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STROBE Statement—checklist of items that should be included in reports of observational studies 

 

 Item 

No. Recommendation 

Page  

No. 

Relevant text from manuscript 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or 

the abstract 

Page 1 Trends and forecasts of leprosy for a hyperendemic city 

from Brazil’s northeast: Evidence from an eleven-year 

time-series analysis. 

(b) Provide in the abstract an informative and balanced summary of what 

was done and what was found 

Page 2 This study’s objective was to estimate the temporal trends 

of leprosy according to sex and age groups, as well as to 

estimate and predict the progression of the disease in a 

hyperendemic city located in the northeast of Brazil. This 

ecological time-series study was conducted in Imperatriz, 

Maranhão, Brazil. Leprosy cases diagnosed between 2006 

and 2016 were included. Detection rates stratified by sex 

and age groups were estimated. The study of temporal 

trends was accomplished using the Seasonal-Trend 

Decomposition method and temporal modeling of 

detection rates using linear seasonal autoregressive 

integrated moving average model according to Box and 

Jenkins method. Trend forecasts were performed for the 

2017-2020 period. A total of 3,212 cases of leprosy were 

identified, the average incidence among men aged between 

30 and 59 years old was 201.55/100,000 inhabitants and 

among women in the same age group was 135.28/100,000 

inhabitants. Detection rates in total and by sex presented a 

downward trend, though rates stratified according to sex 

and age presented a growing trend among men aged less 

than 15 years old and among women aged 60 years old or 

over. The final models selected in the time-series analysis 

show the forecasts of total detection rates and rates for men 

and women presented a downward trend for the 2017-2020 

period. Even though the forecasts show a downward trend 
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in Imperatriz, the city is unlikely to meet a significant 

decrease of the disease burden by 2020. 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported 

Pages 3 - 5 Leprosy is an infectious disease caused by Mycobacterium 

leprae, which mainly affects the skin and peripheral 

nervous system, resulting in neuropathies and associated 

problems over the long term, including physical 

deformities and disabilities [1]. 

Even though leprosy has been eliminated as public health 

problem in many countries in the world (prevalence <1 

case every 10,000 inhabitants) since the year 2000, leprosy 

still persists in developing countries as a serious public 

health problem [2,3]. After the introduction of Multidrug 

Therapy (MDT) and the high vaccination coverage of the 

Bacillus Calmette-Guérin (BCG), especially in children, 

the burden of leprosy has decreased considerably 

worldwide. However, in some nations the elimination of 

the disease (zero transmission) and decreased detection of 

new cases continue to be important challenges for a world 

without leprosy [4]. 

In 2016, the World Health Organization (WHO) published 

the Global Leprosy Strategy 2016−2020: Accelerating 

towards a leprosy-free world, the objectives are to decrease 

the disease’s global and local burden, decrease the cases of 

children with deformities, decrease the new cases 

diagnosed with grade 2 physical disabilities to less than one 

case per 1 million inhabitants, and review all laws that 

somehow lead to the discrimination against people with 

leprosy [4]. 

The global detection rate for leprosy in 2018 was 1.93 

cases/100,000 inhabitants and the countries that presented 



 3 

the highest rates were India, Brazil and Indonesia, 

responsible for 79.6% of the cases reported [5]. In the same 

year, Brazil presented a detection rate of new cases of 

12.94 cases/100,000 inhabitants, accounting for 93% of the 

total cases reported in the Americas [5,6]. Brazil has 

presented a downward trend in the number of cases in 

recent years, from 37,610 cases in 2009 to 28,660 in 2018 

[5]; some regions, though, like the north, midwest and 

northeast still present high rates of the disease [7]. 

An ecological study using time-series analysis conducted 

in cities with a high risk for transmission of the disease 

located in Mato Grosso (midwest), Tocantins, Rondônia, 

Pará (north) and Maranhão (northeast), reports a decrease 

in the total detection rate from 89.10 to 56.98 

cases/100,000 inhabitant between 2001 and 2012 [8]. 

According to the authors, there was a significant decrease 

in overall detection rates and among individuals younger 

than 15 years old in the study regions. However, the rate of 

new cases with grade 2 physical disability per 100,000 

inhabitants remained stable over the period, suggesting late 

diagnosis and possibly underreporting of cases.  

