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Abstract
Objective: We aimed to develop a new score to facilitate and enhance the quantitative assessment of operational
standard indicators guiding leprosy monitoring and surveillance, based on data from Brazilian hyperendemic
regions, 2004-2019.
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Methods: We analyzed epidemiological and operational standard indicators of leprosy control from the database of
the Notifiable Diseases Information System in Brazil’s North and Northeast regions. The so-called IntegraHans
Operational Score (IHOS) was generated, integrating 10 indicators, with a final semi-quantitative score varying
from 0 (worst scenario) to 1 (best scenario). We then applied the IHOS within an ecological and population-based
study to assess temporal and spatial leprosy distributions from 2004 to 2019.
Results: In total, 343,888 new leprosy cases were analyzed (61% of cases in the country). There was a significant
temporal trend of the IHOS annual percentage change [-0.3; 95% confidence interval (CI): -0.5 to 0.0] during
2010-2019, with large cities showing a worsening trend (average annual percentage change -0.8, 95%CI: -1.1 to 0.4). After 2010, municipalities with low and medium social vulnerability, and those with medium human
development and medium and high social prosperity, showed improved IHOS scores. Spatial patterns with the best
IHOS scenarios were observed in the states of Rondônia, Tocantins, and Pernambuco.
Conclusion: The IHOS combines different operational parameters and is an effective and simple tool to assess
leprosy control programs in Brazil. The worst IHOS scores over time were identified in critical areas, such as large
cities in hyperendemic areas and municipalities with lower endemicity.
Keywords: Leprosy, operational indicators, epidemiology, Brazil

INTRODUCTION
Leprosy is a persistent and neglected chronic infectious disease causing physical, psychological, social, and
economic impacts on affected people, their families, and communities[1]. Its long incubation period and
complex clinical picture[2], allied with the high burden of morbidity due to neural damage and
complications[3,4], bring countless challenges to achieve effective surveillance and control. These aspects are
aggravated by the strong association of leprosy with different dimensions of social vulnerability[5], including
access to healthcare and other operational challenges in the local and national health systems[6-8].
Globally, about 127,400 new cases (NC) of leprosy were registered in 2020, with 19,195 (15.1%) in the
Americas. The disease persists with a high proportion of NC diagnosed with an advanced degree of physical
disability [grade 2 disability (G2D) - the highest degree of disability in the WHO classification], particularly
in Southeast Asia, Latin America, and Africa[1].
In Latin America, Brazil has the highest new case detection rate and the highest number of NC diagnosed
with G2D[1]. The disease is distributed heterogeneously in the country, with high endemicity in the North,
Northeast, and Central-West regions[7,9]. Particularly, the states of Par á , Tocantins, Rondônia, and
Maranhão in the North and Northeast have shown critical epidemiological and operational standards[9,10].
The control of leprosy in Brazil is based on early detection and therapeutic intervention, aiming to reduce
sources of infection and avoid potential sequelae in affected people[11]. In this context, the integrated
healthcare network within the Brazilian Unified Health System [Sistema Único de Saúde (SUS)] is pivotal,
with a focus on primary healthcare. Therefore, expanding the coverage and quality of the Family Health
Teams [Equipes de Saúde da Família (ESF)] is a fundamental strategy to interrupt transmission and qualify
healthcare. These measures will also improve monitoring and surveillance of leprosy contacts (defined as
people who live or lived up to five years before treatment with a diagnosed case)[2,11]. As part of the group of
neglected tropical diseases (NTDs), leprosy is included in the Sustainable Development Goals under Goal 3
(Good Health and Well-Being) in Target 3.3 (By 2030, end the epidemics of AIDS, tuberculosis, malaria and
NTDs, and combat hepatitis, waterborne and other communicable diseases)[12], contributing to the high
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burden of NTDs in the North and Northeast regions of Brazil[10,13].
Disease control based on the Global Strategy for Leprosy 2016-2020 is guided by three pillars: strengthening
control with government coordination and partnership, tackling leprosy and its complications, and
combating discrimination by promoting inclusion. Monitoring and evaluation of this global strategy are
based on three main goals: “zero” children with deformities, < 1 NC per million inhabitants with G2D, and
“zero” laws that allow discrimination against people with leprosy[14]. The Brazilian National Strategy for
Leprosy Control 2019-2022 aimed to reduce by 44% the number of children with G2D, reduce the general
G2D rate to 5.5 cases/1 million, and achieve “zero” stigma and discrimination[15,16].
To achieve these goals in Brazil, a broad characterization of each municipality in the country was
established based on specific epidemiological and operational indicators[10,15,16]. The municipalities were
classified considering the detection rate of NC and other indicators that impact the leprosy burden. These
indicators include the detection rate of NC with G2D at diagnosis, the proportion of examined leprosy NC
contacts diagnosed in the years of the cohorts, and the proportion of leprosy NC with the degree of physical
disability assessed at diagnosis[16]. There is a need to develop integrated strategies and analysis at the
municipal level in areas with high endemicity.
The integration of monitoring and control indicators into a standardized semi-quantitative score increases
the chance of operationalizing this process at the local level to standardize the assessment of the leprosy
control programs over time and between regions. In this context, we aimed to develop a new score to
facilitate and enhance the quantitative assessment of operational standard indicators guiding leprosy
monitoring and surveillance, based on data from Brazilian hyperendemic regions, 2004-2019. The score will
help to assess operational standards, guide leprosy monitoring and surveillance, and identify bottlenecks of
leprosy control programs.

