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a b s t r a c t 

Objectives: As post kala-azar Dermal Leishmaniasis (PKDL) threatens the success of the Visceral Leish- 

maniasis (VL) elimination initiative, we aimed to investigate the PKDL burden, including an active search 

for PKDL in leprosy-negative skin lesion cases. We also investigated their health-seeking behavior and 

perceived level of stigma. 

Methods: This was a cross-sectional survey among inhabitants in the VL-endemic villages of the five 

most VL-endemic upazilas. VL experts trained medical officers in Upazila Health Complexes (UHCs) and 

leprosy facilities in PKDL management. Frontline workers conducted house-to-house surveys, referring 

PKDL suspects to designated centers. Data analysis involved Epi Info version 7 and IBM SPSS Statistics 25. 

Results: Among 472,435 screened individuals, 4022 had past VL (0.85 %). Among the screened population, 

82 were PKDL suspects, and 62 PKDL cases were confirmed. The overall PKDL burden was 1.3 (95 % CI: 

1.0-1.7) in the 10,0 0 0 population in the endemic villages. Male predominance and macular form of PKDL 

were observed. Thirty-nine PKDL patients perceived stigma of different levels. Only 27 of 62 (44 %) had 

received PKDL treatment. Medicine’s unavailability and side effects were a major reason behind treatment 

interruption. Active screening among 137 leprosy-negative PKDL suspects yielded 10 (7.3 %) PKDL cases. 

Conclusion: The existence of PKDL cases in the VL endemic areas is a concern as those are inter-epidemic 

reservoirs. As per the WHO roadmap, the PKDL burden must be reduced by 70 % and 100 %, respectively, 

by 2026 and 2030. NKEP can take the current burden of 1.3 per 10,0 0 0 people in VL endemic villages as 

a baseline. Integrating active case detection for PKDL in leprosy hospitals and screening centers is feasible 

and worth deploying nationwide. 

© 2024 Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY IGO license 

( http://creativecommons.org/licenses/by/3.0/igo/ ) 
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Among the different manifestations of leishmaniasis, post 

ala-azar dermal leishmaniasis (PKDL) occurs in areas endemic to 

eishmania donovani . Mostly, PKDL is a sequela of visceral leish- 

aniasis (VL) characterized by hypo-pigmented macular, papular, 

odular, or polymorphic skin lesions. However, it can happen in 

ndividuals without a past history of VL but living in VL-endemic 

reas [ 1-3 ]. Skin lesions of PKDL are often confounded with other 

kin conditions, such as leprosy or vitiligo, causing difficulty in the 
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ifferential diagnosis. PKDL is a chronic condition where patients 

erve as reservoirs for VL parasites, facilitating further transmis- 

ion of VL in the communities [ 4 ]. Usually, PKDL patients do not

eek medical care as they are clinically healthy. Therefore, active 

ase search, diagnosis, and treatment of PKDL are essential to 

ustain the success of the VL elimination initiative in the Indian 

ub-continent. 

The risk factors for PKDL are not fully understood. A study con- 

ucted in Bangladesh through an active case search for VL and 

KDL cases showed that among 22,699 individuals surveyed, 813 

3.6 %) had VL at any time in the past, and 79 (0.35 %) had PKDL

ith eight additional PKDL patients without a history of VL [ 5 ]. 

urther, the cohort study in Bangladesh revealed that the devel- 

pment of PKDL and VL relapses (VLRs) are related to treatment 

egimens for VL. Sodium stibogluconate (SSG) and multi-dose lipo- 

omal amphotericin B (LAmB) resulted in less incidence of PKDL 

nd VLRs compared to other treatment regimens [ 6 ]. Follow-up 

f VL patients treated with single dose AmBisome, AmBisome- 

iltefosine, and miltefosine-paromomycin in India between 2012 

nd 2014 revealed a PKDL incidence of 1.29, 1.45, and 2.65 per 

0 0 0-person months respectively. Children < 12 years of age and 

emales were in high-risk groups for PKDL [ 7 ]. A retrospective 

tudy conducted in 2010 in Nepal showed that among VL patients 

reated with sodium stibogluconate (SSG) between 20 0 0 and 2009, 

.4 % had PKDL [ 8 ]. 

