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Original Article

Prevalence and spatial distribution of Mycobacterium leprae 
infection in a medium endemicity municipality

Prevalência e distribuição espacial da infecção pelo Mycobacterium leprae em município de 
média endemicidade

Gabriela de Cássia Ribeiro1, Josafá Gonçalves Barreto2, Isabela de Caux Bueno3, Bruna Fonseca Vasconcelos1, 
Francisco Carlos Félix Lana3

Objective: analyze serological profile and spatial distribution of Mycobacterium leprae infection and disease. 
Methods: cross-sectional study with cases of leprosy (n=42), household contacts (n=81) and school contacts 
(n=358). Interviews, dermato-neurological examination, serological and georeferencing made. Results: all 
seropositive cases lived in rural areas, more than two people per household, 50.0% had alteration of foot 
strength. 75.0% were elderly and married participants. Among seropositive schoolchildren, 75.0% female, 
69.4% lived with more than four people 80.6% slept in the bedroom with someone. It was possible to observe 
hyper endemic areas of cases in the studied municipality and spatial-temporal relation among them (p=0.010). 
In addition, concentration of cases and schoolchildren in sectors of lower family income per capita was found. 
Conclusion: the serological analysis revealed that the cohabitation condition was related to the Mycobacterium 
leprae infection, and the spatial analysis showed a hidden endemic scenario.
Descriptors: Leprosy; Spatial Analysis; Serology; Epidemiological Monitoring.

Objetivo: analisar o perfil sorológico e a distribuição espacial da infecção e do adoecimento pelo Mycobacterium 
leprae. Métodos: estudo transversal, conduzido com casos de hanseníase (n=42), contatos intradomiciliares 
(n=81) e escolares (n=358). Realizados entrevista, exame dermatoneurológico, sorológico e georreferenciamento 
dos endereços. Resultados: dos casos soropositivos, todos residiam em zona rural, com mais de duas pessoas 
no domicílio, 50,0% apresentavam alguma alteração de força nos pés. Dos contatos soropositivos, 75,0% eram 
idosos e casados. Dentre os escolares, 75,0% eram do sexo feminino, 69,4% residiam com mais de quatro 
pessoas e 80,6% dormiam no quarto com alguém. Foi possível observar áreas hiperendêmicas de casos no 
munícipio estudado e relação espaço-temporal entre eles (p=0,010). Além disso, concentração de casos e 
escolares em setores de menor renda familiar per capita. Conclusão: a análise sorológica revelou que a condição 
de convivência se relacionou com a infecção pelo Mycobacterium leprae, e a espacial demonstrou cenário de 
endemia oculta.
Descritores: Hanseníase; Análise Espacial; Sorologia; Monitoramento Epidemiológico.
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Introduction

Leprosy is a disease that persists as a public he-
alth problem in Brazil, it has a heterogeneous distri-
bution in the national territory and affects the econo-
mically most vulnerable population(1-2). Most Brazilian 
municipalities face challenges in complying with the 
principles of epidemiological surveillance of leprosy, 
such as early detection and treatment of new cases, 
decentralization of prevention and control actions, in 
order to integrate them into Primary Health Care and 
surveillance of household and social contacts(1).

This reality is experienced by the municipali-
ty of Diamantina, located in the Jequitinhonha Valley, 
Brazil. Between 2001 and 2016, there was a variation 
of the rate of endemic between medium and very high, 
with periods of absence of diagnosis, in addition to the 
coefficient of degree of disability higher than the na-
tional average(3).

Since 1998, the World Health Organization has 
pointed out the importance of developing technolo-
gies capable of detecting infection with Mycobacte-
rium leprae(4), anticipating the appearance of the first 
signs and symptoms of leprosy. As a strategy are the 
serological tests that may be of great importance in 
detecting the presence of immunoglobulin M (IgM) or 
immunoglobulin G (IgG) antibodies against Mycobac-
terium leprae specific proteins. The most commonly 
used is IgM anti-phenol glycolipid antibody detection 
(PGL-1) and can be performed by Enzyme-Linked Im-
munosorbent Assay (ELISA) or rapid lateral flow test 
(ML FLOW)(5-6). 

