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Abstract

Cutaneous and mucosal/mucocutaneous Leishmania infections may present with very
different clinical signs depending on the involved species, the site of infection and the
immune status of the host. Leishmania species are intracellular protozoan pathogens
transmitted by phlebotomine sand flies, of which over 20 species infecting humans
have been described. Leishmania infections are rather common, with an estimated
number of one million new cases per year worldwide. The countries with the highest
incidence of cutaneous leishmaniasis cases are Afghanistan, Algeria, Brazil, Colombia,
Iraq, Libya, Pakistan, Peru, Syria, and Tunisia, while most mucocutaneous cases occur in
Bolivia, Brazil, Ethiopia, and Peru. The disease is also endemic in all Southern European
countries, with approximately 700 autochthonous human cases reported each year and
many more asymptomatic infections. Central Europe is considered non-endemic for
the disease; however, epidemiological patterns are affected by travel habits, migration,
globalization, and climate change. This review focuses on the diagnostic procedures
and treatment options for cutaneous and mucocutaneous Leishmania infections.
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1.0 Leishmaniasis

Leishmaniasis refers to a diverse and large group of diseases caused by differ-
ent Leishmania species. The two main entities are: visceral leishmaniasis (VL)
(also known as “kala-azar”) and cutaneous leishmaniasis (CL), with its various
forms including mucocutaneous leishmaniasis (MCL). This review focuses on
cutaneous and mucocutaneous infections.

1.1 Leishmania species

The genus Leishmania includes over 50 species, of which more than 20 are known
to infect humans (Table 1). Only two Leishmania (L.) species, L. donovani and L.
tropica, are primarily anthroponotic, all other species are zoonaotic, with the main
reservoir hosts being rodents and dogs (and other canids). Leishmania has two
life-cycle stages, a flagellated (promastigote), extracellular stage in the sand fly
vector and a non-flagellated (amastigote), intracellular stage in the vertebrate host
(Fig. 1). Promastigotes are 15-30 pm long and 2-5 pm wide, with shape and size
depending on the cell cycle stage. They have a central nucleus, an apical kineto-
plast, and a 10-20 um long flagellum (Fig. 1a). Amastigotes are oval, typically
measure between 2.5 to 3.5 pm and have a rod-shaped kinetoplast located near
the nucleus (Fig. 1b). In fact, amastigotes do also have a (very short) flagellum that
is however only visible by electron microscopy. They can infect various phagocytic
cells, such as monocytes, macrophages, dendritic cells, and neutrophils.

1.2 Mode of infection

Leishmania species are transmitted by the bites of female sand flies (Diptera:
Psychodidae: Phlebotominae), which take their blood meals preferentially on
calm evenings at dusk and during the early night hours. Sand flies are small

SKINdeep 2: 182644 (2026), DOI: 10.1553/skindeep.2026.182644 2



Alessandra Handisurya et al.: Diagnostics and treatment of cutaneous and mucocutaneous Leishmania infections

R

10 pm

Figure 1. Leishmania promastigotes (a) and amastigotes (b). Black arrows: nucleus; purple arrows: kinetoplast.

Figure 2. Female sand fly. (Foto: Gernot Kunz.).

insects with a size of only 1-3 mm (Fig. 2), a low radius of activity (around
100 m and only up to 2 m above ground) and low flight capacity during wind.
At least 100 of the 1000 described sand fly species are known vectors of
Leishmania species [1]. The most important ones transmitting CL and MCL
to humans are Phlebotomus (Ph.) neglectus, Ph. perniciosus, Ph. sergenti, and
Ph. papatasi in the Old World and Lutzomyia longipalpis, Bichromomyia olmeca
and Psychodopygus wellcomei in the New World. An overview of Leishmania
species and their known vectors is given in Table 1.

In rare cases, infection may also be acquired by blood contacts or by trans-
placental transmission. In dogs, venereal transmission has been documented;
it is unclear if this plays any role in humans.

1.3 Epidemiology

Leishmaniasis is classified as a Neglected Tropical Disease and more than one
billion humans live in endemic areas of potential transmission. It is estimated
that up to one million new cases of CL occur annually [2]. The countries with
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Table 1. Leishmania species infecting humans and their main distribution, vectors and reservoirs.

Subgenus/ Species

complex

Leishmania/
Donovani complex

Leishmania/
Tropica complex

Leishmania/ Major
complex

Leishmania/
Mexicana complex

Viannia/
Braziliensis
complex

Viannia/
Guyanensis
complex

Species

L. donovani

L. infantum

L. tropica
L. aethiopica
L. major

L. arabica
L. mexicana

L. amazonensis

L. venezuelensis
L. braziliensis
L. peruviana

L. guyanensis

L. panamensis
L. shawi
L. lainsoni

L. naiffi
L. lindenbergi

Main geographic areas

Central Africa, South Asia,
Middle East, India, China

Entire Mediterranean area,
East Africa, Arabian Peninsula,
Central Asia, parts of China,

Latin America

Central and North Africa,
Middle East, Central Asia, India

Ethiopia, parts of Kenya

Central and North Africa,
Middle East, Central Asia

Saudi Arabia

Belize, Colombia, Costa Rica,
Ecuador, Guatemala, Mexico,
USA (Texas close to Mexican

border)

North Argentina, Bolivia, Brazil,
Colombia, Ecuador, French
Guiana, Peru, Suriname,

Venezuela
Venezuela

Central America (including
Mexico), South America
(including northern Argentina)

Peru

Northern Argentina, Bolivia,
Brazil, Colombia, Ecuador,
French Guiana, Guiana, Peru,

Suriname, Venezuela

Columbia, Panama
Brazil

Bolivia, Brazil, Colombia,
Ecuador, French Guiana, Peru,

Suriname

Brazil, French Guiana

Brazil

Disease
forms

VL + PKDL

VL+CL+
PKDL

CL

LCL+DL

LCL

CL

DL + MCL
+ ML

DL

LCL
LCL + MCL

+ ML
MCL

LCL

LCL + MCL
LCL
LCL

LCL
LCL

Important vectors

Ph. alexandri,
Ph. argentipes,

Ph. celiae, Ph. chinensis,
Ph. martini, Ph. orientalis,

Ph. vansomerenae
Lu. longipalpis,

Ph. ariasi, Ph. balcanicus,
Ph. chinensis, Ph. langeroni,
Ph. neglectus, Ph. perfiliewi,

Ph. perniciosus, Ph. tobbi,
Pi. evansi, Pi. fischeri

Ph. arabicus,

Ph. guggisbergi, Ph. saevus,

Ph. sergenti

Ph. longipes, Ph. pedifer

Ph. caucasicus,

Ph. duboscqi, Ph. papatasi

Ph. papatasi
Bi. olmeca

Bi. flaviscutellata

Pi. townsendi

Lu. gomezi, Ny. trapidoi,
Pi. ovallesi, Ps. wellcomei,

Ps. carrerai

Lu. verrucarum,
Lu. peruensis

Ny. umbratilis

Ny. trapidoi, Lu. gomezi

Ny. whitmani

Pi. nuneztovari,
Th. ubiquitalis

Ps. ayrozai
Ny. antunesi

Main reservoir
hosts

humans

dogs

humans

hyraxes
rodents

rodents
rodents

rodents, other
mammals

cats

dogs, rodents,
marsupials, and
other mammals

dogs

sloths

sloths
mammals
rodents

armadillos
?

