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Abstract

Purpose of Review The goal of this review is to summarize the current knowledge of the epidemiology, clinical manifestations,
diagnosis, and treatment of cutaneous, mucosal, and visceral leishmaniasis. We will describe the most recent findings and suggest

areas of further research in the leishmaniasis field.

Recent Findings This article reviews newer leishmaniasis tests (including rapid diagnostic tests using rK39 antibodies), vaccine

candidates, and updated treatment recommendations.

Summary While leishmaniasis is a complex disease, learning the prominent clinical manifestations and major parasite species

can guide the recommendations for diagnosis and treatment.

Keywords Leishmaniasis - Cutancous leishmaniasis - Mucocutaneous leishmaniasis - Visceral leishmaniasis - Leishmania

vaccine

Introduction

Leishmania is a vector-borne, obligate intracellular, protozoan
parasite (family Trypanosomatidae) causing cutaneous, mu-
cocutaneous, and visceral disease in the Old and New World.
Leishmaniasis is a complex disease caused by multiple sub-
species with diverse clinical manifestations, leading to confu-
sion even among experts. The purpose of this review is to
summarize the current knowledge of this important zoonotic
and vector-borne disease and to guide future directions in the
field of leishmaniasis.
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Epidemiology

Leishmaniasis is a neglected tropical disease infecting the
world’s poorest populations in over 90 countries throughout
Asia, Africa, the Middle East, and Central and South America.
While likely underreported, current estimates of cutaneous
leishmaniasis (CL) incidence range from 700,000 to 1.2 mil-
lion cases per year [1] with approximately 95% of cases oc-
curring in the Americas, the Mediterranean basin, the Middle
East, and Central Asia [2]. Estimates of annual visceral leish-
maniasis (VL) are currently less than 100,000, which is a
significant decrease from prior estimates of 400,000 [1], with
more than 95% of case reported to the World Health
Organization (WHO) from Brazil, China, Ethiopia, India,
Kenya, Nepal, Somalia, and Sudan [2]. Risk factors for leish-
maniasis include poverty, population migration, malnutrition,
poor hygiene, and an immunocompromised state [2].

Over 20 species of the Leishmania parasite have been char-
acterized and are transmitted from approximately 70 different
types of phlebotomine sand flies (of the Diptera Family
Psychodidae genera subdivided into Phlebotomus in the Old
World and Lutzomyia in the New World) [3]. Given the large
variety of species, leishmaniasis has been divided geographi-
cally into the Old World and New World. The Old World,
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referring to the Eastern Hemisphere, includes Asia, the Middle
East, Africa, and Southern Europe. Conversely, the New
World refers to the Western Hemisphere specifically
Mexico, Central America, South America, and the USA.

The sandflies are found across the globe and tropical spe-
cies can complete the lifecycle throughout the year [4¢]. In
subtropical areas, however, species can only complete their
life cycles during warmer months [4¢]. Most active at night,
the sandflies fly silently and are often not heard or seen by
their prey [4¢].

The majority of CL cases in the USA are attributed to travel
or immigration [1]; however, the WHO classified the USA as
endemic for leishmaniasis in 2015 [5]. Furthermore, in a re-
cent study, of 69 novel cases of leishmaniasis identified in
Texas, 41 (59%) were autochthonous CL with no history of
travel outside the USA [6]. With climate change, the incidence
and geographical distribution of leishmaniasis is expected to
increase [7].

There are 22 species belonging to the genus Leishmania
that has been further subdivided into the subgenera
Leishmania and Viannia based on development of the organ-
ism in the digestive tract of the sandfly. Each parasite species
has specific geographical predilections, host factors, and
symptom characteristics. For example, L. donovoni presents
as VL in South Asia (Bangladesh, India, Nepal) and East
Africa (Sudan, Somalia, Ethiopia, and Kenya) and often pre-
dominates among younger individuals while sparing older
adults due to acquired immunity [8]. L. infantum (same spe-
cies as L. chagasi in Latin America), on the other hand, also
can present as VL, but is usually found in the Mediterranean,
Middle East, Pakistan, Iran, and Brazil. In Texas, all endemic
cases of leishmaniasis were found to be caused by
L. mexicana CL [6].

