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Abstract 

Trends and Characteristics of Pediatric Leprosy Cases in Minas Gerais, Brazil  

By Taylor Landay  

Background: Cases of leprosy around the world have steady declined, yet there is still active 

transmission in pediatric cases around the world, such as Minas Gerais, Brazil. We 

hypothesized that although the incidence of pediatric cases has declined, areas with lower 

health care service access would show active transmission of Mycobacterium leprae as 

measured by incidence and grade 2 disability in pediatric cases. Methods: A cross-sectional 

study was conducted using the Brazilian Notifiable Diseases Surveillance System, Minas 

Gerais division (SINAN-MG). Data were collected by passive reporting by health centers 

across the state upon initial diagnosis during 2002-2017. For this analysis, cases were 

included if they resided in a municipality that reported pediatric cases. Additionally, 

municipalities were further stratified based on their medical facility accessibility. Time 

periods were also assessed by creating two time groups: Time period 1 (2002-2009) and 

Time period 2 (2010-2017). Incidence was calculated for pediatric cases in the years 2002, 

2009, and 2017. Incidence was then calculated for the year 2017 in municipalities with 

different levels of health services access. Statistical analyses conducted included univariate 

analysis, Chi-square testing, t-tests, and adjusted odds ratios. A logistic regression was 

applied to assess the association between health care access and disability.  Results: This 

study had a total of 27,725 cases. Of those, 1,611 were pediatric cases. When time periods 

were compared time period 2 showed an increase in proportion of pediatric multibacillary 

leprosy (38.39%) compared to time period 1 (34.42%). There was also an increase in 

proportion of grade 2 disability in pediatric cases (2.58%) in time period 2 compared to time 

period 1 (1.91%). Average age of diagnosis in pediatric cases was younger in time period 2 

(10.06; 95% CI [9.77-10.35]) than time period 1(10.43; 95% CI [10.27-10.60]).  

Municipalities with low access to health services reported 857 (53.20%) of all pediatric 

cases. In 2017, the incidence of pediatric cases in municipalities with low access to health 

services was 0.95 per 100,000 compared to 0.23 per 100,000 in municipalities with high 

access to health services (p=0.009). There was significantly higher odds of disability among 

municipalities with low access to health (OR 1.88 95% CI [1.37-2.59]). Conclusion: This 

study showed there is still active transmission of Mycobacterium leprae in Minas Gerais, 

Brazil. The increased proportion of multibacillary in time period 2 and average age of 

diagnosis highlight ongoing transmission. The increase in proportion of grade 2 disability in 

time period 2 supports a delay in diagnosis and treatment, suggesting more potential 

transmission prior to diagnosis. More surveillance is needed in municipalities with lower 

access to health services since over 50% of pediatric. All cases included in this study resided 

in those regions, and the odds of disability upon diagnosis in those regions is 1.88 times 

higher than regions with better access to health care facilities.  
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Chapter 1: Introduction 

 Leprosy, now often referred to as Hansen’s disease, has circulated throughout human 

history for as long as humans can remember. Ancient Egyptian and Indian texts from 600 

BCE described this disease among its people (1). It has been shown to follow human 

migrations patterns and evolve coincidingly with human evolution (2). While leprosy may 

seem a disease of the past, it is still prevalent in various parts of the world. Globally, there are 

over 200,000 new cases detected each year, of which 18,000 are in children under the age of 

15 (3).  

 In 2000, when the World Health Organization (WHO) declared leprosy eliminated as 

a public health concern, the global prevalence of leprosy was under 1 case per 10,000 people. 

However, this statistic was misleading. In the 13 countries that host 94% of all remaining 

cases, they have not yet reached this level (4). As of 2017, India, Brazil and Indonesia 

accounted for 80.2% of the cases reported globally (5). Brazil hosts the second largest 

number of cases, after India (6) with a case detection rate of 12.1 per 100,000 inhabitants (7). 

While the rate continues to decrease each year, it remains a public health concern. 

 To truly understand the transmission of Mycobacterium leprae, it is critical to better 

understand the characteristics of pediatric cases and the areas in which they live. The 

detection of new cases in children under 15 years of age indicates that active bacilli are in 

circulation, thus leading to continued transmission and the presence of endemic disease. It is 

widely regarded that surveillance of new cases under the age of 15 is indicative of wider 

spread in the community (8). 

 Additionally, presence of disability at the time of diagnosis reflects inactive 

surveillance systems. In leprosy cases, disability, often marked by loss of nerve sensation and 

ocular impairment, can take years to develop (9). The severity, or grade of disability, also 

acts as a reflection of the disease burden, since it signifies late diagnosis of disease and likely 
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missed cases in the community. Many national programs for diagnosis of leprosy rely on 

screening of grade 2 disability as a surrogate marker of late diagnosis (10).When pediatric 

cases have a grade 2 disability at the time of diagnosis, it shows a lack of capacity for the 

health system to recognize and treat leprosy from the earliest stages. It shows a flaw in the 

surveillance system and in indicative of undiagnosed cases in the community (11). The 

World Health Organization (WHO) has set forth goals to completely eliminate grade 2 

disability among pediatric cases by 2020 (12). 

 A major part of disease surveillance in Brazil relies on local health centers in endemic 

areas. The Unified Health System (Sistema Único de Saúde (SUS)) is the Brazilian 

government health system the provides care to it citizens. Due to political turmoil, and lack 

of public funding, there has been a large disparity in the access of care to citizens, 

disproportionately affecting those of poorer regions (13). For many municipalities in Brazil, 

their primary health clinics are the first line of active surveillance. The economic crisis has 

severely impacted the resources being allocated to health facilities, leaving the poor with 

even greater burden (14). Leprosy is known to affect areas of greater social vulnerability and 

poor living conditions (15).  