CL: cutaneous leishmaniasis, DL: diffuse leishmaniasis, DCL: disseminated cutaneous leishmaniasis, LCL: localized cutaneous leishmani-
asis, MCL: mucocutaneous leishmaniasis, ML: mucosal leishmaniasis, PKDL: post-Kala Azar dermal leishmaniasis, VL: visceral leishmani-
asis; Bi.: Bichromomyia, Lu.: Lutzomyia, Ny.: Nyssomyia, Pi.: Pintomyia, Ph.: Phlebotomus, Ps.: Psychodopygus, Th.: Trichophoromyia.

the highest numbers of CL cases are Afghanistan, Algeria, Brazil, Colombia,
Iraq, Libya, Pakistan, Peru, the Syrian Arab Republic and Tunisia, while the ma-
jority of mucocutaneous cases occur in Bolivia, Brazil, Ethiopia and Peru [2].
Leishmaniasis is endemic in all southern countries of Europe, with around 700
autochthonous human cases reported each year and many more asymptomat-
ic infections. Autochthonous cases (at least assumed) have also been reported
from several Central European countries, in humans as well as in animals [3,4].
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1.4 Clinical Presentation

The incubation time may vary between 2 weeks and several months, in extreme
cases of MCL even over a year. Symptoms and progression of the disease de-
pend on the species, the localization of the infection and the immune status
of the host. Generally, six clinical forms of CL and MCL can be differentiated:
localized cutaneous (LCL), diffuse (DL), disseminated cutaneous (DCL), MCL,
mucosal (ML), post-Kala Azar dermal leishmaniasis (PKDL). Over 90% of cas-
es are of the LCL form, where the infection is confined to one (or a few) lesions.
In DL and DCL, the infection may show a localized expansion, and in MCL, a
diffuse expansion.

LCL typically affects the face and the extremities and starts with a small red-
dish papule around a non-healing insect bite, which rapidly (L. major) or slowly
(L. tropica) grows to a nodule or plaque and then progresses to an ulcerating
lesion (Fig. 3). While the ulcus is usually dry in L. tropica, lesions caused by
L. major are moist with central necrosis and may also disseminate and cause
secondary lesions, which may however, also derive from multiple sand fly bites.
The ulcers are of irregular shape, with an elevated margin and covered with
scab. They are relatively indolent and typically self-limited within 2—6 months
(L. major), or 6=15 months (L. tropica), leading to life-long immunity against in-
fections with the respective species. However, they do cause a permanent local
destruction of the skin and are often associated with social stigmatization in
humans. Depending on the geographical region and the immune status of the
host, L. infantum can also cause LCL, in which lesions often heal very slowly.

Figure 3. Localized cutaneous leishmaniasis (LCL).

DL is found in East Africa and Latin America; typical causative agents are
L. aethiopica, L. mexicana and L. amazonensis and usually there is no ulcer,
but rather subepidermal nodules of 2-4 cm in size. The infection may not heal
for years and may affect large areas of the skin resulting in a lepra-like clinical
picture. This form is more common in immunocompromised patients and spe-
cifically in individuals with an impaired T cell response.
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MCL and ML are typically found in Brazil and Peru (Espundia), but also
in a slightly different form in Central America (Chiclero’). In Espundia, first
ulcers are usually nasal (later often with oral/palatal, pharyngeal, and laryn-
geal involvement) and patients have a history of chronic unexplained con-
gestion or secretions. In Chiclero, the infection typically remains limited to
the ear. The first clinical sign usually is a small ulcer at the site of the insect
bite, later erythema, edema, hyperemia, infiltration, nodules, erosion, ulcer-
ation, and tissue destruction (e.g., perforation of the nasal septum) may
evolve. The parasites can disseminate over the lymphatic system and reach
mucosal tissue, possibly years after the infection (DCL). With progressing
disease, also cartilage and bone tissue may be destroyed. If left untreated,

this form of leishmaniasis can be fatal.

PKDL is a late complication of VL, that may manifest even after successful
treatment of the systemic infection. While the Asiatic variant is more macular,
the East African variant typically presents as a papular rash stretching from
the face (grade 1), over the upper part of the body (grade 2) or the entire body
(grade 3). This form may resemble leprosy, but the skin nerves are not affected.

Depending on the clinical form of leishmaniasis, differential diagnosis should
include various bacterial and fungal skin infections, discoid lupus erythemato-

sus, eczema, neoplasms and skin cancer (Table 2).

2.0 Diagnostic Procedure

Diagnosis is recommended in all patients with non-healing compatible lesion(s)
and possible exposure (i.e., travel history, insect bite).

Leishmania laboratory diagnostics have changed significantly in recent
years, particularly in Europe. While microscopy is still the gold standard in
many endemic regions, most Central European laboratories — having less
experience with Leishmania microscopy — largely rely on molecular meth-
ods for diagnosis. This has the advantage that less invasive sampling
techniques are required, as most molecular tests have a high sensitivity.
Moreover, molecular tests usually allow synchronous identification of the
involved species, which otherwise requires prior culture of the parasites for
multilocus enzyme electrophoresis (zymodemes). For culture, needle aspi-
rates or punch biopsies have to be obtained and inoculated into culture me-
dium as soon as possible (stable for max. 2 weeks, if refrigerated). Cultures

can be kept at room temperature.

2.1 Types of specimens

Direct detection methods

Particularly in localized forms of the disease, diagnostics relies on direct
detection of the parasite itself (microscopy/culture) or parts of the parasite
(DNA, proteins). As Leishmania parasites are intracellular in the human host, it

1 The term “Chiclero” refers to the Mexican and Central American workers who collect-
ed chicle, a natural latex derived from the sapodilla tree (Manilkara zapota) historical-

ly used as the primary base for making chewing gum.
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Table 2. Differential diagnosis for cutaneous and mucocutaneous leishmaniasis (most common ones in bold).

