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Abstract

Background: Leprosy is a chronic infection caused by Mycobacterium leprae. In endemic locations,
children become vulnerable as a result of being continuously exposed to foci of active transmission from a
very young age, especially from their mothers. This study aims to find association between environmental
risk factors and leprosy in mothers and children in endemic areas.

Methods: This study is a case-control study in endemic areas in Tuban Regency, East Java Province,
Indonesia. Retrieval of data was done using structured questionnaire and direct measurement. Chi-square
was used to assess the association between environmental factors and leprosy in mothers and children groups.

Results: 22 pairs of cases and 57 pairs of controls were examined. It is found that access to clean water
is associated with leprosy in mothers in endemic areas (p value = 0.047, OR 3.080, CI 95% 2.232-4.251).
Environmental factors are not associated with pediatric leprosy in endemic areas.

Conclusion: The results of our study show that environmental factors are not associated with pediatric

leprosy in endemic areas. Access to clean water is associated with leprosy in mothers in endemic areas.
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Introduction

Leprosy is a chronic infection caused by
Mycobacterium leprae. In 1991, the World Health
Organization (WHO) has proposed the
elimination program that aimed to reduce the global

leprosy
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prevalence of leprosy to less than one case per 10,000
population by the year 2000." > However, leprosy
remains endemic in some country, with relatively high
burden in children and an increase in the new cases
detection rate.*In 2019, 177,175 registered cases and
202,185 new cases of leprosy were observed globally.?

Three countries with the highest leprosy cases i.e.
India, Brazil, and Indonesia accounted for 80% global
leprosy cases.* In Indonesia, registered leprosy cases
reached 19,938 cases in 2019, in which 17,439 were
new cases; leprosy on female add up to 10,741 cases
(61.59%) and 2,009 (11.52%) cases were observed
amongst children.’> Despite rarely being lethal, leprosy
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cause numerous morbidity; ranging from skin and
peripheral nerves manifestation to tissue damage,
deformity, disability, and stigma.®’

Transmission of leprosy is accepted to be primarily
person to person: the risk of developing leprosy is 5-10
times higher if one member of the family has developed
the disease previously.® Previous studies showed that
men were predominantly more affected by leprosy
than women do. The significant difference could be
attributed to underdiagnosis due to the sociocultural
factors amongst women, such as illiteracy, limitation of
mobility, and having low social status.’ In addition, the
position of women in the household increases the risk of
leprosy transmission to their child.

Due to the long incubation period of this disease,
leprosy is more common in adults. Nevertheless, in
endemic locations, children and adolescents, theoretically
considered the group most resistant to infection, become
vulnerable as a result of being continuously exposed
to foci of active transmission from a very young age.'’
Furthermore, it is known that new cases of leprosy in
children depicts active transmission of leprosy in an
area or a country.!'! Proportion of new cases of leprosy
among children aged <15 years old also shows the high
potential of transmission through household contacts.
A study showed that cases of leprosy among children
under 15 years old is a strong indicator of active leprosy
source in a society.!?

Previous studies have shown that pediatric leprosy
most likely happens in an area with poor sanitation. A
study in India has stated that low socioeconomic status,
poor housing, and environmental factors are associated
with leprosy. Bacteria can live in natural reservoirs such
as land and water disposal unit, so this could contribute
to the transmission of leprosy.!> Another study has
stated that social markers and environmental conditions
are risk factors of M. leprae transmission in children and
adolescents in Colombia.'*

Finally, epidemiological studies of leprosy in
children can point out the important aspects of the
environment that influence the leprosy transmission in
an endemic area. This is because children have lower
mobility than adults.!>
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In previous studies, even though family contact
increases the risk of leprosy, in a typical endemic
area, the majority of new cases cannot be linked to
intra-domiciliary contact with a leprosy patient.?
This suggests the possibility that infection may result
through prolonged or repeated unknown exposure to
an environmental source containing viable bacilli.
Evidence also suggests that the degree of vulnerability
of the individual, the extent of exposure, and associated
environmental factors could potentially influence the
transmission. Complete understanding of ecological
and environmental components may unfold the gaps
in knowledge regarding the mode of transmission of
leprosy.!6-2!

Despite being one of the priority countries that are
highlighted by WHO for leprosy elimination, there is a
lack of studies regarding leprosy in mother and children
in Indonesia, especially in endemic areas. Therefore,
this study aims to analyse environmental risk factors for
leprosy in mother and children in endemic areas.