Following the WHO recommendations and the need to 

reduce the burden of the disease in Brazil, in 2016 the 

“Diretrizes para vigilância, atenção e eliminação da 

hanseníase como problema de saúde pública” [Guidelines 

for leprosy surveillance, care and elimination as a public 

health problem] was published, which discussed health 

promotion and health education actions, active case-

finding for early detection and treatment, prevention and 

rehabilitation, and surveillance of those who had contact 

with the disease. These guidelines reaffirm the importance 

of adopting epidemiological indicators to monitor the 
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progression of the disease, operational indicators to assess 

the quality of services and to include an indicator to verify 

the proportion of cases according to sex, reinforcing the 

importance of gender in the causality of the disease [9]. 

In addition to the fact that leprosy is a tropical disease that 

has been neglected, its association with poverty and social 

inequality, the disease presents a sex-specific distribution 

in terms of morbidity [10–12]; that is, men are more 

frequently affected than women in most regions of the 

world (including Brazil) [13]. However, in many countries, 

women are late diagnosed and have a higher proportion of 

degrees of physical disability, in addition to the fact that 

the stigma of the disease is greater in women [14]. Leprosy 

is a disease known for leading to different representations 

and effects between men and women, in different social 

contexts, and as a consequence, it accentuates gender 

inequalities from the Brazilian sociocultural point of view 

[15]. 

Studies addressing the temporal trend of leprosy cases were 

found in the literature [8,10,16], but few studies discuss the 

disease’s temporal behavior according to sex. A study 

carried out in the state of Bahia (Northeast region of Brazil) 

by Souza et al. (2018) analyzed temporal trends in terms of 

sex and verified that the disease behaves differently 

according to sex: there is a tendency for decreased 

detection coefficients among women, but detection 

coefficients remain stable among men, though the results 

were not statistically significant [15].  

No study was found among time-series studies that 

included future predictions of leprosy detection rates and 

that also considered these according to sex. 
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Objectives 3 State specific objectives, including any prespecified hypotheses Page 5 Considering the previous discussion, this study’s objective 

was to estimate the temporal trends of leprosy according to 

sex and age groups, as well as to estimate and predict the 

progression of the disease in a hyperendemic city located 

in the northeast of Brazil. 

Methods  

Study design 4 Present key elements of study design early in the paper Page 5 This ecological time-series study [17] was conducted in 

the city of Imperatriz, in the state of Maranhão, located in 

the Northeast of Brazil (Fig 1). 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection 

Page 5, 6 This ecological time-series study [17] was conducted in the 

city of Imperatriz, in the state of Maranhão, located in the 

northeast of Brazil (Fig 1). 

 

All new leprosy cases reported to SINAN (Notifiable 

Diseases Information System) between 2006 and 2016 

were selected. 

 

The variables adopted in this study include date when 

leprosy cases were reported in the SINAN (notification 

date), age and sex. Data were collected at the health 

surveillance service from the city’s regional management 

unit, state government of Maranhão in May 2018. During 

the collection process, data were tabulated in spreadsheets 

in Microsoft Office Excel® 2013, a process in which the 

database was validated and duplicated reports were 

removed. 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and 

methods of selection of participants. Describe methods of follow-up 

Case-control study—Give the eligibility criteria, and the sources and 

methods of case ascertainment and control selection. Give the rationale for 

the choice of cases and controls 

Not 

applicable 

Not applicable, it is an ecological study. 
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Cross-sectional study—Give the eligibility criteria, and the sources and 

methods of selection of participants 

(b) Cohort study—For matched studies, give matching criteria and number 

of exposed and unexposed 

Case-control study—For matched studies, give matching criteria and the 

number of controls per case 

Not 

applicable 

Not applicable, it is an ecological study. 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 

and effect modifiers. Give diagnostic criteria, if applicable 

Page 6, 7 The variables adopted in this study include date when 

leprosy cases were reported in the SINAN (notification 

date), age and sex. Data were collected at the health 

surveillance service from the city’s regional management 

unit, state government of Maranhão in May 2018. During 

the collection process, data were tabulated in spreadsheets 

in Microsoft Office Excel® 2013, a process in which the 

database was validated and duplicated reports were 

removed. 

