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Summary
Objectives Leprosy is a chronic infectious disease caused by Mycobacterium leprae
and one of the world’s most neglected tropical diseases. The post-exposure prophylaxis
for leprosy study (PEP4LEP) compares two integrated skin-screening approaches
combined with single dose rifampicin administration to contacts of leprosy patients.
The aim of this baseline survey was to describe the epidemiological trends of leprosy
and estimate case detection delay in the Ethiopian study districts before the start of the
intervention.
Methods The study was conducted in three districts of East Hararghe zone, Oromia
Region, Ethiopia. We applied descriptive retrospective study design to describe epi-
demiological trends of leprosy between 2010 and 2019. Fifty patients diagnosed in
the six months prior to their inclusion in the study were interviewed to establish the
case detection delay at baseline. The healthcare delivery system and National Leprosy
Control Program are also described.
Results Trends in the number of new leprosy patients detected decreased slightly
over the past ten years, although the number of new child cases increased overall,
suggesting ongoing transmission. The mean case detection delay was 22.4 months
(95% CI: 18.6–26.3), while the median was 19.5 months. The mean patient and
health system delay were 19.6 months (95% CI: 15.8–23.4) and 2.6 months (95% CI:
1.5–3.6), respectively.
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Conclusion Considerable leprosy case detection delays were found in the PEP4LEP
study districts in Ethiopia. Efforts to reduce delay and interrupt the transmission should
focus on integrating prevention and active case finding, contact tracing and providing
post-exposure prophylaxis to contacts of leprosy patients.

Keywords: Leprosy, case detection delay, chemoprophylaxis, indicators, East
Hararghe, Ethiopia

Introduction
Leprosy is a chronic infectious disease caused by Mycobacterium leprae (M. leprae) and
persists as a high endemic disease mainly in India, Brazil, Indonesia and parts of sub-
Saharan Africa, such as Ethiopia. It is a neglected tropical disease (NTD) which can cause
permanent physical impairments if left untreated and commonly leads to stigmatisation and
discrimination.1 Despite a declining prevalence worldwide over recent decades following the
introduction of multidrug therapy (MDT), a large and relatively stable number of new cases is
still detected annually.2 In 2020, the World Health Organization (WHO) reported 127,396 new
leprosy cases globally, with a case detection rate of 16.4 per million population.3 However,
these figures were much lower compared to the previous year with a global reported incidence
of 202,185, which is likely attributable to the COVID-19 pandemic and the subsequent control
measures that interrupted case finding activities.3,4

Out of the 23 WHO global leprosy priority countries, Ethiopia had the seventh highest
number of reported cases globally in 2020; the second highest leprosy incidence in Sub-Sahara
Africa.3 In Ethiopia, leprosy patients are mainly detected through passive case detection in all
regions following the integration of leprosy management into the general health system.5 The
number of new cases detected has decreased over the past ten years, from 4430 in 2010 to
2591 in 2020.6 However, these figures are expected to be much higher if active case detection
and accurate diagnostic procedures were incorporated the National Tuberculosis and Leprosy
Control Program (TBLCP).7,8

Among the 2591 new leprosy cases reported in 2020, 1648 (55.8%) had MB leprosy, 384
(13.0%) had grade two disabilities (G2D) and 390 (13.2%) were children below the age of 15
years, with 55 (14.1%) of these children presenting with G2D.3 There are pocket areas that
report significantly higher numbers of cases annually in Ethiopia compared to other areas.9
Oromia region had the highest number of leprosy cases reported, which accounts for around
half of all leprosy patients in Ethiopia.10

The administration of single dose rifampicin post-exposure prophylaxis (SDR-PEP) to
contacts of leprosy patients is among the strategies proposed to reduce transmission of
M. leprae, which has previously shown to effectively reduce the risk of developing the disease
in these individuals.11 Since 2018, the WHO recommends chemoprophylaxis with SDR-PEP
in the “Guidelines for the Diagnosis, Treatment and Prevention of Leprosy”.12

Delay in case detection and treatment provision are among the major risk factors for
transmission to other individuals, as well as for the development of irreversible physical
disabilities.13–17 There are many barriers to achieving timely detection of leprosy patients,
including religious or cultural beliefs, social stigma or internalised stigma, lack of education
or awareness, fear of isolation within the community and lack of knowledge among health
staff.18–21 To identify the most feasible ways to interrupt the transmission of M. leprae and
enhance timely case detection, a large-scale research project called PEP4LEP was designed.22
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Figure 1. Ethiopia map showing East Hararghe Zone.25

