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Abstract

In Nepal, visceral leishmaniasis (VL) has been targeted for elimination as a public health

problem by 2026. Recently, increasing numbers of VL cases have been reported from dis-

tricts of doubtful endemicity including hills and mountains, threatening the ongoing VL elimi-

nation program in Nepal. We conducted a multi-disciplinary, descriptive cross-sectional

survey to assess the local transmission of Leishmania donovani in seven such districts situ-

ated at altitudes of up to 1,764 meters in western Nepal from March to December 2019.

House-to-house surveys were performed for socio-demographic data and data on past and

current VL cases. Venous blood was collected from all consenting individuals aged�2

years and tested with the rK39 RDT. Blood samples were also tested with direct agglutina-

tion test, and a titer of�1:1600 was taken as a marker of infection. A Leishmania donovani

species-specific PCR (SSU-rDNA) was performed for parasite species confirmation. We

also captured sand flies using CDC light traps and mouth aspirators. The house-to-house

surveys documented 28 past and six new VL cases of which 82% (28/34) were without

travel exposure. Overall, 4.1% (54/1320) of healthy participants tested positive for L. dono-

vani on at least one serological or molecular test. Among asymptomatic individuals, 17% (9/

54) were household contacts of past VL cases, compared to 0.5% (6/1266) among non-

infected individuals. Phlebotomus argentipes, the vector of L. donovani, was found in all dis-

tricts except in Bajura. L. donovani was confirmed in two asymptomatic individuals and one

pool of sand flies of Phlebotomus (Adlerius) sp. We found epidemiological and entomologi-

cal evidence for local transmission of L. donovani in areas previously considered as non-

endemic for VL. The national VL elimination program should revise the endemicity status of

these districts and extend surveillance and control activities to curb further transmission of

the disease.
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Introduction

Visceral leishmaniasis (VL), also called kala-azar (KA), is on the verge of elimination as a pub-

lic health problem in the south-east Asia region, with a deadline currently set for 2026 [1]. In

2013, Nepal was the first country in the region to reach the elimination target of an annual

incidence of less than one case per 10,000 population in all its officially endemic districts (i.e.,

districts where local Leishmania transmission has been documented, warranting the imple-

mentation of the national VL control program). In 2017, one of the non-endemic districts in

the mountainous region breached the elimination target threshold and several other non-

endemic districts have done so since then. Most of these districts with the presence of VL

cases, later classified as endemic doubtful districts, are neither well prepared for patient man-

agement nor disease control efforts and surveillance [2]. Over the last decade, the VL case bur-

den in Nepal has spread from east to west, from lowlands to hills and mountainous regions.

The proportion of VL cases being reported from endemic doubtful districts has been steadily

increasing, reaching >40% in 2020 (S1 Fig). If this trend represents a true increase, this will

pose an important threat to the ongoing VL elimination target, warranting a re-assessment of

the entire endemicity map and disease control approach in Nepal.

For a long time, it was assumed that all VL cases reported from these VL endemic doubtful

districts were ‘imported cases’ (i.e., individuals that had been infected in other endemic doubtful

districts and carried the disease to their districts of origin). This hypothesis was supported by the

fact that VL has historically been a disease of the southern plain lowlands of Nepal called the

‘Terai’, with a mild sub-tropical climate. Many other endemic doubtful districts in Nepal are

located in hilly and even mountainous areas at high altitudes where the climate is generally con-

sidered unfavorable for the survival of the vector of VL, Phlebotomus argentipes. This assumption,

however, is contradicted by the fact that many VL patients reported from these endemic doubtful

districts have no apparent travel history to endemic areas including children who have never left

their home village [3]. In addition, an outbreak investigation carried out by the B.P. Koirala Insti-

tute of Health Sciences (BPKIHS) in 2014 documented local transmission of Leishmania in six

hilly districts in the eastern part of Nepal. This already illustrated that historically accepted

assumptions about the ecological prerequisites for VL endemicity should be revisited [4].

