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Tegumentary leishmaniasis, comprising the cutaneous and mucocutaneous forms, is caused by
at least 13 dermotropic species of protozoa of the genus Leishmania, most of which are prevalent
in the New World. Although diseases in the Old and New Worlds share similar characteristics,
the ultimate manifestations and severity are quite different, with more severe forms associated
with mucosal lesions observed in the New World. For the diagnosis and treatment of leishmaniasis,
differences based on clinical features, usefulness/sensitivity of diagnostic methods and
therapeutic responses are mainly emphasized. We present a critical review of the diagnostic
methods, their contribution and the necessity for their improvement/development, particularly
in molecular diagnosis aimed at detection and species identification, as well as serodiagnosis.
In addition to a review of the drugs currently utilized, we describe differences in their effectiveness
in Old and New World leishmaniasis. HIV/Leishmania coinfection is also presented in the context

of diagnosis and treatment.
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antimonials e serodiagnosis

Leishmaniasis is a disease caused by different
species of protozoa of the genus Leishmania
that are transmitted by Phlebotomine sandflies.
Leishmania are injected into the vertebrate host as
a promastigote (the elongated form with an exter-
nal flagellum), which is phagocytosed by differ-
ent phagocytic cells in the host. Within cells of
the mononuclear phagocyte system (its habitat),
promastigotes differentiate into amastigotes (the
round form without an external flagellum) and
then proliferate, establishing the infection.
Leishmaniasis is considered as an emergent
and re-emergent disease, and there has been
a worrisome increase in its incidence, mostly
in the last two decades, in certain parts of the
world due to the migration of people from
rural to urban areas seeking work opportuni-
ties, migration as a consequence of war, distur-
bances in microenvironments due to climate
change and human intervention, deterioration
of socioeconomic conditions, the presence of
HIV/Leishmania coinfection, and so on [1].
Leishmaniasis is prevalent in tropical and sub-
tropical areas, but due to the increase in inter-
national travel, it also appears to be an important
disease in people living in nonendemic areas [2].

Leishmaniasis encompasses visceral and tegu-
mentary forms, including cutaneous and muco-
cutaneous forms. Tegumentary leishmaniasis is
prevalent in 82 countries, and its incidence is
estimated to be 1.5 million cases per year. Most
(90%) of the cases are reported in Africa (mainly
in Morocco, Ethiopia and Tunisia), the Middle
East (mainly in Afghanistan, Pakistan, Iran,
Iraq, Syria and Saudi Arabia) and Latin America
(mainly in Brazil, Bolivia, Colombia, Ecuador,
Peru and Venezuela) [1,3].

Dermotropic strains of Leishmaniabelong to the
order Kinetoplastida, family Trypanosomatidae,
genus Leishmania, and subgenus Leishmania or
Viannia, which include approximately 20 species
that differ in their geographical distribution. In
Asia, Africa and Europe, tegumentary leishmani-
asis is caused by Leishmania (Leishmania) major,
Leishmania (Leishmania) tropica, Leishmania
(Leishmania) aethiopica and some zimodemes
from Leishmania infantum. In the New World,
mainly Latin America, the species involved are
numerous and are of the subgenus Leishmania and
Viannia. Leishmania (Viannia) braziliensis is the
most prevalent species, followed by Leishmania
(Leishmania) amazonensis, Leishmania (Viannia)
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guyanensis, and Leishmania (Viannia) panamensis, although other
species such as Leishmania (Leishmania) mexicana, Leishmania
(Leishmania) pifanoi, Leishmania (Leishmania) venezuelen-
sis, Leishmania (Viannia) peruviana, Leishmania (Leishmania)
shawi and Leishmania (Viannia) lainsoni are present mostly in
the Amazon region and in Central America. In the Old World,
Leishmania (Leishmania) donovani, a viscerotropic species, may
determine a cutaneous disease during or after visceral leishmaniasis
and is known as post-kala-azar dermal leishmaniasis (PKDL) [3-5].

Diagnosis of leishmaniasis
Diagnosis of leishmaniasis is based on criteria that consider
epidemiological data, clinical features and laboratory test results.

Epidemiological criteria

The epidemiological link among individuals in an endemic area is
evident, but it constitutes important information for the diagnosis
of travelers living in nonendemic areas who have spent some time
in areas endemic for leishmaniasis. Tegumentary leishmaniasis
is one of the dermarological syndromes diagnosed in travelers.
In a retrospective study employing data from the GeoSentinel
Surveillance Network, comprising a 10-year period from 1997
to 2006, skin-related diagnoses were reported for 4594 patients,
and tegumentary leishmaniasis was diagnosed in 3.3%. The travel
destination of these patients was Latin America, and in 15% the
travel duration had been less than 2 weeks [6]. In another two
studies carried out in Europe, some patients with cutaneous leish-
maniasis had traveled to endemic countries in the Old World and
others to the New World [75].

Clinical criteria
The clinical features of tegumentary leishmaniasis are diverse,
depending on the Leishmania species involved and host factors,
including immune status. However, the initial evolution of the lesion
is similar at the site of the insect bite. After an incubation period of
2 weeks to 3 months, a small, itchy erythematous papule or nodule
appears, sometimes preceded or accompanied by draining lymph
node enlargement. This initial lesion may cure spontaneously or
evolve, usually after some months, to patent disease with different
clinical features [9.10]. The correlation of clinical features and spe-
cies of Leishmania is currently not straightforward because, in some
areas, many different species coexist and, furthermore, species iden-
tification is not usually performed for clinical specimens due to the
complexity of the laboratory procedures as well as their accessibility.
In general terms, species prevalent in the Old World determine
limited clinical manifestations compared with New World species.
L. (L.) major, L. (L.) tropica and L. (L.) aethiopica, species that are
prevalent in the Old World, determine the characteristic ulcerative
lesion of localized cutaneous leishmaniasis (LCL) in 86—-98% of
cases that usually cure spontaneously after a period ranging from
3 months to 2 years [11]. In some cases, L. (L.) tropica infection
evolves to a relapsing lesion known as leishmaniasis recidiva cutis
or leishmaniasis recidivans [11], or mucosal leishmaniasis (ML)
(12], and L. (L.) aethiopica infection to diffuse cutaneous leish-
maniasis (DCL) 11]. In addition, L. (L.) donovani may determine

PKDL [13]. The species present in the New World determine
more varied clinical manifestations, including the aggressive and
destructive ML. In the following sections, the features of the dif-
ferent forms are described, with an emphasis on manifestations
caused by the New World species. We also highlight manifesta-
tions observed in HIV/Leishmania coinfection, which can present
unusual forms. A detailed description of the clinical manifesta-
tions of Old World cutaneous leishmaniasis can be found in a
recently published comprehensive review by Akilov ez a/. 11].

