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2010-2012
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ABSTRACT: Introduction: In Brazil, the spatial distribution of leprosy is heterogeneous. Areas with high
transmission of the disease remain in the North, Center-west and Northeast. Areas with high transmission of
the disease remain in the Northern, Central-Western and Northeastern regions of the country. Objective: to
describe the spatial distribution of leprosy in municipalities with high risk of transmission, in the periods from
2001 — 2003 and 2010 — 2012. Methods: This was an ecological study using data from the Notifiable Diseases
Information System (SINAN). They included all municipalities in the states of Mato Grosso, Tocantins, Rondénia,
Para and Maranh3o. The following leprosy indicators were calculated per 100,000 inhabitants: incidence rate
of leprosy, incidence rate in children aged less than 15 years and rate of new cases with grade 2 disabilities.
The spatial scan statistic was used to detect significant clusters (p < 0.05) in the study area. Results: In the period
2001 — 2003, the scan spatial statistics identified 44 significant clusters for the leprosy incidence rate, and 42
significant clusters in the period 2010 — 2012. In the period 2001 — 2003, it was possible to identify 20 significant
clusters to the incidence rate in children aged less than 15, and 14 significant clusters in the period 2010 — 2012.
For the rate of new cases with grade 2 disability, the scan statistics identified 19 significant clusters in the period
2001 — 2003, and 14 significant clusters in the period 2010 — 2012. Conclusions: Despite the reduction in the
detection of leprosy cases, there is a need intensify disease control actions, especially in the clusters identified.
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ANALYSIS OF THE EPIDEMIOLOGICAL SITUATION OF LEPROSY IN AN ENDEMIC
AREA IN BRAZIL: SPATIAL DISTRIBUTION IN THE PERIODS 2001 - 2003 AND 2010 - 2012

RESUMO: Introducio: No Brasil, a distribui¢io espacial da hanseniase é heterogénea. Areas com alta transmissio
da doenga permanecem nas regides Norte, Centro-Oeste e Nordeste do pais. Objetivo: Descrever a distribui¢do
espacial da hansenfase em municipios brasileiros com alto risco de transmissdo, nos periodos 2001 — 2003 e 2010 —
2012. Métodos: Trata-se de um estudo ecol6gico com dados do Sistema de Informagdo de Agravos de Notificagdo
(SINAN). Foram incluidos todos os municipios localizados nos Estados de Mato Grosso, do Tocantins, de Rondoénia,
do Par4 e do Maranhdo. Os seguintes indicadores de hanseniase foram calculados por 100.000 habitantes: taxa de
incidéncia de hanseniase, taxa de incidéncia em menores de 15 anos e a taxa de casos novos com grau 2 de incapacidade
(por 100.000 habitantes). A estatistica espacial scan foi usada para detectar clusters significativos (p < 0,05) na area
de estudo. Resultados: No periodo 2001 — 2003, a estatistica espacial scan identificou 44 clusters significativos para a
taxa de incidéncia da hanseniase, e 42 clusters significativos no periodo 2010 — 2012. No periodo 2001 — 2003, foram
identificados 20 clusters significativos para a taxa de incidéncia em menores de 15 anos, e 14 clusters significativos no
periodo 2010 — 2012. Para a taxa de casos novos com grau 2 de incapacidade, a estatistica scan identificou 19 clusters
significativos no periodo 2001 — 2003, e 14 agrupamentos significativos no triénio 2010 — 2012. Conclusdo: Apesar
da reducio na deteccdo de casos de hanseniase, hd uma necessidade de intensificar as a¢Ges de controle da doenca,
especialmente nos clusters identificados.

Palavras-chave: Hanseniase. Estudos ecolégicos. Analise espacial. Vigilancia epidemioldgica. Analise por
conglomerados. Doengas transmissiveis.

INTRODUCTION

Leprosy is a chronic disease caused by the bacillus Mycobacterium leprae, which affects
mostly the skin and the peripheral nerves'?, and represents a public health issue in
some parts of the world, including Brazil. According to a report by the World Health
Organization (WHO), in 2014, 213,899 new cases of leprosy were notified in the world. In
Brazil, in the same year, 31,064 new cases of leprosy were notified. Of these, 2,341 (7.5%)
new cases corresponded to people aged less than 15 years, and 2,034 (6.5%) patients pre-
sented grade 2 disabilities’.

To intensify the strategies of intervention and control of leprosy in specific geographic
zones, the spatial analysis has been used by identifying the distribution of the condition in
a national, regional and local level*®.