Studies have shown that these tests are able to 
help in the identification of exposed individuals with 
subclinical infection or early stage disease and are im-
portant indicators of the magnitude of leprosy burden 
in a given area(7-8). 

Spatial analysis is also a tool that has been wi-
dely used since the physical distance between patients 
and their cohabitants can determine groups at risk of 
becoming ill, which reinforces the importance of in-
cluding social contacts in research, especially in hyper 

endemic and high concentration areas population(8-9). 
Therefore, the recognition of the serological 

characteristics and the spatial distribution pattern of 
Mycobacterium leprae disease and infection becomes 
essential for leprosy surveillance, since they contribu-
te to the establishment of the epidemiological profile 
of the disease and allow the planning of control ac-
tions in the different areas regardless of the level of 
endemism. 

Therefore, the objective was to analyze the se-
rological profile and spatial distribution of infection 
and Mycobacterium leprae disease.

Methods

This is a cross-sectional and retrospective stu-
dy, carried out in the municipality of Diamantina (Vale 
do Jequitinhonha, Minas Gerais, Brazil), whose popu-
lation is approximately 47,800 people. 

The research involved two population groups. 
The first consisted of leprosy cases reported between 
2001 and 2014 and their household contacts. A total 
of 91 cases were diagnosed. The cases and contacts 
approach was carried out between August and De-
cember 2016. The database of the National Disease 
Notification System was used to identify cases and cli-
nical-epidemiological information. Subsequently, an 
interview was conducted through a semi-structured 
instrument, containing socioeconomic, demographic, 
housing and living conditions, clinical history of the 
case or contact with leprosy. A simplified dermato-
-neurological examination was also performed. Fi-
nally, participants were submitted to peripheral blood 
collection for serological examination. 

The second population group consisted of stu-
dents aged seven to 14 years, enrolled in the state 
schools of Diamantina, Brazil. By 2015, there were ap-
proximately 4,000 people with this same profile. For 
the sample calculation, we considered the prevalence 
of anti-PGL-1 positivity of 30.0% and the confidence 
interval of 95.0%, obtaining a value of 300 children. 
This value was increased by 20.0% to cover possible 
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losses and stratified by the proportion of students en-
rolled in participating state schools, reaching the final 
number of 363 individuals. 

The students were approached in the class-
room between April and May 2017. The individual 
interview was conducted, with an average time of 
15 minutes, in a place given by the school. The semi-
-structured questionnaire contained socioeconomic, 
demographic, household coexistence and presence of 
skin blemishes. At the end, they were also submitted 
to peripheral blood collection for serological testing.

The blood collected in VACUTAINER® BD tube 
with separator gel and vacuum adaptation was frac-
tionated in aliquots of 500 μl of serum, stored in a 
freezer, duly identified. The ELISA test to analyze the 
presence of anti-PGL-1 IgM antibodies was performed 
according to standard protocol(6). For the examina-
tion, the natural-octyl-HSA disaccharide (ND-O-HSA) 
was used. Samples and controls were tested in dupli-
cate and the antibody titre was expressed in sample 
optical density/cut-off optical density. ELISA Index 
values greater than 1.10 were considered positive. 
The reading was in a spectrophotometer at 492 nm 
of absorbance(6). The ELISA was repeated for samples 
displaying ELISA index values, classified as positive 
in a single well of the duplicate, and samples whose     
values exhibited 25.0% or more of variation between 
the duplicate(10).

The database was written in Epi Info software 
version 3.5.1. After double typing and correction of 
inconsistencies, the data were compiled and analyzed 
by Statistical Package for Social Sciences, IBM, New 
York, USA, version 25.

