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Abstract

Background

The high rate of leprosy cases among children under 15 years of age in Brazil indicates
ongoing transmission within the community. The identification of the new leprosy cases
among contacts can help identify the source of infection and interrupt the transmission
chain. This study aims to determine the detection rate of previously undiagnosed cases of
leprosy among schoolchildren who are under 15 years of age living in Manaus, Amazonas,
Brazil, and their possible source of infection by contact tracing.

Methodology/Principal findings

This was a school-based, cross-sectional study in which the identification of active leprosy
cases was conducted in 277 out of 622 randomly selected public schools in Manaus, Amazo-
nas, Brazil. Suspected cases of leprosy were referred to the Alfredo da Matta Foundation, a
reference center for leprosy in Manaus. A total of 34,547 schoolchildren were examined, and
40 new leprosy cases were diagnosed. Among new cases, 57.5% were males, and 80.0%
demonstrated paucibacillary leprosy. A total of 196 of 206 registered contacts were screened,
and 52.5% of the newly diagnosed children’s cases had at least one positive household con-
tact. In these contacts, grandparents (52.4%) were the most common co-prevalent cases,
while 14.3% were uncles, 9.5% were parents and 9.5% were granduncles. Seven contacts
(5.0%), including four siblings of child patients were newly diagnosed. Our data indicate that
the prevalence is 11.58 per 10,000, which is 17 times higher than the registered rate.

Conclusions/Significance

This study suggests that the detection rate of leprosy among schoolchildren may have
remained unchanged over the past thirty years. It also indicates that that active case finding
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is necessary for reaching the World Health Organization’s goals of zero detection among
children, especially in endemic areas where the prevalence of leprosy is obscure. Moreover,
we assert that all children must have their household contacts examined in order to identify
the possible source of infection and interrupt the disease’s transmission. Novel strategies to
reinforce contact tracing associated with large-scale strategies of chemo- and immune-pro-
phylaxis should be expanded to prevent the perpetuation of the disease cycle.

Author summary

Leprosy is a disease that has long since been eradicated in the developed world, but it still
affects poor people in developing countries, such as India, Brazil, and Indonesia. Because
the causative agent of the disease may involve the skin and peripheral nerves, the disease
can cause physical disabilities and deformities. Although leprosy affects all ages, children
under 15 years of age are an important epidemiological marker because infection in that
age group indicates active transmission within the community. In our work, we examined
34,547 children from public schools in Manaus, a city in the north of Brazil. In this popu-
lation, we found 40 new cases of leprosy that were further confirmed by clinical and labor-
atorial tests. We also examined 196 people who had familiar or close non-familiar contact
with the affected children. Among them, we identified the possible source of infection of
21 affected children and found seven new cases of leprosy. Overall, our findings revealed a
detection rate of leprosy cases that was 17 times higher than the registered number. This
indicates the necessity of identifying active cases of leprosy in order to improve case detec-
tion and effectively control the disease.

Introduction

Mycobacterium leprae, the causative agent of leprosy, is primarily transmitted person-to-per-
son and through the air. People living in leprosy-endemic regions are at greater risk of being
exposed to the infection. The risk of developing the disease among paucibacillary (PB) contacts
is 2-3 times higher than that of the general population, while the risk increases to 5-10 times
among multibacillary (MB) contacts[1-3]. Therefore, contact tracing not only results in the
detection of additional cases but further offers several indirect advantages such as early diagno-
sis and reduced risk of transmission[4].

Familial leprosy distribution indicates a relationship between the clinical forms of the dis-
ease and kinship degree. Consanguineous relatives belonging to families whose fathers or
mothers had lepromatous leprosy showed a higher risk of developing the same type of disease.
On the other hand, non-consanguineous relatives were at a higher risk of contracting other
clinical forms of the disease [5]. A study conducted in the Philippines showed that the risk of
developing lepromatous leprosy was three times higher when one of the parents presented
with this clinical form of the disease [6]. In leprosy hyperendemic areas, the risk of developing
the disease may be elevated not only for household contacts but also for the residents in neigh-
boring homes [7, 8]. Recently, a survey conducted in a hyperendemic Brazilian region demon-
strated no significant difference in detection rates between household contacts and neighbors
(8].

