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SUMMARY

Background: This review aims to systematically analyze
imported leishmaniasis cases reported between 2000
and 2024, focusing on geographic origin, host demo-
graphics, clinical manifestations, diagnostic approaches,
and species distribution.

Methods: A systematic review was conducted in accor-
dance with the PRISMA guidelines across PubMed, Sco-
pus, and Web of Science. Inclusion criteria encompassed
case reports and series in English or Spanish that described
laboratory-confirmed human leishmaniasis acquired out-
side of Europe. The risk of bias was assessed using the JBI
Critical Appraisal Tool. Data was extracted and analyzed
using RStudio (v4.3.1) for statistical exploration, includ-
ing subgroup analysis and temporal trends. The protocol
was registered in PROSPERO (CRD420251128116).
Results: Twelve studies documenting 127 published
cases were reviewed, mainly from Germany, Spain, Po-
land, and Austria. The most common form was cutane-
ous leishmaniasis (63%), followed by mucocutaneous

(27%) and visceral (10%). Visceral leishmaniasis was
significantly linked to lower odds of being a tourist (OR:
0.24; 95% CI: 0.07-0.87; p = 0.027). Diagnostic methods
varied, including PCR, histology, and microscopy. The
main species were L. braziliensis, L. panamensis, and L.
donovani. Treatments involved liposomal amphotericin
B and systemic antimonials, though resistance and out-
comes were inconsistently reported.

Conclusions: The importation of leishmaniasis in Europe
highlights a growing health challenge. Diagnostic vari-
ability, underreporting, and limited clinician awareness
cause delays and mismanagement. Enhancing surveil-
lance, standardizing diagnostics, and adding pre-travel
advice to routine care are vital. Future research should
focus on species resistance, coinfections, and long-term
effects for better guidelines.
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B INTRODUCTION

Leishmaniasis is a vector-borne parasitic disease
caused by protozoa of the genus Leishmania, trans-
mitted to humans through the bite of infected fe-
male sand flies, Phlebotomus species in the Old
World (Europe, Asia, and Africa) and Lutzomyia
species in the New World (Americas) [1, 2]. It is
classified by the World Health Organization as a
Neglected Tropical Disease (NTD), reflecting its
disproportionate burden on impoverished popu-
lations and the limited investment in research,
prevention, and treatment compared to other in-
fectious diseases [3].

Clinically, leishmaniasis presents in three prima-
ry forms: cutaneous (CL), mucocutaneous (ML),
and visceral (VL). CL, the most prevalent form,
manifests as ulcerative skin lesions and is caused
by species such as L. tropica, L. major, and L. infan-
tum in the Old World, and L. braziliensis, L. mexi-
cana, L. amazonensis, L. guyanensis, and L. pana-
mensis in the New World. ML, primarily associat-
ed with L. braziliensis, leads to destructive inflam-
mation of mucosal tissues. VL, the most severe
form, affects internal organs such as the spleen,
liver, and bone marrow, and is caused by L. dono-
vani and L. infantum (also known as L. chagasi in
Latin America, now generally considered synon-
ymous) [1, 3-6].

According to the World Health Organization
(WHO), more than 12 million people are currently
infected with leishmaniasis, with an estimated
600,000 to 1 million new cases of CL and 50,000 to
90,000 new VL cases annually. It is essential to dis-
tinguish the different clinical forms of the disease,
which vary markedly in presentation and severity.
However, these figures are likely underestimated
due to underreporting and limited surveillance in
endemic regions [7]. The disease is endemic in 99
countries, with high-risk areas including South
Asia, the Middle East, Northeastern Africa, South-
ern Europe, Latin America, and parts of the south-
ern United States [8, 9]. CL is widespread across
the Americas, the Mediterranean basin, the Mid-
dle East, and Central Asia. ML is confined mainly
to Bolivia, Brazil, Ethiopia, and Peru, and VL is
most prevalent in India, South Sudan, Sudan, Bra-
zil, Ethiopia, and Somalia [10].