Life Cycle

The female phlebotomine sand fly, mostly active in the night-
time hours (“from dusk till dawn”), transmits the leishmania-
sis parasite to humans or other animal reservoirs. Leishmania
sp. has two distinct phases in its life cycle: promastigote and
amastigote [4¢, 9]. The promastigote form has a flagellum
allowing mobility in the sand fly’s intestines [4¢, 9]. When
the sand fly takes a blood meal from the mammalian host,
the promastigote form is injected into the skin and is phago-
cytosed by mononuclear cells of the mammalian host,
transforming it into the amastigote form, also known as
Leishman-Donovan body (Fig. 1) [4+, 9]. The amastigotes
multiply and develop within the reticulo-endothelial system
of the host, causing either the asymptomatic or symptomatic
forms of the disease based on underlying host and parasite
species’ factors [4+]. The amastigotes can travel
hematogenously and lymphatically to cause mucosal and
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visceral disease [4¢]. Recently, researchers have discovered
that the Leishmania RNA Virus (LRV1) coinfects
L. Viannia (V.) guyanensis and L.V. braziliensis species,
eliciting a hyperimmune response through toll-like receptors
causing mucosal damage and metastatic infection [10]. LRV
outside of the Viannia subspecies was discovered in L. major
(categorized as LRV2), but no association between clinical
phenotype and severity has been elicited [11].

The transmission of Leishmania sp. is predominantly driv-
en by symptomatic infection and post-kala-azar dermal leish-
maniasis (PKDL), as asymptomatic cases are thought to not
infect sandflies [12, 13]. In some areas, humans are required to
maintain the lifecycle (anthroponotic transmission), which is
characteristic of L. tropica (responsible for CL in the New
World) and L. donovoni (responsible for VL in India) [4e,
14+, 15]. Animals, however, can maintain the lifecycle and
may or may not exhibit signs or symptoms of disease. Dogs,
rodents, marsupials, monkeys, and edentates are among the
susceptible hosts. In particular, dogs are the most important
animal reservoir for L. infantum [14, 16]. Less commonly,
leishmaniasis can also be transmitted through organ transplan-
tation, blood transfusion, intravenous drug use, or
congenitally.

Pathogenesis

Leishmaniasis is classically thought of as an imbalance of
THI1 versus TH2 CD4+ helper cells [17, 18]. Those with a
primary TH1 response have excellent parasite control with
low levels of parasitemia; however, they are primed toward
mucocutaneous disease as a result of overactive cellular im-
munity and cellular destruction [18, 19]. Those with a TH2
response have increased parasite load as antibody neutraliza-
tion is ineffective against the intracellular parasite [18]. TH2
responders are more likely to develop disseminated disease,
which leads to visceral disease and, in the New World, results
in disseminated cutaneous leishmaniasis (DCL) [18]. DCL is
clinically represented by innumerable lesions throughout the
body.

Clinical Symptoms

While leishmaniasis can present with a variety of different
clinical manifestations, the main three phenotypic categories
of disease are cutaneous (CL), mucosal (ML), and visceral
leishmaniasis (VL). These categories can be subdivided fur-
ther to encompass the spectrum of clinical disease to include
ML of the Americas, VL, CL of the New World, CL of the
Old World, post-kala-azar CL, Leishmania recidivante, dif-
fuse CL, and disseminated CL (Table 1) [19]. Moreover, the
appearance of cutaneous disease can be variable (Figs. 2, 3, 4,
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Fig. 1 Leishmaniasis life cycle. By Dr. José Antonio Sudrez Sancho

and 5). In some individuals, infection can remain asymptom-
atic or subclinical, but it can also present as acute, subacute, or
as a chronic disease.

CL lesions typically occur at the sand fly bite site
(commonly on well-exposed areas of the face and ex-
tremities) as a solitary non-suppurative papule, although
multiple lesions can occur. CL occurs in the Old World
forms (L. tropica, L major, L. aethiopica and less com-
monly L. infantum and L. donovani) as well as the New
World forms (L. mexicana, L. amazonesis,
L. venezuelensis, and L. viannia subgenus including
L. V. braziliensis, panamensis, guyanesis) [19, 20].
Over weeks to months, the papules progress to painless
ulcers with heaped-up borders, which can spontaneously
heal over months to years, or cause scars and disfigure-
ment (Fig. 2) [21]. There are a variety of atypical cuta-
neous manifestations, however, including nodular,
sporotrichoid, disseminated, psoriasiform, verrucous,
zosteriform, eczematous, and/or erysipeloid (Figs. 3
and 4) [4e, 22]. Other atypical presentations include
small satellite lesions outside of the plaque/ulcer (nodu-
lar lymphangitis) (Fig. 5). All patients with cutaneous
leishmaniasis should be evaluated for evidence of mu-
cosal lesions through a naso-oropharyngeal exam [23e].
Leishmaniasis recidivins (associated most commonly
with L. tropica) occurs as satellite lesions surrounding
old scars and is often confused for cutaneous tubercu-
losis [14].

