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Abstract

Background Nepal has achieved and sustained the elimination of leprosy as a public health problem since 2009,
but 17 districts and 3 provinces with 41% (10,907,128) of Nepal's population have yet to eliminate the disease. Pedi-
atric cases and grade-2 disabilities (G2D) indicate recent transmission and late diagnosis, respectively, which neces-
sitate active and early case detection. This operational research was performed to identify approaches best suited
for early case detection, determine community-based leprosy epidemiology, and identify hidden leprosy cases early
and respond with prompt treatment.

Methods Active case detection was undertaken in two Nepali provinces with the greatest burden of leprosy, Mad-
hesh Province (40% national cases) and Lumbini Province (18%) and at-risk prison populations in Madhesh, Lumbini
and Bagmati provinces. Case detection was performed by (1) house-to-house visits among vulnerable populations
(n=26,469); (2) contact examination and tracing (n=7608); in Madhesh and Lumbini Provinces and, (3) screening
prison populations (1=4428) in Madhesh, Lumbini and Bagmati Provinces of Nepal. Per case direct medical and non-
medical costs for each approach were calculated.

Results New case detection rates were highest for contact tracing (250), followed by house-to-house visits (102)
and prison screening (45) per 100,000 population screened. However, the cost per case identified was cheap-

est for house-to-house visits [Nepalese rupee (NPR) 76,500/case], followed by contact tracing (NPR 90,286/case)

and prison screening (NPR 298,300/case). House-to-house and contact tracing case paucibacillary/multibacillary
(PB:MB) ratios were 59:41 and 68:32; female/male ratios 63:37 and 57:43; pediatric cases 11% in both approaches;
and grade-2 disabilities (G2D) 11% and 5%, respectively. Developing leprosy was not significantly different

among household and neighbor contacts [odds ratios (OR) = 1.4, 95% confidence interval (Cl): 0.24-5.85] and for con-
tacts of MB versus PB cases (OR=0.7, 95% C/ 0.26-2.0). Attack rates were not significantly different among household
contacts of MB cases (0.32%, 95% C/ 0.07-0.94%) and PB cases (0.13%, 95% C/ 0.03-0.73) ()(2:0.07, df=1,P=0.9)

and neighbor contacts of MB cases (0.23%, 0.1-0.46) and PB cases (0.48%, 0.19-0.98) ()(2:0.8, df=1,P=0.7). BCG vac-
cination with scar presence had a significant protective effect against leprosy (OR=0.42, 0.22-0.81).

Conclusions The most effective case identification approach here is contact tracing, followed by house-to-house
visits in vulnerable populations and screening in prisons, although house-to-house visits are cheaper. The findings
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suggest that hidden cases, recent transmission, and late diagnosis in the community exist and highlight the impor-

tance of early case detection.

Keywords Leprosy, Early case detection, Community-based epidemiology, Hidden case, New case detection rate,

Attack rate, Cost per case identified, Nepal

Background

Leprosy is a contagious but low pathogenic and chronic
infectious disease caused by Mycobacterium leprae. It
mainly affects peripheral nerves and skin, which results
in progressive physical, psychological and social disabil-
ity in some cases [1, 2]. Disability affects the social and
working lives of infected people; social stigma is a signifi-
cant consequence of leprosy. The first and prime objec-
tive of leprosy control programs is to focus on early case
detection so that treatment can begin as early as possi-
ble after symptoms appear and disability is prevented [3].
In 2022, 174,087 new leprosy cases were reported from
182 countries (21.8 per million population), of which
12 countries reported more than 1000 new cases; the
World Health Organization (WHO) South-East Asia
Region (SEAR) accounted for 71.4% of the cases. The new
(0.22/10000 population) and child (5.9%) cases, grade 2
disability (G2D, 5.5%) and female (38.9%) case propor-
tions in 2022 indicate ongoing transmission, late diagno-
sis and underreported cases in females[4, 5].

Nepal has maintained leprosy elimination as a pub-
lic health problem level at the country level since 2009.
However, in 2018, Nepal still reported more than 3200
cases with a registered prevalence of 0.99/10,000 popu-
lation. Seventeen districts and 3 provinces had a regis-
tered leprosy prevalence of>1/10,000 population, with
Madhesh Province (40%) and Lumbini Province (18%)
accounting for most cases. The proportions of children,
females and G2D cases in Nepal in 2018 were 7.92%, 42%
and 4.75%, respectively [6]. The pediatric cases indicate
recent transmission, lower female proportions indicate
underreporting, and G2Ds suggest late diagnosis, all
threatening the elimination status that Nepal achieved in
2009.

