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Review Article

Spatial distribution of leprosy in Brazil: a literature review

Clauffer Luiz Machado Silva'" Sandra Costa Fonseca' Helia Kawa'"
and Dayanna de Oliveira Quintanilha Palmer®

[1]. Programa de Pos-Graduagdo em Saude Coletiva, Instituto de Satide Coletiva, Universidade Federal Fluminense, Niter6i, RJ, Brasil.
[2]. Faculdade de Medicina, Universidade Federal Fluminense, Niterdi, RJ, Brasil.

Abstract

Leprosy remains a public health problem in developing countries. Among communicable diseases, it is one of the leading
causes of permanent disability. Brazil had not reached the goal of reducing cases to less than 1 per 10,000 population.
This study aimed to analyze the spatial distribution of leprosy cases in Brazil, using a literature review. The search strategy
included the LILACS and MEDLINE databases with no language or period restriction. Ecological studies with spatial data
analysis were considered as a criterion for the inclusion. We found 38 studies for review after the selection criteria. Among the
epidemiological indicators of the disease, the most common was the new case detection rate. Several articles have explored
the association between spatial distribution of leprosy and socioeconomic, demographic, and environmental factors. The most
common unit of analysis was the municipality. The spatial distribution methods mostly used were: empirical Bayesian method,
autocorrelation (Moran’s I index) and Kernel estimates. The distribution of leprosy was very heterogeneous, independent of
the unit of analysis. There was a decrease in the rate of detection and among under-15-year-olds, but some regions maintained
high endemicity during the study period. The distribution and risk of illness were directly related to living conditions of the
population. Improved access to health services was associated with increased detection rate in some regions. Spatial
analysis seems to be a very useful tool to study leprosy and to guide interventions and surveillance.

Keywords: Leprosy. Brazil. Spatial analysis. Review.

INTRODUCTION classified as hyperendemic, with CDRs higher than 40/100,000
inhabitants®. The geographical distribution of leprosy is uneven
and the disease persists in regions with higher levels of poverty
and malnutrition, showing a close relationship with precarious
conditions of living, low educational level, social inequality,
and also with migratory movements®!°.

Leprosy is still a public health problem in low and middle-
income countries. It is a leading cause of permanent disability
and social stigma', and stands out as one of the neglected
infectious diseases in those countries. Despite the magnitude

and impact on health, leprosy has little investment regarding
therapeutic research and development??. To best understand the differences in the distribution of

infectious diseases, ecological studies with spatial data analysis
have increased during the past 30 years in Brazil''. Different
spatial scales were taken into account, usually with geographic
and administrative references, such as states and administrative
districts. Other potential spatial units of data aggregation are
the census sector, neighborhood, hydrographical basin, and
sanitary district'2.

Economic, political, social, and demographic changes
that occurred during the last 40 years in Brazil impacted the
social determinants of health in the country*. Consequently,
the incidence of infectious diseases declined, but the impact
on leprosy is not yet fully clear*S. Studies point out that
cash transfer policies were related to the decrease in disease
incidence, while the expansion of the Family Health Care
Strategy improved the detection of new cases®’. In this context, we reviewed the spatial distribution of leprosy

In2015, 28,761 new cases were reported, corresponding to a and methods used for spatial analysis in Brazil, according to

case detection rate (CDR) of 14.07/100,000 inhabitants, which ~ different scales, and its relationship with demographic and
is considered high. Brazil is about to reach the World Health ~ SOcioeconomic factors.
Organization’s target of control, but 535 municipalities are still METHODS

We performed a literature review, according to the
recommended steps for systematic reviews, except for
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(LILACS) and Medical Literature Analysis and Retrieval
System (MEDLINE) databases. In the LILACS database
we combined the descriptors Spatial Analysis, Analysis
by Conglomerates, Spatial Distribution of the Population,
Ecological Study, Geographic Information System, with leprosy
and Brazil, using the Boolean operator AND. Each combination
was done separately, as the system did not accept merging the
syntax terms with the operator OR.

In the MEDLINE database, we used the syntax /eprosy
AND (Spatial Analysis OR Cluster Analysis OR Residence
Characteristics OR Ecological Studies OR Geographic
Information Systems) AND Brazil.

There was no restriction on language or publication period.
The lists of references in the identified articles were
searched to identify items not captured in the electronic
search. The search was conducted in 2015 and updated in
March 2016.

The paired review system was used in the selection of
articles; two researchers evaluated the titles to be included
in the abstracts to be read. At least one author approved the
titles to increase the sensitivity at this stage. After reading the
abstracts of the articles, those approved by both authors were
included to be read in full. When there were divergent views,
a third researcher read the summary to give an opinion before
exclusion.

Ecological studies with spatial data analysis were included
in the study; those articles not assessing the spatial distribution
of the disease were excluded.

RESULTS

Using the established bibliographical review criteria, 35
studies were selected (Figure 1): 35 articles.