A WHO pre-validation assessment conducted in 2017 pointed out that a better understand-

ing of the full extent of VL endemicity is crucial for the validation of VL elimination in Nepal

[5]. With this recommendation, we set out on a multidisciplinary survey to assess possibility of

local transmission of Leishmania in seven selected endemic doubtful districts in western Nepal

that were not covered by VL elimination program activities (Fig 1).

Materials and methods

Ethics statement

Ethical approval was granted to conduct this study from Institutional Review Committee of

BPKIHS, Dharan, Nepal (Code No. IRC/1453/018). Community consent was obtained during

meetings with local health facilities’ staff, village authorities, and village assemblies. Individual

written informed consent was taken prior to blood sampling and interviewing. For children, a

parent or guardian provided written informed consent. Permission to collect sand flies from

households and cattle sheds was obtained from the heads of the households.

Selection of study districts and clusters

We reviewed VL surveillance data of the Epidemiology and Disease Control Division (EDCD),

Government of Nepal for the period of five years (January 2014 –December 2018). A total of
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seven districts namely Banke, Bardiya, Bajura, Dang, Dailekh, Kalikot and Pyuthan were

selected for data collection based on the selection criteria: a) continuous reporting of VL cases

during the last five years, b) increasing case load in recent years, c) increasing pediatric VL

cases reported, and d) access to reach. Within each district, two to three clusters (part of a

ward, smallest administrative unit) were selected based on the criteria: a) number of VL cases

reported during each of the previous two years, and b) accessibility. The clusters selected for

field work were: Mahendrapur-2 and Puraina-21 in Banke; Baida-10 and Santipur-5 in Bar-

diya; Budhinand-1, Jagganath-2 and Jagganath-5 in Bajura; Dhanauri-3, Lamahi-5 and Tula-

shipur-5 in Dang; Bhairabi-5, Dullu-11 and Guranse-4 in Dailekh; Baitee-8, Fukot-5 and

Raskot-8 in Kalikot; and Airavati-4, Airavati-6 and Swargadwari-9 in Pyuthan district. The

location of these study clusters is illustrated in Fig 1.

Field work

The study had a descriptive cross- sectional design. The field work was carried out from

March till December 2019. The approach used to assess local transmission was based on meth-

odology used in a previous assessment and the national VL elimination program for deciding

on VL endemicity since 2016 [2, 4]. The approach was based on three pillars: a) an

Fig 1. Location of the study districts. The map was produced with QGIS (version 3.10) with open access shapefile (New political and administrative

boundaries Shapefile of Nepal—Datasets—Open Data Nepal).

https://doi.org/10.1371/journal.pone.0289578.g001
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epidemiological survey, aiming to trace past and present VL and post-kala-azar dermal leish-

maniasis patients (PKDL—an infectious cutaneous sequel of VL), b) a serological and molecu-

lar survey aiming to identify asymptomatically infected individuals, and c) an entomological

survey to assess presence of the (infected) vector.

Epidemiological survey

We obtained community consent prior to the house-to-house survey in selected clusters. Each

household was visited by a member of the field team and written informed consent was

obtained from all individuals aged�18 years and assent in case of minors aged�2 to<18

years old. We screened all consenting individuals for VL, interviewed them if required for case

validation and on travel history. We collected GPS coordinates of the households as well.

Research assistants, trained on visually detecting macular, papular and nodular lesions with

the help of a pictorial album, examined all enrolled past VL cases for PKDL like skin lesions.

Suspected PKDL cases were referred to nodal dermatologists in a nearby tertiary care hospital

for further case management (i.e., clinical examination, parasitological and histopathology test

for PKDL confirmation). The investigators followed up the referred cases with the nodal der-

matologists to obtain the final diagnosis.

(i) Retrospective VL case validation. We collected information on history of VL treatment,

corroborated by prescriptions and case records from the health facility. In addition, we col-

lected information on past VL deaths, which were defined as any deaths related to a febrile ill-

ness of�2 weeks in combination with at least one or more VL specific signs (i.e., enlargement

(swelling) of the spleen and liver) as verified by a verbal autopsy.

