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CURRENT SCENARIO FOR DEVELOPING NEW
FORMS OF TREATMENT
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ABSTRACT

Leishmaniasis is a neglected disease that affects millions of people around the world, mainly
socially vulnerable populations and is considered a serious public health problem. Caused
by several species of the flagellated protozoa of the Leishmania genus, it is transmitted to
man through female sand fly bites. The disease can present the cutaneous, mucocutaneous
and visceral clinical forms, varying according to the parasite species and depending on host
immune response. Depending on its evolution, the disease may pose serious risks to the afflicted
individual’s health. In general, treatment for Leishmaniasis is with pentavalent antimonials, in
use for approximately 70 years. However, the existing treatment for Leishmaniasis presents
drawbacks such as high toxicity, several side effects, cases of resistance, highlighting the
need for new efficient therapeutic approaches. Given all the problems that involve the current
treatment of leishmaniasis, it is of paramount importance to seek and screen new molecules
that have leishmanicidal activity, meet the safety criteria, while presenting low toxicity, low
cost, easy administration and that cure efficiently. This review presents some considerations
on the leishmaniasis situation, its treatment and the current panorama for the development of
new therapies.
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INTRODUCTION

Leishmaniasis comprises a group of diseases present in about 102
countries posing a serious public health problem, mainly affecting socially
vulnerable populations. It is a disease with 1.3 million new cases and 20,000 to
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30,000 deaths each year (PAHO, 2019). In addition, the number of people residing
in endemic areas, at imminent risk of transmission, amounts to approximately 1.7
billion individuals, which makes the disease even more distressing (Pigott et al.,
2014). These data also imply that there may be many underreported cases (Brazil,
2017; Negrao& Ferreira, 2014).

The disease is caused by several species of flagellated protozoa of the
Leishmania genus transmitted to man through female sand fly bites, and may
present the cutaneous, mucocutaneous and visceral clinical forms, varying
according to the species of parasite and depending on the host immune response.
According to its evolution, the disease may pose serious risks to the individual’s
health (da Silva et al., 2017; de Oliveira et al., 2020; Gurung &Kanneganti, 2015).

This genus presents a diversity of species and about 22 are capable of
infecting humans and other animals. In Brazil, three species are considered
the main causal agents for the development of the tegumentary form: L. (V)
braziliensis, L. (V.) guyanensis and L. (L.) amazonensis. L. (L.) infantum is
associated with the visceral form (PAHO, 2019).

The clinical forms observed in leishmaniasis can develop according to
certain factors, such as the geographical distribution of the parasite and insect
vectors, as well as those directly linked to the individual, such as the relationship
between the parasite species and host immune response, age, nutritional status,
co-infections such as HIV and genetic factors. These parasites develop in the cells
of the mononuclear phagocytic system of the infected individual (Aires, 2017;
Brelaz-de-Castro, 2013).

Depending on the aforementioned factors, the clinical forms can be
classified as cutaneous (CL) and mucocutaneous (MCL) leishmaniasis, which
occurs when the parasite species present tissue tropism for skin and mucocutaneous
tissue macrophages, and the visceral clinical form (VL), when they present tropism
for tissues of the mononuclear phagocyte system in visceral organs (Kulkarni et
al., 2014; Santos, 2017). The visceral form is the most severe form of the disease,
and can be lethal when not treated (Kevric et al., 2015; WHO, 2017).

Regarding CL, epidemiological data show that cases are spread
worldwide, with an estimated 0.6 to 1.0 million cases. The American continent
is foremost regarding these numbers, with records from the extreme south of the
United States to the north of Argentina, with the exception of Chile and Uruguay
(Brazil, 2017).

