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Article history: Objectives: Cutaneous leishmaniasis (CL) in Asia, Northern, and Sub-Saharan Africa is mainly caused by
Rec?i"Ed 5 May 2022 Leishmania major and Leishmania tropica. We describe and evaluate the treatment outcome of CL among
Revised 13 June 2022 travelers and migrants in Europe.

Accepted 14 June 2022 Methods: We conducted a retrospective study of parasitological confirmed CL cases caused by L. ma-
jor and L. tropica during 2013-2019 in Europe. Data were collected from medical records and databases

Keywords: within the LeishMan network.

Cutaneous leishmaniasis Results: Of 206 included cases of CL, 75 were identified as L. major and 131 as L. tropica. Of patients with
Leishmania major L. tropica infection, 80% were migrants, whereas 53% of patients with L. major infection had been visiting
Leishmania tropica friends and relatives. Among patients with L. tropica, 48% were younger than 15 years. Pentavalent anti-
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Outcome mony cured 73% (L. major) and 78% (L. tropica) of patients. The cure rate for intralesional administration

was 86% and 67% for systemic, on L. tropica. Liposomal amphotericin B had a cure rate of 44-63%.
Conclusion: L. major infections were mostly found in individuals visiting friends and relatives, whereas
L. tropica were mainly identified in migrants. No patients with L. major relapsed. Pentavalent antimony,
liposomal amphotericin B, and cryotherapy had cure rates in accordance with previous studies.
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Introduction

Leishmaniasis, caused by parasites from the genus Leishmania,
is classified as a neglected tropical infectious disease by the World
Health Organization (WHO), with 350 million people living in en-
demic areas (World Health Organization, 2010). The parasite is
transmitted by a phlebotomine sand fly bite and can cause differ-
ent clinical manifestations, where cutaneous leishmaniasis (CL) is
the most common form. Several Leishmania species can cause CL.
Leishmania major and Leishmania tropica circulate in several con-
tinents but are most common in the Middle East, Northern and
Sub-Saharan parts of Africa, and western Asia (World Health Orga-
nization, 2016, 2017).

Syria is a highly endemic country for L. tropica. After the onset
of the Syrian Civil War, the number of reported cases of CL in Syria
and neighboring countries has increased (Al-Salem et al., 2016;
Du et al., 2016; Kanani et al., 2019), and because of migration,
it also became more common in European countries (United Na-
tions High Commission for Refugees, 2017). L. tropica can cause
chronic manifestations, lack of healing, and recurrence as late as
12 months after resolution (Bamorovat et al., 2021; Khosravi et al.,
2017).

L. major is more common in other regions, including Northern
and Sub-Saharan Africa. Migrants from these countries enter Eu-
rope by crossing the Mediterranean Sea (Kassar et al., 2014).

For most areas endemic to L. major and L. tropica, pentavalent
antimony is still used as the first line of treatment, either intrale-
sional or intramuscular/intravenously. The outcome of treatment
varies between 60% and 70% for Old World CL (Khatami et al.,
2007). L. tropica is known for the recurrence of CL (Akilov et al.,
2007). In Aleppo, Syria, more than 30% of the CL caused by L.
tropica was reported as recurrence after or due to unresponsive-
ness to antimony treatment (Douba et al., 1997). The WHO has
established recommendations for the region (World Health Orga-
nization, 2010, 2014); nevertheless, the best treatment option for
CL caused by L. tropica in the Middle East has not yet been fully
proved (Gonzélez et al., 2008). A spontaneous cure rate of 50-90%
after several months has been reported for L. major (Morizot et al.,
2013; World Health Organization, 2014). The lesions are often man-
aged with local care and thus do not always require treatment
(Bailey and Lockwood, 2007; World Health Organization, 2010,
2014).

Data on treatment and outcome in patients with CL because of
L. major and L. tropica in Europe are scarce. Studies on clusters
of Syrian refugees with complicated CL because of prolonged de-
lay of treatment (Glans et al., 2018; Lindner et al., 2020) and out-
breaks of imported CL among military personnel, mainly because
of L. major, have been reported from European countries and the
US (Bart et al., 2013; van Thiel et al., 2010; Woodrow et al., 2006).
Larger European studies have focused on the clinical manifestation,
treatment, and outcome and have usually not separated the dif-
ferent Leishmania species in the analysis (Blum and Hatz, 2009;
Blum et al., 2014, 2004; World Health Organization, 2014). Size,
number, and location of the lesions, apart from the Leishmania
spp. and immunosuppression, have to be considered when treating
travelers with CL in Europe, and local treatments have been most
commonly used (Guery et al.,, 2021; Morizot et al., 2013). Systemic
treatment is recommended in case of >3 lesions or a lesion size
>3 cm or a lesion in a delicate site, such as the face, hands, and
joints (Blum et al., 2014). The importance of identifying the infect-
ing species to provide a species-specific treatment of CL has been
highlighted (Blum and Hatz, 2009; Blum et al., 2014).

This study aimed to describe the data obtained on experience
from various European centers in the identification and treatment
of patients with imported CL caused by L. major and L. tropica for
7 years, between 2013 and 2019. The primary aim was to focus
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on the epidemiological data and the treatment outcome, including
spontaneous healing and relapses, underlining the differences be-
tween L. tropica and L. major in this context.

Methods
Ethical approval

All data were shared and analyzed anonymously in accordance
with respective national guidelines. Specific ethical approval for us-
ing routinely collected data from patients with CL was obtained
from ethical committees and institutional review boards from the
respective centers.

