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Abstract: With more than 12 million cases worldwide, leishmaniasis is one of the top 10 neglected
tropical diseases. According to the WHO, there are approximately 2 million new cases each year
in foci in around 90 countries, of which 1.5 million are cutaneous leishmaniasis (CL). Cutaneous
leishmaniasis (CL) is a complex cutaneous condition that is caused by a variety of Leishmania species,
including L. (Leishmania) major, L. (L) tropica, L. (L) aethiopica, L. (L) mexicana, L. (Viannia) braziliensis, and
L. (L) amazonensis. The disease imposes a significant burden on those who are affected since it typically
results in disfiguring scars and extreme social stigma. There are no vaccines or preventive treatments
available, and chemotherapeutic medications, including antimonials, amphotericin B, miltefosine,
paromomycin, pentamidine, and antifungal medications, have a high price tag, a significant risk of
developing drug resistance, and a variety of systemic toxicities. To work around these limitations,
researchers are continuously looking for brand-new medications and other forms of therapy. To
avoid toxicity with systemic medication use, high cure rates have been observed using local therapy
techniques such as cryotherapy, photodynamic therapy, and thermotherapy, in addition to some forms
of traditional therapies, including leech and cauterization therapies. These CL therapeutic strategies
are emphasized and assessed in this review to help with the process of locating the appropriate
species-specific medicines with fewer side effects, lower costs, and elevated cure rates.

Keywords: cutaneous leishmaniasis; cryotherapy; photodynamic therapy; thermotherapy; laser
therapy; leech therapy; cauterization therapy

1. Introduction

Leishmaniasis comprises a complex of vector-borne diseases caused by more than
20 species of the Leishmania parasite [1]. According to the infective species, the disease
severity may range from localized skin ulcers to lethal systemic disease. Leishmaniasis
ranks fourth in morbidity and second in mortality among all tropical diseases [2]. Except
for Australia and Antarctica, it affects the most vulnerable populations, including those in
emerging nations, residents of focal areas in tropical, subtropical, and southern European
countries, and the majority of the world’s poorest nations [3]. Because of its close connection
to poverty and the resulting limited funding assigned for diagnosis, treatment, and control,
leishmaniasis is one of the most neglected tropical diseases. Out of the 2 million new cases of
leishmaniasis that are diagnosed each year, 1.5 million are cutaneous leishmaniasis (CL) [4].
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Since ancient times, cutaneous leishmania has been given a variety of common names
based on the characteristics of the skin lesion, how it is described in different countries,
the name of the endemic area, or the occupation of the affected individuals. These names
include Aleppo boil, Aleppo button, Aleppo evil, Baghdad boil, Biskra button and Biskra
nodule, Calcutta ulcer, chiclero ulcer, Delhi boil, Jericho button, Kandahar sore, Lahore sore,
Oriental button, and Oriental sore, Pian bois, and Uta [5]. How serious the illness is and
how to treat it appears to depend on the parasite type, host, endemic region, socioeconomic
status, and availability of medical care [6]. Chemotherapeutic drugs for the treatment
of CL, including antimonials, amphotericin B, miltefosine, paromomycin, pentamidine,
and antifungal drugs, have different systemic toxicity, higher cost, and drug resistance
(Table 1) [7]. To get over these limitations, more modern leishmaniasis medication-treatment
strategies have been created, such as immunotherapeutic and immunochemotherapeutic
medicines and nanotechnology-based drug delivery techniques; however, according to
reports, efforts need to be directed toward the rational investment in new therapies and
treatment strategies against the disease [8]. Over the past years, local treatments, including
local therapy techniques such as cryotherapy, photodynamic therapy, and thermotherapy,
and some forms of traditional therapy, including leech therapy and cauterization therapy,
have been established as alternatives to systemic drug administration without experiencing
toxicity [8].

In this review, we have highlighted the techniques and underlying mechanisms of
these non-drug approaches to treating CL. Additionally, we have gathered and tabulated the
findings from numerous studies for each therapeutic strategy, which may enable physicians
to choose the most efficient treatment strategy with the fewest side effects.

Table 1. A comparative list of the common anti-Leishmania chemotherapeutic drugs, their modes of
action, and associated toxicities.

Drug Mode of Usage Mode of Action Mild to Moderate
Adverse Effects Toxicities
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2. Methods
2.1. Data Collection

Data were collected from the previously reported peer-reviewed research papers, and
case reports describe the CL treatment based on non-drug options. Keywords, including
combinations of “cutaneous leishmaniasis” and each of the treatment options shown in
Section 3 of this review, were used for locating the target study in various international
databases, including PubMed, SciFinder, and Google Scholar.

2.2. Limitations

Treatment approaches associated with significant skin damage are infrequently doc-
umented in the scientific database, and those that have no significant treatment effect
on cutaneous leishmaniasis were not covered in this review. Alternative treatments that
leave unsightly scarring cannot be proposed, and informed consent should be adequately
prepared. Additionally, based on the goal of this review, the data were designed, in most
therapeutic strategies, in tabular form to enable comparison between protocols followed
and achieved outcomes, which we think will aid in the process of finding the best species-
specific medications with minimal side effects, low costs, and greater efficacy.

2.3. Statement of Ethics Compliance

This article is based on previously published work and does not contain novel data or
information related to human or animal studies.

3. Cutaneous Leishmaniasis Non-Drug Treatment Options
3.1. Cryotherapy

In cryotherapy, the lesions are heated to extremely low temperatures, such as −196 ◦C
using liquid nitrogen (N2) or—80 using liquid carbon dioxide (CO2) [14]. Cryotherapy
destroys affected tissues and kills amastigotes by causing intracellular and extracellular
ice crystal production and alterations in the cell membrane [15]. Cryonecrosis results in
the release of antigenic compounds that stimulate immune responses and repair further
lesions [16]. Although painful, it is a simple, inexpensive, and rapid procedure devoid of
the need for local anesthesia [16]. With few reported cases of burning and the possibility of
secondary infections after treatment with cryotherapy [17], it can be a helpful alternative to
chemotherapy for the treatment of CL. According to studies, cryotherapy provides satisfac-
tory treatment results and lowers relapse rates in most cases, with varied degrees of success
depending on the causative parasite [17]. CL caused by L. (L) major exhibited ~84% healing
rate after 1–4 liquid N2 treatment sessions, while the remaining lesions were treated with
additional 1–3 sessions, leaving barely noticeable scarring and no relapses. Additionally,
L. (L) infantum, L. (L) tropica, and L. (L) aethiopica [18] exhibited excellent thermosensitivity,
whereas L. (Viannia) braziliensis exhibited low thermosensitivity [19]. Cryotherapy was
beneficial in treating L. (L) donovani-related CL in Sri Lanka, but the condition was followed
by scarring, depigmentation, and ulceration. In Ethiopia, L. (L) aethiopica was treated with
effectiveness comparable to that of sodium stibogluconate. [20,21]. The physical location
and size of the lesion, in addition to the causative parasite, have been found to have a
significant impact on the treatment response; those with smaller lesions (1 cm) exhibit
improved outcomes [22]. It is important to note that a meta-analysis based on clinical
studies found that cryotherapy for the treatment of the genus Leishmania is as successful
overall as antimonials [23]. Although there has been relatively little prior research on New
World CL, in general, cryotherapy appears to be effective against a variety of CL infections
caused mainly by Old World CL species [22].

Additionally, improved results have been seen when chemotherapeutic drugs are
administered intralesionally along with cryotherapy. The combination of cryotherapy with
intralesional sodium stibogluconate (ISSG) was found to be very efficacious, resulting in
100% healing of CL lesions, whereas the combination with itraconazole resulted in about
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80% improvement in CL lesions with low hepatotoxicity risk as a result of a reduced dose
of itraconazole [24,25].

3.2. Photodynamic Therapy

Today, photodynamic therapy (PDT) is one of the novel developments to treat CL [26].
The term photodynamic therapy refers to the use of photo-excitable dyes in combination
with particular wavelength frequencies to cause the generation of reactive oxygen species
(ROS), which in turn drive the parasites to be photodynamically inactivated [27]. The
photosensitizer accumulates specifically in the target tissue, and when exposed to visible
light of the right wavelength, it activates molecular oxygen to produce reactive oxygen
species [28]. Leishmania species have been the primary targets for PDT. To enable the
complete deactivation of Leishmania, the dyes uroporphyrin and phthalocyanines are
used [29]. Other photosensitizer dyes, including methylene blue, chloroaliminium methyl
aminolevulinate (MAL), aminolevulinic acid, hematoporphyrin, curcumin, and hypericin,
have been found to be effective on the amastigote and promastigote forms of Leishmania
species in several studies (Table 2) [30].

The primary benefit of this treatment is that the dye can preferentially concentrate
inside the parasite before the ROS-inducing wavelengths are applied. This enables the
pathogens to be effectively destroyed without endangering the host tissue. Reported
adverse effects include mild pruritus, burning, erythema, oedema, local inflammation,
residual hyperpigmentation, and pain [31,32].