Localized cutaneous leishmaniasis

Localized cutaneous leishmaniasis (Ficure 14) is the most prevalent
form of the disease and is most commonly caused by dermotropic
Leishmania species [7]. The lesions appear on an exposed area of
the body surface, varying in number from one to ten. The estab-
lished lesion is a round, painless ulcer that is well delimited with
a central crust that is sometimes hemorrhagic. It may cure sponta-
neously, leaving a hypopigmented, smooth, thin scar. Depending
on the host—parasite balance and other undefined factors, some
cases evolve to other forms of the disease.

Leishmaniasis recidiva cutis

Leishmaniasis recidiva cutis (Ficure 1B) is known in the Old
World to be associated with L. (L.) tropica infection, the occur-
rence of which is rare in the New World. Characteristic papular
and vesicular lesions appear after clinical cure in or around
the scar of the healed sore after a variable period of time from
months to years. Most of the identified parasites in the New
World were of the subgenus Viannia (14], but L. (L.) amazon-
ensts in Brazil (15] and L. (V) panamensis in Ecuador [16) were
also observed.

Disseminated leishmaniasis

Disseminated leishmaniasis (DL) (Ficure 1C) is characterized by
the presence of multiple (10-300) pleomorphic lesions, mainly
acneiform and papular, in two or more noncontiguous areas of
the body 17]. In 29% of cases, a mucosal lesion is found. In an
area in the northeast of Brazil, the frequency of this condition
has increased from 0.2 to 1.9% among tegumentary leishmaniasis
cases in two decades. In these cases, L. (V.) braziliensis was the
only species encountered [18,19].

Diffuse cutaneous leishmaniasis

Diffuse cutaneous leishmaniasis is a true anergic form of tegu-
mentary leishmaniasis and is characterized by the presence of
nodular lesions that do not ulcerate (Ficure 1D & 1E) [20]. It is a
rare condition. It has been reported in South America, Central
America and Ethiopia. The lesions are rich in parasites and the
species involved are L. (L.) mexicana, and L. (L.) amazonensis in

the New World and L. (L.) aethiopica in the Old World.

Mucocutaneous leishmaniasis

Also known as ‘espundia’, mucocutaneous leishmaniasis occurs
years after the onset of cutaneous leishmaniasis and is character-
ized by the destruction of oral-nasal and pharyngeal cavities,
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Figure 1. Clinical forms of tegumentary leishmaniasis. (A) Localized cutaneous leishmaniasis presenting single ulcer on the leg
(reprinted with permission from Luiza K Oyafuso, Instituto de Infectologia Emilio Ribas de Sao Paulo, Brazil). (B) Leishmaniasis recidiva cutis
presenting papules and vesicles around the healed lesion of cutaneous leishmaniasis on the leg (reprinted with permission from Jackson
ML Costa, Universidade Federal do Maranhao, Brazil). (C) Disseminated cutaneous leishmaniasis presenting numerous ulcers on the face
(reprinted with permission from Jackson ML Costa). (D) Diffuse cutaneous leishmaniasis presenting infiltrated nodules on the arms and
thorax (reprinted with permission from Fernando T Silveira, Universidade Federal do Para-Brazil, Brazil). (E) Diffuse cutaneous leishmaniasis
presenting infiltrated nodules on the ear (reprinted with permission from Fernando T Silveira). (F) Mucosal leishmaniasis with destructive
lesion in the nose (reprinted with permission from Luiza K Oyafuso). (G) Atypical cutaneous leishmaniasis in a HIV-infected patient
presenting multiple ulcers on the legs and feet. (H) Atypical cutaneous leishmaniasis in HIV-infected patient presenting erythematous
plagues on the back, and (I) atypical cutaneous leishmaniasis in a HIV-infected patient presenting ulcers on the scrotum and penis.

Images G, H and | reproduced from [28] with permission from Wiley-Blackwell.

potentially evolving to disfiguring lesions (Ficure 1F). The initial The mucosal lesion may be accompanied by a cutaneous lesion.
symptoms are mild, with nasal inflammation and stuffiness, but L. (V.) braziliensis is present in the majority of cases, but other
ulceration and perforation of the septum may slowly ensue. The  species are also found: L. (V.) panamensis, L. (V.) guyanensis,
lesion may extend to the face, soft palate, pharynx or larynx. L. (L.) amazonensis and L. (L.) major (17). The frequency of ML
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varies according to the geographical location. In Brazil, it varies
from 0.4% in the south [21] to 1.4% in the central region [22], and
to 2.7% in the northeast [23]. In Andean countries, ML reaches
an average of 7.1% [24]; Bolivia exhibits a high frequency of
20% [25], Ecuador a medium frequency of 7.7% [26], Colombia
a low frequency of 2.3% and Venezuela a very low frequency
of 0.4% [24].