It is difficult to predict who will develop PKDL. Poor treatment 

ompliance, young age (5-17 years), malnutrition, co-infection with 

IV and treatment of HIV, and long-time environmental arsenic 

xposure may all be associated with the development of PKDL [ 9 ]. 

 recent xenodiagnosis study revealed that nodular and macular 

KDL patients are infectious for sandflies, thus requiring prompt 

reatment [ 4 ]. PKDL is thus recognized as a threat to the VL elim-

nation effort, and developing strategies for case finding, diagno- 

is, and treatment is one of the priority objectives of the Kala- 

zar Elimination Program. However, the actual burden of PKDL in 

angladesh is unknown. As per the WHO roadmap for eliminat- 

ng neglected tropical diseases, the PKDL burden must be reduced 

y 70 % and 100 %, respectively, by 2026 and 2030 [ 10 ]. There is

o routine active case search for PKDL in the national program, 

nd baseline information about PKDL for the WHO roadmap is cur- 

ently unavailable. Passive case detection does not reflect the real 

urden of PKDL in the VL communities, and an active case search 

n the community is a better way to determine the real burden of 

KDL. 

PKDL patients do not always feel sick and may not seek treat- 

ent. Such inappropriate treatment-seeking behavior of PKDL pa- 

ients may allow the disease to stay chronic, increase its severity, 

nd enhance its transmissibility [ 4 ]. Lack of knowledge and per- 

eived stigma may cause patient delay in seeking treatment. Fur- 

her, it is possible that PKDL cases without a past history of VL 

eek care in Leprosy hospitals since the clinical presentation of 

KDL and leprosy is similar. 

In this study, we aimed to determine the prevalence of PKDL 

n the VL endemic villages of highly VL endemic upazilas in 

angladesh, to explore feasibility and yield for active case research 

or PKDL in the leprosy hospitals and screening centers, and to 

dentify the healthcare-seeking behavior and experience of stigma 

y PKDL patients in highly VL endemic upazilas in Bangladesh. 

ethodology 

tudy design, sites, population, and sample size 

This cross-sectional survey used a purposive sampling strategy 

nd included all VL endemic villages (N = 102) of the five most 

ighly endemic VL upazilas ( ∼ sub-districts) for the period 2018- 
2

021 ( Figure 1 ). We obtained the number of VL cases reported dur- 

ng the time frame from the National Kala-azar Elimination Pro- 

ram (NEKP). Then, we identified the upazillas with the highest 

umber of VL cases. These were Fulbaria, Trishal, Bhaluka, and 

affargoan under the Mymensingh district of Mymensingh Divi- 

ion, while Madhupur is a sub-district in the Tangail district of 

he Dhaka Division. The number of VL endemic villages was 33, 

8, 17, 12, and 12, respectively, in Fulbaria, Trishal, Gaffargoan, 

haluka and Madhupur. The total population in 102 villages was 

ollected from the Population and Housing Census 2011 report by 

he Bangladesh Bureau of Statistics [ 11 , 12 ]. Then, the total popula-

ion was projected using the following population projection equa- 

ion. 

 = P0 x exp ( rt ) 

here, 

P = Total population 

P0 = Starting population 

r = Rate of growth of the sub-districts 

t = Years since the census in 2011 (10 years) 

The growth rate was 3.32, 1.23, 0.40, -3.43, and 1.17 for Bhaluka, 

ulbaria, Gaffargaon, Madhupur, and Trishal, respectively. The final 

opulation in 102 VL endemic villages of this study was 472,435 

s 201,717, 122,201, 70,853, 60,708, and 16,956 were from Fulbaria, 

rishal, Gaffargoan, Bhaluka, and Madhupur respectively. 

In addition, we deployed an integrated approach for PKDL case 

etection in the two leprosy hospitals (Jalchatra and Shambhugonj) 

nd in the five leprosy screening centers based in the Upazila 

ealth Complex(s) (UHCs) of the study areas. The Damien Foun- 

ation Bangladesh is involved in leprosy case detection and man- 

gement in the Mymensingh and Dhaka Divisions. The Jalcha- 

ra Hospital covers three districts (Tangail, Jamalpur and Sherpur), 

nd Shambugonj Hospital covers the Mymensingh, Netrokona and 

ishoregonj districts. The screening centers at the UHCs cover only 

he upazila catchment areas. After successful coordination with 

amien Foundation Bangladesh, we included the above-mentioned 

wo leprosy hospitals and five leprosy screening centers in an ac- 

ive search for PKDL patients where individuals with skin lesions 

egative for leprosy underwent rK39 testing to detect PKDL. We 

arried out the study from May 2021 to June 2022. 

