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ABSTRACT

Leprosy is a public health problem due to the physical disabilities and deformities it
causes. This study aimed to describe new leprosy cases using an operational classification
and analyzing spatial patterns by means of epidemiological and quality indicators of health
services in Pernambuco State, Brazil, between 2005 and 2014. This was an ecological study
performed in 184 municipalities grouped into 12 health regions units for analysis. To analyze
spatial patterns, the Bayesian local empirical method and Moran’s spatial autocorrelation
indicator were applied and box and Moran maps were used. Individuals aged >15 years
old, grade zero physical disability and complete remission as the treatment outcome were
predominant in both paucibacillary and multibacillary cases, the only difference was the
predominance of females (n=9,286; 63.00%) and males (n=8,564; 60.70%), respectively.
These variables were correlated (p<0.05) with the operational classification. The overall
detection rate showed three high-priority areas; the indicator rate of grade 2 physical disability
revealed clusters in regions IV, V, and VI; and the indicator rate of cases with some degree of
disability showed precarious municipalities in seven health regions. Pernambuco maintains an
active chain of transmission and ongoing endemicity of leprosy. Therefore, spatial analysis
methods allow the identification of priority areas for intervention, thereby supporting the

disease elimination strategy.
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INTRODUCTION

Leprosy is caused by Mycobacterium leprae, an obligate intracellular bacterium
that primarily affects the peripheral nervous system. It is transmitted from person-
to-person through repeated contact with untreated multibacillary patients'.The
diagnosis is essentially clinical and epidemiological, i.e., diagnosis is based on the
individual’s clinical history and living conditions®. The disease is associated with a
wide spectrum of clinical manifestations divided into four forms, according to the
Madrid classification: indeterminate, tuberculoid, dimorphi, and lepromatous (or
Virchowian)®. The clinical forms are grouped for operational treatment purposes
into paucibacillary (up to five skin lesions) and multibacillary (more than five skin
lesions)*. Currently, the primary strategies of elimination are early detection and
treatment of patients®.

In 2014, the World Health Organization (WHO) identified 145 endemic countries
with 174,554 new cases of leprosy, Southeast regions in Asia having the highest
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prevalence, followed by the American continent®. Brazil,
India and Indonesia account for 81% of new leprosy cases
worldwide®. In 2014, approximately 31,000 new cases
were reported in Brazil, with an annual detection rate of
15.32 per 100,000 inhabitants, the second highest annual
number of new leprosy cases worldwide”®. The Northern,
Midwest, and Northeastern regions of Brazil have high
detection rates®.

To monitor the progress of leprosy elimination and assess
the quality of health care services, the Ministry of Health in
Brazil uses a set of nine epidemiological and six operational
indicators®. These indicators reflect activities that promote
early detection of cases and surveillance of transmission foci,
contributing to the monitoring and assessing strategies for
the elimination and control of leprosy®.

Epidemiological, environmental and social indicators
also serve to analyze health phenomena in space'®. The
spatial distribution of a disease in a given location may be
evaluated using indicators. Spatial analysis provides a better
understanding of disease dynamics in space'".

Research on spatial analysis and leprosy has as the main
objective to understand the relationship of the disease with
respect to space'®'2.They have shown the priority areas
of intervention and pointed out the associated factors that
directly influence the process of determining the occurrence
of this disease in human populations'"-'2,

Therefore, priority areas for the occurrence of leprosy can
be identified to improve prevention and control strategies of
the disease'. New cases can be characterized and assigned
to an operational class to improve understanding of the
continuity of the leprosy transmission chain. In addition,
priority areas should be identified for the intervention and
development of more effective disease control strategies.
Thus, this study aimed to describe new leprosy cases using
the operational classification and analyze spatial patterns
using epidemiological and quality indicators of health
services in hyperendemic areas in Northeastern Brazil.

METHODS
Ethics statement

This research project was approved by the Ethics
Committee of the Institute Aggeu Magalhaes/Foundation
Oswaldo Cruz (CAEE N° 57922816.3.0000.5190).
Study area

This study was conducted in Pernambuco State, located

in the Northeastern region of Brazil. It is composed of 184
municipalities and a State district (the island of Fernando
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de Noronha), which are distributed into 12 health regions.
The State district was excluded from this study because it
is located 545 km from Recife, the State capital.