Tegumentary leishmaniasis in HIV-infected patients
HIV/Leishmania coinfection has been reported in 34 countries.
In the Old World, there are reports of PKDL in HIV-infected
patients [27]. In the New World, the manifestations can be simi-
lar to those found in nonimmunosuppressed patients with no
signs of aggravation, but they can be quite unusual. We recently
reported a series of cases of tegumentary leishmaniasis in HIV-
positive patients from Brazil [28], where we found a wide vari-
ety of lesions including papules, nodules, plaques (Ficure 1H) and
diverse ulcerations (Ficure 1G). Furthermore, we observed different
forms of mucosal lesions, such as widespread, diffuse infiltra-
tion of the mucosal surface of the palate. Interestingly, genital
lesions (Ficure 11) were present in 27% of patients. Of note, in
HIV-infected patients, tegumentary leishmaniasis may present
as immune reconstitution inflammatory syndrome with the
appearance of new, disseminated lesions or worsening of pre-
existing ones, associated with a recovery of CD4* T-cell counts
and decreased virus loads upon antiretroviral treatment [29].

Differential diagnosis

Differential diagnosis should be made for sporotrichosis, cutane-
ous Mycobacterium infection, venous stasis or traumatic ulcers,
sickle-cell anemia-related ulcers, blastomycosis, sarcoidosis,
syphilis, Kaposi’s sarcoma, leprosy, chromoblastomycosis, squa-
mous cell carcinoma, basal cell carcinoma, B-cell cutaneous
lymphoma, seborrheic keratosis, pyoderma gangrenosum, pyo-
genic skin infections including ecthyma and idiopathic midline
granuloma [17.30].

Laboratory tests for diagnosis

In all cases, it is desirable to have the diagnosis of leishmaniasis
confirmed by the finding of the etiological agent or its antigen
or molecule in the sample obtained from the lesion. When these
approaches fail, immunological tests are used to provide indirect
parameters for the diagnosis.

Parasitological diagnosis

A search for amastigotes can be performed using light microscopy
to directly examine the biopsy specimen, scraping or impression
smears subjected to Giemsa staining. Biopsy and aspirate samples
can be further cultured in blood agar base, formerly known as
Novy, McNeal and Nicolle medium, overlaid by liver infusion
triptose or Schneider’s liquid medium, or injected into a suscepti-
ble animal such as a hamster for parasite recovery. The sensitivity
of the direct examination is low, at approximately 50-70% in the
Old World (31.32] and even lower, at approximately 15-30%, in
the New World where chronic cases and ML are frequent [33-34].

The detection level is higher, reaching 44-58% by culturing the
samples and 38—52% by injection into hamsters [34.35]. When
biopsy specimens were submitted for immunohistochemistry,
Leishmania amastigotes or antigen were detected at higher propor-
tions; 41.4 [34] and 88.5% [33) using an immunofluorescence tech-
nique and 58.6 [34] and 64.5% [33] using an immunoperoxidase
technique. Excluding direct microscopic examination, other meth-
ods require a complex laboratory structure and technical skills, as
well as longer periods of time to obtain the results.

These approaches to etiological agent detection have relatively
low sensitivity and different methods do not identify the species
of Leishmania. Therefore, recent efforts are aimed at developing
assays to detect the parasite DNA.

Detection of Leishmania DNA

A variety of molecular approaches have been developed for the
diagnosis of leishmaniasis (for a comprehensive review see [36]).
A molecular approach for the diagnosis of leishmaniasis, based
on the detection of Leishmania DNA, has two goals: detection
of Leishmania, similar to other parasitological methods; and
identification of the Leishmania species, which is not achieved
by other methods, except when cultured promastigotes are ana-
lyzed using Leishmania species-specific monoclonal antibodies
(37) or by isoenzyme profiling [38]. Among the laboratory methods
employed to detect the etiological agent or its material, in rea-
sonably equipped laboratories, PCR is considered to be a good
method for use in the diagnosis. Some of the advantages of this
method when compared with other parasitological methods are:
the possibility of detecting Leishmania DNA, even with a low
parasite load; specificity; the fast availability of results; the pos-
sibility of using different biological materials; and the possibility
of detecting the DNA of amastigotes and promastigotes.

Different primer sequences specific for different targets in the
DNA of Leishmania have been used to improve parasite detec-
tion. Some are nuclear DNA such as the SSU rRNA gene [39],
multilocus microsatellite DNA [40], some repetitive sequences [41],
the tubulin gene [42], the gp63 gene locus [43] and internal tran-
scribed spacer regions [44,45]. Others are extrachromosomal DNA
such as the repetitive kinetoplast DNA (kDNA) (46]. The latter is
considered as an attractive target for PCR due to the abundance
of minicircles in the parasite.

In laboratories where molecular diagnosis is a routine proce-
dure for diagnosis, the most commonly addressed targets are
kDNA and SSU rRNA. In studies using kDNA as the target
to assess the sensitivity of the PCR, the results for the detection
rate both in the Old World and New World were found to be
high, with values of 100% in cutaneous leishmaniasis 47] and
97.1% in ML [48].

An important approach in the diagnosis of tegumentary leish-
maniasis is the characterization of the Leishmania species, which
is not performed in other methods used to detect the etiological
agent. A considerable future challenge is to discriminate the
various species present in the New World and to obtain and
test samples, preferably without the need for parasite growth
in culture.
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For the identification of species, repetitive and polymorphic
sequences are either directly targeted or discriminated using
restriction enzymes for targeted products. The former approach
was used to target the glucose-6-phosphate dehydrogenase gene,
the products of which discriminate between different species of
Leishmania from the New World, distinguishing L. (V.) bra-
ziliensis from other species of the Viannia subgenus [49]. Similarly,
when the isomerase mannose enzyme gene (MPI) is targeted, it is
possible to differentiate L. (V.) braziliensis from L. (V.) peruviana
(50]. The latter approach was applied for certain targets, such as
kDNA, internal transcribed spacer, heat-shock protein (Hsp)70
gene [51] and glycoprotein of molecular mass 63 gene (GP63),
using restriction enzymes to disclose polymorphisms; the result-
ing restriction fragment length polymorphism (RFLP) distin-
guishes various Leishmania species [52]. PCR-RFLP with Hsp70 is
particularly interesting, since various New World species can be
distinguished and the parasite samples can be obtained directly
from the lesion [s1].

