with specific
host factors, such asimmunologic determinants® and genetics®.

In some circumstances, this heterogeneous distribution may
also result from the efforts of the health teams. The greater en-
gagement in the surveillance of contacts and the examination
of collectivities, for example, contributes to an increased detec-
tion. On the other hand, the absence of these actions leads to
the permanence of undiagnosed cases, and as a consequence,
to the continuity of the transmission chain?.

To better understand the differences in the spatial distribution of
leprosy, studies have been conducted in Brazil; however, the scientific
literature is not proportional to the intensity of the disease®. Of
the various analytical methods used, the identification of clusters
is considered a potential approach, since it does not disregard the
silent areas due to a low detection effort or favors municipalities
with a larger number of cases due to the size of their population
and not the higher risk®. In addition, its use allows managers to
guide the allocation of resources and public policies, giving priority
to the areas where the transmission is higher©.

The evaluation of Brazil between 2011 and 2013 showed the
presence of 10 clusters, covering 621 municipalities. They were
located mainly in the states of Mato Grosso, Para, Maranhao, To-
cantins, Goias, Rondénia and Bahia. Although they corresponded
to only 14% of the Brazilian population, they accounted for 44%
of the new cases diagnosed in 201317,

In this scenario of geographic diversity and dynamism of the
factors involved in the occurrence of leprosy, this article sought
to update the data presented by the WHO"", incorporating a
newer approach to determine non-overlapping clusters, the Gini
index“?. We chose to work with a long series of data, since the
epidemiological surveillance of the disease may vary operation-
ally from year to year, but not in a stable way, for a decade’*.

OBJETIVES

To identify the high-risk areas (clusters) of leprosy in Brazil
from 2001 to 2015.

METHODS
Ethical aspects

This study was approved by the Research Ethics Committee (COEP)
of Federal University of Minas Gerais (UFMG). This study was carried out
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according to the determinations of Resolution no. 466, of December
12,2012, of the National Health Council, which establishes guidelines
and regulatory norms for investigations involving human beings®.

Study design, location and period

This is an ecological study of spatial analysis of leprosy, ac-
cording to new cases diagnosed from 2001 to 2015 in Brazil.
The total of 5,565 Brazilian municipalities defined by the 2010
demographic census was considered territorial units of analysis.

Population and inclusion and exclusion criteria

The study included only the new confirmed cases of leprosy,
from residents in Brazil diagnosed during the study period.

Study protocol

Data regarding leprosy cases were extracted from the database
tabulation of the Health Information System (Sinan) provided by
the Ministry of Health through the Electronic System of Information
Service for Citizen (e-SIC), and the data referring to the populations
by municipalities were obtained from the inter census estimates
of the Brazilian Institute of Geography and Statistics Foundation
(IBGE). In a first step, these data were stored in Tab for Windows
(TabWin), version 3.2. It is a computer program of public domain
developed by Datasus that allows the construction and calcula-
tion of indicators.

Next, the mean rate of detection of new leprosy cases was
calculated for the study period. The construction methodology
was performed according to the determinations of the Ministry
of Health, arranged in the Guidelines for surveillance, attention
and elimination of leprosy as a public health problem">.

To enter the data on the map, the city code was used as geo-
codes. The cartographic base in digital and georeferenced format
was acquired free of charge with IBGE through its website, in
the area of downloads. The maps used the Universal transverse
Mercator projection system (UTM), and as a geodetic reference
system, the South American Datum 1969 (SAD 69).

Analysis of results and statistics

Spatial Scan Statistic was used to identify spatial clusters with
higher mean detection rates of leprosy during the study period®.
Itis also known as spatial scanning statistics and allows delineating
spatial clusters through a circular geographic window that moves
through space with the center of coordinates of each municipal
capital. The radius of the window ranged from 0 to 500km‘3. Each
cluster was tested statistically by the likelihood ratio test, and the
maximum likelihood window was considered as the most probable
cluster. Moreover, according to the criterion based on the Giniindex,
only the secondary clusters were considered, that is, those that did
not overlap the most probable cluster.

The Giniindex is considered a measure of statistical dispersion,
being an alternative and newer approach “able to determine
when it makes more sense to report a collection of smaller clus-
ters without overlap than a single large cluster containing all of
them"(12P-27, SaTScan selects the non-overlapping cluster group
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that maximizes the Gini index, so there is a large difference in
rates between clustered and non-clustered areas, allowing thus
the identification of a more refined collection of non-overlapping
clusters.

