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Abstract
Leishmaniasis is a vector-borne parasitic disease affecting millions of people worldwide. However, in the last decade, the number of cases has been reduced from well-documented endemic parts, but sporadic cases have been reported widely from various non-endemic areas, especially from the southern Himalayan zone. This raises concerns about the emergence of new ecological niches. This warrants a critical evaluation of key factors causing this rapid spread and possibly indigenous transmission. This mini-review article is aimed to briefly address the parasite, the vector, and the environmental aspects in the transmission of leishmaniasis in these new foci against a background of worldwide endemic leishmaniasis with a special focus on the southern Himalayan zone. As the lack of knowledge about the causative parasites, vectors, reservoir hosts, atypical presentations, and their management make the problem serious and may lead to the emergence of public health issues. The present works also reviewed the existing information regarding clinical variations, diagnostic methods, treatment, its outcome, and ignite for further research in these aspects of the disease.
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Core Tip: This mini-review article is aimed to briefly address the parasite, the vector, and the environmental aspects in the transmission of leishmaniasis in these new foci against a background of worldwide endemic leishmaniasis with a special focus on the southern Himalayan zone.

INTRODUCTION
Leishmaniasis is a vector-borne parasitic disease that exists either as zoonosis (in most endemic parts of the world) or anthroponosis (endemic part of the Indian sub-continent) and is transmitted by S and fly. The latter entity is on the verge of elimination, efficiently with the help of assigned memorandum of understanding by the five most endemic countries: India, Nepal, Bangladesh, Bhutan, and Thailand[1]. But at present, a major challenge is the increasing emergence of new ecological niches having indigenous transmission. Recently World Health Organization (WHO) declares it as a category I disease (emerging and uncontrolled), and the World Health Assembly recognizes it as a major public health concern[2]. Leishmaniasis is a disease of low altitude. It does not occur at an altitude of more than 2000ft (600m)[3]. The Southern Himalayan regions (of countries like Pakistan, India, Nepal, and Bhutan) are considered as non-endemic regions probably because of the non-conducive environment for the growth of its vector, i.e., Sand flies. But as several cases of leishmaniasis have been reported from the sea areas, the above observational facts are being indistinct. Most of these cases were found along with the upstream of Himalayas river belts (like Indus, Ganga, Yamuna, and the Brahmaputra) especially in the western part (Islamabad, Jammu & Kashmir, and Himachal Pradesh), the middle part (Uttarakhand), and the eastern part (Nepal and Bhutan) of Himalayas[3-33].
Here, a mini-/narrative review is done considering the available case reports/case series/observational studies from new emerging areas, regarding leishmaniasis disease profile (epidemiology, microbiology, patho-physiology, clinical variations, diagnostic methods, treatment, and outcome, including the entomological assessment of S and fly). This article also intends to focus on the difference between the disease profile of leishmaniasis in the southern Himalayan belt vs the world’s endemic areas in a systematic manner.

METHODOLOGY
A mini-review of all published (PubMed/Medline, Embase, Cochrane database, Google Scholar) leishmania cases from the Himalayas regions of Pakistan, India, Nepal, and Bhutan were reviewed and analyzed with prime focus on the disease profiles of the cases reported in the lower Himalayan belt (Figure 1). For distinctive comparison and obtaining good inference, the Indian Himalayan belt is further divided into Jammu & Kashmir, Himachal Pradesh (Shimla, Chamba & Kinnaur), and Uttarakhand (Garhwal & Kumaon) regions. Leishmaniasis which was initially considered a disease of plain lower altitude areas along the banks of major rivers is now prevailing in higher altitudes. This ecological shift provides us with an excellent opportunity to study the epidemiological triad and also warranting a need to implement appropriate control measures. Hence, this review is done with the objective to identify the newly reported endemic areas on these hilly terrains related to the disease and multiple factors associated with it, especially in relation to river belts.
Selection: (1) Leishmania disease: Only records that concern the leishmania/Kala-azar in the Indian sub-continent or related topics are included in the selection; (2) Original records: we excluded letters, editorials and comments; and (3) English language: we excluded articles written in other language.

RESULTS
Across all literature and records available, 31 references were found which were relevant to our study (Table 1) among 51 qualitative syntheses (Figure 2). The sample size in these studies varied from a single case report to a study containing more than thousands of cases[3-33].

Epidemiology (demography)
The studies reviewed were specially chosen from the southern Himalayan region to emphasize the growing concern of leishmania in newly endemic areas. Among all reviewed studies, one was conducted in north Pakistan, twenty-three in north India, four in Nepal, and two in Bhutan. Among Indian studies, three were in Kashmir, eleven in Himachal Pradesh (Shimla, Chamba & Kinnaur), and nine in Uttarakhand (Garhwal & Kumaon). One study was multi-centric, covering vast geographical areas falling in Pakistan, India, and Bhutan[4].
Considering the pivotal role of the environment in the natural history of disease meticulous scrutiny of various articles was done. The majority of studies included in this review have been conducted along the banks of major river-belts of the terrain (Figure 3). In northern Pakistan, the major river associated was Indus and its tributaries. In northern India, the Uri Belt of Jammu & Kashmir, the river belt of Satluj and Ravi in Himachal Pradesh, and the bank of the river Ganges in Uttarakhand were the major site of focus. In Nepal, a total of four studies have been reported which were conducted along the banks of river Budhi Ganga and Kailash. One study from the mid-west region of Nepal has not documented an associated river, but further search for location indicates the site belongs to the banks of river Karnali. Similarly, studies from eastern Bhutan have not specified associated rivers but the described areas are mainly located between the three major rivers-Drangme Chhu, Kuru Chhu, and Mangde Chhu, all are tributaries of the Brahmaputra river. A multi-national study from South and South-east Asia also reported Indus and the Ganges to be the major associated river [4]. Among all these studies none of them established a direct association between the presence of any major water bodies & ecological niche conducive for the vector species.