 The objective of this cross-sectional study was to better understand the demographic 

characteristics of pediatric cases of leprosy and the change in disability proportions over time 

in Minas Gerais, Brazil. This study can be used to better understand the demographics of 

cases under the age of 15, the level of health services communities have access to, and help 

prevent future disability.  
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Chapter 2: Literature Review  

Overview   

 Leprosy is a universally known disease, but it may surprise some to find that there is 

still sparse information regarding its transmission patterns and pathogenicity. Human to 

human transmission is likely through droplets from the nasal mucosa (16). Most notably, 

infection is believed to happen over extended exposure to airborne nasal droplets released by 

infected individuals. It is also transmitted zoonotically though armadillos (17), although the 

exact mechanism of this is not fully understood. Additionally, a systematic literature review 

by Bratschi et al. found six studies that highlighted ecological risk factors such as water 

supply, food shortage and housing, indicating that there could be potential exposure to 

environmental transmission or environmental reservoirs (18). 

 Unfortunately, Mycobacterium leprae remains non-cultivable, leading to a great lack 

of information of its biological makeup (19). Symptoms are often subtle, so much so that 

sometimes patients are unaware they have contracted the disease (20). While more research 

and information on leprosy is becoming available as public health campaigns and 

destigmitization campaigns have become better funded and wider reaching, there remains 

much to be learned about Mycobacterium leprae’s transmission and host susceptibility.  

Medly et. al described the importance of “interruption of transmission” in the process to fully 

eradicate leprosy. (3) To fully make global eradication a possibility, it will be critical to 

identify undiagnosed cases. Through modeling, it has been shown that the number of 

undiagnosed cases is likely double the number of currently diagnosed cases (3). Because 

these pools of undiagnosed people contribute to the spread of Hansen’s disease over their 

lifetime, their treatment is critical for the eradication of leprosy.  
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Classifications 

 The manifestation of leprosy depends greatly on the host immune response and 

pathological characteristics in the tissues. Initially, leprosy was first classified into 

dichotomous categories; tuberculoid and lepromatous (8). Over time, three more 

classification levels were added between these (borderline tuberculoid, borderline borderline, 

and borderline lepromatous), each representing a bacterial load and immune response. In 

1982, the World Health Organization grouped these into two main categories; paucibacillary 

(PB) and multibacillary (MB), for ease of diagnosis and treatment. A patient is classified as 

paucibacillary when the number of skin lesions is less than five and a negative bacilloscopy. 

Multibacillary is classified when there are greater than five lesions, a positive bacilloscopy 

(typically) and at least one area with nerve damage (21-23). When a bacilloscopy is 

unavailable, classification is dependent on clinical presentations, which can be subject to the 

skills of the diagnosing physician and requires specific medical training.  

 

Presentation 

 The range of clinical symptoms depends on the immune system of the host. Some 

patients may present with only minor skin lesions while others can have severe nerve damage 

and deformities (24). Leprosy can affect the skin, peripheral nervous system, upper 

respiratory track, joints, eyes, vision, reproductive organs and adrenals glands (4). The most 

common symptoms include erythematous patches with low sensation, nerve damage 

(especially in extremities) and ocular involvement (10).  

 Damage to the nerves and eyesight are used to classify disability grade on a scale of 

grade 0, grade 1, and grade 2. The WHO classifies disability as: Grade 0 showing no 

impairment; Grade 1 as loss of sensation in the hand or foot; and Grade 2 as visible 
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impairment along with, but not always, loss of sensation in the hand or foot (25)(Figure 1). 

Disability grade is a strong indicator of how long a patient has been infected with 

Mycobacterium leprae and to what degree the are affected by the disease. Disability, and 

more specifically grade of disability, is an important epidemiological and operational 

indicator. Grade 2 can indicate potentially hidden endemic circulation (26). Even though 

incidence globally decreases each year, in 2017, Grade 2 disability was present in 6% of all 

cases worldwide. Delays in diagnosis leads to a greater number of undiagnosed cases. 

Without treatment, patients continue to spread the disease and contribute to active 

transmission of the bacillus. A low case count with high disability grades is indicative of an 

ineffective health system. This shows a global delay of diagnosis and need for surveillance 

systems that enable case identification and diagnosis(10).  

 

Figure 1: The WHO Leprosy Disability Grading System (27) 

Disability Grading Extremities Eyes 

0 Patients with no functional 

impairment  

No eye problem due to leprosy, no 

evidence of leprosy-related vision loss 

1 Loss of sensitivity (anaesthesia) in 

the hands or feet, but no visible 

deformity or damage  

Some vision impairment, but not severe 

(vision 6/60 or better; patients can count 

fingers from 2 to 6 m away). 

2 Cases with both anaesthesia and 

complications such as trophic ulcers, 

claw deformities and bone resorption 

in the extremities.  

Involves severe vision impairment (vision 

worse than 6/60; inability to count fingers 

from 2 to 6 m away); also includes 

lagophthalmos, iridocyclitis and corneal 

opacities. 
 

 

Risk Factors and Treatment  

 Risk factors for leprosy are not as straight forward as one may think. According to 

White et al., 95% of the world’s population are not “genetically susceptible” to contracting 

the disease (1). However, there is a higher prevalence in certain demographic groups that 

share common identities. White et al. states that this could be in relation to genetic factors 
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and ancestral exposure to the bacilli (1). Further research is needed to investigate risk of 

disease in contacts of cases to better understand an individuals’ predisposition to contracting 

leprosy and expressing symptoms.  