In Europe, endemic transmission has been report-
ed in Albania, Montenegro, Malta, Greece, Spain,
North Macedonia, Italy, and Portugal. In 2024, the

WHO documented 133 imported cases of CL and
73 of VL in Europe alone [9, 11]. However, the Eu-
ropean epidemiological situation remains poorly
understood because not all endemic nations have
implemented robust surveillance systems, hence
failing to collect and report accurate data. Spain,
despite its well-documented endemic transmis-
sion, shows how reporting gaps can mask the true
epidemiological picture and make regional com-
parisons more difficult. When endemic countries
are missing or only partly represented, the Euro-
pean picture becomes broken, which limits the
ability to predict outbreaks and efficiently allocate
resources [12].

Environmental changes, particularly those driven
by climate change, are reshaping the global distri-
bution of leishmaniasis. Rising temperatures, al-
tered precipitation patterns, deforestation, and
urban expansion have expanded the ecological
range of sand fly vectors, facilitating transmission
in previously non-endemic regions [13, 14]. Sand
flies are increasingly found in dry, hot, low-alti-
tude environments, where they utilize rodent bur-
rows, bird nests, and stables as breeding habitats
[15]. Modeling studies suggest that climate-driven
shifts in vector distribution may significantly in-
crease the population at risk in temperate zones
over the coming decades [15].

International travel has become a factor in the
global spread of Leishmania species [16]. This poses
diagnostic and public health challenges, especially
when novel species are introduced into regions
with existing endemicity [5]. Surveillance data
from European travel clinics have highlighted the
increasing frequency of imported cases, often
linked to adventure tourism, military deployment,
or migration [6, 14].

Despite its growing relevance, leishmaniasis re-
mains an uncommon diagnosis in European clini-
cal settings. Many returning travelers are unaware
of their risk of exposure, and clinicians may over-
look the disease in their differential diagnoses. De-
layed or missed diagnoses are not uncommon,
particularly in cases with atypical presentations or
long incubation periods. Comprehensive pre-trav-
el consultations, including risk assessment, educa-
tion, and vector avoidance strategies, are essential
for prevention. Accurate diagnosis requires de-
tailed medical and travel history, often extending
months or years before symptom onset [6, 13, 14].
This study aims to analyze the epidemiological
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characteristics of leishmaniasis cases diagnosed in
Europe, with a specific focus on imported infec-
tions. We hypothesize that the majority of these
cases are associated with travel to endemic re-
gions, particularly in the Americas, and that active
tourism plays a significant role in the importation
of diseases.

B METHODS

This systematic review was conducted to identify
and analyze epidemiological, clinical, and diag-
nostic characteristics of imported human leishma-
niasis cases reported and diagnosed among trave-
lers from Europe. The review explicitly examines
the country of exposure, the country of diagnosis,
patient demographics, travel history, clinical pres-
entation, diagnostic methods, and the Leishmania
species involved.

Protocol and registration

The review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA 2020) guidelines
[17]. Ensuring transparency, reproducibility, and
methodological rigor. The protocol was prospec-
tively registered in the PROSPERO database un-
der ID CRD420251128116. The protocol outlines
the inclusion criteria, search strategy, data extrac-
tion plan, and tools for bias assessment.

Information Sources and Search Strategy

A comprehensive literature search was performed
across four databases: PubMed, Scopus, Web of
Science (WoS), and Search Oxford Libraries Online
(SOLO). The final search was executed on May 25,
2025. Search terms included combinations of key-
words and MeSH terms related to leishmaniasis,
its clinical forms (cutaneous, mucocutaneous, vis-
ceral), travel, and Europe. Boolean operators and
filters were applied to refined results. An example
of the PubMed search string is: (leishmaniasis
[MeSH Terms] OR cutaneous leishmaniasis OR
visceral leishmaniasis OR mucocutaneous leish-
maniasis) AND (travel OR imported OR migra-
tion) AND (Europe).