raining 

VL experts trained medical officers, lab technicians, health in- 

pectors, and assistant health inspectors from five UHCs on PKDL 

ase detection, diagnosis, and management, and about the objec- 

ives and activities of the study in the Surya Kanta Kala-azar Re- 

earch Centre (SKKRC) in Mymensingh. Health inspectors and as- 

istant health inspectors guided the field research team in the field 

or village location and household identification. Lab technicians 

erformed the rK39 rapid test at the field site during a house-to- 

ouse survey among suspected PKDL cases. rK39 positive proba- 

le PKDL cases were referred from the field by the research team 

o the nearest UHC, where the medical officer(s) confirmed the 

iagnosis and provided the treatment as per national guidelines 

or VL/PKDL case management [ 13 ]. The medical officers and lab- 

ratory technicians of the selected two leprosy hospitals and five 

eprosy centers were also trained on the differential diagnosis of 

KDL. Laboratory technicians of the leprosy facilities performed the 

k39 test among leprosy-negative patients, and rk39-positive cases 

ere referred to the nearest UHCs for confirmation and subsequent 

reatment. 
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Figure 1. Five high-endemic areas for PKDL prevalence study. 
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perational definitions 

According to the National Kala-azar case management guide- 

ine of the National Kala-azar Elimination Program of Bangladesh 

NKEP), an individual with a past history of VL or exposure to a 

L endemic area with hypo-pigmented macule(s), papule(s) and or 

odule(s) with skin sensation is a suspected case of PKDL. A sus- 

ected case of PKDL with a positive for the rK39 test is a probable

ase of PKDL. A confirmed PKDL case is defined by the demon- 

tration of LD bodies/LD DNA in skin lesions. As per the guide- 

ines, both probable and confirmed cases are eligible for treatment. 

icroscopic examination or molecular test of skin specimens are 

ot available in upazila health complexes. So, a referred suspected 

KDL case is eligible for treatment after confirmation as a prob- 

ble case of PKDL by case history, physical examination, and re- 

eat rK39 test. Herein, we have defined them as confirmed cases 

f PKDL. 

ouse-to-house survey 

House-to-house survey activity was conducted in collaboration 

ith the National Kala-azar Elimination Programme (NKEP) and 

nder the guidance of local UHC. Trained field research assis- 

ants (FRAs) visited households in the study areas with designated 

ealth inspectors and assistant health inspectors. They asked the 

ousehold head(s) for any family member with VL/ PKDL at any 

ime in the past and household member currently with PKDL-like 

kin lesions. If the answer was no, they skipped the household and 

ent for the next family. The field workers cross-checked the neg- 
3

tive answers using the VL patient database at the UHCs. In case 

ny household head replied yes, the research team completed con- 

enting procedures first and then screened household member(s) 

or PKDL-like lesions with or without a past history of VL. In case 

he person having a lesion was absent at that time, the research 

eam revisited the household for testing and further procedures. 

pon acknowledging having a PKDL-like skin lesion member in the 

ouse, none of the household heads refused to participate in the 

creening and subsequent activities. FRAs conducted an rK39 rapid 

est using finger prick blood among household member(s) with 

KDL-like skin lesions. The team referred rK39 positive case(s) to 

he Upazila health complex for further confirmation of PKDL diag- 

osis and management following national kala-azar case manage- 

ent guidelines [ 13 ]. In the field, household members with skin 

esions but negative for the rK39 rapid test were requested to seek 

edical care from the Upazila Health Complex. 

nterview of PKDL patients for knowledge about VL/PKDL and their 

erception of stigma 

The research team interviewed PKDL cases for their knowledge 

nd practice about VL and PKDL and their perception of stigma re- 

ated to their skin lesions due to PKDL. The team used a structured 

nterview questionnaire to assess patients’ knowledge and practice 

f VL/PKDL. They also used a 12-item semi-structured explana- 

ory model interview catalog (EMIC) stigma scale to score PKDL 

atients’ perceptions of stigma. The scale is widely used in other 

iseases with skin lesions [ 14 ]. The EMIC comprises 12 questions 

hat assess various feelings and experiences indicative of stigma, 
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Table 1 

Characteristics of VL endemic upazilas and their VL burden. 

Sub-districts 

Bhaluka 

% (n/N) 

Fulbaria 

% (n/N) 

Gaffargaon 

% (n/N) 

Madhupur 

% (n/N) 

Trishal 

% (n/N) 

Total 

% (n/N) 

VL endemic villages in the upazila 10.9 

(12/110) 

28.4 

(33/116) 

7.9 

(17/214) 

6.7 

(12/180) 

17.7 

(28/158) 

13.1 

(102/778) 

Households with past Kala-azar in VL endemic villages 1.47 

(213/14516) 

2.75 

(1262/45908) 

2.26 

(374/16535) 

2.79 

(118/4229) 

5.09 

(1397/27449) 

3.10 

(3364/108637) 

VL-affected people in the VL endemic villages 0.43 

(258/60708) 

0.74 

(1491/201717) 

0.62 

(437/70853) 