Inclusion criteria

Inclusion criteria were cases of CL caused by L. tropica or L.
major, identified between 2013 and 2019 and confirmed by poly-
merase chain reaction.

Cohort

Patient records were collected from a common database within
the LeishMan network and treating hospitals. LeishMan is a mul-
ticenter, international consortium aiming to improve the diagno-
sis, management, and surveillance of leishmaniasis through harmo-
nization of medical practice and collection of data in a common
system. The consortium gathers 50 experts affiliated with 30 insti-
tutions in 11 European countries (Belgium, France, Germany, Italy,
Norway, Portugal, Spain, Sweden, Switzerland, the United King-
dom, and The Netherlands). Data were collected pseudonymously
through an electronic case report form (demographic, clinical, lab-
oratory, and biological data) and retrospectively collected by ex-
perts from each institute. Clinical and treatment data were col-
lected according to the protocol (Supplementary Table 1). Some
records had missing data, and the denominators mentioned in the
text count only those where data were available.

Definitions

Immunocompromised patients were defined as patients with
the following conditions or treatments: HIV infection, primary im-
munodeficiency, and immunosuppressive treatment; >5 mg/day
prednisolone, or equivalent; >3 months, chemotherapy, methotrex-
ate, monoclonal antibodies, or other molecular targeting immune
cells or their products (e.g., anti-tumor necrosis factor agents).

The time of diagnosis was defined as the date of sampling be-
cause the exact infection date is often unknown.

The country of infection is the country where the patient most
likely acquired the infection. For some patients, the country of in-
fection was missing and was defined as “not applicable” (NA). For
most migrants, we assumed that they were infected in their home
country unless other specific information was available.

All cases were imported and categorized as migrants, tourists,
military personnel, visiting friends or relatives, expatriates (work-
ers, missionaries, volunteers, students), or others. Others were used
when none of the previously mentioned reasons could be applied,
and NA was used when data were missing.

CL cases were defined as cured when the lesion had healed, i.e.,
when a complete re-epithelization of the lesion or the disappear-
ance of a papular lesion occurred within 6 months (Olliaro et al.,
2013). Relapse was defined as the recurrence of a previously healed
lesion without new exposure within 12 months after treatment
started. Treatment failure is defined as the absence of clinical signs
of re-epithelialization of the lesion during or within 2 months af-
ter treatment. In this study, data were collected 6 and 12 months
after treatment.
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Comparative features of patients with cutaneous leishmaniasis caused by L. major or L. tropica.

Leishmania majorn = 75

Leishmania tropican = 131

Male 44 (59) 69 (53)
Immunocompromised
Yes 3(4) 3(2)
No 65 (87) 123 (94)
NA 7 (9) 5(4)
Age  Median (IQR) 28 (11-46) 14 (9-32)
0-4 8 (10) 17 (13)
5-14 16 (21) 46 (35)
15-24 6 (8) 25 (19)
25-34 14 (19) 11 (8)
35-44 9(12) 13 (10)
45-54 10 (13) 5(4)
55-64 9 (12) 9(7)
>65 3(4) 5(4)
Type of traveler
Tourist 17 (23) 3(2,5)
Visiting friends and relatives 40 (53) 18 (14)
Migrants 6 (8) 105 (80)
Military 1(1.5 0 (0)
Expatriates? 3 (4) 0 (0)
Others 1(1.5) 2(1)
NA 7 (9) 3(2.5)
Lesion localization
Face 5 42
Head 5 17
Upper limb 36 60
Trunk 5 3
Lower limb 31 29

Data are n (%) unless indicated otherwise.
IQR, interquartile range; NA, missing data.

2 Workers, missionaries, volunteers, and students.

Results

A total of 206 patients with CL, caused by either L. major or
L. tropica, during 2013-2019 were included in the study: 75 cases
with L. major and 131 cases with L. tropica. To further evaluate
the differences between L. major and L. tropica, we focused on
epidemiological data, together with treatment regimens and out-
comes.

Of 44 patients with L. major, 59%, and 69 patients with L. trop-
ica, 53%, were men (Table 1). Most patients included in the study
were immunocompetent, and only three patients in each group
(L. tropica and L. major, respectively) were on immunosuppres-
sive treatment: prednisolone, etanercept, and methotrexate or goli-
mumab (Table 1).

The median age of the patients with L. major was 28 years (in-
terquartile range [IQR] 11-46), whereas the median age of L. tropica
was 14 years (IQR 9-32) (Table 1). A total of 32% (n = 24) of the
patients with L. major infection and 48% (n = 63) of the patients
with L. tropica infection were younger than 15 years.

Most patients with L. major (53%, n = 40) had been infected
when visiting friends and relatives, whereas most patients infected
with L. tropica (80%, n = 105) were migrants (Table 1).

The number of L. major cases was relatively consistent during
the study period; between nine and 14 cases annually. For L. trop-
ica, the number of cases varied during the study period and was
higher in 2013-2016, with 20-30 cases annually and a decrease to
5-17 cases annually in 2017-2019 (Figure 1).

The country of origin with the highest number of L. tropica
cases was Syria (n = 95, 72%), followed by Afghanistan (n = 11)
and Pakistan (n = 9). In the case of L. major, the infection was
most commonly acquired in Tunisia (n = 18), followed by Mo-
rocco (n = 16) and Israel (n = 8). Other countries in North and
Sub-Saharan African and the Middle East regions were also repre-
sented, with only a few cases from each country (Supplementary
Table 2).

377

Most lesions were found on exposed skin areas. Regarding CL
caused by L. tropica, the most common location of lesions was the
face and/or the head, whereas for CL caused by L. major, the up-
per and lower limbs were the most affected (Table 1). The patients
often had more than one lesion in separate locations on the body.
The presence of more than one lesion was reported in 18 patients
with L. tropica and nine patients with L. major infection.