The Health Region I stands out in the socio-demographic
and economic data, as it comprises the municipalities of the
Metropolitan Region and the State capital, concentrating
approximately 44% of the State’s population, in addition
to having the largest hospital network. The highest mean
GDP values per capita (in billions) and current values of
GDP (Gross Domestic Product in millions of the Brazilian
currency - reais) are found in regions I, IV, VIII and XII
where industrial and commercial hubs predominate,
consequently the best sanitary facilities are in these areas.
The lowest socio-demographic and economic values were
found in regions V and IX. However, the worst values in
relation to the National Health Service (SUS) and coverage
of the Family Health Teams were found in the I, IV and
VIII Health Regions (Table 1),

Study population

This was an ecological study of new leprosy cases among
Pernambuco State residents, between 2005 and 2014. Data
were obtained from the Notifiable Diseases Information
System (Sistema de Informacao de Agravos de Notificacao
- SINAN), which integrates information on diseases of the
Brazilian epidemiological surveillance system (Vigilancia
Epidemiologica do Brasil)'*. Data were collected from
individual notification forms and leprosy follow-up reports
(Boletim de Acompanhamento de Hanseniase). The study
excluded the cases with diagnostic errors, duplicate entries,
missing dataand inconsistencies such as the elements used
to identify duplicate entries were the full name of the
assisted individual, date of birth, mother’s name, as well
as dates of notification, diagnosis and treatment initiation;
cases identified as having identical patient details were
deemed as duplicate entries; inconsistences were analyzed
based on duplicate data detected in new cases regarding the
operational classification, clinical form, date of diagnosis
and treatment initiation. In addition, transfers, recurrence,
other re-entry and ignored cases were also excluded from
the input mode field, so that only new cases remained in
the input mode field (an individual who had never received
specific treatment for the disease).

Regarding data completeness, the fields left answered
as “unknown” were deemed incomplete and study
variables were analyzed according to the classification of
completeness by Oliveira et al.'® (excellent > 90%; average
70-89%; and poor < 70%). Cases classified as poor were
excluded from the study. Only the variable bacilloscopy was
excluded because these had a data completeness of 59.89%.
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Data management and analysis

The analyzed variables were as follows: year of
diagnosis, sex, age group, operational classification,
assessment on the degree of physical disability at the time
of diagnosis and treatment outcome. Two epidemiological
indicators were used to determine disease trends and
assess the timely detection of cases while two operational
indicators were used to evaluate the quality of care in health
services, and to ensure the surveillance of household contact
to detect new cases. The Brazilian Ministry of Health adopts
these indicators (Table 1)1,

Two epidemiological indicators were selected for the
spatial analysis (mean annual detection rate and leprosy
rate with grade 2 physical disability), in addition to one
operational indicator (new leprosy rate with some degree
of physical disability) per municipality. The mean annual
detection rate was calculated using the mean of new cases in
the study period as the numerator and the population at the
mid-point of this as the denominator. The population data
were obtained from the Brazilian Institute of Geography
and Statistics (IBGE)'” and was estimated for the general
population used.

The association between the variable operational
classification (paucibacillary and multibacillary) and sex,
age group, assessment of the degree of physical disability at
the time of diagnosis and treatment outcome was determined
using the chi-square ()?) test, with a significance level of
0.05. In addition, absolute and relative frequencies were
calculated for each variable. All analyses were performed
using the free R software, version 3.4.0 (Ross Thaka and
Robert Gentleman, Auckland, New Zeland). Absolute and
relative frequency rates were calculated.

In the exploratory analysis of spatial data, the analysis
unit was the municipality, the Bayesian local empirical
method was used to minimize the instability caused by
random fluctuation of rates, since the estimator calculates
a weighted rate considering area variances'®. The
neighborhood matrix defined by adjacency of TerraView
software, version 4.2 (Instituto Nacional de Pesquisas
Espaciais - INPE, Sao Paulo, Brazil), was used for this.
Subsequently, the spatial autocorrelation was applied
using the global Moran’s index, the analysis remaining on
the indicators that gave autocorrelations. Moran’s index
varies between -1 and +1, where zero indicates no spatial
autocorrelation and values near +1 and -1 indicate positive
or negative spatial autocorrelation, respectively'®2°.

Moran’s scatterplot was used to visualize the spatial
dependence. The plot shows normalized values that
allow analysis of the spatial behavior of data®. Thus, the
value of each municipality can be compared with those
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of neighboring municipalities, in the following manner:
quadrants 1 (Q1, positive values and means) and 2 (Q2,
negative values and means) indicate locations that have
neighbors with similar values; quadrants 3 (Q3, positive
values and negative means) and 4 (negative values and
positive means) indicate locations that have neighbors with
different values.

