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Figure 2. Spatiotemporal distribution of the overall new case detection rate of leprosy by municipality,
Bahia state, 2001-2014: (A) crude detection rates (per 100,000 inhabitants); (B) Bayesian-smoothed
detection rate (per 100,000 inhabitants); (C) hot-spot analysis (Getis-Ord Gi*) and (D) LISA cluster
analysis (Moran Map).

For the population <15 years of age, the spatial analysis of crude detection rates revealed a high
number of municipalities with high endemicity (Figure 3A). In the first period analyzed (2001-2007),
among the 225 (53.9%) municipalities that registered cases in this age group, 54 (28.1%) presented high
endemicity. During 2008-2014, the number of highly-endemic municipalities (31.5%, 57) increased
(Figure 3A). These patterns were similar after smoothing (Figure 3B). Getis-Ord Gi* analysis (Figure 3C)
indicated the existence of high-risk clusters, initially in the North and Far South regions (2001-2008)
which persisted during the second period (Figure 3C). A new high-risk cluster appeared in the western
part of the State. The local Moran’s index confirmed high detection clusters in the previously described
regions and indicated the emergence of a cluster in the Far South region with low detection (Figure 3D).
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Figure 3. Spatiotemporal distribution of the overall new case detection rate of leprosy in <15 year-olds
by municipality, Bahia state, 2001-2014: (A) crude detection rates of new cases of leprosy (per 100,000
inhabitants); (B) Bayesian-smoothed detection rate (per 100,000 inhabitants); (C) hot-spot analysis
(Getis-Ord Gi*) and (D) LISA cluster analysis (Moran Map).

During the first period, new cases with G2D at the time of diagnosis were recorded in 189
(54.6%) municipalities (Figure 4A), most with less than 1 case with G2D per million people; 8.0% of all
municipalities had a rate of more than 4 cases per million people, mainly in the North, West and Far
South regions. The Getis-Ord Gi* analysis indicated agglomeration in the North, West and Far South
regions, the latter being larger in extent (Figure 4C). During the second period, there was a general
increase of the number of municipalities composing the main clusters. The local Moran’s index also
indicated the existence of clusters, with high rates in the North and Far South, in addition to low rates,
in a small area in the South of the State (Figure 4D).
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Figure 4. Spatiotemporal distribution of G2D per million people by municipality, Bahia state, 2001-2014:
(A) crude detection rate of new cases of leprosy (per 1,000,000 inhabitants); (B) Bayesian-smoothed
detection rate (per 1,000,000 inhabitants); (C) hot-spot analysis (Getis-Ord Gi*) and (D) LISA cluster
analysis (Moran Map).

4. Discussion

This is the first study assessing systematically the epidemiology and distribution of leprosy in
the state of Bahia in northeast Brazil. Despite intensive control programs, the State has sustained
high levels of endemicity over a period of 14 years, including a significant proportion of children and
people with G2D at the time of diagnosis. Among the new cases, people aged >50 years were most
heavily affected, with no significant gender differences. Most municipalities were defined as medium,
highly endemic or hyperendemic, according to definitions of the Brazilian MoH [4].

Medium-sized cities and the extreme south of the State showed a higher leprosy risk than the
other areas. Spatiotemporal patterns were heterogeneous, but in general the different indicators
and analytical tools applied revealed similar high-risk areas for detection, recent transmission and
late diagnosis. In fact, the occurrence of well-defined clusters was confirmed for the three Brazilian
MoH/WHO indicators, using different spatial analysis techniques, mainly in the North, West and
South regions of the State.
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Males had a strikingly higher risk for G2D at diagnosis than females. In fact, healthcare-seeking
behavior is known to be different in males, and this group usually presents less commonly and
later to the health system than the female population. The reasons for this are multiple and include
a historically-built way of living masculinity, which renders men negligent regarding their own
health [13], a higher stigmatization, but also simply practical issues such as opening hours which often
are not practical for the working population. Consequently, late diagnosis of leprosy is more common
in males, reaffirming the social aspects of the disease from a gender perspective [7,18,19].