Table 2. CL photodynamic treatments and how long it takes to get the optimal results.

The Parasite The Treatment Protocol Weeks to Achieve the Best Outcome Ref.

L. (L) major
PDT with topical 5-aminolaevulinic
acid (5-ALA) and red light at 633 nm
(100 joule/cm2 (J/cm2), 4 sessions).

A total of 4 weeks until achieving a
complete response in 93.5% of lesions. [31]

L. (L) major PDT with topical 5-ALA and red light,
(570–670 nm), (100 J/cm2, 4 sessions).

Four weeks until achieving a
complete cure. [32]

L. (L) major and L. (L) tropica

Solar photoprotector (SFP) and
daylight-activated PDT with topical
MAL. Exposure to daylight for 2.5 h
(dose was not determined,
<8 sessions).

Complete cure in 89%. [33]

L. (L) major PDT with 5-ALA and red light,
(37 J/cm2, 24 sessions).

Twelve weeks until achieving
complete healing. [34]

L. (L) tropica PDT with 5-ALA and red light,
633 nm (75 J/cm2, 3 sessions).

Eighteen weeks until achieving a
complete cure. Complete resolution
after the third session.

[35]

L. (L) tropica PDT with topical MAL and red light,
635 nm (100 J/cm2, 3 sessions).

Six weeks until achieving a
complete response. [36]

L. (L) tropica PDT with 5-ALA and red light,
630 nm (37 J/cm2, 5 sessions).

Five weeks until achieving a
complete recovery. [37]

L. (L.) tropica
PDT with MAL and red light,
630 nm (dose was not determined,
8 sessions).

Seven weeks until achieving a
complete cure. [38]

3.3. Thermotherapy

Leishmania species that cause cutaneous illness cannot survive, grow, or multiply
within the host’s macrophages in environments hotter than 39 ◦C [39]. Both hot water
baths, laser therapy, ultrasound, infrared light and microwaves, radiofrequency [8], and
exothermic crystallization thermotherapy are used to generate a non-localized heat that may
destroy the surrounding tissue around the targeted cutaneous lesion [8,40]. Thermotherapy
was found to be safe and effective and provided better treatment outcomes for CL than
chemotherapeutic drugs, according to previous research, which is covered in more detail in
the following.
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3.3.1. Hot Water Baths

In hot water baths, CL lesions receive heat through hot water cushions that sur-
round them, maintaining a temperature of 39–41 ◦C for at least 20 h over several days of
treatment [41]. This method was applied to three diffuse CL patients, and every single pa-
tient experienced a complete recovery after a minimum cumulative treatment time of 20 h.
Given that diffuse cutaneous leishmaniasis responds poorly to conventional drug treatment,
this outcome is encouraging. However, further research should be done on this technique
because it was successful in treating only the diffuse CL form of leishmaniasis [41].

3.3.2. Laser Therapy

Treatment of CL remains difficult for doctors despite extensive research and the
development of several medicines for the disease that include both local and systemic
approaches. For many years, dermatological disorders such as rosacea, vitiligo, and acne
have been treated with laser therapy. Today, one of the laser’s suggested applications is
the therapy of CL. The effectiveness of lasers is compiled in (Table 3) [42–59] and includes
examples of continuous and fractional CO2, argon, pulsed dye laser (PDL), erbium glass,
and neodymium-doped yttrium aluminum garnet (Nd: YAG). According to research, sev-
eral mechanisms explain why laser therapy is beneficial for curing CL lesions. Utilizing a
CO2 laser, selective photothermolysis, which is 2–4 times more common as compared with
cryotherapy or electrosurgery, allows a laser beam to virtually exactly target and remove
necrotic tissue [47–52,54,55,60–62]. The additional passive pathways include cytokine mod-
ification, immune system stimulation, and induction of an inflammatory response [47,57].
At this point, we list the various laser types and their range of wavelengths as important
tools for treating CL. Physicians may be able to select the most effective laser treatment for
CL using the information acquired about the various laser systems in Table 3.

Table 3. List of reported CL laser treatments and achieved outcomes.

Laser Type Cases Treatment Session Achieved Outcomes Ref.

Fractional CO2
laser + paromomycin.

A 16-year-old female with
several non-tender, non-healing
CL wounds on her bilateral
upper and lower extremities.

Two sessions at
one-month interval.

- Multiple small lesions were
treated successfully with oral
fluconazole and
topical paromomycin.

- The largest lesion (measuring
2 × 0.8 cm in size) was
successfully treated.

[42]

Fractional CO2 laser,
assisted by topical
rifamycin.

One child.
Two sessions at one-month intervals of
fractional CO2 laser, followed by topical
application of rifamycin for three days.

- The lesions were resolved with
minimal scarring. [43]

Fractional ablative CO2
laser followed by
ISSG application.

Ten children.
Patients were treated with fractional
ablative carbon dioxide laser followed by
immediate ISSG.

- A total of 90% of patients showed
satisfactory to exceptional clinical
cure with high patient satisfaction
and tolerance and absence of
adverse effects after and
during treatment;

- One girl diagnosed as positive
Leishmania (L) tropica failed
to respond.

[44]

Fractional Ablative CO2
laser followed by ISSG.

A total of 20 patients/
181 lesions.

- Control group: ISSG;
- Study group: Fractional CO2 laser

treatment followed by ISSG.

Compared with ISSG, fractional CO2
laser treatment followed by ISSG
application is less painful and produces a
superior final cosmetic result.

[45]

Comparison between the
effects of:

- Glucantime alone;
- 50% topical

trichloroacetic acid
(TCA) + Glucantime;

- Fractional CO2
laser + glucantime.

Ninety patients in three groups:

- Glucantime alone: 30;
- TCA + fractional CO2

laser: 30;
- Intralesional glucantime

+ fractional CO2 laser: 30.

- The duration of treatment was:
glucantime 6.8 ± 1.7 weeks;

- Topical TCA plus glucantime
5.2 ± 1.0;

- Fractional laser plus glucantime
groups: 6.3 ± 3.0 weeks;

- The laser treatment was
2 sessions at 2 weeks intervals,
and the intralesional injection of
glucantime was twice weekly for
8 weeks.

Complete healing in:

- A total of 38.5% of patients were
treated with glucantime alone;

- A total of 90% with
glucantime + TCA;

- A total of 87% with
glucantime + fractional CO2 laser.

[46]
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Table 3. Cont.

Laser Type Cases Treatment Session Achieved Outcomes Ref.

Pulsed dye laser (PDL).

A total of 17 patients with
81 lesions:

- PDL group: 49 lesions;
- Intralesional meglumine

antimoniate (MA) group:
39 lesions.

- A total of 42 lesions were treated
with one or two passes of PDL
fortnightly;

- A total of 39 lesions in the same
patients were treated with
intralesional MA weekly.

- Almost 66.7% of laser-treated
lesions were cured after the first
therapy, and more than 90% were
cured after the second.
One patient was healed after the
third treatment, and the final one
after the fourth.

- All MA-treated lesions were cured
after 3–8 sessions.

[47]

A total of 25 lesions in
12 patients.

- All lesions were treated with a
single pass of PDL.

- A total of 13 lesions showed rapid
response after 3 sessions.

- The remaining 12 lesions required
4 sessions.

[48]

Three patients:

- A 14-year-old girl with
an ulcerative and
erythematous nodular
lesion on her left cheek;

- A 43-year-old woman
presented an
erythematous popular
lesion on her right cheek;

- A 60-year-old woman
presented an
erythematous popular
lesion on her cheek.

- PDL 595 nm was used at 3 ms
duration, 7 mm spot size, and
energy: 8 j/cm2;

- PDL 595 nm was used at 3 ms
duration, 10 mm spot size, and
energy: 8 j/cm2;

- PDL 595 nm was used at 3 ms
duration, 7 mm spot size, and
energy: 8 j/cm2.

- After the first session, the
erythematous and telangiectasic
lesions began to improve, and by
the third, they were entirely gone.

[49]

Continuous CO2 laser.

- Study group: 183 lesions
in a total of 123 indi-
viduals (68 female and
55 male);

- Control group: 110 patients
(with 250 lesions).

- The study group was treated with
the CO2 laser (100 W and the pulse
width was 0.5–5 s);

- The control group was treated with
glucantime 50 mg/kg/day for
15 days.

- A single session of the CO2 laser
was 1.12 times more successful
than glucantime. It also had fewer
side effects (4.5% vs. 24%) and
caused healing to take less time
(1 month vs. 3 months).

[50]

- A total of 108 patients:
101 of the 108 patients
were young or middle-
aged, and 89 (82%) of
them were males.

Patients were administered a local
anesthetic and treated by a focused laser
beam (surface power density was about
2.3–3.0 kW/cm2.
Finally, the defocused laser beam is
directed at the wound (laser surface
power density: 200–400 W/cm2) until the
entire wound surface becomes covered
with a thin light-brown film.

A concentrated laser beam could
vaporize individual leishmaniasis lesions.
In cases of numerous lesions, the largest
and most infected ulcers were removed
in a single session (up to 5–6 foci), and
the remaining lesions were removed as
soon as the first wounds started
to epithelialize.