In Brazil, the spatial distribution of leprosy is heterogeneous: the States that are
more socioeconomically developed in the South Region reached the goal of eliminat-
ing leprosy as a public health issue — prevalence of less than 1 case per 10,000 inhabi-
tants. However, pockets of high load of the disease remain in the North, Center-West
and Northeast regions of Brazil, considered the areas where the disease is mostly trans-
mitted in the country”*'.

A cluster analysis conducted in 2009 by the Ministry of Health showed that the States
of Mato Grosso, Tocantins, Rondonia, Para and Maranhio are still areas with high risk
of persistent transmission of leprosy'’. Recently, systems of geographic information and
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spatial analysis became important tools for the epidemiology, helping to understand the
dynamics of transmission of several diseases. These results may be used as guides to
elaborate programs to control leprosy, aiming at directing the intervention for high-risk
areas®®'". Therefore, getting to know the spatial and temporal patterns of the disease in
the cities of these States is essential to provide subsidies to plan for surveillance actions
and to control the disease.

Therefore, the objective of this study was to describe the spatial distribution of leprosy
in a group of Brazilian cities with high risk of transmission of this disease.

METHODS

An ecological study, with spatial analysis, was conducted using data from the Notifiable
Diseases Information System (SINAN)", in the years 2001 — 2003 and 2010 — 2012. The units
of study analysis were the 692 cities in the States of Mato Grosso, Tocantins, Rondonia,
Para and Maranhdo. This group islocated in the central area of Brazil (Figure 1). The study
area occupies 2,998,569 km?and, according to the Demographic Census 2010, its total pop-
ulation was 20.1 million inhabitants, which represents 10.6% of the Brazilian population.

In the years 2001 — 2003 and 2010 — 2012, the following epidemiological indicators
of leprosy were calculated for the cities in the group: incidence rate of leprosy/100,000
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Figure 1. Study area: all municipalities in the States of Mato Grosso, Tocantins, Rondonia, Para
and Maranhao.
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inhabitants, incidence rate in people aged less than 15 years/100,000 inhabitants, and rate
of new cases with grade 2 disabilities/ 100,000 inhabitants. The size of the resident popu-
lation in 2010, used as a denominator, came from Census 2010, and the other years used in
this study were obtained from intercensal projections produced by the Brazilian Institute
of Geography and Statistics IBGE)'*".

The spatial statistics scan was used to detect significant clusters inside the study area in
the analyzed period. This technique is defined by a circular geographic window that moves
around the area of interest'*"”. The method identifies one region, formed by all areas with
the respective centroids inside the circle, and tests the constant risk null hypothesis versus the
alternative hypothesis that there is high risk of occurrence of events inside the window, in
comparison to the outside. The model with the Poisson distribution was used. This model
is based on a number of events (cases of leprosy) distributed according to a known popu-
lation at risk'®". The statistical significance was evaluated considering p < 0.05 (likelihood
ratio test). The clusters were identified using a purely spatial analysis*, with a search radius
of up 100 km’.

The analyses were conducted with the softwares SatScan 9.3'® and ArcGis 9.2 (Environmental
Systems Research Institute, Redlands, CA, USA)".

This study was approved by the Research Ethics Committee in the School of Health
Sciences of Universidade de Brasilia, CAAE 20249613.9.0000.0030 and Report n. 392.809,
issued on September 10, 2013. This study was conducted exclusively with secondary data,
of public access, without identification of subjects, and its procedures are in accordance
with the principles of ethics in research involving human beings.

RESULTS

From 2001 - 2012, 176,929 cases of leprosy were notified in the group of cities, which is
equivalent to 34.6% of all cases in Brazil. In the cluster, from 2001 — 2003, 404 (58.4%) cities
were classified as hyperendemic (mean annual incidence rate higher than 40 cases/ 100,000
inhabitants), with maximum value of 538.5 cases per 100,000 inhabitants. On the other hand,
from 2010 — 2012, 402 (58.1%) cities were classified as hyperendemic, with maximum value
of 314.5 cases per 100,000 inhabitants.