Disease

Bacterial skin infections
(ecthyma)

Behget's syndrome

Blastomycosis

Cutaneous anthrax

Cutaneous diphteria

Discoid lupus erythematosus

Eczema/Psoriasis

Fungal skin infections

Histoplasmosis

Leprosy (tuberculoid form)

Lethal midline granuloma, T/
NK cell extranodal lymphoma

Mycobacterium marinum
(aquarium/fish tank
granuloma)

Orf and milkers’ nodule

Skin cancers (squamous
cell carcinoma, basal cell
carcinoma, cutaneous T cell
lymphoma)

CL/MCL

CL

MCL

CL

CL

CL

CL

CL

CL

MCL

DCL,
PKDL

MCL

CL

CL

MCL

Specifics

Ulcers caused by Staphylococcus aureus and/or beta-hemolytic streptococci represent

an important differential diagnosis for CL, especially in patients returning from tropical
regions; lesions typically arise from pre-existing skin erosions, insect bites, or folliculitis,
present as indurated ulcers with a thick brown-black or grey-yellow crust; frequently
accompanied by purulent or putrid inflammation, erythema and hyperthermia, regional
lymphadenopathy, dermal and subcutaneous tissue involvement and pain; generally more
rapid progression than CL and rapid response to antibiotics; microbiological culture/Gram
stain can confirm bacterial origin.

Painful oral and genital ulcers with greyish-yellow necrotic bases, overhanging borders,
and erythematous rims; characteristic recurrent flares with remissions; may present
with systemic signs of inflammatory disease such as uveitis or arthritis; lacks tissue
destruction contrary to MCL; positive pathergy test supports the diagnosis, histology
shows neutrophilic vasculitis.

Travel history to endemic areas (North America — Ohio and Mississippi River Valleys);
starts as papules that evolve into crusted, vegetative, verrucous plaques, often with
central clearing or ulceration; more verrucous and wart-like rather than ulcerative,
unlike CL; often involves deeper subcutaneous tissue and may present with systemic
symptoms (e.g., pulmonary involvement); diagnosis is confirmed by direct detection of
Blastomyces dermatitidis.

Pruritic papule quickly progresses into a painless ulcer with a black eschar, eventually
with associated satellite vesicles, on a background of massive edema; systemic
symptoms possible, in contrast to CL, which has a slower, more indolent course; typical
history of contact with animals or their products (hides, wool, bone meal); diagnosis is
made via PCR or culture for Bacillus anthracis.

In areas with poor vaccination coverage; develops gradually after direct contact with
Corynebacterium diphtheriae-infected skin lesions or respiratory secretions; mildly painful
chronic ulcer with dirty gray or brown adherent membrane which bleeds upon removal.

Localized to sun-exposed areas; presents with atrophic plaques, central scaling, and
peripheral papules; ulceration is rare and lesions typically heal with scarring; histology
shows interface dermatitis with basal vacuolization, follicular plugging, and periadnexal
lymphocytic infiltration; ANA positivity supports DLE.

Particularly in HIV patients, eczema-like or psoriasiform variants of CL have been
reported; familiar presentation with scaly, erythematous, itchy plaques, often on extensor
surfaces, but lack of ulceration; no travel history needed.

Pruritic annular, scaly plaques with central clearing, typically indolent; deep skin mycoses
may present with pustules, deeper purulent infiltration and can lead to scarring; ulceration
typically absent; detection of fungi in KOH, culture or PCR.

Travel history to endemic regions (America, Asia, Africa) and high-risk areas (e.g., bat cave);
oral involvement often manifests as ulcers/nodules; cutaneous lesions vary widely; frequently
associated with pulmonary/systemic disease; mostly in immunodeficiency; detection of
Histoplasma capsulatum by histopathology and culture and/or antigen in serum/urine.

Slow, painless course; loss of sensation in lesions and peripheral nerve thickening is
essential for differentiation of leprosy from PKDL.

Rapidly progressive necrosis and mutilation of nasal and midline facial tissues; much
faster progression than MCL; predominantly in males in the 5" decade, especially in Asia
and Latin America; histology shows angioinvasive lymphoid infiltrates with CD56* and
EBV-positive cells.

Solitary violaceous or red plaque or nodule, sometimes with verrucous or crusted
surface; sporotrichoid lymphocutaneous spread typically localized to hands and
forearms; associated with prior exposure to contaminated aqueous material, plants,
or soil; tenosynovitis or osteomyelitis possible; diagnosis confirmed by culture

or Ziehl-Neelsen stain.

Prior handling of infected sheep/goats (orf) or cattle (milker’s nodule); mainly localized
on hands and fingers; erythematous, tender papule which generally develops crusts, but
rarely ulcerates; detection of parapoxvirus.

Slow development of disease; tissue destruction possible; often located on UV-exposed
areas; no travel history required.
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Disease CL/MCL Specifics

Paracoccidioidomycosis MCL | Preferably in oral region with painful, “mulberry-like” ulcers; lung and skin involvement
common; marked male predominance; mainly endemic in South America, overlap in in
their territorial distribution impedes anamnesis; histology shows multipolar budding
yeasts (,pilot’s wheel”) on PAS/GMS stain.

Pyoderma gangraenosum CL Rapidly progressive, painful ulcers with violaceous, undermined borders; often
associated with inflammatory bowel disease or underlying malignancy; pathergy test
typically positive; histology shows dense neutrophilic infiltration without evidence of
infection.

Rhinoscleroma MCL | Chronic granulomatous disease with concomitant rhinitis and purulent discharge,
progressing to crusting and granulomatous masses without ulceration; associated with
low socioeconomic status; histology shows Mikulicz cells (vacuolated macrophages).

Sarcoidosis CL, MCL  Painless discrete, red to brown papules that heal without scarring; non-ulcerative;
histology shows non-caseating granulomas; often associated with systemic involvement
(Iymph nodes, lungs, eyes) and sometimes elevated ACE levels.

Sporotrichosis CL Painful, subacute exudative papulonodules following a lymphocutaneous (sporotrichoid)
pattern; ulceration along lymphatics; prior gardening or travel history; diagnosis via
Sporothrix schenckii culture.

Syphilis CL, MCL | Ulcers may look similar, but lack crusts; typical predilection sites; anamnesis (endemic
regions versus sexual contact); serology (TPHA, VDRL) positive.

Tuberculosis CL, MCL Small papules rapidly growing into indolent, purulent ulcers with irregular margins and no
crust; histology shows caseating granulomas; Ziehl-Neelsen stain positive for acid-fast
bacilli; culture and/or PCR positivity.

Vascular (arterial/venous) CL Chronic ulcers due to vascular insufficiency; venous: located on medial malleolus, shallow

ulcers with irregular borders, edema, hemosiderin staining; arterial: distal (e.g., toes), painful,
punched-out appearance, cold skin, weak pulses; mixed ulcers combine features.

Granulomatosis with MCL | Mimics MCL with nasal and midfacial destruction; flu-like prodrome, arthralgia, purpura

polyangiitis (formerly (legs), lung and/or kidney involvement; ANCA positive (usually PR3); histology shows

Wegener's granulomatosis) granulomatous vasculitis.