 

After validating the database, detection rates were 

calculated per month (per 100,000 inhabitants). The 

calendar adjustment technique was applied in the 

calculation considering the number of days of each month 

in order to improve the representation of rates in the study 

period. After adjusting for the calendar effect, both the total 

detection rate and the detection rate stratified per sex (male 

and female) was calculated for four age groups (<15 years 

old; 15 to 29 years old; 30 to 59 years old; and ≥60 years 

old). The city’s total population was considered in the 

computation of the total detection rate, while the 

population of men and women, with their respective age 

groups, was considered for the stratified detection rates. 

The size of the resident populations used as the 

denominator was based on the 2010 Census and the 

intercensal estimates (2006–2016) elaborated by the IBGE. 
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Leprosy detection rates were smoothed by the moving 

average technique, considering the average of three months 

(prior, current and posterior), in order to remove noise and 

better reveal the underlying causal process. 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods 

of assessment (measurement). Describe comparability of assessment 

methods if there is more than one group 

Page 7-9 An exploratory analysis of monthly leprosy detection rates 

(smoothed and with calendar adjustment correction) was 

performed according to sex and age group. Additionally, 

the Average Monthly Percentage Change (AMPC) of 

detection rates was calculated according to sex and age 

groups, identifying, in terms of average percentage, the 

rates of increase or decrease over the study period. 

Afterwards, the progression of the disease trend was 

characterized according to sex and age using the robust 

Seasonal-Trend using Loess (STL) decomposition method 

by Cleveland et al. (1990) [22]. For that, at each point in 

time t, the time series Xt is given by the sum of three 

components: seasonality (St), trend (Tt) and noise (Zt). 

This decomposition is based on locally weighted 

regression (Loess) of the seasonality and trend 

components. 

To model the monthly rates of total detection and detection 

by sex, as well as the forecast of respective trends, we used 

the linear seasonal autoregressive integrated moving 

average (ARIMA Seasonal) model and the usual Box and 

Jenkins method to choose the appropriate models based on 

the data structure itself [23]. 

 

The maximum likelihood method was used to estimate the 

model’s parameters. The usual tests of absence of 

autocorrelation (Portmanteau tests: Ljung-Box and Box-

Pierce), randomness (Rank and Turning Point tests), and 

normality (Kolmogorov-Smirnov test) were used to 
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validate the model, in the analysis of the residuals, along 

with a t-test for zero mean. 

Whenever more than one model was appropriate, the best 

model was chosen considering the parsimony principle and 

the lowest values of Akaike information criterion (AIC) 

and Bayesian information criterion (BIC). 

A set of tests was performed with data concerning the last 

two years (2015 and 2016) to assess the models’ predictive 

performance. The following measures were considered to 

assess this predictive performance: Root Mean Square 

Error (RMSE), Mean Absolute Error (MAE) and Mean 

Absolute Percentage Error (MAPE), which allow assessing 

the precision of estimates or forecasts. According to a 

model’s criteria, the most appropriate model will always be 

the one with the fewest errors [24]. Afterwards, data and 

tendency forecasts were performed for the four-year period 

(2017 to 2020). 

Bias 9 Describe any efforts to address potential sources of bias Page 6, 9 Data were collected at the health surveillance service from 

the city’s regional management unit, state government of 

Maranhão in May 2018. During the collection process, data 

were tabulated in spreadsheets in Microsoft Office Excel® 

2013, a process in which the database was validated and 

duplicated reports were removed.  

 

The maximum likelihood method was used to estimate the 

model’s parameters. The usual tests of absence of 

autocorrelation (Portmanteau tests: Ljung-Box and Box-

Pierce), randomness (Rank and Turning Point tests), and 

normality (Kolmogorov-Smirnov test) were used to 

validate the model, in the analysis of the residuals, along 

with a t-test for zero mean. 
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Whenever more than one model was appropriate, the best 

model was chosen considering the parsimony principle and 

the lowest values of Akaike information criterion (AIC) 

and Bayesian information criterion (BIC). 

A set of tests was performed with data concerning the last 

two years (2015 and 2016) to assess the models’ predictive 

performance. The following measures were considered to 

assess this predictive performance: Root Mean Square 

Error (RMSE), Mean Absolute Error (MAE) and Mean 

Absolute Percentage Error (MAPE), which allow assessing 

the precision of estimates or forecasts. According to a 

model’s criteria, the most appropriate model will always be 

the one with the fewest errors [24]. Afterwards, data and 

tendency forecasts were performed for the four-year period 

(2017 to 2020). 