METHODS
Study areas

This study was performed in the 16 Brazilian federal states that comprise the North (Acre, Amap á,
Amazonas, Pará, Rondônia, Roraima, and Tocantins) and Northeast (Alagoas, Bahia, Ceará, Maranhão,
Paraíba, Pernambuco, Piauí, Rio Grande do Norte, and Sergipe) regions [Figure 1]. The North region has
3.9 million km2, the largest territorial area in the country, and the lowest demographic density (4.12
inhabitants per km2). In comparison, the Northeast has an area of 1.6 million km2 with a population density
of 34.15 inhabitants per km2[17,18]. These two regions have a total population of about 75 million, about 35%
of Brazil’s total population. The 16 states of the region were selected for this study, as they are classified as
highly endemic for leprosy and a priority region for leprosy control[15,16].
The North region showed an improvement in the human development Index (HDI), from 0.713 in 2015 to
0.734 in 2019, and in the Gini index, from 0.50 in 2015 to 0.55 in 2019. This favorable pattern was also
observed in the Northeast region, where the HDI increased from 0.706 in 2015 to 0.727 in 2019, and the
Gini index increased from 0.51 in 2015 to 0.57 in 2019[18].
Study design

First, we developed the new score, and in a second step, an ecological study was performed.
For the first step, we performed a statistical analysis of operational indicators of leprosy control from
Brazil’s North and Northeast regions from 2004 to 2019. We used data from the nationwide Notifiable
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Figure 1. States in the North and Northeast regions of Brazil included in the study.

Diseases Information System [Sistema de Informação de Agravos de Notificação (SINAN-MS)]. The new
score denominated IntegraHans Operational Score (IHOS) was built by integrating selected indicators. In
the second step, we evaluated the application of the new score based on the combination of the operational
indicators within an ecological and population-based study using municipalities as units of analysis,
including temporal and spatial approaches.
Elaboration of IHOS

The Brazilian leprosy control program of the Ministry of Health uses a series of standard operational
indicators. We included four indicators for measuring progress in achieving the objectives of a leprosy
control program. (usefulness: (1) effectiveness of the activities of timely and/or early case detection; (2)
transcendence of the disease and subsidizing the programming of actions for prevention and treatment of
disabilities in the post-discharge; (3) capacity of services to assist leprosy cases; and (4) cases at risk of
developing complications and replenishment of polychemotherapy) and six indicators for measuring the
coverage and quality of health services for leprosy control actions (usefulness: (1) quality of attention and
follow-up of new cases diagnosed until the completion of treatment; (2) capacity of services to carry out
surveillance of contacts of new leprosy cases, increasing the timely detection of new cases; (3) identification
of municipalities notifying relapse cases for monitoring therapeutic failure; and (4) measuring of the quality
of care in Health Services) [Table 1]. Due to the existence of indicators that use the case reference, the
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Table 1. Operational indicators included in the IHOS, to guide leprosy monitoring and surveillance with parameters, categorization,
and source