0.80 

(135/16956) 

1.39 

(1701/122201) 

0.85 

(4022/472435) 

Household members of VL patients screened for PKDL 980 5976 1807 537 6905 16205 

Suspected PKDL around a past case of VL 0.82 

(8/980) 

0.40 

(24/5976) 

0.44 

(8/1807) 

1.30 

(7/537) 

0.51 

(35/6905) 

0.51 

(82/16205) 

Confirmed PKDL around a past case of VL 0.82 

(8/980) 

0.30 

(18/5976) 

0.44 

(8/1807) 

0.75 

(4/537) 

0.35 

(24/6905) 

0.38 

(62/16205) 

Distribution of 

confirmed PKDL 

Newly detected 

PKDL cases 

PKDL with a past 

history of VL (n) 

4 10 4 1 12 31 

PKDL without a past 

history of VL (n) 

1 1 0 0 2 4 

Past PKDL 

cases 

PKDL with a past 

history of VL (n) 

3 7 4 3 9 26 

PKDL without a past 

history of VL (n) 

0 0 0 0 1 1 

Prevalence of PKDL (all confirmed PKDL/Population) x 

10000 

1.3 0.9 1.1 2.4 2.0 1.3 

r

c

c

h

d

s

i

s

L

u

D

 

S

w

c

l

T

c

d

fi

t

E

I

R

t

p

c

R

S

u

F

l

h

e

G

l

p

P

V

c

c

t

w

h  

P

s

1

P

u

C

(

p

c

(

v  

d

t

M

H

h

c

t  

(

p

ated on a four-point Likert scale (“Yes” = 3; “Possibly” = 2; “Un- 

ertain” = 1; and “No” = 0). Respondents who answer “Yes” are 

onsidered to exhibit a strong indication of stigma and receive the 

ighest score (e.g., three points), while those responding “No” are 

eemed to have no stigma feelings and are assigned the lowest 

core (e.g., zero points). However, question number two is scored 

n reverse. The EMIC total score ranges from 0 to 36, with higher 

cores indicating greater levels of stigma. 

ab test 

Trained field research assistants conducted the rK39 rapid test 

sing finger prick blood following the manufacturer’s instructions. 

ata management and analysis 

We used EPI Info Version 7 [ 15 ] for data management and IBM

PSS Statistics 25 (IBM SPSS, Chicago, IL) for data analysis. Data 

ere checked and cleaned before analysis. The study statistician 

onducted mostly descriptive analysis and calculated the preva- 

ence of PKDL following the standard formula for PKDL prevalence. 

he chi-square test was used to examine the association between 

ategorical variables. We conducted binary logistic regression to 

etermine the odds ratios (ORs) and their corresponding 95 % con- 

dence intervals (95 % CIs) for analyzing both univariate and mul- 

ivariable associations between variables. 

thical considerations 

The study activities started after obtaining approval from the 

CDDR,B Ethical Review Committee (PR-20138), and WHO Ethical 

eview Committee (ERC.0 0 03529). Trained research assistants ob- 

ained informed voluntary written consent and assent (where ap- 

licable) from household heads of suspected and confirmed PKDL 

ases before the introduction of any study-related activities. 

esults 

tudy areas, population and their demography, and VL burden 

The study included 102 (13.1 %) VL endemic villages in five 

pazilas with 108637 households with a population of 472,435. 
4

ulbaria upazila had the highest percentage of VL endemic vil- 

ages (28 %), followed by Trishal, Bhaluka, Gafforgaon, and Mad- 

upur. The proportion of households with reported VL cases, how- 

ver, was highest in Trishal (5.9 %), followed by Madhupur, Fulbaria, 

afforgaon, and Bhaluka. In the VL endemic villages of five upazi- 

as, about 1 % of inhabitants suffered from VL at any time in the 

ast, which was the highest in Trishal (1.39 %) ( Table 1 ). 

KDL burden 

The household members of 4022 individuals with a history of 

L were screened for PKDL. Among 16,205 people screened, 82 

ases (0.51 %) were suspected of PKDL. Medical officers in UHCs 

onfirmed PKDL in 62 of 82 (76 %) suspected cases. Thirty-five of 

he confirmed cases were new PKDL cases, and twenty-seven cases 

ere treated at any time in the past with no improvement (defined 

erein as past PKDL). Four of 35 new PKDL cases and 1 of 27 past

KDL cases had no history of VL. New and past PKDL cases in the 

tudy areas made a PKDL prevalence of 0.013 % (1.3 (95 % CI: 1.0- 

.7) in 10,0 0 0 people in the endemic villages). The distribution of 

KDL prevalence showed that it was highest in Madhupur (0.024 %) 

pazila and lowest in Fulbaria (0.009 %) upazila ( Table 1 ). 