In Brazil, there are CL cases in all regions of the country and, according
to the Ministry of Health; from 2003 to 2018 more than 300,000 cases were
recorded, averaging 21,158 cases per year. This further highlights the major
public health problem posed by this parasitosis. The Northeast region stands out
in this scenario, with highly prevalent numbers. This may be due to the extensive
areas of Atlantic Forest presenting a great diversity of vectors and reservoirs with
different transmission patterns (Brazil, 2017; Brito et al., 2015; Guedes Farias et
al., 2019).
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Regarding VL, numerous cases are also spread throughout the world
and recurrent outbreaks have been occurring in eastern Africa, causing high
morbidity and mortality, highlighting this clinical form of the disease, in view
of the high lethality that is observed in immunocompromised individuals and
cases of co-infection with HIV. Epidemiological data suggest that there is an
incidence of about 0.2 to 0.4 million cases of VL in the world, but the vast
majority of cases occur mainly in rural and suburban areas of the following
six countries: Bangladesh, Brazil, Ethiopia, India, Sudan and South Sudan
(Okwor & Uzonna, 2016; WHO, 2021).

In Brazil, records on the number of VL cases are mainly restricted to
rural areas with few urban regions, but over the last few years the disease has
also been expanding to urban centers. Currently, all regions of the country
confirm cases annually, especially the North, Northeast, Southeast and Midwest
regions. The latest data showed that this rise in the number of cases was mainly
due to the peri-urbanization and urbanization of the disease, a scenario that is
strongly related to the migratory flow of people between these regions and the
environmental changes that modify the ecosystem (Aguiar & Rodrigues, 2017,

Brazil, 2017).

CURRENT LEISHMANIASIS TREATMENT

First line therapy adopted for leishmaniasis consists of pentavalent
antimonials (Sb*®), which have been used for over 70 years. Nowadays, there
are two formulations available on the market, N-methylglucamine antimoniate
(Glucantime®), considered the first choice for treatment in Brazil, and sodium
stibogluconate (Pentostan®) whose commercialization is not allowed in the
country (Brazil, 2017; Zulfiqar et. al., 2017).

According to the World Health Organization (WHO), the therapeutic
dose of these antimonials should be calculated in milligrams according to body
weight per day (20 mg Sb**/kg/day). This is a contraindicated treatment for
pregnant women, patients over 50 years of age, patients with heart disease,
kidney disease, liver disease and hypersensitivity to medication components
(Brazil, 2017).

Pentavalent antimonials are used to treat all clinical forms of the disease,
being administered intramuscularly or intravenously at the recommended
therapeutic dose for 20 to 30 days. During treatment, several adverse effects
may develop, such as: arthralgia, myalgia, anorexia, nausea, vomiting, gastric
fullness, epigastric pain, heartburn, abdominal pain, pancreatitis, itching,
fever, weakness, headaches, dizziness, palpitations, insomnia, nervousness,
pyrogenic shock, edema and acute renal failure. In the most severe forms,
these may cause cardiac, liver and pancreatic alterations leading to treatment
interruption (Mcgwire & Satoskar, 2014).The mechanism of action of these
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drugs, in spite of being long-established forms of treatment, are not yet fully
known. However, it is believed that the pentavalent molecule (Sb*®) acts as
a prodrug, being converted into trivalent antimony (Sb*?), conferring greater
toxicity and allowing interference in bioenergetic pathways, such as the fatty
acid oxidation process and glycolysis of amastigote forms (Queiroz, 2019;
Rath et al., 2003).

A recent alternative regarding this drug is the intralesional treatment
with meglumine antimoniate, with restricted use in cases of localized cutaneous
leishmaniasis and for recurrent CL. This form of drug application presents
much milder side effects than those observed in the systemic administration.
A study by Yesilova et al. (2015) showed the effectiveness of this treatment in
patients infected with L. tropica and/or L. major who were cured, presenting
total wound healing (Duque et al., 2016; Yesilova et al., 2016).

Despite potent action against the parasite, pentavalent antimonials
have several factors limiting their use. Among the great challenges described
are high toxicity, high cost, the mode of administration and length of use,
requiring several doses to reach the effective therapeutic concentration
(Chakravarty & Sundar, 2019). This can lead to withdrawal by the patient
and the emergence of resistant strains, which have been reported, indicating
treatment failure (Meheus et al., 2010). Studies highlight that India presents
the most reports of resistance due to the indiscriminate use of this drug (Haldar
et al., 2011; Zulfigar et al., 2017).

