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ABSTRACT

Leprosy is a contagious infectious disease that still causes high morbidity and mortality rates in the world. Uncontrolled
risk factors can increase the transmission and cause permanent damage to nerves and human body tissue. The aim of
the study was to determine the risk factors of leprosy. The study used a case control design with 42 respondents
consisting of 12 leprosy cases and 24 neighbors of cases who did not have leprosy (1:2). Cases were patients confirmed
bacteriologically at the community health center. Multivariate analysis by logistic regression was carried out to
determine the most risk factors of the incidence of leprosy, using the P-Value < 0.05 and Odds Ratio (OR). People who
had close contact (P-Value= 0.035; OR= 10.8; 95%Cl= 1.07-108.62), did not get BCG vaccination (P-Value= 0.023; OR=
5.67; 95%Cl= 1.28-25.02), low monthly income (P-Value= 0.031; OR= 9.75; 95%Cl= 1.12-85.16), poor water resources (P-
Value= 0.036; OR= 8.41; 95%Cl= 0.96-73.73), and low level of knowledge (P-Value= 0.009; OR= 6.60; 95%Cl= 1.48-29.36)
were related to the incidence of leprosy. The most risk factors of the leprosy are did not get BCG vaccination (P-Value=
0.015; OR= 45.81; 95%Cl= 2.08-10.96) and low level of knowledge (P-Value= 0.029;0R= 25.64; 95%Cl= 1.39-473.13).
People who did not receive BCG vaccination and had low knowledge were the main risk factors of leprosy in Pidie Jaya
Regency. Close contact with leprosy patients and poor water sources also increased the risk through prolonged exposure

and poor hygiene. Strengthening BCG coverage and public education is recommended.
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INTRODUCTION

Leprosy is a neglected infectious disease that
caused by Mycobacterium leprae." Skin and
peripheral nerves are the main areas affected by
the disease?. Although the disease can be cured,
if it is not be treated, it can be affected
progressive and permanent disability.> The
bacteria is transmitted through droplets from the
nose and mouth during close contact and often
with untreated cases.* Leprosy is reported in six
regional areas of the World Health Organization
(WHO), the majority of new cases detected from
the Southeast Asia each year.?

Indonesia ranks third in the number of leprosy
patients in the world after India and Brazil. It is
estimated that the total number of new leprosy
cases in the world is around 174,087 cases and
12,612 of them are in Indonesia.® In 2023, the
Ministry of Health of Republic of Indonesia
reported as much as 14,376 new cases distributed
in thirty eight provinces in the country.® The
number of leprosy cases continue to increase in
line with challenges in 11 provinces and 124
districts/cities which have still not achieved the
elimination of leprosy target.” There are 90% of
leprosy cases and 8.20% of them were children.%’
This reflects that leprosy transmission still occurs
in the environment that have not been properly
handled.? It is estimated that around 5.7% of

leprosy cases have experienced grade two
disability, indicating that the disease has reached
an advanced stage in some of the cases.?

The rate of discovery of new cases of leprosy in
Aceh Province in 2020-2022 was 4 per 100,000
population.® The Pidie Jaya Regency is the
seventh highest contributor to leprosy cases in the
province after North Aceh, Pidie, Bireuen, Banda
Aceh, South Aceh and Southwest Aceh Regency.’
The prevalence rate of leprosy in the regency was
0.63 per 10,000 population. Epidemiological data
shows that the number of leprosy new cases in the
area is still quite high even though the control
efforts have been carried out."

Socio-economic characteristics influenced the
spread of leprosy "', such as low education levels,
poverty, limited access to health services, and
high population density in some areas.'
Topography and geographic accessibility can
influence the distribution of leprosy cases. Inland
or remote areas may have difficulty accessing
adequate health services, it can be affected to
the low detection and treatment of leprosy
cases.'>™

Environmental conditions such as poor of
sanitation, low of water quality, and unhygienic
living habits can increase the risk of leprosy
transmission.” In some areas, the pattern of
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population migration can also be an important
factor in the spread of the disease."® In addition,
insufficient knowledge and the stigma about
leprosy can also be obstacles to early detection
and effective treatment.'® However, many of
these previous studies have not comprehensively
examined the interconnected roles of
environmental, behavioral, and immunization-
related factors in rural or hard-to-reach regions
like Pidie Jaya, making this study distinctive in its
integrative and community-based approach.