haracteristics of confirmed PKDL cases 

Among 16,205 people screened for PKDL, almost half of them 

48 %) were 15-43 years old. The majority of the confirmed PKDL 

atients (53 %) were also from the same age group. Most of the 

onfirmed cases were illiterate (55 %), farmers (37 %) and married 

85 %). Males were predominant among the confirmed PKDL (65 % 

s. 35 %) and population screened (53 % vs 47 %) in the study. The

ifference in age and gender among PKDL and non-PKDL popula- 

ions was not statistically significant ( Table 2 and Supplementary 

aterial 5). 

ealthcare-seeking behavior of confirmed PKDL patients 

We interviewed 62 confirmed cases of PKDL for their 

ealthcare-seeking behavior. Less than half of the cases (27/62) 

onfirmed that they sought healthcare for their skin lesions af- 

er the onset of skin lesions, as 59 % (16/27), 37 % (10/27), and 4 %

1/27), respectively, went to a qualified doctor in the public hos- 

itals, local informal health care providers and qualified private 
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Table 2 

Characteristics of 62 PKDL patients. 

Characteristics PKDL (N = 62) % (n) 

Age distribution (in years) 

< 15 8 (5) 

15-43 53 (33) 

≥44 39 (24) 

Gender distribution 

Male 65 (40) 

Female 35 (22) 

Marital status 

Married 85 (53) 

Unmarried 15 (9) 

Educational status 

Illiterate 55 (34) 

Informal education 10 (6) 

Primary education 14 (9) 

Secondary education 15 (9) 

Higher education & above 6 (4) 

Occupation 

Farmer 37 (23) 

Housewife 24 (15) 

Business 5 (3) 

Student 12 (7) 

Labor 15 (9) 

Unemployed 1 (1) 

Job in office 7 (4) 
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Table 3 

Healthcare-seeking behavior and treatment of confirmed PKDL patients. 

Indicators (N = 62) % (n) 

Seek health care for skin lesions 

Yes 44 (27) 

No 56 (35) 

Go for the first consultation 

Local informal healthcare provider 37 (10) 

Private qualified doctor 3 (1) 

Government doctor 60 (16) 

Lesions location 

Exposed parts 11 (7) 

Unexposed parts 31 (19)

Both 58 (36)

Type of skin lesions 

Macular 96 (60) 

Papular 2 (1) 

Nodular 2 (1) 

Polymorphic 0 (0) 

Treatment for PKDL 

Miltefosine 59 (16) 

Ambisome 37 (10) 

Combination of drugs 4 (1) 

Interruption of treatment 

Yes 22 (6) 

No 78 (21) 

Duration of treatment interruption (in weeks) 

< 1 week 17 (1) 

> 3 week 83 (5) 

Reason for interrupted treatment 

Side effects 50 (3) 

No drugs available 33 (2) 

Migration 17 (1) 

Side effects 

Miltefosine 100 (3) 

Table 4 

Comparison of healthcare-seeking behavior among PKDL patients. 

Indicators Sought healthcare p -value Total % (n), 

N = 62 
Yes 

(N = 27) % 

(n) 

No 

(N = 35) % 

(n) 

PKDL lesion area 

Exposed parts 70.4 (19) 68.6 (24) 0.879 69.4 (43) 

Unexposed parts 29.6 (8) 31.4 (11) 30.6 (19) 

Gender distribution 

Male 59.3 (16) 68.6 (24) 0.447 64.5 (40) 

Female 40.7 (11) 31.4 (11) 35.5 (22) 

Age distribution (in years) 

< 15 7.4 (2) 8.5 (3) 0.701 8.1 (5) 

15-43 59.3 (16) 48.6 (17) 53.2 (33) 

≥44 33.3 (9) 42.9 (15) 38.7 (24) 

i
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c

octors for their first consultation. Finally, qualified doctors in the 

ublic hospitals made their diagnosis, and 27 of 62 patients re- 

eived treatment for PKDL. Most of the cases had macular lesions 

97 %). Cases with lesions in both the exposed and unexposed body 

arts were more common (58 %), followed by cases with lesions in 

nly exposed (31 %) and unexposed (11 %) body parts. Sixteen of 27 

59 %), 10/27 (37 %), and 1/27 (4 %) received, respectively, Miltefos- 

ne monotherapy, Ambisome monotherapy, and their combination 

or treatment. Twenty-two percent (6/27) had an interruption of 

reatment due to side effects, mostly with Miltefosine. The unavail- 

bility of drugs and migration were the other reasons for treatment 

nterruption ( Table 3 ). 