The WHO Global Leprosy Strategy 2016-2020
launched in 2016 envisioned accelerated action toward
a leprosy-free world. The indicators for this vision were
zero children diagnosed with leprosy and visible deformi-
ties, a rate of newly diagnosed leprosy patients with vis-
ible deformities<1 per million, and no countries with
legislation allowing discrimination on the basis of lep-
rosy. The promotion of voluntary self-reporting is crucial
to case detection and for achieving the desired target.
The Global Leprosy Strategy 2016—2020, along with the
current 2021-2030 strategy, [7] also recommends tar-
geting high-risk and vulnerable groups with increasing

active case detection [8]. Active case detection is a more
effective strategy that enables early diagnosis and treat-
ment and prevents disability and potentially the spread of
infection [9, 10].

Differing approaches are available for different at-risk
populations. House-to-house visits of high-risk and vul-
nerable populations, including people from lower castes
such as Dalit, Mushhar and other marginalized commu-
nities in Nepal, could identify hidden cases that might
transmit the disease in favorable conditions. Contact
tracing is a recognized form of active case detection in
a group that is significantly more likely to have leprosy
than the general population in high- and low-endemic
disease burden countries. This form of active detection
takes all the registered cases as index cases and trained
health workers screen the household and neighboring
contacts of those index cases in order to know if the con-
tacts have developed clinical leprosy. Ten percent of the
cases diagnosed by trained health workers are re-exam-
ined and validated by dermatologists as per National
Leprosy Strategy 2021-2025 and Leprosy Post-exposure
Program Guidelines [11]. Among different types of con-
tacts, household contacts reportedly have a 3.5 times
greater likelihood of having leprosy than social contacts
and almost double that of neighbors; however, even social
contacts are 2.5 to 3 times more likely to have leprosy
than the general population [12]. Studies suggest that the
most susceptible populations include family contacts of
multibacillary (MB) cases, followed by neighboring con-
tacts and contacts of paucibacillary (PB) cases [13]. How-
ever, overcrowding within prisons also makes the prison
environment conducive to disease spread. Poor diet, lack
of hygiene and physical inactivity are enabling factors;
hence, prisoners are more at risk of transmission than the
general population [14, 15]. Finally, BCG vaccination, the
attenuated bacillus Calmette-Guérin strain of the related
M. bovis bacteria, reduces leprosy transmission [16, 17].

Here, we use three active case detection methods: (1)
house-to-house visits of high-risk and vulnerable popu-
lations in Nepali districts with leprosy public health
problems; (2) house-to-house visits and examination
of contacts of leprosy cases identified between 2 and
5 years ago (retrospective active case finding) [18]; and
(3) examination of prisoners to identify early cases in a
cross-sectional study. The study also assessed the cost
effectiveness of methods to identify active cases and
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measures of association to highlight key epidemiological
features of leprosy in risk areas relevant for control.

Methods

Study overview

The general study objective was to determine the epi-
demiology of leprosy and its protective and risk factors
through active and early case detection approaches using
three active case detection approaches and to estimate
their yield and direct costs. The study was conducted
between October and December 2021. The study was
performed in three provinces in Nepal: Madhesh Prov-
ince, Lumbini Province and Bagmati Province. The Siraha
and Rauthat districts of Madhesh province and the Banke
and Bardia districts of Lumbini Province have been
selected as these districts have not eliminated leprosy as
a public health problem. These districts have clusters of
leprosy cases with ongoing transmission. Only prisons of
Bagmati Province were included in study as it was assume
that prisoner populations could be at-risk populations.
Full details of each study are given below in the "Active
case detection" section, Approaches 1-3. Except for the
prison population, age and gender were only recorded for
cases identified and not other contacts. All cases diag-
nosed by trained health workers were examined and vali-
dated by dermatologists for this study.