Table 1, Table 2 and Table 3 show the articles’
summaries according to the scale used: two evaluated regions/
mesoregions'*!5; 13 used the scale of municipalities'*'*?’; 4
evaluated districts?*3!; 6 studied neighborhoods*??7; 7 analyzed
the census tracts®**; and 3 investigated households*-#". Within
each scale, the articles were organized by location: Brazil,
Northern, Northeast, Midwest, and Southeast regions. In all,
4 approached Brazil'®!¢!8 7 studied the Northern region or
the states of the Amazon region'*192038-4045 11 focused on the
Northeast region?!-23:2832-364041 "4 the Midwest region'>?374¢ and
12 the Southeast region?#27:30:31.36.3742-4447

As a data source for the cases of leprosy, the Notifiable
Diseases Information System (SINAN) was hegemonic, and
among the epidemiological disease indicators, the most widely
used was the new case detection rate (NCDR) in the population
without distinction by age group. Seven studies!®19-2023.32.33.36.38
evaluated the NCDR indicator of individuals under 15 years
of age, 3 evaluated the disability-degree indicator'**** and
one article explored the spatial distribution of mortality due
to leprosy'®.

Some studies showed descriptive data of spatial distribution,
while others looked into socioeconomic, demographic
and environmental conditions that could contribute to the
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MEDLINE LILACS

49 records identified ‘ ‘ 88 records ‘

identified

41records, after duplicates
removed

l

69 records, after duplicates removed

12 abstracts excluded — titles not

related

57 titles selected for reading of abstracts 15 abstracts excluded —

theme not related

v

42 articles selected for 7 articles excluded

-Ferreira — without spatial data
-Hino — without quantitative data
-Ximenes - only methods

-Lapa — study of supply of services
- Oliveira — master theses

- Borges — master theses

L - Soares — master theses

full reading

35 papers selected for qualitative
review — 35 articles

FIGURE 1 - Flow diagram of studies selected.

understanding of the spatial distribution of leprosy. The
socioeconomic variables mostly evaluated were income,
education, sanitation conditions, number of residents per house
— individually or as composite indicators, such as the social
deprivation index**. For these indicators, the most used data
source was the Brazilian Institute of Geography and Statistics
(IBGE). Two of'the articles used the Gini index'”** as a measure
of inequality. Regarding demographic conditions, population
density was studied (on the scales of neighborhoods and census
sectors), as well as the level of urbanization. The distance
between households was also studied, and as an environmental
condition, deforestation was evaluated in two articles'!>.

The most commonly used methods of spatial analysis were
the following: empirical Bayesian method, autocorrelation
(Moran index) to verify the existence of spatial conglomerates
(clusters), and Kernel estimates to show areas with greater
intensity (hot spots). Kriging methods and scan tests were
also used. The two studies'! that covered mesoregions and
microregions have shown a correlation between the evolution
of deforestation and an increase in NCDR, besides the effect of
migration movements on coefficients of detection and focuses
(new and old) of the disease.

In the analyses by municipalities, three studies
examined the N CDR of the country at different moments in
time!'*!'%!7, and showed concentration in the North and Midwest
regions, and in the Northeastern states located in Legal
Amazon. The study by Freitas et al.'” looked at risk factors,
estimated rate ratios (RR), and identified a high NCDR in
the Midwest and North regions compared to the South, large
cities and greater urbanization, median and high illiteracy rate,
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income inequality (Gini index), domiciles’ agglomeration,
worse sanitation condition, and percentage of cases with grade
2-disability.

Regarding health care indicators, there was an association
between an increased Family Health Care Program coverage and
the number of contacts investigated. The study by Martins-Melo
et al. was the only one that evaluated the spatial distribution
of mortality due to leprosy'®. Both crude and smoothed rates
showed greater mortality in the Midwest and North regions,
in black individuals, in males, and had a gradient relationship
with aging. High mortality clusters were identified in the
Midwest, North and Northeast regions, as well as Northwest
of Paran4 State.

Mortality decreased in Brazil from 2000 to 2011, but
has remained stable in North and Northeast regions. Other
studies using the scale of municipalities identified clusters and
heterogeneity in the distribution of the disease associated with
low socioeconomic indicators®*?® and increased urbanization?'->3,
apart from indicators that overlap with high values — global
NCDR, NCDR in children under 15 years, and grade 2
disability'*?. In the Northern region and the Amazonian States,
high percentages of hyperendemic municipalities (NCDR
>40/100,000 inhabitants) were accentuated.

Regarding districts, areas with greater detection rates
for leprosy corresponded with lower socioeconomic status,
measured by social class and urban quality index?**!. The
study by Lima et al. was the only one that assessed the carrier
status, and used a case-control approach, besides an external
group. Spatial distribution of carriers was also characterized
by clusters?.

In the analysis by neighborhood, heterogeneity was also
partly explained by low socioeconomic pattern®*3*, basic
sanitation deficit®***, and high population density***.

Studies in Mossoré (Rio Grande do Norte state) have
used geographic information systems to guide case-finding
campaigns****. In the scale of census tracts, it was observed
that low socioeconomic levels*** and high population density
areas’®*! showed a positive association with higher incidence.