Next, Local Indicators of Spatial Association (LISA)
were used to detect locally correlated regions, at significance
levels of 95%, 99% and 99.9%, and a LISA mapl9 was
generated. However, this map is not shown here because it
was only used to create the Moran map, which combines
areas with positive spatial autocorrelation (identified in
the box map) with spatial significance > 95% (indicated
in the LISA map), i.e., it presents areas with statistical
significance (p < 0.05). In this study, Moran’s map was
used. Critical areas were those formed by municipalities
included in Q1 as epidemiological indicators and in Q2 as
operational indicators.

The TerraView software, version 4.2 (INPE, Sao Paulo,
Brazil) was used for the processing, analysis and calculation
of spatial autocorrelation indicators, and the QGIS software,
version 2.14 (Open Source Geospatial Foundation, Chicago,
USA) was used to present cartographic data and create
thematic maps.

RESULTS

In the study, a total of 185 cases were excluded due
to diagnostic errors, duplicate entries, missing data and
inconsistencies. In addition to the completeness of data
from the cases, after the overall analysis of database,
587 cases (1.99%) were excluded. Thus, the study included
28,895 new leprosy cases.

Among the paucibacillary patients (according to the
operational classification), there was a predominance of
the female sex (n=9,286; 63.00%), those aged >15 years
old (n=12,556; 85.18%), grade zero physical disability
(n=12,065; 81.85%), and cure as the treatment outcome
(n=13,285; 90.13%). However, the percentage of
individuals aged <15 years old was 14.82% (n=2.184),
which is noteworthy. Among the multibacillary patients,
a predominance of the male sex (n=8,564; 60.70%), those
aged >15 years old (n=13,226; 93.74%), grade zero physical
disability (n=7,843; 55.59%) and cure as the treatment
outcome (n=11,535; 81.76%) was observed (Table 2). The
percentages of paucibacillary and multibacillary patients
with some degree of physical disability at diagnosis
were 11.40% and 33.45%, respectively (Table 2). All the
evaluated variables were correlated with the operational
classification (p<0.001) (Table 2).

Rev Inst Med Trop Sao Paulo. 2020;62:e93



Spatial analysis of epidemiological and quality indicators of health services for leprosy in hyperendemic areas in Northeastern Brazil

Table 2 - Demographic and clinical variables of new leprosy cases, according to the operational classification, in Pernambuco

State, from 2005 to 2014.

Operational classification P-value
Variables Paucibacillary Multibacillary
N (14,740) % N (14,109) %
Sex < 0.001
Female 9,286 63.00 5,545 39.30
Male 5,454 37.00 8,564 60.70
Age group < 0.001
0-14 years 2,184 14.82 883 6.26
>15 years 12,556 85.18 13,226 93.74
Degree of physical disability at diagnosis < 0.001
Grade 0 12,065 81.85 7,843 55.59
Grade 1 1,501 10.18 3,430 24.31
Grade 2 180 1.22 1,290 9.14
Not assessed 654 4.44 1,006 7.13
Not known 340 2.31 540 3.83
Treatment outcome < 0.001
Cure 13,285 90.13 11,535 81.76
Transfers 498 3.38 905 6.41
Death 55 0.37 293 2.08
Abandonment 732 4.97 940 6.66
Not known 170 1.15 436 3.09

The number of new cases, proportion of multibacillary
patients, individuals aged <15 years old, as well as
epidemiological and operational indicators of leprosy were
analyzed according to the year of diagnosis, showing the
following: the highest number of new cases was reported in
2006 (3,297) and the lowest in 2014 (2,546); the proportion
of multibacillary patients was 44.19% in 2006 and reached
55.54% in 2014; the lowest number of patients aged
<15 years old was reported in 2009 (9.95%) and the highest
in 2007 (11.31%).

Regarding epidemiological indicators, the following was
observed: annual detection rates were very high over the
entire period, with 39.12 per 100,000 inhabitants in 2005
and 27.44 per 100,000 inhabitants in 2014. In the ten years
of the study, for the indicative proportion of new cases with
grade 2 physical disability the year 2007 stood out (6.38%)
among the six years presenting with this intermediate
parameter of disability and the remaining four years had
lower frequencies(< 5%); with regard to this operational
indicator; the proportion of new cases with some degree of
physical disability assessed at diagnosis was > 90% during
the entire period, which indicated a good quality of health
services; the proportion of examined household contacts

Rev Inst Med Trop Sao Paulo. 2020;62:e93

was good (= 75%), with the exception of the year 2005,
with an average of 69.30%.

The Bayesian local empirical analysis showed that 7
(3.80%) municipalities in health regions I, VIII, IX and
XI were hyperendemic based on the overall detection rate
(Figure 1A). Moran’s global (I) index was 0.55 (p <0.01),
thereby indicating the existence of spatial dependence.
The Moran map yielded 22 (11.96%) municipalities
concentrated in three high-priority areas, distributed across
health regions I, II, VIII, IX, and XII (Figure 1B).