Active case detection

Approach 1

House-to-house visits in communities with high-risk
groups and vulnerable populations, such as marginal-
ized habitants of Dalit, Mushhar, and Chamar groups,
were undertaken in Rautahat District of Madhesh Prov-
ince and Banke District of Lumbini Province. In Rauta-
hat, four rural municipalities (Palika), namely, Dewahi
Gonahi, Rajpur, Ishnath and Rajdevi, were selected in
close coordination with district health authorities. These
municipalities were considered to have inhabitants from
more vulnerable populations. From the four municipali-
ties, 24 sites (wards) covered by 24 health facilities were
selected. The same process was followed in Banke, where
27 sites (wards) covered by 27 health facilities from four
municipalities, Baijnath, Narainapur, Janaki and Nepal-
gunj, were selected. A total of 60 to 100 households with
inhabitants of marginalized people living in overcrowded
houses made of soil or mud, which favored leprosy trans-
mission, were used for the census. Trained local health
workers and local female community health volunteers
(FCHVs) visited the selected sites and performed house-
to-house visits, examining all the members present in the
household for any signs of leprosy. In total, 13,420 and
13,049 individuals were examined in Rautahat and Banke,
respectively (Additional file 1: Table S1). Local trained
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health workers examined male individuals, and FCHV
examined female individuals present in the household.
Simultaneously, demographic and epidemiological vari-
ables were collected by a trained local health worker.

Members of the households were informed 2 days
before the survey and asked to be present at their own
household at the time of the survey via the local FCHV.
All suspected cases identified by local health workers
and FCHV were invited to health facilities, and cases
were confirmed by a dermatologist. After diagnosis con-
firmation, leprosy cases were treated as per the national
protocol.

Approach 2

Household and neighboring contacts of previously iden-
tified confirmed leprosy cases in the previous 2—5 years
were examined in the Siraha district of Madhesh Prov-
ince and Bardiya of Lumbini Province by trained local
health workers. The cases diagnosed between the last
2-5 years in the respective districts were selected ran-
domly in planning meetings conducted before the imple-
mentation of field work. Local trained health workers
and FCHVs examined 106 and 177 confirmed leprosy
case contacts, respectively, in Siraha and Bardiya. A total
of 7608 contacts were screened during the case—contact
survey (Table 1).

Approach 3

Siraha (7=449), Rautahat (2=360), Banke (n=23826),
Bardiya (n=319), Lalitpur (n=251) and Kathamandu
(n=2223) prisons were used as screening sites for active
case detection using convenience sampling among 4428
prisoners to assess the transmission status of leprosy in
prisons. The prisoner population comprised 4229 males
and 199 females.

Informed consent

In all approaches, participants were requested to give ver-
bal informed consent. As this study was part of regular
surveillance of epidemiology and disease control division
(EDCD), written informed consent was not obtained.
Approval for data publication was obtained from EDCD,
and exemption from ethical review (347/2022) was
obtained from the ethical board of the Nepal Health
Research Council.

Statistical analysis

Data collected on paper-based questionnaires devel-
oped by the Leprosy Control and Disability Manage-
ment Section (LCDMS)/EDCD were entered in Excel®
spreadsheets. Consistency was checked, and data analy-
sis was performed in IBM SPSS statistics 22 (IBM Corp,
Armonk, NY, USA) and R version 4.2.0 (R Foundation
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Table 1 Leprosy cases and their contacts screened during a case—contact survey
District Total population Total index Clinical disease Index cases Household Neighboring Total
[19] cases contacts? contacts® screened
population
Siraha 739,953 106 MB 53 327 1353 3170
PB 53 372 118
Bardiya 459,900 177 MB 107 599 2102 4438
PB 70 2102 1352
Total 7608

?Household contacts comprised all members > 2 years old residing in the index case household

b Neighboring contacts comprised all individuals > 2 years old residing in the nearest 4-6 neighboring houses of the index case

for Statistical Computing, Vienna, Austria) [20]. Differ-
ences in the yields (cases per 100,000 people screened)
for all methods (Approaches 1-3) were tested first using
prop.test in R and then pairwise using an exact test with
a Poisson distribution using the poisson.test in R. The
attack rate (AR) with respect to different demographic
variables and types of leprosy cases were calculated with
95% confidence intervals (CIs) using binomial models in
R, where the attack rates are the case per contact calcu-
lated from the case-contact survey (Approach 2). Chi-
squared tests (y*) and odds ratios (ORs) using Fisher’s
exact test with 95% CIs were calculated for associations
between attack rates with respect to different demo-
graphic variables and between BCG scar presence and
leprosy using R’s chisq.test or fisher.test. We used a
Poisson generalized linear regression for testing the sig-
nificance of age classes and gender of being a case from
all the case data (Approaches 1-3, see Additional file 1:
Table S2), where:

log(E(case;)) = Bo + BageXi + BGender®;

where B is the intercept, B4g the coefficient for the age
class i and Bgenqer the coefficient for the gender j, using
R’s glm function. To adjust for the screened population
at risk and index cases present in the case-contact sur-
vey (Approach 2), we also use simple Poisson regression
with an offset for index cases in the population present to
assess risk [21], where for district i:

log(E(new cases;)) =Po + Baistrict*i
+ log(index cases;

xpopulation screened i)

where By is the intercept, Byisic: the coefficient for the
district i. We also simply offset this with population
alone, where the offset was log (populationscreenedl-) to
test the sensitivity of the results to this assumption.

Cost analyses

The direct medical and non-medical costs for each
approach were calculated and comprised expenses
related to training, orientation, health worker per diems,
dermatologist’s fees, expenses for monitoring and super-
vision and data management [22]. The total direct cost
was divided by the total number of patients identified
or diagnosed by the approach and was derived per unit
cost for the leprosy cases identified. Finally, for discus-
sion, we converted costs from national currencies to US
dollars for comparison. We used the date in publications
and adjusted to 25 December 2021 rates using Google’s
default currency convertor provided by Morningstar at
119.11 Nepalese rupee (NPR) per US dollar (USD).

Results

Comparison of different approaches of active case
detection

New leprosy cases were identified during house-to-
house visits (#=27), contact tracing (#=19) and prison
screening (n=2) from a total of 38,505 screened peo-
ple (Table 2). New case detection rates were highest in
contact tracing (250 per 100,000 population), followed
by house-to-house visits (102 per 100,000) and prison
screening (45 per 100,000). We found statistically signifi-
cant differences in the yields (y*=169, df=2, P<0.001),
with significant differences between all approaches,
where contact tracing was greater than both house-to-
house visits (rate ratio 2.45, 95% CI 1.94-3.12, P<0.001)
and prison screening (rate ratio=5.56, 95% CI 4.03-7.81,
P<0.001) and house-to-house visits greater than prison
screening (rate ratio=2.27, 95% CI 1.58-3.29, P<0.001).
However, house-to-house visits were the cheapest cost
per case identified at NPR 76,500/case (USD 642), fol-
lowed by contact tracing (NPR 90,286/case; USD 758)
and prison screening (NPR 298,300/case; USD 2504).
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Table 2 Comparison of different approaches of active case detection giving the approach, numbers screened, numbers of confirmed
cases, and the clinical classification, gender, pediatric numbers, grade and costs of those cases

Approach Screened Suspected Confirmed New case PB:MB (%) F:M (%) Pediatric New leprosy cases Cost/case NPR
cases cases detection cases with grade 2 (USD)

rate (%)? disabilities (%)

(/100,000)
House-to- 26,469 365 27 102 16:11 (59:41) 17:10(63:37) 3(11) 3(11) 76,500 (USD
house visits 642)
Contacttrac- 7608 214 19 250 136 (68:32)  11:8(57:43) 2(11) 1(5) 90,286 (USD
ing 758)
Prison screen- 4428 185 2 45 0:2 (0:100) 0:2 (0:100) 0(0) 0(0) 298,300 (USD
ing 2504)

Screened: Total numbers screened; PB/MB: paucibacillary/multibacillary ratio; F/M: Female/Male ratio; G2D: Grade 2 deformity.

2 A breakdown of these at the district level given in Additional file 1: Table S3
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o 4,

2 2 4
Case numbers
Fig. 1 Age and gender of identified leprosy cases

Just two MB cases were discovered in adult male pris-
oners. House-to-house and contact tracing case PB:MB
ratios were 59:41 and 68:32; Female/Male ratios 63:37
and 57:43; pediatric cases 11% in both approaches; and
G2D 11% and 5%, respectively.

Age and gender of leprosy cases

In aggregate, the number of females among confirmed
leprosy cases (28/48) was higher than that of males, but
the difference was not significant (58%, 95% CI 0.43-0.72,
P=0.58) (Fig. 1, Additional file 1: Table S2). Neither age
(P=0.55) nor gender (P=0.57) was significant using a
Poisson regression model.