Yaws CL, MCL Wart-like skin lesions progressing to large, crusted, itchy ulcers, sometimes pus-filled;

almost exclusively confined to the tropics, unlike CL; serology identical to syphilis (TPHA,
VDRL), but distinct epidemiology.

is important to sample cell-rich material for which filter impressions, smears,
scrapings, needle aspirates or biopsy specimens can be used (Table 3). Gener-
ally, the least invasive method is preferable, depending on the available labora-
tory tests. If molecular tests are available, skin impressions on DNA-stabilizing
filter paper usually give reliable results. To increase sensitivity, take samples
from different lesions or different sites of a lesion and sample the margins
of the lesions, where the infection is most active. If possible, avoid lesions or
areas superinfected with bacteria. Dermal scrapings should be collected last,
after sampling from more sterile sites, in order to minimize the risk of contam-
ination. Full-thickness skin biopsy specimens offer the advantage of capturing
parasites that reside in the deeper dermis and allow for simultaneous testing
for other pathogens by providing more material.

Table 3. Types of specimens listed according to increasing invasiveness.

Specimens Types of lesions Possible diagnostic tests
Filter impressions Ulcerated/erosive lesions PCR
Smears Ulcerated/erosive lesions PCR, Culture
Needle aspirates All PCR, Culture
Scrapings All PCR, Culture, (Microscopy)
Slit-skin smear All PCR, Culture, Microscopy
Biopsies All PCR, Culture, Microscopy
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Indirect detection methods

For the detection of anti-leishmanial antibodies, serologic tests are available. In
localized cutaneous lesions, sensitivity is usually low as the infection is limited
to the skin. In mucosal/mucocutaneous lesions, serology is typically positive,
but tests may vary in their sensitivity towards detection of antibodies against
different Leishmania species.

2.2 Collection of specimens

Before taking the sample, the skin should be cleansed carefully, e.g., with 70%
alcohol. If culture? is intended, do not use antiseptics that could affect para-
site growth (e.g., iodine) and rinse with physiological saline. If biopsy speci-
mens or deep dermal scrapings are obtained, use anesthetics (e.g., 1% lido-
caine with epinephrine 1:100,000), injected through cleansed intact skin into
the dermis underlying the sample area. For culture, avoid high concentrations
of anesthetics as this may inhibit parasite growth. Before taking the samples,
remove scabs and cellular debris from the relevant areas with a scalpel blade
and achieve haemostasis by applying pressure with a sterile gauze. Detailed
instructions for collecting the respective samples are given in Table 4.

Table 4. Sample collection.

Type of sample

Methodology

Filter impression | Gently press filter paper onto the base of the ulcer base and let it absorb lesion exudates, collect several lesion

smear

Cytology brush
sampling
Needle aspirate

Cutaneous
scraping

Slit-skin smear

Punch biopsy

impressions and let them air dry before shipment.

Roll cytology brush across ulcer base in order to collect cellular and exudative material, break off tip of cytology
brush into a microcentrifuge tube containing 70%-85% ethanol.

Use a 23- to 27-gauge needle, small-gauge needles particularly for facial lesions. Inject ~0.1 mL of preservative-free
sterile 0.9% saline into the active border of the lesion through the intact skin, move the needle back and forth under
the skin, tangentially to the ulcer, while rotating the syringe and applying gentle suction until pink tissue juice is noted,
aspirate while moving needle still back and forth under the skin.

Administer local anesthesia, clean ulcer of crust, dry with gauze, scrape margin, ideally the area immediately
adjacent to or beneath the active border (e.g., beneath the necrotic lip of the lesion). Obtain tissue juice and flecks
of tissue by scraping the upper dermis with a scalpel blade (e.g., beneath the necrotic lip of the lesion or along
the walls of the incision, if one was made in the skin). If intended for microscopy: obtain as much tissue pulp as
possible, make as thin smear, air dry, fix in methanol, and stain with Giemsa.

Administer local anaesthesia, clean ulcer of crust, dry with gauze, pinch the skin to exclude blood and use a scalpel
blade to incise a slit, several millimeters long and deep, through intact skin into the upper dermis. For ulcerative lesions,
start incision in the active border and proceed radially out from the ulcer several millimeters into the intact skin.

Administer local anesthesia, clean ulcer of crust, dry with gauze, punch 2-3 mm along active border. If intended for
microscopy, make tissue-impression smears: filet the biopsy to increase the surface area, remove excess blood,
gently press the tissue with a rolling motion onto a glass slide, air dry, fix in methanol, and stain with Giemsa.

2.3 Laboratory tests

While numerous commercial diagnostic test systems are available for VL, labo-
ratory diagnostics of CL can still be challenging. In CL, the humoral immune re-
sponse is typically low (exceptions: MCL and other disseminated forms), hence
laboratory diagnostics mainly relies on direct detection methods. An overview
of recommended and possible/additional techniques is given in Table 5.

2 In the Central European setting, culture is only used for specific questions, e.g.,
resistance testings.
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Table 5. Recommended (in bold) and possible/additional laboratory diagnostic tech-
niques based on clinical presentation.

Disease form Diagnostic tests Comments

Localized cutaneous (LCL) PCR, Culture,
(Microscopy)

Diffuse (DL) PCR, Serology, | EDTA-sampled blood can also be used for PCR.
Culture,
(Microscopy)
Disseminated cutaneous PCR, Serology,
(DCL) Culture
Mucocutaneous (MCL) PCR, Serology, EDTA-sampled blood can also be used for PCR.
Culture,
(Microscopy)
Mucosal (ML) PCR, Culture, | EDTA-sampled blood can also be used for PCR.
Microscopy
Post-Kala Azar dermal PCR, Culture,
leishmaniasis (PKDL) Serology
PCR/qPCR

In recent years, DNA-based methods have become the gold standard in Leishmania
diagnostics, offering superior sensitivity, specificity and speed compared to other
methods and overcoming most previous limitations such as cost, ease of use, and
availability. Because of the high sensitivity, invasive sampling methods are usually
obsolete. However, to guarantee good DNA recovery during extraction and to pre-
vent DNA degradation, it is important that samples are taken from the active site(s)
of infection and stored and transported correctly. Samples intended for PCR anal-
yses can be shipped at room temperature (15 °C—25 °C), preferably in a (tissue)
nucleic acid preservation solution (e.g., RNAlater™ or DNA/RNA Shield™). If not
available, 70%-85% ethanol can be used, or, if morphology of the parasites should
be preserved for parallel microscopic analysis, add a few drops of preservative-free
sterile 0.9% saline. Ship any liquid in a screw-top tube or other tightly sealable con-
tainer. As an exception, filter impressions should be transported under dry condi-
tions. Fast Technology for Analysis (FTA) cards are particularly easy to handle.

The usual targets for PCR are the nuclear ribosomal DNA or the mitochon-
drial kinetoplast DNA, a network of multicopy circular DNA exclusively found
in the Kinetoplastida. Multiplex real-time PCRs for the simultaneous discrimi-
nation of the various Leishmania complexes [5] and Loop-mediated isothermal
amplification-based point-of-care tests have been established [6]. Quantitative
approaches (qPCR) can give information on parasite load or responsiveness
to treatment. Several commercial test systems are available [reviewed in 7].
Newer multiplex PCRs also offer species differentiation.