 Stigma may hinder early diagnosis of leprosy. Rao et al. argue that prevalence of 

leprosy is underreported due to the comprehensive stigmatization surrounding the disease 

(28). Many cases go unreported or are only identified the later, more debilitating, stages of 

the disease (29). Additionally, because leprosy can leave permanent skin marks and 

deformations, it has been strongly associated with decreased self-esteem and social stigma 

(30). In 2019, Rao conducted a systematic literature review on implications of stigma 

interventions surrounding leprosy. They found that interventions that aimed at reducing 

stigma led to better health outcomes and community acceptance (31). While leprosy disease 

has many long-term sequelae, disability should be preventable. Treatment has been 

standardized by the World Health Organization since 1982. The treatment consists of 

combinations of three different drugs: dapsone, rifampicin, and clofazimine (16). There are 

different treatment regimens depending on the classification of Hansen’s. Treatment has 

proven to be extremely effective and if caught early, can lead to a full recovery. However, 

complications called leprosy reactions, are characterized by acute inflammatory episodes, 

which in some cases can be triggered by treatment. These can extend all the way to the 

peripheral nerves, which requires immediate medical attention (32). Reactions are 

manageable as long as patients have access to health services.  

 

Pediatric Cases  

 The question at hand is to estimate the incidence of leprosy cases under the age of 15 

is and identify factors that are contributing to the ongoing burden in this population. The 

detection of new cases among children under 15 years of age indicates that active bacilli are 
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in circulation, thus leading to continued transmission and the presence of an endemic disease. 

Additionally, the proportion of children among newly infected cases shows a lack of early 

detection communities. If children contract the disease and are not diagnosed, they risk 

spreading the disease unknowingly, potentially causing a hidden epidemic.  

 In 2017, 150 countries reported new cases of pediatric leprosy. There were 16,979 

new cases diagnosed under the age of 15 years old, making up 8.1% of all new cases 

worldwide (27).  In Brazil, in 2011, 2,287 new cases of leprosy under the age of 15 were 

reported, making up 6.7% of all new cases, with a detection coefficient of 4.89 per 100,000 

inhabitants. That was in-line with average epidemic levels (8). In 2017, the total number of 

new pediatric cases in Brazil went down to 1,718. However, the percentage of pediatric cases 

among all new cases went up to 7.5%, with a detection rate of 3.72 cases per 100,000 

inhabitants (33). Clusters of pediatric cases have been show in in the Midwest, North and 

Northeastern regions of the country, indicating active transmission in those states (34).  

 Leprosy typically has an incubation period of 3-5 years but can be as long as 20 years 

(8). When cases under the age of 15 are diagnosed, it shows that not only is there active 

transmission of the bacteria, but that is has occurred recently (35). Furthermore, when there is 

detection of cases with grade 2 disability, it indicates the magnitude of disease transmission 

of disease. A cross-sectional study conducted by Ruiz-Fuentes and colleagues analyzed two 

decades of Cuban national leprosy data. They found the age group most commonly affected 

by leprosy is between the ages of 10-14. The youngest case reported was 3 years old (27) As 

recently as 2019, in Sergipe, Brazil six cases were found in children less than one year old 

(36).  

 A literature review was conducted by Vieira et al. reviewed 22 articles pertaining to 

leprosy in children under the age of 15 among the years 2001-2016. Out of 22 articles, 13 
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reported grade 2 disability proportions in the range of 1.7% to 5.5%. Ruiz-Fuentes et al. 

reported that the 16,979 new pediatric cases diagnosed in 2017, 238 had grade 2 disability at 

the time of diagnosis (27). These proportions of disability among pediatric cases indicate 

children are being infected at a young enough age to allow disability to progress to this 

advanced state. It is indicative of a strong circulation of the bacillus and lack of early 

detection in the age group (33). It further suggests an underreporting of pediatric cases and 

underreporting of cases in general.  

Health Care  

 Brazil's Unified Health System, Sistema Único de Saúde (SUS), was created in 1989 

to give universal health care access to all of its citizens. Primary healthcare is the 

responsibility of the government. The Family Health Program is responsible for the first level 

of care among patients. It has rapidly expanded over the years, from 2,000 to 43,000 teams 

between 1998 and 2018 (32). This covers roughly 130 million people, or 62.5% of the total 

Brazilian population. Massuda et al. explains in detail how the political turmoil and economic 

crises have led to severe defunding of public health programs. They report that as of 2018, 

Brazil spends 46%, one of the lowest, on health compared to the average of 51.28% among 

Latin American and Caribbean countries (37). Additionally, Brazil is still faced with a 

shortage of medical professionals, especially specialists such as those trained in specifically 

diagnosing leprosy (13).  

 In the state of Minas Gerais, there are three active reference centers dedicated to 

treating leprosy: Hospital Eduardo de Menezes, Center for Sanitary Dermatology and 

Leprosy (CREDESH), and Centro de Referência de Doenças. Endêmicas e Programas 

Especiais (CREDENPS). Aside from these main clinics, leprosy has to be diagnosed and 

treated by primary care centers. For many citizens in Brazil, their primary care center is the 

only medical clinic they visit. This proves challenging because leprosy is difficult to diagnose 
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and many physicians are not trained to recognize the early signs and symptoms of the 

disease. Specialists have become more concentrated to private sectors and left a major void in 

the primary care level in rural areas (38). With these issues, access to care could have an 

important effect on early diagnosis of leprosy and prevention of transmission.  

Surveillance  

 It is known that the time between the onset of symptoms and diagnosis is one of the 

factors associated with the presence of physical disability, therefore, it is necessary for 

priority municipalities to develop active detection measures (11). Unfortunately, in lower 

resource areas, there is either not enough funding or awareness to properly train physician’s 

in leprosy’s diagnosis. Furthermore, the burden of leprosy among children is thought to be 

severely underestimated. A 2012 study in the Amazon randomly sampled 1,592 school 

children from high burden municipalities in Pará (PA) and conducted serological testing. 