The most common drug used was pentavalent antimony (L. ma-
jor, n = 15, and L. tropica, n = 36). Most patients received intrale-
sional treatment (L. major, n = 12, and L. tropica, n = 21), whereas
systemic treatment was used less often (L. major, n = 3, and L.
tropica, n = 15). The second most common drug used was liposo-
mal amphotericin B (L. major, n = 8, and L. tropica, n = 23), and
the third most common treatment regimen used was cryotherapy
as monotherapy (L. major, n = 2, and L. tropica, n = 21). The num-
ber of cryotherapy sessions varied between one to eight, with in-
tervals of one to several times a week. Combination therapy, using
cryotherapy and pentavalent antimony, or cryotherapy and liposo-
mal amphotericin B, was used in both groups (Table 2).

Pentavalent antimony had a cure rate of 67% for L. major and
86% for L. tropica when administrated intralesional. Missing data
were seen in 33% of the cases with L. major. A cure rate of 100%
for L. major and 67% for L. tropica was observed following systemic
administration (Table 2).

Liposomal amphotericin B had a cure rate of 63% (n = 5) for
L. major and 44% (n = 10) for L. tropica (Table 2). The dose of li-
posomal amphotericin B was based on body weight, 3 mg/kg/day,
and the duration was, in most cases, 5-6 days. The most common
treatment schedule consisted of 5 consecutive days of 3 mg/kg, fol-
lowed by a sixth dose on day 10.

Two of three immunosuppressed patients with L. tropica (n = 2)
responded to liposomal amphotericin. One of three immunosup-
pressed patients with L. major (n = 1) was successfully treated
with liposomal amphotericin B; in the other two patients with L.
major, data were missing.



H. Glans, L. Dotevall, G. Van der Auwera et al.

International Journal of Infectious Diseases 122 (2022) 375-381

2013 - 2019
50
»n 40
(<]
(%]
©
< 30
o
220
£
>
Z 10 I
0
2013 2014 2015 2016 2017 2018 2019
Year
M L. major ML tropica

Figure 1. Number of Leishmania major and Leishmania tropica cases per year, 2013-2019.

Ten patients (L. major, n = 5, and L. tropica, n = 5), all immuno-
competent, were treated with miltefosine and had a 100% cure rate
(Table 2). Fluconazole was used for treatment in six patients with
L. major and eight with L. tropica, and three of the patients with
L. tropica relapsed (Table 2). Topical treatment with paromomycin
15% was also used for treatment on patients with L. major (n = 4)
and L. tropica (n = 10). Two relapses (L. tropica) were seen after
treatment, and three patients were lost to follow-up (Table 2).

The overall healing rate among treated cases was high. A to-
tal of 82% of the patients in the L. major group and 70% in the
L. tropica group healed after treatment, without relapse, within 12
months. No patients infected with L. major had signs of recurrence
of a healed lesion within 12 months after treatment, whereas 20%
of patients with L. tropica relapsed after treatment. Among the pa-
tients with L. major, information on treatment and outcome was
missing for 24 patients, and for L. tropica, data were missing for
three patients.

A total of 41 cases had been treated previously, six of the L.
major and 35 of the L. tropica cases. The most common previous
treatments were intralesional and intramuscular pentavalent anti-
monial, liposomal amphotericin B, cryotherapy, paromomycin oint-
ment/cream, and fluconazole. When now treated, 16 of the patients
with L. tropica and three of the patients with L. major were cured.
Relapses were only seen in L. tropica cases (n = 13). For four pa-
tients, this information was not available. There were more cases
of relapse seen after treatment with liposomal amphotericin B and
fewer cases seen after intralesional treatment with pentavalent an-
timonial (Supplementary Table 3).

Discussion

Our study retrospectively analyzed CL cases diagnosed with L.
major or L. tropica infection in various European centers from 2013
to 2019 to evaluate the epidemiology and the treatment experi-
ences.

We observed epidemiological differences between infection
with L. major and L. tropica in the context of how the disease was
acquired or “type of traveler.” Most patients infected with L. tropica
were migrants from Syria, and most patients infected with L. ma-
jor had visited friends and relatives in North Africa. An increased
risk of acquiring CL in these groups has previously been reported
(Boggild et al., 2019; Guery et al., 2021).
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During 2013-2016, there was increased migration from Syria to
Europe as a result of the Syrian Civil War. The increased migra-
tion was clearly reflected in an increased number of L. tropica CL
cases during these years. Migration patterns are affected by polit-
ical decisions, and when new migration policies in different Euro-
pean countries changed in 2016, the number of CL cases from Syria
dropped. No variation was observed in the number of patients in-
fected with L. major during those years.

Among migrants infected with L. tropica, many had lesions on
the face or the head. Sleeping outside during their migration may
have affected their ability to protect themselves from sand fly bites
during the evening and night (Munir et al., 2002). While being out-
side in the evening but sleeping inside during the night, the expo-
sure of skin areas to the sand flies may be different. The different
sand flies transmitting L. major and L. tropica and the different sand
flies’ feeding behavior when infected with Leishmania may also af-
fect the localization of lesions in relation to the human/host supine
position (Ajaoud et al., 2015; Rogers and Bates, 2007).