Entomological and parasitological findings (Table 1)
Although the majority of the reviewed studies did not identify the vector species, Phlebotomus argentipes was the pre dominant vector species among all the reported cases[5-7]. Few studies have also found some different species as a possible vector such as P. longiductus> P.major> P. kandelaki as a leading species of the vector in studies of Shimla & Kullu districts of Himachal Pradesh, India[8,9]. Similarly, one study from Bhutan has also reported four different phlebotomine species[10].
The existence of L. donovani was ubiquitous however the quest to identify the predominant causative leishmania species remains unresolved as the majority of the studies did not identify any. Among the studies included in our review, five studies have reported L. donovani[10-15], while two studies reported L. infantum[16], as the predominant leishmanias pecies. Few studies indicated the presence of dual-species like both L. tropica and L. donovani[4,8,9], were documented in three studies and both L. infantum and L. Donovani [17] were documented in a single study. It Is also recorded that L. donovani variants found in Himachal Pradesh, India were different from the viscera tropic leishmania strain predominant in north east India [11].

Clinical presentation (Table 1)
The majority of the studies reported cases of visceral leishmaniasis (VL) with high-grade prolonged fever, malaise, abdominal discomfort[3,7,10,13,14,16,18-27]. Cutaneous leishmaniasis (CL) was reported in a few studies with clinical presentation of nodulo-ulcerative lesions or solitary erythematous nodule[4,8,9,12,28,29]. Three studies reported cases with both types (VL and CL) of leishmaniasis[11,17,30]. Another three studies did not identify the type of leishmaniasis however they described a clinical picture of hepatomegaly and weight loss as a common feature in their studies[15,31,32].

Laboratory diagnosis (Table 1)
Methods of laboratory diagnosis were not documented in any of the reviewed literature, however, smear-positive by Giemsa or Leishman technique for Leishmania donovani (LD) bodies are reported in most cases. LD bodies were demonstrated in the bone marrow in the case of VL and from the skin in the case of CL[13,18,28]. Some studies also found LD bodies in splenic aspirate, lymph node aspirate, duodenal and colonic mucosal biopsy in patients presenting with diarrhea[3,6,9,22]. Only in a few reference studies, there were records of other methods (mostly rK39 ICT) as an additional test. One case report of a pregnant lady was found rK16 test positive, rather than commonly used rK39 antigen [21]. Secondary hemophagocytosis lymphocytic syndrome (HLH) in VL cases was diagnosed either by 4 out of 6 criteria of HLH diagnosis or by bone marrow aspirate examination for hemophagocytosis[20,21,23]. Rarely polymerase chain reaction (PCR) for the leishmania kinetoplast mini circle gene was tested and found to be positive in a case of L. donovani infection which was confirmed on subsequent sequencing of the PCR – amplification method[27]. An age-old aldehyde test was found positive for five out of six cases of kala-azar, however, they confirm edit either by rK39 testing or by bone marrow aspiration examination for the L D bodies [33].

Treatment and outcome (Table 1)
Pharmacological therapies with sodium stibogluconate, amphotericin-B or miltefosine, either single or in various combinations had been reported in 21 reviewed studies. Studies were done in northern Pakistan and the Uri belt of Kashmir did not document the pharmacotherapy used and hence the subsequent outcomes[4,16,29]. In the case of VL, studies had reported intravenous sodium stibogluconate alone is sufficient for upto 84% of cases (19 survivals and 5 deaths, out of 24 cases)[8,18,25]. However, some studies were not clear about the route of stibogluconate therapy (intravenous or intralesional). Plain amphotericin-B showed > 90% recovery rate and liposomal showed upto 100% cure rate[7,13,20,21,22,31,32]. Various studies have a different outcome for the combinations of drugs, like, in one study, a combination of sodium stibogluconate and plain amphotericin-B resulted in 2 deaths out of 4 cases (50%cure rate), while three drugs combination (sodium stibogluconate + plain amphotericin-B+ miltefosine) for 33 cases resulted in all cure with one relapse which later treated with liposomal amphotericin-B (100% curerate)[23].
For CL diagnosed cases use of intra-lesional sodium stibogluconate alone showed recovery of all 285 cases (100% cure rate)[8]. Inspiring results were also seen in cases where the combination of intravenous and intra-lesional stibogluconate resulted in the survival of all 18 cases[28].
In case of relapse or failure, liposomal or plain amphotericin-B was most commonly used, this showed diverse efficacy in different studies. Like in one, out of 10 cases, 6 survived, 3 Lost to follow up and 1 resulted in death after the use of plain amphotericin-B[26]. While in another study, plain amphotericin-B was sufficient for the relapsed case after initial sodium stibogluconate (intralesional or intravenous not explained)[10]. A similar instance was reported in a study where plain amphotericin-B was given after failed miltefosine therapy and the case survived[10].
The dose of all drugs was not available in studies, however, a single dose (10 mg/kg) of liposomal amphotericin-B was used with a 100% cure rate including one relapse case after use of plain amphotericin-B[13].