Another study conducted in Brazil from 2001 to 2013 revealed a significantly higher number
of cases in men than in women, and the likelihood of presenting multibacillary cases and G2D at
diagnosis was twice as high among men [20]. Another possible explanation relates to physiological
risk factors [21].

However, the way that health services are organized and develop their actions can improve
access to healthcare, especially prevention activities in primary health care [18,19]. A special focus
should be given to the male population regarding prevention and early detection of the disease [4,6].
We suggest further the integration of specific actions of leprosy health surveillance to the National
Policy of Comprehensive Attention to Men’s Health in Brazil, and to the National Policy of Workers’
Health. However, issues related to leprosy stigma should be considered for the development of these
measures [22].

We observed that the risk of leprosy increased with age, which may be related to the aging
population in Brazil, as well as humoral factors and possible functional impairments, which may
affect social engagement, including access to health services [23]. Other studies also revealed
an immunological deregulation with aging [20,24]. The changes in the immune system of the
elderly may contribute to the increase of susceptibility to infectious and degenerative diseases,
including leprosy [25].

The Brazilian MoH already highlighted the higher incidence, more common late diagnosis
and higher risk for multibacillary disease among older age groups. Consequently, the elderly
population should be a focus of specific strategies directed not only at early diagnosis, but at the
systematic follow-up during and after treatment as a chronic disease, in view of the high occurrence of
comorbidities, leprosy reactions, drug interactions and progression of functional limitations [19,24-27].
Specific strategies are important, such as active case finding at the residence, and measures to avoid
lost opportunities for diagnosis at health centers. The Family Health Strategy should be understood as
crucial in this context, as it counts on guidelines for comprehensive and longitudinal care to families,
especially to those with high vulnerability [27,28].

A previous study revealed that among the elderly in Brazil the development of illnesses and
disabilities causing dependence have been more frequent in the lower income strata. Therefore,
in addition to expanding access to health services and actions, measures aimed at improving living
conditions are necessary, reducing social inequities [23,26].

In our study, Afro-Brazilian, Asian and Amerindian ethnic groups showed a significantly higher
risk for leprosy detection, and/or late diagnosis. These results indicate possible inequalities in
access to health services related to ethnicity [29]. Considering the scars produced by a society
where Afro-Brazilians and Amerindians historically suffered from slavery and systematic oppression,
until today the social position occupied by many keeps them in a condition of higher vulnerability to
diseases, especially infectious diseases and more specifically neglected tropical diseases such as leprosy,
schistosomiasis, Chagas’ disease, and leishmaniasis [30]. Interventions should be made prioritizing
this population, since both ethnicities are very common in the state of Bahia [12], implying a priority
attention, promoting equity of care and attention in the health network. In the context of social
vulnerability, the control of leprosy should be based on broad social reforms considering the social
determinants of health [29], contrary to the current political and social reality of the country based on
fiscal austerity measures.
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The highest relative risk of occurrence of cases was observed in medium-sized cities, but more
than half of the cases were registered in small cities. In the state of Bahia, in small-sized municipalities,
there are usually no specialized services for leprosy available [31]. Therefore, in these areas,
diagnosis and treatment also of complicated cases are strongly linked to primary health care [4].
Consequently, health professionals should be trained systematically to perform diagnosis, treatment
and psychosocial rehabilitation of cases. However, several studies revealed operational difficulties
of primary health services in the development of leprosy control measures [5,6,32], such as contact
tracing [6]. Therefore, municipalities of medium and small size should be prioritized and must receive
attention from State and Federal governments in order to strengthen regional support networks.
A previous study from the state of Bahia revealed that from 2003 to 2014, only 47% of leprosy contacts
were examined [5]. The proportion of cases diagnosed by contact tracing reduced from 18% in 2004
to 8% in 2014. It is important to focus on contact surveillance as a priority strategy for the control
of leprosy, following the recommendation of the Brazilian Ministry of Health [1,4,5]. More than
80 municipalities of Bahia maintained high or very high detection rates in children, evidencing
considerable ongoing transmission [4]. There are clear difficulties for timely diagnosis also in this age
group. Diagnosis often requires the performance of specialists, given its clinical complexity especially
in children. Similar scenarios have been identified in municipalities in other states and regions of
Brazil [10]. A study carried out in the urban area of the capital city of Salvador, Bahia, recognized an
increased risk of occurrence in children <15 years in 22 neighborhoods, with an average occurrence of
at least 10 cases per 100,000 inhabitants [33]. Another longitudinal study in the state of Bahia revealed
that although the general detection showed a tendency of reduction, in children <15 years, there was
maintenance of detection rates for more than a decade [34].