Pentavalent antimony has been the gold standard treatment
for decades and is still a valuable drug, but it has been
progressively replaced by treatments requiring shorter treat-
ment courses and inducing less frequent alterations of lab-
oratory parameters, such as local therapy (Morizot et al,
2013; Mosimann et al., 2016; Mosleh et al., 2008), miltefosine
(Guery et al., 2021; Mosimann et al., 2016), and liposomal am-
photericin B (Shirzadi, 2019; Solomon et al., 2011, 2013). The use
of liposomal amphotericin B in CL is nevertheless not devoid of
potentially severe adverse events (Guery et al., 2017). Today, sev-
eral alternatives are available, and recommendation depends on
the clinical manifestation, the infecting species, and the geograph-
ical region where the patient was infected (Blum et al., 2014;
Hodiamont et al., 2014). In the case of larger lesions (>3 cm),
multiple lesions (>3), or lesions in a delicate site (face, hands,
joints), systemic treatment is recommended (Blum et al., 2014;
Guery et al,, 2021; Morizot et al., 2013; World Health Organiza-
tion, 2010, 2014,).

In this study, we observed that both local and systemic treat-
ment with pentavalent antimony had an overall cure rate for L.
tropica of 78%. The cure rate of intralesional pentavalent anti-
mony treatment was 86% (n = 18) and that of systemic treatment
with pentavalent antimony was 67% (n = 10). Our results are in
accordance with previous studies, both in endemic regions and
among travelers in Europe (Blum and Hatz, 2009; Brito et al., 2017;
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Treatment and outcome of cutaneous leishmaniasis by infected Leishmania species; L. major and L. tropica.

Leishmania major Leishmania tropica

n=75 n =131
Healing rate
Treated 44 117
Cured 36 (82) 82 (70)
Relapse - 24 (21)
NA 8 (18) 11 (9)
No treatment 7 11
Cured 7 (100) 9 (82)
NA - 2(18)
NA 24 3
Treatment
Pentavalent antimony 15 36
Systemic - iv/im 3 15
Cured 3(100) 10 (67)
Relapse - 5(33)
Local - il 12 21
Cured 8 (67) 18 (86)
Relapse - 1(5)
NA 4 (33) 2(9)
Cryotherapy + Pentavalent antimony 4 8
Systemic - iv 0 1
Cured - 1 (100)
Relapse - -
Local - il 4 7
Cured 4 (100) 7 (100)
Relapse - -
Cryotherapy 2 21
Cured 2 (100) 18 (86)
Relapse - 3 (14)
Cryotherapy + liposomal amphotericin B 0 4
Systemic - iv Cured - 3 (75)
Relapse - 1(25)
Liposomal amphotericin B 8 23
Systemic - iv Cured 5 (63) 10 (44)
Relapse - 9 (39)
NA 3 (37) 4 (17)
Miltefosine 5 5
Systemic - po Cured 5 (100) 5 (100)
Relapse - -
Fluconazole 6 8
Systemic - po Cured 6 (100) 4 (50)
Relapse - 3 (38)
NA - 1(12)
Paromomycin 15% 4 10
Topical Cured 3(75) 6 (60)
Relapse - 2 (20)
NA 1(25) 2 (20)
Itraconazole 0 1
NA - 1 (100)
Itraconazole + Pentavalent antimony 0 1
Systemic NA - 1 (100)
NA 22 3
No treatment 7 11
Cured 7 (100) 9 (82)
Relapse - -
NA - 2 (18)

Data are n (%) unless indicated otherwise.

1I, intralesional; im, intramuscular; iv, intravenous; NA, data missing; po, orally.

Guery et al., 2021; Khatami et al., 2007), and a result because of
selection criteria when to use local and systemic treatment.
Liposomal amphotericin B was the second most used drug for
lesions that had to be treated systemically, with a lower cure rate
than pentavalent antimony and cryotherapy in our cohort. Only
44% of the patients with L. tropica infection were cured and 39%
relapsed, whereas 63% of the patients with L. major infection were
cured and 37% had missing data. Our cohort is small, and further
studies on treatment with liposomal amphotericin B are needed to
properly evaluate the efficacy of this drug on L. tropica CL cases.
A suboptimal effect of liposomal amphotericin B on CL has previ-
ously been described in travelers in Europe when several Leishma-
nia spp. were included (Guery et al., 2017). The efficacy seen in
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visceral and mucocutaneous leishmaniasis has not been confirmed
in CL (Sundar et al., 2008; Rocio et al., 2014). The penetration of
different formulas of liposomal amphotericin B, administrated sys-
temically, to the skin (Fielding et al., 1991; Wijnant et al., 2018)
and the variation of susceptibility between the different species
have been discussed as possible reasons (Guery et al., 2017).

A drawback of treatment with liposomal amphotericin B is a
prolonged healing period for skin lesions caused by Leishmania,
demonstrating only a partial clinical response at 3-4 weeks after
the start of treatment (Blum and Hatz, 2009; Blum et al., 2004).
Safety aspects and reported adverse events must also be taken into
consideration when treating a nonthreatening but disfiguring le-
sion (Guery et al., 2017; Morizot et al., 2013).
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Cryotherapy as a single therapy showed a high cure rate, but
the number of cases examined in this study is few. The treatment
is efficient, but the limitations of this method are the size, num-
ber, and the localization of the lesion(s). For example, monotherapy
with cryotherapy is highly effective for smaller lesions, whereas
combination treatment with intralesional pentavalent antimony
has been more effective for larger lesions (Asilian et al., 2004;
Bumb et al., 2013). Previous data have shown an equal efficacy be-
tween cryotherapy and antimonial treatment but a synergic effect
when combined (Mosleh et al., 2008; Layegh et al., 2009; Lopez-
Carvajal et al., 2016). Cryotherapy is less invasive and painful than
pentavalent antimonial intralesional therapy, and in addition, it
is less costly and results in fewer serious complications, together
with greater tolerability than pentavalent antimonial (Layegh et al.,
2009).