DISCUSSION
The thirty-one studies of southern Himalayas show emerging leishmaniasis in high-altitude areas. The disease profile is distinctive from typical endemic areas. This can be discussed under various aspects of disease profile.

Epidemiology (demography)
Leishmaniasis is prevalent mainly in the poor and marginalized communities of the world, predominantly of the Indian subcontinent like Bangladesh, India, and Nepal. However, recent studies are suggestive of the emergence of new endemic foci in various parts of the world as well. In 2017, 94% of new VL cases were reported in seven countries: Brazil, Ethiopia, India, Kenya, Somalia, South Sudan, and Sudan while the majority of CL cases reported from Afghanistan, Algeria, Brazil, Colombia, the Islamic Republic of Iran, Pakistan, Peru, Saudi Arabia, and the Syrian Arab Republic[34]. Some latest sporadic cases have also been reported from Bhutan and Thailand[32]. All these countries share a similar topography, ecological and environmental factors (high humidity, adequate rainfall, and surface dampness) which are favorable for the proliferation of Phlebotomes. Results of recent studies demonstrate that now leishmaniasis is not confined to a specified topography, rainfall, temperature, or vegetation, it has now continuously expanded its geographical distribution which can be explained by factors such as rapid growing globalization, global warming, deforestation, and urbanization. These facts can’t be confirmed as very few epidemiological studies are available on this issue. Furthermore, reviewing the literature, it was observed that the majority of the cases have been reported along with the major river belts in these new areas. This observation is highly suggestive of possible up stream migration of vectors along the rivers. In the past 15 years of reporting, good numbers of cases were found in newly endemic areas of Bhutan, Nepal, India (Uttarakhand, Himachal Pradesh, Jammu and Kashmir),and Northern parts of Pakistan.

Entomological and parasitological findings
Sandfly, vector of VL and CL, includes many species of the genus Phlebotomus (in the Old World) and Lutzomyia longipalpis (in the New World)[35,36]. Although the majority of the reviewed studies have not mentioned the associated vectors, Phlebotomus argentipes was found to be the predominant vector among the reported cases except in Himachal Pradesh (India) where P. longiductus and P. major were identified in co-existence. Interestingly P. argentipes remain closely associated with the exclusive cases of VL while P. longiductus (most common) and P. major were associated with areas where both CL & VL forms were found (Table 2). Therefore, the associated area needs an entomological study to know the basic characteristics of the vector and associated factors.
L. donovani transmission in East Africa consists of both anthroponotic and zoonotic components[37]. In Sudan, rodents and dogs were found to be reservoirs; however, observation in the majority of outbreaks reflects anthroponotic predominant transmission[38,39]. While in SEAR countries, the human being is the only reported reservoir. In this review also, we found a similar finding of the human being as the sole reservoir for VL.
Major species of parasites of VL are reported as L. donovani in South Asia and L. infantum in the Mediterranean region along with some sporadic cases in Central Asia, China, Mexico and Central Brazil[35,40]. The central western area of Brazil which is considered an area of recent transmission for VL and is on the risk for CL, L. longipalpis was the widespread species discovered[40]. In the new world, the most common etiological agent is L. infantum. The current review also documents similar findings of L. donovani in the majority of studies but one study from the Himalayan areas of Pakistan reported L. infantum in the majority [16]. A study in Brazil documented to have detected for the first time the presence of either L. infantum or L. braziliensis circulating in the domestic host[41].  In India, VL is caused by L. donovani in the north eastern region, and CL is caused by L. tropica in the western Thar Desert region [42]. Himachal Pradesh is a more recently leishmaniasis endemic state in north-west India where VL and CL coexist. The incidence of CL is higher than that of VL and most cases are attributable to L. donovani[33,43]. One of the studies conducted in the same region reported an interesting presence of Leptomonas seymouri co-infection in CL with L. donovani[30]. Undoubtedly there may be some missing links and associations that are still unknown and undiscovered since no other areas around Himachal Pradesh of the southern Himalayan region reported any remarkable epidemiological studies. Therefore, this review may act as a catalyst to perpetuate epidemiological search in this region to establish various niches.
CL in the New World is generally caused by L. mexicana, while CL of the Old World is caused by five species of Leishmania: L. infantum (more common), L. tropica, L. major, L. aethiopica, and L. donovani. However, a study in the Indian sub-continent documents L. tropica in Pakistan, L. donovani in India, and L. major in Nepal are the most common organism causing CL [4]. PKDL is caused primarily by L. donovani both in India and Sudan with only a few cases by L. infantum or L. chagasi[28].
This shows the existence of different types of species for both VL and CL in different parts of the South Asian countries including the southern Himalayas of the Indian Sub-continent. The rationale behind this diversity and associated epidemiological factors needs to be studied further.