[51]

Twenty-four patients with
lupoid cutaneous leishmaniasis
for more than one year.

- CO2 laser (maximum power
was 100 W and the pulse width
was 0.5–5 s);

- A total of 21 patients (13 women
and 8 men) were then monitored
for a full year. Only 2 of these
patients (9.5%) experienced ther-
apy failure, and 19 (90.47%) were
disease-free.

[52]

- Laser group: 80 patients
with 96 lesions;

- Combined therapy
group: 80 patients with
95 lesions.

CO2 laser (maximum power of 30 W and
pulse duration of 0.01–1 s, and mode of a
continuous wave);
Cryotherapy (twice weekly) with
intralesional meglumine antimoniate
weekly, until complete cure or up to
12 weeks.

- Laser group: 93.7% (89/96);
- Combined therapy group:

78% (74/95).
[53]

Erbium glass laser. A total of 14 patients/20 lesions.

Weekly sessions with the Palomar
1540 nm erbium glass fractional laser
using a handpiece with a 10 mm spot
size, four passes of 50–70 mJ/cm2 fluence,
and a pulse length of 10 ms.

- A total of 6 patients (50%)
improved at 6 weeks;

- A total of 11 patients (91.7%)
healed at 12 weeks;

- No recurrences up to 6–12-month
follow-ups

[54]

Neodymium-doped yttrium
aluminium garnet
(ND/YAG) laser.

A total of 16 patients were
treated simultaneously, where
one lesion was treated with
glucantime and another with
ND/YAG laser.

Average glucantime sessions = 7.31 ± 4;
Average laser therapy
sessions = 2.56 ± 0. 9.

ND/YAG laser therapy for CL led to
complete recovery of patients in a shorter
time with fewer complications than
glucantime medication.

[55]
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Table 3. Cont.

Laser Type Cases Treatment Session Achieved Outcomes Ref.

Low-level laser therapy.

Thirteen patients.

A Diode laser probe with λ 820 nm
was used, followed by
a cluster probe.
Three sessions weekly for a total of
ten sessions, the dose was:
I. Diode laser probe with an energy
density of 48 J/cm2 30 s;
II. Cluster probe with an energy
density of 9.6 J/cm2 for 2 min.

A total of 92.3% of the patients who
received treatment had excellent
outcomes. The difficulties were minor
and temporary.

[56]

A total of 53 patients/123 lesions.
Divided into two groups:

- Group 1: patients with
early-stage CL (papule of
size ≤ 1 cm);

- Group 2: patients with
high-grade CL (vesicle
formation, ulceration, and
superadded infection of
size > 4 cm).

Four sessions at one-week intervals.

- A 10-month follow-up revealed
complete response in 91% and
partial response in 9% of patients
with early-stage CL;

- No response was observed in
patients with high-grade disease.

[57]

Intravenous laser blood
irradiation (ILBI).

A total of 40 patients with one or more
wounds of at least 5 cm diameter and a
swollen and purulent
mass around the wound.

- Fifteen patients underwent
traditional therapy;

- Twenty-five patients underwent
traditional therapy in
combination with ILBI therapy.

Ten days of ILBI therapy using the
Matrix-VLOK device, continuous
radiation mode for 15 min,
alternating VLOK radiating heads at
a wavelength of 0.63 microns and
radiation energies of 1.5–2.0 mV.

- CL treatment with ILBI showed
quicker mortality of leishmaniasis
with well-tolerated and faster
wound healing, and a quicker
progression to the
stage of scarring.

[58]

A total of 40 patients, each having one
or more wounds that are at least
5 cm in diameter.

A total of 25 patients received
intravenous laser therapy in addition
to regular medical treatment for
10 days, while 15 patients received
regular medical treatment alone.

It has been demonstrated that ILBI
therapy is successful as a painless
treatment for patients undergoing clinical
and pathogenetic therapy.

[59]

3.3.3. Ultrasound Therapy

CL was treated with ultrasound in 1987; Leishmaniasis was treated with ultrasound
using a machine with a 2 cm handheld applicator; the ultrasound intensity was
1.5–3 watts (W)/cm2, and ThermoProbe was adjusted at a target temperature of 42 ◦C.
In total, 22 out of 28 lesions (78.5%) completely disappeared within 5–10 weeks, with
2–3 ultrasound sessions per week. Ultrasound was well accepted by the patients, and no neg-
ative effects were noted, which encouraged the authors to conclude that CL is safely treated
with heat therapy utilizing ultrasound [63]. However, given the shortage of knowledge
regarding the use of ultrasound for the treatment of CL, more research is recommended.

3.3.4. Infrared and Microwave

According to some theories, infrared therapy works by either inhibiting the parasite or
stimulating an immune response [64]. Infrared radiation (5 min) at 55 ◦C was administered
to 178 individuals with CL. The bulk (162) of the patients were treated in a single session,
followed by 15 patients who required two sessions, and the remaining patients required
three sessions. BALB/C mice (20) were used to study the effects of microwave versus
infrared radiation and their mixture on L. (Leishmania) major skin lesions. A 150 W infrared
device with λ = 890 nm and a 600 W microwave device with a 2.45 gigahertz (GHz)
frequency. Infrared radiation proved more effective than microwaves at preventing the
growth of ulcers [65].

Infrared thermotherapy was used three times a week to treat 35 CL patients (53 lesions)
at the Imam Reza Hospital in Mashhad, Iran. The lesions were warmed to 45 degrees
centigrade for two rounds of 10 min. Complete (90–100%), good (50–89%), and poor
responses (less than 50% size decrease) were the three categories used to describe the
treatment outcomes. After three months, 13 (24.5%) lesions were completely healed,
and 31 (58.5%) and 9 (17%) other lesions responded well or poorly [66]. An 890 nm
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infrared laser was found to boost the production of nitrous oxide and hasten the healing of
skin lesions [66].

In a case-controlled clinical trial, 35 patients with one or more CL lesions received mi-
crowave radiation treatment every two weeks for a total of eight weeks. After 1–4 sessions
of microwave therapy, 85.33% of lesions were clinically healed; however, only 20.83% of
lesions in the control group showed some healing. Microwave heat therapy is a novel,
extremely effective treatment for CL with no reported adverse effects [67].

3.3.5. Handheld Exothermic Crystallization Thermotherapy

A gadget composed of a flexible metal disc and supersaturated sodium acetate solution
enclosed in a sealed plastic pouch. An exothermic liquid-to-solid phase change reaction,
with a maximal temperature of 52 ◦C ± 2 ◦C, will occur with disc flexing and release
heat [68]. CL was first treated with this technique in Peru. Seven days of treatment and
six months of follow-up were given to 25 CL patients. With only two cases of second-degree
burns, 68.4% of patients demonstrated complete recovery [69]. The second investigation
was carried out in Pakistan. With a starting temperature of 51.6 ◦C for 3 min, the patients
received treatment for 7 days. Out of the 23 patients who finished the research and were
followed up for 6 months, 19 (83%) had fully recovered [68]. Recently, a randomized
controlled clinical trial was conducted in Sri Lanka from January 2017 to January 2018 on
40 CL (mostly caused by L. (L) donovani) treatment failures with IL-SSG. The trial involved
two arms: radio frequency-induced heat therapy (RFHT) using a ThermoMedTM device
(Model 1.8, Thermosurgery Technologies, Inc., Phoenix, AZ) and thermotherapy using a
handheld exothermic crystallization thermotherapy (HECT-CL). At days 90 (initial cure
rate) and 180 (final cure rate) after treatment, intention-to-treat cure rates were computed.
Group receiving radio frequency-induced heat therapy: 100% (20/20) of patients were
initially cured, and 95% (19/20) were eventually cured, with one patient relapsing. The
initial and ultimate cure rates (16/20) for the HECT-CL group were both 80%, with no
relapses and one participant being dropped from the trial [70]. In contrast, in Pakistan, 56 CL
patients caused by L. (L) tropica received handheld exothermic crystallization thermotherapy
heat pack therapy for 3 min over 7 continuous days and experienced a 91% failure rate [71].
The authors suggested this high rate of treatment failure was due to L. (L) tropica’s low heat
sensitivity and slower spontaneous healing. Although handheld exothermic crystallization
thermotherapy is a safe, low-cost CL treatment option, these unexpected treatment results
point to species-specificity that may call for additional research in larger cohorts with
different parasites to highlight the sensitive species.

3.3.6. Radiofrequency

Radiofrequency-based thermotherapies were developed as a way to target leishmanial
lesions more precisely without damaging surrounding tissue, resulting in a higher-quality
treatment with fewer side effects [28]. Examples of CL treatment with radiofrequency-
induced heat therapy are listed in (Table 4).

Table 4. List of radiofrequency-based heat therapy treatments for CL and achieved outcomes.

Parasite Patients/Groups The RF Procedure Results/Healing Rate Ref.

L. (V) braziliensis
L. (L) mexicana

- Systemic glucantime:
(22 patients);

- RF group: (22 patients);
- Placebo group: (22 patients).