For cases that are not successful after treatment with these first-line
drugs or if they are contraindicated, second-line drugs are available with
Amphotericin B (AmB) and Pentamidine (de Vries et al., 2015; Brazil, 2017).
Amphotericin B presents excellent activity against the evolutionary forms of
Leishmania. The parasite membrane contains ergosterol and the mechanism
of action of this drug is associated with binding to these sterols, implying an
increased cell permeability, which leads to the loss of cations such as K+ and
causes parasitic death (Chavez-Fumagalli et al., 2015). The administration
dosage recommended by the Brazilian Ministry of Health is 0.7 to 1.0 mg/kg/
day, with a total dose of 25 to 40 mg/kg, administered intravenously. The side
effects observed are related to its toxicity and include infusion reactions, fever,
hypokalemia, anorexia, hypotension, myocarditis and aggravated impairment
of liver and kidney functions, being contraindicated for patients with renal
failure (Burza et al., 2018).

In order to reduce these toxicity levels, physicochemical modifications
were carried out in the AmB structure, and liposomal amphotericin B
(AmBisome®), amphotericin B in colloidal dispersion (Amphocil®)
and amphotericin B in lipid complex (Abelcet®) were developed. These
formulations use a slower release of the drug in nanostructured systems
capable of forming micelles that, when captured by macrophages, release the
drug inside the infected cells. The WHO recommends it for the treatment
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of the disease, due to its effectiveness and reduced toxicity compared to
free AmB. Side effects were also reduced, including the nephrotoxic effect
presented by the conventional formulation. Although liposomal AmpB
presents satisfactory results for the treatment of the disease when compared
to conventional treatment, therapy based on this new formulation implies high
cost and hospitalization, often making its use unfeasible (Chavez-Fumagalli et
al., 2015; Oliveira et al., 2013; Singh et al., 2016).

Pentamidine, another second choice drug in the therapeutic scheme
for the treatment of leishmaniasis, is a class of aromatic diamines that has also
shown great leishmanicidal efficacy. However, it is highly toxic, presenting
severe cardiac and gastrointestinal side effects including pancreatitis, cardiac
arrhythmias, leukopenia, acute renal failure, hypocalcemia, and ventricular
tachycardia (Ghorbani & Farhoudi, 2018; Brazil, 2017). Besides these side
effects, there is still the risk of developing diabetes mellitus due to the drug’s
acute toxic action on beta-pancreatic cells (Brazil, 2017). The recommended
dose is 4mg/Kg/day, by intramuscular or intravenous administration. As well
as AmpB, the use of this drug is costly and there is greater need for more
complex medical services for its administration (Brazil, 2017).

Another drug used is Miltefosine (ImpavidoTM), a drug that was
initially developed as an antineoplastic and was redirected to treat leishmaniasis,
due to its high effectiveness against the parasite. This drug became the first oral
treatment of the disease in some countries, being effective in all clinical forms,
serving as another option in cases of resistance to antimonials (Santos et al.,
2020; Tiuman et al., 2011). The Unified Health System authorized Miltefosine
in 2018 for therapeutic use in Brazil and it is indicated for the treatment of
Tegumentary Leishmaniasis. The recommended dose is 2.5 mg/kg/day
orally, divided into 2 to 3 daily doses with a limit of 150 mg/day. Despite its
efficient action, similar to other established drugs, miltefosine also presents
high toxicity with gastrointestinal and teratogenic effects, contraindicated for
pregnant women. This drug should be administered preferably after meals, to
reduce gastrointestinal effects (Brazil, 2020).A formulation of this drug for
veterinary purposes (Milteforan® - Virbac) is also available in Brazil for the
treatment of canine visceral leishmaniasis (Queiroz, 2019). Even though its
effectiveness is reported in countries like India, in other countries such as
Colombia, Bolivia and Brazil this efficiency can vary according to the species
of Leishmania (Santos et al., 2020; Soto et al., 2004).