Real time-PCR (RT-PCR) using primers specific to the
Leishmania genus or species has been evaluated more recently for
the diagnosis of leishmaniasis. It mainly aims to approach its poly-
morphism to identify Leishmania species but also to measure para-
site load in the lesion [53-55]. It is a very promising method and,
although it requires the appropriate laboratory structure (expen-
sive equipment and technical skill), the results are obtained much
more quickly, with less likelihood of contamination, compared
with conventional PCR.

There are several targets and different methodologies used to
detect Leishmania and to distinguish the different species; how-
ever, PCR-based protocols must be standardized and optimized
for use in different centers in order to achieve comparable and
reliable results. To achieve this goal, some recommendations include
the use of standardized extraction protocols, internal controls, a
standard Leishmania strain control, replicate assays and participation
in an external quality control program.

Immunological test-based diagnosis

Anti-Leishmania delayed-type hypersensitivity, known as
the Montenegro test or the Leishmanin skin test, and anti-
Leishmania antibody assays are used as indirect parameters of
Leishmania infection.

Montenegro or Leishmanin skin test

The Montenegro skin test reveals Leishmania infection, and
therefore it is used in epidemiological studies to determine infec-
tion prevalence. However, the test does not distinguish between
present and past infection, and thus its importance as a diagnostic
tool is questionable for people living in endemic areas. The test
has demonstrated positive results in patients more than 19 months
after treatment [56-58], and positive results were also observed in
75% of noninfected individuals with no disease manifestation
in the past, and living in an area endemic for leishmaniasis [56].
This test may be useful, however, for the diagnosis of travel-
ers living in nonendemic areas. For the Montenegro skin test,
0.1 ml of Leishmania antigen (the Leishmania species utilized

and the preparation vary in different countries and laboratories)
is injected into the forearm. When the local induration is 5 mm
or more after 4872 h, the result is considered positive. Positivity
is detected after 4 months of the appearance of lesions. Patients
with LCL, ML and DL present with positive results. Positivity
in LCL patients varies and is approximately 82—-89% [s6-60]. In
ML (s8] and DL [19] patients’ positivity is usually 100%. DCL
patients provide a negative test [61]. In 11% of patients with PKDL
and concomitant visceral leishmaniasis, the Montenegro test is
positive, and in those without concomitant visceral leishmaniasis,
37% are positive [13].

Serological diagnosis

More commonly used assays for serodiagnosis in leishmaniasis
are the indirect immunofluorescence assay (IIFA) and ELISA.
Serodiagnosis is not a routine procedure for the diagnosis of
cutaneous leishmaniasis in the Old World due to the variable
or low sensitivity of the tests and cross-reactivity with other
infections [62.63]. Some studies have shown a sensitivity of 60%
using ELISA (64]. However, in a recent study in Turkey, more
promising results were obtained, with sensitivity reaching 88%
by ELISA [65], demonstrating its potential as a complementary
approach for diagnosis.

In the New World, initial studies with a large sample size
from the North and Northeast of Brazil also reported a low
sensitivity of 27.7% using the IIFA and 66.9% by ELISA
(66] for cutaneous leishmaniasis samples. Higher sensitivities
of 56.7% for IIFA and 93.3% for ELISA were obtained for
mucocutaneous leishmaniasis patients [67]. More recent results
demonstrate the better performance of assays, even though the
sensitivity remains low depending on the antigen preparation
used. Using the L. major total antigen that is widely available in
Brazil for ITFA and is provided by Bio-Manguinhos/FIOCRUZ
(Rio de Janeiro, Brazil), the sensitivity reaches 75.4%, whereas
the use of ‘in house’ antigen preparations with L. brazilien-
sis and L. major-like species provides a sensitivity of 81.5 and
95.4%, respectively. The performance of ELISA using antigen
preparations with the latter species showed a sensitivity of 95.7
and 78.7%, respectively [68]. Although the antibody response
has, overall, been considered to be gender-specific, the results
may suggest species-related variation in the results. This issue
was addressed in a study that utilized samples from cutane-
ous leishmaniasis patients infected with L. (V.) guyanensis and
L.(V.) braziliensis, carefully paired according to age, gender and
time of disease evolution and using L. (L.) amazonensis prepa-
rations as antigen. Although the sensitivity was only slightly
lower for L. (V.) guyanensis-infected patient samples than for
the L. (V.) braziliensis samples, showing a sensitivity by IIFA
of 79.6% and 71.7%, respectively, and by ELISA of 98.2 and
85.0%, respectively, their titers were quite different. For both
assays, the titers of L. (V.) guyanensis samples were significantly
lower than those of the L. (Vi) braziliensis samples [69]. Using
another type of assay, the direct agglutination test (DAT) using
lyophilized promastigotes, a test that can be performed in less-
equipped laboratories, the species specificity of the reaction was
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more striking. In patients infected with L. aethiopica, using the
same species of the parasite, the sensitivity reached 90.5% and
the specificity 91.8%; with non-homologous antigen, a sensi-
tivity lower than 20% was observed [70]. This certain species
specificity of the results of the serological tests may explain the
low sensitivity observed in some studies using samples from
areas in which many different species are prevalent, for example,
the Amazon region in northern Brazil. On the other hand, this
suggests that serodiagnosis can be improved.

In order to develop assays using specific species, one impediment
is the culture of some species of Leishmania, such as L. (V.) bra-
ziliensis, which is difficult to grow and maintain in culture. An
alternative may be the use of recombinant antigens, which, besides
parasite growth-independent production, have advantages such
as a more standardized and uniform production. Some of these
antigens, L. major Hsp60 (71] and L. braziliensis Hsp70 [72], were
cloned and the products tested using cutaneous leishmaniasis and
mucocutaneous samples from Colombia with promising results.
L. (L.) infantum Hsp83 (73] was also tested using a limited number
of cutaneous and mucocutaneous samples and showed 100%
reactivity, interestingly without any cross-reactivity with Chagas’
disease samples. Considering those data showing a certain species
specificity of the antibody reactivity, the development of assays
using combined recombinant antigens should be contemplated.

