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ABSTRACT

Background: Leprosy is a neglected chronic infection caused by Mycobacterium leprae, that is curable. The magnitude of the disease and
severity of the debilitation it causes renders leprosy a public health problem. This study aimed to analyze the endemic profile of leprosy
in the Murrupula district and evaluate the socioeconomic, clinical, and serological profiles of leprosy contacts.

Methods: A cross-sectional study of patients with leprosy diagnosed between 2013 and 2017 and their household and community
contacts was conducted in Murrupula District, Nampula Province, Mozambique. Interviews, simplified dermatoneurological examinations,
Mycobacterium leprae flow (ML Flow) tests, and Mitsuda tests were performed.

Results: Most of the leprosy cases were multibacillary. The patients had some degree of physical disability. ML Flow positivity was more
common in household contacts of the patients diagnosed with leprosy and in community individuals who spontaneously presented for
testing. In total, 17 patients were diagnosed with leprosy.

Conclusions: This study revealed an active chain of transmission, hidden prevalence, and operational deficiencies in leprosy surveillance
and care. The results suggest that the implementation of a public health policy for leprosy prevention and control in Nampula Province is
necessary. In future, the possibility of expanding the policy to the entire country should be considered.
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and Asia. These diseases are important indicators of poverty as
they mostly affect socially vulnerable populations?.

INTRODUCTION

The World Health Organization (WHO) has classified 20

diseases as neglected tropical diseases (NTDs) caused by various Leprosy, a disease caused by Mycobacterium leprae, is

considered an NTD. It is characteristically infectious and

agents, such as viruses, bacteria, fungi, parasites, and toxins'. NTDs
affect more than 1.6 billion people in 149 countries worldwide,
mainly in the tropical and subtropical climates of America, Africa,

transmissible. Although curable, leprosy tends to become chronic
and has a high potential for disability®. Thus, leprosy is considered
a public health problem in the countries where it occurs’.
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Mozambique is a country in sub-Saharan Africa on the east
coast of the continent and ranked fourth in the highest prevalence
of leprosy in the world in 2006, with 3,637 newly reported leprosy
cases®. Due to the high prevalence of the disease, control efforts
intensified between 2000 and 2006 in the five endemic provinces of
Cabo Delgado, Manica, Nampula, Niassa, and Zambezia, resulting
in the establishment of a database for the entire country“.

Due to operational difficulties in leprosy control, in 2016,
Mozambique was deemed the country with the highest prevalence
of the disease in Africa and was among the top five countries with
the highest detection rates on the continent®. In 2020, the country
reported 2,065 leprosy cases, of which 81.4% were classified as
multibacillary and 19.3% had grade 2 physical disability. These
figures suggest a late diagnosis’.

The district of Murrupula, which was selected for the study, is part
of the province of North Nampula in Mozambique, and has an area
of 3,119 km? and a population of approximately 162,000, This region
has a high incidence of leprosy, and most are diagnosed late. Between
2010 and 2017, 354 leprosy cases were diagnosed in the district. Of
these, 71.5% were multibacillary, 19.7% had grade 2 physical disability
at diagnosis, and 9.9% were detected in patients under 15 years old®.

A group of Brazilian researchers with expertise in leprosy
proposed a project in Mozambique under a Call for Proposal
No. 33/2012 (CAPES) "International Program to Support
Research and Teaching through International Faculty and Student
Mobility—Pro-International Mobility (Capes/AULP)". One of its
objectives was to contribute to the technological and scientific
integration of Portuguese-speaking countries in Africa and
Asia. Given Mozambique's epidemiological characteristics with
respect to leprosy and the prevalence of social problems, it was
anticipated that the incorporation of early diagnosis and leprosy
control strategies may contribute significantly to structuring the
epidemiological surveillance of the disease in the district, and
possibly extend the surveillance to other provinces of the country.

The diagnosis of leprosy is essentially clinical®. There is no gold
standard laboratory test that can detect the bacillus in all clinical
manifestations’. In 1998, the WHO emphasized the importance of
additional technologies for early diagnosis to detect the infection
before the appearance of clinical signs and symptoms®.

Studies using serologic tests have been developed by several
research groups, including the Mycobacterium leprae flow (ML Flow)
test, a simple and rapid lateral flow test whose results are obtained
from serum or whole blood within 5-10 min, without the need for a
laboratory or refrigeration, and thus, can be conducted anywhere®.