Four percent of children were diagnosed with leprosy and 48% of the cohort tested positive 

for antibodies to anti-phenolic glycolipid-I (PGL-I), a specific M. leprae antigen. If they 

expand this proportion to the general population of the state, they estimate nearly 80,000 

undiagnosed cases (39). This is thought to apply broader to other highly endemic areas in the 

country.  

 Underreporting of leprosy cases results from lack of control by public and local health 

system and also lack of funding and monitoring of the disease (8). When leprosy affects 

children, it can cause serious developmental delays, hospitalizations and emotional distress 

(40). This is a problem that deserves serious attention to prevent the ongoing spread of this 

globally debilitating disease.     

Future Goals  

 The World Health Organization is still committed to the fight to eradicate leprosy. 

Their original goal was to eliminate leprosy as a global problem by 2000, which they 
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achieved. However, they have failed to achieve their new goal of eliminating leprosy at the 

country level (28). Their 2015 goal was to reduce the number of pediatric cases and “achieve 

a 35% reduction in the new cases detection rate with grade 2 deformity” (41). These are the 

indicators they have set forth to monitor the Leprosy Eradication Program (25). Their new 

pillars for the Global Leprosy Strategy 2016‒2020 are: 

• Strengthen government ownership, coordination and partnership 

• Stop leprosy and its complications 

• Stop discrimination and promote inclusion 

Each of these pillars highlights an area of growth for Brazil (12). 

While the WHO is concerned with leprosy from a macro level, Brazil has taken their own 

steps to reduce the disease burden within their country. The Ministry of Health in Brazil 

prioritized cities of concern in 2010. Cities were labeled as priority if they had: 

• a detection coefficient greater than 20 per 100,000 

• A minimum of 10 cases in the general population and 1 new case diagnosed 

under the age of 15 years old  

• 50 newly diagnosed cases in the metropolitan areas and out of risk areas and 

at least 5 cases in children under 15 years old and all capital cities  

 From this, each priority area received additional funding when surveillance measures 

were met. Additional financial resources were offered when an area was listed as following 

the epidemiological surveillance measures set forth. (35). Minas Gerais, Brazil was among 

the states that contained priority municipalities (11).  
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Study Relevance  

 After studying the literature for potential indicators of continued transmission of 

leprosy among children, it became clear that certain indicators such as disability grade and 

low resourced settings, largely support the hypothesis that there is still rapidly ongoing 

transmission of this disease. This study is in line with the literature suggestions of better 

understanding pediatric transmission to eliminate leprosy as a neglected tropical disease. 
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Chapter 3: Manuscript 

Abstract: 

Background: Cases of leprosy around the world have steady declined, yet there is still active 

transmission in pediatric cases around the world, such as Minas Gerais, Brazil. We 

hypothesized that although the incidence of pediatric cases has declined, areas with lower 

health care service access would show active transmission of Mycobacterium leprae as 

measured by incidence and grade 2 disability in pediatric cases. Methods: A cross-sectional 

study was conducted using the Brazilian Notifiable Diseases Surveillance System, Minas 

Gerais division (SINAN-MG). Data were collected by passive reporting by health centers 

across the state upon initial diagnosis during 2002-2017. For this analysis, cases were 

included if they resided in a municipality that reported pediatric cases. Additionally, 

municipalities were further stratified based on their medical facility accessibility. Time 

periods were also assessed by creating two time groups: Time period 1 (2002-2009) and 

Time period 2 (2010-2017). Incidence was calculated for pediatric cases in the years 2002, 

2009, and 2017. Incidence was then calculated for the year 2017 in municipalities with 

different levels of health services access. Statistical analyses conducted included univariate 

analysis, Chi-square testing, t-tests, and adjusted odds ratios. A logistic regression was 

applied to assess the association between health care access and disability.  Results: This 

study had a total of 27,725 cases. Of those, 1,611 were pediatric cases. When time periods 

were compared time period 2 showed an increase in proportion of pediatric multibacillary 

leprosy (38.39%) compared to time period 1 (34.42%). There was also an increase in 

proportion of grade 2 disability in pediatric cases (2.58%) in time period 2 compared to time 

period 1 (1.91%). Average age of diagnosis in pediatric cases was younger in time period 2 

(10.06; 95% CI [9.77-10.35]) than time period 1(10.43; 95% CI [10.27-10.60]).  

Municipalities with low access to health services reported 857 (53.20%) of all pediatric 

cases. In 2017, the incidence of pediatric cases in municipalities with low access to health 

services was 0.95 per 100,000 compared to 0.23 per 100,000 in municipalities with high 

access to health services (p=0.009). There was significantly higher odds of disability among 

municipalities with low access to health (OR 1.88 95% CI [1.37-2.59]). Conclusion: This 

study showed there is still active transmission of Mycobacterium leprae in Minas Gerais, 

Brazil. The increased proportion of multibacillary in time period 2 and average age of 

diagnosis highlight ongoing transmission. The increase in proportion of grade 2 disability in 

time period 2 supports a delay in diagnosis and treatment, suggesting more potential 

transmission prior to diagnosis. More surveillance is needed in municipalities with lower 

access to health services since over 50% of pediatric. All cases included in this study resided 

in those regions, and the odds of disability upon diagnosis in those regions is 1.88 times 

higher than regions with better access to health care facilities.  
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Introduction: 

 Leprosy, now often referred to as Hansen’s disease, has circulated throughout human 

history for as long as humans can remember. Ancient Egyptian and Indian texts from 600 

BCE described this disease among its people (1). It has been shown to follow human 

migrations patterns and evolve coincidingly with human evolution (2). While leprosy may 

seem a disease of the past, it is still prevalent in various parts of the world. Globally, there are 

over 200,000 new cases detected each year, of which 18,000 are in children under the age of 

15 (3).  