Eligibility Criteria

Inclusion Criteria

— Case reports, case series, surveillance reports,
and clinical studies providing primary data on

imported human leishmaniasis diagnosed in
Europe.

— Articles published between January 1, 2000,
and December 31, 2024.

— Publications in English or Spanish.

— Studies reporting: patient age and sex, travel or
migration history, country of exposure (import-
ed due to infection acquired outside Europe),
country of diagnosis (within Europe), clinical
presentation, diagnostic method, and Leishma-
nia species identified. For cases diagnosed in
European countries with established autoch-
thonous transmission (e.g., Spain, Italy), an in-
fection was classified as imported strictly if the
primary literature confirmed a recent travel his-
tory to a non-European endemic region cou-
pled with the molecular or clinical identifica-
tion of a non-native Leishmania species (e.g., L.
braziliensis, L. panamensis, or L. major).

Exclusion Criteria

— Studies reporting only autochthonous cases
within Europe.

— Veterinary cases or zoonotic surveillance with-
out human data.

— Articles in languages other than English or
Spanish.

— Studies lacking laboratory-confirmed diagno-
sis of leishmaniasis.

Language restrictions were based on reviewer

proficiency and are acknowledged as a limitation.

Laboratory confirmation was required to ensure

diagnostic accuracy for epidemiological analysis.

Study Selection and Data Extraction

Two reviewers independently screened titles and
abstracts using Rayyan (blind mode enabled) [18].
Full-text articles were assessed for eligibility based
on the criteria above. Discrepancies were resolved
by consensus. A PRISMA flow diagram illustrat-
ing the study selection process is presented in Fig-
ure 1.

Data were extracted using a standardized form
developed in Microsoft Excel 365 (Version 2505.
Build 18827.20176). Extracted variables included:
study title, publication year, European country of
diagnosis, country of exposure, number of cases,
patient demographics, travel status (tourist vs. mi-
grant), clinical form, diagnostic method, and Leish-
mania species. The form was piloted on five ran-
domly selected studies to ensure consistency and
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Tdentification of studies via databases and registers

Reconds  removed  before
s Rscirds jdeniibud fracis soroening:
= Databases (n = 4): records (n = 404)
| PubMed (n = 188) Records marked as ineligible
- S0LO (n= 438) by automation tools
§ Scopus (n = 330) (n=247)

Records removed for other
reasons (n = 212)

Web of Science (n=151)

Duplicate records removed (n
Screened by title (n = 244) =4)
Wiong theme (n = 62)

Removed (n = 76):

‘Wrong population (n = 51)
‘Wrong publication type (n= 9)
‘Wrong study design (n = 16)

Screened by full text (n = Reports excluded (n = 82):
102} Wrong outcome (n = 82)

Total studies included in
review (n = 20)

Articles screeried by
abstract (n = 178)

Sereening

Included

Figure 1 - PRISMA 2020 flow diagram for study selec-
tion.

completeness.
Visualizations were generated using Datawrapper
with accessibility-optimized palettes.

Bias assessment

Risk of bias was assessed independently by both
reviewers using the Joanna Briggs Institute (JBI)
Critical Appraisal Checklists for Case Reports and

Case Series. Discrepancies were resolved through
consensus. Inter-rater agreement was measured
using Cohen’s kappa coefficient. The JBI tools as-
sess methodological rigor and internal validity
across various domains, including patient selec-
tion, diagnostic accuracy, outcome reporting, and
clinical relevance. Five case reports and seven case
series met the inclusion criteria and were ap-
praised accordingly. Detailed scoring and justifica-
tion are provided in the Supplementary Material
(Table S1).