According to the World Health Organization (WHO), Brazil accounts for more than
80% of leprosy cases diagnosed in the Americas[9]. In 2016, 25,218 new leprosy cases were
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diagnosed in Brazil, and 1,696 (6.7%) of those individuals were children, which corresponds to
a diagnosis rate of 3.63 per 10,000 people. In the same year, Amazonas State reported 443 new
cases of leprosy; the diagnosis rate was 1.10/10,000 inhabitants, and this was considered highly
endemic by the Brazilian Ministry of Health (BMH)[10]. Although the introduction of multi-
drug therapy (MDT) in the beginning of the 1980s drastically influenced the total number of
cases, there has been stagnation and a slight decrease in incidence over the past 10 years. This
data suggests that it is likely that MDT has little impact on incidence because transmission
occurs prior to diagnosis. Thus, strategies to prevent leprosy transmission indicate that contact
tracing and post-exposure prophylactic protocols using rifampicin and/or BCG[11-13] should
be successful. In this regard, the diagnosis of leprosy cases among children under 15 years of
age can help provide estimates of ongoing transmission [14, 15] and the presence of active dis-
ease foci in the community[16]. In the early 1980s, an active case finding in Manaus indicated
a detection rate of 10.6 cases of leprosy per 10,000 children [17].

This study was carried out to identify previously undiagnosed cases of leprosy among
schoolchildren and their possible source of infection by contact tracing. Patterns of family con-
tact with leprosy are demonstrated through genograms.

Methods
Population and study design

This was a school-based, cross-sectional study. Active case finding of leprosy in children under
15 years of age was conducted from March 2014 to December 2016 in 277 of the 626 public
schools in Manaus, Amazonas, Brazil. Manaus is one of the major cities in the north of Brazil
and has approximately 2,800,000 inhabitants [18]. The metropolitan area of Manaus has 626
public schools that enroll approximately 250,000 children [19]. Target schools were randomly
chosen through a lottery method using Open Source Epidemiologic Statistics for Public Health
software to obtain the study population. The probabilistic sample of 30,352 students was calcu-
lated based on the target population of students; the sampling error was 0.03%, and the confi-
dence interval was 95%.

Eligible participants and recruitment process

Children from randomly selected public schools in Manaus, Amazonas, were eligible to partic-
ipate in the study. The recruitment process started with an open seminar on leprosy and the
purpose of the study. After written informed consent was obtained from parents or legal
guardians, children received an initial physical examination conducted by trained and experi-
enced leprosy and skin nursing technicians. The initial physical examination took place at
school. Suspected cases of leprosy and other skin diseases, along with their legal guardians,
were referred to the Alfredo da Matta Foundation (AMF), a referral center for leprosy and
other skin diseases in Manaus.

Three dermatologists and laboratory tests confirmed the diagnosis of leprosy, which was
initially based on the presence of leprosy’s cardinal signs, i.e., if the patient had one or more
lesions with a definite loss of sensation and/or peripheral nerve thickening. If these signs were
evident, diagnosis was confirmed by histopathological changes and analysis of bacillary loads
in a slit skin smear test (SSS). Classification was performed according to Ridley and Jopling
[20, 21]. In cases in which there was no confirmation through the previously mentioned rou-
tine tests, a polymerase chain reaction (PCR) was performed to detect M. leprae DNA, as
previously described [22]. This technique has been used in patients who have clinical signs of
leprosy but no confirmation through routine tests and histopathology, in difficult-to-diagnose
cases, and in early detection in household contacts [22].
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For confirmed cases of leprosy, a standardized questionnaire was administered to gather
past medical history and social and demographic information, such as BCG scar status, data
on household and dwelling contacts, race—white, black, yellow, brown or indigenous -, etc.)
was applied. For treatment purposes, leprosy cases were classified as PB or MB, as recom-
mended by the Brazilian Ministry of Health (BMZ) [14] and the WHO [23].