Indicator
number

Leprosy indicators

Parameters/categorization
High/
Medium/
Low/
Source
Precarious (0) Regular (1)
Good (2)

Indicators for monitoring the progress of leprosy control as a public health problem:
a

Proportion of leprosy cases with G2D at the time of diagnosis
among the NC detected and evaluated in the year

1

≥ 10%

5% to 9.9%

< 5%

MoH

Proportion of leprosy cases cured with G2D among the cases
assessed at the time of discharge for cure in the year

2

≥ 10%

5% to 9.9%

< 5%

MoH

Proportion of leprosy cases, according to gender, among the total of 3
NC (Proportion of women)

≥ 60%

51% to < 60%

< 50%

New

Proportion of cases according to operational classification among
the total of NC (Proportion of multibacillary)

≥ 90%

75 to 89.9%

< 75%

MoH

4

a

b

a

Indicators to assess the coverage and quality of health services for leprosy control actions:
a

Proportion of leprosy cure among NC diagnosed in the years of the
cohorts

5

< 75%

≥ 75% to 89.9% ≥ 90%

MoH

Proportion of leprosy cases in treatment abandonment among NC
diagnosed in the years of the cohorts

6

≥ 25%

10% to 24.9%

< 10%

MoH

Proportion of examined leprosy NC contacts diagnosed in the years 7
of the cohorts

< 75,0%

≥ 75.0% to
89.9%

≥ 90.0%

MoH

Proportion of recurrence cases among reported cases in the year

≥ 5%

1.5% to < 5.0%

< 1.5%

New

Proportion of leprosy NC with degree of physical disability assessed 9
at diagnosis

< 75%

≥ 75% to 89.9% ≥ 90%

MoH

Proportion of cases cured in the year with degree of physical
disability assessed among the leprosy NC in the period of the
cohorts

< 75%

≥ 75% to 89.9% ≥ 90%

MoH

a

8

10

a

a

b
a

a

b

IHOS: IntegraHans Operational Score; MoH : ministry of health; category developed for the study; NC: new cases; G2D: grade 2 disability.

analysis included two years, according to the recommendations of the Brazilian Ministry of Health
(MoH)[11].
After calculating the indicators and stratifying the results according to the official parameters, an integrated
analysis was carried out by constructing the operational score (IHOS). Therefore, from the categories
defined for each indicator, three specific weighting factors were defined for each parameter, considering the
study categorization for each indicator [Table 1].

where xi is the value of the ten operational indicators for a given municipality and n corresponds to all other
mun-icipalities.
We performed the standardization of the values of each indicator using the following formula:
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where Standardized IHOS is the standardized value of IHOS, max IHOS is the highest value of IHOS
among all municipalities, and min IHOS is the lowest value. Each operational indicator’s score was added
according to the year of analysis and municipality of residence, generating a final operational score IHOS,
ranging from 0 to 1. In the end, a classification was established in which the closer the value is to 1, the
better is the operational scenario (Low/Best); conversely, the closer the value is to 0, the worse is the
operational scenario (High/Worst).
Data sources