The indicator rate of leprosy cases with grade 2 physical
disability at the time of diagnosis with the Bayesian local
empirical analysis showed a number of municipalities in
which this parameter was high (61; 33.15%) (Figure 2A),
and the cluster with the highest number of municipalities
was found in health regions II, III, IV, V and VI. The Global
Moran’s I index expressed positive spatial autocorrelation
(0.45; p <0.01). The Moran map yielded 22 (11.96%)
municipalities of the high-high type in health regions IV,
V, and VI (Figure 2B).

The indicator rate of new leprosy cases with physical
disability assessed at the time of diagnosis with the Bayesian
local empirical method showed the formation of four

Page 5 of 12
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A) Local Empiric Bayesian
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Figure 1 - Spatial analysis of the mean detection rate of new leprosy cases: rate smoothed by the Bayesian local empiric method (A)
and Moran map (B), per 100,000 inhabitants and per municipality. Pernambuco State, Brazil, 2005-2014.
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Figure 2 - Spatial analysis on the mean rate of leprosy cases with grade 2 physical disability at the time of diagnosis among new
cases detected and evaluated:-rate smoothed by the Bayesian local empiric method (A) and Moran map (B). Pernambuco State,
Brazil, 2005-2014.
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clusters in which the level of disability was intermediate, the
greatest including 40 (21.74%) municipalities distributed
across health regions I, II, IV, and XII (Figure 3A).
The global Moran’s I index expressed a positive spatial
autocorrelation (0.74; p <0.01). On the Moran’s map, a
high-priority area for intervention, with 37 (20.11%) of
municipalities distributed across health regions I, II, IV
and XII, persisted (Figure 3B).

DISCUSSION

The present study revealed the profile of paucibacillary
and multibacillary patients with predominance of the age
group older than 15 years, with a zero degree of disability
at the time of diagnosis and cured. There was a distinction
in relation to sex, with females predominating in the
paucibacillary group and males in the multibacillary one.
Regarding the epidemiological and operational indicators,
2006 stood out with the highest number of new cases, 2014
with the highest proportion of multibacillary infections and
2017 with the hihest proportion of patients > 15 years old.
Although the detection rate decreased along the years, it
remained high, and the indicator of the degree 2 of disability
in six years continued as an intermediate parameter, the
proportion of those with degree 2 of physical disability
decreased and the proportion of those examined among
household contacts increased over the years, translating a
good quality of health services. The areas with high priority
of intervention persisted in the municipalities in the I, III,
VII and IX Health Regions.

A predominance of cases with more than five skin
lesions (multibacillary) was observed among men, a result
in line with those obtained in Cebu, Lapu-Lapu, Talisay
and Mandaue cities (Philippines)’, Chengalpattu district
(India)?', Rio Grande do Norte State (Brazil)??, and
Buriticupu city (Brazil)?, In the latter report, the probability
of multibacillary leprosy was almost twice as high among
men as among women. A possible explanation is that men
are more exposed to Mycobacterium leprae. In addition,
some sociocultural factors (traditional beliefs, low status,
limited mobility, illiteracy and insufficient knowledge
on the disease) may account for the underreporting of
multibacillary cases among women®2*,

The group aged >15 years old was shown as the most
affected age group. This group includes older people who,
in studies conducted in Brazil®, Mexico?® and Korea?®, were
the most affected by the disease. In a study conducted in
Maranhao (Brazil), the number of paucibacillary cases was
2.43 times higher among individuals aged < 15 years than
among those aged > 60 years?®. Similar to the findings of
this study, > 10% of new leprosy cases among patients
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aged < 15 years old are paucibacillary. This percentage is
due to the fact that a lower number of lesions is expected at
the initial presentation of the disease, because of the long
incubation period of the etiological agent®.

The predominance of multibacillary patients is
associated with late diagnosis and higher risk of physical
disability, which contribute to maintain the chain of disease
transmission®’. Among the new leprosy cases, 11.40% and
33.45% were of paucibacillary and multibacillary patients,
respectively, with some degree of physical disability at the
time of diagnosis. In Sao Paulo (Brazil)?¢, 60% of patients
had physical disability at the time of diagnosis between
2001 and 2006, as was also observed in studies conducted
in India®® and Colombia®’. The high rate of physical
disability may lead to complications of leprosy, including
neuropathic pain®'.