Study size 10 Explain how the study size was arrived at Page 6 All new leprosy cases reported to SINAN (Notifiable 

Diseases Information System) between 2006 and 2016 

were selected. 

Continued on next page   
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Quantitative 

variables 

11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

Page 7-9 An exploratory analysis of monthly leprosy detection 

rates (smoothed and with calendar adjustment correction) 

was performed according to sex and age group. 

Additionally, the Average Monthly Percentage Change 

(AMPC) of detection rates was calculated according to 

sex and age groups, identifying, in terms of average 

percentage, the rates of increase or decrease over the 

study period. 

Afterwards, the progression of the disease trend was 

characterized according to sex and age using the robust 

Seasonal-Trend using Loess (STL) decomposition 

method by Cleveland et al. (1990) [22]. For that, at each 

point in time t, the time series Xt is given by the sum of 

three components: seasonality (St), trend (Tt) and noise 

(Zt). This decomposition is based on locally weighted 

regression (Loess) of the seasonality and trend 

components. 

To model the monthly rates of total detection and 

detection by sex, as well as the forecast of respective 

trends, we used the linear seasonal autoregressive 

integrated moving average (ARIMA Seasonal) model and 

the usual Box and Jenkins method to choose the 

appropriate models based on the data structure itself [23]. 

 

The maximum likelihood method was used to estimate 

the model’s parameters. The usual tests of absence of 

autocorrelation (Portmanteau tests: Ljung-Box and Box-

Pierce), randomness (Rank and Turning Point tests), and 

normality (Kolmogorov-Smirnov test) were used to 

validate the model, in the analysis of the residuals, along 

with a t-test for zero mean. 
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Whenever more than one model was appropriate, the best 

model was chosen considering the parsimony principle 

and the lowest values of Akaike information criterion 

(AIC) and Bayesian information criterion (BIC). 

A set of tests was performed with data concerning the last 

two years (2015 and 2016) to assess the models’ 

predictive performance. The following measures were 

considered to assess this predictive performance: Root 

Mean Square Error (RMSE), Mean Absolute Error 

(MAE) and Mean Absolute Percentage Error (MAPE), 

which allow assessing the precision of estimates or 

forecasts. According to a model’s criteria, the most 

appropriate model will always be the one with the fewest 

errors [24]. Afterwards, data and tendency forecasts were 

performed for the four-year period (2017 to 2020). 

The method proposed by Box and Jenkins consists of an 

interactive process composed of five stages: time series 

stationarization (through Box-Cox transformations 

followed by simple and/or seasonal differentiations); 

identification of the model and respective orders; 

estimation of parameters; model validation and prediction 

of future values [22–24]. 

All the analyses were performed using the RStudio® 

version 3.5.2 (https://rstudio.com). 

Statistical 

methods 

12 (a) Describe all statistical methods, including those used to control for 

confounding 

Not 

applicable 

It is an ecological study 

(b) Describe any methods used to examine subgroups and interactions Not 

applicable 

It is an ecological study 

(c) Explain how missing data were addressed Not 

applicable 

It is an ecological study 
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(d) Cohort study—If applicable, explain how loss to follow-up was addressed 

Case-control study—If applicable, explain how matching of cases and controls 

was addressed 

Cross-sectional study—If applicable, describe analytical methods taking 

account of sampling strategy 

Not 

applicable 

Not applicable 

(e) Describe any sensitivity analyses Not 

applicable 

Not applicable 

Results 

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers 

potentially eligible, examined for eligibility, confirmed eligible, included in the 

study, completing follow-up, and analysed 

Not 

applicable 

Not applicable 

(b) Give reasons for non-participation at each stage Not 

applicable 

Not applicable 

(c) Consider use of a flow diagram Not 

applicable 

Not applicable 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) 

and information on exposures and potential confounders 

Page 10 A total of 3,212 leprosy cases were reported between 

2006 and 2016 in Imperatriz. Table 1 presents the 

descriptive statistics of cases according to sex, age groups 

and AMPC, showing in absolute numbers, that the group 

aged between 30 and 59 years old predominated among 

total of cases (1566; rate=166.46/100,000 inhabitants), 

men (892; rate=201.55/100,000 inhabitants) and women 

(674; rate=135.28/100,000 inhabitants). High rates were 

found among individuals aged 60 years old or over for 

total of cases (rate=257.42/100,000 inhabitants), men 

(rate=357.58/100,000 inhabitants) and women 

(rate=173.70/100.000 inhabitants). The group of 

individuals younger than 15 years old also presented a 

large number of cases, with a rate of 40.26 cases/100,000 

inhabitants among total of cases, a rate of 44.14 
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cases/100,000 inhabitants among men and 36.29/100,000 

among women.  