Household contacts were defined as a group of people who lives or have lived with a leprosy
patient within the past five years. Direct and next-door neighbors, when indicated by legal
guardians, were also considered contacts. All contacts were initially examined by the nursing
technicians for clinical evidence of leprosy; the diagnosis of leprosy was also confirmed by
three dermatologists and the aforementioned laboratory tests.

Statistical analysis

Data were analyzed using Epi Info 7 software. Initial descriptive studies were performed
through frequency tables, position measurements and variability. Pearson’s chi-square test or
Fisher’s exact tests were used to analyze the categorical variables. The significance level was
0.05, and the confidence interval was 95%. The GenoPro version 3.0.0.7 software was used to
create genograms in order to identify the probable source of infection of new leprosy cases.

Ethical statement

Ethical approval was granted by the AMF Research and Ethics Committee. Written informed
consent was obtained from parents or guardians of children enrolled in the study. Parents or
guardians disclosed the diagnosis of leprosy to the respective contacts.

Results
School epidemiological survey

This study was conducted in 277 randomly selected public schools located in various districts
of Manaus. In total, 34,547 children under 15 years of age were enrolled in the study. Overall,
18,770 (54.3%) were females and 15,777 (45.7%) were males. The mean age was 9.6 years (stan-
dard deviation [SD] = 2.58). Regarding the distribution by self-reported ethnicity, the majority
(90.0%) of schoolchildren examined were brown with similar results obtained for both sexes.
According to the Brazilian Institute of Geography and Census, 69% of the Amazonas State’s
population is brown [19].The analysis for different proportions between sex and ethnicity did
not show a statistical significance between browns and whites (p = 0.16).

Overall, 8.2% of the 34,547 schoolchildren examined had skin diseases. The most common
skin disease was fungal (n = 955; 33.8%), followed by eczema/dermatitis (n = 725, 25.6%), viral
diseases (n = 153, 5.4%), and leprosy (n = 40, 1.4%). A total of 40 leprosy cases were identified
out of the total number of schoolchildren that were examined, resulting in a prevalence of
11.58 per 10,000 people. Among them, 23 (57.5%) patients were males, and 17 (42.5%) were
females. Regarding leprosy classification, 32 (80%) and 8 (20%) patients had PB and MB forms
of leprosy, respectively; among the PB patients, 24 (60%) presented with one lesion. The analy-
sis for different proportions between sex and leprosy classification did not show a statistical
significance between PB and MB leprosy (p = 0.43). The mean age was 10.6 years (range 4-13)
(Table 1).

Among the total cases of leprosy, 23 (59.0%) were 11 to 14 years of age; a similar pattern
was found in both genders. According to data from the Municipal and State Education Depart-
ments of the State of Amazonas, 334,228 (68%) of the students are within this age range [19].
The analysis of the distribution among these three age groups showed statistically significant
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Table 1. Clinical and epidemiological aspects of the 40 newly diagnosed cases of leprosy among schoolchildren in
Manaus, Amazonas, Brazil.

Characteristics Paucibacillary Multibacillary Total p
n=32 % n=3§8 % n =40 %

Sex

Male 17 53,1 6 75,0 23 57,5

Female 15 46,9 2 25,0 17 42,5
Age Range

5-7 1 3,1 2 25,0 3 7,5

8-10 9 28,1 5 62,5 14 35,0

11-14 22 68,8 1 12,5 23 57,5 0,004
Race/Color

Brown 28 87,5 8 100,0 36 90,0

White 4 12,5 0 0,0 4 10,0 0,38
Number of Lesions

1 24 75,0 0 0,0 24 60,0

2-5 8 25,0 0 0,0 8 20,0

>5 0 0,0 8 100,0 20,0
Disability grade

Grade 0 32 100,0 6 75,0 38 95,0

Grade I 0 0,0 1 12,5 2 5,0

Grade II 0 0,0 1 12,5 0 0,0

This table displays sex, age, race, number of lesions and disability grade of the 40 newly diagnosed cases of leprosy.

https://doi.org/10.1371/journal.pntd.0006261.t001

differences (p < 0.01). Notably, the majority of MB leprosy cases (n = 7) were less than 11
years of age. There was a predominance of the brown race among the cases (90.0%), and a sim-
ilar result was obtained for both genders.