Previous studies have generally focused on clinical
aspects or treatment outcomes of leprosy, while
limited research has explored the combined
influence of environmental, behavioral, and
immunization factors in rural settings such as
Pidie Jaya. This study aims to fill that gap by
identifying and analyzing key risk factors that may
contribute to ongoing transmission in the region.
Notably, the role of BCG vaccination has often
been overlooked in many leprosy studies, even
though it has been shown to provide cross-
protection. The BCG vaccine, which is primarily
used to prevent tuberculosis, has been shown to
provide cross-protection against leprosy."”
However, in some regions, vaccine coverage
remains low due to various logistical and
awareness  challenges. Investigating  the
relationship between BCG vaccination history and
leprosy incidence can offer valuable insights for
improving preventive strategies in endemic
areas.®

Therefore, identifying the risk factors of the
incidence of leprosy is important to provide an in-
depth understanding of the dynamics of the
spread of the disease and to design more effective
interventions in controlling and reducing the
prevalence of leprosy in the region.

METHODS

Study design and setting

This was a case control study design, with the
total number of respondents were 42 people. The
case group consists of 14 leprosy patients who
were laboratory confirmed in 9 community health
centers, Pidie Jaya Regency. While, the control
group were 28 people, who were the neighbor of
the cases that did not experience the disease. The
matching process in this study was carried out
based on age (+3 years) and gender to minimize
confounding. Each case was matched with two
controls who lived in the same neighborhood and
had similar age and gender characteristics. The
ratio of cases and control were 1 : 2. The ratio of
1:2 between cases and controls was selected to
increase the statistical power of the study without
significantly increasing the cost or complexity of
data collection. Using two controls per case
enhances the ability to detect associations

between exposure and outcome, particularly in
situations where the number of cases is limited.
This ratio is also widely recommended in
epidemiological studies when the number of cases
is relatively small and recruiting more controls is
feasible. Furthermore, it helps improve the
precision of estimates and reduces the likelihood
of type Il errors.

Study procedure

Data collection was assisted by nine trained
enumerators, consisting of dengue program
officers from each of the nine community health
centers involved in this study. All enumerators
held at least a diploma (D3) in health or related
fields, and had prior experience in community-
based data collection. Prior to data collection,
eight hours of standardized training was
conducted to ensure consistent in understanding
the questionnaire items, interviewing techniques,
and procedures for observing the BCG vaccination
scar. This training included both theoretical
explanations and practical simulations,
particularly focused on the proper identification
of BCG vaccination scars to reduce inter-observer
variability. The data collection was conducted
over a period of one month in August 2024, with
close supervision by the research team to ensure
adherence to the study protocol.

The data collection conducted by using a
structured questionnaire. The income variable was
measured by the total of monthly income of the
respondent, divided into two categories: high
income (if the respondent received = district
income wages) and low income (if the respondent
recieved < district income wages)."” The contact
history variable divided into two categories: "Yes"
(if the respondent had a family member who
suffered from leprosy) and "No" (if had no family
member who suffered from leprosy). BCG
vaccination status by observing the scar in the
right upper arm, divided into two categories:
”Yes” (if there was a scar in the right upper arm)
and ”"No” (if there was no a scar in the right upper
arm). The water source variable, was the main
water source used by respondents, divided into
two categories: "Good" (if the respondent used the
drinking water treatment company) and “Poor” (if
the respondent used another water resources).?’
The knowledge variable was assessed using a
structured questionnaire consisting of 15
statements related to leprosy, including its
causes, modes of transmission, prevention,
symptoms, and treatment. Respondents were
asked to answer each statement with “True” or
“False.” Each correct answer was scored as 1, and
each incorrect answer was scored as 0, resulting
in a total possible score ranging from 0 to 15.

Respondents’ knowledge levels were then
categorized into two groups: Good knowledge, if
the respondent scored = 75% (i.e., at least 12
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correct answers). Poor knowledge, if the
respondent scored < 75%. This cutoff point was
based on conventional educational assessment
criteria and similar studies in public health
research.?!