Clinical presentation
VL has different clinical features in the endemic, epidemic, or sporadic situation. It tends to be relatively chronic and mostly affects children in endemic areas. Both the VL and CL are endemic in Pakistan and India while only VL is endemic in Nepal and Bhutan (WHO updates). Study analysis revealed that the characteristics of the disease vary with the environment. Here we see the preponderance of VL in Bhutan, Nepal, and Uttarakhand (India) with the coexistence of CL and VL in the Indian states of Himachal Pradesh, Jammu and Kashmir and Pakistan (Table 1).
Most cases are asymptomatic, but some eventually develop VL on follow-up, more commonly in males [35]. Risk factors for progression to VL include malnutrition, genetic factor and other co-infections, mainly HIV. The major classical presentation is prolonged fever, fatigue, loss of appetite and weight, and left hypochondrium discomfort. There may be non-tender splenomegaly with or without hepatomegaly, pallor, and lymphadenopathy (especially in Sudan, commonly by Viannia subgenus species). The darkening of the skin is typical for the Indian variant (Hindi name, kala-azar). Clinically CL usually exhibits painless, multiple, round-to-oval crater-form dry nodular lesions, mostly at the site of inoculation. Usually, these cutaneous lesions heal spontaneously in 1year, often with disfiguring scars. PKDL is extremely rare, confined mainly in two regions endemic to kala-azar the Indian sub-continent and Sudan plus adjoining areas (up to 50% and 10% of patients with kala-azar respectively)[44-46].
Among all the studies reviewed none of them documented an asymptomatic period. The majority documented similar classical VL and CL symptoms except a few, which documented some atypical presentations like ascites, diarrhea, epistaxis, HLH syndrome, and hypergammaglobulinaemia (Table 1). Few cases of PKDL were reported from the hilly area of Uttarakhand too. The occurrence of PKDL after VL treatment in Nepal is also low as compared to neighboring countries[47].

Diagnosis
For diagnosis of Leishmaniasis many tests like dual path platform, a rapid immune-chromatographic test, and enzyme linked immune-sorbent assay (ELISA) are recommended by the Brazilian Ministry of Health[41]. Govt. of India recommends various tests for the detection of leishmania, including serology, aldehyde test, complement fixation test, indirect hem-agglutination test, ELISA, direct agglutination tests (DAT), spleen or bone marrow aspirates, and rK39[43]. The diagnostic policy for leishmaniasis is variable depending on the level of health systems. In first-line centers or rural hospitals of the highly endemic zone, the rK39 test is mostly used. Parasitological diagnosis is necessary for relapse identification. In low- endemic areas, more specific tests like PCR or parasitic demonstration are found necessary, as PCR is more sensitive than microscopic examination, therefore, can detect more asymptomatic infections.  However, it is not available in most centers, and evaluation of its diagnostic accuracy and proper standardization is needed. For relapse, serological tests such as DAT, ELISA, and rK39 rapid test are usually positive and frequently used in majority areas but are of limited value, as a positive result may be due to antibodies persisting after a past episode of VL, so better to show parasitological evidence for confirmation. A study in Brazil documented use of nested PCR (LnPCR) and PCR-restriction fragment length polymorphism for identification of Leishmania species[41]. A careful perusal of studies in this review showed a comprehensive use of various diagnostic procedures with no conclusive evidence towards any particular method. Future studies in these regions are need of the hour to formulate a diagnostic policy suitable for primary to tertiary health care levels.

Treatment and outcomes
Depending upon the sensitivity of drugs and the economic status, the treatment regime varies in different parts of the world. Liposomal amphotericin- B monotherapy (total dose of 20 to 21 mg/kg) is the preferred treatment in Europe, North America, and South America[48,49]. In East Africa, first-line therapy consists of a combination treatment of sodium stibogluconate and paromomycin for 17 d; the efficacy of liposomal amphotericin-B, miltefosine and paromomycin monotherapy are unacceptably low[50]. WHO Expert Committee and the Regional Technical Advisory Group of SEAR recommends liposomal amphotericin-B in a single dose of 10 mg/kg body weight as the first line treatment regimen for the Indian subcontinent within the current elimination strategy, given its high antimicrobial efficacy, safety, ease of use and assured compliance[1].
The majority of the studies in this review comply with the above standards and none of them documented parallel or supplemental pharmacotherapy other than the recommended regimen. However, agreeable documentation about the efficacy of the above drugs cannot be established in these emerging foci, as different studies had different outcomes. On summarizing the treatment outcomes liposomal amphotericin-B has emerged as the most effective therapy against the disease (with 100% cure rate achieved with single-dose). Furthermore, it is also found to be effective in VL-associated HLH and the explanations were that it inhibits macrophage function, reduces cytokine expression, and antigen-induced proliferation of T and B cells in vitro, causing a dual effect on both HLH and VL[13]. At last, the treatment regimen must follow national or regional guidelines, if applicable. Species identification usually is not critical to treatment decisions for VL (incontrast with CL)[51]. Multiple trial studies regarding drugs and doses should be done for the best suitable management protocol in these new niches.

Limitations
As said before, the availability of only a few studies related to the Himalayan regions is the major limitation of this review. Limited studies have covered the factors determining the transmission of VL in these new foci. The paucity of data limits the freedom to give any conclusive remarks on this new possible niche of leishmaniasis. A detailed analysis of these factors and the molecular characterization of vector species and leishmaniasis strain are still lacking. However, this mini-review aspires to highlight the surge of new cases in non-endemic areas as a matter of public health importance and research.