Drugs such as Paromomycin, azithromycin, ketoconazole, fluconazole
and other antifungals have presented good leishmanicidal activity and are used
to treat cases of CL. However, results are not so conclusive, as the mechanisms
of action against the parasite are not yet totally clear (Brelaz-de-Castro, 2013;
Goto & Lindoso, 2010).
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Given the flaws observed in the current therapeutic arsenal available, it
is important to search for new molecules with effective leishmanicidal action
while less toxic (more selective to the parasite and less toxic to the infected
individual) coupled with low cost to fight this disease (Queiroz, 2019). A
possible improvement may be to change the chemical constituents used in the
synthesis of drugs, and in the development of therapies associated with the
modulation of the host immune system, as it plays an important role in the
development of the disease (Singh et al., 2012).

THE CHALLENGE IN THE STUDY OF NEW COMPOUNDS

Given the scenario of currently available drugs and according to
the Drugs for Neglected Diseases Initiative (DNDi, 2016), the quest for new
molecules for treating leishmaniasis is a great challenge, mainly due to the
need to overcome limitations in current treatments. It is essential to search for
compounds with low toxicity, effective for all clinical forms of the disease and,
above all, with minimal side effects to the individual (DNDi, 2016).

Based on the Target Product Profile (TPP) strategies, the DNDi adopts
some criteria that can be considered a basis for meeting the challenges in the
study of new molecules. These criteria are divided into what is considered
ideal and what is acceptable in new forms of treatment for tegumentary and
visceral leishmaniasis (DNDi, 2016) (Table).

Along with these factors, it is also important to search for new
compounds that may act as immune modulators, stimulating an immune
response that can induce the therapeutic objective. This is important
considering that evolution towards cure in cases of leishmaniasis is linked to
several aspects, one of which is the individual’s immune response (Field et al.,
2017; Singh et al., 2016).

The immune response plays an important role in the healing process
and the course of disecase development. Studies report the role of T cell-
mediated immune responses to this parasitosis, with cytokines associated
with a Thl profile (IFN-gamma, TNF and IL-12) leading to the activation of
macrophages and parasite death, as well as functioning as protective immunity,
as well as the production of Th2 cytokines (IL-4, IL - 5 and IL-10) causing the
evolution of the disease with the replication and persistence of the parasite
(Dayakar et al., 2019; Maspi et al., 2016; Scorza et al., 2017). Therefore, it
is important to consider this response when developing new drugs, searching
for new therapeutic strategies that aim to modulate these immune mechanisms
positively in favor of the host (Novais et al., 2021).
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Table. Target Product Profile for the
leishmaniasis

development of new drugs to fight

Cutaneous and visceral Leishmaniasis

Criteria Ideal Acceptable
Target species All species (Cutaneous form)
L. tropica or
L. braziliensis
(Visceral form)
L. donovani
Target population  All > 9 months of age and
Immunocompetent
Clinical >95% >90%
effectiveness
Formulation (Cutaneous Not parenteral,
form) or with few doses if parenteral or
Oral /Topical intramuscular
(Visceral form)
Oral /
Intramuscular
Treatment (Cutaneous (Cutaneous form)
regimen form) Oral: twice daily for 28 days
Oral <7 days Topical: 28 days
Topical < 14 (Visceral form)
days <10 days orally

(Visceral form)
Oral: 1/ day for

10 days
Intramuscular: 3
doses/10 days
Contraindications None
Safety / No tolerance

for adverse
effects requiring
monitoring

tolerability

> 3 intra-muscle injections in 10
days

Pregnancy / Lactation

Safety monitoring at the primary
health care level

Source: Adapted from DNDi (2020), Borsari et. al. (2018).
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New drugs active against Leishmania species, must present efficacy
against the parasite, and be planned for a short-term treatment model with
safety and tolerability for patients. Even the study and modification of synthetic
molecules whose biological properties are already known or studied can help
in the discovery of effective drugs for the treatment of leishmaniasis (DNDi,
2016).