Data analysis

In Bivariate Analysis, the Chi-Square test was used
to assess the association between categorical
variables, with p-value <0.05. However, if the
expected frequency in any cell is less than 5, as in
the case of contact history, Fisher's Exact Test was
applied as an alternative to ensure valid results
for small sample sizes. In Multivariate Analysis,
logistic regression was employed with p-value
<0.05 to identify significant predictors.

In addition, Odds ratio (OR) was used to
determine the potential variables. if OR >1 it
means that there is a positive relationship
between the exposure factor and the incidence of
disease. If OR =1, it indicates that there is no
relationship between exposure and incidence.
While, OR <1 indicates a negative or protective
relationship.

Ethical consideration

The study was approved by the Aceh Polytechnic
of Health Research Ethics Committee, Ministry of
Health (No: DP.04.03/12.7/199/2024). We
conducted the interview with agreement of the
respondents. All personal information of the
respondents involved in the study have been kept
confidential.

RESULTS

The characteristics of respondents

Table 1 showed that male (64.3%), secondary
level of education (81%), young adult (42.9%),
unmarried (54.8%) were the most characteristics
of the respondent.

The univariate analysis

This study used a case control design with a total
of 14 cases (33.3%) and 28 controls (66.7%).
Univariate analysis resulted that respondents with

Table 1a. The characteristics of respondent

low income (69%) were almost twice as many as
those with high income (31%). There were 11.9%
of respondents who had a history of living in the
same house with leprosy cases and only 47.6% had
received the BCG vaccine against leprosy. The
water source used by 71.4% of respondents is still
not good, namely well water and the like.
Respondents’ knowledge had the same level of
good and poor knowledge at 50%. The full results
of the univariate analysis can be seen on Table 2.

The bivariate analysis

The bivariate analysis resulted that low monthly
income (p=0.031), contact history (p=0.035), BCG
vaccination (p=0.023), water resources (p=0.036)
and knowledge (p=0.009) were related with the
incidence of leprosy in Pidie Jaya. The OR showed
that respondents who had contact history with
leprosy cases were 10 times more likely to get
infected compare to respondents who had no
contact history with leprosy cases. Respondents
who did not receive the BCG vaccine were 5 times
more likely to get infected compare to
respondents who received the BCG vaccine.
Respondents who had poor water resources were
8 times more likely to get infected compare to
respondents who had poor water resources.
Respondents who had low level of knowledge
were 6 times more likely to get infected compare
to respondents who had high level of knowledge.
All the bivariate analysis results can be seen on
Table 3.

The multivariate analysis

The multivariate analysis resulted that BCG
vaccination and knowledge were the most risk
factors of the incidence of leprosy in Pidie Jaya
Regency, with p-value 0.015 and 0.029,
respectively (Table 4). The OR of BCG vaccination
(45.81) meant that the respondent who did not
get vaccinated were 46 times more likely to get
leprosy than the respondent who get vaccinated.
While the OR of knowledge (25.64) meant that the
respondent who had low level of knowledge were
26 times more likely to get leprosy than the
respondent who had high level of knowledge.

Variables f %
Gender
Male 27 64.3
Female 15 35.7
Level of education
Primary 4 9.5
Secondary 34 81.0
Tertiary 4 9.5
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Table 1b. The characteristics of respondent

Variables f %
Age group
Youth (= 25) 15 35.7
Young adult (26-45) 18 42.9
Middle adult (>45) 9 21.4

Marital Status
Married 23 54.8

Unmarried 19 45.2

Table 2. The univariate analysis of the incidence of leprosy

Variables f %
Leprosy
Cases 14 33.3
Control 28 66.7

Monthly income
Low 29 69.0
High 13 31.0
Contact history
Yes 5 11.9
No 37 88.1
BCG vaccination
No 22 52.4
Yes 20 47.6

Water source

Poor 30 71.4

Good 12 28.6
Knowledge

Poor 21 50.0

Good 21 50.0
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Table 3. The bivariate analysis of the incidence of leprosy

Cases (n=14)

Control (n=28)