Microscopy

The sensitivity of microscopy is comparably low for most forms of CL, and
parasite load (and thus sensitivity) decreases significantly as the infection pro-
gresses, also in MCL and ML. Specimens obtained from the ulcer base contain
the highest number of parasites. Smears result in higher sensitivity than tissue
sections, and fine needle aspiration is more comfortable for the patient than
scraping. Smears as well as tissue sections (4-5 um tissue sections) can be
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stained with Giemsa, Leishman or hematoxylin and eosin stains (Fig. 4). Intra-
cellular amastigotes appear oval in shape and are around 2—4 pm in size. They
have a central nucleus and a characteristic apical kinetoplast. The cytoplasm
(proteins) stains pale blue, while the nucleus and adjacent kinetoplast (DNA)
stain purple-pink, depending on stain.

Culture

Culture has a comparably high sensitivity; the main disadvantage is that it re-
quires time. Also, cultures may easily be overgrown by bacteria and fungi, why it
is not equally well suited for all forms of cutaneous infections. An advantage of
culture is that it allows for various downstream applications, including typing and
drug sensitivity testing. A variety of semi-solid, liquid or biphasic media are avail-
able, the most commonly used being Novy-MacNeal-Nicolle medium, which is
also the reference medium for strain isolation. In culture, the parasites transform
to the promastigote stage. Promastigotes in culture are slender, have one frontal
flagellum and are around 15 pm long (25 pm with flagellum) and 3—-4 pm wide.

Serology

Serology is primarily used in VL, as the humoral response in the cutaneous
forms of leishmaniasis is usually very low. However, in disseminating infec-
tions and infections affecting the mucosa, it can be helpful on some occasions.

The most widely used serological method is the enzyme-linked immunosor-
bent assay, which depending on the antigen used (crude/purified/recombinant)
provides sensitivities of 80—-100%. Numerous commercial tests are available.
Importantly, diagnostic accuracy of serological methods is limited in immu-
nocompromised patients, and cross-reactivity with other pathogens, e.g., try-
panosomes may confound the results. Moreover, because antibodies may be
present in asymptomatic individuals and remain present for several years even
after cure, serology is of limited use in patients originating from or having lived
for longer times in highly endemic areas.

Figure 4. Donovan bodies (amastigotes) in skin biopsy. (Courtesy of Dr. Wolfgang Bauer).
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3.0 Therapy

The treatment of leishmaniasis remains challenging due to the large number of
causative species and the variability in clinical presentations. While many CL
cases may resolve spontaneously within 2—18 months after infection, in daily
clinical practice a “watch-and-wait” approach is often not desired by the af-
fected patient, particularly when lesions have already persisted for weeks. The
therapeutic management of CL aims to induce and/or accelerate healing, and
to avoid complications and irreversible sequelae, such as secondary infection,
dissemination, tissue destruction or defacing scars.

Although a range of therapeutic options exists, treatment recommenda-
tions have hitherto been hampered by the paucity of well-designed, random-
ized, controlled trials (RCTs) and the sparseness of comparative literature.
Furthermore, treatment procedures and durations as well as outcome reports
are divergent, the latter due to variations in the definition of cure and the ob-
servational periods. Hence, an ideal or universally applicable standardized
therapy is lacking and therapeutic decisions are mainly based on local ex-
pert-opinion or experience-based evidence. Notably, no therapeutic option of-
fers equal efficacy against all Leishmania species, and decisive factors, such
as the parasite species, the host’s immune condition and comorbidities, as
well as drug availability, side effects, administration routes, treatment dura-
tions and costs have to be considered.

3.1 Clinical approach

Given that the initiation of treatment in CL is not overly time-sensitive, tar-
geted decisions are strongly recommended - after determination of the geo-
graphical area of infection and identification of the causative parasite, pref-
erably to the species or complex level. To facilitate clinical management, CL
can be classified either into Old World cutaneous leishmaniasis (OWCL) or
New World cutaneous leishmaniasis (NWCL) and into a “simple” or “complex”
clinical form [8]. Simple CL is characterized by infection with a Leishmania
species presumably not associated with development of ML, the presence of
up to three lesions, lack of mucosal involvement, and an immunocompetent
host. Complex CL is defined by the presence of an ML-associated parasitic
species (e.g., L. braziliensis, L. guyanensis, L. panamensis), 4 or more lesions,
lesion(s) sized larger than 4 cm or localization on face, fingers, toes, genitalia
and in areas unsuitable for local treatment. In addition, an immunocompro-
mised state of the host, failure of prior treatment(s), regional lymphadenop-
athy, leishmaniasis recidivans, disseminated or diffuse forms, and infection
with L. aethiopica are assigned to the complex form.

Hereinafter, the available therapeutic modalities for CL are delineated. Some
options, however, are not approved and, hence, have to be used “off-label”.
Overall, simple OWCL, simple NWCL caused by L. mexicana, CL in pregnant
women or cases with concomitant contraindications to systemic therapy can
be approached with local therapeutic options. Systemic treatment is recom-
mended for complex CL, NWCL caused by parasites of the subgenus Viannia or
by L. amazonensis, ML, MCL, DL, DCL and in case of recurrence.
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3.2 Local therapeutic options

Paromomycin sulfate (PA) is an aminoglycoside antibiotic with leishmanicidal
activity. Its mechanism of action has not been entirely elucidated, but inter-
ference with the parasites” protein synthesis and mitochondrial function are
considered the main effects.

PA can be topically administered in a 15% formulation, in combination with 12%
methyl benzalkonium chloride (MBCI) (commercially available as Leshcutan® in
Israel) or as a complex hydrophilic base consisting of 15% PA plus 0.5% gentami-
cin sulfate. Notably, formulations of 15% PA alone in 10% urea were not superior to
vehicle alone. When necessary, cleaning and debridement of the lesion is recom-
mended, followed by twice-daily application for 20 days. The entire lesion as well
as the surrounding indurated border should be covered about T mm in height, and
the use of an occlusive dressing to prevent involuntary removal is advisable.

PA-containing formulations have demonstrated efficacy in several RCTs. In
OWCL caused by L. major, 20-day treatment regimens with once or twice per
day applications — using PA alone or in combination with MBCI or gentamicin
- achieved cure rates of 74-82% [9, 10]. Ulcerative lesions appear to benefit
most, likely due to the enhanced absorption of the active ingredient. In NWCL
attributable to L. braziliensis, L. panamensis and to a lesser extent to L. guyan-
ensis, L. naiffi and other Leishmania species, once and twice daily application
of PA-containing topicals for 20 days led to cure in 78-86% [11-13]. In the few
comparative studies, the efficacy of topical PA in OWCL did not differ significant-
ly from that of intralesional antimon [14]. PA-MBCI was more effective than oral
ketoconazole, given at 400 mg once daily for 4 weeks, which failed to achieve
cure in the comparator arm [15]. The modest cure rate reported for PA-MBCI in
this particular study (38%) may be attributed to the infecting species, L. tropica.
In NWCL caused by L. panamensis or L. braziliensis, topical PA was less effective
than parenteral antimon [14, 16]. In L. braziliensis-positive NWCL, the efficacy of
PA was relatively comparable to intralesional application of pentamidine [11].