Fluconazole showed a high cure rate on six patients with L
major in our cohort, with all cases healed. Previous studies have
shown inconclusive results for treatment with fluconazole on CL
caused by L. major. Studies of fluconazole treatment of patients in-
fected with L. major in highly endemic areas reported positive re-
sults both with 200 mg daily and 400 mg daily treatment for 6
weeks (Alrajhi et al., 2002; Emad et al., 2011). However, modest
efficacy of fluconazole was observed in returning travelers with L.
major CL, regardless of dosage (Morizot et al., 2013). Furthermore,
L. major has a high self-healing rate, which may affect the results
(Akilov et al., 2007; Morizot et al., 2013), and only six patients with
L. major infection were treated with fluconazole in our cohort. For
all these reasons, our results on the efficacy of fluconazole on L.
major CL must be interpreted with caution.

Evaluation of miltefosine on CL caused by L. major and L. trop-
ica has only been performed in small cohorts (Guery et al., 2021;
Mohebali et al.,, 2007; Mosimann et al.,, 2016; van Thiel et al,,
2010). The outcome has so far been found to be superior to
treatment with antimony, with a high cure rate for complicated
CL (Mosimann et al., 2016). Evaluation of miltefosine as a treat-
ment for CL caused by L. tropica in Pakistan showed a cure rate
of 83% as first-line treatment and 70% as second-line treatment
(Kamink et al., 2021). These results, and our results with a 100%
cure rate on immunocompetent patients, indicate that miltefosine
is an effective treatment for CL caused by L. tropica when local
treatment cannot be used. However, larger prospective studies are
necessary to evaluate properly this treatment option.

We observed that topical 15% paromomycin ointment showed
a high cure rate in both groups. Several formulations exist with
different degrees of local irritations and tolerance for the patient
(Ben Salah et al., 2013; el-Safi et al., 1990). Local inflammation ow-
ing to the formulations has been discussed as part of the treatment
(Garnier and Croft, 2002). The highest efficacy has been observed
in CL caused by L. major (Ben Salah et al., 2013, 2014).

We evaluated the risk of relapse for the patients at 12 months
after treatment. L. tropica is known to have a high rate of recur-
rence (Bamorovat et al., 2021; Khosravi et al., 2017), whereas L. ma-
jor has a high rate of self-healing (Akilov et al., 2007; Minodier and
Parola, 2007). The high rate of spontaneously healed lesions may
affect the results in this study and explain the missing data among
the L. major cases.

All patients showing healing of the lesions after 6 months of
treatment were free of lesions at 12 months from therapy on-
set. Patients were only monitored for 12 months, and if they re-
lapsed after 12 months, an event that is reported for L. tropica
(Bamorovat et al.,, 2021; Khosravi et al., 2017), that information
was not included in the study. Previous studies indicated that re-
lapses of L. tropica CL might occur later than 12 months after
starting the first treatment, even after healing (Bamorovat et al.,
2021; Khosravi et al., 2017). This should be taken into considera-
tion when our results are evaluated.
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To our knowledge, this is the first European study that anal-
yses the differences in the epidemiology and treatment outcome
for patients with L. major or L. tropica CL in nonendemic European
countries. Previous European studies have included all Leishmania
spp. (Guery et al., 2021; Morizot et al., 2013). The evidence drawn
by this cohort of 206 CL cases is valuable, as it cannot be gained
from case reports or a clinician who only rarely treats CL cases. Our
study also provides an overview of the patients with CL caused by
L. major or L. tropica who seek health care in Europe.

This study includes only a fraction of the patients diagnosed
and treated for CL caused by L. major and L. tropica in Europe dur-
ing 2013-2019, which is its main limitation. The number of cases
with missing data, both on treatment and follow-up, is also an im-
portant limitation. In addition, CL often heals spontaneously, and
patients never contact the health care system for treatment.

In conclusion, most patients infected with L. major were in-
fected while visiting friends and family in the North of Africa,
whereas the patients infected with L. tropica were mainly migrants
from Syria. Interestingly, this picture may reflect the political sit-
uation in Europe and neighboring regions during the study (2013-
2019), and different living conditions and sand flies’ behavior may
affect the possibility of protecting people against being infected.
In our study group, most patients were treated with pentavalent
antimony; intralesional injection or systemic route of administra-
tion were used depending on the size, number, and location of the
lesions, with a cure rate in line with previous studies. Therefore,
antimony can still be used as the first-line treatment of CL caused
by L. major and L. tropica when the infection is acquired in Africa
or the Middle East. Treatment with cryotherapy and liposomal am-
photericin B had also cure rates similar to previous studies. Finally,
we observed that all patients with L. major were cured within 1
year after diagnosis and showed no signs of relapse, regardless of
treatment.

Declarations of competing interests
The authors have no competing interests to declare.
Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/}.ijid.2022.06.025.

References

Ajaoud M, Es-Sette N, Charrel RN, Laamrani-Idrissi A, Nhammi H, Riyad M, Lem-
rani M. Phlebotomus sergenti in a cutaneous leishmaniasis focus in Azilal
province (High Atlas, Morocco): molecular detection and genotyping of Leish-
mania tropica, and feeding behavior. PLoS Negl Trop Dis 2015;9.

Akilov OE, Khachemoune A, Hasan T. Clinical manifestations and classification of
Old World cutaneous leishmaniasis. Int ] Dermatol 2007;46:132-42.