The most disfiguring form of disease, ML (also known as
espundia in Latin America), leads to facial deformities typically
years after the initial cutaneous symptoms have resolved (Fig. 6).
Frequently caused by the L Viannia subgenus, the parasite
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disseminates from amastigotes on the skin to the nasopharyngeal
mucosa through the hematogenous and lymphatic system [20].
Although less typical, mucosal lesions can also co-occur with
dermal manifestations. Patients often report chronic nasal symp-
toms including secretions, epistaxis, and pain; evidence of ulcer-
ation, bleeding, and inflammation is often found on physical
exam [24]. Initially, there is mucosal involvement of the nose
and mouth with oropharyngeal and laryngeal involvement later
in the course of the disease. Unlike cutaneous disease, ML does
not heal spontaneously [21, 25]. The cartilaginous septum inside
the anterior nares is commonly involved and perforation of the
nasal septum can occur. Other complications include collapse of
the anterior nose and destruction in the nose and mouth [26, 27].

The most lethal form of leishmaniasis, VL (also known as
kala-azar, which is Hindi for black fever), can cause systemic
infection affecting the liver, spleen, hematogenous and lymphatic
system. The species that are typically associated with visceral
disease include L. donovani, L. infantum (in the old World),
and L. chagasi (same as L. infantum but found in the New
World) [20]. Other species that have also been associated with
visceral disease include L. #ropica (Old World), which typically
causes dermatologic manifestations, but was described among
seven servicemen experiencing visceral symptoms in the
Persian Gulf conflict in 1990s [28]. L. amazonensis has also been
the suspected cause of cases of visceral disease [20]. A report
among patients in Sudan describes some of the severe manifes-
tations of the disease including cachexia, hepatosplenomegaly,
fever, pancytopenia, and hypergammaglobulinemia [29].
Subjective symptoms often described in the history of patients
with visceral leishmaniasis include fatigue, abdominal pain, and
un-intentional weight loss. Among patients with HIV, visceral
leishmaniasis is considered an opportunistic infection,
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Table 1

Clinical syndrome and species

Disease pattern Old World species New World species Symptoms, exam, lab findings
Visceral L. donovoni, L. chagasi (identical species to L. infantum but in New Fever, weight loss, fatigue, hepatosplenomegaly,
leishmaniasis L. infantum, World), L. amazonensis pancytopenia, hypergammaglobulinemia
L. tropica
Post-kala azar L. donovoni, L. L. chagasi (identical species to L. infantum) Skin lesions (always starts on face) 6 months
dermal infantum following VL
leishmaniasis
Cutaneous L. tropica, L. major, L. mexicana species complex, L. mexicana, Skin lesions on extremities and face:Painless papules
leishmaniasis L. aethiopica, L. amazonensis, L. venezuelensis, L. Vianna (V) which progress to nodules then ulcers
L. infantum, subgenus, L. (V) braziliensis, L. (V) panamensis, L. (V)
L. donovani guyanesis, L. (V) peruviana, L. major like organisms,
L. chagasi
Leishmaniasis L. tropica, L. major ~N/A Satellite lesions around prior ulcer site difficult to treat
recidivans and may relapse
Diffuse cutaneous L. aethiopica L. mexicana, L. amazonensis, L. panamensis (rarely) Diffuse, anergic skin lesions with non-ulcerative
leishmaniasis nodules and plaques progressing from primary
lesion. Rare but more common in
immunocompromised individuals
Disseminated N/A L. Vianna subgenus, L. (V) braziliensis (most common), ~ Noncontiguous pleomorphic lesions in
leishmaniasis L. amazonensis immunocompetent hosts. Difficult to treat
Mucosal L. tropica, L. major, L. Vianna (V) subgenus, L. (V) brazilensis, L. (V) Nasal secretions, nasal obstruction, pain, epistaxis.
leishmaniasis L. donovani, panamensis, L. (V) guyanesis, L. (V) peruviana, Destructive lesions in nose, oropharynx. Initially
L. infantum L. amazonensis involves nose and mouth, can progress to include

pharynx and larynx

*Adapted from Bennet et al.

Fig. 2 Cutaneous leishmaniasis: arm ulcer with typical appearance in a

patient with L. panamensis
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Fig. 3 Cutaneous leishmaniasis: L arm revealing diffuse CL disease
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Fig. 4 Cutaneous leishmaniasis: sporotrichoid appearance of left arm

contributing to 25—70% of HIV co-infections reported in Europe
[30]. Post-kala-azar dermal leishmaniasis, occurring after the ini-
tial visceral leishmaniasis syndrome, leads to cutaneous papules
and nodules, commonly found on the face, or macular
hypopigmentation (Table 1) [31].