The dependent variable was anti-PGL-1 serum 
positivity. The independent variables correspond 
to the socioeconomic and demographic factors: sex, 
schooling, family income, residence time in the ad-
dress, number of rooms and rooms in the house, num-
ber of residents in the same house and in the same 
room; clinical history and presence of blemishes on 
the body.

Descriptive statistical analyzes were performed 

to obtain average, standard deviation and relative 
and absolute frequencies. The association between 
categorical variables was assessed by Chi-Square (x2) 
or Fisher’s exact test. The normality of the data was 
assessed by the Kolmogorov-Smirnov test. The data 
were submitted to the Mann-Whitney test to verify the 
association of quantitative variables between positive 
and negative serology. The level of significance was set 
at p<0.05.

All addresses that could be georeferenced 
were processed by the free software Geographic 
Information System (QGIS), version 2.18.0, and 
georeferenced satellite image showing the urban spot 
of the city of Diamantina. The urban census tracts of 
the municipality were used as a unit of aggregation.

The cases of leprosy were distributed by census 
tracts to identify the detection rate and, through the 
Moran Global correlation I, a statistical relationship 
between the observed values was verified. The Local 
Spatial Association I (or local Moran) test was per-
formed in the GeoDA software to identify the range 
within which the correlation was positive. A Kulldor-
ff spatial scan statistic was used to identify leprosy 
risk cluster and Knox’s local test to detect the spatial-
-temporal interaction of individual cases over a period 
of three years and a space of 100 meters, both in the 
ClusterSeer2 software.

The research followed the recommendations 
of the Helsinki Protocol and Resolution 466/12 of the 
National Council of Ethics in Research involving hu-
man beings, and was approved by the Ethics Commit-
tee of the Federal University of Minas Gerais, accor-
ding to opinion nº 1,484,201.

Results

Of the 91 reported cases, 42 (46.1%) were in-
terviewed. Twenty were not found, 18 died, five mo-
ved, five refused, and one was excluded for misdiag-
nosis. 81 contacts were found. The average age was 
56.4 years and standard deviation (sd ± 15.6) for the 
cases and 42.4 years (sd ± 20.3) for the contacts. Fe-
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males prevailed in the two population groups, 68.3 
and 58.0%, respectively. The anti-PGL-1 positivity was 
low among cases and contacts, corresponding to 9.5 
and 5%, respectively. 

Table 1 shows that the presence of anti-PGL-1 
IgM antibodies was associated with the fact that 
100.0% of the positive cases live in the rural area 
(p=0.016), living with more than two people at home 
(p=0.035) and to the fact that 50.0% of the cases pre-
sented a change in the strength of the feet (p=0.005). 

In relation to contacts of seropositive leprosy 
(Table 1), there was a statistical significance of 
75.0% in the age group corresponding to the elderly 
(p=0.038) and the spouses of the cases (p=0.035). 

Of the 358 schoolchildren in the study, 36 
(10.1%) had anti-PGL-1 positivity. Their average age 
was 11 years (sd ± 1.96). 

Table 2 shows that serum positive participants 
were constituted 75.0% of the female sex (p=0.032), 
69.4% lived with more than four people at home 
(p=0.027) and 80.6% shared the room with another 
person (p=0.043).

Table 1 – Association between socioeconomic, demographic, case clinical characteristics and contacts of le-
prosy and anti-PGL-1 serology

Variables
Cases Contacts

Negative
n (%)

Positive
n (%) p Negative

n (%)
Positive

n (%) p

Zone
Urban 26 (68.4) - 0.016 55 (71.4) 2 (50.0) 0.340
Rural 12 (31.6) 4 (100.0) 22 (28.6) 2 (50.0)

Age group
Child / adolescent - - 10 (13.0) -
Adult 16 (42.1) 3 (75.0) 0.313 49 (63.6) 1 (25.0) 0.038
Elderly 22 (57.9) 1 (25.0) 18 (23.4) 3 (75.0)

Years of study
< 1 10 (26.3) 2 (50.0) 9 (11.7) 2 (50.0)
1 - 8 21 (55.3) 1 (25.0) 0.638 36 (46.8) 1 (25.0) 0.121
≥ 9 7 (18.4) 1 (25.0) 32 (41.6) 1 (25.0)