RF generated heat (50 ◦C for 30 s, 3 times
at 7-day intervals).

- Systemic glucantime: 73%;
- RF: 73%;
- Placebo: 27%.

[72]

L. (L) tropica - One patient (ten lesions).
RF generated heat (50°C surface
temperature for 30 s, using a handheld
RF heat generator).

- Six weeks after the initial course of
therapy, all lesions were entirely
granulated, and six months later,
every lesion was fully healed.

[71]

L. (L) mexicana - RF group: 201 patients. Localized current field (LCF-RF)
generated heat (50 ◦C for 30 s, one time). A total of 90% healing rate. [73]
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Table 4. Cont.

Parasite Patients/Groups The RF Procedure Results/Healing Rate Ref.

L. (L) tropica

- IL-SSG group: 148 patients;
- Intramuscular sodium

stibogluconate (IM-SSG) group:
144 patients;

- RF group: 139 patients.

RF generated (50 ◦C for 30 s), using
ThermoMed 1.8 RF generator).

- IL-SSG group: 70/93 (75.3%);
- IM-SSG group: 26/58 (44.8%);
- RF group: 75/108 (69.4%).

[74]

Anthroponotic

- RF group: 57 patients with
83 lesions;

- IL glucantime group: 60 patients
with 94 lesions.

RF generated heat (50◦ for 30 s, 4 times at
7-day interval).

- RF group: 80.7%;
- IL glucantime group: 55.3% [75]

Not identified
- RF group: 47 patients;
- MA group: 59 patients.

LCF-RF generated heat (50 ◦C for 30 s,
one time), using a ThermoMed 1.8
LCF-RF generator.

- RF group: 100%;
- MA group: 19% [76]

L. (L) major
- RF group: 27 patients;
- Systemic SSG group: 27 patients.

RF generated heat (50 ◦C for 30 s, one
time), using ThermoMed 1.8 generator.

- RF group: 73%;
- SSG group: 59%. [77]

L. (L) tropica
- RF group: 195 patients;
- IL glucantime group: 195 patients.

RF generated heat (50 ◦C for 30 s, one
time), ThermoMed 1.8 generator.

- RF group: 82.5%;
- IL glucantime group: 74%. [76]

L. panamensis L.
(V) braziliensis
L. (L) amazonensis
L. (L) mexicana
L. (L) infantum

- RF group: 149 patients;
- Systemic MA group: 143 patients.

RF generated heat (50 ◦C for 30 s, one
time), ThermoMed 1.8 generator.

- RF group: 64%;
- MA group: 85%. [78]

L. (L) tropica
- RF group: 50 patients;
- IL-SSG group: 50 patients

(7 sessions).

LCF-RF generated heat (50◦ for 30–60 s),
using RF ThermoMed 1.8 generator.

- RF group: 98%;
- IL-SSG group: 94%. [79]

L. (V) panamensis
L. (V) braziliensis

- RF group: 149 patients;
- Miltefosine group: 145 patients.

RF generated heat (50 ◦C for 30 s), using
ThermoMed 1.8 generator.

- RF group: 59%;
- Miltefosine group: 59%. [80]

L. (L) donovani
- RF group: 93 patients;
- IL-SSG group: 115 patients. ThermoMed Model 1·8.

- RF group: 65.9%;
- IL-SSG group: 59.4%. [81]

Not identified - RF group: 15 patients. RF generated heat (50 ◦C for 30 s, one
time), ThermoMed 1.8 generator.

- RF group: 85.7%. [82]

To generate heat using a current field radiofrequency generator, this treatment entails
the controlled and localized delivery of radiofrequencies into lesions for 30–60 s while under
local anesthetic. The heat produced permeates the upper dermis, resulting in a secondary
burn that kills sick tissue while doing the least amount of harm to good underlying tissue.
According to some short-term (4–5 months) follow-up trials, RF heat (RFH) therapy is just
as effective as antimonials in treating CL [76]. The reasons underlying RFH therapy’s great
success in the treatment of CL are unclear, despite the evidence to the contrary.

Direct heat killing of parasites is one such way. Alternately, tumor necrosis factor
(TNF)-activity induction in response to heat and/or by enhancing the current immune
response due to parasite antigen release from damaged tissue could quickly upregulate
a protective Th1 response [83]. There have been at least three tools used for radiofre-
quency heat treatment, including the RDM handheld radiofrequency heat generator, the
ThermoMed device, and the Ellman radiofrequency heat generator (Table 4).

3.4. Traditional Non-Drug Therapy

Leech and cauterization therapy were the most common non-drug treatments in tradi-
tional medicine. Leech therapy, also known as hirudotherapy, is a type of unconventional
medical approach that uses leeches (Figure 1) that feed on human blood. To benefit from the
leech, one or more leeches are connected to the skin of the troublesome location. Leeches
pull blood from wounded tissues to expel blood and morbid humor. Fresh blood then
perfuses the tissues, hastening the healing process. More than 20 known bioactive com-
pounds, including antistasin, eglins, guamerin, hirudin, saratin, bdellins, complement, and
carboxypeptidase inhibitors, have been found in the saliva of leeches. Leeches’ saliva acts
as an anticoagulant and has thrombolytic, anti-inflammatory, platelet inhibitory, anticoagu-
lant, and thrombin-regulating actions in addition to degrading extracellular matrix and
having antibacterial effects. On the other hand, it has been demonstrated that this chemi-
cal contains anesthetic and antibiotic-like characteristics. Additionally, elements of leech
saliva can function as vasodilators and improve blood flow and circulation in the targeted
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area [84]. A case study reported the CL treatment of two cases, a 56-year-old man and a
43-year-old woman, by leech therapy. The male patient underwent leech therapy four times
at weekly intervals. After two months, the lesion was fully cured. The healing process was
observed five months after the original leech therapy session, and the lesions showed no
evidence of relapsing. The woman underwent five leech treatments, separated by two-week
and one-month intervals. After six months, the lesion was completely gone. Her condition
was monitored for a further 1.5 years, and there had been no sign of a recurrence [85].
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To hasten the healing process, some doctors suggested kay (cauterization) of the le-
sions and tissue removal. The following step was advised: cautery twice, depending on
the depth of the lesion, after rubbing the burned area with a rough fabric to remove the
burned tissues. The doctors were cautioned to be careful to protect the nerves, tendons,
and ligaments because this treatment may potentially go down to the bone and be quite
painful. Other suggested methods for treating CL include transferring the patient to cooler
locations and using an enema to cleanse the body of internal wastes [86]. A three-arm,
phase IIb, randomized, and controlled clinical trial was conducted on CL 87 patients who
were infected with L. (L) tropica or L. (L) major. Intradermal sodium stibogluconate was ad-
ministered to Group I’s 24 participants. Group II’s 32 participants received high-frequency
electro-cauterization (HF-EC) and then MWT with 0.045% pharmaceutical chlorite (Sodium
chlorosum, DAC N-055), while Group III’s 31 participants received moist-wound-treatment
(MWT) with polyacrylate hydrogel with 0.045% DAC N-055 in basic crème alone. The
electro-cauterization method was found to be more efficient for CL treatment, where com-
plete epithelialization before day 75 was found only in 15 (of 23; 65%) patients in Group I,
23 (of 23; 100%) patients in Group II, and 20 (of 23; 87%) patients in Group III, according
to the per-protocol study of 69 (79%) patients [87]. In another study, the EC plus MWT
therapy hastened the healing of wounds as compared with the DAC N-055 [88].

4. Conclusions

Depending on the Leishmania species, significant variations in CL treatment efficacy
are observed, with a potential connection to the endemic area. Cryotherapy is a quick,
easy, and economical method that does not require local anesthesia, even though there
have been few reports of burning and there is a chance of secondary infections. All
Leishmania parasites, except for L. (V) braziliensis, demonstrated excellent thermosensitivity.
Results have improved when chemotherapeutic medications are delivered intralesionally
in conjunction with cryotherapy.

Thermotherapy has fewer side effects than other CL therapies and should be encour-
aged whenever feasible. More significantly, the heat impact effectively inhibited several
Leishmania species and was useful for CL cases whose chemotherapy treatments had failed.
Combinations were successful in improving therapy outcomes; the combination of an-



Trop. Med. Infect. Dis. 2023, 8, 275 11 of 14

timonial drugs with cryotherapy is more successful than antimonials alone because the
cumulative effect may increase the antimonials’ effectiveness.

When photo-excitable dyes are combined with specific wavelength frequencies dur-
ing photodynamic treatment, reactive oxygen species (ROS) are formed, which promotes
high rates of photodynamic eradication of the infections, except for a few unfavorable
effects such as moderate pruritus, burning, erythema, persistent hyperpigmentation,
and discomfort.

In summary, due to the different systemic toxicities, elevated cost, and drug resistance
associated with long-term use of conventional drug treatment of CL, the compiled examples
of the different CL alternative therapies in this review may enable doctors to choose the
most efficient treatment strategy with the least adverse effects, utilizing the knowledge
they have gained about the various options.