Diagnosis

The diagnosis of leishmaniasis is often challenging but can be
made clinically with direct (parasitic) and indirect
(immunologic) confirmation. Confirmation of diagnosis is of-
ten not practical in low-resource countries. The history, epide-
miology, clinical symptoms, and signs on physical examination
should alert the clinician of the possible diagnosis of leishman-
iasis. In particular, a painless, non-purulent skin ulcer on the
face or extremities in a person with recent travel to or migration
from an endemic area should prompt concern for cutaneous
leishmaniasis. Alternatively, prolonged fevers, fatigue, weight
loss, anemia, leucopenia, and hepatosplenomegaly in a patient
from an endemic region such as Africa may suggest visceral
leishmaniasis (in addition to HIV, TB, and malignancy). Given

Fig. 5 Cutaneous leishmaniasis: small satellite lesions outside of the
plaque/ulcer on right leg

that treatment can be toxic and differs substantially based on
species identification, clinical diagnosis of leishmaniasis is not
sufficient and should ideally be confirmed by evidence of
amastigotes in tissue and/or molecular testing such as polymer-
ase chain reaction (PCR) (Table 2, Fig. 7) [23e, 32°].

As direct evidence is preferred, microscopy, culture, and
PCR through correct specimen collection are critical [23e,
32¢]. While PCR-based methods are more sensitive than cul-
ture or microscopy, these are often not standardized and their
availability is limited to large hospitals or clinics. Tissue can
be collected through scrapings, biopsies, or aspirates. For CL,
the cleansed base of an ulceration should be collected for PCR
and culture, while the less disruptive border of the ulceration
should be biopsied for histology [32¢]. For VL, sensitivity
varies based on the tissue collection site with splenic biopsy
yielding the highest rate of positive specimens (> 90% sensi-
tivity), though this procedure carries a high risk of life-
threatening bleeding. Therefore, bone marrow is the preferred
first source despite lower sensitivity (50-80%) whereas other
potential sources of tissue specimens include the liver, en-
larged lymph nodes, and whole blood, especially in immuno-
compromised hosts [14+, 33]. Blood specimens (i.e., buffy
coat preparation) are not typically diagnostic, except in HIV
or immunocompromised patients who may have higher levels
of parasitemia [14¢]. Patients with erythematous and nodular
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Fig. 6 Mucocutaneous
leishmaniasis in a patient with
L. panamensis

PKDL have large number of parasites in skin. In general, to
improve the sensitivity of leishmaniasis diagnostics, various
diagnostic methods should be used and multiple tissue speci-
mens should be collected from a variety of sites especially in
the setting of chronic skin lesions and mucosal disease, where
fewer parasites are present [14¢].

Microscopic detection of amastigote stages within or near
macrophages using Giemsa stained tissue confirms the diag-
nosis of leishmaniasis, though species level identification is
not possible based on morphology [34]. Found intra- or extra-
cellularly, the amastigote is typically 2—4 pum in diameter,
round to oval in shape, and with a large nucleus and charac-
teristic rod-shaped kinetoplast (mitochondrial structure con-
taining extranuclear DNA) [32¢]. On Giemsa stain, the cyto-
plasm stains blue and the nucleus and kinetoplast stain red to
purple in color [20]. An expert should always evaluate the
slide to exclude other causes of “dot” like organisms (i.e.,
Histoplasma capsulatum or Sporothrix sp.) [20]. Unlike
amastigotes, intracellular fungal pathogens will not have a
kinetoplast and will stain positive with mucicarmine, silver
or periodic acid Schiff stains [35]. Of note, the amastigotes
of Leishmania spp. are indistinguishable from those of
Trypanosoma cruzi [36]. Although much less sensitive, histo-
pathology can also be utilized to confirm leishmaniasis diag-
nosis. Findings vary from necrotizing and non-necrotizing
granulomas to an inflammatory infiltration, necrotic ulcera-
tion, parakeratosis, and intraepithelial abscesses [37].