Al-Salem WS, Pigott DM, Subramaniam K, Haines LR, Kelly-Hope L, Molyneux DH,
Hay SI, Acosta-Serrano A. Cutaneous leishmaniasis and conflict in Syria. Emerg
Infect Dis 2016;22:931-3.

Alrajhi AA, Ibrahim EA, De Vol EB, Khairat M, Faris RM, Maguire JH. Fluconazole for
the treatment of cutaneous leishmaniasis caused by Leishmania major. N Engl ]
Med 2002;346:891-5.

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 ] Dermatol 2004;43:281-3.

Bailey MS, Lockwood DN. Cutaneous leishmaniasis. Clin Dermatol 2007;25:203-11.

Bamorovat M, Sharifi I, Dabiri S, Shamsi Meymandi S, Karamoozian A, Amiri R,
Heshmatkhah A, Borhani Zarandi M, Aflatoonian MR, Sharifi F, Kheirandish R,
Hassanzadeh S. Major risk factors and histopathological profile of treatment fail-
ure, relapse and chronic patients with anthroponotic cutaneous leishmaniasis:


https://doi.org/10.1016/j.ijid.2022.06.025
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0001
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0002
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0003
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0004
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0005
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0006
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0007

H. Glans, L. Dotevall, G. Van der Auwera et al.

a prospective case-control study on treatment outcome and their medical im-
portance. PLoS Negl Trop Dis 2021;15.

Bart A, van Thiel PP, de Vries HJ, Hodiamont CJ, Van Gool T. Imported leishmaniasis
in the Netherlands from 2005 to 2012: epidemiology, diagnostic techniques and
sequence-based species typing from 195 patients. Euro Surveill 2013;18:20544.

Ben Salah A, Ben Messaoud N, Guedri E, Zaatour A, Ben Alaya N, Bettaieb J,
Gharbi A, Belhadj Hamida N, Boukthir A, Chlif S, Abdelhamid K, El Ahmadi Z,
Louzir H, Mokni M, Morizot G, Buffet P, Smith PL, Kopydlowski KM, Kreish-
man-Deitrick M, Smith KS, Nielsen CJ, Ullman DR, Norwood JA, Thorne GD, Mc-
Carthy WF, Adams RC, Rice RM, Tang D, Berman ], Ransom J, Magill AJ, Grogl M.
Topical paromomycin with or without gentamicin for cutaneous leishmaniasis.
N Engl ] Med 2013;368:524-32.

Ben Salah A, Zadtour A, Ben Messaoud N, Kidar A, Smith PL, Kopydlowski KM,
Kreishman-Deitrick M, Nielsen CJ, Novitt-Moreno A, Ransom JH, Morizot G,
Grogl M, Buffet PA. Parasite load decrease during application of a safe and
easily applied antileishmanial aminoglycoside cream. PLoS Negl Trop Dis
2014;8:e2749.

Blum ], Buffet P, Visser L, Harms G, Bailey MS, Caumes E, Clerinx ], van Thiel PP,
Morizot G, Hatz C, Dorlo TP, Lockwood DN. LeishMan recommendations for
treatment of cutaneous and mucosal leishmaniasis in travelers, 2014. ] Travel
Med 2014;21:116-29.

Blum ], Desjeux P, Schwartz E, Beck B, Hatz C. Treatment of cutaneous leishmaniasis
among travellers. ] Antimicrob Chemother 2004;53:158-66.

Blum JA, Hatz CF. Treatment of cutaneous leishmaniasis in travelers 2009. ] Travel
Med 2009;16:123-31.

Boggild AK, Caumes E, Grobusch MP, Schwartz E, Hynes NA, Libman M, Connor BA,
Chakrabarti S, Parola P, Keystone ]S, Nash T, Showler A], Schunk M, Asgeirs-
son H, Hamer DH, Kain KC. GeoSentinel Surveillance Network. Cutaneous and
mucocutaneous leishmaniasis in travellers and migrants: a 20-year GeoSentinel
Surveillance Network analysis. ] Travel Med 2019;26.

Brito NC, Rabello A, Cota GF. Efficacy of pentavalent antimoniate intralesional in-
filtration therapy for cutaneous leishmaniasis: a systematic review. PLoS One
2017;12.

Bumb RA, Prasad N, Khandelwal K, Aara N, Mehta RD, Ghiya BC, Salotra P, Wei L,
Peters S, Satoskar AR. Long-term efficacy of single-dose radiofrequency-induced
heat therapy vs. intralesional antimonials for cutaneous leishmaniasis in India.
Br ] Dermatol 2013;168:1114-19.

Douba M, Mowakeh A, Wali A. Current status of cutaneous leishmaniasis in Aleppo,
Syrian Arab Republic. Bull World Health Organ 1997;75:253-9.

Du R, Hotez PJ, Al-Salem WS, Acosta-Serrano A. Old World cutaneous leishmania-
sis and refugee crises in the Middle East and North Africa. PLoS Negl Trop Dis
2016;10.

el-Safi SH, Murphy AG, Bryceson AD, Neal RA. A double-blind clinical trial of the
treatment of cutaneous leishmaniasis with paromomycin ointment. Trans R Soc
Trop Med Hyg 1990;84:690-1.

Emad M, Hayati F, Fallahzadeh MK, Namazi MR. Superior efficacy of oral flucona-
zole 400 mg daily versus oral fluconazole 200 mg daily in the treatment of
cutaneous leishmania major infection: a randomized clinical trial. ] Am Acad
Dermatol 2011;64:606-8.