Adverse reactions to PA were generally mild to moderate and confined to lo-
cal effects. Irritancy and intolerance were more pronounced when MBCI had been
included in the formulation. Systemic adverse effects associated with parenteral
aminoglycoside antibiotics were absent after topical administration. Thus, topical
PA provides a relatively safe and resource-efficient therapeutic option that requires
minimal health-care infrastructure and can be easily self-applied by the patients.
Nevertheless, the intrinsic susceptibility varies between Leishmania species. Fur-
thermore, the treatment efficacies may differ across the formulations, which high-
lights the need for a standardized, homogeneous, industrially produced preparation.

Photodynamic therapy (PDT) has emerged as an attractive option for the
treatment of CL, although a standardized protocol has not yet been established
and the reported conditions varied considerably [17].

In general, cleaning and removal of eschars from lesions prior to PDT enhanc-
es penetration of photosensitizer and light into the infected tissues. Overall, the
use of 5'aminolevulinic acid 10% or 20% or methyl aminolevulinate 16% or 20%,
applied in a 1 mm thick layer onto the lesion(s) plus a 1 cm margin, as well as
wavelengths of 570—-670 nm, fluences of 75-100 J/cm?, irradiances of 150 mW/
cm? and treatment frequencies of once to twice per week have been reported.
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RCTs on PDT in LC have been limited, and most available evidence has derived
from case reports. In one RCT, L. tropica-positive lesions completely resolved in
76% of the patients after delivery of a total light dose of 90 J/cm? on days 1, 15,
and 45. Fractionated illumination further increased the efficacy to 91% and was
associated with fewer adverse events [18]. Another RCT reported that weekly
PDT achieved a significantly higher cure rate (94%) of L. major-positive lesions
compared to twice-daily applications of PA-MBCI (41%), when both treatments
had been administered over 4 weeks [19]. German colleagues developed a meth-
od of daylight PDT, in which natural sunlight serves as light source, thereby elim-
inating the need for specialized equipment and reducing the required time for
absorption of the photosensitizer. The total cure rate of daylight PDT on primarily
small, non-ulcerated lesions in this single-center study was around 89% and all
L. major- and 73% of L. tropica-positive lesions showed clinical response [20].

Pain, pruritus, erythema, edema and pigmentation have been reported as
adverse effects, but these reactions were typically mild, transient and self-lim-
iting. PDT offers the advantages of favorable cosmetic outcomes and the ab-
sence of development of drug-resistance. However, its disadvantages include
the time-consuming nature of the procedure and the requirement for special-
ized medical equipment.

Cryotherapy, applied to the lesion and surrounding perilesional skin, induces
destruction of infected tissue and intracellular amastigotes. Although the op-
timal number of treatment sessions has not been standardized, weekly appli-
cations for 1-3 weeks or treatments every two weeks for up to 6 weeks have
generally been sufficient to achieve cure.

The reported cure rates vary widely, from 34% to 100%, reflecting substantial
heterogeneity in treatment protocols and lesion characteristics across studies.
The causative species included L. major, L. infantum and L. donovani or were
not specified. A meta-analysis comprising eight studies conducted in OWCL
and NWCL reported per lesion cure rates of 67% for cryotherapy as compared
to 68% for intralesional pentavalent antimonials, thus supporting the use of
cryotherapy as an effective local treatment modality [21]. Cryotherapy can also
be used adjunctively to intralesional antimonials.

The most commonly reported side effects were hypo- and hyperpigmenta-
tion, erythema, edema and pain. Cryotherapy offers a rapid, low-cost treatment
option that can be safely applied in pregnancy, lactation and in immunocom-
promised or multimorbid patients. However, liquid nitrogen may not always
penetrate deeply enough to reach the dermis, where the parasites reside, po-
tentially allowing some amastigotes to survive within the lesion.

Thermotherapy is based upon the observation that certain Leishmania spe-
cies, particularly dermatotropic species, are temperature-sensitive and stop
multiplication at higher temperatures. The efficacy of thermotherapy is thought
to further result from increased local blood flow after heat application and,
thus, an improved immune response. Several methods and devices are avail-
able to deliver localized heat, including radiofrequency, ultrasound, exothermic
crystallization, infrared light and microwaves. One such device, ThermoMed®,
has been approved by the U.S. Food and Drug Administration (FDA) for the
treatment of CL. However, standardized treatment protocols for thermotherapy
have not yet been established and it is currently difficult to confirm whether the
target temperatures are consistently achieved within the affected tissues.
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Due to substantial heterogeneity among the individual studies, the reported
overall therapeutic efficacies ranged from 48% to 100% across a variety of Leish-
mania species, including L. donovani, L. infantum, L. tropica, L. braziliensis, L. guy-
anensis, L. panamensis, L. mexicana, L. amazonensis and L. major [22, 23]. Slightly
lower rates were observed for L. braziliensis. A meta-analysis including studies
from both, OWCL and NWCL, demonstrated that the overall efficacy of thermother-
apy was non-inferior to systemic or intralesional pentavalent antimonials, with cure
rates of 73% versus 71%, respectively, and without systemic toxicity [23].

Reported local side effects include discomfort, pruritus, burning sensations,
pain, blistering, hyperpigmentation, burns and secondary infections. Thermothera-
py is not suitable for skin lesions located near mucosal surfaces or over superficial
nerves or cartilage. Aside from these anatomical limitations, there are no formal
contraindications and the method can be safely applied in infancy, pregnancy, lacta-
tion,immunosuppressed patients and individuals with chronic underlying diseases.

Laser therapy promotes thermolysis and destruction of Leishmania-infected
tissues. Various laser types, including continuous and fractional CO,, argon,
erbium glass and Nd:YAG, have been used for CL treatment [24]. However, to
date, RCTs and standardized treatment protocols are still lacking.

3.3 Systemic therapeutic options

Pentavalent antimonials, such as N-methylglucamine antimoniate (MA; Glu-
cantime®, containing 81 mg/mL active antimony) and sodium stibogluconate
(SSG; Pentostam®, Stibanate®, containing 100 mg/mL active antimony), have
been the mainstay of anti-leishmanial therapy for several decades. The precise
mechanism of their activity is still not fully understood. It is hypothesized that
antimonials form complexes with ribonucleosides, disrupting DNA replication
and transcription. Also, pentavalent antimony is reduced to a more active tri-
valent form within the Leishmania amastigotes, which then interacts with sulf-
hydryl-containing biomolecules in the parasite and thus generates oxidative
stress, leading to DNA fragmentation and programmed cell death.