Secondary data related to leprosy NC were obtained from the Brazilian MoH Notifiable Diseases
Information System (Sistema de Informação de Agravos de Notificação-Ministério da Saúde (SINAN-MS)),
directly from the General Coordination of Leprosy and Diseases Target for Elimination [Department of
Surveillance of Communicable Diseases, Secretariat of Health Surveillance, MoH (CGHDE/DEVIT/SVSMS)]. All records with “diagnostic error” as output criteria were excluded[11].
We included sociodemographic data in the analysis according to the Social Vulnerability Index [Índice de
Vulnerabilidade Social (SVI)], the Municipal Human Development Index [Índice de Desenvolvimento
Humano Municipal (IDHM)], and the categories of Social Prosperity [Prosperidade Social (PS)].
The SVI is a quality-of-life index widely used in Brazil, measuring the level of inclusion or exclusion and the
social vulnerability considering economic, environmental, legal, cultural, and safety dimensions per
municipality. This social indicator was obtained from the Social Vulnerability Atlas (Atlas de
Vulnerabilidade Social) from the Institute for Applied Economic Research (Instituto de Pesquisa Econômica
Aplicada). The SVI is calculated by integrating 16 indicators of this platform and is organized in three
dimensions: (1) urban infrastructure, (2) human capital, (3) income and work[18].
The IDHM includes three social dimensions of the global IDH, namely longevity, education, and income,
adapting the global method to the Brazilian context by using available data from the National Census from
2010[18]. The PS is the simultaneous occurrence of high human development with low social vulnerability.
The cross-analysis of the categories of IDHM (Low/Very low, Medium, and High/Very high) and SVI
(Low/Very low, Medium, and High/Very High) generates the PS categories[18].
Data analysis

For the ecological study, the IHOS score was used as the outcome variable, with municipalities being the
units of analysis. We calculated the means and standard deviations of the IHOS to analyze the variation by
municipality according to the regions included (North and Northeast, combined or individually), municipal
size (small size I: < 20,000 inhabitants; small size II: 20,001-50,000 inhabitants; medium size: 50,001-100,000
inhabitants; large size: > 100,001 inhabitants), SVI (very low: 0.000-0.199; low: 0.200-0.299; medium: 0.3000.399; high: 0.400-0.499; very high: 0.500-1.000), IDHM (very low: 0.000-0.499; low: 0.500-0.599; medium:
0.600-0.699; high: 0.700-0.799; very high: 0.800-1.00), and PS categories (worst indexes are the result of low
IDHM and high SVI, while the best ones have higher IDHM and low SVI). The IHOS score was stratified
according to region, size of municipality, and SVI.
For the analysis of the spatial distribution of the IHOS, four time periods were observed separately (20042007, 2008-2011, 2012-2015, and 2016-2019), with the calculation of the mean for each period. The score
distribution was divided for choropleth maps class using natural breaks criteria by the Jenks classification
algorithm, reducing the edge effect of the scores, and the interclass variation, maximizing this variation.
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To analyze the temporal trends of the IHOS mean, Poisson’s Joinpoint regression (by inflection points) was
performed using the Joinpoint Regression Program version 4.6.0.0 (Statistical Methodology and
Applications Branch, Surveillance Research Program, National Cancer Institute). This technique regulates
the adjustment of the inflection points, as well as their series of lines. The Monte Carlo permutation
method, as a test of statistical significance, sought to reach the best line of each analyzed segment. To
calculate the trend of the mean, the routine “Heteroscedastic Errors”, option “Standard Error”, was selected,
defining the IHOS mean as a parameter with their respective standard errors.
To analyze the spatial distribution and the spatiotemporal patterns of the IHOS, the municipality of
residence was used as the geographic unit for analysis proposal (n = 2244; 2013 territorial division). Records
in which the municipality of residence was unknown were excluded.
Statistical analyses were performed using the software Stata version 11.2 (Stata Statistical Software: Release
12. College Station, TX: StataCorp LP). QGIS version 2.18.6 (QGIS Development Team. QGIS Geographic
Information System. Open Source Geospatial Foundation Project. http://qgis.osgeo.org) was used for the
calculation of spatial autocorrelation indicators and the construction of thematic maps.
Ethical aspects

The study followed the recommendations of the National Health Council in Resolution 466 of 12 December
2012. The analysis was based exclusively on anonymous secondary data from publicly available sources,
without the possibility of identifying the people affected. Thus, approval of an ethical review board was not
necessary.