Author Contributions: Conceptualization, M.A.A.O. and E.-S.A.-S.; methodology, A.A.L., A.A.A.A.,
M.M.A. and M.A.A.O.; software, B.A.A.-W. and E.-S.A.-S.; validation, M.A.A.O.; formal analysis,
M.A.A.O. and E.-S.A.-S.; investigation, M.A.A.O. and E.-S.A.-S.; resources, A.A.L., A.A.A.A. and
M.M.A.; data curation, M.A.A.O.; writing—original draft preparation, E.-S.A.-S.; A.A.L., A.A.A.A.,
M.M.A. and M.A.A.O.; writing—review and editing, A.A.L., A.A.A.A., M.M.A. and M.A.A.O.;
visualization, M.A.A.O., B.A.A.-W. and E.-S.A.-S.; supervision, M.A.A.O.; project administration,
M.A.A.O. and B.A.A.-W.; funding acquisition, M.A.A.O. and B.A.A.-W. All authors have read and
agreed to the published version of the manuscript.

Funding: The authors are thankful to the Deanship of Scientific Research at Najran University, Saudi
Arabia, for funding this research under the Research Group Funding Program (NU/RG/MRC/11/4).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Questions from the survey are available with the first author (M.A.A.O.).

Acknowledgments: The authors are thankful to the Deanship of Scientific Research at Najran
University, Saudi Arabia, for funding this research under the Research Group Funding Program
(NU/RG/MRC/11/4).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Dujardin, J.C.; Campino, L.; Cañavate, C.; Dedet, J.P.; Gradoni, L.; Soteriadou, K.; Mazeris, A.; Ozbel, Y.; Boelaert, M. Spread of

vector-borne diseases and neglect of Leishmaniasis, Europe. Emerg. Infect. Dis. 2008, 4, 1013. [CrossRef]
2. Singh, O.P.; Hasker, E.; Boelaert, M.; Sundar, S. Elimination of visceral leishmaniasis on the Indian subcontinent. Lancet Infect. Dis.

2016, 16, e304–e309. [CrossRef]
3. Kevric, I.; Cappel, M.A.; Keeling, J.H. New world and Old World Leishmania infections: A practical review. Dermatol. Clin. 2015,

33, 579–593. [CrossRef]
4. Akhlagh, A.; Salehzadeh, A.; Zahirnia, A.H.; Davari, B. 10-year trends in epidemiology, diagnosis, and treatment of cutaneous

leishmaniasis in Hamadan Province, West of Iran (2007–2016). Front. Public Health 2019, 7, 27. [CrossRef] [PubMed]
5. Nazzaro, G.; Rovaris, M.; Veraldi, S. Leishmaniasis: A disease with many names. JAMA Dermatol. 2014, 150, 1204. [CrossRef] [PubMed]
6. David, C.V.; Craft, N. Cutaneous and mucocutaneous leishmaniasis. Dermatol. Ther. 2009, 22, 491–502. [CrossRef]
7. Abpeikar, Z.; Safaei, M.; Alizadeh, A.A.; Goodarzi, A.; Hatam, G. The novel treatments based on tissue engineering, cell therapy

and nanotechnology for cutaneous leishmaniasis. Int. J. Pharm. 2023, 633, 122615. [CrossRef] [PubMed]
8. Man, E.; Price, H.P.; Hoskins, C. Current and future strategies against cutaneous parasites. Pharm. Res. 2022, 39,

631–651. [CrossRef] [PubMed]
9. Nieto, J.; Alvar, J.; Mullen, A.B.; Carter, K.C.; Rodríguez, C.; San Andrés, M.I.; San Andrés, M.D.; Baillie, A.J.; González, F.

Pharmacokinetics, toxicities, and efficacies of sodium stibogluconate formulations after intravenous administration in animals.
Antimicrob. Agents Chemother. 2003, 47, 2781–2787. [CrossRef] [PubMed]

10. Hamill, R.J. Amphotericin B formulations: A comparative review of efficacy and toxicity. Drugs 2013, 73, 919–934. [CrossRef]
11. Sands, M.; Kron, M.A.; Brown, R.B. Pentamidine: A review. Rev. Infect. Dis. 1985, 7, 625–6344. [CrossRef] [PubMed]
12. Soto, J.; Arana, B.A.; Toledo, J.; Rizzo, N.; Vega, J.C.; Diaz, A.; Luz, M.; Gutierrez, P.; Arboleda, M.; Berman, J.D.; et al. Miltefosine

for NW cutaneous leishmaniasis. Clin. Infect. Dis. 2004, 38, 1266–1272. [CrossRef] [PubMed]
13. Veraldi, S.; Benzecry, V.; Faraci, A.G.; Nazzaro, G. Allergic contact dermatitis caused by paromomycin. Contact Dermat. 2019, 81,

393–394. [CrossRef]

https://doi.org/10.3201/eid1407.071589
https://doi.org/10.1016/S1473-3099(16)30140-2
https://doi.org/10.1016/j.det.2015.03.018
https://doi.org/10.3389/fpubh.2019.00027
https://www.ncbi.nlm.nih.gov/pubmed/30891438
https://doi.org/10.1001/jamadermatol.2014.1015
https://www.ncbi.nlm.nih.gov/pubmed/25389793
https://doi.org/10.1111/j.1529-8019.2009.01272.x
https://doi.org/10.1016/j.ijpharm.2023.122615
https://www.ncbi.nlm.nih.gov/pubmed/36657555
https://doi.org/10.1007/s11095-022-03232-y
https://www.ncbi.nlm.nih.gov/pubmed/35313360
https://doi.org/10.1128/AAC.47.9.2781-2787.2003
https://www.ncbi.nlm.nih.gov/pubmed/12936974
https://doi.org/10.1007/s40265-013-0069-4
https://doi.org/10.1093/clinids/7.5.625
https://www.ncbi.nlm.nih.gov/pubmed/3903942
https://doi.org/10.1086/383321
https://www.ncbi.nlm.nih.gov/pubmed/15127339
https://doi.org/10.1111/cod.13342


Trop. Med. Infect. Dis. 2023, 8, 275 12 of 14

14. Sharma, V.K.; Khandpur, S. Guidelines for cryotherapy. Indian J. Dermatol. Venereol. Leprol. 2009, 75, 90.
15. Garza-Tovar, T.F.; Sacriste-Hernández, M.I.; Juárez-Durán, E.R.; Arenas, R. An overview of the treatment of cutaneous leishmania-

sis. Fac. Rev. 2020, 9, 28. [CrossRef]
16. Ali Mohammad, S.; Hak, A.; Pogu, S.V.; Rengan, A.K. Radiotherapy, photodynamic therapy, and cryoablation-induced abscopal

effect: Challenges and future prospects. Cancer Innov. 2023, 1–23. [CrossRef]
17. Mosleh, I.M.; Geith, E.; Natsheh, L.; Schönian, G.; Abotteen, N.; Kharabsheh, S.A. Efficacy of a weekly cryotherapy regimen to

treat Leishmania major cutaneous leishmaniasis. Am. Acad. Dermatol. 2008, 58, 617–624. [CrossRef]
18. Asilian, A.; Sadeghinia, A.; Faghihi, G.; Momeni, A. Comparative study of the efficacy of combined cryotherapy and intralesional

meglumine antimoniate (Glucantime) vs. cryotherapy and intralesional meglumine antimoniate (Glucantime) alone for the
treatment of cutaneous leishmaniasis. Int. J. Dermatol. 2004, 43, 281–283. [CrossRef]

19. Soto, J.; Rojas, E.; Guzman, M.; Verduguez, A.; Nena, W.; Maldonado, M.; Cruz, M.; Gracia, L.; Villarroel, D.; Alavi, I.; et al. Intralesional
antimony for single lesions of bolivian cutaneous leishmaniasis. Clin. Infect. Dis. 2013, 56, 1255–1260. [CrossRef] [PubMed]

20. Negera, E.; Gadisa, E.; Hussein, J.; Engers, H.; Kuru, T.; Gedamu, L.; Aseffa, A. Treatment response of cutaneous leishmaniasis
due to Leishmania aethiopica to cryotherapy and generic sodium stibogluconate from patients in Silti, Ethiopia. Trans. R Soc. Trop.
Med. Hyg. 2012, 106, 496–503. [CrossRef]

21. Ranawaka, R.R.; Weerakoon, H.S.; Opathella, N. Liquid nitrogen cryotherapy on Leishmania donovani cutaneous leishmaniasis.
J. Dermatol. Treat. 2011, 22, 241–245. [CrossRef]

22. de Vries, H.J.; Reedijk, S.H.; Schallig, H.D. Cutaneous leishmaniasis: Recent developments in diagnosis and management. Am. J.
Clin. Dermatol. 2015, 16, 99–109. [CrossRef] [PubMed]

23. López-Carvajal, L.; Cardona-Arias, J.A.; Zapata-Cardona, M.I.; Sánchez-Giraldo, V.; Vélez, I.D. Efficacy of cryotherapy for the
treatment of cutaneous leishmaniasis: Meta-analyses of clinical trials. BMC Infect. Dis. 2016, 16, 360. [CrossRef] [PubMed]