In tegumentary leishmaniasis, the anti-Leishmania antibody level
does not remain high after treatment [69], and therefore positive
results generally indicate current infection. Hence, there is room
for the use of immunological tests for the diagnosis of ongoing
infection, and such tests deserve research and development.

Considering that HIV/Leishmania is becoming an important
medical problem, the performance of immunological tests must
be evaluated. Data from HIV/Leishmania-infected individu-
als, based on observations in the Mediterranean area, showed
a relatively low sensitivity [74]. However, in coinfected patients
in Brazil, the sensitivity was not low, showing 77% positivity in
serology [28]. This proportion of positivity may be related to the
endemicity of leishmaniasis in Brazil, and the fact that anti-Leish-
mania antibody-producing memory cells may be preserved, even
in the presence of immunosuppression due to HIV infection.

Considering the high prevalence of leishmaniasis in poor areas
and in developing countries, tests characterized by easy applica-
tion in the field and in modestly equipped laboratories must be
developed. Immunochromatography-based rapid tests and DAT
are in this category. They have been used for the diagnosis of
visceral leishmaniasis with variable performance [75], but it may
not be possible to use the rapid tests in particular, due to the
lower antibody titer in tegumentary leishmaniasis. DAT revealed
species specificity-related performance [70] and therefore it may
be impractical in areas where different species prevail unless
reactivity to different species were to be tested at the same time.

Treatment

Drug treatment for leishmaniasis has been available since the
beginning of the 20th Century, but only a few drugs have been
developed for use. Although we observed differences between

various Leishmania species, susceptibility to drugs, and disease
manifestations between Old World and New World leishmania-
sis, the same drugs are used for treatment. Although the WHO
has provided a recommendation for the treatment of leishma-
niasis, different therapeutic guidelines exist in different coun-
tries and regions of the world that suggest the complexity of the
therapeutic approach in leishmaniasis. Since, in addition, we face
an increase in the resistance to available drugs in some regions, a
global discussion is needed to improve the use of available drugs
and to further novel drug development.

Antimonials are the most commonly prescribed treatment,
although other drugs have been used with varying success and
other therapeutic modalities have been used as a topical treat-
ment. Leishmania species, clinical presentation, extensiveness
and the existence of nodular lymphangitis or comorbidities,
such as HIV infection, influence the choice of therapy [76]. Other
factors that influence the choice of therapy may be eatlier thera-
peutic failures, local availability of the drug and localization
of the lesions. Although nonfatal, cutaneous leishmaniasis is
treated to accelerate cure, to reduce scar formation, especially at
cosmetic sites, and to prevent parasite dissemination (i.e., ML)
or relapse. The aim of chemotherapy is clinical healing of lesions
and elimination of the parasite by destroying them or improv-
ing the host’s ability to heal the lesion [77]. Below, we discuss
the major drugs available to treat tegumentary leishmaniasis,
the problems related to resistance and the responses of different
Leishmania species to treatment.

First-line drugs

Pentavalent antimonials (Sb*) are the first-line drugs used to
treat tegumentary leishmaniasis caused by different species
(Tasce 1). Unfortunately, an increase in treatment failure has been
documented in several regions of the world. This drug is avail-
able as one of two formulations: meglumine antimoniate and
sodium stibogluconate. The mechanism of action is not known,
but the drug inhibits the activity of the glycolytic and fatty acid
oxidative pathways in amastigotes [77]. The major side effects
are arthralgy and myalgy, however, severe side effects related
to cardiotoxocity or renal failure can occur, mainly in older
patients. Use of this drug is not indicated during pregnancy.
The efficacy of Sb" varies according to the geographic region,
species of Leishmania and clinical presentation. In the New
World, the efficacy of antimonials for the treatment of cutane-
ous leishmaniasis has been variable. In Bolivia, treatment failure
was observed in 7% of patients [78], in 16% in Brazil [79], and
in 39% of patients in Colombia [s0]. In the Old World, failure
of this drug is approximately 13%, and this drug is considered
as satisfactory for the treatment of cutaneous leishmaniasis. In
ML, the cure rate ranges from 30 to 90% with antimonials,
depending on the country in which the study was carried out
and the dosage used [81-83].

Amphotericin B has been used to treat leishmaniasis and, in
some parts of the world, it is the drug of choice. This drug acts
on ergosterol present in the Leishmania membrane. By increas-
ing the permeability of the cell membrane, it promotes an ion
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Table 1. Recommended doses of first-line drugs to treat tegumentary leishmaniasis according to the WHO

and the Ministry of Health of Brazil.

Localized cutaneous 20 mg/kg/day for  10-20 mg/kg/day NA
leishmaniasis 20 days (15 mg/kg/day)
for 20 days
Disseminated cutaneous 20 mg/kg/day for 10-20 mg/kg/day NA
leishmaniasis 20 days for 20 days
Diffuse cutaneous 20 mg/kg/day for 20 mg/kg/day for NA
leishmaniasis 20 days 20 days
Mucosal leishmaniasis NA 20 mg/kg/day for  NA
30 days

NA: Not available.

influx into the parasite, both promastigotes and amastigotes,
leading to their death (84]. Four drug formulations are available:
amphotericin B deoxycholate, liposomal amphotericin, choles-
terol dispersion amphotericin and lipid complex amphotericin.
All formulations share a similar efficacy, however, differences
have been observed regarding the side effects of the formulations,
with more intense side effects associated with amphotericin B
deoxycolate, which can induce renal injury.

Pentamidine has been used with success to treat cutaneous leish-
maniasis or ML in some regions of the New World. This drug
interferes with Leishmania DNA synthesis, modifying the morphol-
ogy of the kinetoplast, and promotes fragmentation of the mito-
chondrial membrane, killing the parasite. This drug was shown to
present the same efficacy as antimonials [ss]. Hypoglycemia and
hyperglycemia are the main adverse effects of pentamidine.