RESULTS
During the study period, 348,901 leprosy NC were recorded in the study area (61.0% of the country’s total
cases), with a mean number of 21,806.3 cases per year. Of these, 20,621 (5.9%) were diagnosed with G2D,
157,398 (45.1%) were female, and 205,017 (58.8%) were classified as multibacillary cases. There were 15,423
(4.4%) cases of recurrence and 1,220,995 registered household contacts (overall mean of 76,489
contacts/year and mean of 3.53 contacts per NC), with 771,541 (63.2%) contacts examined (mean of 65.0%
per year).
The IHOS presented a similar mean in the North and Northeast regions (mean of 0.6590 and standard
deviation of 0.0067 and mean of 0.6461 and standard deviation of 0.0031, respectively). In the North region,
the best mean values of IHOS were observed for the states of Acre and Rondônia (mean of 0.7267 and
standard deviation of 0.0269 and mean of 0.7083 and standard deviation of 0.0201, respectively). In the
Northeast region, the states with the best IHOS were Pernambuco and Sergipe (mean of 0.6885 and
standard deviation of 0.0105 and mean of 0.6803 and standard deviation of 0.0155, respectively). We
detected different levels of IHOS for regions. The North region showed a downward trend during 20102019 [APC: -0.3 (95%CI: -0.9 to -0.3)]. However, the Northeast region showed a significant upward trend
during 2004-2011 [APC 0.5 (95%CI: 0.1 to 0.9)] [Table 2]. Indicators 1, 2, 4, and 6 [Table 1] contributed to
better scores in the periods 2004-2007, 2008-2010, and 2011-2019 [Supplementary Tables 1 and
Supplementary Table 2].
Municipalities with a population < 20,000 inhabitants showed an increase in the period 2004-2011 [APC: 0.5
(95%CI: 0.1-0.8)], while the most populous ones showed a decrease in the period 2012-2019 [APC: -1.7
(95%CI: -2.7 to -0.7)]. The municipalities with “low”, “medium”, and “high” SVI did not present a clear
trend for the study period. The municipalities with “very high” SVI had an increase throughout the period
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Table 2. Joinpoint regression analysis of the means of the total IHOS and IHOS stratified by region, size of municipality, and SVI.
North and Northeast regions of Brazil, 2004-2019

Variable
IHOS total

Period

Trends 1
APC (IC 95%)

Period

Trends 2
APC (IC 95%)

Period

Trends 3
APC (IC 95%)

Total Period
AAPC (95%CI)

2004-2007 -0.4 (-1.4 to 0.7)

2007-2010 1.3 (-1.0 to 3.7)

2010-2019 -0.3* (-0.5 to 0.0)

0.1 (0.0 to 0.3)

North

2004-2007 -1.1 (-2.4 to 0.2)

2007-2010 2.0 (-1.1 to 5.1)

2010-2019 -0.6* (-0.9 to -0.3) 0.0 (-0.3 to 0.2)

Northeast

2004-2011

0.5* (0.1 to 0.9)

2011-2019

-0.1 (-0.5 to 0.2)

Small size I

2004-2011

0.5* (0.1 to 0.8)

2011-2019

-0.2 (-0.5 to 0.1)

Small size II

2004-2007 -0.5 (-1.8 to 0.9)

Region

0.2* (0.0 to 0.3)

Size of municipality
2007-2010 1.6 (-1.6 to 5.0)

0.1* (0.0 to 0.3)
2010-2019 -0.2 (-0.4 to 0.1)

0.2* (0.1 to 0.4)

Medium size

2004-2012

0.6* (0.1 to 1.1)

2012-2019

-0.8* (-1.4 to -0.2)

0.0 (-0.3 to 0.2)

Large size

2004-2012

-0.1 (-0.8 to 0.7)

2012-2019

-1.7* (-2.7 to -0.7)

-0.8* (-1.1 to -0.4)

Low

2004-2019

-0.3 (-0.7 to 0.1)

-0.3 (-0.7 to 0.1)

Medium

2004-2019

-0.1 (-0.2 to 0.1)

-0.1 (-0.2 to 0.1)

High

2004-2019

0.2 (0.0 to 0.3)

0.2 (0.0 to 0.3)

Very high

2004-2019

0.2* (0.1 to 0.3)

0.2* (0.1 to 0.3)

Very low

2004-2019

-0.3 (-0.7 to 0.0)

Low

2004-2011

0.5* (0.0 to 0.9)

2011-2019

-0.1 (-0.5 to 0.3)

0.2* (0.0 to 0.3)

Medium

2004-2012

0.5* (0.1 to 0.8)