There is a continuous increase in the rates of case 

detection as the age groups increase, with the lowest rates 

being for children under 15 years old and the highest for 

those aged 60 years old or over. 

In regard to AMPC trends, the male group younger than 

15 years old (0.41%) and the female group aged 60 years 

old or over (0.09%) presented moderate growth in the 

study period. 

(b) Indicate number of participants with missing data for each variable of 

interest 

Not 

applicable 

There were no participants with missing data for each 

variable of interest. 

(c) Cohort study—Summarise follow-up time (eg, average and total amount) Not 

applicable 

Not applicable 

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over 

time 

Not 

applicable 

Not applicable 

Case-control study—Report numbers in each exposure category, or summary 

measures of exposure 

Not 

applicable 

Not applicable 

Cross-sectional study—Report numbers of outcome events or summary 

measures 

Not 

applicable 

Not applicable 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 

and their precision (eg, 95% confidence interval). Make clear which 

confounders were adjusted for and why they were included 

Pages 13-14 As previously mentioned, the temporal modeling of 

leprosy detection rates, total and separated by sex, shows 

a downward trend, revealing that the series are not 

stationary. Thus, we performed Box-Cox transformations 

to stabilize variance and simple differentiations to 

stabilize the mean, transforming non-stationary series 

into stationary series. Some candidate models were 

chosen and their parameters were estimated when 

analyzing the autocorrelation and partial autocorrelation 

functions. After verifying the significance of the models’ 

parameters, and considering the smallest AIC and BIC, 
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the models that appear to be the most adequate in terms 

of ability to describe variability of data over time, as well 

as the forecasts’ good performance, were: ARIMA (3,1,0) 

for the total detection rate, SARIMA (9,1,0) (1,0,0)12 for 

detection rate among men, and ARIMA (0,1,3) for 

women. 

The analysis the residual of the estimated models (Table 

2) shows that all models are consistent with the models’ 

assumptions (i.e., are independent and identically 

distributed, with normal distribution of zero mean, and 

constant variance). 

 

The quality of forecasts was analyzed by comparing the 

set of tests (2015-2016), revealing very low precision 

measures (RMSE, MAE and MAPE), meaning that, on 

average, only 10.46% of the total detection rate of leprosy 

are incorrect (Table 3). 

(b) Report category boundaries when continuous variables were categorized Not 

applicable 

Not applicable 

(c) If relevant, consider translating estimates of relative risk into absolute risk 

for a meaningful time period 

Not 

applicable 

Not applicable, it would be appropriated in other study 

design like cohort studies 

Continued on next page   
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Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, 

and sensitivity analyses 

Not applicable Not applicable to this study. 

Discussion 

Key results 18 Summarise key results with reference to study objectives Page 23 The results of the adjusted models and trends show a 

decrease in the total detection rates, as well as in detection 

rates of men and women separately in the study period. 

However, considering the forecasts and trends, leprosy 

will remain endemic and the WHO global goals to 

decrease the disease’s burden and eliminate the 

transmission of leprosy by 2020 may not be met. 

 

In conclusion, the results show downward trends of 

detection rates, in total and by sex. Despite decreasing 

trends, growing trends were found in terms of age; men 

aged below 15 years old and women aged 60 years old or 

over presented increasing detection rates, which is 

relevant in terms of public policies and strategic actions. 

The models and forecasts for total detection rates, as well 

as detection rates for men and women, revealed 

downward trends in the study period. Leprosy, however, 

remains very frequent with hyperendemicity levels, 

making it difficult to decrease the disease’s burden and 

eliminate of transmission by 2020.    

Limitations 19 Discuss limitations of the study, taking into account sources of potential 

bias or imprecision. Discuss both direction and magnitude of any 

potential bias 

Page 23 This study’s limitations include the fact a secondary 

database was used, with inconsistent quality and quantity 

of information, with the potential presence of ignored or 

incomplete data. 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 

limitations, multiplicity of analyses, results from similar studies, and 

other relevant evidence 

Page 23 The results of the adjusted models and trends show a 

decrease in the total detection rates, as well as in detection 

rates of men and women separately in the study period. 