Finally, estimates for the relative risk were calculated. This
measure allows to compare information from different areas,
standardizing them and removing the effect from populations.
Whether it is a geographic region formed by clusters denoted by
C,, G, C,...,C,.WhetherXis a variable that indicates the number
of leprosy cases, so each occurrence of X (i=1, 2, 3..., k) is as-
sociated with the cluster, with populationn, (i=1,2,3...,k). The
relative risk of a cluster C, is the quotient between the leprosy
detection rate observed in the cluster C and the detection rate
of the other regions of study.

The SaTScan software (version 9.6) was used to make the maps
and perform the analyses.

RESULTS

From 2001 to 2015, 605,673 new cases of leprosy were reported
in Brazil, and, of these, 605,651 could be georeferenced, which is
equivalent to an average detection rate of 21.65 cases per each
100 thousand inhabitants. The spatial scan statistic detected the
presence of 26 statistically significant and secondary clusters, that
is, they did not overlap the other clusters (Figure 1), totaling 1,350
Brazilian municipalities, located mainly in the states of Goids (n =
175, 12.96%), Piaui (n = 171, 12.67%), Maranhao (n = 157, 11.63%)
and Mato Grosso (n = 130, 9.63%).

Although present in a large geographic area of the Legal
Amazon, the clusters identified were found in locations with low
demographic densities. They accounted for only 21.34% of the
Brazilian population, but 60.40% (n = 365,836) of the new leprosy
cases reported during the study period.

Among the municipalities that formed the cluster, four pre-
sented the mean rate of leprosy equal to zero, they are: Ribeirdo
dos [ndios-SP, Bela Vista do Piaui-Pl, Monte Formoso-MG and
Caridade do Piaui-PI.

0 500

Figure 1 - High-risk clusters of leprosy, Brazil from 2001 to 2015
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Based on the study by Penna and collaborators ", Tables
1 and 2 show the characteristics of the clusters identified. We
observed that the areas with the highest relative risks (above 3)
were concentrated in the midwest, north and northeast regions,
totaling 473 (35%) municipalities (Table 1 and Figure 2).

Table 1 - Data on high-risk clusters of leprosy, Brazil from 2001 to 2015

Clusters Central municipality-FU R:k‘::;s m?x:?:il;:i(t)ifes R‘:::;': €
1 Sédo Geraldo do Araguaia-PA ~ 498.2 259 5.2
2 Santa Rita do Trivelato-MT 497.1 140 53
3 Sao Bernardo-MA 244.5 147 2.6
4 Formoso-GO 218.6 71 49
5 Olinda-PE 36.7 13 25
6 Alto Paraiso-RO 4924 68 2.9
7 Curral Novo do Piaui-PI 278.4 208 24
8 Mucuri-BA 274.6 138 2.2
9 Castelandia-GO 219.3 132 2.2

10 Obidos-PA 4415 39 2.1
11 Wanderley-BA 141.3 24 2.7
12 Séo Gongalo do Amarante-CE  63.9 19 1.5
13 Caroebe-RR 241.0 9 2.5
14 Navirai-MS 0.0 1 5.6
15 Marechal Thaumaturgo-AC 498.7 17 2.2
16 Paulo Afonso-BA 0.0 1 3.0
17 lagu-BA 28.5 2 29
18 Mossoro-RN 0.0 1 2.1
19  Bodoquena-MS 196.3 16 1.9
20 Araci-BA 0.0 1 3.6
21 Andarai-BA 0.0 1 6.4
22 Brasilandia-MS 79.1 21 1.7
23 Unai-MG 96.1 8 1.9
24 Itabaiana-SE 9.1 2 24
25 Rancho Alegre-PR 21.6 6 2.7
26 Cuitegi-PB 12.8 6 2.2

Note: *Relative risk has been stratified according to its quartiles.

Menor ou igual a 2,20
2,21-2,50
2,51-3,00

B Acimade 3,00

=

500 1000 km

Figure 2 - Relative risk of clusters, Brazil from 2001 to 2015
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In the cluster areas, the mean detection rate of leprosy cases
in the period was 59.19 per 100 thousand inhabitants,while in the
remainder of the country it was 11.76 per 100 inhabitants, rate
ratio of 5.03. Rio Grande do Norte was the state that presented
the highest rate ratios (6.43), followed by the states of Bahia (4.96)
and Minas Gerais (4.88). Paradoxically, in the states of Amapa
(0.99) and Piaui (0.94), the greatest risks to contract the disease
were located in areas outside the clusters (Table 2).