2012-2019

-0.4 (-0.8 to 0.1)

0.1 (-0.1 to 0.3)

High

2004-2014 0.2 (-0.3 to 0.7)

2014-2019

-3.1* (-4.8 to -1.4)

-0.5* (-1.0 to -0.1)

Very low

2004-2011

0.5* (0.0 to 0.9)

2011-2019

-0.1 (-0.5 to 0.3)

0.2* (0.0 to 0.3)

Low

2004-2019

0.2* (0.0 to 0.4)

Medium

2004-2010 0.5 (-0.1 to 1.1)

2010-2019

-0.4* (-0.8 to -0.1)

High

2004-2019

-0.4 (-0.7 to 0.0)

Very high

2004-2012

0.9* (0.0 to 1.8)

2012-2019

-2.2* (-3.4 to -1.1)

SVI

IDHM
-0.3 (-0.7 to 0.0)

PS
0.2* (0.0 to 0.4)
-0.1 (-0.3 to 0.1)
-0.4 (-0.7 to 0.0)
-0.4 (-0.9 to 0.2)

IHOS: IntegraHans Operational Score; PS: social prosperity index; IDHM: municipal human development index; SVI: social vulnerability index;
AAPC: average annual percentage change; APC: annual percentage change; 95%CI: 95% confidence interval; *significantly different from 0 (P <
0.05).

[APC: 0.2 (95%CI: 0.1-0.3)] [Table 2].
Significant trends were identified for “low” IDHM with an increase in the period 2004-2011 [APC: 0.5
(95%CI: 0.0-0.9)], “medium” IDHM with an increase from 2014 to 2012 [APC: 0.5 (95%CI: 0.1-0.8)], and
“high” IDHM trend decreased from 2014 to 2019 [APC: -3.1 (95%CI: -4.8 to -1.4)] [Table 2].
Municipalities with “very low” IPS showed an increase in the trend in the period 2004-2011 [APC: 0.5
(95%CI: 0.0-0.9)], while those with “low” IPS showed an increase in the entire period [APC: 0.2 (95%CI: 0.00.4)]. Municipalities with “medium” IPS showed a downward trend from 2010 to 2019 [APC: -0.4 (95%CI: 0.8 to -0.1)]. Municipalities with “very high” IPS showed an increase during 2004-2012 [APC: 0.9 (95%CI:
0.0-1.8)] and a decrease during 2012-2019 [APC: -2.2 (95%CI: - 3.4 to -1.1)] [Table 2].
The spatial distribution of the IHOS revealed low scores in the four periods in the states of Roraima, Amapá,
Pará, Maranhão, Bahia, northern Ceará, Rio Grande do Norte, and Paraíba. The other states and regions
showed municipalities with higher IHOS [Figure 2]. A worsening of the spatial pattern of the IHOS was
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Figure 2. Distribution of the mean final score (IHOS) for the synthesis of leprosy operational indicators, by municipalities in the North
and Northeast regions of Brazil, 2004-2019. IHOS: IntegraHans Operational Score.

observed in the states of Roraima, Maranhão, southern Ceará, northern and southern Bahia, Amapá, Rio
Grande do Norte, and Paraíba. The states of Rondônia, Pernambuco, and Tocantins showed improvement
in the spatial patterns of the IHOS. The states of Amazonas, Piauí, Sergipe, Pará, and Sergipe showed
irregular spatial patterns over time [Figure 2].