24. Pradhan, S.; Schwartz, R.A.; Patil, A.; Grabbe, S.; Goldust, M. Treatment options for leishmaniasis. Clin. Exp. Dermatol. 2022, 47,
516–521. [CrossRef] [PubMed]

25. Roatt, B.M.; de Oliveira Cardoso, J.M.; De Brito, R.C.F.; Coura-Vital, W.; de Oliveira Aguiar-Soares, R.D.; Reis, A.B. Recent
advances and new strategies on leishmaniasis treatment. Appl. Microbiol. Biotechnol. 2020, 104, 8965–8977. [CrossRef]

26. Van der Snoek, E.M.; Robinson, D.J.; Van Hellemond, J.J.; Neumann, H.A.M. A review of photodynamic therapy in cutaneous
leishmaniasis. J. Eur. Acad. Dermatol. Venereol. 2008, 22, 918–922. [CrossRef]

27. Akilov, O.E.; Kosaka, S.; O’Riordan, K.; Hasan, T. Parasiticidal effect of δ-aminolevulinic acid-based photodynamic therapy for cutaneous
leishmaniasis is indirect and mediated through the killing of the host cells. Exp. Dermatol. 2007, 16, 651–660. [CrossRef] [PubMed]

28. Calzavara-Pinton, P.G.; Venturini, M.; Sala, R. Photodynamic therapy: Update 2006 Part 1: Photochemistry and photobiology.
J. Eur. Acad. Dermatol. Venereol. 2007, 21, 293–302. [CrossRef] [PubMed]

29. Sharma, R.; Viana, S.M.; Ng, D.K.; Kolli, B.K.; Chang, K.P.; de Oliveira, C.I. Photodynamic inactivation of Leishmania braziliensis
doubly sensitized with uroporphyrin and diamino-phthalocyanine activates effector functions of macrophages in vitro. Sci. Rep.
2020, 10, 17065. [CrossRef]

30. Ozlem-Caliskan, S.; Ilikci-Sagkan, R.; Karakas, H.; Sever, S.; Yildirim, C.; Balikci, M.; Ertabaklar, H. Efficacy of malachite green
mediated photodynamic therapy on treatment of Cutaneous Leishmaniasis: In vitro study. Photodiagnosis Photodyn Ther. 2022,
40, 103111. [CrossRef] [PubMed]

31. Asilian, A.; Davami, M. Comparison between the efficacy of photodynamic therapy and topical paromomycin in the treat-
ment of Old World cutaneous leishmaniasis: A placebo-controlled, randomized clinical trial. Clin. Exp. Dermatol. 2006, 31,
634–637. [CrossRef] [PubMed]

32. Ghaffarifar, F.; Jorjani, O.; Mirshams, M.; Miranbaygi, M.H.; Hosseini, Z.K. Photodynamic therapy as a new treatment of
cutaneous leishmaniasis. East Mediterr Health J. 2006, 12, 902–908. [PubMed]

33. Enk, C.D.; Fritsch, C.; Jonas, F.; Nasereddin, A.; Ingber, A.; Jaffe, C.L.; Ruzicka, T. Treatment of cutaneous leishmaniasis with
photodynamic therapy. Arch. Dermatol. 2003, 139, 432–434. [CrossRef] [PubMed]

34. Johansen, M.B.; Jemec, G.B.; Fabricius, S. Effective treatment with photodynamic therapy of cutaneous leishmaniasis: A case
report. Dermatol. Ther. 2019, 32, e13022. [CrossRef]

35. Goldin, H.; Kohen, S.; Taxy, J.; Libman, M.; Cibull, T.; Billick, K. Leishmania tropica infection of the ear treated with photodynamic
therapy. JAAD Case Rep. 2020, 6, 514–517. [CrossRef] [PubMed]

36. Sohl, S.; Kauer, F.; Paasch, U.; Simon, J.C. Photodynamic treatment of cutaneous leishmaniasis. J. Dtsch. Dermatol. Ges. 2007, 5,
128–130. [CrossRef] [PubMed]

37. Fink, C.; Toberer, F.; Enk, A.; Gholam, P. Effective treatment of cutaneous leishmaniasis caused by Leishmania tropica with topical
photodynamic therapy. J. Dtsch. Dermatol. Ges. 2016, 14, 836–838. [CrossRef]

38. Slape, D.R.M.; Kim, E.N.Y.; Weller, P.; Gupta, M. Leishmania tropica successfully treated with photodynamic therapy. Aust. J.
Dermatol. 2019, 60, e64–e65. [CrossRef]

39. Sazgarnia, A.; Taheri, A.R.; Soudmand, S.; Parizi, A.J.; Rajabi, O.; Darbandi, M.S. Antiparasitic effects of gold nanoparticles with
microwave radiation on promastigotes and amastigotes of Leishmania major. Int. J. Hyperthermia. 2013, 29, 79–86. [CrossRef]

40. Yasak Guner, R.; Berksoy Hayta, S.; Tosun, M.; Akyol, M.; Ozpınar, N.; Akın Polat, Z.; Egilmez, R.; Celikgün, S.; Cam, S.
Combination of infra-red light with nanogold targeting macrophages in the treatment of Leishmania major infected BALB/C mice.
Cutan. Ocul. Toxicol. 2022, 41, 18–24. [CrossRef]

https://doi.org/10.12703/r/9-28
https://doi.org/10.1002/cai2.53
https://doi.org/10.1016/j.jaad.2007.12.032
https://doi.org/10.1111/j.1365-4632.2004.02002.x
https://doi.org/10.1093/cid/cit049
https://www.ncbi.nlm.nih.gov/pubmed/23390069
https://doi.org/10.1016/j.trstmh.2012.02.006
https://doi.org/10.3109/09546631003762654
https://doi.org/10.1007/s40257-015-0114-z
https://www.ncbi.nlm.nih.gov/pubmed/25687688
https://doi.org/10.1186/s12879-016-1663-3
https://www.ncbi.nlm.nih.gov/pubmed/27456008
https://doi.org/10.1111/ced.14919
https://www.ncbi.nlm.nih.gov/pubmed/34480806
https://doi.org/10.1007/s00253-020-10856-w
https://doi.org/10.1111/j.1468-3083.2008.02805.x
https://doi.org/10.1111/j.1600-0625.2007.00578.x
https://www.ncbi.nlm.nih.gov/pubmed/17620092
https://doi.org/10.1111/j.1468-3083.2006.01902.x
https://www.ncbi.nlm.nih.gov/pubmed/17309449
https://doi.org/10.1038/s41598-020-74154-1
https://doi.org/10.1016/j.pdpdt.2022.103111
https://www.ncbi.nlm.nih.gov/pubmed/36075521
https://doi.org/10.1111/j.1365-2230.2006.02182.x
https://www.ncbi.nlm.nih.gov/pubmed/16780497
https://www.ncbi.nlm.nih.gov/pubmed/17333838
https://doi.org/10.1001/archderm.139.4.432
https://www.ncbi.nlm.nih.gov/pubmed/12707088
https://doi.org/10.1111/dth.13022
https://doi.org/10.1016/j.jdcr.2020.03.014
https://www.ncbi.nlm.nih.gov/pubmed/32490113
https://doi.org/10.1111/j.1610-0387.2007.06177.x
https://www.ncbi.nlm.nih.gov/pubmed/17274779
https://doi.org/10.1111/ddg.13082
https://doi.org/10.1111/ajd.12862
https://doi.org/10.3109/02656736.2012.758875
https://doi.org/10.1080/15569527.2021.2000430


Trop. Med. Infect. Dis. 2023, 8, 275 13 of 14

41. Neva, F.A.; Petersen, E.A.; Corsey, R.; Bogaert, H.; Martinez, D. Observations on local heat treatment for cutaneous leishmaniasis.
Am. J. Trop Med. Hyg. 1984, 33, 800–804. [CrossRef]

42. Basnett, A.; Nguyen, T.A.; Cannavino, C.; Krakowski, A.C. Ablative fractional laser resurfacing with topical paromomycin as
adjunctive treatment for a recalcitrant cutaneous leishmaniasis wound. Lasers. Surg. Med. 2015, 47, 788–791. [CrossRef]

43. Lodi, G.; Sannino, M.; Caterino, P.; Cannarozzo, G.; Bennardo, L.; Nisticò, S.P. Fractional CO2 laser-assisted topical rifamycin
drug delivery in the treatment of pediatric cutaneous leishmaniasis. Pediatr. Dermatol. 2021, 38, 717–720. [CrossRef] [PubMed]

44. Hilerowicz, Y.; Koren, A.; Mashiah, J.; Katz, O.; Sprecher, E.; Artzi, O. Fractional ablative carbon dioxide laser followed by
topical sodium stibogluconate application: A treatment option for pediatric cutaneous leishmaniasis. Pediatr. Dermatol. 2018, 35,
366–369. [CrossRef]