 In 2000, when the World Health Organization (WHO) declared leprosy eliminated as 

a public health concern, the global prevalence of leprosy was under 1 case per 10,000 people. 

However, this statistic was misleading. In the 13 countries that host 94% of all remaining 

cases, they have not yet reached this level (4). As of 2017, India, Brazil and Indonesia 

accounted for 80.2% of the cases reported globally (5). Brazil hosts the second largest 

number of cases, after India (6) with a case detection rate of 12.1 per 100,000 inhabitants (7). 

While the rate continues to decrease each year, it remains a public health concern. 

 To truly understand the transmission of Mycobacterium leprae, it is critical to better 

understand the characteristics of pediatric cases and the areas in which they live. The 

detection of new cases in children under 15 years of age indicates that active bacilli are in 

circulation, thus leading to continued transmission and the presence of endemic disease. It is 

widely regarded that surveillance of new cases under the age of 15 is indicative of wider 

spread in the community (8). 

 Additionally, presence of disability at the time of diagnosis reflects inactive 

surveillance systems. In leprosy cases, disability, often marked by loss of nerve sensation and 

ocular impairment, can take years to develop (9). The severity, or grade of disability, also 

acts as a reflection of the disease burden, since it signifies late diagnosis of disease and likely 
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missed cases in the community. Many national programs for diagnosis of leprosy rely on 

screening of grade 2 disability as a surrogate marker of late diagnosis (10).When pediatric 

cases have a grade 2 disability at the time of diagnosis, it shows a lack of capacity for the 

health system to recognize and treat leprosy from the earliest stages. It shows a flaw in the 

surveillance system and in indicative of undiagnosed cases in the community (11). The 

World Health Organization (WHO) has set forth goals to completely eliminate grade 2 

disability among pediatric cases by 2020 (12). 

 A major part of disease surveillance in Brazil relies on local health centers in endemic 

areas. The Unified Health System (Sistema Único de Saúde (SUS)) is the Brazilian 

government health system the provides care to it citizens. Due to political turmoil, and lack 

of public funding, there has been a large disparity in the access of care to citizens, 

disproportionately affecting those of poorer regions (13). For many municipalities in Brazil, 

their primary health clinics are the first line of active surveillance. The economic crisis has 

severely impacted the resources being allocated to health facilities, leaving the poor with 

even greater burden (14). Leprosy is known to affect areas of greater social vulnerability and 

poor living conditions (15).  

 The objective of this cross-sectional study was to better understand the demographic 

characteristics of pediatric cases of leprosy and the change in disability proportions over time 

in Minas Gerais, Brazil. This study can be used to better understand the demographics of 

cases under the age of 15, the level of health services communities have access to, and help 

prevent future disability.  
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Methods: 

Study Region  

The data for this study is from Minas Gerais, a state in the southeast of Brazil with endemic 

leprosy (Figure 2). This inland state has a population of over 20 million people, and is known 

for its hilly nature, with an average elevation of 2,600 feet.  

Figure 2: Minas Gerais, Brazil 

 

Data collection  

 This cross-sectional study contains data from all across that state over a 15-year 

period. Data were collected over the years 2002-2017 through the Brazilian Notifiable 

Diseases Surveillance System, Minas Gerais division (SINAN-MG). Over 70 variables were 

collected in this dataset by questionnaire at time of diagnosis, filled out by medical 

professionals upon patient in-take. For purposes of this study, only cases from municipalities 
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that have both adult and pediatric cases were used in the analysis. Relevant variables 

considered for the purpose of this study are age of diagnosis, gender, race, municipality, 

grade of disability, accessibility, and operational classification of leprosy.  

 Records with diagnostic error or that were duplicated records were excluded. Due to 

the nature of the study, all adult cases were included if they lived in a municipality that also 

reported pediatric cases. Population data for each municipality were collected from census 

data collected by the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de 

Geografia e Estatística – IBGE).  

Data Analysis  

 The data analysis was multipronged. Descriptive statistics were conducted using 

frequency tables on all patients under the age of 15 who were diagnosed with leprosy during 

the years 2002-2017. For comparison, they were also conducted for all adults diagnosed over 

the age of 15 during that same time period. Variables of interest include age of diagnosis, 

gender, disability grade, and operational classification. Operational classification was 

determined by the WHO standards set in 1984 and included paucibacillary and 

multibacillary. Differences in proportions were verified using bivariate analysis and a chi-

squared test. An alpha of 0.05 and a 95% confidence interval were considered in all tests.  

A further sub-analysis explored the comparison of characteristics among pediatric cases by 

their operational class of leprosy. Paucibacillary and multibacillary were used as groupings to 

compare characteristics such as gender, race, and disability grade.  

 Cases were divided into two periods: cases from the years 2002-2009 (Time period 

1), and all cases from 2010 to 2017 (Time period 2). The incidence of leprosy in patients 

diagnosed under the age of 15 and adult patients were calculated for both time period 1 and 

time period 2.  A comparison of disability grade to time periods and health care access was 

analyzed using Odds Ratios and Chi-square analysis.  
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 The demographic characteristics of the municipalities that contained pediatric cases 

were also analyzed. Data from the Humanitarian Data Exchange was used to enumerate the 

total number of health facilities operating in each municipality (42). Data included health 

facilities such as: dentist, doctor’s office, hospital, pharmacy, and clinic. For the purposes of 

this analysis the following health facilities were included in the dataset: clinics, hospitals, and 

pharmacies. Doctor’s offices were grouped with clinics. The sums of total clinics in each 

municipality were sorted into one of the three categories. Natural Jenks in ArcGIS 10.3 

software were used to create three categories of access and municipalities were sorted into 

either, low, medium, or high access. This was determined to be the most optimal class range 

naturally found in this dataset. Municipalities in the low category had less than 5 health 

facilities. Municipalities in the medium had between health 5-17 facilities, and municipality 

in the high category had more than 18 health facilities.  