Some parameters adopted by DNDi are used to better target studies
of new therapeutic approaches and are shown in the Table. A study by Don
& loset (2014) also addresses some of these characteristics. The study brings
indicators by which a new molecule should be considered promising. These
parameters are mainly related to the effectiveness of these new compounds
already in the initial phase, that is, in in vitro tests. Those with IC50 values <10
UM are considered promising, especially for the amastigote form, and allied
to a 10-fold higher selectivity to the parasite than mammalian cell lines (Don
& Toset, 2014).

CONCLUDING REMARKS

Due to the absence of compounds that selectively act on the parasite
that causes leishmaniasis with minimal harm to humans, strategies and studies
on new therapeutic approaches, especially those in which the compound is
associated with immune modulation, are very important for public health and
should be considered in the development of drugs for the disease.

CONFLICT OF INTEREST STATEMENT

The authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

ACKNOWLEDGMENTS

VNS Silva is the recipient of an MSc fellowship from FACEPE. This
work was supported by FACEPE (APQ 0820-2.11.2017).

REFERENCES

1. Aguiar PF, Rodrigues RK. Visceral Leishmaniasis in Brazil: review article. Rev Unimontes Ci
19: 1-14, 2017.

2. AiresDCG. Derivados tiossemicarbazonicos e tiazolidinonicos como possiveis candidatos ao
tratamento da leishmaniose. Dissertagdo de Mestrado em Ciéncias Farmacéuticas. Repositorio
Digital UFPE: Recife, 2017.84p.

262 ] Trop Pathol Vol. 50 (4): 255-264. oct-dec. 2021



1

—_

13.

14.

15.

16.

19.

20.

2

—_

22.

23.

Brasil. Ministério da Satude. Nota Informativa 13 (0015545077). Brasilia, 2020. 16p.

. Brasil. Ministério da Saude. Manual de vigilancia da leishmaniose tegumentar.1*ed. Editora

MS: Brasilia, 2017.189p.

Brelaz-de-Castro MCA. Estudo do papel de linfocitos T CD4 + e CD8 + e suas citocinas
na Leishmaniose Tegumentar Americana. Tese de doutorado em Inovagdo Terapéutica.
Repositorio. Digital UFPE: Recife, 2013. 135p.

Brito FF, Pinto ACVD, Cavalcante MLL, Silva GV, Wachholz PA, Nascimento DC.Estudo
clinico, epidemiologico e imunoldgico para leishmaniose tegumentar americana em centro de
referéncia em dermatologia. Hans Int 40:17-24, 2015.

Burza S, Croft SL,Boelaert M. Leishmaniasis. The Lancet 392:951-970, 2018.

Chakravarty J, Sundar S. Current and emerging medications for the treatment of leishmaniasis.
Exp Opin Pharm 20: 1251-1265, 2019.

Chavez-Fumagalli MA, Ribeiro TG, Castilho RO, Fernandes SO, Cardoso VN, Coelho CS,
Mendonga DV, Soto M, Tavares CA, Faraco AA, Coelho EA. New delivery systems for

amphotericin B applied to the improvement of leishmaniasis treatment. Rev Soc Bras Med
Trop 48: 235-242, 2015.

.da Silva AC, dos Santos T, da Silva I, de Oliveira M, Moreira D, Leite A, Pereira V. Aryl

thiosemicarbazones: /n vitro and immunomodulatory activities against L. amazonensis. Exp
Parasitol 177: 57-65, 2017.

. Dayakar A, Chandrasekaran S, Kuchipudi SV,Kalangi SK.Cytokines: Key determinants of

resistance or disease progression in visceral leishmaniasis: Opportunities for novel diagnostics
and immunotherapy. Front Immunol 10: 1-23, 2019.