From 2001 — 2003, the spatial statistics scan identified 44 significant clusters for the inci-
dence rate of leprosy. Of these, 30 are located in the States of Para (12) and Mato Grosso
(18). On the other hand, from 2010 — 2012, 42 significant clusters were identified for the inci-
dence rate of leprosy. Of these, 28 are located in the States of Para (11) and Mato Grosso
(17) (Table 1). Also, 20 significant clusters were identified for the incidence rate of leprosy
in adolescents aged less than 15 years, from 2001 — 2003, of which 7 are located in the State
of Para. From 2010 — 2012, the spatial statistics scan identified 14 significant clusters for the
incidence rate in adolescents aged less than 15 years.
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For the rate of new cases with grade 2 disabilities, the spatial statistics scan identified 19
significant clusters from 2001 — 2003, of which 7 are located in the State of Para. From 2010 —
2012, the spatial statistics scan identified 14 significant clusters for this rate, with homoge-
neous concentration among the 5 Brazilian states belonging to the group (Table 1).

Table 1. Clusters most significant statistically* defined by using the spatial scan statistic, according
to indicators and periods.

2001 - 2003 2010-2012

N. of Annual | Relative
municipalities | rate risk

Cluster - Central N. of Annual | Relative | Cluster ntral
municipality (FU) municipalities | rate risk | municipality (FU)

Taxa de incidéncia

1. Canaa dos

Carajas (PA) 8 2925 3.20 | 1.Marituba (PA) 1 221.6  3.76
2. Acailandia (MA) 15 201.6  2.23 | 2. Nova Guarita (MT) 12 155.1  2.63
; 3. Itinga do

3. Jacunda (PA) 9 267.2  2.92 Maranhdo (MA) 4 141.7 = 2.40
?MBA;QW de Areia 29 230.1 249 4. Bom Jardim (MA) 1 110.1  1.87
5. Conceicdo do .

Araguaia (PA) 14 156.5 1.72 | 5. Sinop (MT) 5 129.4 1 2.19

Taxa de incidéncia em < 15 anos

1. Canaa dos :

Carajas (PA) 8 104.4  4.15 1.Dom Eliseu (PA) 5 53.7 @ 3.16
2. Acailandia (MA) 15 56 | agp & OEIEDLD 34 31.8 | 1.91
' ’ ’ Lago.Acu (MA) ’ ’

3. Jacunda (PA) 9 769 305 > Canaados 8 449 2.63
’ ’ ’ Carajas (PA) ’ ’

4. Brejo de Areia (MA) 29 49.4 1.96 4. Jacunda (PA) 9 35.2  2.05

5. Conceicdo do

R ) 14 76.3 | 2.97 | 5.Jacareacanga (PA) 1 96.5 = 5.54
Taxa de casos novos com grau 2 de incapacidade

1. Monte Negro (RO) 5 20.1 = 5.40 | 1.Marituba (PA) 1 22.3  7.01

. 2. Bela Vista do

2. Marituba (PA) 1 21.8  5.79 Maranhdo (MA) 2 33.3  10.28

3. Agailéndia (MA) 15 8.8 | 2.38 | 3.Carlinda (MT) 9 10.8 @ 3.35

4.S30 Luis Gonzaga T

do Maranhso (MA) 5 12,5 ' 3.33 | 4. Rurondpolis (PA) 1 20.2  6.23

5. S30 Jodo dos ! 342 897 5. Rolim de Moura 3 148 458

Patos (MA)

(RO)

*Significant clusters with p < 0.05, FU: Federation Unit; PA: Para; MA: Maranh3o; RO: Ronddnia; MT: Mato Grosso.
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Figure 2 shows the 15 most significant clusters for the incidence rate of leprosy, from
2001 —2003 and 2010 —2012. Of these, the overlapping of three clusters with the same main
municipality stands out (Marituba, Altamira and Paragominas), located in the State of Par4,
and the city of Araguaiana, in Mato Grosso, which are among the 15 most significant clus-
ters. From 2001 — 2003, the most significant cluster included eight municipalities in Para.
On the other hand, from 2010 — 2012, the most significant cluster included only the city of
Maratuba, located in the Metropolitan region of Belém.

Figure 3 shows the 15 most significant clusters for the incidence rate of leprosy in
adolescents aged less than 15 years from 2001 — 2003 and 2010 — 2012. Of these, the
overlapping of three clusters with the same main city stands out (Itaituba, Marituba
and S3o Jodo do Araguaia), located in the State of Para, and the city of Ariquemes, in
Rondoénia. From 2001 — 2003, the most significant cluster included eight cities in Para.
On the other hand, from 2010 — 2012, the most significant cluster included five cities,
also located in Para.

Figure 4 shows the 14 most significant clusters for the rate of new cases with grade
2 disabilities, between 2001 — 2003 and 2010 — 2012. Of these, the overlapping of only
one cluster with the same main municipality stands out, located in the city of Marituba
(Pard). From 2001 — 2003, the most significant cluster included five cities of Rondonia.
On the other hand, from 2010 — 2012, the most significant cluster included only the city
of Marituba (Para).