CONCLUSION
Despite substantial progress towards VL elimination in most endemic parts of the world, recently reported the emergence of new endemic foci in Southern Himalayas, forecast a great challenge for public health. Upstream river belts are a possible path of Sandfly spread towards these non-endemic areas, need a better environmental study to prove. In these areas, P. argentipes is found to be a predominant vector, L. donovani as a major parasite cause of VL, and L. tropica, L. donovani, and L. major as a major cause of CL in Pakistan, India, and Nepal respectively. Isolated VL is seen in Bhutan, Nepal, and the Uttarakhand state of India, while both VL and CL are seen in other Himalayan areas. Moreover, patients of these areas have a typical clinical presentations (ascites, diarrhea, epistaxis, HLH syndrome, and hypergammaglobulinaemia) so they need a high index of clinical suspicion, prompt diagnosis, and management. Single-dose liposomal amphotericin-B holds a 100% cure rate. As the a typical disease is recognized as a major threat to ongoing leishmaniasis elimination, so continuous monitoring of the disease type and associated parasitic variants and vector species should be implemented as part of the ongoing leishmaniasis elimination and maintenance programs. Studies on vector species and alternate reservoirs are also required for a better understanding of region-specific disease transmission and epidemiology.
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Figure 1 Map of the southern Himalayas describing rivers.
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Figure 2 Map of the southern Himalayas representing the magnitude of leishmaniasis.
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Figure 3 Preferred Reporting Items for Systematic reviews and Meta-Analyses flow diagram.

Table 1 Findings of published articles on leishmaniasis in southern Himalayas w.r.t. agent-host-environment details
	Ref.
	Sample size
	Location (if available district, state, country)
	Agent factors
	Host factors
	Vector identified
	Environmental factors 
	River body associated
	Authors conclusion

	Katakura et al[4]
	> 1000 
	Different areas of Pakistan, India, and Nepal
	In Pakistan Himalayas, Leishmania tropica followed by Leishmania major. 
In India, L. donovani followed by L.tropica. 
In Nepal, L. major.
	CP: Cutaneous leishmaniasis (CL) cases only; No descriptions
Rx: Not known
Outcome: Not known
	In all Himalayas, P. sergenti followed by P. argentipes and papatasi
	Altitude is not documented.
	Indus, Ganges
	Microsatellite analysis of the parasites will be a powerful tool for population genetic and epidemiological studies of Leishmania species.

	Rab et al[5]
	239 (1984-1992) and more cases in the past (before 1984)
	Different areas of Northern areas of Pakistan (Bagh,  Abbottabad, Chilas, and Baltistan)
	Leishmania
infantum
	Clinical presentation (CP): 
Visceral leishmaniasis (VL – all cases); Not described
Rx: Not known
Outcome: Not known
	Not documented
	Altitude is not documented 
	Indus
	The clinical pattern of VL in north Pakistan is akin to that in north-western China, with a marked predilection for young children, and a male preponderance. The infantile VL has risen 10-fold in the last decade from 0.2 to almost 2 per 100 000 population.

	Wani et al[6]
	18
	Different areas of  Uri &Karnah belt, Jammu & Kashmir, India
	Leishmania, species not identified
	CP: Cutaneous leishmaniasis (CL); mostly nodulo-ulcerative, mostly on the face and single lesion.
Rx: Intravenous sodium
Stibogluconate including two received intra-lesional
Outcome: Survival for all cases.
	Not documented
	Altitude is not documented. The hot and arid climate of these areas(Uri belt) is quite conducive to the growth and development of leishmania and the sand fly
	Not documented 
	Any patient with nodular/nodulo-ulcerative lesion on exposed parts must be suspected for CL, especially if belonging to the Uri and Karnah region of the Kashmir Valley. The public health authorities should make every effort to contain this new infection in this Valley.

	Leherwal et al[7]
	Three
	Uri belt, Jammu & Kashmir, India.
	Leishmania, species not identified
	CP: Cutaneous leishmaniasis (CL); solitary erythematous nodule on the face.
Rx: Not documented
Outcome: Not documented
	Not documented
	Altitude is not documented 
	-do-
	Focuses on the diagnostic part. FNAC may be the method of choice for suspected CL in cases of solitary nodular lesions.

	Mahajan et al[8]
	One 
	Uri in South West Kashmir, Jammu & Kashmir, India.
	Leishmania, species not identified
	CP: Visceral leishmaniasis (VL); 2months fever, weight loss, ascites, anemia, Hepato-splenomegaly,
Rx: Intravenous sodium
Stibogluconate
Outcome: Survived.
	Not documented
	Altitude is not documented
	-do-
	This advice for further research into the epidemiology, geographic distribution, and inter-species interactions of the parasite

	Sharma et al[9]
	285
	Nirmand village,Shimla  & Kullu Districts of Himachal Pradesh, India
	Among 14 cases, Leishmania tropica (3) and Leishmania donovani (11).
Tissue smear positivity for amastigotes was 43%.
	CP: CL; mostly nodulo-ulcerative, mostly on extremities.
Rx: Intra-leisonal sodium
Stibogluconate
Outcome: Survival for all cases.
	Among 41 cases, P. longiductus (29), P. major(8), P. kandelaki (2), and 2 remained unidentified. 
	Altitude is not documented.
The climate of the affected areas varies from temperate to subtropical.
	Satluj river
	Different leishmania species and vectors compared to other parts of India are found in these Himalayas.