Other methods for direct diagnosis include culture of in-
fected tissues. Culture media such as Novy, MacNeal, and
Nicolle’s medium and Schneider’s Drosophila medium sup-
plemented with 30% fetal bovine serum are incubated at 25 °C
for up to 4 weeks given the fastidious nature of the parasite.
Promastigote stages are identified microscopically in wet
mounts from positive cultures [35]. Species level identifica-
tion of culture isolates may be pursued using DNA-based
assays or isoenzyme analysis in reference laboratories.
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Molecular amplification assay using PCR is particularly
important in the diagnosis of pauciparasitic syndromes such
as ML. Leishmania species confirmation is currently recom-
mended to guide management decisions [23¢]. Moreover,
knowledge of the Leishmania species (particularly
L. Viannia) provides information about the risk of mucocuta-
neous disease and, thus, directs treatment recommendations
[32¢]. For example, L. panamensis often presents as cutaneous
disease, but can lead to a mucosal syndrome which requires
systemic treatment. By providing species identification, PCR
can inform the clinician of L panamensis, prompting systemic
therapy to prevent mucosal disease. Furthermore, as PCR is
one of the more sensitive diagnostic methods, it is particularly
helpful for diagnosis in scenarios with low parasitological
burden [14¢].

As direct parasitological diagnosis through microscopy,
culture, and molecular testing are not always confirmatory
or available, indirect immunologic tests may also be ob-
tained. Evaluation for antibodies, usually IgG through di-
rect agglutination, ELISA, immunofluorescence, and
Western Blot, can be used as adjunctive tools in serologic
diagnosis. These serologic tests are typically not helpful
in cases of CL but can be of benefit in diagnosis of ML
and VL [14¢]. The Infectious Disease Society of America
(IDSA) recommends serological tests in persons with sus-
picion for VL when definitive diagnostic parasitic testing
(parasite identification, culture, histopathology, or parasite
DNA) is negative or not available [23¢]. A rapid diagnos-
tic test, called rK-39 antibody tests (through ELISA and
immunochromotography) sold under the manufacturing
names Kalazar Detect, Diamed-IT Leish, and Onsite
Leishmania Ab Rapid Test, involves the detection of an-
tibodies against the K39 protein antigen found in
Leishmania. These tests report having over a 90% sensi-
tivity and specificity for diagnosing VL from certain re-
gions [38—41]. Leishmania antibody can also be rapidly
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Table 2  Diagnostic methods

Disease pattern Direct vs Diagnostic method Comments
indirect
Cutaneous Direct Biopsy, scraping, aspirate Sensitivity dependent on expertise of pathologist and quality of specimen.
leishmaniasis Obtain from edge of ulcer and base

Microscopy Giemsa stained microscopy

Culture Amastigote typically 2—4 pm in diameter, round to oval in shape with
nucleus and kinetoplast

Histology Special media, as organism is fastidious it can take weeks to become
positive.

PCR Most sensitive, identifies species which is helpful in excluding ML
associated species. PCR is also helpful in cases with low parasite
burden.

Indirect ~ CL Detect Immunochromatographic assay for the rapid detection of Leishmania
species antigen in ulcerative skin lesions
Sensitivity 96%, specificity 90%
Serologic tests (see below) Not recommended for diagnosis of CL
Visceral Direct Splenic aspirate (parasite isolation, culture, Most sensitive (93-99%) compared to bone marrow and lymph node
leishmaniasis histology, and PCR per above) aspirate for diagnosing VL but risk of splenic hemorrhage
Bone marrow aspirate Bone marrow sensitivity (52-85%) sensitivity.
Safer to perform than splenic aspirate

LN Aspirate Lymph node aspirate sensitivity (52%—58%)

Peripheral blood Assess blood for bufty coat, in vitro culture, and molecular analyses.
Helpful in diagnosis for immunocompromised and HIV

Indirect  Serological tests: Cannot distinguish active from prior infection. Not helpful for CL. Often
non-reactive in immunocompromised hosts.

Rapid Diagnostic Test (rK-39)* Detect specific antibody against antigen present in L. donovani,
chagasi-infantum

Results available in 20-25 min
Easy to perform, quick and cheap- particularly helpful in underserved
areas
Sensitivity varies depending on region and parasite species
Can cross react with other infections—for example Chagas disease
Direct Agglutination Test (DAT)* Uses whole organisms to look for antibody.
Gives antibody tires ranging from 1:100 up to 1: 151200.
Sensitive (>95%) and specific (>85%) test when performed correctly
Needs well trained technician to perform over 2-3 days
Not available in North America
Other antibody test, ELISA, Indirect Serologic antigen and urine antigen available
immunofluorescence, indirect agglutination test, Sensitivity and specificity varies based on test
antigen test False positive results in persons with Chagas, leprosy, tuberculosis,
malaria
Mucosal Direct Biopsy, scraping, aspirate of mucosal lesion/LN  Direct diagnosis is preferred.
leishmaniasis (culture, histology, and PCR per above)
Indirect  Serological tests per above Not as helpful for ML as for VL. Direct diagnosis is preferred