. Duque MC, Vasconcellos EC, Pimentel MI, Lyra MR, Pacheco SJ, Marzochi MC, Rosalino

CM, Schubach AO. Standardization of intralesional meglumine antimoniate treatment for
cutaneous leishmaniasis. Rev Soc Bras Med Trop 49: 774-776, 2016.

de Oliveira V, Aranda de Souza MA, Cavalcanti R, de Oliveira Cardoso MV, Leite A, da Silva
Junior VA, de Figueiredo R. Study of in vitro biological activity of thiazoles on Leishmania
(Leishmania) infantum. J Glob Antimicr Resist 22: 414-421, 2020.

de Vries HIC, Reedijk SH,Schallig HDFH. Cutaneous Leishmaniasis: Recent Developments
in Diagnosis and Management. Am J Clin Dermatol 16: 99-109, 2015.

DNDi. InfoLEISH: Boletim informativo da rede LEISH. 1°ed.redeLEISH: Rio de Janeiro,
2016. p.1-12.

Don R, Ioset JR. Screening strategies to identify new chemical diversity for drug development
to treat kinetoplastid infections. Parasitol 141: 140-146, 2014.

. Field MC, Horn D, Fairlamb AH, Ferguson MA, Gray DW, Read KD, de RyckerM, Torrie LS,

Wyatt PG, Wyllie S, Gilbert IH. Erratum: Anti-trypanosomatid drug discovery: an ongoing
challenge and a continuing need. Nat Rev Microbiol 15: 447,2017.

. Ghorbani M, FarhoudI R. Leishmaniasis in humans: Drug or vaccine therapy? Drug Desig

DevelopThera 12: 25-40, 2018.
Goto H, Lindoso JAL. Current diagnosis and treatment of cutaneous and mucocutaneous
leishmaniasis. Exp Rev Anti-Infect Ther 8: 419-433, 2010.

Guedes FariasFT, Junior FEF, Alves CSA, Pereira EL, Carvalho ND, Souza ANM. Perfil
Epidemiolégico De Pacientes Diagnosticados Com Leishmaniose Visceral Humana No Brasil.
Rev Ci Desenv 12: 485-501, 2019.

. Gurung P, Kanneganti TD. Innate immunity against Leishmania infections. Cell Microbiol 17:

1286-1294, 2015.

Haldar AK, Sen P, Roy S. Use of Antimony in the Treatment of Leishmaniasis: Current Status
and Future Directions. Mol Biol Intern 2011: 1-23, 2011.

Kevric 1, Cappel MA, Keeling JH. New World and Old World Leishmania Infections: A
Practical Review. Dermatol Clin 33: 579-593, 2015.

J Trop Pathol Vol. 50 (4): 255-264. oct-dec. 2021 263



24.

25.

26.

27.

28.

29.

30.

3

—_

32.

33.

34.

35.

36.

37.

38.

39.

40.

4

—_

42.

43.

44,

45.

46.

Kulkarni MM, Karafova A, KamyszW, McGwire BS. Design of protease-resistant pexiganan
enhances antileishmanial activity. Parasitol Res 113: 1971-1976, 2014.

Maspi N, Abdoli A, Ghaffarifar F. Pro- and anti-inflammatory cytokines in cutaneous
leishmaniasis: a review. Pathog Glob Health 110: 247-260, 2016.

Mcgwire BS, SatoskarAR. Leishmaniasis: Clinical syndromes and treatment. Qjm 107: 7-14,
2014.

Meheus F, Balasegaram M, Olliaro P, Sundar S, Rijal S, Faiz MA,Boelaert M. Cost-
effectiveness analysis of combination therapies for visceral leishmaniasis in the Indian
subcontinent. PLoSNeg! Trop Dis 4: €818, 2010.

Negrao GN, Ferreira MEMC. Consideragdes sobre a Leishmaniose tegumentar americana e
sua expansao no territorio brasileiro. Rev Percu 6: 147, 2014.