The PEP4LEP study is a cluster-randomised implementation trial in Ethiopia, Mozambique
and Tanzania comparing two interventions of integrated skin-screening of contacts of leprosy
patients combined with SDR-PEP distribution.22 Before implementing the PEP4LEP study in
Ethiopia, it is necessary to describe the trends in leprosy indicators and assess the baseline case
detection delay in the study districts. This baseline survey is an integral part of the PEP4LEP
project and aims: (1) to describe the epidemiological trends of leprosy in East Hararghe Zone
between 2010 and 2019; and (2) to estimate the case detection delay in the PEP4LEP study
districts before the start of the study intervention. The healthcare delivery system and National
Leprosy Control Program of Ethiopia are also described.

Material and methods
STUDY LOCATION

This baseline study was conducted in the East Hararghe zone of Oromia region in March,
2020. East Hararghe zone is located approximately at 530 km from the capital city of Ethiopia,
Addis Ababa (Figure 1). It is a densely populated zone with a total population of more than
3.5 million. East Hararghe is among the High Leprosy Burden (HLB) zones of Ethiopia.
Leprosy mapping conducted in 2014/2015 revealed that 14 out of 22 districts of the zone
were HLB.9 This study was undertaken in three districts of the HLB area of East Hararghe
Zone: Midega, Jarso, and Girawa.
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STUDY SETTING

Healthcare delivery system of Ethiopia
Ethiopia has a three-tiered healthcare delivery system. The first is a district healthcare tier
comprising of a primary hospital, health centres and their satellite Health Posts (HP) linked
through referral systems, which form the Primary Health Care Unit (PHCU). The second tier
constitutes a general hospital, while a specialised hospital forms the third tier of the healthcare
delivery system. Health posts are staffed by health extension workers who provide community
education, identify and refer patients suspected to have leprosy to health facilities for further
investigation, perform contact tracing and screening, and search for cases that have been lost
to follow-up. Health centres carry out all activities as HPs and also occasionally conduct
intensified case finding, slit-skin smear examination for confirmation of leprosy diagnosis,
provide leprosy MDT and prevention of disability (POD). Hospitals carry out activities as
health centres and provide clinical care as indicated. The current method of case detection is
mainly passive with a few periodic active outreaches.

National leprosy control program of Ethiopia
An organised leprosy control programme was established within the Ministry of Health (MoH)
in 1956. The programme was vertical, well-funded and has made notable achievements in
reducing the prevalence of the disease, especially after the introduction of MDT in 1983.10,23 In
the Ethiopian health care system, until 2001 leprosy was treated directly by leprosy dedicated
personnel at leprosy specialised hospitals. The programme was fully incorporated into the
general health services by the end of 2001 to guarantee that patients are diagnosed at an
early stage and complete their MDT without developing disabilities.24 Ethiopia is a federal
state, where programming and policy implementation have contextual layers. The functions
of the MoH consist of developing national policies and standards as well as providing national
guidance and technical and financial support to Regional Health Bureaus (RHBs). At a sub-
national level, the RHB’s TBLCP is managed by TB and leprosy case teams under health
promotion and disease prevention. Zonal health departments and district health offices are
programme management structures at sub-regional levels.

STUDY DESIGN

A descriptive, retrospective study design was applied to describe epidemiological trends of
leprosy control indicators between 2010 and 2019, and a cross-sectional study design was
employed to determine the case detection delay at baseline.

To minimise recall problems in the case detection delay, only patients who were diagnosed
with leprosy in the six months prior to their inclusion in the study were interviewed. Based on
availability of recently diagnosed patients in PEP4LEP study districts, a systematic sample of
50 patients was included.

Retrospective data collection was used to describe epidemiological trends of leprosy control
indicators. The following indicators were collected:

• Number of newly detected cases of leprosy (proxy of incidence).
• Proportion of new cases with each leprosy subtype.
• Proportion of females among new cases.
• Proportion of children under 15 years old among new cases.
• Proportion of new cases with G2D.
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Leprosy subtypes were classified as either paucibacillary (PB) or multibacillary (MB)
according to WHO guidelines:12

• PB case: a case of leprosy with 1 to 5 skin lesions, without demonstrated presence of bacilli
in a skin smear;

• MB case: a case of leprosy with more than five skin lesions; or with nerve involvement (pure
neuritis, or any number of skin lesions and neuritis); or with the demonstrated presence of
bacilli in a slit-skin smear, irrespective of the number of skin lesions.