Attack rate and associations of contacts and leprosy

Individuals with a history of two to five years of prox-
imate contact with confirmed leprosy cases were
examined, in which attack rates were higher among
household contacts of MB cases (0.32%, 95% CI 0.07—
0.94) than among neighboring contacts of the same
cases (0.23%, 0.1-0.46), but this difference was not sig-
nificant (y*=0.07, df=1, P=0.9). Neighboring contacts

of the PB cases were found to have a higher attack rate
(0.48%, 95% CI 0.19-0.98) compared to the house-
hold contact (0.13%, 95% CI 0.03-0.73) of the same
cases, but this was again not significant (y*=0.8, df=1,
P=0.7) (Additional file 1: Fig. S1, Table S4).

Differences in related associations, such as house-
hold contacts of MB cases being a case compared to
neighbors (OR=1.4, 95% CI 0.24-5.85, P=0.71) or PB
household cases (OR=2.5, 95% CI 0.2-129.1, P=0.63)
and other variations of these associations were not
significantly different. Further data and tables are pro-
vided in the supplementary information (Additional
file 1: Fig. S2, Table S5).

The contact tracing of 106 and 177 leprosy index cases
in Siraha (n=3170) and Bardiya (n=4438) after 25 years
of proximate contact with index cases identified 14 new
cases in Siraha (0.13 cases per index case, 95% CI 0.07—
0.21) and 5 in Bardiya (0.03, 95% CI 0.01-0.06). This was
statistically significant (y*=9.8, df=1, P=0.002), includ-
ing adjusting for index cases and screened contacts
(8=1.9, standard error=0.5, P<0.001). The result was
insensitive to offsetting the screening population (8=1.4,
standard error=0.5, P<0.01).

Gender, case classification and disability

We found no significant differences between gender
and advanced (MB) leprosy (OR=0.47, 95% CI 0.11-
1.78, P=0.24) or G2D (OR=0.76, 95% CI 0.05-11.4,
P=1) using all 48 newly confirmed cases.

BCG and leprosy transmission

Among the total participants, 569 visited a health facil-
ity for confirmation of leprosy and were also inspected
for a BCG vaccination scar by a dermatologist. Those
participants with the presence of a BCG scar were
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found to have significantly lower odds of having leprosy
(18 of 341, Table S5, Table S6) than those without (27 of
201), with an OR=0.42 (95% CI 0.22-0.81, P=0.007).

Discussion

We report 48 new leprosy cases from 38,505 screened
people, comprising 29 from house-to-house screening
among vulnerable populations, 19 from case-contact
tracing and 2 from prisoner screening. House-to-house
screening and contact tracing discovered 11% of pedi-
atric cases in both approaches and 11% and 5% of G2D
cases, respectively, indicating new transmission events
and late diagnosis, highlighting the gaps in leprosy con-
trol programs.

The new case detection rate was highest in contact
tracing (250), followed by house-to-house visits (102) and
prison screening (45) per 100,000 population screened,
with all differences significant (P<0.001; see “Results”
section), whereas the most cost-efficient approach here
was house-to-house visits (NPR 76,500/case; USD 642/
case), followed by contact tracing (NPR 90,286/case; USD
758/case) and prison screening (NPR 298,300/case; USD
2540/case). These costs per case detected are similar to
those reported for other countries; for example, case
contact tracing was approximately USD 529 (vs~USD
758) in a similar study of Nigeria [23], scaled by inflation
and using December 2021 exchange rates. The effective-
ness and cost efficiency suggest that implementing both
approaches in parallel may be optimal.

The epidemiological and clinical features of the iden-
tified confirmed cases were not significantly different.
This is possibly because of the small sample of confirmed
cases. The PB:MB ratio differed from the global status
(35:65), but greater sample sizes might alter this. Simi-
larly, the female:male ratio differed, but with large sam-
ple sizes, it might change to match the national (42:58)
and global (40:60) ratios. However, if the findings here
are true but simply lack statistical power due to smaller
sample sizes, then these altered ratios could be due to
active case detection versus passive case detection and
suggest that females with leprosy are often hidden with
passive surveillance [4]. However, details on gender and
age were only recorded for cases, so differences in gen-
der and age rates are not available but could be useful for
future efforts. Studies have highlighted that leprosy cases
are underreported [24], along with methods to address
underreporting statistically [25, 25-27], but future efforts
should also aim for earlier detection through active case
detection and to reduce the stigma attached to leprosy so
that cases are not hidden.