	Sharma et al[10]
	161 new localized cases of LCL from May 2001 and December 2003 
	sub-alpine valley in the mountainous region of the Kinnaur District,Himachal Pradesh, India.
	L. donovani in eight cases and L. tropica in two cases 
	Histopathology showed non-caseating epitheloid cell granuloma in 77% of the cases. Lesions involved mainly the face 
	Phlebotomus longiductus is a possible vector
	Altitude, 700-2,900 m above sea level

	Satluj River
	Intralesional sodium stibogluconate was effective in all patients

	Raina et al[11]
	18
	Shimla, Kinnaur & Kullu Districts of Himachal Pradesh, India.
	Leishmania, species not identified
	CP: VL - prolonged fever, weight loss, ascites, pancytopenia, hepato-splenomegaly, lymphadenopathy, diarrhea, and epistaxis.
Rx: Intravenous sodium
Stibogluconate
Outcome: 14 Survives and 4 deaths.
	Not documented
	Altitude, 924 - 2960 m above sea level.
The patients had never visited any of the endemic areas
	Satluj and Beas river
	Initial failure to suspect VL in this area might cause a diagnostic delay. 
There is a favorable therapeutic response without recurrence of symptoms during 6 months of follow-up. 

	Thakur et al[46]
	Cases of CL During 2014–2018 in the study area
	case reports came from Districts of Kinnaur, Shimla, and Kullu and the previously nonendemic districts of Mandi and Solan,Himachal Pradesh, India. 
	L. donovani variants distinct from the viscerotropic L. donovani strain from northeast India
	Coexistence of VL and CL 
	Not documented
	Not documented
	Not documented

	The scenario appears somewhat similar to Sri Lanka and Kerala, where L. donovani parasites cause cutaneous disease, albeit with differences in the region-specific L. donovani variants 

	Thakur et al[47]
	Sixty CL patients over the period from 2014 to 2018
	Satluj river belt in Himachal Pradesh, Khaneri/rampur (location of medical college),Himachal Pradesh, India.  
	Presence of  L. seymouri co-infection in the unusual CL cases in Himachal Pradesh (HP) caused by L. donovani variants
	Coexistence of VL and CL 
	Not documented 
	Not documented
	Satluj river
	Found the presence of Leptomonas seymouri in 38.5% (22/57) of the patients along with L. donovani detected in all the samples. L. seymouri is a monoxenous insect trypanosoma, generally incapable of infecting humans

	Sharma et al[49]
	None
	Shimla, Kinnaur, &Kullu Districts of Himachal Pradesh, India.
	Not applicable
	Not applicable
	Among 62 cases, Phlebotomus longiductus (46), P. major (8), P. kandelaki (8).
	Our patients reported having been out of the state or district during the three years the preceding onset of symptoms.
	Satluj river 
	Phlebotomus longiductus may be the primary vector for human leishmaniases in this endemic focus, however, it needs another study to prove the vector species corresponding to the type of leishmania species.
The cattle sheds seem to provide an ideal environment for sandfly resting and breeding while their proximity to the residence perhaps ensures continuous transmission of infection to humans. 

	Raina et al[11]
	Four
	District Chamba of Himachal Pradesh, India.
	Leishmania, species not identified
	CP: VL - prolonged fever, pancytopenia, hepato-splenomegaly, diarrhea, and HLH.
Rx: Plain Amphotericin-B, Sodium stibogluconate
Outcome: two survived and two deaths.
	Not documented
	Altitude, 926 m above sea level.
The patients had never visited any of the endemic areas.
	Ravi river
	The fact that all patients had contracted the disease indigenously is suggestive of a local vector and probably a zoonotic reservoir.
The genetic makeup of Leishmania isolates of this region should be studied.

	Raina et al[12]
	One
	District Chamba of Himachal Pradesh, India. 
	Leishmania, species not identified
	CP: VL - prolonged fever, pancytopenia, hepato-splenomegaly, and HLH.
Rx: Plain Amphotericin-B
Outcome: Survived.
	Not documented
	Altitude, 926 m above sea level.
The patients had never visited any of the endemic areas.
	Ravi river
	Even in nonendemic areas, clinicians and pathologists should keep in mind VL as the inciting etiology of secondary HLH.