Table 4 provides a comparison of various indicators between 

KDL patients who sought medical attention (n = 27) and those 

ho didn’t (n = 35). The majority of the patients (71 %) who 

ought healthcare had lesions in the exposed parts of their bod- 

es. Gender distribution shows a higher proportion of males in 

oth groups. Age distribution reveals that 59.3 % of the patients 

ged 15-43 years sought healthcare, whereas 48.6 % of the same 

roup didn’t seek any healthcare for their skin conditions. None of 

he above-mentioned associations were statistically significant. We 

onducted univariate and multivariate logistic regression to analyze 

he relationship between healthcare-seeking behavior and PKDL le- 

ion area, age, and gender. No statistically significant relationships 

ere identified (Supplementary Material 6). 

atients’ knowledge about PKDL and their perceived stigma 

Among the 62 PKDL cases, 57 had previous VL cases in the 

ousehold. All PKDL cases had heard of VL, but only 35 (56 %) had

eard about PKDL. Thirty-three PKDL cases (53 %) mentioned skin 

esions as a symptom of PKDL, whereas five PKDL cases (8%) men- 

ioned fever. Fifteen PKDL cases knew that PKDL can serve as a 

eservoir of VL (24 %). 

Out of 36 maximal points in the stigma score, the mean score 

mong the cases was 4.2 ±4.3 (min = 0, max = 18), implying a low

evel of stigma. Fifty-six participants (90.3 %) had a stigma score of 

ess than 10, whereas twenty-three (37.1 %) had no score on the 

tigma scale. Only six (9.7 %) PKDL patients had a stigma score 

f between 10 and 20. No participants had a stigma score above 

0 (Supplementary Material 1). Regarding these problematic items, 
5

tem 9 had the highest proportion of 0 responses (98.4 %), followed 

y item 10 (91.9 %) and item 11 (90.3 %). Item 9 had only “No” and

Yes” answers from the 62 participants. Participants didn’t answer 

Yes” as a response to four items (8, 9, 10, 12) (Supplementary Ma- 

erial 2). 

etection of PKDL cases in the leprosy facilities 

Seven leprosy facilities (two leprosy hospitals and five leprosy 

creening centers) applied an integrated approach for detecting 

KDL cases among individuals attending those facilities with skin 

esions but negative for leprosy after a leprosy-specific examina- 

ion. During the study period, among the attendees with skin le- 

ions in those facilities, 323 were found negative for leprosy and 

ere eligible for screening with rK39 rapid test for PKDL. Only 137 

f 323 (42 %) consented to be tested PKDL, and we performed rK39 

esting on them. Ten of 137 (7.3 %) tested positive by rK39 tests, 

nd the diagnosis of PKDL was confirmed in all by VL expert physi- 

ians in the SKKRC (Supplementary Material 3). Six out of these 
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en cases were from the five high-VL endemic upazillas. However, 

hey were from villages that didn’t report VL cases between 2018- 

021, so they were not actively searched and without any chance 

f double counting. 

iscussion 

This is the first study to explore the PKDL burden in the high VL 

ndemic upazilas in Bangladesh after achieving the VL elimination 

arget. The study found that the prevalence of PKDL in Bangladesh 

s 1.3 per 10,0 0 0 population (62/472435) within the VL endemic 

illages of the high VL endemic upazilas with VL case reports for 

he period 2018-2021. Six out of 10 cases detected through leprosy 

acilities were from six villages of the study upazilas, but these vil- 

ages did not report VL cases for the period 2018-2021 and did not 

eet the criteria for our study villages. Adding those six cases to 

2 PKDL cases would give an estimated PKDL prevalence of 1.4 

er 10,0 0 0 people in a village in the high-endemic upazilas. The 

et increment is about 5 % (considering the actual number of PKDL 

revalence, not the rounded one) in PKDL prevalence, indicating 

hat most PKDL yield will be derived from ACD for PKDL in the 

illages with recently reported cases of VL. However, the best sce- 

ario would be ACDs in all villages with cases of VL at any time 

n the past, which might be difficult from the program’s perspec- 

ive. Our study showed that a house-to-house survey in the vil- 

ages with recent reports of VL would result in a substantial yield 

f PKDL case detection complemented by ACDs involving other fa- 

ilities like leprosy hospital(s) and screening center(s). 