Materials and Methods

Study area and population

The study was conducted from March until June
2020 in 10 sub-districts in Tuban Regency, East Java
Province. Tuban Regency, a regency in northern area of
East Java Province, is located 0-500 meters above sea
level. This rather small regency (1.839,94 km?, 3,8%
of East Java) has about 1.2 million inhabitants, with
paddy fields (31,6%) dominating its land. This regency
is considered a leprosy pocket area, with 172 cases in
2018 of which 5.81% cases were cases among children.
These 10 areas across 10 sub-districts (Bulu, Jenu,
Jetak, Kerek, Palang, Soko, Sumurgung, Tambakboyo,
Temandang, Tuban) are considered endemic areas of
leprosy, where in the last 5 years there are always new
cases every year. Study area is depicted in Figure 1.

Cases were selected from the local primary health
center’s registry data. The inclusion criteria for subject
with leprosy was those with confirmed diagnosis of
leprosy and aged between 5-18 years old for children;
whilst the excluded were those with any leprosy
reaction, poor general condition, and diagnosed with
inflammatory or autoimmune disorder, allergy, or
infection other than leprosy, and pregnancy. All of the
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subjects were given informed consent. Thereafter, to
confirm the diagnosis, the subjects underwent clinical
examination done by a dermatologist and then acid-fast
staining by trained health and laboratory professional

2367

from Dr Soetomo General Hospital and Tropical Disease
Centre of Airlangga University. Controls were selected
from mothers and children who visit the same primary
health centers for other than skin problems and live in

the same sub-districts.

Figure 1. Study area. Ten sub-districts in which the study areas are located are colored in grey.

Data Collection

A structured questionnaire was used to collect
demographic and environmental data from cases and
controls (see supplementary data). Environmental
data includes house ceiling, house windows, house
walls, house flooring, lighting and house brightness,
temperature, humidity, bedroom crowding, bedroom
and house windows, ventilation, access to clean water,
latrine availability, sewage disposal unit, trash disposal
unit, and pre-tested house criteria score. Trained health

professionals were responsible for interviewing cases
and controls and measuring house components at the
participants’ houses.

Data Analysis

Data were analysed using SPSS® software (IBM
Corp., Armonk, New York, USA). Variables were
analysed using chi-square test to assess the association
between environmental factors and leprosy in each
mother and child populations.
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Ethical considerations

The study protocol has been approved by the Health
Research Committee of Dr Soetomo General Hospital,
Surabaya (Ref. 1664/KEPK/X1/2019). Subjects were
only included after written informed consent was
obtained and they were reassured that non-participation
would not affect their treatment.
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Results and Discussion

Information was obtained from 22 pairs of cases and
57 pairs of controls in endemic areas. Within the children
group, the proportion of male subjects is 48%. The mean
age of all participants is 13.18 years (SD =+ 4.649).
The results of bivariate analyses are shown in Table 1.
From bivariate analysis, it can be derived that none of
the observed environmental factors are associated with
pediatric leprosy in endemic areas.

Table 1. Bivariate analysis of environmental factors and pediatric leprosy in endemic areas

Diagnosis
Total
Variable Leprosy | Healthy P Value Crude OR (95%CI)
n (%) n (%) n (%)
Having house ceiling
No 20 (30.8%) |45 (69.2%) | 65 (100%) 0212 2.667
Yes 2(14.3%) |12 (85.7%) | 14 (100%) | (0.545-13.036)
House walls
Bamboo webbing/not permanent 3(37.5%) | 5(62.5%) | 8 (100%) 0.521 1.642
Permanent walls 19 (26.8 %) | 52 (73.2%) | 71 (100%) | (0.357 —7.544)
House flooring
Soil 5(50.0%) | 5(50.0%) |10 (100%) 0.094 3.059
Plestered/Ceramic 17 (24.6%) | 52 (75.4%) | 69 (100%) | (0.789 — 11.860)
Lighting
Poor (<60 lux) 18 (31.0%) |40 (69.0%) | 58 (100%) 0.294 1.912
Adequate (>= 60 lux) 4(19.0%) |17 (81.0%) | 21 (100%) | (0.563 — 6.498)
House brightness
Dim/dark 18 (32.1%) | 38 (67.9%) | 56 (100%) 0.184 2.250
Brightly lit 4(17.4%) |19 (82.6%) |23 (100%) | (0.667 —7.586)
Temperature
<18 oC; >30 oC 19 (26.8%) | 52 (73.2%) | 71 (100%) 0.521 0.609
18 0C —30 oC 3(37.5%) | 5(62.5%) | 8 (100%) ' (0.133 —2.798)
Humidity
>60%; <40% 21 (31.8%) |45 (68.2%) | 66 (100%) 0.076 5.600
40% - 60% 1(7.7%) |12(92.3%) | 13 (100%) | (0.683 —45.947)
Bedroom crowding
Crowded 14 (25.9%) | 40 (74.1%) | 54 (100%) 0.575 0.744
Not crowded 8(32.0%) |17 (68.0%) |25 (100%) | (0.264 —2.099)
Availability of bedroom windows
No 14 (28.6%) | 35 (71.4%) | 49 (100%) 0.855 1.100
Yes 8(26.7%) |22 (73.3%) |30 (100%) | (0.397 —3.048)
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Cont... Table 1. Bivariate analysis of environmental factors and pediatric leprosy in endemic areas