Satistical Analysis

A series of logistic regression models was conduct-
ed to evaluate associations between traveler clas-
sification and selected demographic and clinical
predictors. Initially, a multinomial logistic regres-
sion analysis (Table 1) was conducted to assess the
relationship between traveler type (immigrant,
refugee, tourist, expatriate, military, and worker)
and age, sex, and clinical presentation (cutaneous,
mucocutaneous, and visceral). To refine interpret-
ability and address sparse-data bias, additional
binary logistic models were fitted to compare
tourist status against all other traveler types, using
both continuous age and stratified age groups
(<30, 30-50, >50). Interaction terms (e.g., sex x
clinical presentation) were examined to investi-
gate potential effect modification. Model fit was
evaluated using deviance, Akaike Information
Criterion (AIC), and McFadden’s pseudo-R?. Fish-
er’s exact test was applied to assess the association
between age group and traveler classification.
Odds ratios (OR) with 95% confidence intervals

Table 1 - Complete information on 127 imported cases of leishmaniasis across Europe.

Diagnosis ) . . . | Clinical | Diagnostic
Study (Year) n Counry Exposure Region | Traveler Type | Leishmania Species Form Method Core Treatment
S Leishmania .
Alcocer-Veintimilla 1 Slovakia Ecuador Tourist (Viannia) CL PCR . Sodium
(2015) . stibogluconate
panamensis
Pediatric VL Mediterranean, . . . Meglumine
(2024) 1 Poland S. America Tourist Leishmania spp. VL PCR antimoniate
. Leishmania .
American CL 1 Italy Brazil Tourist (Viannia) CL Serology, Meglumlne
(2001) e Culture antimoniate
braziliensis
Severe VL Barsluﬁiirzsh Leishmania Liposomal
1 | Switzerland & ! Worker (Leishmania) VL Biopsy, PCR | amphotericin
(2017) Suriname, )
. donovani complex B (L-AmB)
Indonesia

Continued >>>
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>>> Continued

Diagnosis ) ) . .| Clinical | Diagnostic
Study (Year) n Country Exposure Region | Traveler Type | Leishmania Species Form Method Core Treatment
Leishmania
Imported CL 1 France Mali Tourist (Leishmania) CL Microscopy L-AmB
(2012) .
major
ML 50yr Leishmania Biopsy, L-AmB,
Post-Exposure 1 Germany Brazil Worker (Viannia) ML PCR, Miltefosine,
(2008) braziliensis Sequencing | IFN-gamma
Biopsy,
Mucosal . Leishmania Histology,
X . . S. America, R , ,
Leishmaniasis 1 Austria Spain Tourist (Leishmania) ML Serology, L-AmB
(2017) P major PCR,
Sequencing
. Spain, , , Biopsy,
Localized Guatemala Leishmania Histolo
Lymphadenopathy | 1 Germany natemaa, Tourist (Leishmania) VL &Y L-AmB
(2001) Mexico, infantun Serology,
Ecuador, Peru PCR
Mucosal Italy, Greece, Leishmania
L. infantum 1 | Switzerland | Spain, Morocco, Tourist (Leishmania) ML PCR Miltefosine
(2012) Egypt infantum
. . . Antimonials,
Alcocer-Veintimilla . Americas, Immigrants, Lelghmuflza S, Iiologys L-AmB,
18 Spain . . (Viannia) ML, Culture, . .
(2009) Africa Tourists e Miltefosine,
braziliensis VL PCR
Others
Peru, Pentamidine
Unusual Treatment Costa Rica, . Leishmania spp., Microscopy, isethionate,
(2024) 2| Poland Dominican Tourists | v ") panamensis | <" PCR Meglumine
Rep. antimoniate
L. (L.) donovani L-AmB,
. . complex, . Fluconazole,
égit;)m Series 14 Austria (%/[ilg(l::il) Tourists L. (L.) major, CL Hls;gllggy, Paromomycin,
L. (V.) guyanensis Miltefosine,
complex Others
L. (L.) donovani
. complex, Smears, L-AmB,
Germany Series Tourists, L. (V.) braziliensis ML Culture IFN-gamma,
Y 29 | Germany | Global (Mixed) | Immigrants, o g . ! ~samma,
(2003) Workers complex, VL Histology, Antimonials,
L. (L.) mexicana, PCR Aminosidine
L. (L.) tropica
Treatment New Leishmania M[e’-iiﬁ;le
World CL 23 | Germany Americas Tourists (Viannia) CL PCR 6 umm
(2011) braziliensis antimoniate,
Miltefosine
Tourists Biopsy, Antimonials,
Polish Center 14 Poland Amenca's, Asia, Military, Leishmania spp L Giemsa, Ket.()cona'zole,
(2019) Africa . L. (L.) major Miltefosine,
Professionals PCR
Cryotherapy
ngch Republic Cgech Somalia, Rizhoss, Lez'shmam.a An.tlbody,
Series 4 Republic Croatia. Ttal Tourists (Leishmania) VL Biopsy, L-AmB
(2001) P Ay donovani Microscopy