Disability grading of leprosy was defined according to the WHO definitions.26

DATA COLLECTION TO ESTIMATE CASE DETECTION DELAY

Detection delay is defined as the period between onset of first signs and symptoms of leprosy
and the time of diagnosis, comprising of a “patient delay” and a “health-system delay”.20

Patient delay is defined as the period between the first noticed symptom by the patient and the
first visit to any health care provider. Health-system delay is the period between the patient’s
first visit to any healthcare provider and confirmation of the diagnosis of leprosy.

Data collection on case detection delay was paper-based during a series of interviews with
50 recently diagnosed leprosy patients by a trained health worker using a semi-structured
questionnaire which was designed for the PEP4LEP project.22,27 The questionnaire consists of
10 questions and aims to collect information on the diagnosis delay, the reasons of delay, the
signs and symptoms described and steps taken during the course of illness up until the time of
diagnosis by a health professional. It also contains annexes as supplementary material: a set of
clinical photos of leprosy signs and a local calendar listing important dates, such as festivities
and religious celebrations to help the patient to recall the time of onset of first signs. A country
and cultural context-specific version of the questionnaire was developed and validated and is
available via the international leprosy knowledge centre Infolep: https://www.leprosy-inform
ation.org/resource/case-detection-delay-questionnaire.22,28

DATA MANAGEMENT AND ANALYSIS

Historical data were collected from routine surveillance systems of the TBLCP of the three
districts. The data were checked, cleaned and entered using Epi Info Version 3.5.1 and
exported to SPSS version 20, statistical software for analysis. The mean, percentage, tables
and graphs were used to describe the trend characteristics of leprosy. The mean, median and
standard deviation (SD) were used to describe diagnosis delay. Given the limited sample size,
no association tests or multivariate analyses were performed to compare subgroups.

ETHICAL CONSIDERATIONS

This study was part of the baseline survey component of the PEP4LEP study protocol which
was approved by the Institutional Review Board (IRB) of the Armauer Hansen Research
Institute (AHRI), protocol number PO/15/19, and the National Research Ethics Review
Committee of Ethiopia with reference number MoSHE/RD/4-1/1011/20.22 A permission letter
was obtained from the district health office and respective health facilities and written consent
was obtained from the participants. All collected data were kept confidential and used for the
study purposes only. The PEP4LEP project is registered at The Netherlands Trial Register,
registration date 10 September 2018, NL7294 (NTR7503).22,29
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Table 1. Yearly leprosy indicators per study district, East Hararghe Zone, Ethiopia, 2010 to 2019

Year Population New
cases

detected

New cases
per million
population

Female
cases (%)

MB cases
(%)

Child
cases (%)

G2D
cases
(%)

G2D cases
per million
population

Jarso
2010 110,169 26 236 9 (34.6) 23 (88.5) 0 (0.0) 0 (0.0) 0
2011 119,601 36 301 14 (38.9) 35 (97.2) 3 (8.3) 0 (0.0) 0
2012 128,742 43 334 15 (34.9) 39 (90.7) 2 (4.6) 1 (2.3) 8
2013 129,825 37 285 14 (37.8) 37 (100.0) 1 (2.7) 0 (0.0) 0
2014 135,266 28 207 10 (35.7) 27 (96.4) 1 (3.6) 0 (0.0) 0
2015 141,079 34 241 9 (26.5) 29 (85.3) 12 (35.3) 0 (0.0) 0
2016 145,834 28 192 11 (39.3) 25 (89.3) 3 (10.7) 0 (0.0) 0
2017 150,877 43 285 15 (34.9) 38 (88.4) 7 (16.3) 0 (0.0) 0
2018 155,560 35 225 9 (25.7) 34 (97.1) 3 (8.6) 1 (2.9) 6
2019 160,791 23 143 8 (34.8) 21 (91.3) 2 (8.7) 0 (0.0) 0