Laboratory confirmation of clinically diagnosed cases

An overview of the tests performed to support diagnosis is presented in Fig 1. Of the 40 leprosy
cases, 32 (80.0%) were PB, and 8 (20.0%) were MB. A SSS was performed in 37 (92.5%) of the
leprosy cases, histopathological examination was performed in 34 (84.6%) cases, and PCR was
performed in 26 (65.0%) cases. Six had a negative SSS test, but did not have either a skin biopsy
nor PCR examination. Because these patients had skin lesions that fulfilled WHO clinical crite-
ria for leprosy (four had up to five lesions and two had more than five lesions), they were diag-
nosed and treated for PB and MB leprosy, respectively.

Of the 37 patients who received a SSS, 33 (89.2%) were negative, and four (10.8%) were pos-
itive. Three patients did not undergo SSS, but these patients had a skin biopsy taken and pre-
sented a negative result for PCR. Histopathological features of leprosy were seen in two cases,
and the result was inconclusive in one case. Because the latter patient had one lesion in which
leprosy was clinically confirmed, he was given PB treatment.

Leprosy was confirmed by histopathological examination in 14 children from the 34 histo-
pathological slides analyzed. The results were as follows: indeterminate (three cases), tubercu-
loid-tuberculoid (four cases), borderline-tuberculoid (three cases), borderline-lepromatous
(two cases) and lepromatous-lepromatous (two cases). In 20 patients, the histopathological
examination yielded results that were inconclusive but did not exclude the diagnosis of leprosy.
In this group, nine patients had a positive PCR result, as they exhibited fewer than five lesions
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I ¢ l 1 SB (inconclusive) + PCR~
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1 8B (BT) + PCR*
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Fig 1. Scheme of laboratory tests performed to support clinical diagnosis. Of the 40 newly diagnosed cases of leprosy, 37 patients received a SSS test,
34 had histopathological examinations, and 26 had a PCR. SB: skin biopsy; SSS: slit skin smear; I: indeterminate; TT: tuberculoid-tuberculoid; BT:
borderline-tuberculoid; BL: borderline-lepromatous; LL: lepromatous-lepromatous; MB: multibacillary; and PB: paucibacillary leprosy.

https://doi.org/10.1371/journal.pntd.0006261.9g001

that were being treated for PB leprosy, and 11 patients were negative for PCR examination.
One out of the 11 had a positive skin smear, and 10 were clinically diagnosed as leprosy cases.
The patient with the positive skin smear was treated for MB leprosy, and the other 10 who
presented with fewer than three lesions, received PB treatment. In total, M. leprae DNA was
detected in 12 (46.2%) out of 26 patients.

BCG scar status was recorded as positive in the majority (n = 37, 92.5%) of the patients.
Thirty-eight (95.0%) children demonstrated a zero incapacity grade; one case of paresthesia
(grade one disability) and one case of ulnar claw (grade two disability) were detected. Both
patients had MB leprosy.

Contact tracing and diagnosis

A total of 206 people were registered as household contacts of the schoolchildren diagnosed
with leprosy; only two direct neighbors, both with a past medical history of MB leprosy, were
indicated as contacts by the legal guardians. Overall, 196 (95.1%) of the contacts were clinically
examined. Among these contacts, we diagnosed seven new leprosy cases: five siblings, an
uncle, and an aunt were detected as index case patients. Two of these contacts were also under
15 years of age. Three contacts had PB leprosy, and four, including the two children who were
under 15 years of age, presented with MB leprosy.

Regarding the households, 21 (52.5%) patients lived with three to four people, whereas nine
(22.5%) lived with more than seven people. More than 50% of the children lived with their
families in households with up to four rooms, whereas 10 (25.0%) children lived in households
with five or more rooms.