Alternative drugs
Miltefosine was originally used to treat cancer. It is a phosphoryl-
choline ester of hexadecanol, a membrane-active alkylphospholipid.
It is contraindicated in women with child-bearing potential because
of its teratogenic effects in animal studies [77]. Miltefosine was effec-
tive in curing patients with visceral leishmaniasis in India; however,
few studies on the treatment of tegumentary leishmaniasis have been
reported. In Colombia, a cure rate of 89-100% was observed for
cutaneous leishmaniasis and was dependent on the dose used [s6];
however, in general, the results in the New World are poor [s7].
Azoles, which were initially designed to treat fungal infection,
have been used to treat tegumentary leishmaniasis [88]. Some reports
demonstrate the efficacy of fluconazole, ketoconazole, and itracona-
zole to treat leishmaniasis. These drugs inhibit 14-a-demethylation
of lanosterol to ergosterol in cell wall synthesis and promote mem-
brane permeability of Leishmania. A cure rate of between 55 and
79% was observed in the Old World using these drugs.
Paromomycin acts on Leishmania both in vitro and in vive. This
drug has been used for parentheral and local application in the
treatment of tegumentary leishmaniasis in both the New and Old
Worlds [89]. A meta-analysis involving 14 randomized controlled

1 mg/kg/day 4 mg/kg/day 4mg/kg/day

Total dose: 1-1.5 g Maximum total
dose: 2.0 g

1 mg/kg/day NA 4 mg/kg/day

Total dose: 1-1.5 g Maximum total
dose: 2.0 g

1 mg/kg/day NA NA

Total dose: 1-1.5 g

1 mg/kg/day NA 4 mg/kg/day

Maximum total
dose: 2.0 g

Total dose: 2.5-3 g

trials including 1221 patients revealed that topical paramomycin
associated with methylbenzethonium chloride was similar to intra-
lesional pentavalent antimony in its efficacy in treating the Old
World cutaneous leishmaniasis. However, the response to topical
paramomycin associated with methylbenzethonium chloride was
worse than parenteral pentavalent antimony in treating cutaneous
leishmaniasis in the New World. Similar efficacy to Sb¥ in the
treatment of leishmaniasis in the New World was observed when
parenteral paramomycin was used to treat New World LCL [90].

Azithromycin presents activity against L. major in vitro and
in vivo, but its mechanism of action is not yet known. Reports
from the New and Old World show divergent results, with cure
rates of 85% [91] and 27.6% [92], respectively.

Allopurinol alone or in association with antimonials has been
used to treat leishmaniasis both in the New and Old World and
has presented discordant results. The drug was not effective when
used alone [93]; however, in association with a low dose of antimo-
nials, treatment achieved similar results to those obtained using
full-dose antimonials [94].

Dapsone and rifampicin are also used to treat leishmania-
sis. Using dapsone, a cure rate of 82% was observed in the Old
World [95], but a very poor response was observed in the New World
(96]. Rifampicin alone or in combination with other drugs has
been used to treat leishmaniasis with divergent results, from a cure
rate of 70—80% [9798] to almost no response. The poor response
is seemingly related to the parasite species L. (L.) aethiopica and
L. (V) braziliensis [99,100).

Some drugs, such as paramomycin, ketoconazole, antimoni-
als, azithromycin and imiquimod, have been used topically to
treat cutaneous leishmaniasis, mainly in the Old World. This
practice is not a routine procedure in the New World, probably
because of the risk of progression to mucosal involvement. More
promising results were obtained when paramomycin was used in
association with methylbenzethonium chloride.

Some physical modalities have been used to treat cutaneous
leishmaniasis, mainly in the Old World. Leishmania promastig-
otes are thermosensitive, and heat and cold treatments have been
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applied for the treatment of cutaneous leishmaniasis. Infrared heat
and ultraviolet light have been used with success. Cryosurgery
using CO, or liquid N, has also demonstrated success, however,
the efficacy of this remains questionable. In a large-scale study,
Al-Gindan et al. [101] obtained a cure rate of 27% [76]. Another
physical treatment employed is photodynamic therapy (PDT)
using porphyrin precursors as sensitizers to treat cutaneous leish-
maniasis (102]. An advantage of PDT is the cosmetic result, and
this treatment may prevent the development of drug resistance.
Limitations of this method include the need for specific equip-
ment, application only to cutaneous lesions and impediment to
use when Leishmania species that develop mucosal lesions are
involved. There are some reports on cutaneous leishmaniasis
treatment in the Old World utilizing PDT, but few reports in
the New World. Recently, we used PDT on L. (L.) amazonensis
promastigotes iz vitro and observed Leishmania death using a
high concentration of the porphyrin precursor methylene blue.
Furthermore, in patients with cutaneous leishmaniasis, PDT
was used in association with antimonial treatment and wound
healing was observed to occur in half the time of that achieved
for patients receiving only antimonial injection [Linboso JAL, Pers.
Comm]. In fac, it is necessary to evaluate the topical or physical
treatment of leishmaniasis, mainly in the New World.

New targets for the development of drugs against Leishmania
have been studied but are still in the experimental phase. Some
of these drugs include the sirtuin family of NAD-dependent
deacetylases [103], topoisomerase [104], protease inhibitors [105],
and inhibitors of the mevalonate pathway such as terpene nero-
lidol [106]. In addition, the antiestrogen tamoxifen has shown
activity against Leishmania amazonensis and Leishmania chagasi
both in vitro and in vive in experimental models [107,108]. Using
proteomics and transcriptomic tools, some other targets have
been identified as candidate drug targets for Leishmania (109].