Midega
2010 64,838 26 401 6 (23.1) 25 (96.2) 6 (23.1) 0 (0.0) 0
2011 70,103 34 485 11 (32.4) 31 (91.2) 1 (2.9) 0 (0.0) 0
2012 75,000 33 440 10 (30.3) 31 (94.0) 5 (15.2) 2 (6.1) 27
2013 80,604 32 397 9 (28.1) 30 (93.7) 4 (12.5) 1 (3.1) 12
2014 80,000 20 250 6 (30.0) 17 (85.0) 4 (20.0) 0 (0.0) 0
2015 85,106 24 282 8 (33.3) 19 (79.2) 3 (12.5) 0 (0.0) 0
2016 90,909 20 220 6 (30.0) 18 (90.0) 4 (20.0) 0 (0.0) 0
2017 94,828 22 232 7 (31.8) 15 (68.2) 5 (22.7) 1 (4.5) 11
2018 100,000 33 330 5 (15.1) 22 (66.6) 4 (12.1) 4 (12.1) 40
2019 104,682 25 239 10 (40.0) 24 (96.0) 7 (28.0) 0 (0.0) 0

Girawa
2010 285,714 74 259 16 (21.6) 72 (97.3) 2 (2.7) 0 (0.0) 0
2011 290,697 50 172 12 (24.0) 48 (96.0) 1 (2.0) 0 (0.0) 0
2012 294,118 30 102 9 (30.0) 27 (90.0) 2 (6.7) 0 (0.0) 0
2013 300,885 34 113 10 (29.4) 31 (91.2) 4 (11.8) 0 (0.0) 0
2014 308,823 21 68 5 (23.8) 19 (90.5) 3 (14.3) 1 (4.8) 3
2015 311,111 42 135 11 (26.2) 36 (85.7) 6 (14.3) 1 (2.4) 3
2016 316,326 31 98 3 (9.7) 25 (80.6) 1 (3.2) 0 (0.0) 0
2017 319,588 31 97 9 (29.0) 28 (90.3) 4 (12.9) 2 (6.5) 6
2018 325,581 28 86 4 (14.3) 24 (85.7) 2 (7.1) 2 (7.1) 6
2019 330,490 18 55 1 (5.5) 14 (77.8) 5 (27.8) 0 (0.0) 0

Abbreviations: MB: multibacillary; G2D: grade-2 disability.

Results
EPIDEMIOLOGICAL TRENDS OF LEPROSY IN THE STUDY DISTRICTS

The epidemiological indicators of leprosy cases in PEP4LEP study districts are shown below.
Jarso had an estimated population of 160,791 people in 2019, while Girawa and Midega had
330,490 and 104,682 people, respectively. The numbers of female cases, G2D and MB cases
have been relatively stable, while new cases of leprosy in children increased over the past
decade (Table 1).

Between 2010 and 2019, a total of 333 new cases of leprosy were detected in Jarso, of which
308 (92.5%) were MB cases, 34 (10.2%) were children under 15 years of age, 114 (34.2%)
were women and the average annual new case detection rate was 244.9 per million population.
In Girawa, 359 new cases of leprosy were recorded, of which 323 (90.2%) were MB cases, 30
(8.4%) were children under 15 years of age, 79 (22.0%) were women and the average annual
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Figure 2. New leprosy cases detected in East Hararghe Zone, Ethiopia, 2010 to 2019.

Table 2. Leprosy epidemiological indicators, East Hararghe Zone, Ethiopia, 2010 to 2019

Study
district

Total
new
cases

detected

Average yearly
new cases per

million
population

Female
cases (%)

MB cases
(%)

Child
cases (%)

G2D
cases
(%)

Average yearly
G2D cases per

million
population

Jarso 333 244.9 114 (34.1) 308 (92.5) 34 (10.2) 2 (0.6) 1.4
Midega 268 327.6 78 (29.2) 232 (86.7) 43 (16.0) 8 (2.9) 9.0
Girawa 359 118.5 79 (22.2) 324 (90.2) 30 (8.4) 6 (1.7) 1.8

Abbreviations: MB: multibacillary; G2D: grade-2 disability.

new case detection rate was 118.5 per million population. In Midega, a total of 268 new cases
of leprosy were recorded, of which 232 (86.7%) were MB cases, 43 (16.0%) were children
under 15 years of age and 78 (29.2%) were women, with an annual average new case detection
rate of 327.6 per million population (Table 2). The numbers of new leprosy cases per district
between 2010 and 2019 are also shown visually in the graph below, with the number of new
patients detected decreasing slightly over the past ten years (Figure 2).