DISCUSSION
We developed and evaluated a new integrated score aimed at improving the leprosy monitoring and
surveillance process in a high endemicity region. The IHOS is based on ten leprosy indicators: six monitor
the progress of disease control and magnitude, and four are related to the evaluation of coverage and quality
of health services[2,11]. The IHOS can be seen as a sensitive and reproducible measure in the Brazilian
context, facilitating epidemiological analysis and decision making.
The ecological study showed that the IHOS improved over this 16-year period in Brazil’s North and
Northeast regions, but that operational standards worsened over time, mainly in critical areas such as large
cities and areas of less severe endemicity. There was a differential pattern with a higher score in
municipalities with a higher SVI, in addition to a worsening trend for large municipalities. The spatial
distribution of IHOS showed the relative improvement in performance in areas of greater endemicity.
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The increased proportion of NC with G2D at diagnosis indicates operational limitations in the healthcare
network. This critical situation was found in other studies, such as in the state of Maranhão during 20012009, whose municipalities were included in high-risk clusters for detection[19]. This indicator’s worsening
over time reflects the persistence of leprosy with late diagnosis due to low timely detection and sustained
existence of hidden prevalence[20]. We emphasized the need for monitoring the endemic trend and the
inclusion of these findings in the planning of actions at the state and municipal levels[10].
The Northeast region had the highest IHOS, with an increasing trend, being the region with the worst
performance of health services, including developing contact surveillance actions[11]. The states of Amapá,
Rio Grande do Norte, and Paraíba had the lowest scores, but also the lowest NC detection rates in the
general population and in children < 15 years, in addition to low coverage of contact tracing and low cure
rates[9,21]. The spatial patterns revealed a reduction of IHOS for Amapá and Rio Grande do Norte, indicating
a relative worsening of health services in developing control actions, with the persistence of negative
parameters. There was a temporal trend of reduction of the IHOS for large municipalities. In the state of
Bahia, municipalities with less than 100,000 inhabitants had a higher risk of detection rates in the general
population, in children < 15 years, and cases with G2D at diagnosis, as compared to larger municipalities[3].
Municipalities with “medium” to “very high” SVI, considered with “worst performance”, presented the
highest IHOS. In a study from an endemic capital of the Northern region of Brazil, there was a
concentration of cases with social vulnerability, evidencing the existence of unreported cases[22]. Increased
equity in relation to income, education, and access to quality health services, if overcome, would contribute
to more effective leprosy control actions[13,23]. Conversely, in municipalities with a high detection cluster in
Brazil, there was a higher detection rate in smaller municipalities as compared to their larger neighbors,
with a better-structured healthcare network[24].
In an endemic state of the Northeast region, spatial analysis highlighted the relevance of high endemic areas
with precarious operational indicators[20]. Other studies have an inverse relationship, such as that carried out
in a hyper-endemic state in North Brazil, where the highest detection rates were associated with better
operational indicators[6]. In our spatial analysis of the IHOS, areas of high leprosy detection rates were
highlighted, and areas of high endemicity presented the “best” IHOS. It is essential to recognize regions with
low levels of endemicity, as well as whether this context is the result of operational aspects due to NC
detection low capacity by the SUS healthcare network[10,13].
The present study is subject to limitations. Secondary data originating from the SINAN database may be
partially incomplete due to underreporting of cases or insufficient completeness in filling specific case data,
but previous studies have shown that, during the study period, the coverage of SINAN was good and did
not vary considerably among the regions[13,25,26]. The operational pattern for registration of leprosy cases
between municipalities in the North and Northeast regions may differ regarding reported and
uninvestigated data, as presented in the MoH report, which, by analyzing operational indicators, showed
differences among the regions[10,27]. This new scale is to be statistically standardized and validated prior to
recommending for national use. Despite these aspects, we believe that this score is a practical and useful
tool, considering the focus of this study on the development of an innovative and synthetic score to increase
the response capacity of municipalities and their assessment in contexts of high endemicity. A consistent
16-year historical series was included, with a national database, selecting data from the North and
Northeast, minimizing variability and effects related to incompleteness and inconsistency, combined with
the multiple techniques and rigor used in data analysis.
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In conclusion, the IHOS obtained by combining 10 different operational indicators is a simple and effective
tool to detect areas for improvement and to enhance leprosy monitoring and surveillance in Brazil.
Operational standard indicators can be quantified and observed over time. The approach still needs to be
evaluated systematically before being adopted as a government policy. As recommendations, we further
emphasize the need to improve leprosy surveillance and control actions based on strengthening the
monitoring and evaluation component in all SUS instances. The persistence of critical operational problems
in the healthcare and surveillance network makes the challenge of leprosy control even more complex in the
face of social inequalities. This fact demands not only the strengthening of SUS, but also the development of
intersectoral policies for human development and the reduction of critical inequalities in Brazil.
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