Note: Detailed patient demographics, exact treatment dosages, and full study identifiers are available in the Supplementary Material (Table S1).
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(CI) were calculated, and a p-value <0.05 was con-
sidered statistically significant. All analyses were
performed in RStudio (v4.3.1) using the broom,
nnet, and openxlsx packages.

Deviations from the original Protocol
No significant changes or deviations from the ini-
tial protocol described have been made.

B RESULTS

Study Selection and Screening

The screening process was conducted using
Rayyan systematic review software, as illustrated
in Figure 1. Of the four databases searched, three
yielded relevant results, generating a total of 1,107
articles. After removing 863 records due to dupli-

Table 2 - Binary Logistic Regression.

cation and exclusion based on population (e.g.,
veterinary cases), publication type (e.g., editori-
als), and study design (e.g., narrative reviews), 102
articles were retained for full-text screening. Fol-
lowing further eligibility assessment, 82 articles
were excluded, leaving 20 studies for final inclu-
sion. Data extraction matrices are provided in the
Supplementary Material (Table S1).

Epidemiological Overview of Imported Cases

A total of 127 published cases of imported leish-
maniasis were extracted from the included litera-
ture across Europe (Table 2). The distribution of
cases by country is shown in Figure 2. Germany
reported the highest number of cases (n=58; 46%),
followed by Spain (n=19; 15%), Poland (n=17;
13%), Austria (n=15; 12%), France (n=6; 5%), Czech

»\4/0
Yo ®

Number of Cases
_—;H [ cutanecus [l Mucocutaneous

| Visceral
1

Predictor OR Std error statistic P value CI Lower CI Upper
(Intercept) 6,614 0,662 2,854 0,004 1,904 26,054
Age 0,994 0,013 -0475 0,635 0,969 1,02
Sex Male 0,856 0,5 -0,311 0,756 0,303 2,212
Clinical Presentation Mucocutaneous 0,581 0,489 -1,11 0,267 0,224 1,554
Clinical Presentation Visceral 0,243 0,639 -2,217 0,027 0,068 0,868
2A 2B country Tourists  Immigrants  Workers  Military  Refugees  Expatriates
Germany m 5 5 0 0 1
Slovakia 1 0 0 0 0 1]
Spain 13 6 0 0 0 0

Poland

Austria

Italy

Czech
Republic

Switzerland 2 0 1 1] 0 o
France
England 0 0 1 0 0 0
Netherlands 0 0 0 2 0 o

Total

Figure 2 - Imported Leishmaniasis cases in Europe, 2000-2024.

2A - Geographic distribution of reported cases by country of importation, with overlaid pie charts showing the
proportion of clinical presentations (cutaneous, mucocutaneous, and visceral) for each country. In countries with
endemic transmission (e.g., Spain, Italy), imported status was verified by identifying non-native species and travel

exposure outside Europe.

2B - Number of reported cases by country of importation and traveler type (tourists, immigrants, workers, mili-

tary personnel, refugees, and expatriates).
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Republic (n=4; 3%), Switzerland (n=3; 2%), Neth-
erlands (n=2; 2%), and Italy, England, and Slova-
kia with one case each (1%).