ML Flow detects specific antibodies against phenolic glycolipid
I (PGL-1) present in the walls of M. leprae. This result is related to
bacillary load and is highly sensitive for detecting multibacillary
forms of leprosy®. This test is also useful for classifying patients
into multibacillary and paucibacillary forms of the disease, which
allows for more appropriate treatment. Among the contacts of
patients with leprosy, a positive ML Flow test result indicates a
higher risk of contracting the disease™.

The intradermal Mitsuda test has been used to detect cellular
immune responses to M. leprae. It is characterized by the formation
of an induration at the injection site and reflects the development
of delayed hypersensitivity to the bacillus. Although it has no
diagnostic value, it aids in clinical classification and prognosis'.

This study aimed to analyze the profile of the leprosy endemic
in the Murrupula district and evaluate the socioeconomic, clinical,
and serological profiles of household and community contacts of
patients with leprosy.

METHODS

This was a cross-sectional epidemiological study. The study
sample included patients with leprosy diagnosed between
2013 and 2017, each patient’s contacts inside and outside their
household, and community contacts who presented spontaneously
and reported possible contact with a leprosy case.

A diagnosis was made in the communities of Carrupeia,
Cavina, Morilo, Muaprato, Muchelelene, Murrupa, Nacocolo, Naha,
Napico, and the district headquarters. Since these communities
were difficult to reach, researchers traveled to the communities
to facilitate contact and improve the participation of the target
group in the study. To locate and mobilize participants, we
engaged activists who were professionals and corresponded with
Community Health Agents in Brazil. Data were collected in July
and August of 2017.

Upon consent, we included all patients with leprosy identified
through the Murrupula Health Service reporting records and
their contacts. We also included community contacts who could
understand the objectives and answer questions with the help of
the translator (most participants spoke the local dialect, Macua,
as their main language). Only those with physical or cognitive
limitations that prevented them from answering questions and
undergoing physical examinations were excluded from the study.

To characterize the socioeconomic and clinical-epidemiological
profiles of the patients with leprosy, semi-structured questionnaires
were conducted to obtain information about the following
variables: age group (under 15 years [adolescents], 15-59 years
[adults] and 60 years and older [elderly]), education (primary school
cycle 1 [PSC1-1st, 2nd, 34, 4t and 5% grade], primary school cycle
2 [PSC2-6t" and 7t grade], secondary school [8%, 9t, 10, 11th, and
12 grade]), the number of residents in the household at the time
of diagnosis, number of bedrooms in the household, and whether
another resident in the household had already been diagnosed with
leprosy. Data on BCG scars, the presence and number of lesions, the
presence and number of affected nerves, operative classification,
clinical form, degree of physical disability at the time of diagnosis,
and treatment status were obtained from the clinical records.

A second form addressed the household and community
contacts and included information such as sex, age, education,
the number of rooms in the household, whether they were living
with the index case at the time of diagnosis or not, the degree of
kinship or relationship with the index case, type of living associated
with the index case (whether in the same room, household,
or property,) and the BCG scar. The contacts also underwent
dermatological and neurological examinations to evaluate the
presence of signs suggestive of leprosy, such as patches with
altered sensitivity; plaques; infiltrations; physical deformities;
affected nerves; operational classification; clinical form; and the
degree of physical disability. These clinical details allowed the
diagnosis of new leprosy cases among the interviewed contacts.

Finally, the contacts were subjected to the ML Flow and Mitsuda
tests. A digital puncture was performed to collect blood for the ML Flow
test, and the ML Flow rapid test from LDPTR/IPTSP/UFG - Goiés, Brazil
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was used. ML Flow is an immunological test that detects highly specific
IgM antibodies against phenolic glycolipids (anti-PGL-I), a specific
glycolipid of M. leprae, in both whole blood and serum samples. Five
microliters of whole blood were applied to the paper base of the
sample tube, and then two drops of buffer solution were added. Five
minutes after the test, visual readings were taken by the investigator
according to the manufacturer's guidelines. The principle of the test
follows the description in the literature by Buhrer-Sékula (2003)'.