Pentavalent antimonials can be administered via intralesional, intramuscular
or intravenous routes. Locally directed (intralesional) administration allows to
deliver the anti-leishmanial substances directly to the target tissues, possibly
achieving higher drug concentrations. While a standardized procedure for deliv-
ery has not yet been generally recognized, a standard protocol for antimony intral-
esional infiltration has been proposed [25]. Briefly, after local anesthesia, the anti-
mony is infiltrated intradermally in a volume of 1-3 ml by inserting the needle with
the bevel facing up toward the center of the lesion and subsequently retracting
it backwards toward the edge while concomitantly and continuously infiltrating
the drug. This procedure is repeated in a V-shaped pattern to achieve saturation
of the entire lesion, including the base and the edges. Saturation is indicated by
visible “blanching” of the tissues after delivery of the medication. Numbers and
frequency of infiltrations as well as duration of therapy vary considerably in pub-
lished studies, a regimen of once-weekly injections until the lesion has healed
seems feasible. Intramuscular injections are painful, which together with the
large volume required often limits its use. Intravenous administration bears the
risk for thrombophlebitis. The recommended dosage for intramuscular and intra-
venous applications is around 20 mg per kg body weight, with no specified upper
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limit, given once daily for 21-28 days. Comparable efficacies for intralesional and
systemic administration routes have been reported, at least for NWCL [26, 27].
Although most of the evidence for the use of antimony derivatives is some-
times weak, they continue to be the first-line treatment recommended for most
forms of leishmaniasis in many countries. Cure rates ranged from 41-90% with
standard doses of systemic 10—-20 mg kg/day. The efficacies against the indi-
vidual Leishmania species were variable, with 81% reported for L. major, 56% for
L. guyanensis, 62—90% for L. braziliensis and 85% for L. panamensis [8, 28,29]. Its
use is further hampered by numerous reports describing treatment failure and
disease reactivation after clinical cure, especially in patients with MCL caused
by L. braziliensis, DL and DCL. In certain regions of India, Bolivia, southern Peru
and Brazil, the emergence of clinical antimonial resistance has been observed.
Both, MA and SSG, show similar side effect profiles. After intralesional use, the
most frequent adverse effects are pain, hyper- and hypopigmentation. Adverse
effects associated with systemic administration are related to cumulative expo-
sure and include myalgia, arthralgia, gastrointestinal discomfort, hypersensitivity
reactions, pancytopenia and reversible elevation of transaminases and pancreatic
enzymes. Importantly, severe adverse effects, such as nephro- and cardiotoxicity
and mutagenicity, limit the use in the elderly in the presence of renal and cardiac
impairment and in pregnant and lactating women. Prior to initiation and at regular
intervals during systemic administration, monitoring of electrocardiographic trac-
ing, blood cell count, electrolytes, and renal, liver and pancreatic function is strongly
recommended. Due to the limitations of antimonials, it is advised that alternative
therapeutic options are used as a first choice for certain clinical forms and species.
Liposomal Amphotericin B (L-AmB) (AmBisome®) is produced using Am-
photericin B, a polyene antibiotic originally isolated from Streptomyces nodo-
sum. It binds to ergosterol molecules in the cytoplasmic membrane of the
Leishmania parasites, forming aqueous pores that increase membrane per-
meability. The subsequent ion influx contributes to the death of the parasites.
Compared to the parental formulation, L-AmB has a significantly lower toxic-
ity profile specifically in regard to nephrotoxicity or electrolyte disturbances
(mainly potassium), however, due to the lack of enteral absorption, intravenous
administration remains necessary. Although L-AmB has not formally been ap-
proved for CL, in most studies dosing regimens of 2—3 mg per kg body weight
per day administered on days 1-5, 14, and 21 in a cumulative dose of 21 mg
per kg body weight have been employed, based on the FDA-approved regimen
for VL. However, the skin penetration of L-AmB has not been well studied, and
species-related differences in response to L-AmB need to be considered.
Despite the lack of comparative, interventional RCTs, the efficacy of L-AmB
in CL has been extrapolated from its efficacy against VL. In a meta-analysis re-
stricted to 92 case reports and 40 case series involving OWCL and NWCL, overall
treatment efficacies were estimated at 82—-87% [30]. The interpretation of these
findings, however, is substantially constrained by the marked heterogeneity in
the study populations, treatment regimens and causative Leishmania species.
Nevertheless, clinical responses to L-AmB have been reported for L. major,
L. infantum/donovani, L. tropica, L. aethiopica, L. braziliensis and L. guyanensis.
Retrospective and non-randomized observational studies, in OWCL and NWCL,
have demonstrated efficacy rates ranging widely from 30% to 100%. One of the
most frequently cited studies reported a response rate of 84% in a cohort of

SKINdeep 2: 182644 (2026), DOI: 10.1553/skindeep.2026.182644 16



Alessandra Handisurya et al.: Diagnostics and treatment of cutaneous and mucocutaneous Leishmania infections

20 patients with CL caused by multiple Leishmania strains, using a regimen of
L-AmB at 3 mg/kg/day of for up to 10 doses over 21 days [31]. Comparative stud-
ies evaluating L-AmB versus systemically administered pentavalent antimonials
have reported efficacy rates of approximately 72—-88% for L-AmB compared with
55-87% for antimonials, predominantly in NWCL, but also in OWCL [32-35].

Despite its improved tolerability, systemic administration of L-AmB is largely
restricted to the hospital setting and rarely performed in outpatient care. In
addition to cardio-nephrotoxicity, reported side effects include fever, headache,
nausea, vomiting, tremors, hypotension, hypokalemia, hypomagnesemia, aller-
gic reactions, vision and hearing disorders. Regular monitoring of serum creat-
inine, blood cell counts and electrolytes is thus recommended prior to initiation
and regularly throughout treatment. Although L-AmB is highly effective, its use
is further limited by the high cost of the substance.

For topical use, several amphotericin B-containing formulations have been de-
veloped, such as a semi-solid oil in water emulsion containing 3% amphotericin
B (termed Anfoleish), nanoliposomes containing 0.4% amphotericin B as well as
drops or gel formulations containing L-AmB. While topical applications may reduce
systemic toxicity of the drug, the lack of standardized formulations and the scarce-
ness of studies currently preclude formal treatment recommendations at this time.

Pentamidine isethionate (Pentacarinat®) is an aromatic diamine that in-
terferes with polyamine synthesis and RNA polymerase activity in Leishmania
parasites, thereby inhibiting the synthesis of proteins, nucleic acids, phospho-
lipids and folic acid. The mechanism of action may also involve a decreased
mitochondrial membrane potential, resulting from drug accumulation in the
mitochondria. Pentamidine is generally regarded as a less attractive treatment
option because of its potentially irreversible toxicity and lower efficacy com-
pared to other compounds. Pentamidine has not been approved by the FDA
for treatment of CL. In the available studies it has been mainly administered
at doses of 2—-4 mg per kg body weight, up to a maximum dose of 300 mg per
application, given 2—-4 times weekly by intramuscular or intravenous injection.