Clinical Presentation and Traveler Typology
Among the 127 cases, cutaneous leishmaniasis
(CL) was the most frequently reported clinical
form (n=80; 63%), followed by mucocutaneous
leishmaniasis (ML) (n=34; 27%) and visceral leish-
maniasis (VL) (n=13; 10%). Data regarding under-
lying comorbidities and immune status were in-
consistently reported across the included studies;
however, at least one case of severe visceral leish-
maniasis was explicitly documented in an immu-
nosuppressed patient experiencing treatment fail-
ure. Germany reported all three clinical forms,
with CL (n=26), ML (n=27), and VL (n=5) (Figure
2). Poland showed a predominance of CL (n = 16),
while VL was most notable in the Czech Republic
(n =4) and Germany. ML was more localized, with
cases concentrated in Germany, Spain, and Aus-
tria.

Traveler classification revealed that tourists ac-
counted for the majority of cases (n=98; 77%), fol-
lowed by immigrants (n=11; 9%), workers (n=11;
9%), military personnel (n=4; 3%), expatriates
(n=2;2%), and refugees (n=1; 1%). Country-specif-

ic breakdowns are shown in Figure 2. Germany
had the highest number of tourists (n = 47), immi-
grants (n = 5), and workers (n = 5), as well as one
expatriate. Spain reported tourists (n = 13) and
immigrants (n = 6), while Poland included tourists
(n =13), workers (n = 2), and military personnel (n
= 2). Other countries primarily reported tourists,
with minimal representation from other traveler
categories.

Exposure Geography

The global distribution of exposure countries is
presented in Figure 3. Peru was the most frequent-
ly visited country (n = 11), followed by Costa Rica,
Brazil, Ecuador (n = 10 each), Bolivia (n = 8), and
Mexico (n = 7). The remaining countries reported
fewer than 5 exposures. Detailed exposure data,
categorized by country of diagnosis and travel
destination, are provided in Table 1.

Diagnostic methods and species identification
All cases included in this review were laborato-
ry-confirmed, using one or more of the following
diagnostic methods:

— Polymerase Chain Reaction (PCR)
Histological examination

— Giemsa-stained smears

Number of Visitors

- .
1 1

293 5
4 22 2
3 1
2 112
1 2
11 211

Figure 3 - Potential countries of exposure for imported cases of Leishmaniasis in Europe, 2000-2024.

Note (1): Geographic distribution of potential exposure countries visited by individuals later diagnosed with im-
ported Leishmaniasis in Europe. Only destinations where Leishmania spp. are known to be endemic are shown.
The color gradient represents the number of visitors per country.

Note (2): As some travelers visited more than one endemic country, these are classified as “potential” exposure sites.
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— Novy-McNeal-Nicolle (NNN) culture

— Immunofluorescence serology

- Biopsy

The most frequently employed techniques were

PCR, histology, and Giemsa staining, reflecting

current diagnostic standards for leishmaniasis.

— Species identification revealed a diverse range
of Leishmania spp., including;:

—  Leishmania (Viannia) panamensis

— L. braziliensis

— L. panamensis

— L. donovani/infantum complex

— L. major

— L. guyanensis complex

— Leishmania (Viannia) braziliensis

— L. mexicana

— L. tropica

— Leishmania spp. (unspecified)

Species identification was closely linked to the di-

agnostic method used and the geographic origin

of exposure.

Treatment modalities

Most patients were treated with either:

Treatment regimens were highly heterogeneous,
reflecting the diverse clinical presentations and
national protocols across the reporting centers. For
cutaneous leishmaniasis, the most common regi-
men was systemic pentavalent antimonials at 20
mg/kg/day for 20 to 28 days. Visceral leishmani-
asis was primarily managed with liposomal am-
photericin B, at doses ranging from 3 mg/kg/day
to a cumulative dose of 30 mg/kg. Reported out-
comes were generally favorable, with the majority
of studies documenting clinical cure; however,
treatment failure and relapse were observed, par-
ticularly in immunosuppressed patients. Data on
follow-up duration were inconsistently reported,
limiting our ability to establish definitive long-
term cure rates. Detailed treatment data are avail-
able in the Supplementary Material (Table S1).