Fielding RM, Smith PC, Wang LH, Porter ], Guo LS. Comparative pharmacokinet-
ics of amphotericin B after administration of a novel colloidal delivery system,
ABCD, and a conventional formulation to rats. Antimicrob Agents Chemother
1991;35:1208-13.

Garnier T, Croft SL. Topical treatment for cutaneous leishmaniasis. Curr Opin Inves-
tig Drugs 2002;3:538-44.

Glans H, Dotevall L, Sobirk SK, Farnert A, Bradley M. Cutaneous, mucocutaneous
and visceral leishmaniasis in Sweden from 1996-2016: a retrospective study of
clinical characteristics, treatments and outcomes. BMC Infect Dis 2018;18:632.

Gonzdlez U, Pinart M, Reveiz L, Alvar J. Interventions for Old World cutaneous leish-
maniasis. Cochrane Database Syst Rev 2008;4.

Guery R, Henry B, Martin-Blondel G, Rouzaud C, Cordoliani F, Harms G,
Gangneux P, Foulet F, Bourrat E, Baccard M, Morizot G, Consigny PH, Berry A,
Blum J, Lortholary O, Buffet P. French Cutaneous Leishmaniasis Study group &
the LeishMan network. Liposomal amphotericin B in travelers with cutaneous
and muco-cutaneous leishmaniasis: not a panacea. PLoS Negl Trop Dis 2017;11
e0006094.

Guery R, Walker SL, Harms G, Neumayr A, Van Thiel P, Gangneux P, Clerinx J,
Sobirk SK, Visser L, Lachaud L, Bailey M, Bart A, Ravel C, Van der Auwera G,
Blum J, Lockwood DN, Buffet P. LeishMan Network and the French Cutaneous
Leishmaniasis Study group. Clinical diversity and treatment results in tegumen-
tary leishmaniasis: a European clinical report in 459 patients. PLoS Negl Trop
Dis 2021;15.

Hodiamont CJ, Kager PA, Bart A, de Vries HJ, van Thiel PP, Leenstra T, de Vries PJ,
van Vugt M, Grobusch MP, van Gool T. Species-directed therapy for leish-
maniasis in returning travellers: a comprehensive guide. PLoS Negl Trop Dis
2014;8:e2832.

Kdmink S, Masih B, Ali N, Ullah A, Khan SJ, Ashraf S, Pylypenko T, Grobusch MP,
Fernhout ], den Boer M, Ritmeijer K. Effectiveness of miltefosine in cutaneous
leishmaniasis caused by Leishmania tropica in Pakistan after antimonial treat-
ment failure or contraindications to first line therapy-A retrospective analysis.
PLoS Negl Trop Dis 2021;15.

Kanani K, Amr ZS, Shadfan B, Khorma R, Re G, Abid M, Gabrielli AF,
Haskew ]. Cutaneous leishmaniasis among Syrian refugees in Jordan. Acta Trop
2019;194:169-71.

381

International Journal of Infectious Diseases 122 (2022) 375-381

Kassar H, Marzouk D, Anwar WA, Lakhoua C, Hemminki K, Khyatti M. Emigration
flows from North Africa to Europe. Eur ] Public Health 2014;24(Suppl. 1):2-5.

Khatami A, Firooz A, Gorouhi F, Dowlati Y. Treatment of acute Old World cutaneous
leishmaniasis: a systematic review of the randomized controlled trials. ] Am
Acad Dermatol 2007;57(35):e1-29.

Khosravi A, Sharifi I, Fekri A, Kermanizadeh A, Bamorovat M, Mostafavi M, Aflatoo-
nian MR, Keyhani A. Clinical features of anthroponotic cutaneous leishmaniasis
in a major focus, Southeastern Iran, 1994-2014. Iran ] Parasitol 2017;12:544-53.

Layegh P, Pezeshkpoor F, Soruri AH, Naviafar P, Moghiman T. Efficacy of cryother-
apy versus intralesional Meglumine Antimoniate (glucantime) for treatment of
cutaneous leishmaniasis in children. Am ] Trop Med Hyg 2009;80:172-5.

Lindner AK, Richter ], Gertler M, Nikolaus M, Equihua Martinez G, Miiller K,
Harms G. Cutaneous leishmaniasis in refugees from Syria: complex cases in
Berlin 2015-2020. ] Travel Med 2020:27.

Lépez-Carvajal L, Cardona-Arias JA, Zapata-Cardona MI, Sanchez-Giraldo V, Vélez ID.
Efficacy of cryotherapy for the treatment of cutaneous leishmaniasis: meta-
analyses of clinical trials. BMC Infect Dis 2016;16:360.

Minodier P, Parola P. Cutaneous leishmaniasis treatment. Travel Med Infect Dis
2007;5:150-8.

Mohebali M, Fotouhi A, Hooshmand B, Zarei Z, Akhoundi B, Rahnema A, Raza-
ghian AR, Kabir MJ, Nadim A. Comparison of miltefosine and meglumine an-
timoniate for the treatment of zoonotic cutaneous leishmaniasis (ZCL) by a ran-
domized clinical trial in Iran. Acta Trop 2007;103:33-40.

Morizot G, Kendjo E, Mouri O, Thellier M, Pérignon A, Foulet F, Cordoliani F, Bour-
rat E, Laffitte E, Alcaraz I, Bodak N, Ravel C, Vray M, Grogl M, Mazier D,
Caumes E, Lachaud L, Buffet PA. Cutaneous Leishmaniasis French Study Group.
Travelers with cutaneous leishmaniasis cured without systemic therapy. Clin In-
fect Dis 2013;57:370-80.