Leishmanin Test

Delayed type hypersensitivity response

Also known as Montenegro test, works similarly to tuberculin skin test
Most useful in diagnosis of ML

Negative in diffuse CL, active VL

False positives with other skin disease

Not available in North America

CL, cutaneous leishmaniasis; ML, mucosal leishmaniasis; VL, visceral leishmaniasis; LN, lymph node

*Most common serological tests
Adapted from Aronson et al. CID, PAHO, Burza et al., Berman et al.

evaluated through the direct agglutination test (DAT) with
a sensitivity of greater than 95% and a specificity of 85%
when performed correctly [42]. While antibody tests rep-
resent an advancement in the serologic diagnosis of VL,
they can cross react with other infections such as tuber-
culosis and malaria [43]. They also have decreased

sensitivities in specific geographic regions [44, 45] and
should not be used in patients who have had a history of
a prior leishmania infection (as antibodies can persist in
patients after treatment) or who are asymptomatic (as an-
tibodies can be found in asymptomatic individuals from
endemic areas) [21]. In addition, the potential for false
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negative serology results in patients with VL who are
immunocompromised (HIV or other reasons) may limit
its diagnostic utility in this setting.

In addition to antibody tests, antigen tests are also available to
support the diagnosis. CL Detect, an immunochromatographic
assay for rapid detection of Leishmania species antigen, is a
novel immunologic test that can be used on ulcerative skin le-
sions to diagnose CL [23¢]. An antigen detection method using
latex agglutination called KAtex has a reported 93% specificity
but a lower 64% sensitivity [14¢]. ELISA urine antigen tests have
also been developed with a sensitivity of over 90% [46, 47].

Lastly, intradermal skin testing, the Montenegro or
Leishmanin Test, is a delayed type hypersensitivity reaction sim-
ilar to the Mantoux tuberculin skin test (Fig. 8). The test is not
widely available, and may be useful for epidemiological surveys
to identify high-risk populations. Positive test results may be seen
in patients with ML and CL [4e, 14¢]; however, those with active
VL and diffuse CL typically test negative [48, 49]. Also, the test
cannot differentiate current infections from prior (Table 2) [4¢].

Treatment

Similar to diagnosis, treatment of leishmaniasis can be quite
challenging (Table 3). Overall, leishmaniasis treatment should
be tailored individually to the patient and the type of leish-
maniasis, as well as to the parasite subspecies. PCR testing for
species identification is particularly helpful in guiding therapy
for patients with cutaneous disease, who may be at risk of ML.

Cutaneous leishmaniasis treatment is based on the clinical
presentation, host, and species type. In an immunocompetent
individual, with no evidence of mucosal disease, CL caused
by L mexicana and L major does not require treatment, as it
usually spontaneously resolves [21]. However, local treatment
is recommended for simple lesions that do not self-resolve,
while systemic treatment is recommended for complex CL
(Table 3). Complex CL is defined as >five lesions; an area
greater than 5 cm; lesions on face, fingers, toes, or genitalia;
regional adenopathy; duration greater than 6 months; diffuse
CL; immunocompromised host; prior clinical failure; or infec-
tion with a species associated with mucosal disease [23°].
Treatment in these cases can prevent morbidity, relapse, and
progression to mucosal disease. Multiple systemic therapies
(see Table 3) are available including pentavalent antimonials
(meglumine antimoniate and sodium stibogluconate),
amphotericin (deoxycholate and liposomal formulation), pent-
amidine and oral therapies (including fluconazole and
miltefosine). Pentavalent antimonials are considered standard
of care for systemic treatment of CL in Latin America [50].

For clinically simple lesions not associated with the risk of
development of ML, photo or laser therapy, thermotherapy,
topical paromomycin, and intralesional injections of antimo-
nials are recommended [23¢]. Thermotherapy is increasingly
being utilized in South America and is associated with de-
creased lesion size and clinical cure [50]. While there is no
ideal treatment regimen, experts recommend individualized
therapy for the patient based on the extent and location of
lesion involvement, immune status, co-morbid conditions,
pregnancy plans, adverse effects of the medications, and

Clinical manifestation Clinical classification

4 | | |

Cutaneous leishmaniasis Mucosal leishmaniasis ~ Visceral leishmaniasis

|
[ | | | |
Ulcerated  Disseminated Diffuse Atypical  Mucosal (ML) or muco-
form form form form cutaneous (MCL) form