Regression results: profiles in imported
leishmaniasis

Regression analysis showed that visceral leishma-
niasis was significantly less common among tour-
ists than among other traveler types (OR: 0.24;
95% CI: 0.07-0.87; p = 0.027), while age and sex did
not have predictive value in any of the models.
Age-stratified comparisons (<30, 30-50, >50 years)
confirmed no demographic associations, and Fish-

er’s exact test found no significant relationship
between age group and traveler classification (p =
0.92). Interaction analysis between sex and clinical
presentation did not reveal any effect modifica-
tion. The multinomial logistic regression yielded
inflated odds ratios due to sparse-category bias
and quasi-complete separation, thereby limiting
interpretability. Across all models, clinical pres-
entation, especially visceral form, was the only
variable consistently associated with traveler clas-
sification. For complete statistical outputs and
model diagnostics, see Table S1.

B DISCUSSION

Our findings confirm the predominance of cutane-
ous leishmaniasis (CL) in imported cases, consist-
ent with Eurosurveillance data [19]. However, the
proportion of visceral leishmaniasis (VL) was low-
er in our cohort compared to their report. The in-
cidence of imported leishmaniasis in Europe has
fluctuated, with periods of increase and decrease.
WHO data show fluctuating trends in imported
cases of CL and VL across Europe, with a notable
decline from 2013 to 2023 [10]. One study review-
ing the prevalence of cutaneous leishmaniasis in
Europe from 2013 to 2019 highlights transmission
of L. tropica and L. major among travelers, especial-
ly immigrants [20]. These patterns underscore the
need for consistent surveillance and may reflect
changes in travel behavior or diagnostic capacity
[11]. Moreover, based on our findings, the patient
types infected with Leishmania align with the Eu-
rosurveillance report, which shows that tourists
are most affected (27.1%), followed by immigrants
(17.1%) [19]. Although tourists and male patients
were the most frequently affected groups, our re-
gression models found no significant association
between traveler classification and age or sex, sug-
gesting that behavioral exposure may outweigh
demographic risk factors [19].

According to the European Center for Disease Pre-
vention and Control (ECDC), leishmaniasis
emerging in non-endemic areas is closely associat-
ed with international travel, which facilitates the
introduction of non-endemic species alongside
local strains [21]. The co-circulation of these di-
verse lineages creates conditions that are ripe for
the emergence of hybrid parasites [22]. As recently
highlighted in the literature, hybridization at this
genetic crossroads can fundamentally reshape dis-
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ease patterns by altering transmission dynamics,
enhancing vector adaptability to new ecological
niches, and potentially modifying clinical viru-
lence or drug susceptibility profiles [22].

This complex genetic mixing raises significant
public health concerns, particularly regarding the
risk of onward transmission in naive populations
or among immunocompromised individuals, who
may act as prolonged reservoirs for these novel
hybrid strains [10, 22]. Tourists account for most
reported cases, highlighting changing patterns of
travel exposure. Adventure travel, ecotourism,
and occupational trips often take place in rural or
wilderness areas, where there is a higher risk of
exposure to sandflies. Ecotourism’s rise has in-
creased the number of imported cases in Europe
[6]. Ecotourism and occupational deployments in-
creasingly place travelers in vector-endemic envi-
ronments, elevating the risk of sandfly exposure
and potential introduction of non-native Leishma-
nia species into Europe [5, 6, 13].

Environmental factors significantly influence the
spread of leishmaniasis in non-endemic areas,
with global warming being a key factor. Climate
change impacts sandfly populations, affecting dis-
ease cases by altering conditions that determine
sandflies’ survival, reproduction, distribution, and
activity [15]. Some of these factors include rising
temperatures, as sandflies thrive in warm climates,
with optimal activity and reproduction [23]. As
temperatures rise, more regions become suitable
for sandflies, increasing their population and
range. Models suggest moderate climate change
could create habitats in Central Europe, especially
in temperate and mild winter areas, but they are
already established near the Mediterranean coast
[14]. A study found that under strong climatic forc-
ing, CLis more sensitive to extreme climate change,
leading to a reduction in its distribution, but this
does not mean it will be eradicated [24].