The Mitsuda test is based on intradermal inoculation of the
Mitsuda antigen, a suspension of M. leprae bacilli derived from
heat-killed human leprosy pathogens, with a reading after 28
days, as recommended by the International Leprosy Congress in
Madrid in 1953™. This procedure was performed as described by
Doull, Guinto, and Mabalay in 1957'4. Both tests were performed
and evaluated by trained researchers.

Data were organized using the Epi Info software and Microsoft
Excel. After reviewing and preparing the data, statistical analysis
was performed using SPSS software, version 22.0 (IBM Corp.,
Armonk, NY, USA). Pearson's or Fisher's chi-squared tests were
used to evaluate the relationships between the variables studied.
The significance level was set at P < 0.05.

The research was approved by the Research Ethics Committee (COEP)
of the Federal University of Minas Gerais (UFMG) and by the National
Bioethics Committee for Health in Mozambique (REF.243/CNBS).
The study conformed to ethical principles on the handling of
human participants and the use of biological samples according
to the Declaration of Helsinki, Brazilian Resolution 466/2013, and
ethical standards applied by the National Bioethics Committee for
Health (CNBS) in Mozambique.

This research was funded by CAPES through the International
Program to Support Research and Teaching through International
Faculty and Student Mobility-Pro-International Mobility
(CAPES/AULP) - CAPES Announcement No. 33/2012. The
research team consisted of two Brazilian researchers (a
nurse, and a nursing student responsible for training the
Mozambican team); data collection and analysis personnel; a
physician responsible for leprosy diagnosis; data collection,
tabulations, and analysis of the Mitsuda test; and five
Mozambican nursing students involved in data collection and
translation of the respondents' answers into Portuguese.

RESULTS

During data collection, 49 patients with leprosy were diagnosed
between 2013 and 2017 in the Murrupula district. Of these, 104
contacts inside and outside the index cases’ households, and 27
contacts without leprosy cases were interviewed. As shown in
Table 1, 31 (63.3%) of the patients with leprosy were female,
43 (87.8%) were between 15 and 59 years of age, (the average
age was 32 years), and 29 patients had little (33.95%) or no
(53.6%) education.

Regarding the housing and living conditions, 25 patients lived
with up to four people (51.0%), and 46 (93.9%) lived in households
with up to two bedrooms (Table 1).

Most of the participants (73.5%) had at least one BCG vaccine
scar. The most common operational classification was multibacillary
(77.6%), and 14.3% (n = 7) had some degree of physical disability
at diagnosis (Table 1).

TABLE 1: Socioeconomic, demographic, and clinical characteristics of 49 patients
with leprosy diagnosed between 2013 and 2017. Murrupula, 2017.

Variables N %
Sex
Female 31 63.3
Male 18 36.7
Age Group
Under 15 years old 3 6.1
15 to 59 years old 43 87.8
60 and more 3 6.1

Level of education

PSC1 14 339
pPsc2 3 7.1
Secondary 3 54
Uneducated 29 53.6

Number of residents in the household
1to 4 people 25 51.0
5 or more people 24 49.0
Number of rooms
Upto2 46 93.9
3 or more 3 6.1

Number of skin lesions at diagnosis

No 1 2.0
Less than 5 13 26.5
5 or more 35 714

Injured nerves

Yes 18 36.7

No 31 63.3
BCG scar

Yes 36 73.5

No 13 26.5

Operational Classification
Multibacillary 38 77.6
Paucibacillary 11 224

Physical disability at diagnosis

Yes 7 14.3
No 35 714
No Information 7 14.3
Total 49 100

Source: Prepared by the authors for the purpose of this study.
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Some characteristics differed between the groups regarding with the father or mother was the most frequent in both groups,
contact between cases and the community. Among household it was before spouses among household contacts (24.0%) and
contacts, the majority were female (58.7%), whereas, the community before siblings, and other family ties among community contacts
contacts were mostly male (63.0%). Although the degree of kinship (20.8%) were considered ( p = 0.012; Table 2).

TABLE 2: The association between the socioeconomic factors, type of living conditions, and clinical characteristics of 104 case contacts and 27 community contacts.
Murrupula, 2017.