(ii) Assessment of travel history. We asked all participants about their travel history or expo-

sure to known VL endemic areas either in Nepal, India or Bangladesh within the two years

prior to reporting first signs and symptoms of VL.

(iii) Active case finding. We tested individuals reporting fever for�2 weeks with the rK39

Rapid Diagnostic Test (RDT, InBios International, Seattle, WA) and examined them for spleen

enlargement. In case of a positive result with rK39 RDT, the individuals were referred to the

nearest VL treatment center for further diagnosis and case management.

Serological and molecular survey

We requested all individuals aged�2 years living in the study clusters to provide a blood sam-

ple. Trained laboratory technicians collected a 2 ml blood sample in an EDTA tube (for molec-

ular analysis) and a serum tube (for serological analysis). In addition, an rK39 RDT test was

done for each individual enrolled in the survey. The collected blood samples were transported

in a cold box maintained at 4–8˚C temperature until storage at -20˚C at BPKIHS Dharan,

Nepal for further analysis.

Entomological survey

We collected sand flies during the expected peak season in Nepal (March–December) [6]. In

each cluster, sand flies were captured indoors for two consecutive nights in twelve households.

These households represented a combination of human dwellings, mixed dwellings, and cattle

sheds, including houses of past or current VL cases. One CDC light trap was installed indoors

in each dwelling and switched on between 6:00 pm and 6:00 am, after which the trapped sand

flies were collected. The same process was repeated the following night. In addition, resting

sand flies were collected by mouth aspirators from walls, poles or silos for 15–30 minutes in

each dwelling in the early morning. Captured sand flies were separated from other insects and

morphologically identified according to the regional keys [7, 8]. Female Phlebotomus spp. were
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pooled at household level in a cryotube with 80% alcohol for further molecular investigations

to detect Leishmania sp.

Laboratory analyses

Direct agglutination test. The blood samples were tested using a freeze-dried antigen of

fixed, trypsin-treated and stained promastigotes of L. donovani 1-S obtained from the Institute

of Tropical Medicine, Antwerp, Belgium as described by Jacquet et al. [9] and a serum dilution

titer� 1:1600 was taken as a marker of L. donovani infection [10].

PCR-based detection of L. donovani complex. DNA was extracted from individual

human blood samples and pools of female sand flies of genus Phlebotomus (pooled per species

at household level ranged from 1–20 in number) using the DNeasy Blood & Tissue Kit (Qia-

gen, Hilden, Germany). DNA from 200 μl blood or sand fly pool was eluted in 50 μl AE buffer.

L. donovani species-specific PCR targeting on the small-subunit ribosomal DNA (SSU-rDNA)

was performed on 2.5 μl DNA of each sample [11, 12]. The sense primer 18S-L-F5’-CGTAGT
TGAACTGTGGGCTGTGC-3’, the anti-sense primer 18S-L-R 5’-ACTCCCGTGTTTCTT-GTTT
CTTTGAA-3’ amplify the target and the probe FAM-CTGGTCGTCCCGTCCATGTCGGATT-

BHQ1-ZEN detects the 115 bp sequence within the 18S rRNA gene of Leishmania. The 25 μl

reaction mixtures contain 1X Go Taq Probe master mix (Promega, USA), 0.4 μM of each

primer, 0.1 μM of probe (IDT, Singapore) and 0.1 mg/ml acetylated bovine serum albumin

(Promega, USA). An initial denaturation step at 94˚C for 15 min followed by 45 cycles of 94˚C

for 30 sec, 60˚C for 30 sec and 72˚C for 30 sec. The real time PCR amplification was conducted

in 0.2 ml PCR tubes in Rotor Gene Q (Qiagen, Hilden, Germany). Pools of sand flies that were

positive for the SSU-rDNA PCR were molecular typed by Phlebotomine specific cytochrome-

b PCR [13].

Data analysis. Data analysis was performed using statistical package for social sciences

(SPSS) software version 13.5. Sero-prevalence and PCR positivity were calculated in frequency

and proportion with rK39 RDT, DAT and PCR positive in all individuals, excluding the past

and current VL cases.