However, considering the forecasts and trends, leprosy 
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will remain endemic and the WHO global goals to 

decrease the disease’s burden and eliminate the 

transmission of leprosy by 2020 may not be met. 

 

In conclusion, the results show downward trends of 

detection rates, in total and by sex. Despite decreasing 

trends, growing trends were found in terms of age; men 

aged below 15 years old and women aged 60 years old or 

over presented increasing detection rates, which is 

relevant in terms of public policies and strategic actions. 

The models and forecasts for total detection rates, as well 

as detection rates for men and women, revealed 

downward trends in the study period. Leprosy, however, 

remains very frequent with hyperendemicity levels, 

making it difficult to decrease the disease’s burden and 

eliminate of transmission by 2020.    

Generalisability 21 Discuss the generalisability (external validity) of the study results Page 15-23 In 2016, Imperatriz presented a total detection rate of 

62.23 cases/100,000 inhabitants, which, according to 

parameters provided by the Ministry of Health, classifies 

the city as hyperendemic. Considering the demographic 

and social characteristics of the study context, the city is 

presenting rapid demographic growth, attracting 

immigrants from the north and northeast of the country 

due to its local economy, which may be influencing the 

hyperendemicity of the region under study [25,26]. 

 

In this context, largest proportion of cases were male, 

which is in agreement with data provided in the literature, 

in which those affected by the disease in most world 

regions are predominately male, including in Brazil [27–

29]. The time series of the ratio between the detection 

rates of men and women showed, over time, the detection 
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rates in men are higher than that of women, reaching, at 

the end of the study period, a ratio of about 4: 1. In a few 

periods of the time series, women had slightly higher 

detection rates than men. 

According to the literature, the occurrence of leprosy is 

higher in men, with a ratio of 2: 1 compared to women, 

also presenting a high risk of transmission [30,31]. This 

greater occurrence of leprosy among men may be related 

to biological aspects, such as the role of the hormone 

testosterone, which may be involved in creating an 

environment favorable to the growth of Mycobacterium 

leprae causing a greater burden of the disease and the 

appearance of severe forms in the male’s population 

[32,33,34]. 

Other factors may also explain the higher occurrence of 

the disease in men, as individual determinants, such as not 

seeking medical assistance or only later seeking health 

services, when compared to the practices of women. 

There are also operational issues concerning difficulties 

accessing health services in a timely manner due to an 

incompatibility between the men’s and the units’ working 

hours, a lack of a health policies directed to men, and 

restricted access to health information [15,16].  

The higher detection rates in men compared to women, in 

the research scenario, especially in the period from 2011 

to 2016, are strong indications that transmission is higher 

in men. Such a finding may be an indication that the male 

sex is responsible for a large part of the hyperendemicity 

of the study region, reinforcing the need to recognize and 

value men's health on the part of managers and health 

providers in the control of leprosy.  
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The discussion on gender issues allows the strengthening 

of professional health care practices aimed at men and 

women, aiming to achieve greater equity in public 

policies, especially in the context of neglected diseases, 

such as leprosy [10]. 

In terms of age, most of the individuals affected are aged 

between 30 and 59 years old, followed by the 15 to 29 

year old group, though the population over 59 years old 

presents the highest detection rates.  

Despite the high rates in the 30 to 59 year age group, it 

should be noted that the temporal trends in these intervals 

were decreasing in the study period. And the 15 to 29 year 

old interval also showed the highest average percentage 

decrease in the period from 2006 to 2016, which points to 

an indication of a reduction in bacillus transmission in the 

studied region [32,35].  

The group aged between 30 and 59 years old includes the 

Brazilian economically active population, interval that 

the disease hinders labor activities, forcing individuals to 

stop working or retire early, decreasing the quality of life 

of workers [28,36,37]. In this sense, health services 

should focus on preventive measures by actively seeking 

individuals in this age group, in addition to diagnosis of 

cases, providing timely treatment, and early identification 

of lesions, the purpose of which is also to prevent physical 

disability. Early interventions prevent or minimize the 

high social costs leprosy imposes from removing this 

population from productive activities and social 

relationships [28,36-38]. 