The WHO global strategy for the period 2016-2020 defined one of the main targets as the reduction
in the number of children diagnosed with leprosy, and zero visible deformities [1]. A joint effort of
health services, universities, and social movements is required in order to provide quality access for
children [35].

The spatial analyses of new cases with G2D revealed late diagnosis in the great majority of the
municipalities of Bahia, enhancing transmission [1,4]. A previous study from the State evidenced a
significant increase of people with G2D [35] over time. An ecological study involving the states of
Mato Grosso, Tocantins, Para, Maranhao and Rondénia, between 2001 and 2012, recognized that the
rate of new cases with G2D was stable, varying from 3.62 cases per 100,000 inhabitants in 2001 to 3.41
cases per 100,000 inhabitants in 2012. [36]. The physical disabilities caused by leprosy pervert the
conditions of poverty and leprosy-related stigma [22]. In addition to efficient rehabilitation services, it is
necessary to establish community-based rehabilitation strategies, promote social inclusion, empower
the population and enhance social participation [37]. These strategies are fundamental to break the
cycles of vulnerability, demanding intersectoral and sustainable measures [9].

Local autocorrelation methods emphasized the existence of clusters with statistical significance
among the epidemiological indicators analyzed. The clusters indicate an increased risk of transmission,
active circulation of M. leprae and a high number of cases with advanced disability. The results of the
Local and Getis-Ord Gi* Moran parameters confirmed two significant clusters in the north and the
south. Other studies of this nature revealed several municipality clusters for high leprosy transmission
and late diagnosis in an endemic area using different statistical approaches [38].

Intensive monitoring of high risk areas is crucial in order to institute more comprehensive
surveillance measures, and to provide comprehensive longitudinal care during and after specific
treatment, including social rehabilitation measures and stigma coping [22,37]. In addition, the detection
of under-notifications and hidden endemic scenarios in neighboring areas is important, as low
endemicity levels in some areas may be related to the poor quality of health services in the realm of
active case finding and early diagnosis, not due to the absence of transmission [5,6,32].

For sustainable control, the historical, social, economic and cultural contexts of endemic areas
must be considered in an integrative manner [29]. It is necessary to carry out future studies, focusing on
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individual, social, and programmatic dimensions of vulnerability. The maintenance of high levels
of leprosy endemicity reaffirms the need for interdisciplinary research and for constructing dynamic
prevention measures and health promotion [39].

The study presents limitations regarding the use of secondary databases, considering non-
completeness and inconsistencies for some variables. However, the incorporation of the state database
in a historical series of 14 years, together with the need for studies with this approach in the state of
Bahia, justifies its use. The definition of the clusters did not allow to delimit their borders with high
accuracy, even with the high probability of their existence. A low-frequency area surrounded by areas
with a higher number of cases was included in a cluster, although it may have different characteristics.
The integration of different analytical techniques has increased consistency of the evidence provided
in this study. Considering the large number of municipalities in the State with a small population,
the incorporation of the local spatial smoothing method to the analysis was a useful tool for monitoring
and surveillance of leprosy. This occurs not only because it is a rare event in some municipalities,
but because they often have a small population. The analysis is thus a practical approach to estimate
underreported cases, a common reality in different municipalities of Brazil [40].

We conclude that leprosy persists as a relevant public health problem in the state of Bahia.
The identified spatiotemporal patterns revealed the maintenance of high-risk clusters for detection,
transmission and late diagnosis. We reinforce the importance of integrating surveillance, prevention
and control actions in regions of higher risk of leprosy detection and disabilities, and in the most
vulnerable populations.
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