45. Artzi, O.; Sprecher, E.; Koren, A.; Mehrabi, J.N.; Katz, O.; Hilerowich, Y. fractional ablative co2 laser followed by topical application
of sodium stibogluconate for treatment of active cutaneous leishmaniasis: A randomized controlled trial. Acta. Derm. Venereol.
2019, 99, 53–57. [CrossRef]

46. Jaffary, F.; Nilforoushzadeh, M.A.; Siadat, A.; Haftbaradaran, E.; Ansari, N.; Ahmadi, E. A comparison between the effects of
glucantime, topical trichloroacetic acid 50% plus glucantime, and fractional carbon dioxide laser plus glucantime on cutaneous
leishmaniasis lesions. Dermatol. Res. Pract. 2016, 2016, 6462804. [CrossRef] [PubMed]

47. Radmanesh, M.; Omidian, E. The pulsed dye laser is more effective and rapidly acting than intralesional meglumine antimoniate
therapy for cutaneous leishmaniasis. J. Dermatol. Treat. 2017, 28, 422–425. [CrossRef]

48. Elsaie, M.L.; Ibrahim, S.M. The effect of pulsed dye laser on cutaneous leishmaniasis and its impact on the dermatology life
quality index. J. Cosmet. Laser. Ther. 2018, 20, 152–155. [CrossRef]

49. Slaoui, W.; Chiheb, S.; Benchikhi, H. Efficacy of pulsed-dye laser on residual red lesions of cutaneous leishmaniasis Efficacité
du laser à colorant pulsé sur les lésions résiduelles rouges de la leishmaniose cutanée. Ann. Dermatol. Venereol. 2015, 142,
17–20. [CrossRef]

50. Babajev, K.B.; Babajev, O.G.; Korepanov, V.I. Treatment of cutaneous leishmaniasis using a carbon dioxide laser. Bull World Health
Organ. 1991, 69, 103–106. [PubMed]

51. Asilian, A.; Sharif, A.; Faghihi, G.; Enshaeieh, S.H.; Shariati, F.; Siadat, A.H. Evaluation of CO2 laser efficacy in the treatment of
cutaneous leishmaniasis. Int. J. Dermatol. 2004, 43, 736–738. [CrossRef]

52. Asilian, A.; Iraji, F.; Hedaiti, H.R.; Siadat, A.H.; Enshaieh, S. Carbon dioxide laser for the treatment of lupoid cutaneous
leishmaniasis (LCL): A case series of 24 patients. Dermatol. Online J. 2006, 12, 3. [CrossRef]

53. Shamsi Meymandi, S.; Zandi, S.; Aghaie, H.; Heshmatkhah, A. Efficacy of CO2 laser for treatment of anthroponotic cutaneous
leishmaniasis, compared with combination of cryotherapy and intralesional meglumine antimoniate. J. Eur. Acad. Dermatol.
Venereol. 2011, 25, 587–591. [CrossRef]

54. Mashayekhi Goyonlo, V.; Karrabi, M.; Kiafar, B. Efficacy of erbium glass laser in the treatment of Old World cutaneous
leishmaniasis: A case series. Aust. J. Dermatol. 2019, 60, e29–e32. [CrossRef]

55. Omidian, M.; Jadbabaei, M.; Omidian, E.; Omidian, Z. The effect of Nd: YAG laser therapy on cutaneous leishmaniasis compared
to intralesional meglumine antimoniate. Postepy. Dermatol. Alergol. 2019, 36, 227–231. [CrossRef] [PubMed]

56. Al-Muslet, N.A.; Khalid, A.I. Clinical evaluation of low level laser therapy in treatment of cutaneous leishmaniasis. Our. Dermatol.
Online 2012, 3, 196–201. [CrossRef]

57. Khan, K.; Khan, A.U.; Ullah, A.; Khan, M.; Ahmad, I. Low-level laser therapy for the treatment of early stage cutaneous
leishmaniasis: A pilot study. Dermatol. Ther. 2020, 33, e14232. [CrossRef] [PubMed]

58. Maxmudov, F.A.; Raxmatov, O.B.; Latipov, I.I.; Rustamov, M.K.; Sharapova, G.S. Intravenous laser blood irradiation in the
complex treatment of patients with cutaneous leishmaniasis. J. Hunan Univ. Nat. Sci. 2021, 48, 317–320.

59. Maxmudov, F.A. The Role of Intravenous Laser Blood Irradiation in the Therapy of Patients with Skin Leishmaniasis. Cent. Asian
J. Med. Nat. Sci. 2022, 3, 587–591.

60. Omi, T.; Kawana, S.; Sato, S.; Takezaki, S.; Honda, M.; Igarashi, T.; Hankins, R.W.; Bjerring, P.; Thestrup-Pedersen, K. Cutaneous
immunological activation elicited by a low-fluence pulsed dye laser. Br. J. Dermatol. 2005, 153, 57–62. [CrossRef] [PubMed]

61. Al-Jeboory, S.R.; Jassim, A.S.; Al-Ani, R.R. The effect of He: Ne laser on viability and growth rate of Leishmania major. Iraqi. J. Laser.
2007, 6, 17–20.

62. Sabaa, H.S.; Zghair, K.H.; Mohammed, N.R.; Musa, I.S.; Abd, R.S. The effect of Nd: YAG lasers on Leishmania donovani
promastigotes. World J. Exp. Biosci. 2016, 4, 25–28.

63. Aram, H.; Leibovici, V. Ultrasound-induced hyperthermia in the treatment of cutaneous leishmaniasis. Cutis 1987, 40, 350–353.
64. Jabbar, A.; Junaid, N. Treatment of cutaneous leishmaniasis with infrared heat. Int. J. Dermatol. 1986, 25,

470–472. [CrossRef] [PubMed]
65. Eskandari, S.E.; Azimzadeh, A.; Bahar, M.; Naraghi, Z.S.; Javadi, A.; Khamesipour, A.; Mohamadi, A.M. Efficacy of microwave

and infrared radiation in the treatment of the skin lesions caused by leishmania major in an animal model. Iran J Public Health.
2012, 41, 80–83. [PubMed]

66. Mashayekhi Goyonlo, V.; Hassan Abadi, H.; Zandi, H.; Jamali, J.; Nahidi, Y.; Taheri, A.R.; Kiafar, B. Efficacy of infrared
thermotherapy for treatment of cutaneous leishmaniasis: A descriptive study of 39 cases in Mashhad, Iran. Iran. J. Dermatol. 2021,
24, e0122569.

https://doi.org/10.4269/ajtmh.1984.33.800
https://doi.org/10.1002/lsm.22426
https://doi.org/10.1111/pde.14608
https://www.ncbi.nlm.nih.gov/pubmed/33899264
https://doi.org/10.1111/pde.13457
https://doi.org/10.2340/00015555-3058
https://doi.org/10.1155/2016/6462804
https://www.ncbi.nlm.nih.gov/pubmed/27148363
https://doi.org/10.1080/09546634.2016.1274364
https://doi.org/10.1080/14764172.2017.1343951
https://doi.org/10.1016/j.annder.2014.09.007
https://www.ncbi.nlm.nih.gov/pubmed/1905204
https://doi.org/10.1111/j.1365-4632.2004.02349.x
https://doi.org/10.5070/D35ZB4V6KF
https://doi.org/10.1111/j.1468-3083.2010.03781.x
https://doi.org/10.1111/ajd.12896
https://doi.org/10.5114/ada.2019.82827
https://www.ncbi.nlm.nih.gov/pubmed/31320859
https://doi.org/10.7241/ourd.20123.44
https://doi.org/10.1111/dth.14232
https://www.ncbi.nlm.nih.gov/pubmed/32852075
https://doi.org/10.1111/j.1365-2133.2005.06971.x
https://www.ncbi.nlm.nih.gov/pubmed/16280023
https://doi.org/10.1111/j.1365-4362.1986.tb03460.x
https://www.ncbi.nlm.nih.gov/pubmed/3771049
https://www.ncbi.nlm.nih.gov/pubmed/23113229


Trop. Med. Infect. Dis. 2023, 8, 275 14 of 14

67. Sharquie, K.E.; Al-Mashhadani, S.A.; Noaimi, A.A.; Al-Zoubaidi, W.B. Microwave Thermotherapy: New treatment for cutaneous
leishmaniasis. Our Dermatol. Online 2015, 6, 125–129. [CrossRef]

68. Shah, S.A.; Memon, A.A.; Baqi, S.; Witzig, R. Low-cost thermotherapy for cutaneous leishmaniasis in Sindh, Pakistan. J. Pak. Med.
Assoc. 2014, 64, 1398–1404.