According to the IBGE, in 2000, the Brazilian population 

aged over 60 years old amounted to 14.5 million people 

and this number currently surpasses 29 million and is 
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expected to reach 73 million by 2060 [39]. In Imperatriz, 

in 2006, the estimated population aged 60 years old or 

over was 16,055 inhabitants, and in 2015 it increased to 

21,0731 inhabitants, representing an increase of 31.25% 

in the period [40]. Considering the rapid aging process of 

the Brazilian and Imperatriz population, when leprosy is 

diagnosed and treated late, it leads to the functional loss 

of peripheral nerves and physical impairment, which, 

combined with the aging process and other comorbidities, 

contribute to elderly individuals’ greater vulnerability and 

loss of autonomy [41].  

Countries that registered a decrease in leprosy 

transmission, with subsequent elimination, observed a 

change in the profile of the disease, with a drop in 

detection in younger age groups and an increase in 

detection of elderly people [35,42]. In Imperatriz, the 

high detection rates in the population aged 60 years old or 

over may be an indicative of a change in the 

epidemiological profile of the disease, despite the 

municipality still showing levels of hyperendemicity. 

A decreasing tendency was found in the total detection 

rates of both men and women from 2006 to 2016, 

however, considering the age groups, women aged 60 

years old or over and men aged less than 15 years old 

showed an increasing trend.  

The downward trend in total detection, of men and 

women, possibly reflects the intensification of leprosy 

control actions in Maranhão in recent years. A study 

carried out in the municipalities of Maranhão (including 

Imperatriz) found that the decreasing trend in general 

detection are caused by actions to expand MDT, early 

detection of new cases, BCG vaccination of patient 
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contacts, training of health professionals for diagnosis 

and active case-finding campaigns [43].  

 

This study’s findings show total and by-sex downward 

trends. More specifically, the figures reveal that the 

burden of the disease remains, considering that detection 

rates are systematically and persistently high for all the 

age groups addressed. Note the high occurrence of the 

disease among individuals below 15 years of age, with 

hyperendemicity parameters [9], confirming that the 

disease remains active in the community. 

The occurrence of leprosy among individuals younger 

than 15 years old confirms that active foci of transmission 

remain with early exposure to Mycobacterium leprae 

[44]. Potential explanations include difficulty 

establishing a clinical diagnosis, disease-related stigma, 

and the weak health promotion and education process, 

needing improvements in leprosy control actions in these 

areas [15,45,46].  

For example, studies conducted in two Brazilian regions 

in which leprosy is endemic an assessment of health 

services identified that the local primary health units did 

not present satisfactory performance in diagnosing 

individuals younger than 15 years old. The reason for this 

is that the services health diagnosis was conducted on 

request, however active case detection in the community 

is not being conducted. [46,47].  

Anchieta et al. (2019) [43] identified that Imperatriz 

showed a decreasing trend in the detection rate of children 

under 15 years old in the period from 2001 to 2015, a 

phenomenon explained by active case-finding national 

campaigns in the school-aged population in the years 
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2013 and 2016. Despite this decrease, the authors reaffirm 

that detection in children under 15 years old remains high 

in the municipality.  

Brazil, since 2013, promotes the “Campanha Nacional de 

Hanseníase, Verminoses Tracoma e Esquistossomose” 

[National Campaign for Leprosy, Vermin, Trachoma and 

Schistosomiasis], which aims to identify cases of leprosy 

and provide timely treatment for the population that 

resides in municipalities in Brazil's endemic states, such 

as Maranhão. The campaign is aimed at students aged 5 

to 14 years old, involving approximately 6 million 

students [48,49].  

Although the present study does not measure the impact 

of this action, the hypothesis arises that the National 

Campaign for Leprosy may be influencing the detection 

of cases under the age of 15 years old in the municipality, 

especially due to the rates found in the investigated 

period. It should be noted that the beginning of the 

campaign (2013) is concomitant with the beginning of the 

growth trend in men under 15 years old (2014). 

Similar to other Brazilian studies, higher detection rates 

were found among male elderly individuals; however, the 

growing detection rates found among women aged 60 

years old or over differ from other studies conducted in 

Brazil. According to Monteiro et al. (2013) [36], 60.3% 

of the leprosy patients located in the north of Brazil were 

male individuals aged over 60 years old, while Nobre et 

al. (2017) [32] determined that 15.11% more men than 

women were affected by the disease.  