Case Contacts Community contacts

Variables N % N % p-value
Sex
Female 61 58.7 10 37.0 0.053
Male 43 413 17 63.0
Age Group
Under 15 years old 39 375 4 154 0.069
15 to 59 years old 59 56.7 21 80.8
60 and more 6 5.8 1 3.8
Level of education
Uneducated 47 45.2 11 40.7 0.446
PSC 1 42 404 9 333
PsC2 10 9.6 4 14.8
Secondary 5 4.8 3 111
Number of rooms in household
Upto2 88 85.4 21 80.8 0.552
3 or more 15 14.6 5 19.2
Degree of kinship with index case
Father/Mother 38 36.5 7 29.2 0.012
Son 9 8.7 0 0.0
Grandparents 7 6.7 3 12.5
Brothers and sisters 17 8.7 5 20.8
Spouse 25 24.0 2 83
Another family tie 8 7.7 5 20.8
Neighbor 0 0.0 2 83
Contact Type
Household 92 81.4 9 56.3 0.030
Peridomiciliar 21 18.6 7 438
BCG scar*
Yes 75 74,3 10 40.0 0.002
No 26 25,7 15 60.0
Stains with altered sensitivity
Yes 5 4.8 10 37.0 <0.001
No 99 95.2 17 63.0
Confirmed diagnosis
Yes 4 3.8 13 481 <0.001
No 100 96.2 14 51.9
Result of MLFLOW*
Positive 9 8.8 9 333 0.003
Negative 93 91.2 18 66.7
Mitsuda test result
Positive 95 91.3 27 100.0 0.134
Negative 9 8.7 0 0.0
Total 104 100.0 27 100.0

Source: Prepared by the authors for the purpose of this study; data without information were excluded.
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TABLE 3: Socioeconomic factors and clinical characteristics of the 17 contacts
who were living with the index case and diagnosed with leprosy. Murrupula, 2017.

Leprosy contacts

Variables N %
Sex

Female 6 353

Male 11 64.7
Age Group

Under 15 years old 2 11.8

15 to 59 years old 13 76.5

60 and more 2 11.8
Level of education

Uneducated 9 529

PSC 1 (1st,2nd,3rd,4th,5th grade) 3 17.6

PSC 2 (6th,7th grade) 3 17.6

Secondary (8th, 9th, 10th, 11th, 12th grade) 2 11.8
Number of rooms in household

Upto2 13 76.5

3 or more 3 17.6

No information 1 5.9
Degree of kinship with index case

Father/Mother 5 294

Son 0 0.0

Grandparents 1 5.9

Brothers and sisters 5 29.4

Spouse 0 0.0

Another family tie 2 11.8

Neighbor 2 11.8

No information 2 11.8
Contact Type

Household 9 529

Peridomiciliary 7 412

No information 1 5.9
Living with index case

Sleeps in the same room 2 11.8

Sleeps in the same household 7 41.2

Sleeps on the same ground 7 41.2

No information 1 5.9
Scar from BCG

Yes 9 529

No 7 412

No information 1 5.9
Stains with altered sensitivity

Yes 12 70.6

No 5 29.4
Operational Classification

Paucibacillary 3 17.6

Multibacillary 14 824
Clinical form

Tuberculoid 3 176

Dimorph 10 58.8

Lepromatous 4 235
Degree of physical disability

0 2 11.8

1 9 52.9

2 6 353
ML FLOW result

Positive 9 529

Negative 8 47.1
Mitsuda test result

Positive 17 100.0

Negative 0 0.0
Total 17 100.0

Source: Prepared by the authors for the purpose of this study.

As shown in Table 2, the most common type of contact was
household contact. However, community contacts had a higher
percentage of individuals living together in the peridomicile (43.8%;
p = 0.030). Sixty percent of community contacts had no inoculation
scars (p = 0.002) and 37.0% (p < 0.001) had spots with altered
sensitivity. The percentage of contacts diagnosed with leprosy
was higher in the community contact group (48.1%; p < 0.001).
The ML Flow results were also more positive (33.3%; p = 0.003).

Table 3 specifically refers to the number of contacts diagnosed
with leprosy. They were predominantly men (64.7%), aged
15-59 years (76.5%), and had no schooling (52.9%). Most of the
households had up to two bedrooms (76.5%).

The most common kinships were that of fathers, mothers, and
siblings ( 29.4% for all categories). The type of contact within a
household was the most frequently reported (52.9%), although 41.2
of respondents reported living in the house. Regarding living with
the index case, 41.2% reported sleeping in the same household,
which is the same percentage as those who reported living in the
same household (Table 3).