Availability of house windows
No 13 (34.2%) |25 (65.8%) |38 (100%) 0.225 1.849
Yes 9 (22.0%) 32 (78.0%) (41 (100%) ’ (0.682 - 5.016)
Ventilation
No 12 (27.3%) |32(72.7%) |44 (100%) 0.898 0.938
Yes 10 (28.6%) |25 (71.4%) |35 (100%) ’ (0.349 -2.520)
Access to clean water
No 0 (100%) 2 (1000%) | 2 (100%) 0.374 1.400
Yes 22 (28.6%) | 55 (71.4%) | 77 (100%) (1.216-1.612)
Latrine availabity
No 1(14.3%) | 6(85.7%) | 7(100%) | 0.402 | 0.405
Yes 21(29.2%) | 51(70.8%) | 72 (100%) (0.046 — 3.570)
Sewage disposal unit
No 5(38.5%) 8 (61.5%) 13 (100%) | 0.350 1.801
Yes 17 (25.8%) | 49 (74.2%) | 66 (100%) (0.518 — 6.263)
Trash disposal unit
No 17 (28.3%) | 43 (71.7%) | 60 (100%) | 0.864 | 1.107
Yes 5(26.3%) | 14(73.7%) | 19 (100%) (0.345 - 3.550)
House criteria
Unhealthy (375 - 933) 13 (26.0%) | 37 (74.0%) | 50(100%) | 0.630 0.781
Healthy (<375) 9 (31.0%) 20 (69.0%) | 29 (100%) (0.285-2.142)

In the group of mothers, the mean age of all participants is 41.3 years (SD + 7.943). The results of bivariate

analyses are shown in Table 2. From bivariate analysis, it can be concluded that only access to clean water is
significantly associated with leprosy in mothers in endemic areas (p value = 0.047, OR 3.080, C1 95% 2.232 —4.251).
Other factors are not are associated with leprosy in mothers in endemic areas.

Table 2. Bivariate analysis of environmental factors and leprosy in mothers in endemic areas

Diagnosis
Total
Variable Leprosy Healthy P Value Crude OR (95%CI)
n (%) n (%) n (%)
Having house ceiling
No 21 (32.3%) 44 (67.7%) | 65 (100%) 0.450 0.636
Yes 6 (42.9%) 8 (57.1%) | 14 (100%) ’ (0.196 — 2.069)
House walls
Bamboo webbing/not permanent 2 (25.0%) 6 (75.0%) | 8 (100%) 0.564 0.613
Permanent walls 25 (35.2 %) 46 (64.8%) | 71 (100%) ’ (0.116 —3.267)
House flooring
Soil 5(50.0%) 5(50.0%) | 10 (100%) 0.250 2.136
Plestered/Ceramic 22 (31.9%) 47 (68.1%) | 69 (100%) ' (0.560 — 8.151)
Lighting
Poor (<60 lux) 18 (31.0%) 40 (69.0%) | 58 (100%) 0328 0.600
Adequate (>= 60 lux) 9 (42.9%) 12 (57.1%) | 21 (100%) ' (0.215-1.677)




2370  Indian Journal of Forensic Medicine & Toxicology, April-June 2021, Vol. 15, No. 2

Cont... Table 2. Bivariate analysis of environmental factors and leprosy in mothers in endemic areas