N\ -
/

N
- Scraping - Scraping - Scraping - Aspiratefrom - Scraping: MCL - Serum or whole blood
- Aspirate from - Aspirate from - Aspirate from lesion - Biopsy: ML and MCL for K39 rapid test
l;_slon or node Iglsion or node I;.;»ion or nodule - Serum for IIF (indirect - Bone marrow aspirate
- Biopsy - - Biopsy :
- IDRM (Intrader- - IDRM (ntrader- - IDRM (Intrader- e W
mal Reaction of ~ mal Reactionof ~ mal Reaction of ;
Montenegro) Montenegro)  Montenegro) - IDRM: ML and MCL

Fig. 7 Clinical classification and sample collection for leishmaniasis diagnosis in the Americas. Source: PAHO/WHO, 2018
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Fig. 8 Montenegro skin reaction
in patient with cutaneous
leishmaniasis

published reports on the efficacy of treatment based on species
and geographic data (see Table 3 for more details).
Collagenase ointment has been used to decrease fibrous scar-
ring and promote the final stages of healing [51].

Unlike CL, mucosal leishmaniasis does not spontaneously
resolve and may lead to progressive destruction, disfigure-
ment, and even death (due to aspiration pneumonia or respi-
ratory obstruction). As a result, after a thorough naso-
oropharyngeal exam, early systemic therapy is warranted.
The IDSA recommends inpatient monitoring and prophylactic
steroids in patients at risk for respiratory obstruction, which
can be worsened by initiation of anti-leishmaniasis therapy
[23¢]. Similar to persons with complex CL, persons with
ML should receive individualized systemic therapy (with the
systemic agents previously described for CL).

As visceral leishmaniasis is the most serious manifestation of
leishmaniasis, any person with signs and symptoms and a con-
firmed diagnosis of VL warrants early systemic therapy.
Pentavalent antimonials were previously considered standard of
care, but there is concern for developing resistance among
Leishmania species. The IDSA recommends liposomal
amphotericin B for treatment of VL in immunocompetent pa-
tients with the consideration for miltefosine in non-pregnant,
non-breastfeeding individuals [23¢]. Pentavalent antimonials
can be used as an alternative for persons with leishmaniasis
who cannot tolerate liposomal amphotericin B or miltefosine in
areas of known low drug resistance patterns [23+]. Immunocom-
promised patients (i.e., HIV or transplant patients) should ideally
receive liposomal amphotericin B; however, combination thera-
py with miltefosine can also be considered [23]. HIV patients
should receive antiretroviral therapy (ART) and secondary pro-
phylaxis targeting the specific parasite, while these are not rec-
ommended for transplant patients [23¢].

Patients who receive successful treatment for all clinical
forms of leishmaniasis should be monitored for relapse. In
patients who have recurrence, repeat treatment is advised
(usually with liposomal amphotericin B) and longer duration

treatment regimens should be considered [23¢]. Drug resis-
tance testing is, unfortunately, not commercially available
and repeat biopsies and serological testing are generally not
recommended.

Future Research

Multiple areas in the prevention, diagnosis, and treatment of
leishmaniasis could be significantly advanced. The current
limited diagnostic methods and the absence of clinician famil-
iarity with endemic leishmaniasis are both significant obsta-
cles to timely and accurate detection of this disease.
Leishmaniasis is cumbersome to diagnose; thus, advances in
serological tests could potentially lead to earlier detection and
treatment. Furthermore, as WHO considers the USA to be a
Leishmania endemic region, leishmaniasis should not be char-
acterized as a uniquely tropical neglected disease. This mis-
characterization likely leads to clinicians overlooking the di-
agnosis and delaying testing and treatment for leishmaniasis.
Furthermore, when the diagnosis is made, reporting to both
local, national, and international health agencies should be
required. Texas, for example, is the only US state where leish-
maniasis diagnosis requires a state health department report;
however, federal health department notification is not neces-
sary. If all states and nations required health agency reporting,
a better understanding of the geographic distribution, risk fac-
tors, host species characteristics, and climate change contribu-
tion for leishmaniasis will be available.

Therapeutically, drug toxicities, cost, and emerging drug
resistance limit the antiparasitic treatment armamentarium.
Unfortunately, there are no molecular markers of drug resis-
tance for Leishmania and testing for drug resistance is limited.
Pentavalent antimonial was considered the historic standard of
care, but inappropriate dosing and treatment regimens have
likely contributed to increasing drug resistance with this agent
[52]. While miltefosine is one of the newest drugs available,
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Table 3  Summary of systemic therapy
Drug Route of Laboratory monitoring Adverse effects Comments
administration

Parental

Pentavalent v, IM CBC, CMP, Lipase, Myalgia, headaches, fatigue, nausea are Interrupt therapy if clinical pancreatitis,
Antimonials- amylase, EKG common, elevated LFT, lipase, arrythmias, or worsening EKG
sodium amylase (usually reversible), QT changes. AIDS and
stibogluconate and Prolongation, ST-T wave changes, immunosuppressed at risk of life
meglumine cytopenias threatening pancreatitis and
antimoniate cardiotoxicity. In the USA, must

obtain from CDC.