The study by Imbiriba et al. refined the analysis with
data on occupation from different census tracts, showing that
migration and great poverty contributed in different parts of
Manaus* (Amazonas State). In Castanhal (Par4 State), Barreto
et al. described the distribution of houses and investigated
contacts, and the relationship with serological levels of anti-
phenolic glycolipid-I (anti-PGL-I)*. The studies that observed
households**#" or schools identified that new cases emerged in
small distances of cases previously diagnosed**®, and clusters
of disease were located in poorer areas and those with higher
population densities*’.

DISCUSSION

We have identified 35 studies on the spatial distribution
of leprosy in the last 20 years. Although the most affected
areas were the North and the Midwest, the scientific literature
was not proportional to the intensity of the disease; almost a

third of the studies were carried out in the Southeast region.
Probably the proximity of research institutions accounted for
this disproportion.

Most articles used the SINAN as a source of information;
however, it is known that there are problems of completion and
consistency in this system***. Another point to be considered is the
difficulty experienced by various authors in making geographical
references of leprosy cases, because of the incompleteness of
the addresses in the SINAN, or insufficient information. Such
instances were more frequent on the outskirts of the cities, where
the NCDR was higher and it would be more relevant to obtain
this information®’*’. Most of the authors used the local Bayesian
empirical model to smooth the leprosy detection coefficients in
an attempt to alleviate random fluctuations in the indicators, a
consequence of rare events in small populations®. Smoothing of
detection rates can improve early detection of cases, increase the
number of regions classified as hyperendemic and the number of
people needed to be followed to detect one new case of leprosy****.

Also, the combination of geographic information
systems and spatial analysis can identify clustering of leprosy
cases, select areas for more focused interventions, and monitor
disease control®’. We must highlight that heterogeneity was
observed in the distribution of the disease in all scales used,
regardless of the analytical method used.

The epidemiological indicator most used was the NCDR.
Despite the high levels of leprosy in children aged less than
15 years in the country and the importance of the degree of
disability to identify diagnosis delay, few studies have addressed
these indicators. For all indicators, the results showed that
despite the decrease in the number of leprosy cases reported
in temporal studies in the country”*?, there are areas with
stagnation or growth of these indicators. Some endemic
areas showed an overlap of indicators, adding a high risk of
transmission and clusters of late diagnosis'**3.

Some studies also evaluated contacts (intra and extra-
domiciliary) and the transmission of leprosy. The importance of
intra-domiciliary transmission was confirmed by comparing it
with the probability that multibacillary carriers will be infected
even before the clinical manifestation of the disease!”3>4,
Transmission was also identified in the neighborhood and school
environment®>*, It must be pointed out that the study by
Barreto et al. incorporated anti-PGL-I serology as an adjuvant
to surveillance activities merged with spatial analysis in the
early detection of new cases®.

This may be a promising approach to the strategy of active
search attached to the administration of immunoprophylaxis
and/or chemoprophylaxis, which are proposals to zero out
the transmission of leprosy®. These authors emphasize
the effectiveness of large-scale school surveys, mainly in
hyperendemic areas or clusters of the disease. There is some
controversy regarding health services and indicators of leprosy.
Some authors®**?7 report that despite the decentralization of
services and leprosy control activities, as well as the increased
coverage of the Family Health Care Strategy, health services
are centered on passive surveillance, with less impact on the
control of endemic diseases.
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As these services serve spontaneous demand patients mostly,
hidden prevalence remains. In Duque de Caxias, a municipality
of Rio de Janeiro?, a positive correlation between new cases
and targeted campaigns showed no correlation between the
number of new cases and the number of decentralized units
of service for leprosy, both USF and decentralized reference
units. A study on the delay in disease diagnosis in Brazil
identified that misdiagnosis of cutaneous lesions is one of the
predisposing factors, and recommended strengthening the
medical curricula®.

On the other hand, some studies reaffirm trend evaluations,
showing that the increase of NCDR related to coverage of
health services does not reflect a true increase in the incidence®,
but an increase in the detection of new cases that would
otherwise remain undiagnosed — the hidden prevalence.
However, the trend, for the next few years, would be a decrease
in disease incidence®. Additionally, NCDR can vary due to
distortions caused by the different qualities of municipal
surveillance systems.

Furthermore, trend comparisons are certainly hampered
by changing municipalities, and redefinition of geographical
areas occurring in recent decades in the country, in addition
to population migratory movements. Spatial analysis has
contributed to the knowledge of the magnitude and dynamics
of leprosy as a disease. Although the country shows decreases in
prevalence and in the detection of new cases, priority regions
of high endemicity were identified, where it is necessary to
intensify actions to eliminate the disease.

Although the studies presented in this review are susceptible
to ecological fallacy, the association of leprosy with low
socioeconomic status was corroborated at different levels of
spatial aggregation and with different indicators, findings
similar to tuberculosis shown in a recent review>. Therefore,
this confirms the importance of health policies aimed at more
vulnerable populations. Another possible limitation, considering
the lack of effective surveillance in low endemic areas, is the
occurrence of pseudo-silent areas.

New studies with spatial analysis and geographic information
systems resources’’, highlighting recent transmission indicators
and diagnostic delays are essential to deepen the knowledge,
to guide case-finding campaigns, and to monitor interventional
results in the elimination of leprosy in Brazil.
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