Among 40 schoolchildren diagnosed with leprosy, we were able to identify 21 (52.5%) who
had or continued to have contact with patients within their household, familiar or not, who
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had previously been treated for leprosy or were still under leprosy treatment. Of these, six
(28.6%) children had contact with grandparents with a past medical history of leprosy. Three
(14.3%) had contact with uncles; two (9.5%) had contact with parents; two (9.5%) had contact
with their granduncles; one (4.8%) had contact with an aunt; one (4.8%) had contact with a
great-grandfather; one (4.8%) had contact with a grandmother and two cousins; and one
(4.8%) had close contact with a neighbor who was receiving leprosy treatment. Notably, the
father of four sibling schoolchildren (19.0%) was receiving leprosy treatment, while a grand-
mother and a great-grandfather had already been treated for leprosy. All of them, including
the recently diagnosed siblings, presented with MB leprosy. Nevertheless, we understand that
we did not design the study to test the familial/genetic nature of the susceptibility. However,
we were able to observe important clusters where the physical distance and familial distance
were detected. This description reinforces the need for contact tracing to stop leprosy trans-
mission. As for the other 19 schoolchildren diagnosed with leprosy during this survey, we were
not able to identify the possible source of infection.

Fig 2 shows genograms of nine out of 40 schoolchildren with leprosy and their possible
sources of infection. Children #1, #2, #3 and #4 belonged to the same family; during the inves-
tigation, it was found that the father, the maternal grandmother and the great-grandfather had
been treated for leprosy, and the first two relatives were MB. Children #5, #6, #7, and #21 had a
history of grandfathers treated for MB leprosy (Fig 2). The parents of children #8 and #20 were
receiving treatment for MB and PB leprosy, respectively (Fig 2).

Discussion

This school-based, cross-sectional study found a higher leprosy prevalence among children
than that registered in the official data. This result suggests that contact tracing is an important
epidemiological tool in diagnosing new cases of the disease and possible sources of leprosy
infection. In 2013, one year before we began enrolling children in our study, the prevalence of
leprosy in this population in Manaus was 0.68 cases per 10,000 children (0.68/100,000 in Ama-
zonas State and 0.50/100,000 in Brazil)[10,24]. Our study cannot estimate prevalence exactly.
However, our data clearly indicate a hidden prevalence, since our data suggests that 11.58 per
10,000, which would be 17 times higher than that in the registered data. We detected 40 new
cases of leprosy out of a total of 34,547 examined schoolchildren. New cases of leprosy diag-
nosed among screened contacts under 15 years of age were not included in the aforementioned
prevalence. Overall, this data suggests the existence, in the city of Manaus, of a hidden preva-
lence of significant magnitude.

From 1979 to 1982, Talhari and co-authors performed an active case finding in Manaus
and found a prevalence of 10.6 cases of leprosy per 10,000 children [17]. From 1991 to 2016,
the birth rate decreased in Amazonas State, from 32.4 to 19.7 per 1,000, respectively [25, 26].
Accordingly, official data from BMH show that the leprosy prevalence among children has
been declining for the past 25 years in Amazonas State and also in Brazil [10]. However, our
data, if confirmed in a design to estimate the prevalence, it would likely to be even higher than
that found over 30 years ago.

Recently, high rates of clinical[27] and subclinical leprosy have been reported in Brazil [28].
In both studies, the diagnosis of leprosy was based on clinical and serological results. In our
study, the vast majority (85.0%) of new cases of leprosy were confirmed by at least one diag-
nostic method that combines classical and novel tools: SSS and/or skin biopsy and/or PCR
test. Accurate diagnosis and careful description of previously undiagnosed leprosy cases are
important to address the true prevalence of the disease in endemic countries.
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Fig 2. Genograms of schoolchildren #1, #2, #3, #4, #5, #6, #7, #8 and #9. Genograms showing the possible source of infection with M. leprae among nine

newly diagnosed leprosy cases.

https://doi.org/10.1371/journal.pntd.0006261.9002
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In this study, 54.3% of screened schoolchildren were female, but the leprosy cases were
male (57.5%); this data is in accordance to the official data from the BMZ [19, 24]. The major-
ity of the leprosy cases were diagnosed in older children. This reinforces the need for active
case finding and suggests that instituting an approach to contact tracing is probably a valuable
policy.

The majority (80.0%) of the newly diagnosed cases of leprosy were PB with the presentation
of a single lesion; this is similar to the rate found in other studies [27, 29, 30]. However, eight
schoolchildren in addition to four contacts who were less than 15 years of age demonstrated
MB leprosy. In endemic areas, the early exposure to M. leprae and the presence of familial
cases of the disease facilitate the greater frequency of contamination of children [17, 31-33].