Variables n % n %  P-Value (950%RCI)
Monthly income

Low 13 92.9 16 57.1

High 1 7.1 12 42.9 0.031 9.75 (1.12-85.16)
Contact history

Yes 4 28.6 1 3.6

No 10 71.4 27 96.4 0.035* 10.8 (1.07-108.62)
BCG vaccination

No 11 78.6 11 39.3

Yes 3 21.4 17 60.7 0.023* 5.67 (1.28-25.02)
Water source

Poor 13 92.9 17 60.7

Good 1 7.1 11 39.3 0.036* 8.41 (0.96-73.73)
Knowledge

Low 11 78.6 10 35.7

High 3 21.4 18 64.3 0.009* 6.60 (1.48-29.36)

Table 4. The multivariate analysis of the incidence of leprosy

Variables P-Value OR (95% CI)

Monthly income 0.082 14.74 (0.71-306.51)
Contact history 0.149 34.35 (0.28-4190.33)
BCG vaccination 0.015* 45.81 (2.08-1010.96)
Water resources 0.106 13.02 (0.58-293.57)
Knowledge 0.029* 25.64 (1.39-473.13)

*P-Value < 0.05: Significant
DISCUSSIONS

The results of our study are that there is a
relationship between monthly income and the
incidence of leprosy. Low income was related to
the incidence of leprosy due to limited access to
the health facilities, resulted the delay of
diagnosis and leprosy treatment. Without timely
treatment, leprosy cases can infect other people
for a long period of time.? Health programs may
not reach the low-income communities
effectively, they may not be able to afford
transportation and access the health services.?

Additionally, the study area in Pidie Jaya Regency
may be difficult to reach by public transportation,
especially in rural and remote areas. Limited
transportation access could contribute to delays
in diagnosis and treatment, further hindering the
effectiveness of health programs. People in low-
income groups may face more significant
challenges in accessing transportation to reach
healthcare facilities, further complicating efforts
to control the spread of leprosy.

Low income is often associated with poor living
conditions, including inadequate sanitation,
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crowded housing, and poor ventilation. The
condition can increase the risk of transmission of
leprosy, which is spread through close and
prolonged contact with untreated cases.?® People
with low income may have limited access to the
health services, resulting in delays of diagnosis
and treatment of leprosy cases. Without timely
treatment, leprosy cases can infect other people
for a longer period of time."™ Additionally,
transmission of leprosy is most likely to occur
after prolonged, close contact, typically lasting
months to years, with untreated individuals. The
lack of timely treatment means that infected
individuals can remain infectious for extended
periods, further facilitating the spread of the
disease in the community. Health programs may
not reach the low-income communities
effectively, or they may not be able to afford
transportation and other associated costs to get
the treatment.?* Low income is often associated
with lower level of education, and it can lead to
a low level of knowledge and awareness about the
symptoms, the transmission and the importance
of leprosy treatment.? People with low level of
education may not be aware that leprosy can be
cured, so they may not seek the treatment.?¢

People with low income often experience
inadequate nutritional intake, which can weaken
the immune system and increase susceptibility to
infections, including leprosy. This lack of essential
nutrients makes individuals more vulnerable to
diseases, potentially affecting their ability to
resist infections such as leprosy. A weak immune
system makes it more difficult for the body to
fight the infection of Mycobacterium leprae.” In
the low-income communities, stigma against
leprosy may be higher due to low level of
knowledge about the disease. Stigma can prevent
cases in seeking the treatment due to fear of
being excluded or discriminated.?® Stigma can also
cause social isolation for the leprosy cases, which
can worsen their health conditions and increase
the risk of transmission within the communities.?

The results of the study shows that people who
had contact history with leprosy cases were
associated with the incidence of the disease.
Leprosy is caused by infection of Mycobacterium
leprae bacteria, which is spread through the air
from an infected person to another person
through coughing or sneezing.3? People who live in
the same house or have close contact with leprosy
cases have a higher risk of being infected.® The
risk of infection increases with the amount and
frequency of exposure to the bacteria. Frequent
and intense contact with the cases increases the
likelihood of exposure to a dose of the bacteria
sufficient to cause infection.3"3233 This factor
shows the importance of surveillance and
intervention to prevent the transmission of
leprosy, including early detection and treatment
for those who have a history of contact with
leprosy cases.’* The effective public health
interventions,  including early  diagnosis,

appropriate treatment for cases, and education
regarding transmission and prevention, are
essential to reduce the risk of leprosy
transmission in the population.