Results

Characteristics of study clusters

A total of 1,978 residents were recorded during house-to-house surveys from 19 clusters in

seven selected VL endemic doubtful districts. A total of 1,682 individuals (85.0%) agreed to

participate in the survey; 1,354 individuals (68.5% of the total population) also provided a

blood sample. The majority of participants providing a blood sample was female (58.7%

(n = 795) females versus 41.3% (n = 559) males), likely linked to the fact that most of the males

were out of home for daily labor and economic migration during the survey. Altitude of the

clusters ranged from 136 m above sea level in one of the lowland districts to 1,764 m asl in a

mountainous district. The characteristics of these study clusters are shown in Table 1.

Epidemiological findings

A total of 13 individuals reported having fever� 2 weeks at the time of the survey visit, of

whom six had palpable spleen and tested positive to rK39 RDT (five from Bajura and one from

Pyuthan districts), thereby meeting the case definition of a current VL case. All six new VL

cases were children between five and 14 years of age, three boys and three girls, without a his-

tory of travel outside the district. All of them except one (5/6) had a positive DAT result and

four out of six were confirmed by PCR. No individuals with skin lesions suspicious for PKDL

PLOS ONE Leishmania donovani transmission in the hills of Nepal

PLOS ONE | https://doi.org/10.1371/journal.pone.0289578 April 17, 2024 5 / 12

https://doi.org/10.1371/journal.pone.0289578


or cutaneous leishmaniasis (CL) were found during the household survey. A total of 28 past

VL cases were ascertained retrospectively: 18 male and 10 female with median age of 28 years

(Q1 = 17 years, Q3 = 42 years), ranging from 3 to 66 years at the time of diagnosis. Of the 28

VL cases, 26 (92.9%) had occurred within the three years prior to the study, with the first case

reported in 2015. All these past VL cases were rK39 RDT and DAT positive at the time of the

study; however, none were PCR positive. Only six of them reported a history of travel to

known VL endemic districts in the two years prior to the diagnosis. An additional six individu-

als were identified as VL deaths; three of them had died during treatment for VL and all were

under the age of 20 years.

Serological and molecular evidence for asymptomatic Leishmania donovani
infection

Serological and molecular results were obtained for 1,320 (97.5%) of 1,354 individuals without

past history of VL (Table 2 and S1 Table). Thirty-four blood samples were not tested due to

contamination or mix up of the samples during the transportation from field to the laboratory.

Overall, 4.1% (54/1,320) of individuals without VL history were positive (asymptomatic

Table 1. Characteristics of the study clusters in selected seven endemic doubtful districts in 2019.

Districts Municipal Ward

No.

Elevation (m

asl)

Population size (HHs

survey)

Population enrolled in HHs

survey

Blood samples

collected

Blood sample

coverage

Bajuraγ - 319 285 230 72.1% (230/319)

Budhinand—1 378–712 49 36 23 46.9% (23/49)

Jagganath—2 536–1392 129 112 94 72.9% (94/129)

Jagganath—5 717–1381 141 137 113 80.1% (113/141)

Bankeα - 315 261 206 65.4% (206/315)

Mahendrapur—2 157–168 161 127 108 67.1% (108/161)

Puraina—21 136–152 154 134 98 63.6% (98/154)

Bardiyaα - 274 242 199 72.6% (199/274)

Baida—10 140–156 118 111 100 84.7% (100/118)

Santipur—5 139–153 156 131 99 63.5% (99/156)

Dailekhβ - 201 166 129 64.2% (129/201)

Bhairabi—5 1,181–1,269 62 58 33 53.2% (33/62)

Dullu—11 960–1,299 95 78 69 72.6% (69/95)

Guranse—4 1,182–1,270 44 30 27 61.4% (27/44)

Dangα - 359 307 229 63.8% (229/359)

Dhanauri—3 512–552 118 103 78 66.1% (78/118)

Lamahi—5 245–248 112 91 69 61.6% (69/112)