Studies conducted in India [50], China [51] and Colombia 

[52] report that women seek treatment later than men, a 

phenomenon that is mainly related to the stigma having a 



 22 

stronger affect for women than men in these countries, 

leading to late diagnoses and treatment. A literature 

review intended to identify the factors that prevent the 

early detection of leprosy among women shows that in 

some countries, the diagnosis and onset of the first 

symptoms take double the time among women, on 

average, compared to men, in addition to suggesting that 

women are more likely to initiate treatment late [53].  

In Imperatriz, during the study period, no specific actions 

were found for women aged 60 years old or over that 

could explain the growing trend in this age group. The 

Enhanced Global Strategy for Further Reducing the 

Disease Burden Due to Leprosy (2011-2015) from WHO 

proposed the inclusion of female leprosy cases indicator 

among the total number of new cases, in order to assess 

and ensure that women are having adequate access to 

leprosy diagnostic services [54].  

The implementation of this strategy and the creation of 

this indicator may have impacted the detection among 

women in the studied scenario, especially in women over 

59 years old, considering that from 2011 onwards, the 

trend of this range shows an increasing behavior until 

2016, concurrent with the period of validity of the 

strategy (2011-2015). 

This study’s findings lead to a discussion regarding the 

profile of the disease in the context of the studied 

scenario, revealing that the trends found in this study 

period indicate that males under 15 years old and women 

aged 60 years old or over showed an increasing trend in 

the detection rate from 2006 to 2016. These findings 

indicate that health services should direct efforts to detect 

cases of leprosy actively, considering that having 
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individuals younger 15 years old affected by the disease 

indicates active transmission within a household and/or 

social group. The results also indicate the need to 

maintain actions to diagnose the disease earlier in the 

population aged 60 years old or over especially because 

this age group presents the highest detections rates in the 

investigated scenario. Future studies should be carried out 

in order to understand why women have an increasing 

trend in detection in the age group above 59 years. 

In regard to the temporal modeling step, the SARIMA 

models selected for the total detection rates and rates 

according to sex presented adequate adjustments, 

providing efficacious models to capture the data’s 

dependence structure; that is, the models effectively 

describe the variability of detection rates over time. 

Additionally, the models show downward trends for the 

three detection rates (total, men and women) in the 

predictive model for the 2017-2020 period. 

 

The leprosy detection rates trends over the years in both 

the Brazilian and international contexts have depended 

considerably on operational factors, especially before 

2000, due to the intensification of active search for cases 

to meet the elimination goal proposed by the WHO. 

Starting in 2001, a decline in the detection rates of new 

cases was observed, and since 2005 a stability of this 

indicator, caused mainly by a decrease in the intensive 

search for cases in many countries [55,56]. The 

decreasing and stationary trends may indicate unchanged 

operational circumstances, indicating that transmission 

by Mycobacterium leprae is in progress [55]. 
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Another aspect possibly related to the stability and 

decrease of leprosy concerns the estimated large number 

of non-detected cases. More than four million undetected 

cases are estimated from 2000 to 2020 worldwide, which 

implies a large number of people will remain undiagnosed 

and untreated [56]. 

In Norway, where leprosy was a serious public health 

problem in the 19th century, the reduction in transmission 

was accompanied by a change in the epidemiological 

profile of the disease, with a decrease in cases in young 

age groups and an increase in the proportion of elderly 

people among the new cases [35]. In our study, trends and 

forecasts of decreasing of total and by sex detection, 

accompanied by high detection rates in the age groups of 

60 years old or older, may be indicative that leprosy 

transmission is decreasing. Despite this possible scenario 

of decreased leprosy and changes in the profile of 

patients, the state of Maranhão and the city of Imperatriz 

are hyperendemic for the disease. 

A study conducted in India, Brazil and Indonesia 

identified that the incidence of leprosy up to 2020 will 

decrease and meet the elimination goal at a national level, 

though its elimination will not be possible for the highly 

endemic regions in these countries [57]. According to the 

authors, leprosy will likely remain a problem in endemic 

regions (states, districts, provinces, cities, with large 

populations), accounting for most of a country’s cases. 

The national forecasts of leprosy detection rates may 

provide a biased view of the disease situation, considering 

that these rates are masked by the large population size of 

each country [57]. Focusing on the regions of a country 

with high endemicity, such as the one addressed in this 
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study, will give a more realistic representation of the 

current situation of a country, more accurately reflecting 

that the distribution of leprosy is becoming increasingly 

localized [57] 
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