Immunotherapy/immunomodulation

Immunotherapy is based on the belief that the patient has a
defective immune response against the parasite, and thus is
an attempt to increase the specific immune response. For this
reason, immunotherapy has been introduced as an alternative
therapy in specific clinical situations. Leishmania antigen alone
or in combination with other antigens, such as BCG, has been
used to treat tegumentary leishmaniasis with partial success.
Convit et al. [110] and Mayrink ez al. [111] revisited immuno-
therapy and reported the treatment of LCL and ML using vac-
cines based on whole promastigote preparations, obtaining cure
rates ranging from 76 to 94%. Recombinant Leishmania antigen
has been identified as a candidate for immunotherapy. Leish-
111f, formulated in monophosphoryl lipid A with a squalene
oil emulsion [112], was used to treat refractory ML with prom-
ising results [113]. Immunotherapy associated with antimoni-
als could be an alternative for the treatment of leishmaniasis,
including HIV-Leishmania coinfection, PKDL and chronic
refractory tegumentary leishmaniasis (114]. Furthermore, drug
toxicity and the emergence of resistance could be dramatically
reduced if the present long-term monotherapy was supplemented

with immunotherapy. Although this modality of treatment is
increasing, clinical trials are necessary to demonstrate its benefit
in some clinical situations. However, analysis of the immuno-
pathogenesis of New World cutaneous leishmaniasis and ML
has revealed that lesion development is more dependent on the
immune inflammatory process. Disease manifestation and sever-
ity in all forms but DCL are due to hypersensitivity rather than
immunosuppression. The observation that there is no reduction
in the time for healing of the lesion with the early introduction
of treatment suggests that the pathogenesis is related more to the
inflammatory process rather than to the amount of the parasite
in the lesion [18]. Some data show an increased production of
inflammatory modulators, such as TNF-a and IFN-y, in ML
(115], which is more evident when compared with cutaneous leish-
maniasis [116]. For this reason, the use of immunomodulators
associated with some drugs seems appropriate and it has been
tested in some patients with promising results. Pentoxifylline, an
inhibitor of TNF-a, has been used in association with antimoni-
als to treat mucosal and cutaneous leishmaniasis, and a reduc-
tion in healing time has been observed [117.118]. Another drug,
imiquimod, is considered an activator of Toll-like receptor 7 and
a mediator of cytokine production (IFN-o, TNF-a, IL-1 and
IL-12) that may directly activate macrophages, enhancing the
local immune response. Imiquimod has been used in combina-
tion with a systemic antimonial in the treatment of cutaneous
leishmaniasis and presented a cure rate of 90% in patients with
cutaneous leishmaniasis refractory to pentavalent antimonial
treatment [119]. It has been shown that it is also more effective
in the initial treatment of cutaneous leishmaniasis [120]. In a
recent clinical trial in Peru, Miranda-Verastegui et a/. showed
that this combination was better than placebo plus pentavalent
antimony [121].

The combination of antimonials and immunomodulators could
be an alternative treatment for patients refractory to antimonial
treatment. A better evaluation using new clinical trials is required
to define the use of these drugs in clinical routine.

Efficacy of treatment

The identification of the factors associated with chemotherapy
failure would allow better clinical management of patients. The
efficacy of treatment depends on factors related to the host and
to the parasite.

Host factors

The immune status of leishmaniasis patients has long been known
to affect drug efficacy. This has proven to be of particular impor-
tance in relation to pentavalent antimonial treatment of DCL
and HIV/Leishmania coinfection in the visceral form of leishma-
niasis, where there is a deficiency in the specific T-cell-mediated
immune response, leading to exacerbation of the infection. Using
experimental models, the anti-leishmanial activities of antimoni-
als and pentamidine have been shown to be T-cell dependent,
whereas those of amphotericin B and miltefosine are T-cell inde-
pendent [77]. Furthermore, we observed an increase in relapse in
HIV-infected patients after treatment with antimonials [28].
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Parasite factors

We have observed a clear difference between the responses of
Old and New World Leishmania species. The Old World species
L. tropica and L. major, but not L. aethiopica, are susceptible to
both systemic and local treatment, while those from the New
World are only susceptible to systemic treatment. This is due to
the variety of Leishmania species that cause tegumentary leish-
maniasis in America and in the Caribbean, with different clinical
presentations. The influence of Leishmania species is clear in Latin
America. In Peru, patients infected with L. (V)) guyanensis were
found to be much more responsive to Sb¥ therapy than patients
infected with L. (V)) braziliensis (119]. On the other hand, in Brazil,
failure of antimonial therapy was higher in patients infected with
L. (V.) guyanensis (73.7%) than in those infected with L. (V) bra-
ziliensis (49.2%) [s2]. This difference could be explained by the
differences between the strains of Leishmania, even though the
species were the same. In addition, differences in the dose or
treatment regimen cannot be disregarded.

The efficacy of drugs for the treatment of leishmaniasis is often
a consequence of differences in the sensitivity of Leishmania spe-
cies to the drugs, as well as the immune status of the patient or
the pharmacokinetic properties of the drug.

From the data available in the literature, it is very difficult to
extract conclusions regarding the best drugs or combinations
of drugs for the treatment of both Old and New World leish-
maniasis, owing to the differences between and the scientific
accuracy of the studies. Recently, a Spanish group published a
meta-analysis on interventions for tegumentary leishmaniasis in
the Old [122] and New [123] Worlds, based on various databases.
Although it is difficult to draw any clear conclusion, the analysis
shows more frequent use and efficacy of oral and topical treat-
ment in Old World leishmaniasis and systemic treatment, mainly
antimonials alone or in combination with other drugs in the
New World, confirmed by another meta-analysis performed by a
Brazilian group. The authors included 12 articles that met inclu-
sion criteria with 1150 patients, and concluded that pentavalent
antimonials were the drugs most involved, with a cure rate of
76.6%. When compared with pentavalent antimonials, pentami-
dine had a similar cure rate; however, other drugs, such as para-
momycin and imidazole, had an inferior response. It is possible
to conclude that pentavalent antimonials are the drugs of choice
in the treatment of cutaneous leishmaniasis and pentamidine is a
good alternative drug to treat it [85]. Most important from these
analyses is their conclusion that we reproduce here: “There is a
desperate need for large well-conducted studies that evaluate
long-term effects of current therapies. We suggest the creation of
an international platform to improve quality and standardization
of future trials in order to inform clinical practice’ [122,123].