Table 2 - Rate ratios of the municipalities included and not included in
high-risk clusters, population and cases in clusters according to the federa-
tive unit (FU), Brazil from 2001 to 2015

Detection rate per 100

U thousand inhabitants ... Population  Cases
. in cluster  in cluster
Outside the In Ratios (%) (%)
cluster cluster
AC 4393 48.45 1.10 94.67 94.17
AL 9.90 - - - -
AM 24.29 37.90 1.56 20.30 31.73
AP 22.25 22.13 0.99 791 7.60
BA 10.07 49.92 4,96 14.68 46.22
CE 15.66 29.16 1.86 71.66 83.09
DF 10.68 - - - -
ES 15.11 49.21 3.26 74.77 87.97
GO 38.28 63.90 1.67 67.27 80.00
MA 42.76 60.34 1.41 82.44 88.98
MG 8.25 40.25 4.88 8.45 34.02
MS 27.27 56.42 2.07 24.63 44,57
MT 109.82 111.73 1.02 96.15 96.27
PA 3345 97.74 2.92 4438 67.16
PB 12.20 36.77 3.01 6.32 16.63
PE 14.11 40.31 2.86 52.48 78.09
Pl 31.56 29.76 0.94 87.60 91.07
PR 16.26 60.85 3.74 0.51 245
RJ 13.07 - - - -
RN 6.97 44,76 6.43 7.93 36.08
RO 17.73 74.36 4.19 99.56 99.89
RR 19.22 71.75 3.73 85.41 94.12
RS 1.98 - - - -
SC 3.18 - - - -
SE 16.92 55.73 3.29 5.07 11.18
SP 8.82 24.90 2.82 0.76 5.19
TO 66.78 77.74 1.16 89.68 92.86
Brazil 11.76 59.19 5.03 21.63 60.40

Itis also noteworthy the states of Rondénia, Mato Grosso and
Acre, whose percentages of population included in clusters were
the largest in Brazil. On the other hand, for some states, there
is no information presented. This is a result of the absence of
municipalities included in the clusters.

DISCUSSION

For 27 years, Brazil has proposed the elimination of leprosy as
a public health problem?, but the data presented in this study
reveal that the measures adopted have not had the expected
effect. The detection rate of new cases of the disease is still high.
According to the parameters of the Ministry of Health, the country
is classified as an area of very high endemicity".

The distribution of the disease is heterogeneous, and the high-
est values of the detection rate are found in the north, midwest
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and northeast regions. Large part of the cluster area is located
in the Legal Amazon. This comprises an area of approximately 5
million km? and encompasses the states of Acre, Amapa, Ama-
zonas, Para, Rondoénia, Roraima, Tocantins, Mato Grosso, besides
part of Maranhao'®,

Although the rate of leprosy detection has decreased recently,
promoted by WHO goals and joint actions of the most affected
countries!', the uncertainties regarding the factors underlying
its persistence remain in certain regions. The clusters, identified
in this study, resemble those established based on the data from
2005 to 20079, 2007 to 2009"* and 2011 to 20131,

A study conducted in 2010 indicated that the occurrence of
leprosy in the Legal Amazon is associated with the indicators of
living conditions and the mode of territorial occupation®. Credit
policies have caused a growing influx of people to that region in
the 1970s2", Although this process has been strongly encouraged
by the Brazilian government, it has brought side effects®” due to
the overload/absence of the existing infrastructure.

In Par3, the regions with the highest relative risks are in the
southeast and center-south of the state. The increased occurrence
of the disease in these regions is believed to be associated with
the construction of BR-153 (Belém-Brasilia Highway), initiated
in the 1970s and considered an important breakthrough for the
expansion of the agricultural frontier in Brazil??.

The endemicity of leprosy in the state of Tocantins can also
be a reflection of urbanization and migration, potentialized after
the construction of BR-1533, Similarly, the opening of federal
and state highways in Mato Grosso facilitated territorial occupa-
tion and consequently the occurrence of leprosy in the state®®,

Therefore, migration explains the installation of leprosy, but
its maintenance may be associated with other factors, such as
greater environmental or even individual vulnerability®®. This
occurs because many regions that are losing population do not
record falls in detection rates. On the contrary, they remain high
or, in some cases, a progressive increase is observed®®,

According to IBGE data, the midwest and north regions have the
lowest estimates of the population residing in Brazil?>. However,
many states have more than half of their populations included
in clusters, with higher rate ratios in those locations.