2001 - 2003

| Cluster

2010 - 2012
Cluster

01,2525 5 7,5k
—_—

m

Figure 2. Most significant clusters for the incidence rate of leprosy (per 100,000 inhabitants)
defined by using the spatial scan statistics, according to periods 2001 - 2003 and 2010 - 2012.
Brazil, 2001 - 2012.
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Figure 3. Most significant clusters for the incidence rate in adolescents aged less than 15 years
(per 100,000 inhabitants), defined by using the spatial scan statistics, according to periods 2001
- 2003 and 2010 - 2012. Brazil, 2001 - 2012.
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Figure 4. Most significant clusters for the rate of new cases with grade 2 disabilities (per 100,000
inhabitants), defined by using the spatial scan statistics, according to periods 2001 — 2003 and
2010 - 2012. Brazil, 2001 - 2012.
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There was an overlap of 17 clusters with the same main municipality for the 3 indica-
tors in the period of 2010 —2012. The States of Mato Grosso, Maranhdo and Para stand out,
which, together, concentrated 13 of these clusters. On the other hand, among the indica-
tors incidence rate and rate of new cases with grade 2 disabilities, there was an overlap of
11 clusters with the same main municipality in the period of 2010 — 2012.

DISCUSSION

This study analyzed the group of Brazilian municipalities that concentrates 34.6% of all
cases of leprosy notified in the country, from 2001 — 2012. In this group, 58% of the cities
were classified as hyperendemic, in both analyzed periods. The spatial analysis allowed to
identify the statistically significant clusters for the three indicators analyzed. In this analy-
sis, the States of Para and Mato Grosso stood out, which, together, presented the highest
number of clusters for the incidence rate of leprosy, in both periods. Besides, some clus-
ters were identified (n = 17) in which there were overlaps of high rates for the three indi-
cators analyzed.

Studies have been showing the tendency of temporal reduction of different indica-
tors of leprosy in Brazil. The prevalence rate in Brazil fell from 4.52 to 1.42 per 10,000
inhabitants between 2003 and 2013%. Besides, Freitas et al.’, studying the same group of
municipalities in this study, described a temporal trend of reduction in the incidence rate
of leprosy, from 89.10 to 56.98 per 100,000 inhabitants, between 2001 and 2012°. The tem-
poral reduction of some leprosy indicators is not coherent with the fact that the disease
persists with high magnitude, and as a relevant public health issue in Brazil. In fact, the
pace of reduction of leprosy indicators in Brazil, although relevant, seems to not be suf-
ficient to reach the goal of eliminating the disease as a public health issue (prevalence < 1
case per 10,000 inhabitants), as proposed by the WHO??'. Besides, leprosy presents geo-
graphic distribution that is also persistent in some geographic areas of the Centerwest,
North and Northeast regions of the country”*. In fact, this study showed the overlap-
ping of the clusters in both periods temporally separated in ten years, which reinforces
the idea of temporal and geographic persistence of the indicators of the analyzed con-
dition. Other authors have shown the persistence of the geographic distribution of lep-
rosy and its spatial concentration”®'*'***?*, For example, the clusters identified for the
incidence rate of leprosy and for the incidence rate in adolescents aged less than 15 years
are in areas similar to those mentioned in previous studies”'**. Alencar et al.”, by using
the same methodology of analysis and the same indicators of this study — however, in
different geographic area and period (2001 — 2009) — identified 23 significant clusters
for the incidence rate of the disease. In the common geographic area between the pres-
ent study and that by Alencar et al.”, concerning the incidence rate (with the same main
municipality), it was observed that, in the period of 2001 — 2003, nine clusters were coin-
cident, whereas three clusters were coincident in the period of 2010 — 2012. Besides, it
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is worth to mention the overlapping of clusters with high rates for the three indicators
analyzed in this study, showing high risk of incidence of leprosy, active transmission of
the disease and late diagnosis.
Several explanations can be given for these findings. Among them, some stand out:

the ones connected with the social vulnerabilities of the geographic areas;

those related with quality of health care;

the ones related with the quality of information in health as an element of distortion

of the results analyzed.