Expert commentary & five-year view

Tegumentary leishmaniasis constitutes a serious public health prob-
lem in different parts of the world with a significant increase in its
incidence that has mostly occurred in the last two decades. It affects
areas considered endemic for leishmaniasis but it is also becoming
an important disease in travelers living in nonendemic areas who

have visited endemic areas. In addition, the recent finding that
HIV/Leishmania coinfection is increasing is another concern of
ours. For this challenge, healthcare systems should be prepared,
and research and development improved on present and upcoming
diagnostic methods, treatment procedures and novel drugs.

For appropriate diagnosis and treatment of tegumentary leishma-
niasis, knowledge on disease manifestation, diagnostic approaches
and their availability, and treatment options should be extended
broadly to professionals in endemic and nonendemic areas.

These achievements would come from the solid and increasing
knowledge of usual disease manifestations, but also of unusual
manifestations that may occur in immunosuppressed individuals.
Examples of these are the manifestations seen in individuals
infected with HIV or in undernourished people in a war environ-
ment or refugee camp. Regarding disease manifestation, with the
availability of conventional or new methods to identify Leishmania
species from patient samples, studies correlating disease mani-
festation, evolution and therapeutic response to parasite species
are needed. These studies will bring considerable benefits for
the treatment of patients and will ensure the proper follow up of
patients. In the coming 5 years, studies investigating these areas
should have high priority. From these studies, new insight con-
cerning Leishmania species-related pathogenic mechanisms, with
consequent improvements in the treatment approaches, should
hopefully appear.

A crucial point in the laboratory diagnosis is etiological agent
detection and Leishmania species identification. In this field,
molecular diagnostic procedures are more promising but are still
complex and expensive procedures only feasible in places with
well-structured laboratories.

For the detection of Leishmania in the diagnosis of leishmania-
sis without species identification, approaches using material from
the lesion, using anti-Leishmania antibodies and sensitive dye for
viewing with the naked eye, would be ideal for use in the field.
This is an area to focus on in coming years.

Studies on Leishmania species identification and correlation with
clinical parameters should be sought with available methods but
alternative methods feasible in more modest laboratories would be
desirable. For this purpose, we may consider an indirect approach
analyzing antibody production that seems to have some species
specificity. Therefore, anti-Leishmania antibody detection should
be revisited for diagnostic purposes. Furthermore, better analysis of
a response that seems to be species specific and the development of
approaches to test serum reactivity to different species in the same
sample would improve the diagnostic potential of serological tests.

An initial approach at which to aim treatment is an accu-
rate diagnosis without delay, but then the selection of a better
drug or procedure is also important. For treatment, first-line
drugs are pentavalent antimonials, amphotericin B and penta-
midine. These drugs are used without considering Leishmania
species differences, susceptibility to drugs in some regions and
disease manifestations.

Old World leishmaniasis shows better therapeutic responses,
except when caused by L. aethiopica. In the Old World, topi-

cal treatment is an alternative and products of this type should
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be developed. In the New World, topical treatment should only
be considered as a complementary measure owing to the risk of
developing severe forms of mucosal or disseminated diseases. If
this combination allows reductions of drug for systemic use it
would be helpful. The development of new drugs is imperative,
since those currently available are effective but have consider-
able side effects with inherent toxicity. In addition, inefficacy is
observed in some geographical regions. Treatment guidelines and
protocols have to be re-evaluated on a global basis considering
the huge differences between Old and New World leishmaniasis.

Diagnosis and treatment are important questions concerning
patients” healthcare. However, prevention is desirable, and in the
case of tegumentary leishmaniasis, a vector-borne disease that
has a silvatic mammalian reservoir, a vaccine would be almost
the only choice and the dream.
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Key issues

e Tegumentary leishmaniasis, comprising the cutaneous and mucocutaneous forms, is increasing in endemic areas, but also among

travelers living in nonendemic areas who visit endemic areas.

¢ [eishmania species of the Old World (three species) mostly determine localized cutaneous leishmaniasis that usually cures
spontaneously. Species of the New World (at least ten species) determine varied clinical manifestations, including the aggressive and

destructive mucosal leishmaniasis.

e The more widely used method for the ultimate diagnosis of leishmaniasis is the direct examination of Giemsa-stained material from the
lesion using light microscopy, albeit its low sensitivity: 50-70% (Old World); 15-30% (New World).

¢ PCR for etiological diagnosis reaches sensitivity close to 100% using the most widely used targets, Leishmania kinetoplast DNA or SSU
rRNA. However, standardized and optimized protocols are needed to achieve comparable and reliable results in different centers.

e |dentification of the species of Leishmania by analyzing their polymorphisms and their correlation with disease would provide new
insights into the Leishmania species-related pathogenic mechanisms, with consequent improvement in the care and treatment

of patients.

e The Montenegro test (a delayed-type hypersensitivity test) is not indicated for diagnosis in endemic areas because it does not
distinguish present and past infection, but it can be useful for the diagnosis of travelers living in nonendemic areas.

¢ Serodiagnosis is not a routine procedure for diagnosis due to low sensitivity in the Old World, but is routine in some centers in the New
World. Some studies show better sensitivity and others show that the sensitivity is related to the Leishmania species specificity of the
reaction. Thus, serodiagnosis deserves better evaluation, with the development of recombinant antigen-based tests.

¢ Drugs for the treatment of leishmaniasis are indistinctively used to treat Old and New World leishmaniasis. Old World leishmaniasis
shows better therapeutic response. Treatment guidelines and protocols must be re-evaluated on a global basis considering

these differences.

e The development of novel drugs is imperative, since although the available ones are effective, they cause considerable side effects.
e Tegumentary leishmaniasis in HIV-infected individuals is quite unusual in its clinical presentations and frequent relapses upon therapy

are observed.
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