 Incidence of leprosy was calculated for each municipality in 2002, 2009 and then 

again in 2017 to assess change over time. A logistic regression was conducted using access to 

health services as an exposure and presence of disability as an outcome, using 95% 

confidence interval and an alpha of 0.05. All data analyses in this study were conducted using 

SAS version 9.4, ArcGIS 10.3 and OpenEpi Version 3.01.  

Results 

 The dataset (Figure 3) includes data from 31,771 patients diagnosed with leprosy 

from the years 2002-2017. Of those cases, 27,725 live in municipalities that had reported 

pediatric cases between the years 2002-2017. There were 26,114 adult cases and 1,611 

pediatric cases. Among the pediatric cases, 1,165 were reported in time period 1 and 446 

were reported in time period 2. Of all pediatric cases, 1,037 were reported as paucibacillary, 

and 574 were reported as multibacillary.  
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Figure 3: Dataset 

 

 Of all adults who were diagnosed with leprosy between the years 2002 and 2017 the 

average age of diagnosis was 47.14 years old ± 16.77 years (95% CI [46.94-47.35]) (Table1). 

There was a slight majority of adult male (53.93%) (n=12,082) compared to 45.81% of 

pediatrics (n=738).  
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Figure 4: Municipalities included in dataset 
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Table 1: Demographic characteristics of all cases of leprosy in Minas Gerais, Brazil 

from 2002-2017, who reside in municipalities that have reported pediatric cases 

 

Variable   Adults   

n=26,114 (94.19%) 

Pediatrics **  

n=1,611 (5.81%) 

P-Value   

(Chi-sq) 

Age 

Mean  

95% CI 
47.14  

(46.94-47.35) 

10.33  

(10.19-10.48) 

<0.0001 

std ±16.77 ±2.95  

Range  15-103 1-14 

Sex, n (%) 

Male  14,082 (53.93)  738 (45.81)  <0.0001 

Female 12,032 (46.07) 873 (54.19) 

Disability, n (%)  

No Disability  14,874 (58.88)   1,382 (87.58) <0.0001 

Grade 1 7,698 (30.47) 163 (10.33) 

Grade 2 2,691 (10.65) 33 (2.09)  

Race, n (%)  

White  10,371 (41.72) 496 (32.38) <0.0001 

Black 3,746 (15.07) 252  (16.45) 

Asian Descent  379 (1.52) 18 (1.17) 

Mixed  9,690 (38.98) 717 (46.80)  

Indigenous  52 (0.21)  8 (0.52) 

Did not answer  621 (2.50) 41 (2.68) 
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Table 2: Characteristics and disability grade of all pediatric leprosy cases by 

operational classification 

 

  Variable  Paucibacillary 

N= 1,037 (64.3%) 

Multibacillary   

N= 574 (35.63%) 

P-Value   

(Chi-sq) 

Age  

Mean  

95% CI 

10.09  

(9.90-10.30) 

10.78  

(10.55-11.01) 

0.003 

SD ±3.02 ±2.78 

Range 1-14 1-14 

Sex n % 

       M  467 (45.03) 271 (47.21) 0.20 

       F 570 (54.97) 303 (52.79)  

Disability at time of diagnosis, n % 

No Disability  967 (94.71) 415 (74.51) <0.001 

Grade 1 + 49 (4.80) 114 (20.47) 

Grade 2++ 5 (0.49) 28 (5.03) 

STD ±1.12 ±6.74 

range 0-13 0-50 

+Disability grade 1 defined as eye problems with vision not severely affected (can count 

fingers up to 6 meters) 

++Disability grade 2 defined as severe visual impairment (cannot count fingers up to 6 

meters)  

  

 As shown in Table 2, the average age among pediatric cases who were diagnosed 

with paucibacillary leprosy was 10.09± 3.02 (95% CI 9.90-10.30). Most of these cases 

(94.71%, n=967) showed no sign of disability. Of those that did have disability at the time of 

diagnosis, 4.80%, (n=49) had grade 1 and 0.49% had grade 2 (n=5) (p<0.0001).  

 The average age of diagnosis among pediatric patients with multibacillary leprosy 

was 10.78 ± 2.78(95% CI 10.55-11.01). In contrast to patients with paucibacillary, patients 
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with multibacillary leprosy had an increased percentage of disability presence upon 

diagnosis. Grade 1 disability made up 20.47% (n=114), and grade 2 made up 5.03% (n=28) 

of all disability at time of diagnosis (p<0.0001). There was a significant slight increase in 

percentage of male pediatric cases (45.03%) (95% CI 9.90-10.30) with paucibacillary 

compared to multibacillary (47.21%) (p<0.0001). 
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Table 3: Characteristics, disability grade, and operational classification of all pediatric 

leprosy between two time periods  

 

   Time period 1 

Years 2002-2009 

Time period 2 

Years 2010-2017  

OR   

(CI) 

P-Value   

(Chi-sq) 
Total Pediatric 

Cases  

    

N, % 1165 (72.1) 446 (27.9)   

Age  

Mean  

95% CI  

10.43  

(10.27-10.60) 

10.06  

(9.77-10.35) 

 <0.022 

STD ± 2.87 ± 2.78 

Range 1-14 2-14 

Sex n % 

Male  519 (44.55)  219 (49.10)  .83  

(0.67-1.04) 

<0.100 

Classification  

N % 

Paucibacillary  764 (65.58) 273 (61.21) 1.21  

(0.97, 1.51) 

<0.0001 

Multibacillary  401 (34.42) 173 (38.79) 0.82 (0.66-1.03)  