	Sharma et al[48]
	38 new cases of CL from 1988 - 2000
	previously non-endemic area of Himachal Pradesh, India.
	Leishmania donovani
	Face involvement was seen in the majority of which Nodulo-ulcerative plaque was the commonest lesion with few Muco-cutaneous lesions 
	Not documented
	Altitude,900-2900 m above sea level 
	Satluj river
	Possible mode of disease introduction in the region is postulated

	Sharma et al[53]
	Two VL patients and 13 LCL patients, and 31 dogs
	Himachal Pradesh, India.
	L. donovani-infantum
	both VL and LCL variants were seen
	Not documented
	Altitude not documented
	Satluj
	Reservoir infection is perhaps being chiefly maintained in asymptomatic dogs (required in-vitro parasite cultivation and/or PCR studies for confirmation)

	Pawar et al[13]
	One 
	Himachal Pradesh, India.
	Leishmania, species not identified
	CP: VL - Pregnancy, prolonged fever, pancytopenia, hepato-splenomegaly, and HLH.
Rx: Plain Amphotericin-B
Outcome: Survived.
	Not documented
	Altitude, 926 m above sea level.
The patients had never visited any of the endemic areas.
	Satluj
	A need for increased surveillance and education of primary care physicians regarding the endemic nature of VL in this particular area.

	Kumari et al[14]
	Seven 
	Rishikesh (location of medical college) Himalayan region of Uttarakhand , India. 
	Leishmnia donovani
	CP: VL - prolonged fever, Hepato-splenomegaly, pancytopenia.
Rx: Liposomal (6 cases) & plain (1 case) Amphotericin B, later on, 1 reoccurrence case treated with liposomal AMP-B
Outcome: 6 survived and 1 death
	Not documented 
	Altitude is not documented
	Ganges
	Different clinical profiles than endemic regions. More association of organ failure and HLH suggests aggressive presentation than in endemic areas. 

	Chandra et al[15]
	Seven
	Dehradun (location of medical college) Different areas of Uttarakhand, India.
	Leishmania, species not identified
	CP: VL - fever, hepato-splenomegaly, hemophagocytic lymphohistiocytosis (HLH) syndrome.
Rx: plain Amphotericin B
Outcome: Survival for all cases.
	Not documented
	Altitude is not documented 
	Ganges
	In all HLH cases, leishmaniasis should be suspected.
HLH diagnosis criteria may be modest while applied.
VL with HLH responds well to amphotericin.

	Ahmad et al[16]
	33 (excludes 14 pediatric cases as below)
	Garhwal region of Uttarakhand (India)
	Leishmania, species not identified
	CP: VL - prolonged fever, hepato-splenomegaly, pancytopenia, negative HIV status, and Hemophagocytosis. 
Rx: Sodium stibogluconate, both types of amphotericin-B, and miltefosine Outcome: one relapse and cured with lip amphotericin-B. Survival of all cases except one who succumbs.
	Not documented
	Altitude, 1500-4000 m above sea level.
The patients had never visited any of the endemic areas.
Development of the Tehri dam reservoir, migration of laborers from Bihar and endemic areas, and the ecological changes have caused an environmental shift in favor of vector proliferation
	Ganges
	The protozoan is de novo from Uttarakhand. However, molecular mapping is needed to confirm the ancestry.

	Bhatt et al[17]
	14
	Garhwal region of Uttarakhand (India)
	Leishmania, species not identified
	CP: VL - prolonged fever, hepato-splenomegaly, lymphadenopathy, pancytopenia, negative HIV status, and Hemophagocytosis (HLH – 7 cases). 
Rx: Sodium stibogluconate Outcome: Survival of all cases except one who succumbs before starting the treatment.
	Not documented
	-do-
	-do-
	The protozoan appears to have established
a local transmission cycle, although local
vector and probably an animal reservoir remain elusive.
Epidemiological studies are needed to identify
the vector and animal reservoir if any.

	Verma et al[18]
	Nine 
	Garhwal region of Uttarakhand (India)
	Leishmania, species not identified
	CP: prolonged fever, hepato-splenomegaly, pancytopenia, and hypergammaglobulinaemia. Rx: Sodium stibogluconate Outcome: Survival of all cases
	The preponderance of Phlebotomus argentipes (77%), which is mainly confined to cattle sheds and mixed dwellings in villages 
	Altitude, 1500-4000 m above sea level.
The patients had never visited any of the endemic areas.
	Ganges
	Sodium stibogluconate-sensitive VL is emerging in the non-endemic Garhwal region, India, and urgent and effective vector control measures may be warranted to prevent the disease from becoming a major health problem in this region.

	Singh et al[19]
	Five
	Kumaon region (Almora&Nainital District) of Uttarakhand (India)
	Leishmania, species not identified
	CP: VL - fever, hepato-splenomegaly, weight loss, and pancytopenia.
Rx: Intravenous sodium
Stibogluconate
Outcome: Survival of all cases except one death
	Not documented
	Altitude, 350-960 meters from sea level.
	Ganges
	This advice for further research into the epidemiology of vectors and warns about the emerging pattern in non-endemic areas.

	Rao et al[20]
	None
	Kumaon region (Almora & Nainital District) of Uttarakhand (India)
	Not applicable
	Not applicable
	P. argentipes (77%), P. papatasi (6.9%), P. major (2.9%), and sergentomyia (13.2%)
	-do-
	Ganges
	P. argentipes mainly confined to cattle sheds and mixed dwellings in the villages, mainly zoophilic, and
highly susceptible to DDT (mortality, 98-100%).

	Kumar et al[21]
	10
	Kumaon region of Uttarakhand (India)
	Leishmania, species not identified
	CP: VL - fever, hepato-splenomegaly, weight loss, and pancytopenia.
Rx: Intravenous sodium
Stibogluconate (2, then shifted to amphotericin due to failure), Lip amphotericin-B 
Outcome: Survival (6 cases), lost to follow up (3), and death (1)
	Not documented
	-do-
	Ganges
	Highlights the changing geographic distribution and spread with implications for its control as a public health problem.
Epidemiological work is required in this area to substantiate the presence or absence of any zoonotic reservoir.