The existence of PKDL cases is a concern, though its burden is 

ow far less compared to that during the attack phase of the VL 

limination program [ 5 ]. A survey done in the Mymensingh district 

n 2008 found a PKDL prevalence of 6.2 per 10,0 0 0 population; 

owever, they used a different methodology [ 16 ]. A population- 

ased study done in Fulbaria, Mymensingh, Bangladesh, during the 

ttack phase detected 79 (9.7 %) PKDL cases among the participants 

earched [ 5 ]. Although the active case search method was simi- 

ar to ours, the objectives were pretty different. A study done in 

epal following a similar methodology found a PKDL prevalence 

f 2.23 per 10,0 0 0 population [ 17 ]. The lower PKDL prevalence in

ur study reflects the success of the NKEP in bringing down the 

L burden to less than 1 per 10,0 0 0 people in all VL endemic up-

zilas of the country, as PKDL is a sequel of VL in most of the

ases. Further, Bangladesh is the first country globally to eliminate 

L as a public health problem. The study result establishes what 

he burden of PKDL could be in this situation, which may serve as 

n example for other VL-endemic countries, targeting VL elimina- 

ion as a public health problem. Further, the WHO NTD roadmap 

argets a decrease of PKDL burden by 70 % and 100 %, respectively, 

n 2006 and 2030. But currently, there is no baseline. Our study 

esult can be taken by the NKEP to fill this gap. The study also 

emonstrated that the well-developed hierarchal infrastructure of 

he public health system in Bangladesh successfully facilitated an 

nvestigation/ survey like this. The NKEP should continue to do that 

o achieve its final destination of zero transmission of VL by 2030 

y bringing all PKDL cases under treatment. The surveillance can 

e further strengthened if all community clinics in VL endemic ar- 

as can be added to active VL and PKDL searches. Each community 

linic provides primary health care for six thousand people. 

The clinical presentation, age, and sex distribution of the cases 

emained the same as before, as a macular form of the disease is 

ore frequent [ 16 , 18 , 19 ], the male sex predominates over the fe-

ale sex [ 20 , 21 ], and the condition is more common among indi-

iduals over 15 years old [ 16 , 18 , 20 ]. Regarding the distribution of

KDL by sex, our study differed from that of Ghosh P et al., where

emale predominance was observed [ 22 ]. However, males are more 

usceptible to intracellular pathogens such as leishmaniasis, tuber- 
6

ulosis, lepromatous leprosy, salmonellosis, leptospirosis, and hep- 

titis A due to sex hormones, sex-specific behavior, increased expo- 

ure risk, and higher treatment-seeking behavior [ 23–25 ]. In con- 

rast, females have a better immune response due to the higher 

umber of immune-related genes on the X chromosome and the 

osage effects of this chromosome [ 24 , 26 ]. A study conducted in

ndia established a male predominance in PKDL, showing a strong 

ssociation with testosterone [ 27 ]. The majority of the PKDL pa- 

ients found in this study were from the 15-43 years age group. 

his coincides with Mukhopadhyay et al., who also concluded that 

KDL mainly occurs in the postpubertal age group, indicating that 

ex hormones may play a role [ 27 , 28 ]. Several recent studies re-

ealed that the knowledge, attitude, and practice of the community 

bout PKDL remained unsatisfactory in India and Nepal [ 17 , 28 ]. In

ur case, it was a bit better as we found that there are some im-

rovements regarding PKDL awareness and healthcare-seeking be- 

avior of the affected individuals, as about 56 % (35/62) and 43 % 

27/62) sought knowledge about PKDL and healthcare for their skin 

ondition, respectively. These proportions are higher than those re- 

orted by us and others from Bangladesh in the past [ 29 ]. These

ndicate that awareness campaigns by the national program, re- 

earchers, and other agencies on VL and PKDL might have im- 

acted people’s knowledge about VL and PKDL. The national pro- 

ram should continue these activities during the next phase of the 

rogram. 

Despite some improvement in the healthcare-seeking behav- 

or of PKDL cases, as mentioned above, it still remains below 

0 %. Therefore, active case search for PKDL cases to bring them 

nder management to prevent transmission of VL is of utmost 

mportance. A study in India found a clustering of cases of leprosy 

nd PKDL in skin camps for PKDL [ 30 ]. This is explainable as the

linical presentation of both diseases is very similar. Therefore, 

e thought of an active search for PKDL cases in leprosy facil- 

ties among leprosy test-negative individuals. Though a similar 

pproach in Nepal gave frustrating results [ 17 ], we found the 

pproach very fruitful. We found 10 cases through screening of 

37 leprosy-negative leprosy suspects in the two leprosy hospi- 

als and in five leprosy screening centers. It makes a significant 

ield of 7 % (10/137) PKDL in addition to cases with minimum 

nvestment for training in conducting rK39 rapid test by the 

ealth workers/lab technicians in the leprosy hospitals and cost 

or the rK39 test, which is less than 2 USD per test. Implementing 

KDL detection activity into existing leprosy control programs can 

everage the limited resources we have, leading to more efficient 

nd cost-effective disease surveillance. Combining control effort s 

or both diseases can lead to synergies in surveillance, diagnosis, 

reatment, and community engagement, maximizing the impact of 

nterventions. 