69. Valencia, B.M.; Miller, D.; Witzig, R.S.; Boggild, A.K.; Llanos-Cuentas, A. Novel low-cost thermotherapy for cutaneous leishmani-
asis in Peru. PLoS Negl. Trop Dis. 2013, 7, e2196. [CrossRef]

70. Silva, H.; Liyanage, A.; Deerasinghe, T.; Sumanasena, B.; Munidasa, D.; de Silva, H.; Weerasingha, S.; Fernandopulle, R.;
Karunaweera, N. Therapeutic response to thermotherapy in cutaneous leishmaniasis treatment failures for sodium stibogluconate:
A randomized controlled proof of principle clinical trial. Am. J. Trop Med. Hyg. 2021, 104, 945–950. [CrossRef]

71. Kämink, S.; Abdi, A.; Kamau, C.; Ashraf, S.; Ansari, M.A.; Qureshi, N.A.; Schallig, H.; Grobusch, M.P.; Fernhout, J.; Ritmeijer, K.
Failure of an innovative low-cost, noninvasive thermotherapy device for treating cutaneous leishmaniasis caused by Leishmania
tropica in Pakistan. Am. J. Trop Med. Hyg. 2019, 101, 1373. [CrossRef]

72. Navin, T.R.; Arana, B.A.; Arana, F.E.; de Mérida, A.M.; Castillo, A.L.; Pozuelos, J.L. Placebo-controlled clinical trial of meglumine
antimonate (glucantime) vs. localized controlled heat in the treatment of cutaneous leishmaniasis in Guatemala. Am. J. Trop Med.
Hyg. 1990, 42, 43–50. [CrossRef]

73. Velasco-Castrejon, O.; Walton, B.C.; Rivas-Sanchez, B.; Garcia, M.E.; Lazaro, G.J.; Hobart, O.; Roldan, S.; Floriani-Verdugo, J.;
Munguia-Saldana, A.; Berzaluce, R. Treatment of cutaneous leishmaniasis with localized current field. Am. J. Trop. Med. Hyg.
1997, 57, 309–312. [CrossRef] [PubMed]

74. Siadat, A.H.; Iraji, F.; Zolfaghari, A.; Shariat, S.; Jazi, S.B. Heat therapy for cutaneous leishmaniasis: A literature review. J Res Med.
Sci. 2021, 26, 15.

75. Sadeghian, G.; Nilfroushzadeh, M.A.; Iraji, F. Efficacy of local heat therapy by radiofrequency in the treatment of cutaneous
leishmaniasis, compared with intralesional injection of meglumine antimoniate. Clin. Exp. Dermatol. 2007, 32, 371–374. [CrossRef]

76. Bumb, R.A.; Prasad, N.; Khandelwal, K.; Aara, N.; Mehta, R.D.; Ghiya, B.C.; Salotra, P.; Wei, L.; Peters, S.; Satoskar, A.R. Long-term
efficacy of single-dose radiofrequency-induced heat therapy vs. intralesional antimonials for cutaneous leishmaniasis in India. Br.
J. Dermatol. 2013, 168, 1114–1119. [CrossRef] [PubMed]

77. Vega, J.C.; Sanchez, B.F.; Montero, L.M.; Montaña, R.; del Pilar Mahecha, M.; Dueñes, B.; Baron, Á.R.; Reithinger, R. The efficacy
of thermotherapy to treat cutaneous leishmaniasis in Colombia: A comparative observational study in an operational setting.
Trans. R Soc. Trop Med. Hyg. 2009, 103, 703–706. [CrossRef] [PubMed]

78. Refai, W.F.; Madarasingha, N.P.; Sumanasena, B.; Weerasingha, S.; De Silva, A.; Fernandopulle, R.; Satoskar, A.R.; Karunaweera,
N.D. Efficacy, safety and cost-effectiveness of thermotherapy in the treatment of Leishmania donovani–induced cutaneous Leishma-
niasis: A randomized controlled clinical trial. Am. J. Trop Med. Hyg. 2017, 97, 1120. [CrossRef]

79. Reithinger, R.; Mohsen, M.; Wahid, M.; Bismullah, M.; Quinnell, R.J.; Davies, C.R.; Kolaczinski, J.; David, J.R. Efficacy of
thermotherapy to treat cutaneous leishmaniasis caused by Leishmania tropica in Kabul, Afghanistan: A randomized, controlled
trial. Clin. Infect. Dis. 2005, 40, 1148–1155. [CrossRef]

80. López, L.; Cruz, C.; Godoy, G.; Robledo, S.M.; Vélez, I.D. Thermoterapy effective and safer than miltefosine in the treatment of
cutaneous leishmaniasis in Colombia. Rev. Inst. Med. Trop Sao. Paulo. 2013, 55, 197–204. [CrossRef] [PubMed]

81. Gonçalves, S.V.C.B.; Costa, C.H.N. Treatment of cutaneous leishmaniasis with thermotherapy in Brazil: An efficacy and safety
study. An. Bras. Dermatol. 2018, 93, 347–355. [CrossRef] [PubMed]

82. Aronson, N.E.; Wortmann, G.W.; Byrne, W.R.; Howard, R.S.; Bernstein, W.B.; Marovich, M.A.; Polhemus, M.E.; Yoon, I.K.; Hum-
mer, K.A.; Gasser, R.A., Jr.; et al. A randomized controlled trial of local heat therapy versus intravenous sodium stibogluconate
for the treatment of cutaneous Leishmania major infection. PLoS Negl. Trop Dis. 2010, 4, e628. [CrossRef]

83. Bumb, R.A.; Satoskar, A.R. Radiofrequency-induced heat therapy as first-line treatment for cutaneous leishmaniasis. Expert Rev.
Anti. Infect. Ther. 2011, 9, 623–625. [CrossRef] [PubMed]

84. Sig, A.K.; Guney, M.; Guclu, A.U.; Ozmen, E. Medicinal leech therapy—An overall perspective. Integr. Med. Res. 2017, 6,
337–343. [CrossRef] [PubMed]

85. Zarshenas, M. Leech therapy in treatment of cutaneous leishmaniasis: A case report. J. Integr. Med. Engl. Ed. 2017, 15, 407–410.
86. Parvizi, M.M.; Zare, F.; Handjani, F.; Nimrouzi, M.; Zarshenas, M.M. Overview of herbal and traditional remedies in the treatment

of cutaneous leishmaniasis based on Traditional Persian Medicine. Dermatol. Ther. 2020, 33, e13566. [CrossRef]
87. Stahl, H.C.; Ahmadi, F.; Schleicher, U.; Sauerborn, R.; Bermejo, J.L.; Amirih, M.L.; Sakhayee, I.; Bogdan, C.; Stahl, K.W. A

randomized controlled phase IIb wound healing trial of cutaneous leishmaniasis ulcers with 0.045% pharmaceutical chlorite
(DAC N-055) with and without bipolar high frequency electro-cauterization versus intralesional antimony in Afghanistan. BMC
Infect. Dis. 2014, 14, 619. [CrossRef]

88. Jebran, A.F.; Schleicher, U.; Steiner, R.; Wentker, P.; Mahfuz, F.; Stahl, H.C.; Amin, F.M.; Bogdan, C.; Stahl, K.W. Rapid healing
of cutaneous leishmaniasis by high-frequency electrocauterization and hydrogel wound care with or without DAC N-055: A
randomized controlled phase IIa trial in Kabul. PLoS Negl. Trop Dis. 2014, 8, e2694. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.7241/ourd.20152.34
https://doi.org/10.1371/journal.pntd.0002196
https://doi.org/10.4269/ajtmh.20-0855
https://doi.org/10.4269/ajtmh.19-0430
https://doi.org/10.4269/ajtmh.1990.42.43
https://doi.org/10.4269/ajtmh.1997.57.309
https://www.ncbi.nlm.nih.gov/pubmed/9311641
https://doi.org/10.1111/j.1365-2230.2007.02405.x
https://doi.org/10.1111/bjd.12205
https://www.ncbi.nlm.nih.gov/pubmed/23298394
https://doi.org/10.1016/j.trstmh.2008.10.039
https://www.ncbi.nlm.nih.gov/pubmed/19059616
https://doi.org/10.4269/ajtmh.16-0879
https://doi.org/10.1086/428736
https://doi.org/10.1590/S0036-46652013000300011
https://www.ncbi.nlm.nih.gov/pubmed/23740007
https://doi.org/10.1590/abd1806-4841.20186415
https://www.ncbi.nlm.nih.gov/pubmed/29924242
https://doi.org/10.1371/journal.pntd.0000628
https://doi.org/10.1586/eri.11.50
https://www.ncbi.nlm.nih.gov/pubmed/21692665
https://doi.org/10.1016/j.imr.2017.08.001
https://www.ncbi.nlm.nih.gov/pubmed/29296560
https://doi.org/10.1111/dth.13566
https://doi.org/10.1186/s12879-014-0619-8
https://doi.org/10.1371/journal.pntd.0002694

	Introduction 
	Methods 
	Data Collection 
	Limitations 
	Statement of Ethics Compliance 

	Cutaneous Leishmaniasis Non-Drug Treatment Options 
	Cryotherapy 
	Photodynamic Therapy 
	Thermotherapy 
	Hot Water Baths 
	Laser Therapy 
	Ultrasound Therapy 
	Infrared and Microwave 
	Handheld Exothermic Crystallization Thermotherapy 
	Radiofrequency 

	Traditional Non-Drug Therapy 

	Conclusions 
	References