Of the 21 schoolchildren with leprosy whose possible source of infection was identified
among household contacts, 95.2% had contact with family members who previously had or
were still receiving treatment for the disease. Contact with infected grandparents was found to
be the most probable source of infection in our study. Notably, we found a cluster in which
three generations had been diagnosed and treated for leprosy. High rates of consanguinity
were found in other studies [30, 34], wherein parents and grandparents were the most likely
source of infection [35-37]. Although household contact with an MB case is the strongest
known determinant of leprosy risk, the vast majority of such contacts never manifest disease,
which indicates the crucial role of genetic and/or environmental factors in the transmission of
the M. leprae infection and/or the pathogenesis of clinical leprosy[31].

It is worth highlighting that patients and families are frequently not aware of any contact
they have had with the disease, and they are often unaware of leprosy patients in the family or
in the nearby neighborhood. Patients with active disease and higher bacillary loads are consid-
ered the most important actors in transmitting and perpetuating the disease in a way that
household contacts exhibit the highest risk of developing the disease. Therefore, screening
family and non-family members in leprosy-affected households is mandatory. Also, chemo or
immuno-prophylaxis has been shown to reduce the risk among the household contact popula-
tion [11- 13].

In addition to current leprosy cases in the family, housing in endemic areas, agglomerations
of people living in a single household, family and social aggregation habits, household features,
unfavorable conditions in the population and low educational level [35] are known risk factors
for leprosy. In our study, conducted in an endemic area, more than 70% of the families lived
in households with up to four rooms, and approximately 18 (45%) of the cases cohabited with
more than five people.

Although controversial [13, 38], the administration of an additional dose of BCG to all
healthy contacts is still recommended [11, 14]. Besides reducing clinical leprosy among vacci-
nees, mainly of the MB type, recent data suggested that BCG vaccination of household contacts
of MB leprosy patients may induce activation of T cell clones that recognize M. leprae specific
antigens not shared with BCG [39]. The majority (92.5%) of schoolchildren diagnosed with
leprosy in this study had one positive BCG scar and the PB form of the disease (80.0%). Per-
haps, if these children had been examined and vaccinated when their relatives were diagnosed
with leprosy, we would not have had them as patients. Furthermore, early diagnosis could
have prevented the occurrence of disability as found in two of the newly diagnosed cases of
leprosy in this study.

The frequency of leprosy occurrence in children is an important epidemiological indica-
tor in determining the level of transmission of the disease. Recently, the WHO has published
goals for the year 2020 suggesting that, among health control issues, leprosy should have
zero cases in children and zero cases with incapacities [40]. Officially, a trend towards the
decrease of leprosy among children under 15 years of age has been suggested. However, our

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006261 February 26, 2018 9/12


https://doi.org/10.1371/journal.pntd.0006261

@‘ PLOS NEGLECTED
Z) ’ TROPICAL DISEASES Leprosy among schoolchildren

data indicates that the true prevalence of leprosy in this particular population may be slightly
higher than that found over 30 years ago in the city of Manaus. To stop transmission, pro-
grams for the screening of household contacts should be improved and expanded, as screen-
ing has proven to be efficient for detecting early cases of leprosy [4]. These approaches
associated with BCG vaccination and/or single dose rifampicin (SDR) reduce new cases in
this household contact group [11, 41]. However, complementary approaches to improve sur-
veillance and, thus, uncover hidden undiagnosed infectious cases that are actively transmit-
ting leprosy are crucial to break the chain of transmission. Here, we provide evidence that
screening of schoolchildren could be a valuable strategy to support leprosy control and
achieve the goal of zero transmission.

This study shows that living with or in close proximity to leprosy patients and large family
agglomerations in households with few rooms may be important risk factors for leprosy trans-
mission among children. Moreover, this study highlights the value of contact screening of lep-
rosy patients. There is a high level of family contact with leprosy in these cases, which gives
support to the strategy of screening children in leprosy-affected households.
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