Nine (52.9%) contacts who were diagnosed with leprosy had
at least one BCG scar and 12 (70.6%) had patches of altered
sensitivity. Most were classified as multibacillary (82.4%), of the
dimorphic clinical form (58.8%), while 52.9% (n = 9) experienced
grade 1 physical disability, and 35.3% (n = 6) had grade 2 physical
disability. Serological test results were positive in 52.9% of contacts
with a positive diagnosis, and Mitsuda was positive in all cases.

DISCUSSION

The results showed that leprosy was recognized late in all
populations studied. Among the household and community
contacts of patients with leprosy, 17 were diagnosed with leprosy.
Of all the leprosy cases, multibacillary clinical forms with some
degree of disability, skin lesions with loss of sensation, and affected
nerves predominated. These findings are consistent with the results
of another study in the Murrupula district, which cited difficult
communication between health professionals and the population
due to language issues (most participants spoke the local Macua
dialect), turnover of professionals, the long duration between
the onset of symptoms and diagnosis, and cultural beliefs of the
population as reasons for this situation™.

Of note, many contacts who were diagnosed with leprosy at
the time of the survey spontaneously presented for testing, with
permanent physical disabilities, infiltrations, numerous skin lesions,
nerve involvement, and even mutilations of the hands and feet,
typical of the lepromatous pole. Considering the long incubation
period of the bacillus and its clinical presentation, it is highly
probable that the M. leprae infection occurred many years ago.
This highlights an operational failure of the leprosy surveillance
measures and a hidden prevalence of the disease’.

This epidemiological profile is not unique to the population of
Mozambique. All countries with patients with leprosy, regardless
of their level of endemicity, should ensure significant improvement
in leprosy control, relief, and surveillance. Leprosy detection is
heterogeneous and depends on the experience of the health team,
as well as the population's access to health services.

For example, in 2017, the year the data were collected, and in
2018, there was an increase in leprosy diagnoses in Murrupula,
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with 45 and 93 cases, respectively. The cases diagnosed in 2017
experienced a lower proportion of grade 2 physical disabilities
(13.3%) than the district's historical series'. This may reflect a
possibility of improved detection of cases in the region.

A positive ML Flow test was more common among contacts
diagnosed with leprosy and among the contacts of patients who
presented spontaneously. Despite the limitations of serologic
testing and the specifics involving the immune system, there is
consensus on the association between positive anti-PGL-| serology
and a higher incidence of leprosy'®'®. There is evidence that
seropositive contacts are three times more likely to contract leprosy
than seronegative contacts. Therefore, serological tests have been
used as markers for the degree of endemicity in a given population™.

In Brazil, serological tests have recently been approved for use
in healthcare settings to help in the early diagnosis among contacts
of patients with equivocal signs and symptoms. This is considered
an advance in leprosy control, as it can facilitate the detection of
individuals who are at a higher risk of contracting the disease®.

Regarding the Mitsuda test, the results of this study are intriguing
because the classic association of negative Mitsuda test results with
lepromatous leprosy was not observed?'. All the patients of this
study were positive for the Mitsuda test, including four lepromatous
and 10 dimorphic cases. Classically, a positive response to the test
is observed in tuberculoid patients, which reflects their ability
to develop an efficient granulomatous response to M. leprae. In
contrast, in lepromatous patients, the absence of a response to
the test indicates their inability to contain bacilli multiplications,
and dimorphic patients vary in their response to this test®2

Two possibilities to consider are nonspecific reactions to tissue
residues present in the whole Mitsuda antigen produced from
human leprosy, and the occurrence of secondary infections. In
this case, histopathologic analysis of the induration area could
clarify the presence or absence of an epithelioid granuloma with
rare or absent bacilli, which is the morphological substrate of a
true positive reaction?.

Most patients and leprosy contacts had at least one BCG
vaccine scar. Currently, the BCG vaccine remains the main strategy
for prophylaxis of leprosy, and the expansion of vaccination in
endemic countries is strongly recommended. There was evidence
of protection against M.leprae from 41.0% (in experimental studies)
to 60.0% (in observational studies).