Tulashipur—5 620–650 129 113 82 63.6% (82/129)

Kalikotγ - 268 229 187 69.8% (187/268)

Baitee—8 1,701–1,740 58 46 39 67.2% (39/58)

Fukot—5 1,735–1,764 103 91 79 76.7% (79/103)

Raskot—8 1,658–1,693 107 92 69 64.5% (69/107)

Pyuthanβ - 242 192 174 71.9% (174/242)

Airawati—4 632–699 68 52 46 67.6% (46/68)

Airawati—6 1,030–1,047 126 102 99 78.6% (99/126)

Swargadwari—9 701–715 48 38 29 60.4% (29/48)

TOTAL 1,978 1,682 1,354 68.5% (1354/1978)

Note: Geographical regions; α - Terai, β - Hilly, γ - Mountainous

https://doi.org/10.1371/journal.pone.0289578.t001
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infections) on at least one test (rK39 RDT, DAT or PCR), ranging between 2.2% (5/226) in

Dang to 6.0% (13/218) in Bajura. Asymptomatic infection was 3% (6/203) in Banke, 4.0% (5/

126) in Dailekh, 4.1% (8/197) in Bardiya, 4.2% (7/168) in Pyuthan and 5.5% (10/182) in Kali-

kot districts. Median age of these asymptomatically infected individuals was 16 years (Q1 = 11,

Q3 = 23); 57% (31/54) were male (S1 Data). None had a travel history outside their district of

residence in the two years prior to the survey. Seventeen percent (9/54) of asymptomatically

infected individuals reported a history of VL among their household members, compared to

0.5% (6/1,266) among individuals without any positive marker of infection. SSU-rDNA PCR

for L. donovani complex was confirmed in two asymptomatic individuals (Fig 2).

Entomological findings

The total numbers of 711 sand flies were captured from all 19 surveyed clusters. Sand flies

were classified into P. argentipes, P. papatasi, P. major sensu lato, P. (Adlerius) spp. and Sergen-
tomyia spp. The incriminated vector species for L. donovani in Nepal, P. argentipes was found

in all districts except Bajura and captured at an elevation up to 1,764 m asl. Other Phleboto-

mine sand flies; P. major s.l. and P. (Adlerius) spp. were documented from Bajura, Dailekh,

Pyuthan and Kalikot districts at altitudes ranging between 378–1764 m asl. Out of 134 pools of

sand flies assessed, only one was positive for L. donovani and this pool was belonged to Phlebo-
tomus (Adlerius) spp. None of the pools of P. argentipes was found infected with the parasite.

Tracing the origin of the positive pool of sand flies, these were captured from a single house of

the study cluster in Bajura district at an altitude of 1,279 m asl. This household was neighbor-

ing to a household with a past and present VL cases. Entomological findings per sand fly spe-

cies and sex are summarized in S2 Table.

Discussion

We assessed the evidence of local transmission of L. donovani in seven districts of doubtful VL

endemicity in the western part of Nepal. In all districts except for one, the majority of VL cases

identified did not have a history of travel to known VL endemic areas in the two years prior to

the start of their VL symptoms. In addition, none of the identified asymptomatic infections

during the survey had a such travel history. Seventeen percent of these asymptomatically

infected persons reported at least one VL case in the past among their household members,

compared to 0.5% of non-infected participants. Also, the vector sand fly species, P. argentipes

Table 2. Prevalence of rK39 RDT, DAT and PCR positive cases including sand fly status in seven endemic doubtful districts in western Nepal (n = 1320).