The transmission attack rates observed in house-
hold (0.32%, 95% CI 0.07—0.94) and neighboring (0.13%,
95% CI 0.03—0.73) contacts of MB cases and household
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(0.23%, 95% CI 0.1-0.46) and neighboring (0.48%, 95%
CI 0.19-0.98) contacts of PB cases were not significantly
different. The rates, however, are lower than some other
reports, such as 2% in Brazil in 2008 [17]. This requires
additional studies in more districts to confirm, but the
lower attack rate in the current Nepalese situation also
indicates progress toward elimination of the disease. The
lack of a significant difference in household contacts of
cases developing leprosy compared to neighboring con-
tacts (0.78, 95% CI 0.19-2.45) differs from other find-
ings where household contacts may have twice the risk
of developing disease compared to neighboring contacts
[12, 28]. The reasons for this could be sample size and
statistical power or that other factors are either reduc-
ing the within-household transmission or increasing
the neighbor-case transmission. Again, further work is
needed to determine which is occurring, but if within-
household transmission is reduced, this could be a sign of
successful case management. The use of genomic epide-
miology may help elucidate transmission chains [29].

Contact tracing of leprosy index cases was conducted
after 2-5 years of proximate contact in both Siraha
(Madhesh Province) and Bardiya (Lumbini Province),
with more new cases per index case in Siraha (14, 0.13
cases per index case, 95% CI 0.07-0.21) than in Bardia (5,
0.013 per case, 95% CI 0.01-0.06). The difference was sig-
nificant, including adjusting for index cases and screened
populations. It was reported that leprosy postexposure
prophylaxis (LPEP) has been implemented in Bardia for
several years.

A further encouraging finding was that BCG vaccina-
tion with the presence of a scar had a significant protec-
tive effect against leprosy (OR=0.42, 95% CI 0.22-0.81).
This finding is consistent with other findings, such as in
Brazil, where the OR=0.27 (95% CI 0.13—-0.59) [17]. The
findings suggest that BCG immunization programs will
successfully contribute to leprosy elimination. For Nepal,
this is encouraging because BCG is given at birth and
national coverage is high at 97.8% (95% CI 95.8—-98.7) for
BCG [30, 31]. However, like all immunization programs,
there are often small pockets of people where there is
lower vaccine coverage, and lower BCG is reported for
at-risk populations such as Madhesi, Dalit, and some
religious minorities, who were targeted for screening
here [32]. Future immunization programs should aim to
ensure that at-risk communities are reached to achieve
leprosy elimination goals.

Finally, our findings of the study revealed that hidden
cases in the community can be identified and treated by
active case detection approaches, and these approaches
are now included in the Nepali National Leprosy Strategy
2021-2025.
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Our study has several limitations, but the key ones
include that the study was carried out in the risk popula-
tion for leprosy transmission, so the findings are limited
to these and not applicable to the general population.
The costs applied per case identified were calculated in
geographically privileged population, and hence will dif-
fer from those in more geographically difficult terrain,
like mountainous regions. It is also possible that some
members of households, and so cases, were missed,
despite best efforts, impacting calculations.

Conclusions

The new case detection rates identified in this study sug-
gest sustained levels of transmission in the communi-
ties screened. The proportion of pediatric cases (>10%)
is evidence of recent transmission, and the proportion of
G2D confers evidence of late diagnosis and inadequate
surveillance in the community. Although not significant,
the Female:Male case ratio being the reverse of the global
and national reports from passive case surveillance sys-
tems indicates hidden cases in the community, suggest-
ing that active surveillance is required to hasten leprosy
elimination. The reduced attack rate compared to earlier
studies, however, suggests some progress toward disease
elimination, and BCG vaccination should be given more
attention as a tool for elimination, as it reduces trans-
mission. Together, active case detection through house-
to-house visits and contact tracing to detect early and
hidden cases, along with the optimal use of BCG, might
help reduce transmission, prevent disabilities, and move
Nepal closer toward elimination.
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