Kinship grade (case)
Spouse - - 18 (23.4) 3 (75.0)
Blood related - - 40 (51.9) 1 (25.0) 0.035
Non-consanguineous - - 19 (24.7) -

Family income  (salary)
≤ 2 28 (73.7) 2 (50.0) 0.320 53 (68.8) 3 (75.0) 0.637
>2 10 (26.3) 2 (50.0) 24 (31.2) 1 (25.0)

Number of people (household)
≤ 2 23 (60.5) - 0.035 19 (24.7) 3 (75.0) 0.059
>2 15 (39.5) 4 (100.0) 58 (75.3) 1 (25.0)

Change hands strength
Strong 17 (44.7) 3 (75.0) 70 (90.9) 4 (100.0)
Decreased 21 (55.3) 1 (25.0) 0.267 7 (9.1) - 0.692
Paralyzed - - - -

Change foot strength
Strong 34 (89.5) 2 (50.0) 76 (98.7) 04 (100.0)
Decreased 4 (10.5) 1 (25.0) 0.005 1 (1.3) - 0.951
Paralyzed - 1 (25.0) - -

Table 2 – Association of socioeconomic, demographic, 
cohabitation, knowledge about leprosy, BCG scar and 
presence of spots in students and anti-PGL-1 serology 

Variables

Serology

pNegative Positive

n (%) n (%)

Gender

Female 180 (55.9) 27 (75.0) 0.032

Male 142 (44.1) 9 (25.0)

Zone

Urban 300 (93.2) 33 (91.7) 0.471

Rural 22 (6.8) 3 (8.3)

Number of people in the household

≤ 4 161 (50.0) 11 (30.6) 0.027

> 4 161 (50.0) 24 (69.4)

He sleeps in the bedroom with someone

No 118 (36.6) 7 (19.4) 0.043

Yes 204 (63.4) 29 (80.6)

Presence of skin blemishes

No 128 (39.8) 9 (52.8) 0.132

Yes 194 (60.2) 17 (47.2)
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Figure 1A shows the rate of detection of leprosy 
by census tracts and areas classified as hyper-endem-
ic and other silent. Figure 1B shows that the concen-
tration of cases and schoolchildren are in sectors of 
lower family income per capita and that the areas of 

Figure 1 – A) Rate of detection of new cases of leprosy 
among the urban census tracts. B) Spatial-temporal 
relationship between cases and cluster of schoolchil-
dren

illness and anti-PGL-1 seropositive differ spatially. 
There was also a spatial-temporal relationship 
between the cases diagnosed with three years of 
difference and residents within the 100-meter radius 
(p=0.010).

Discussion

The time between the diagnosis of the cases 
and the carrying out of this investigation was consi-
dered a limitation of this study, which may have gene-
rated memory bias and reduced the serological level 
between the groups, especially among the home con-
tacts. However, there are explanations in the literature 
for these findings, since there is a possibility of reduc-
tion in the titre of anti-PGL-1 IgM antibodies, due to 
the decrease in the bacillary load after the end of the 
poly chemotherapy(10-12) of the interviewed cases. 

Studies in different regions of Brazil and South 
America have found similar situations, which confirm 
that the serology varies according to the degree of en-
demic of the geographic region, genetic predisposition 
of the population and level of proximity to the leprosy 
patient, in the case of household and social contacts 
(5,10). The results of the research revealed that the he-
alth services performed late and inopportune diagno-
ses, due to the presence of changes in foot strength 
after treatment.

Other research carried out previously in the re-
gion where the studied municipality was located indi-
cated late diagnoses and hidden prevalence of cases, 
although the municipality is not included in an area 
established as a priority for the leprosy program(13-14). 