The vast majority of available studies have been performed in NWCL, with
only a few conducted in OWCL. In a systematic review comprising 26 studies
with CL and 1,341 patients, the pooled cure rates derived from RCTs and ob-
servational studies ranged around 79% [36]. The treatment schedules, however,
were highly heterogeneous and species-specific efficacies were difficult to de-
cipher due to insufficient specification in the majority of the studies. Neverthe-
less, cures have been reported for infections with L. braziliensis, L. panamensis,
L. guyanensis, L. mexicana and L. naiffi. One study investigating the routes of
pentamidine administration in L. guyanensis-NWCL patients reported signifi-
cantly higher cure rates following intravenous compared with intramuscular
administration, with success rates of 85% versus 51%, respectively [37].

Reported adverse effects include hypo- and hyperglycemia due to pancreatic is-
let cell damage, electrolyte imbalances, arrhythmia, hypo- or hypertension, pancyto-
penia, dysgeusia, nausea, and nephro- and hepatotoxicity. Serious adverse effects
have also been documented, such as the induction of insulin-dependent diabetes,
renal impairment after prolonged administration and lethal cases due to severe
hypotension, hypoglycemia or arrhythmia. Consequently, stringent monitoring of
hepatic, pancreatic, and renal function, electrolyte levels, blood counts, and blood
glucose as well as cardio-respiratory parameters, is required prior to treatment ini-
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tiation and during treatment. Concurrent therapy with nephrotoxic drugs, substanc-
es inducing QT prolongation, dideoxyinosine and foscarnet is not advisable.

Miltefosine (Impavido®) is an alkylphosphocholine with broad-spectrum anti-
parasitic activity. Its mechanism of action is based on the intracellular accumu-
lation of the drug within the parasites, leading to interference with the biosynthe-
sis of ether lipids and phospholipids in cellular membranes. In 2014, miltefosine
received approval by the FDA for the treatment of CL caused by L. braziliensis,
L. panamensis and L. guyanensis [38]. This drug is available in 10 mg and 50 mg
capsules for oral administration. The recommended daily dose for individuals
above the age of 12 years is weight-dependent, consisting of 100 mg (for individ-
uals weighing between 30-44 kg body weight) and 150 mg (for individuals with
body weight > 45 kg). The treatment is usually given for 28 consecutive days.

Efficacy studies showed cure rates of 82% in patients infected with L. pan-
amensis, 48—85% against L. braziliensis (with higher response rates observed
in Bolivia, Brazil, and Colombia as opposed to lower rates in Guatemala), and
67% and 77% for L. guyanensis and L. tropica, respectively [39, 40]. Other spe-
cies with reported susceptibility to miltefosine include L. mexicana, L. infantum,
L. aethiopica and L. major with cure rates of around 77% [41]. Comparative eval-
uations of miltefosine and parenteral MA in 150 patients with NWCL caused by
L. guyanensis revealed the non-inferiority of miltefosine [42]. Furthermore, in
antimonial-resistant L. tropica-positive patients, subsequent miltefosine treat-
ment proved effective in 68-70% [40, 43, 44], suggesting that miltefosine may
represent a second line option in cases with failure to antimonials.

Miltefosine is generally well-tolerated, however, reported side effects include
nausea, vomiting, diarrhea, hepatic, renal and gastrointestinal toxicity, pruri-
tus, headache, dizziness and somnolence. Concomitant intake with fatty food
may mitigate gastrointestinal effects. Owing to its potential teratogenic effect,
miltefosine is contraindicated in pregnancy, and females of reproductive po-
tential should use effective contraception throughout treatment and for up to 5
months after end of therapy. Miltefosine is also contraindicated in patients with
Sjogren—Larsson syndrome and is not recommended during lactation or in in-
dividuals with severe hepatic or renal impairment. Monitoring of renal and liver
function is advised prior to treatment initiation, weekly during therapy and after
therapy completion. Although miltefosine is relatively safe and comfortable for
patients” use, its high costs continue to limit the widespread use.

Imidazoles (ketoconazole) and triazoles (fluconazole, itraconazole) are an-
tifungal compounds that exhibit high activity against Leishmania species in vi-
tro. Azoles act by inhibiting inhibiting the cytochrome P450-dependent enzyme
lanosterol 14-a-demethylase in the parasitic plasma membrane. They can be
administered orally and have lower toxic profiles than pentavalent antimonials.
However, their efficacy has not been consistently proven for leishmaniasis and
approval for CL has therefore been lacking. The reported dosing regimens for
CL include ketoconazole 600 mg daily for 28 days, fluconazole 200 mg daily for
6 weeks and itraconazole 200 mg daily for 6 weeks.

In a meta-analysis including 37 studies and 1,259 patients with OWCL and
NWCL, the pooled final efficacy rates for azoles ranged between 60% and 64% [45].
No major differences were observed between the administration of ketoconazole,
fluconazole and itraconazole. The treatment outcomes were relatively compara-
ble between OWCL and NWCL, with cure rates of 66% and 62%, respectively. Spe-
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cies-specific analyses revealed higher efficacies for L. mexicana (89%), L. infantum
(88%) and L. donovani (80%) as compared with L. major (53%) and L. braziliensis

(49%). The lowest reported efficacy was observed for L. tropica (15%).

Common adverse side effects were nausea, vomiting, diarrhea, abdominal pain,

pruritus, skin rash and reversible elevation of liver enzymes. For early detection of

drug-induced hepatitis, monitoring of the liver function every 2 weeks is recom-
mended. Azoles have several drug-drug interactions due to their interaction with

the cytochrome p450 enzyme complex, which should be taken into account.

3.4 Other therapeutic options

A variety of alternative therapeutic approaches have been explored in a limit-
ed number of studies, including topical imiquimod, hypertonic salt solutions,
trichloracetic acid, intralesional metronidazole, intense pulsed light therapy
and systemic agents such as azithromycin, methotrexate, cimetidine, allopu-
rinol and newer azoles, including voriconazole, 3-imidazolyl flavanones and
luliconazole. However, these interventions have produced variable and often in-
consistent outcomes. Consequently, further well-designed studies are required

to conclude on their therapeutic value.

Follow-up

CL patients should be monitored for 6—12 months after treatment for clinical
evidence of therapeutic failure (which, in general, initially appears at the border
of the lesion). Of note, healing usually starts with the lesion flattening. By 4-6
weeks after treatment, the size of the lesion should have decreased by more
than 50%, the ulcerative lesion should be re-epithelialized, and no new lesions
should have appeared. By approximately 3 months after start of treatment, ul-

cerative lesions are generally fully re-epithelialized.

4.0 Outlook

The rising incidence of CL in Central Europe [46-48] is anticipated to pose a
significant challenge to regional healthcare systems due to an increasing pa-
tient load in the coming years. This may in part be caused by climate changes
favoring vector spread and parasite development, in part by increased forced
migration and displacement due to military conflicts or natural disasters in
leishmaniasis-endemic countries. Furthermore, a surge in international travel
activities of humans and pets with recent trends towards more experiential and
adventurous travels driving travelers to more remote destinations may also

contribute to increasing numbers of CL in previously non-endemic countries.
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