The expansion of vaccination in Mozambique is due to the
work of the Expanded Vaccination Program, which has reduced
morbidity and mortality in the child population since 1979. The
BGC program achieved an 80% coverage between 1997 and 2015%.
However, the frequency of nonvaccination was significantly higher
among contacts diagnosed with leprosy and those who presented
spontaneously. This finding requires attention because these
populations represent spontaneous demand and late diagnosis
given the clinical features presented.

Our findings suggest the importance of putting in place
an active search for leprosy cases, which is often neglected in
municipalities due to a lack of action planning. The search should
not only take place among contacts but also in collective actions
involving the entire population to make earlier diagnoses and
avoid physical disabilities’®.

In terms of socioeconomic and demographic characteristics,
the majority of cases and contacts of patients with leprosy were
female, which can be justified by the fact that women have a better
body image, observe themselves more, and seek health services
more often than men2>. Another peculiarity of this population was
that women made up 52.0% of the population in Mozambique and
have a higher life expectancy?®.

In contrast, most of the new cases diagnosed during contact
examination were men, which is consistent with the literature
indicating higher leprosy transmission in men?282, |ate diagnosis,
and a higher probability of developing physical disabilities®=°.

The adult age group appears to be a common category for all
respondents, especially for new cases diagnosed in contacts, and
is of great epidemiological importance because of the possibility
that those affected may not be able to work because of physical
limitations from leprosy?'.

The high prevalence of a low educational level and a lack of
schooling reflects socioeconomic vulnerability and the scenario of
poor living conditions that favor the transmission of leprosy3233. On
the African continent, this has become even more important, given the
history of deep social inequalities and exploitation of the population.

Housing conditions alsoillustrate the socioeconomic status of the
population affected by leprosy. The majority live in small households
with no more than two rooms, which causes greater proximity
between the inhabitants and favors the spread of bacillus®1.

Household contacts of patients with leprosy have the highest
risk of contracting the disease, particularly when associated with
multibacillary index cases, a lack of BCG vaccination, positive ML
Flow test results, and unfavorable socioeconomic conditions® The
most frequently mentioned kinship among the contact groups,
including those diagnosed with leprosy, were fathers, mothers,
spouses, and siblings. However, in this study, more distant relatives
and neighbors were also affected. A peculiarity noted in this
population was the way the houses were organized, namely, very
close to each other and on the same property, which would justify
the high number of people living in the proximity of the index cases.

Therefore, the search for contacts must go beyond the home and
include the closest neighbors, relatives, work, and school colleagues,
because it is known that social and family contacts are also at a
higher risk of disease compared to the general population®. A study
conducted in the northern region of Brazil reviewed the spatial
distribution of leprosy cases diagnosed among schoolchildren,
and found that all lived within 200 m of the index case®.

The limitations of this study include the small sample size due to
the difficulties faced by the team (language difficulties and access
of the communities), the complicated logistics of collecting data
from the target population, and the geographic and organizational
factors of the local monitoring service. The latter is also due
to the sparse information on leprosy cases and their contacts.

There is strong evidence of a profile of endemic leprosy in
one of the most endemic districts of Nampula Province (one of
the most important districts in the country), indicating common
late diagnoses and the existence of a population living in a supply
vacuum. For this community, signs and symptoms suggestive of
leprosy require investigations as early as possible. Additionally,
the study conducted an active search among household and
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community contacts, so that a diagnosis could be determined
at the time of the interview. The team used serological tests to
contribute to the epidemiological surveillance of the disease.

It is clear, then, that much remains to be done to eliminate
leprosy in Mozambique and other parts of the world. The results of
this study show a tendency for late diagnoses, physical disabilities,
sparse active search, and technical and operational difficulties of
accessing health services. A public health policy to improve the
diagnosis and care of individuals with leprosy in the region of
Murrupula is warranted, and in the future, the policy should be
extended to the whole country.

Our results suggest that a training program for health
professionals and awareness campaigns for the general population
are necessary. A publicly accessible unified database, active
surveillance of leprosy cases and contacts and follow up of cases
among the clinically healthy population are also important. Each
leprosy case must be treated and followed up appropriately.
Reference centers for the referral of specific cases and rehabilitation
should also be established.

In future research, new studies that utilize serological and
histopathological techniques for the epidemiological surveillance
of leprosy and early diagnosis are warranted. Furthermore, the
complicated logistics of access and the specificities of the region
must be considered.
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