As to the social vulnerabilities of the population, several studies have been pointing
out to its association with the risk of leprosy®®*~'. In particular, Freitas et al.”, in a recent
national study, mention some ecological aspects significantly associated with higher inci-
dence rates of leprosy among the cities in Brazil. In this matter, the authors highlight
higher rate ratios between cities with high levels of illiteracy, larger population, higher pro-
portion of households with inadequate sanitation, higher levels of urbanization, higher
mean number of people per rooms in the households, and more income inequality, mea-
sured by the Gini Index’. Besides, Silva et al.**, in an ecological study carried out in the
Brazilian Amazon, describe there is evidence of association between intensive deforesta-
tion and high incidence rates of leprosy, also highlighting the precarious social condi-
tions of the cities analyzed**. Therefore, according to this reference, the explanations for
the persistence of leprosy in statistically significant clusters for decades, described in this
study and by other authors, may be a consequence of the persistence of poverty pockets
and precarious life conditions of these populations. Therefore, the initiatives to face that
should include actions of income distribution, social inclusion and improvement of life
conditions in general.

As to the explanations related with the quality of health care, it is important to consider
that, even though there is not an effective vaccine, leprosy is treatable, and the treatment is
free in the entire country. When associated with other control measurements, it strongly
limits the transmission potential of the disease®. Therefore, it is plausible to assume that
qualified health care, guided by equity, has the potential to increase the healing chances and
to minimize the exposure of the population to the sickness. The early diagnosis of the con-
dition, adherence to treatment (followed by non-abandonment) and the strengthening of
prevention actions and disease control are certainly relevant elements that can contribute
with the control of leprosy in the more vulnerable Brazilian populations. The lack of these
elements may, in a way, explain the persistence of leprosy for at least ten years in some clus-
ters identified in this study and by other authors™'**.

The explanations related with the quality of information in health as an element of dis-
tortion of the results analyzed, as well as other limitations related with the use of second-
ary surveillance data, are worth of consideration. The under-notification of cases may be
associated with the existence of asymptomatic or oligosymptomatic cases, with the precar-
iousness in surveillance services to identify and notify the cases, and with the areas that are
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geographically difficult to access, therefore making it difficult to reach the health services.
Freitas et al.” observed a gradient increment in the incidence rates of leprosy (attenuated)
in the Brazilian cities when the proportion of coverage of the Family Health Program (PSF)
units increased, and when the percentage of examinated contacts increased”*. This fact
may point to the existence of under-notification of cases, which, gradually, may be over-
come when the basic care services improve their ability and quality. Even though this study
adopted the term “incidence rate” for the new notified cases, these findings reinforce the
idea that this measure reflects both the incidence of the disease and the ability of detecting
new cases. The motivation was used to give relevance to these outcomes, such as popula-
tion morbidity load, ad not only statistics of notified cases. On the other hand, it is import-
ant to notice that the “incidence rate” of leprosy estimated here is an underestimation of
the real incidence rate, since it is based only on the notified cases®. Besides, Richardus and
Habbema® warn us that the trends in the detection rates of new cases of the disease only
reflect the trend in the incidence rates, unless there is not any major change in the proba-
bility of detecting cases throughout the studied years.

Other limitations may be related with the methodological options of this study, which
used the municipality as the smallest unit of analysis. It is worth to remember that, even
inside the Brazilian municipalities, important variations of the leprosy indicators can be
found and require an analysis. In fact, a study conducted in the municipality of Castanhal
(Para) identified an intra-municipal heterogeneity in the distribution of leprosy, with sig-
nificant clusters of high and low rates of disease detection®. Therefore, an intra-municipal
description of the clusters identified as significant in this study should be approached in fur-
ther analyses. Besides, the interpretation of the “persistence” of a specific cluster should be
seen considering that clusters are defined based on a main municipality. Another limitation,
related with the scan spatial statistics, is that clusters are always defined as circles or ellipses.
In this sense, an area with low frequency of cases surrounded by areas with a higher num-
ber of cases can be included in a cluster, even though their characteristics may be different.
Besides, the scan spatial statistics uses the geographic coordinates of the municipality as a
geographic reference, which may not reflect the real distribution of cases inside the cities’.

Some of the limitations can be minimized by the conduction of more detailed analysis
in the cities involved in the identified clusters, therefore allowing identifying the profile of
the disease and defining more specific control strategies.

CONCLUSION

The geographic and temporal persistence of leprosy described in this study points to
the need to search for new control strategies in these areas, where there is a risk of over-
lapping. In this study, as well as in others with intra-municipal approaches, it is possible to
guide the detection of priority areas, with higher vulnerability for the diseases, recommend-
ing more effective interventions. The dissociation between the three indicators analyzed
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allows reflecting about the quality of information and surveillance systems, and points to
new strategies of investigation in this theme.
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