Mosimann V, Blazek C, Grob H, Chaney M, Neumayr A, Blum J. Miltefosine for mu-
cosal and complicated cutaneous Old World leishmaniasis: a case series and
review of the literature. Open Forum Infect Dis 2016;3:0fw008.

Mosleh IM, Geith E, Natsheh L, Schénian G, Abotteen N, Kharabsheh Sa. Efficacy of a
weekly cryotherapy regimen to treat Leishmania major cutaneous leishmaniasis.
J Am Acad Dermatol 2008;58:617-24.

Munir M, Mohammed K, Babkerhyl M. Guidelines for the treatment and prevention
of cutaneous leishmaniasis in Pakistan. Geneva: WHO. Health Net International;
2002 Ministry of Health Pakistan.

Olliaro P, Vaillant M, Arana B, Grogl M, Modabber F, Magill A, Lapujade O, Buffet P,
Alvar ]. Methodology of clinical trials aimed at assessing interventions for cuta-
neous leishmaniasis. PLoS Negl Trop Dis 2013;7:e2130.

Rocio C, Amato VS, Camargo RA, Tuon FF, Nicodemo AC. Liposomal formulation of
amphotericin B for the treatment of mucosal leishmaniasis in HIV-negative pa-
tients. Trans R Soc Trop Med Hyg 2014;108:176-8.

Rogers ME, Bates PA. Leishmania manipulation of sand fly feeding behavior results
in enhanced transmission. PLoS Pathog 2007;3:e91.

Shirzadi MR. Lipsosomal amphotericin B: a review of its properties, function, and
use for treatment of cutaneous leishmaniasis. Res Rep Trop Med 2019;10:11-18.

Solomon M, Pavlotsky F, Leshem E, Ephros M, Trau H, Schwartz E. Liposomal am-
photericin B treatment of cutaneous leishmaniasis due to Leishmania tropica. ]
Eur Acad Dermatol Venereol 2011;25:973-7.

Solomon M, Pavlotzky F, Barzilai A, Schwartz E. Liposomal amphotericin B in com-
parison to sodium stibogluconate for Leishmania braziliensis cutaneous leish-
maniasis in travelers. ] Am Acad Dermatol 2013;68:284-9.

Sundar S, Rai M, Chakravarty ], Agarwal D, Agrawal N, Vaillant M, Olliaro P, Mur-
ray HW. New treatment approach in Indian visceral leishmaniasis: single-dose
liposomal amphotericin B followed by short-course oral miltefosine. Clin Infect
Dis 2008;47:1000-6.

Van Thiel PP, Leenstra T, de Vries HJ, van der Sluis A, van Gool T, Krull AC, van
Vugt M, de Vries PJ, Zeegelaar JE, Bart A, van der Meide WF, Schallig HD,
Faber WR, Kager PA. Cutaneous leishmaniasis (Leishmania major infection) in
Dutch troops deployed in northern Afghanistan: epidemiology, clinical aspects,
and treatment. Am ] Trop Med Hyg 2010;83:1295-300.

van Thiel PP, Leenstra T, Kager PA, de Vries HJ, van Vugt M, van der Meide WF,
Bart A, Zeegelaar JE, van der Sluis A, Schallig HD, van Gool T, Faber WR, de
Vries PJ. Miltefosine treatment of Leishmania major infection: an observational
study involving Dutch military personnel returning from northern Afghanistan.
Clin Infect Dis 2010;50:80-3.

Wijnant GJ, Van Bocxlaer K, Yardley V, Harris A, Murdan S, Croft SL. Relation be-
tween skin pharmacokinetics and efficacy in AmBisome treatment of murine
cutaneous leishmaniasis. Antimicrob Agents Chemother 2018;62.

Woodrow JP, Hartzell JD, Czarnik ], Brett-Major DM, Wortmann G. Cutaneous and
presumed visceral leishmaniasis in a soldier deployed to Afghanistan. MedGen-
Med 2006;8:43.

. Control of the leishmaniases. WHO Technical Report Series 949. Geneva: WHO;
2010. p. 1-186 xii-xiiiback cover.

World Health Organization. Manual for case management of cutaneous leishmania-
sis in the WHO eastern Mediterranean Region; 2014.

World Health Organization. Leishmaniasis in high-burden countries: an epi-
demiological update based on data reported in 2014. Wkly Epidemiol Rec
2016;91:287-96.

World Health Organization. Global leishmaniasis update, 2006-2015: a turning
point in leishmaniasis surveillance. Wkly Epidemiol Rec 2017;92:557-65.

United Nations High Commission for Refugees, Mid-Years Trends 2017. URL, https:
//[www.unhcr.org/5aaa4fd27.pdf (accessed 26 June 2022).


http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0007
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0008
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0009
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0010
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0011
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0012
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0013
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0014
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0015
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0016
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0017
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0019
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0020
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0021
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0023
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0024
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0025
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0027
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0028
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0029
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0030
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0033
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0034
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0035
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0036
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0039
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0040
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0041
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0042
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0044
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0045
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0046
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0047
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0048
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0050
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0051
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0052
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0053
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0054
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0055
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0056
http://refhub.elsevier.com/S1201-9712(22)00360-5/sbref0057
https://www.unhcr.org/5aaa4fd27.pdf

	Treatment outcome of imported cutaneous leishmaniasis among travelers and migrants infected with Leishmania major and Leishmania tropica: a retrospective study in European centers 2013 to 2019
	Introduction
	Methods
	Ethical approval
	Inclusion criteria
	Cohort
	Definitions

	Results
	Discussion
	Declarations of competing interests
	Funding
	Supplementary materials
	References