Districts No. of VL

deaths

No. of VL cases

ascertained (past

+ current)

No. VL cases-no

travel (past + current)

Excluding past and current VL cases P. argentipes
present

P. argentipes infected

with L. donovanirk39 RDT

positive % (n/N)

DAT positive

% (n/N)

PCR positive

% (n/N)

Bajura 3 7+ 5* = 13 7 + 5* = 12 1.8% (4/218) 4.1% (9/218) 3.2% (7/218) No No

Banke 0 3 + 0* = 3 1 + 0* = 1 1.5% (3/203) 2.9% (6/203) 1.5% (3/203) Yes No

Bardiya 1 2 + 0* = 2 2 + 0* = 2 1.5% (3/197) 4.1% (8/197) 2.0% (4/197) Yes No

Dailekh 0 3 + 0* = 3 0 + 0* = 0 2.4% (3/126) 3.2% (4/126) 2.4% (3/126) Yes No

Dang 0 3 + 0* = 3 2 + 0* = 2 1.0% (2/226) 2.2% (5/226) 1.3% (3/226) Yes No

Kalikot 2 5 + 0* = 5 5 + 0* = 5 2.7% (5/182) 4.4% (8/182) 3.8% (7/182) Yes No

Pyuthan 0 5 + 1* = 6 5 + 1* = 6 2.4% (4/168) 4.2% (7/168) 3.6% (6/168) Yes No

TOTAL 6 28 + 6* = 35 22 + 6* = 28 1.8% (24/1,320) 3.6% (47/

1,320)

2.5% (33/

1,320)

*New VL case

https://doi.org/10.1371/journal.pone.0289578.t002
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was present in all districts except one and up to an altitude as high as 1,764 m asl. Although

none of the P. argentipes pools examined were found positive for L. donovani, the combined

evidence points towards local transmission of the parasite in all selected districts.

This, to our knowledge, is the first extensive transmission assessment survey conducted in

western Nepal to objectify the observed geographical spread of reported VL cases in recent

years. There are some limitations to our study. Importantly, the use of serological and molecu-

lar tests as markers for asymptomatic infection is suboptimal. None of the markers used (rK39

RDT, DAT and PCR) have been validated as a standalone marker of infection. Likely, each

marker represents a different subgroup or stage of infection. By combining several tests, we

have attempted to increase the sensitivity for the detection of infection. Specificity of the sero-

logical tests used appears to be excellent. Studies in India performing the rK39 RDT and DAT

on apparently healthy (non-VL diseased) individuals from non-endemic areas, did not report

any positive results, suggesting a specificity close to 100% for both tests [14, 15].

The tests to detect asymptomatic infection in the human population were selected to iden-

tify infection with L. donovani, as this is assumed to be the only causative species for VL in

Nepal. However, other parasite species that may occasionally cause VL have also been reported

in the region, such as L. tropica in neighboring India [16]. More recently, L. major was

reported as one of the causative species for cutaneous leishmaniasis cases in Nepal [17]. This

species has shown the ability to visceralize in an Iranian settings [18]. If the circulating parasite

species causing VL in these previously non-endemic districts in Nepal is different from L.

Fig 2. Amplification curve of Leishmania donovani complex specific real time PCR. A: Sample with Leishmania
donovani positive PCR result (-Δ-), B: Positive Control with 1pg Leishmania donovani DNA (-ο-), C: Positive Control

with 0.1 pg Leishmania donovani DNA (-X-), Negative control (-□-).

https://doi.org/10.1371/journal.pone.0289578.g002
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donovani, the seroprevalence results from the tests used to identify asymptomatic infection

might be an important underestimation of the true transmission levels in the areas assessed.

We found that 3.6% of individuals without a VL history were positive with DAT. This is

similar to the DAT seroprevalence of 4.4% reported from highly endemic clusters in the East-

ern Terai in 2010 [19] and lower than the 9.3% reported from Eastern hills in 2015 [4]. The rel-

atively low seroprevalence found in this study reflects the lower VL incidence rate reported in

the western part of Nepal compared to the incidence rates reported previously in the eastern

hilly or Terai region. This might be a reflection of recent spread of the infection to the study

districts. The positivity rates among individuals without a VL history found in our study using

the rK39 RDT and PCR (1.7% and 2.5% respectively) are comparable with those found in a

recent study conducted in the program district (Palpa) of western Nepal [20].