The study resulted that not people who did not
get vaccinated was associated with the incidence
of leprosy. The BCG (Bacillus Calmette-Guérin)
vaccination shows a protective effect against
leprosy.* Not getting the BCG vaccine is a risk
factor for leprosy for several reasons related to
how the vaccine works and the body's immune
response to leprosy bacteria.*® The BCG vaccine
was originally developed to protect against TB,
which is caused by M. tuberculosis. However, due
to the antigenic similarity between M.
tuberculosis and M. leprae, the BCG vaccine also
provides partial protection against leprosy
infection.?” It helps the body develop an immune
response  against common  mycobacterial
antigens, which increases the body's ability to
fight M. leprae infection.3®

Epidemiological studies have shown that in areas
with extensive BCG vaccination programs, the
incidence of leprosy tends to be lower. This
indicates that BCG vaccination provides a
protective effect against the development of the
disease.?’ Data shows that people who did not get
the BCG vaccination have a higher risk of
developing leprosy compared to those who get
vaccinated.'”® The effectiveness of the BCG
vaccine in preventing leprosy may vary depending
on geographic and genetic factors. However,
although effectiveness varies, BCG vaccination is
generally recognized to provide some level of
protection against the disease.'” Therefore, an
effective BCG vaccination program can be an
important tool in the prevention and control of
leprosy in the society.3®

Our study resulted that poor water sources were
related to the incidence of leprosy. It is because
poor environmental conditions can support the
spread of infectious diseases, including leprosy.
Poor water sources are often related to poor
sanitation. Poor sanitation can increase the risk of
transmission of many infectious diseases,
including leprosy. In addition, polluted water and
an unhygienic environment can increase exposure
to pathogenic bacteria, including Mycobacterium
leprae, although the bacteria are not transmitted
through water.#' Unclean water is often found in
poor infrastructure environments. This condition
creates an unhealthy environment and increases
susceptibility to various infections, thereby
weakening the immune system, making
individuals more susceptible to infections such as
leprosy.’ Although leprosy primarily spreads
through close contact with the cases and through
respiratory droplets, poor sanitary conditions can
worsen the public health situation and increase
the risk of spreading the infection.*
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The study resulted that low knowledge was
related to the incidence of leprosy. It is because
low level of understanding and awareness about
the disease can hinder prevention efforts, early
detection and effective treatment.* Many people
may not realize that leprosy is caused by the
Mycobacterium leprae and how the bacteria
spreads. Without this knowledge, they may not
take necessary precautions to avoid transmission,
such as avoiding close contact with untreated
cases. Low level of knowledge often causes
stigma and discrimination against leprosy cases.
This stigma can make cases reluctant to seek
medical treatment for fear of being ostracized or
treated badly by society.?® As a result, cases may
not receive diagnosis and treatment properly and
timely, allowing the disease spread to others.?

People who had low level of knowledge may not
know that leprosy can be cured with proper
treatment.> The multi-drug therapy (MDT)
provided free of charge by global health programs
is effective in curing and preventing transmission
of leprosy. Without this information, cases may
not seek or continue necessary treatment, which
may result in the disease progressing and infecting
others.“ In areas with low level of education,
access to accurate health information may be
limited.'® Education and campaigns about leprosy
may not reach the wider community.* Thus, the
efforts to increase public education and
awareness about leprosy are very important to
reduce the risk of the disease.*?

CONCLUSIONS

Low monthly income, have contact history, no
BCG vaccination, poor water sources, and low
knowledge related to the incidence of leprosy in
Pidie Jaya District. Of all these variables, BCG
vaccination and knowledge were the most risk
factors of the incidence of leprosy. Therefore, it
is necessary to improve the BCG vaccination
program and carry out risk factor-based leprosy
surveillance activities. Another effort is to
provide continuous education to people of all age
groups in the areas at risk. Apart from that,
increasing the role of health educators to
encourage cases to seek regular treatment.
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