Disability  

None   

N %  

Proportion 

T2 v T1  

1004 (87.23) 

 

378 (88.52) 

 

1.01  

 0.013 

Grade 1  

N %  

Proportion 

T2 v T1 

125 (10.86) 38 (8.90) 

 

0.82 

0.81 

(0.55-1.18) 

0.136 

Grade 2   

N %  

Proportion 

T2 v T1  

22 (1.91) 11 (2.58)  

 

1.35  

5.31 

(2.57-11.46) 

<0.0001 
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Table 4: Incidence in all leprosy cases and all pediatric leprosy cases in Minas Gerais, 

Brazil in the years 2002, 2009, and 2017 

 

 

 Pediatric cases were compared among two time periods (Table 3). There was a total 

of 1,165 (72.1%) pediatric cases of leprosy from the years 2002-2009 and 446 (27.9%) cases 

from the years 2010-2017. Grade 2 disability accounted for 1.91% (n=22) of overall 

disability among pediatric cases in time period 1 and 2.58% (n=11) in time period 2. The 

proportion of cases with grade 2 disability in time period 2 was 1.35 times that of no 

disability in time period 1 (OR=1.35 p=0.013).  

 The overall leprosy incidence decreased over time from for both total cases and 

pediatric cases over the years 2002, 2009, and 2017 (Table 4). Pediatric cases also followed a 

downward trend. The incidence for pediatric cases in 2002 was 2.59 per 100,000 for pediatric 

cases ((95% CI (1.70 -3.47) p<0.0001). This then decreased to 1.59 per 100,000 ((95% CI 

(0.72 -2.46) (p=0.0004) in 2009 and then to 0.84 per 100,000 ((95% CI (0.25- 1.44) 

p=0.0056) in 2017.   

 

 

 

 

 

  

Year All Cases 

Per 100,000 

Pediatric Cases  

Per 100,000 

2002,  n 

95% CI 

p-value 

34.79  

(25.74 -43.84) 

<0.0001 

2.59  

(1.70 -3.47) 

<0.0001 

2009,  n 

95% CI 

p-value 

23.35  

(17.88- 28.82) 

<0.0001 

1.59  

(0.72 -2.46) 

0.0004 

2017,  n 

95% CI 

p-value 

13.55 

(6.31 -20.78) 

0.0003 

0.84  

(0.25- 1.44) 

0.0056 



 25 

Table 5: Health facilities and leprosy distribution in varying health service access 

municipalities in Minas Gerais, Brazil 2017 

 

 Low health 

service access 

+ 

Medium health 

service access 

++ 

High health 

service access 

+++ 

P-Value   

(Chi-

square 
Municipalities       

n. % 204 (84.30) 29 (11.98) 9 (3.72)  

Health Clinics   

per municipality  

Total, n % 86 (14.48) 251 (42.26) 257 (43.27) <0.0001 

Mean 0.43 9 29 

Cases  

 

Pediatric  

n, % 

857 (53.20) 615 (38.18) 139 (8.62) <0.0001  

       Adult Cases 

       n, % 

13,885 (53.30)  8,453 (32.45) 3,714 (14.27) 

Incidence  

Pediatric cases 

 (per 100,000)  

0.95  

 

0.31 

 

0.23  

std  ±5.10 

 

±0.80  

 

±0.69 

 

 

p-value 0.0087 

 

0.047 

 

0.35 

 

 

CI 0.24- 1.65 0.0038-0.610 0.30- 0.76  

+ indicates < 5 medical facilities 

++ indicates 5-18 medical facilities 

+++ indicates > 18+ medical facilities 

 

 Table 5 explores the municipality-level association of leprosy burden with 

accessibility of health services. There were 204 municipalities that classified as low health 

service access, 29 as medium health service access, and 9 as high health service access. 

Within the low category, the total number of clinics was 89 (14.48%), with average number 

of clinics per municipality of 0.43. In the medium category, there was a total of 251 (42.26%) 

clinics with an average of 9 per municipality. In the high category, there was a total of 257 

(43.27%), with an average of 29 clinics per municipality. There is an inverse relationship 

between number of cases per municipality and level of health services. As the level of health 
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service accessibility increases, the number of cases decrease. Table 6 summarizes the results 

of logistic regression analysis conducted to assess the association between access of care as 

the exposure and presence of grade 1 or 2 disability as the outcome. The best model had an 

Akaike information criterion (AIC) of 1151.84, and it included variables under consideration.  

This model, also, performed better than other models that adjusted for age and sex separately.  

 

Table 6: Multivariate analysis of disability and health service among pediatric leprosy 

cases in Minas Gerais, Brazil after controlling for age and sex 

 

Variable Lower health service access × 

aOR 

CI 

 

P-value 

Disability** 1.88 1.37-2.59 <0.0001 

Age  1.15 1.08-1.22 <0.0001 

Sex  0.99 0.74-1.35  0.99 

**indicates a disability grade of 1 or 2 

× indicates < 5 medical facilities 

 

Figure 5: Health Service Access and Disability in Pediatric Cases 
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Discussion: 

 Leprosy continues to be an important public health issue globally, and especially in 

many areas of Brazil, including Minas Gerais. Active transmission is ongoing and the 

presence of grade 2 disability among pediatric cases over time indicates hidden cases and a 

persistent level of infectious bacteria in the community. As noted by the WHO expert 

committee on leprosy, prevention of disability is dependent on early detection (21). 

  Additionally, the mean age of diagnosis for pediatric cases has decreased between time 

periods, indicating that children are contracting the disease at a younger age, suggesting more 

bacillus in circulation. While the difference between these two ages is small, if anything, we 

should be seeing an upward trend of mean age at diagnosis in later years. It is worth noting 

that the proportion of female to males increased among the years 2010-2017, although 

unclear why.   