Cured patients have been reported to present with some
types of sequelae. In this study, cure was the most frequent
treatment outcome. In 2019, Assis et al.*? reported nervous
and sensory system impairment upon diagnosis as risk
factors for disability at the end of the polychemotherapy.
Authors of another study reported deficiencies during
treatment®. Treatment regimens based solely on the number
of lesions (operational classification) may lead to errors
and disease relapse, bacillary persistence, treatment failure
and/or insufficiency®.

The proportion of multibacillary patients increased
over the study period. Results are in line with national
data from 2003 to 2013, a period during which a gradual
reduction in the annual detection rate was observed
with an increase in the percentage of new multibacillary
cases®, which may have an impact on the chain of disease
transmission.

The proportion of children aged <15 years old varied
over the study period. Children are considered the most
vulnerable group for M. leprae infection®. Therefore, it
is essential to assess the occurrence of leprosy in this age
group, as it reflects the intensity of the infectious agent
propagation®.

The annual detection rate of new cases remained very
high over the entire study period, which indicates a high
disease endemicity in Pernambuco State. The spatial
distribution showed three clusters in five health regions (I,
II, VIII, IX and XII). The value of the indicator rate with
grade 2 physical disability, which indicates the opportunity
for the diagnosis of leprosy was intermediate over the
years, and low values were only detected in 4 years of the
period. The spatial analysis allowed the identification of
clusters of municipalities in which this parameter was high,
especially in areas that had not yet been identified, such as
in health regions IV, V, and X. This demonstrates the hidden
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prevalence and late diagnosis that interfere with the early
detection of leprosy'®.

The values of the operational indicators that assess the
quality of the State’s health services over the years were
good. It is worth noting that health services are decentralized
by means the Family Health Program (Estrategia Saude
da Familia) teams, which contribute to the reorganization
of the care provided to patients with leprosy®’. This
decentralization aims at improving the organization of
demand, as well as the population’s understanding of the
disease and how to access a health center to be diagnosed,
treated and eventually cured®®. Activities of the Family
Health Program contribute to increasing the populations’
access to healthcare services in Brazil®"28.

The spatial distribution analysis on the rate of physical
disability detected at the time of diagnosis showed 40
(21.74%) municipalities in which this parameter was
intermediate, in eight health regions. After using the Moran
map, the priority areas of intervention were apparent, with
an area composed of 37 municipalities in health regions I,
IL, IV and XII. This suggests a deficient quality of care in
the health services of these localities.

It is worth noting that Regions I, IV and IX had the worst
percentages of population coverage estimated by the Family
Health teams'®, and this may have jeopardized the timely
diagnosis in these locations. In addition, the lowest mean
values of Life Expectancy at Birth, the Human Development
Index (HDI), the percentage of literacy in the V region and
the low water supply, sanitation and GDP in the IX region'?,
are characteristics of underdeveloped areas susceptible to
neglected diseases such as leprosy.

In this study, indicator rates of examined household
contacts were good in most years. This indicator assesses the
capacity of health services to perform contact surveillance
for the detection of new cases®. Household contacts are at
a higher risk of contracting leprosy due to the prolonged
time spent with undiagnosed multibacillary patients'®. The
focus should be placed not only on household contacts,
but also on a wider spectrum of social contact networks®.
However, the good result obtained for this parameter is in
contrast with that of the spatial analyses that showed most
vulnerable areas to the disease and allowed the assessment
on the quality of assistance to patients with leprosy.

The interpretation of results should be carefully
considered as this study had limitations regarding the
use of secondary data, which may lead to inconsistency
regarding data quantity, quality and processing. However,
to minimize these limitations, duplicate and missing data
were detected, as well as inconsistencies in notification
forms, and these cases were excluded from the database.
Information obtained from the SINAN contributed to
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the characterization of the epidemiological situation of a
given area. This is the only available system that integrates
epidemiological data on diseases.

The results point to an expected characterization as the
largest portion of affected people were the oldest, at the time
of assessing the degree of disability it was grade zero and the
majority were cured. However, when the epidemiological
and operational indicators were analyzed in addition to
spatial standards, it was observed that the Pernambuco
State continues to have high parameters, possible failures in
health services, as well as the transmissibility of the active
disease, especially in the municipalities flagged as priority.

Thus, this study indicate that the chain of leprosy
transmission remains active, and endemicity is ongoing
in Pernambuco State. Therefore, further investments are
required to improve the efficacy of health services regarding
the early diagnosis of leprosy, timely initiation of treatment
and systematic and qualified assessment of household
contacts. The aim is to prevent physical deformities caused
by this disease and avoid new cases, ultimately reaching
the elimination targets in Brazil.
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