Amphotericin- v CBC, K, Mg, creatinine  Infusion related reactions (fevers, rigors, Liposomal amphotericin is better
deoxycholate and nausea, vomiting, hypotension), tolerated. Consider premedicating
liposomal malaise, nephrotoxicity, electrolyte and slowing infusion to decrease risk
amphotericin B abnormalities (K, Mg) of infusion reaction

Pentamidine v, IM CBC, CMP, EKG, Nausea, vomiting, dysgeusia, headache, Infuse drug slowly to decrease risk of

electrolytes hypoglycemia, Insulin dependent hypotension. Avoid other
DM, pancreatitis, hypotension, qt nephrotoxic medications
prolongation, nephrotoxicity,
hepatotoxicity, cytopenias, electrolyte
abnormalities, IM injection pain,
rhabdomyolysis
Oral
Miltefosine Oral CBC, kidney, and liver ~ Nausea/vomiting, teratogenic. Rare risk Administer with high fat meal to
function tests in setting  of hepatic, renal impairment. If > 45 decrease nausea. Medication is costly
of VL. Pregnancy test kg, need to increase dose
prior to starting
treatment

Azoles-Fluconazole, Oral Hepatic function test, GI symptoms, hepatotoxicity, QTc Avoid use with other heptotoxic

Ketoconazole EKG, CBC prolongation, hair loss, medications, qtc prolongation. Not

agranulocytosis, decreased secretion

recommended for treatment for ML

of adrenal corticosteroids

or VL

Adapted from IDSA and ASTMH guidelines Aronson et al. CID

there are increasing rates of resistance to this agent, and the
cost of the drug can be prohibitive [53]. In addition to drug
development campaigns, directly observed therapy (DOT) of
newer treatment regimens may be useful in supporting treat-
ment success and combating resistance. Moreover, free leish-
maniasis treatment through organized drug assistance pro-
grams (and restriction of over the counter medication) would
encourage appropriate prescriptive use and possibly prevent
emerging drug resistance.

Given the limitations in cost, toxicity, and availability of treat-
ment regimens, vaccination is the best hope for controlling leish-
maniasis. The goal would be a safe, effective, affordable, and
widely available vaccine. Unfortunately, despite years of investi-
gations and trials, there is currently no human vaccine available
for this disease [54, 55]. Leishmune, Canileish (using fraction-
ated leishmania antigens), and Leish-Tec (a second-generation
vaccine using recombinant leishmania proteins) have shown ef-
ficacy in dogs (one of the primary parasite reservoirs) and could
help control and prevent transmission of leishmaniasis [56°].
Infectious Disease Research Institute (IDRI, Washington,

@ Springer

Seattle) has developed a vaccine candidate (LEISH-F3 +GLA
SE) using recombinant Leishmania proteins from L. donovani
and L. infantum and is currently testing subjects in phase I clinical
trials [57]. The Sabin Vaccine Institute Product Development
Partnership (Sabin PDP), similarly, is also working on a vaccine
using recombinant L. donovani protein with sand fly salivary
antigens [55]. Most recently, a third-generation leishmaniasis
vaccine, ChAd63-KH, was developed to induce leishmania spe-
cific CD8+ T cells and has shown promise in a phase 1 clinical
trial [58]. The European Multivalent Vaccine for Human Visceral
Leishmaniasis (MeLeVaClin) is also working on recombinant
protein—based vaccine strategies in pre-clinical models, and
funding from the Bill & Melinda Gates Foundation, Carlos
Slim Foundation, European Commission, German Federal
Ministry of Education and Research NIH and Wellcome Trust
is being directed toward vaccine development [55]. Hopefully,
this research will provide an effective, prophylactic vaccine that
could be used for individuals in endemic areas and also for ani-
mals to reduce their risk as Leishmania parasite carriers.
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Conclusions

Leishmaniasis is a complex clinical syndrome that is difficult
to diagnose and treat. Advances in vaccine development, di-
agnosis, reporting, and treatment could prevent substantial
morbidity and mortality from this disease.

Abbreviations HIV, Human immunodeficiency virus; 7B, Tuberculosis;
PCR, Polymerase chain reaction; DNA, Deoxyribonucleic acid; ELISA,
Enzyme-linked immunosorbent assay
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