CASE DETECTION DELAY IN THE STUDY DISTRICTS

Characteristics of study participants
The socio-demographic characteristics of the 50 study participants show that the mean age was
35.9 years, with 6.0% under the age of 15 years (Table 3). Regarding the level of education,
64.0% of the respondents received no education, while 36.0% completed at least primary
school. A majority of the study participants (96.0%) lived in rural areas. The average distance
of their place of residence to a health facility was 9.6 km and the average number of people
living under the same roof was 5.

Delay in the diagnosis of leprosy
In this study, among 50 cases 12 (24.0%) were female and 44 (88.0%) had MB leprosy. These
characteristics are in line with the 10-year epidemiological data presented above. There were
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Table 3. Case detection delay, East Hararghe zone, Ethiopia, 2020

Variable n (%) Mean case
detection

delay (months)

95% CI for mean Median case
detection

delay (months)

Range
Lower
bound

Upper
bound

Min Max

District
Jarso 14 (28.0%) 24.0 14.0 34.0 17.0 3.0 60.0

Midega 16 (32.0%) 22.7 13.8 31.7 19.0 6.0 67.0
Girawa 20 (40.0%) 21.1 18.3 23.9 22.0 10.0 36.0

Sex
Male 38 (76.0%) 22.3 18.5 26.2 21.5 7.0 60.0

Female 12 (24.0%) 22.7 10.9 34.6 18.0 3.0 67.0
Age group

<15 years 3 (6.0%) 20.0 9.3 49.3 23.0 7.0 30.0
≥15 years 47 (94.0%) 22.6 18.6 26.6 19.0 3.0 67.0

Leprosy subtype
PB 6 (12.0%) 13.5 5.5 21.5 12.0 6.0 26.0
MB 44 (88.0%) 23.7 19.5 27.8 20.5 3.0 67.0

Disability grade
None 31 (62.0%) 23.0 17.9 29.0 20.0 3.0 67.0
G1D 14 (28.0%) 20.0 13.6 26.4 17.0 7.0 47.0
G2D 5 (10.0%) 23.6 11.8 34.1 25.0 14.0 36.0
Total 50 22.4 18.6 26.3 19.5 3.0 67.0

Abbreviations: PB: paucibacillary; MB: multibacillary; n: number; G1D: grade-1 disability; G2D: grade-2 disability;
CI: confidence intervals.

45 (90.0%) patients who presented with no disability or G1D, while 5 (10.0%) patients had
a G2D at the time of diagnosis. The overall mean case diagnosis delay was 22.4 months
(95% CI: 18.6–26.3), while the median was 19.5 months. The largest contributor to case
detection delay was patient delay, with a mean of 19.6 months (95% CI: 15.8–23.4), while
the mean health system delay was 2.6 months (95% CI: 1.5–3.6). The maximum reported
delay in this study was 67 months (Table 3).

The first symptoms experienced by most patients were skin lesions (64.0%), with an average
onset of 25.5 months (95% CI: 21.4–29.6) before diagnosis, followed by sensory loss (14.0%)
with an average onset of 25.1 months (95% CI: 20.4–29.8) before diagnosis. The first action
taken by most of the patients was visiting a health facility (62.0%), followed by visiting a
traditional healer (20.0%). Regarding the number of health facility visits before diagnosis,
two-thirds of the included patients visited health facilities less than twice, while 12.0% visited
health facilities more than three times before receiving the correct diagnosis. MB patients,
patients with G2D and patients who visited a traditional healer had markedly longer detection
delays.

Discussion
Leprosy remains a public health problem in many areas of Ethiopia. Our analysis of epidemi-
ological trends of leprosy in East Hararghe Zone showed slightly decreasing trends in the
number of new cases detected over the past ten years, with varying annual incidence rates in
the three districts. Nevertheless, a higher incidence was recorded in all three study districts
compared to the rest of the country and these remain categorised as HLB zones.23,30 The
method of case detection in the districts was mainly passive in the past 10 years, with few
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periodic outreach activities, which may be a contributing factor for delayed diagnosis. This
shows that interventions will still be necessary in order to decrease the incidence of leprosy
in the intervention areas. In the current study, most registered cases had MB leprosy at the
time of diagnosis, which is in line with another study in East Hararghe, Ethiopia reported
that 90.9% of cases were MB type leprosy.31 Other studies in Ethiopia also showed that the
percentage of MB cases among newly detected leprosy cases has increased significantly since
2000.23 Similar findings were also observed in other endemic countries.32 This could be due
to delayed presentation of patients to the health facility for diagnosis and/or due to delayed
recognition by health workers and initiation of treatment.