We found the sand fly vector, P. argentipes at altitudes up to 1,764 m asl. This is consider-

ably higher than the 600 m limit that was historically assumed to be the maximum altitude for

vector survival [20–22]. Nonetheless, our findings are supported by other studies in Nepal as

well [23]. As P. argentipes sand flies were present in all districts except one, our findings sup-

port its position as the potential vector of L. donovani in these regions. The fact that none of

the P. argentipes pools were found infected with L. donovani does not refute its likely role as a

vector, as even in highly endemic foci in Nepal and neighboring India, the infection rates in

sand flies are very low [24–26].

Also the Phlebotomine species P. major and P. (Adlerius) spp. were collected in the hilly and

mountainous regions of Bajura, Dailekh, Kalikot and Pyuthan districts from altitudes ranging

from 378 to 1,764 m asl. This is the very first report on these species in recent years from the

western part of Nepal. Nonetheless, similar species were also observed to be present at high

altitudes (947–2,130 m) in the bordering state of India [27, 28]. Interestingly, we demonstrated

the presence of L. donovani DNA in a pool of P. (Adlerius) spp. One of the confirmed species

from the same subgenus, P. (Adlerius) longiductus was found naturally infected with L. dono-
vani and suspected to be the vector involved in cutaneous leishmaniasis transmission in Hima-

chal Pradesh (India) in the north-western Himalaya. In this area VL and CL co-exist [28], as is

the case in the western part of Nepal in recent years. Although the presence of L. donovani
DNA in Phlebotomus (Adlerius) spp. does not prove their role as a vector, this finding does

warrant further exploration to assess this possibility.

As the entomological survey was cross-sectional, we could not collect information on the

actual diversity and seasonality of the sand fly species in these diverse geographical areas. Such

information is possible only if we conduct longitudinal entomological collections. It is there-

fore possible that in Bajura, the only district where P. argentipes was not found during our sur-

vey, the vector is indeed present at another time point during the year. Without prior

knowledge about the seasonality of vectors in mountainous districts such as Bajura, however,

the perfect timing of vector collections remains a challenge.

In recent years, cutaneous leishmaniasis (CL) has emerged as a public concern in western

Nepal, despite the country originally not being known as endemic for this disease. A recent

study reported both L. donovani and L. major as causative species for CL in Nepal [17]. If L.

donovani is indeed implicated in CL in Nepal, CL patients could form a threat for VL elimina-

tion by constituting a reservoir of which the extent is largely unknown at present. In addition,

L. major has illustrated its ability to visceralize and cause VL as well [18]. This could have

implications for species-specific diagnostic and treatment needs for VL patients. Therefore,

rigorous surveillance as well as further exploration of circulating Leishmania spp. and poten-

tially implicated vectors for both VL and CL will be of paramount importance to adjust the

ongoing VL elimination efforts to the changing reality.
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In conclusion, the study suggests that there is local transmission of L. donovani in the seven

VL endemic doubtful districts in western Nepal. Policy makers should revise the current

endemicity status for VL reconsidering whether the strict distinction between endemic,

endemic doubtful and non-endemic districts, as currently defined in the National Guidelines

[2] is still appropriate. At present, the demonstration of a full transmission cycle is still a crucial

criterion for declaring a district as endemic. More recently, however, the Regional Technical

Advisory Group Meeting for VL elimination program 2022 has suggested that presence of one

locally acquired VL case in the last 10 years in combination with presence of a competent vec-

tor should suffice to declare endemicity [29]. With the vector present at altitudes up to 1,700 m

asl as illustrated in this study, the likelihood is high that many other districts currently labelled

endemic doubtful or non-endemic also have ongoing local transmission. Rather than repeating

resource-intensive transmission assessments in each of the remaining districts in Nepal, it

might be more rational to ensure that the basics for disease control interventions are present

in all districts, whether officially designated endemic for VL or not. Making diagnostic tests

widely available in all endemic doubtful districts and ensuring that all diagnosed cases are

included in the surveillance and reporting system will be a crucial first step towards a better

understanding of the true extent of VL endemicity in Nepal, without which disease elimination

is difficult to achieve and sustain.
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