Currently, oral Miltefosine is the only option for the treatment 

f PKDL in the Indian sub-continent. Patients must be treated with 

undred percent compliance to avoid the emergence of drug re- 

istance and eventual relapse of PKDL after the cure. The present 

tudy found that PKDL patients experienced treatment interruption 

ue to the unavailability of medicines, which is a big concern and, 

f it continues, will be a significant threat to the success of the VL 

limination program. The present study demonstrated that about 

2 percent of PKDL cases could not complete their treatment due 

o the unavailability of medicine. We hope that this finding will 

ensitize the program to fill up this gap in the best way. 

Similar to leprosy, PKDL patients may face stigma, which affects 

heir treatment-seeking behavior. Although in the present study, 

he mean stigma score among PKDL patients was very low, some 

f them had their stigma level as high as was observed in a study 

n Bihar, India [ 31 ]. A study in Brazil among leprosy patients found

n EMIC stigma score as high as 18.8 [ 32 ]. On the other hand, in

pite of having a very low stigma associated with PKDL, less than 
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alf of the patients sought medical attention, indicating potential 

arriers to access or awareness regarding available healthcare ser- 

ices, cultural beliefs, or logistical challenges in accessing medical 

are. Awareness programs on VL and PKDL and health education 

n PKDL during treatment of VL should help these people seek 

ealth care at an early stage of the disease so that they can pre-

ent stigmatization. All these activities are necessary to sustain the 

L elimination success achieved in recent times. 

The study has some limitations. We asked the household heads 

egarding the presence of any PKDL-like skin lesion cases in the 

ouse. There was some chance of underreporting of cases due to 

ecall bias and stigma. However, we involved local government 

eld staff working in the locality in VL elimination for years in 

he house-to-house survey. Moreover, we used historical VL data 

ept in the concerning UHC to mitigate this concern of underre- 

orting. Further, we could test 48 % of leprosy-negative cases for 

KDL, which also contributed to underreporting up to some ex- 

ent. It was surprising that 58 % of leprosy-negative cases did not 

onsent to testing for PKDL. We did not explore the reason behind 

his, but better motivation and medical education to improve this 

ituation are highly needed. We did not do parasitological con- 

rmation of probable PKDL cases reported in this study. This is 

ecause it does not add additional value from program perspec- 

ives as both probable and confirmed cases of PKDL are eligible 

or treatment as per national guidelines for kala-azar and PKDL 

ase management. Further, lack of a gold standard laboratory di- 

gnostic tool for PKDL, as microscopic examination of slit skin as- 

irate or skin tissue specimens has poor sensitivity of diagnosis 

f PKDL, and a molecular tool like qPCR has isolation rate of LD 

NA from skin biopsy is about 80 % in particular in macular cases 

f PKDL which is the most common form of PKDL in Bangladesh. 

PCR needs highly trained personnel and expensive equipment and 

annot serve as a point of care/need test. Its high cost is also a 

urdle from a program perspective. Another limitation is that we 

ould not address atypical cases of PKDL in the community [ 24- 

6 ]. However, only one report of atypical PKDL from Bangladesh 

n the last two decades might indicate that its burden may not 

e high [ 33 ]. But it is important to find them and bring them un-

er treatment. Since most of these dermatological cases seek med- 

cal care from dermatologists, their sensitization about active re- 

earch for PKDL will be worth it [ 20 ]. The National Program may

ndertake activities to sensitize all dermatologists in the country 

n PKDL case detection and management. Another limitation was 

hat we couldn’t compare the values of this study with those of 

ther similar studies due to the differences in methodologies. 

onclusions 

PKDL exists in the VL endemic villages of Bangladesh, though 

ts burden is now less than that in the past [ 16 ]. Integration of

eprosy hospitals and screening centers in active search for PKDL 

ill be worth it as this will further strengthen the National Pro- 

ram strategy in PKDL case detection. PKDL treatment interruption 

s a concern and should be solved as soon as possible. The program 

hould continue its awareness campaigns as it helps raise people’s 

wareness about PKDL and can prevent them from stigma. Finally, 

he NKEP may consider study results as a baseline for PKDL burden 

n VL endemic villages of highly VL endemic upazilas to achieve 

he target of the WHO roadmap to bring down PKDL burden by 

0 % and 100 % in 2026 and 2030, respectively. 
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