 Notably, there was an increased proportion of multibacillary cases compared to 

paucibacillary cases in time period 2. Additionally, there was a higher proportion of Grade 2 

disability in time period 2 versus time period 1. Grade 2 disability made up 1.91% of all 

cases in time period 1 whereas in time period 2, it made up 2.58%, an increase of 35.08%. 

This is consistent with findings from Raposo et al., who analyzed cases from Bahia, a 

northern state in Brazil and found an increased proportion of grade 2 disability from 2006 to 

2015; their conclusions indicated delay in diagnosis and that grade 2 disability can be an 

indicator for  hidden endemic transmission  (26).  

 The results from this study are in line with the literature, as it is suggestive of a 

hidden epidemic in regions with a growing proportion of grade 2 disability among pediatric 

leprosy cases. This provides support to the study conducted by Vieria et. al.. They found 13 

articles which reported grade 2 disability proportions in the range of 1.7% to 5.5%. These 
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proportions of disability among pediatric cases indicate that they are being infected at a 

young enough age to allow disability to progress to this advanced state. It is indicative of a 

strong circulation of the bacillus and lack of early detection in the age group (33). This shows 

the disease is reaching further stages before being diagnosed, indicating a need for a stronger 

surveillance system.  

 A study conducted by Monteiro addressed disability grade and detection rates in 

Tocantins, Brazil, a hyperendemic state for leprosy, covering a 12-year time period. In 

Monteiro’s analysis, through bivariate analysis they found a lower proportion of grade 2 

disability associated with increased detection of cases. Areas that had better trained 

professionals and greater access to Family Health Services (FHS) were able to prevent the 

progression of disease (15). The increase in proportion of grade 2 disability from time period 

1 to time period 2 suggest there are undiagnosed cases and a potential hidden epidemic. This 

also provides justification that more active surveillance is needed and can greatly reduce 

disability burden. 

 The accessibility of medical facilities in each municipality in the dataset was 

assessed. Half of all pediatric cases and all cases in the dataset were from municipalities in 

the low access category, with 4 or less clinics. Additionally, the distribution of incidence of 

pediatric cases and all cases for the year 2017 among the three tiers of access to medical 

facilities supports this. In municipalities with pediatric cases, there was a direct relationship 

with having a greater pediatric case count and lower health care facilities per municipality. 

The incidence of leprosy among pediatric cases in 2017 was highest for those in low access 

municipalities compared to those in a higher access municipality. As mentioned previously, 

Brazil does not spend nearly as much of their gross domestic product as other Latin 

American countries on public health (37). More funding is needed in areas with fewer 

medical facilities as shown by these statistics.  
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 Areas with fewer health clinics is a potential risk factor for increased disability 

among pediatric leprosy cases as well as likely a risk of increased transmission of the 

bacillus. A logistic regression identified a significant association of living in a municipality 

with lower access to health care services and having disability at the time of diagnosis. The 

finding of disability amongst patients living in lower access municipalities compared to no 

signs of disability amongst patients living in municipalities with higher access to health care, 

after controlling for age and sex is consistent with findings that being of a lower 

socioeconomic status is a potential risk factor for leprosy and increases the chance of delayed 

diagnosis. Cases of disability are more likely to be in municipalities with lower health care 

access.  

 The findings of this study are in alignment with previous literature examining 

pediatric cases of leprosy. The presence of grade 2 disability in pediatric cases is a reflection 

of the control activities in place and suggestive of a breakdown in the surveillance of new 

pediatric leprosy cases. Transmission is still ongoing in these communities and more so in 

areas with lower access to health services. It is the hope that these findings inspire future 

research and further exploration of pediatric cases and transmission of leprosy in Brazil.  
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Chapter 4: Implications and Recommendations 

 For further implications and ongoing policy, government officials should focus their 

energy on better surveillance among pediatric cases in lower accessible municipalities to 

ensure early detection and reduction of spread among the community. The first pillar the 

WHO set forth in their Global Leprosy Strategy 2016‒2020 encompassed governmental 

commitment to adequate resources for leprosy programs, and strengthening of surveillance 

(12). This study provides evidence of the need for ongoing work towards reaching that goal. 

 As mentioned in the review of the literature, there are not enough trained physicians 

to conduct widespread leprosy screening in Brazil. More highly trained specialists are needed 

if there is hope to catch the disease early, before it progresses to grade 1 or 2 disability. This 

is imperative to stop community transmission of the virus and reduce incidence among 

children. Health education measures among the population where there are concentrated new 

pediatric cases would also be recommended. Undiagnosed cases may be unaware of signs 

and symptoms to look for. Additionally, overall water sanitation and hygiene (WASH) 

educational programming and resources would benefit these communities from a general 

infectious disease standpoint. 

 Further research is needed on the transmission of leprosy in areas with lower access to 

health services. Health service funding for primary care centers is on the decline (13). For 

many citizens of Brazil, their community health clinic is their first line of defense.  

The WHO stated specific target goals in their Operational Manual for their Global Leprosy 

Strategy 2016‒2020: Zero disabilities among new pediatric patients and a grade-2 disability 

rate of less than 1 case per 1 million people. This study adds to current literature to further 

support the need for efforts to focus on the prevention of any new pediatric case being 

diagnosed with grade 2 disability. The municipalities with greatest risk of disability in 

pediatric cases should be prioritized. Resources should be allocated to better support 
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activities aimed at active surveillance of children in endemic areas of leprosy. Furthermore, 

municipality wide screening should be conducted in areas where there are fewer medical 

clinics and lower access to health services. An overall strengthening of the health care 

systems in municipalities with pediatric cases is critical to full reach the WHO’s goal of a 

world without new cases of leprosy.   
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