These data are alarming, since it has been shown that, in ad-
dition to home contacts, people close to the leprosy case, such
as social contacts, present risks of infection, being inversely de-
creasing with the increase in distance®®. Thus, the administration
of polychemotherapy to all newly detected patients should be
associated with rigorous surveillance of their contacts.

Immunoprophylaxis with Bacillus Calmette-Guérin (BCG) is
considered an effective preventive measure in the control of the
disease due to its ability to stimulate the development of cel-
lular Immunity®. The Ministry of Health recommends that BCG
be administered in contacts without the presence of signs and
symptoms of leprosy and respecting the criteria of vaccination
history™. More recently, it has been shown that chemoprophy-
laxis in a single dose of rifampicin also consists of a promising
measure to prevent the disease?”.

If leprosy has been highly endemic for more than 100 years
in the Amazon region, on the other hand, in the northeastern
region of Brazil, its occurrence has been rare. Only in 1985 the
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Ministry of Health found the expansion of the endemic disease
in the country and identified the northeast as the region that
presented the highest annual growth rates®.

It is noteworthy that the relative risks of detection (2.51) of
the northeast were located in part of Maranhéao, Piaui, Ceara
and Bahia. Although, in Maranhdo, large area corresponds to an
extension of the Legal Amazon.

There is still evidence of the tendency to maintain leprosy in
these northeastern states, because there is no significant decrease
in important surveillance indicators, such as the proportion of
degree 2 of physical disability at the time of diagnosis and the
detection rate under 15 years?,

Often, the disease is related to indicators of poverty, such as
low income and schooling®?. The northeast region, among the less
developed regions, stands out in this scenario. Paradoxically, the
southeast and south regions are located in the favorable extreme
of the country, although Espirito Santo, Minas Gerais, Sdo Paulo
and Parana present municipalities belonging to the clusters.

The relationship of the disease with poverty is unquestionable;
however, it does not mean that all places under these conditions
are endemic. The expansion of population coverage estimated by
Family Health Strategy (FHS)?, as well as the presence of health
professionals trained and committed to the actions of disease
control facilitates the diagnosis of leprosy®" and, consequently,
increases the detection rate.

The state of Sdo Paulo, for example, occupies the third position
among those with the lowest detection rate of new cases in Brazil.
But an investigation conducted in Jardindpolis, a city located in
the northern end of the state, identified 24 new cases of leprosy
from July to December 2015. In the previous period, from 2005
to 2014, Jardinépolis had registered only 11 cases. This growth
made the municipality increase the average rate of 2.62 per 100
thousand inhabitants to 42.8 in 201552, Thus, areas supposedly
classified as low endemicity may have occult cases of leprosy.

In addition, municipalities with very high rates are usually
neighbors of others with high or intermediate rates as well.
Therefore, the situation is more alarming when it comes to si-
lent municipalities, which do not notify any case of the disease,
even when they are inserted in an endemic region. In the case
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of Monte Formoso-MG, the situation had already been reported
in the period from 1998 to 200643,

The graphic representation also highlights the need for manag-
ers, from different spheres, to share their responsibilities, because
the clusters identified do not coincide with the areas of action
of the state governments.

Limitations of the study

Among the limitations of this study, it is noteworthy that the
use of secondary data can often present inconsistencies and
non-completeness, but, despite this, the choice for this type of
source reduces operating costs and does not preclude the analysis.

Finally, the power of discrimination can be considered low in
states where the relative risk was close to 1.

Contributions to the field of nursing, health or public policy

This study intends to help managers and health profession-
als strengthen the actions of epidemiological surveillance of
leprosy and organize the Health Care Network (HCN). To do so,
it is necessary to ensure the training of health professionals in
a continuous way so the skills and knowledge are sustained,
especially in primary health care (PHC), as the decentralization
of leprosy control actions for PHC is advocated by the Ministry
of Health since the implementation of the teams of Community
Health Agents (1991) and the Family Health Program (FHP) (1994).

CONCLUSIONS

The study of the spatial distribution of leprosy provided
information that would not be visualized working only with
tabular data. The high-risk clusters estimated by the scan statistic
showed the focal and unequal behavior among the regions of
Brazil, indicating the priority areas of intervention. Furthermore,
the support of the epidemiological framework requires new re-
search approaches to improve the understanding of factors that
condition or even determine the maintenance of the disease in
certain regions of the country.
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