	Mathur et al[22]
	Six
	Nainital, Champawat, and Pithoragarh District of Uttarakhand (India)
	Leishmania, species not identified
	CP: VL - prolonged fever, hepato-splenomegaly, pancytopenia.

Rx: Liposomal (4 cases) & plain (2 cases) Amphotericin B 
Outcome: 5 survived and 1 death
	Not documented
	Altitude, 258 to 1760m from sea level.
Patients never
travelled to or migrated from endemic areas.
	Ganges
	Highlight the changing geographic distribution and the need for detailed epidemiological surveys in
Non-endemic regions for assessing the impact of
climate change and the possibility of a zoonotic reservoir of VL in India.

	Ostyn et al[50]
	101 past VL cases in the document review for the period 2000–2013.combined with sero-survey and entomological survey
	Districts of Bhojpur and Okhaldhunga, Nepal
	L. Donovani
	visceral leishmaniasis 
	P. argentipes, Sergentomyia spp. and other Phlebotomus spp
	Not documented
	Not documented
	This is epidemiological and entomological evidence for ongoing local transmission of  L. donovani in villages at an altitude above 600 meters in Nepal, in districts considered hitherto non-endemic for VL.

	Pandey et al[23]
	One
	Bardiya district of Midwestern
Nepal
	Leishmania donovani confirmed
	CP: 2months fever, anemia, hepato-splenomegaly), and weight loss
Rx: plain Amphotericin B after failed miltefosine
Outcome: Survived
	Not documented
	Altitude is not documented. History
of travel to endemic region (Uttar Pradesh, India)
	Karnali river
	MLF treatment induces an early
clinical response but with a risk of relapse indicating a
need for combinations or maintenance regimens.
Policies should be made to minimize the risk of drug failures.

	Pandey et al[24]
	One
	Doti district of Western Nepal. 
	Leishmania, species not identified
	CP: 3months fever, abdominal distension, anemia (splenomegaly), and weight loss
Rx: plain Amphotericin B
Outcome: Survived
	Not documented
	Altitude
of 1,113 m above sea level.
No history
of travel to endemic regions
	Karnali river
	VL is expanding into newer areas. 
Policymakers should give a high
priority in expanding active surveillance network in the
newly parasite-detected areas to achieve the realistic goal of eradication

	Schwarz et al[25]
	one
	Achham district of Western Nepal
	Leishmania, species not identified
	CP: Advanced disease
Rx: plain Amphotericin B
Outcome: Death
	Not documented
	Altitude is not documented. A canine reservoir may be a possibility.
	Budhi ganga and Kailash river
	-do-

	Bhattacharya et al[26]
	Six 
	Various regions of Bhutan
	Leishmania, species not identified
	CP: VL - prolonged fever, hepato-splenomegaly
Rx: Sodium stibogluconate
Outcome: Survived
	Phlebotomus argentipes in villages confirmed
	Altitude is not documented. All the cases were endemic (not imported).
	Drangme Chhu, Kuru Chhu, and Mangde Chhu
	Proper surveillance,
early diagnosis and treatment with effective vector
control is crucial in this area.

	Yangzom et al[27]
	13 (excluding the above six cases)
	Various regions (Mongar, Trashiyangste, Samtse, Tsirang, Trashingang, Zhemgang) of Bhutan
	L. donovani complex confirmed
	CP: VL – not described
Rx: Sodium stibogluconate, and one received plain amphotericin-B after failed SSB.
Outcome: Survived
	Among 18 sandflies, Phlebotomus kiangsuensis (6), P. longiductus (5) P. major (2), Sergentomyia barraudi (5)
	Altitude, 900-2000 m above sea level.
	-do-
	The pattern of rising prevalence
with age is characteristic of long-standing circulation of
the parasite in the community.
Parasitological confirmation should be recommended
in all cases, followed by a rapid epidemiological assessment of
each case.





Table 2 Characteristics of Leishmaniasis in the southern Himalayan region
	Sr No.
	Geographical area 
	Causative agent
	Vector
	Clinical picture

	1
	Northern areas of Pakistan[2]
	LeishmaniaInfantum
	Not identified
	Visceral leishmaniasis

	2
	Indian states of Jammu & Kashmir[3-5]
	Not identified
	Not identified
	Cutaneous leishmaniasis most common with a single case study of visceral Leishmaniasis

	3
	Himachal Pradesh[6-16]
	L. donovani & L. tropica
	P. longiductus (most common) & P. major
	Both cutaneous & visceral forms ofLeishmaniasis

	4
	Uttarakhand (Garhwal)[17-21]
	L. donovani
	P. argentipes
	Visceral leishmaniasis

	5
	Uttarakhand (Kumaon)[22-25]
	Not identified
	P. argentipes
	Visceral leishmaniasis

	6
	Nepal[26-29]
	L. donovani
	P. argentipes
	Visceral leishmaniasis

	7
	Bhutan[30,31]
	L. donovani
	P. argentipes
	Visceral leishmaniasis
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