These characteristics observed in areas consi-
dered non-priority for leprosy reinforce the discus-
sions about the importance of intensifying the actions 
of the control program, regardless of the classifica-
tion of endemic. The areas of low detection need to 
be investigated with the same concern of the hyper 
endemic areas, since they can become neglected spa-
ces that contribute to the maintenance of the chain of 



Ribeiro GC, Barreto JG, Bueno IC, Vasconcelos BF, Lana FCF 

Rev Rene. 2019;20:e39497.6

transmission, especially if they are of high socioecono-
mic vulnerability(15). 

The fact that most of the positive cases are re-
sidents of the rural area of the municipality refers to 
the fact that the geographical distance hinders access 
to the health unit and is related to late diagnoses with 
greater bacillary burden and physical disabilities(13).

The influence of living conditions and coexis-
tence was very evident in this study. Positive cases and 
schoolchildren lived with more people in their homes, 
characteristics of urban clusters with greater social 
vulnerability. The descriptive analysis of the data re-
vealed a population with low schooling and income 
around a minimum wage, which reinforces the affir-
mation that poverty, poor housing and lack of sanita-
tion are closely related to leprosy(2).

The profile of household contacts with positive 
serology - men over 60 years and spouses of the index 
case - also suggests that the length of time and expo-
sure to the focus of the infection puts them at risk of 
acquiring the disease(5,15), corroborating the affirma-
tion that a set of factors greatly influence the trans-
mission of Mycobacterium leprae, in addition to the 
clinical features of the index case(10).

Among schoolchildren, average age was 11 ye-
ars and IgM antibody levels were higher in girls. Si-
milar results were found in a survey among healthy 
schoolchildren from a locality in the Amazon, Brazil(7). 

The positive serology among the students par-
ticipating in this study (10.1%) was proportionally 
lower than that found by other studies, 48.8%(7) and 
77.6%(12). However, the aforementioned surveys were 
carried out in sites with a much higher endemic level 
than the municipality of Diamantina. When conside-
ring the projections found in the literature(12), a total 
of approximately 4,000 public school students from 
seven to 14 years of age in the municipality, 400 would 
be seropositive and around 40 could develop the di-
sease, contrasting with the null detection rate in chil-
dren under 15 years of age during the analysis period. 

In the studied municipality, there was a hetero-
geneous distribution of leprosy cases among the cen-

sus tracts and the emergence of a cluster of high risk 
of illness, a pattern demonstrated in other studies in 
Brazil and worldwide(2,8,15-16). There was also a spatial-
-temporal relationship between the diagnosed cases, 
with a difference of up to three years and residents 
within a radius of 100 meters.

Spatial differences can occur due to socioeco-
nomic vulnerability, population density, quality of life 
of the residents, migration patterns, environmental 
factors and health care(2,15,17). 

In this study, the clusters of illness and sero-
positive are similar in socioeconomic situation, but 
differ in relation to the coverage of the Family Health 
Strategy. The disease cluster is located in a region that 
has two health units, contrasting with the PGL-1 most 
seropositive sector, which has only one team and is 
lacking Community Health Agents to cover all micro-
-areas. The intensification of leprosy surveillance ac-
tions can increase the incidence of the disease in areas 
with greater access to health services(17) and, subse-
quently, present a decreasing trend over the years(18).

In this sense, spatial analysis reinforced the evi-
dence of active and neglected chain of transmission. 
Faced with the concentration of seropositive, it is be-
lieved that there is an area of occult endemic disease 
in the municipality. Therefore, it is urgent to intensify 
the active search, in order to avoid underreporting, 
late diagnoses and physical disabilities(15). 

Conclusion

The serological analysis showed that the coe-
xistence situation is related to the prevalence of Myco-
bacterium leprae infection, and the spatial analysis 
showed a hidden endemic leprosy scenario in the stu-
died municipality, as well as the presence of the active 
transmission chain. This study may assist in directing 
leprosy control actions by municipal management and 
health professionals, as well as contribute to other 
municipalities that are not in cluster of priority ac-
tions, but present the same operational difficulties to 
increase the epidemiological surveillance of leprosy. 
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