The results from this study also showed that the rate of childhood cases among newly
detected cases in the study districts has increased over the past ten years. This finding was
supported by a recent study performed at national level including other rural parts of Ethiopia,
as well as in other countries such as Sri Lanka and Yemen.10,33–36 The percentage of child
cases is higher when compared to China and Vietnam, as well as the global and national target
of less than 5%.2,36,37 A high proportion of childhood leprosy reveals an active circulation
of bacilli, continued transmission in the community and lack of disease control by the health
system in the districts.13,38

The number of new leprosy patients diagnosed with G2D is an indicator of late case
identification. Our study found that the proportion of new cases with G2D was below the
5% threshold generally accepted by the WHO. However, the average grade 2 disability rate at
the population level is higher than the WHO key target for 2030 (less than one new case with
G2D per million inhabitants).13

In our study, the proportion of females among new cases was relatively low. This finding
was supported in several previous studies.39,40 This may indicate that females in the districts
are more likely than males to experience barriers in getting correctly diagnosed.

We also conducted a cross-sectional study to measure the mean delay in diagnosis of
leprosy. Here, we observed a mean case detection delay in the study districts of 22.4 months
(95% CI: 18.6–26.3) and a median of 19.5 months. High levels of stigma and the use of
traditional medicine were reported as one of the reasons for delaying visiting to the health
facility in Ethiopia.41 Our findings are in line with those of Urgesa et al. who first used the
PEP4LEP questionnaire in Ethiopia and found a mean delay of 22 months, as well as with
the findings of a study in India which reported a mean case detection delay of around 23
months.22,42 We found lower delays than a recent systematic review by Hambridge et al. that
reported 31.7 months in China and another study that reported a mean delay of 33.5 months
in Colombia.21,43

Leprosy case detection delay is associated with a number of individual, socioeconomic, and
community factors.16,20,44 A recent review by Dharmawan et al. also found a clear correlation
between case detection delay and increased disability.44 The high disability rate in newly
diagnosed leprosy patients represents a delay in diagnosis which may be due to patients
presenting themselves at the health facility late in the course of the disease.45 The fact that
multiple visits to health facilities are needed, indicating misdiagnosis, can be caused by an
inability of health workers to recognise the signs and symptoms of leprosy.46 In this study,
75.0% of the patients were diagnosed one year after they noticed the first signs or symptoms
of the disease. Overall, 38.0% of the respondents presented with disability at the time of
diagnosis, which is supported by a recent pilot study in East Hararghe which reported 42%, but
lower than a study in Central Ethiopia which reported 65.0%, and in a hospital based study in



Leprosy case detection delay in East Hararghe Zone, Ethiopia 193
Boru Meda in Ethiopia where 68.9% of the leprosy patients presented with disabilities.42,45,47

This implies that further action is needed to improve early case detection and prevent disability.
The strength of this baseline study was that primary and secondary data were collected

by local researchers with an understanding of the national health system and language. One
important limitation to consider is potential recall problems in the case detection delay
component, when patients try to remember the commencement of the signs and symptoms
of leprosy. To minimise this, a standardised and validated questionnaire was used, and data
collectors inquired further with the patient using memorable dates on a local calendar, such
as festivities and religious celebrations. In addition, only recently diagnosed patients were
included.

Conclusion
The epidemiological indicators presented here show that there is high leprosy endemicity in
the study districts with many childhood cases still being reported, indicating that transmission
of M. leprae is ongoing. Community based awareness raising on leprosy aimed at encouraging
seeking medical care timely, training of health staff, as well as the implementation of an
intervention aimed at early case detection, can help to reduce case detection delay and
disability. Furthermore, the provision of chemoprophylaxis as part of the PEP4LEP skin-
screening interventions could help interrupt the transmission of M. leprae in East Hararghe
Zone.
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