House brightness

Dim/dark 17 (30.4%) 39 (69.6%) | 56 (100%) 0.264 0.567
Brightly lit 10 (17.4%) 13 (56.5%) | 23 (100%) (0.208 — 1.544)
Temperature
<18 oC; >30 oC 25 (35.2%) 46 (64.8%) | 71 (100%) 0.564 1.630
18 0C —30 oC 2 (25.0%) 6 (75.0%) | 8 (100%) (0.306 — 8.685)
Humidity 46 66
>60%; <40% 20 (30.3%) (69.7%) (100%) 0.102 0.373
40% - 60% 7 (53.8%) 6 13 (0.111 - 1.250)
(46.2%) (100%)
Bedroom crowding 36 54
Crowded 18 (33.3%) (66.7%) (100%) 0.816 0.889
Not crowded 9 (36.0%) 16 25 (0.329 -2.401)
(64.0%) (100%)
Availability of bedroom windows 30 49
No 19 (38.8%) (61.2%) (100%) 0271 1.742
Yes 8 (26.7%) 22 30 (0.646 — 4.699)
(73.3%) (100%)
Availability of house windows 23 38
No 15 (39.5%) (60.5%) (100%) 0.339 1.576
Yes 12 (29.3%) 29 41 (0.618 — 4.108)
(70.7%) (100%)
Ventilation 25 44
No 19 (43.2%) (56.8%) (100%) 0.058 2.565
Yes 8 (22.9%) 27 35 (0.954 — 6987)
(77.1%) (100%)
Access to clean water 2
0 (0%)
No 2 (100%) P, (100%) 0.047 3.080
Yes 25 (32.5%) (67.5%) 77 (2.232-4.251)
(100%)
Latrine availabity 4 7
No 3 (42.9%) (57.1%) (100%) 0.612 1.500
Yes 24 (33.3%) 48 72 (0.310-7.247)
(66.7%) (100%)
Sewage disposal unit 8 13
No 5(38.5%) (61.5%) (100%) 0722 1.250
Yes 22 (33.3%) 44 66 (0.366 —4.272)
(66.7%) (100%)
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Cont... Table 2. Bivariate analysis of environmental factors and leprosy in mothers in endemic areas

Trash disposal unit 37 60
No 23 (38.3%) (61.7%) (100%) 0.166 2.331
Yes 4 (21.1%) 15 19 (0.689 — 7.892)
(78.9%) (100%)
House criteria 32 50
Unhealthy (375 - 933) 18 (36.0%) (64.0%) (100%) 0.654 1.250
Healthy (<375) 9 (31.0%) 20 29 (0.471-3.317)
(69.0%) (100%)

In this study we analysed the association of
environmental factors with leprosy in mothers and
children in endemic areas in East Java, Indonesia. From
our understanding, this is the first study that analyses
the association of environmental factors with leprosy
in mothers and children specifically in endemic areas.
From bivariate analysis, it can be derived that none
of the observed environmental factors are associated
with an increased risk of pediatric leprosy. In the
mothers population, however, access to clean water
is significantly associated with leprosy in mothers in
endemic areas.

This result in particular is similar to our previous
study with female leprosy in a different regency with
endemic and non-endemic areas.!” The previous study
concluded that there is a relationship between access
to clean water and female leprosy. Matsuoka et al.'®
found that M. leprae DNA were detected by PCR from
21 out of 44 water sources used daily by villagers
in Indonesia. The study also concluded that leprosy
transmission through water contaminated by bacilli
is likely to happen. Furthermore, Arraes et al.'” stated
that the finding of viable M. leprae in natural water
sources which are associated with human contact
suggests that the environment plays an important role
in maintaining endemic leprosy in a region. Emerson et
al.?"

is shared or reused from a source patient may become

also supported this statement, stating that water that

environmental reservoirs for infection, possibly by
aerosolization of M. leprae. However, these findings
need to be validated by further researches to assess
viable bacteria in water samples.

The results are also in line with previous studies
that stated that building or floor materials were not

significantly associated with leprosy.® %23 Furthermore,
previous studies also found that sanitation (sewage
system or the presence of a sanitary facility in the house)

did not have association with lower incidence of leprosy.
8,22,24

In this study, variable reflecting risk factors for
person-to-person transmission, such as crowding, did
not show a significant association with leprosy; this is
probably because the study did not take detailed history
of household contact with leprosy patient into account.
It is accepted that household contacts with patients with
leprosy are the most prone to catching the disease. A
study of 12 children with leprosy in Colombia found that
9 of them had a household contact with a patient with
leprosy. They reported that in a family where there are
cases of undiagnosed leprosy, children are the ones most
likely to get sick. Among the household contacts, the
risk of developing the disease was up to nine times more,
while for neighbourhood contacts the risk was four times

more. 226

The present study has limitations in terms of the
type of study used and the use of self-reported data,
which may influence some findings. However, to ensure
comparable groups and minimize possible biases, such
as selection bias, participants were included from the
same area.

Conclusion

In conclusion, the results of our study show that
environmental factors are not associated with pediatric
leprosy in endemic areas. Furthermore, access to clean
water is significantly associated with leprosy in mothers
in endemic areas. Further studies need to be conducted
to analyse other environmental factors that are not
analysed in this study.
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