Novais FO, AmorimCF, Scott P. Host-Directed Therapies for Cutaneous Leishmaniasis. Front
Immunol 12: 660183, 2021.

Okwor I, Uzonna J. Social and.economic burden of human leishmaniasis. Am JTrop Med Hyg
94:489-493, 2016.

. Oliveira LFG, Gilbert B, Boas VKG. Potential for innovation in the treatment of leishmaniasis

using plants and natural products as sources of new drugs. Rev Fit 8: 33-42, 2013.

PAHO. Pan American Health Organization. Manual of procedures for surveillance and control
of leishmaniasis in the Americas. OPS: Washington-DC, 2019. 187p.

Pigott DM, Bhatt S, Golding N, Duda KA, Battle KE, Brady OJ, Messina JP, Balard Y, Bastien
P, Pratlong F, Brownstein JS, Freifeld CC, Mekaru SR, Gething PW, George DB, Myers MF,
Reithinger R, Hay SI. Global distribution maps of the leishmaniases. eLife 3: 1-21, 2014.

Queiroz CM. Avaliagdo da atividade in vitro de novos compostos heterociclicos frente as

formas promastigotas e amastigotas de Leishmania infantum (Nicolle, 1908). Tese de

Doutorado em Medicina Tropical. Repositorio Digital UFPE: Recife, 2019.129p.

Rath S,Trivelin AL, Imbrunito RT, Tomazela MD, Jesis NM, Marzal CP. Antimoniais
empregados no tratamento da leishmaniose: Estado da arte. QuiNov 26: 550-555, 2003.
Santos ACS. Estudos in vitro de novos candidatos a farmacos anti- Leishmania. Tese de
Doutorado em Inovagao Terapéutica Repositorio Digital UFPE: Recife, 2017. 148p.

Santos SS, de Aratijo RV, Giarolla J, Seoud OE, Ferreira EI. Searching for drugs for Chagas
disease, leishmaniasis and schistosomiasis: a review. Inter J Antimicr Agent 55: 105906, 2020.
Scorza BM, Carvalho EM, Wilson ME. Cutaneous manifestations of human and murine
leishmaniasis. Inter J Mol Scien 18: 1296, 2017.

Singh N, KumarM, Singh RK. Leishmaniasis: Current status of available drugs and new
potential drug targets. Asi Pacif J Trop Med 5: 485-497,2012.

Singh OP, Singh B, Chakravarty J, Sundar S. Current challenges in treatment options for
visceral leishmaniasis in India: A public health perspective. Infec Dis Pover 5: 1,2016.

. Soto J, Arana BA, Toledo J, Rizzo N, Vega JC, Diaz A, Luz M, Gutierrez P, Arboleda M, Berman

ID, Junge K, Engel J, Sindermann H. Miltefosine for new world cutaneous leishmaniasis. Clin
Infec Dis 38: 1266-1272, 2004.

Tiuman TS, Santos AO, Ueda-Nakamura T, Filho BP, Nakamura CV. Recent advances in
leishmaniasis treatment. Inter J Infec Dis 15: 8, 2011.

Yesilova Y, Surucu HA, Ardic N, Aksoy M, Yesilova A, Oghumu S, Satoskar AR. Meglumine
antimoniate is more effective than sodium stibogluconate in the treatment of cutaneous
leishmaniasis. J Dermatol Treat 27: 83-87, 2016.

Zulfigar B, Shelper TB, Avery VM. Leishmaniasis drug discovery: recent progress and
challenges in assay development. Drug Discov Tod 22: 1516-1531, 2017.

WHO. World Health Organization. Leishmaniasis country profile - 2015. WHO: Brazil, 2017.
1-2p.

WHO. World Health Organization. Leishmaniasis. 2021. Available in: https://www.who.int/
news-room/fact-sheets/detail/leishmaniasis. Access in: 13.jul.2021.

264 J Trop Pathol Vol. 50 (4): 255-264. oct-dec. 2021