Early detection is crucial in preventing severe out-
comes and limiting leishmaniasis morbidity. Poly-
merase chain reaction (PCR) is the most utilized
diagnostic method, offering high sensitivity. This
high sensitivity is particularly relevant given the
diagnostic variability and frequent underestima-
tion of human visceral leishmaniasis prevalence
observed when comparing molecular methods to
traditional serology and microscopy in highly en-
demic regions such as Latin America [25]. Micro-
scopic observation of amastigotes, although the

traditional gold standard, is less sensitive but fast-
er, taking about an hour, while PCR takes around
six hours, making it more suitable for second and
third-level healthcare facilities [12]. Additionally,
PCR enables the molecular characterization of
Leishmania species, providing a broader epidemi-
ological perspective on leishmaniasis cases [26].
Crucially, from a clinical standpoint, species-spe-
cific identification via PCR directly informs the
prognosis and therapeutic approach by alerting
clinicians to species associated with potentially
complicated clinical forms, such as the well-estab-
lished risk of mucocutaneous leishmaniasis (ML)
following L. braziliensis infection [26]. Further-
more, loop-mediated isothermal amplification
(LAMP) can be used as a point-of-care testing
method in resource-limited settings with endemic
diseases, serving as an alternative diagnostic ap-
proach [27]. In Europe, institutions like the ECDC
offer these tools or make them available across
various countries; however, diagnosis is challeng-
ing in countries where the disease is not endemic,
and medical staff may lack familiarity with its
presentation and management [6]. A delayed di-
agnosis can lead to increased transmission, com-
plications, and strain on healthcare services. Local
response manages imported leishmaniasis, but
prevention is vital to prevent a global health crisis.
Globally, promoting pre-travel advice is crucial for
raising awareness of Leishmania prevention among
travelers.

In accordance with the current Infectious Diseases
Society of America (IDSA) and American Society
of Tropical Medicine and Hygiene (ASTMH)
guidelines, the management of leishmaniasis is tai-
lored to the clinical syndrome and infecting spe-
cies [28]. For complex cutaneous leishmaniasis
(CL), systemic pentavalent antimonials, such as
sodium stibogluconate (SSG) and meglumine anti-
moniate (MA), are established treatments dosed at
20 mg/kg/day for 20 to 28 days [28, 29]. For un-
complicated or localized CL, IDSA guidelines
strongly recommend local therapies, such as in-
tralesional antimonials combined with cryothera-
py or thermotherapy, to improve cure rates while
minimizing systemic toxicity [28, 30]. Additionally,
topical paromomycin and oral miltefosine are al-
ternative options, while liposomal amphotericin B
is often used for refractory cases [28, 31]. Mucocu-
taneous leishmaniasis (ML) poses significant ther-
apeutic challenges; however, systemic antimonials
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or liposomal amphotericin B are recommended,
with the latter demonstrating up to 90% efficacy
and a favorable safety profile [28, 32]. Further-
more, the IDSA guidelines designate liposomal
amphotericin B as the Food and Drug Administra-
tion (FDA) approved drug of choice for visceral
leishmaniasis (VL) in Europe and the Americas
due to its high efficacy and shorter treatment
course [28, 33] to its high efficacy, shorter treatment
course, and its favorable safety profile [33, 34].
However, in Eastern Africa, combination therapy
with sodium stibogluconate and paromomycin re-
mains the standard of care, with randomized con-
trolled trials confirming its efficacy and safety (29).
More recently, oral miltefosine combined with in-
jectable paromomycin has demonstrated cure
rates exceeding 90%, offering a shorter, less inva-
sive, and more accessible alternative [35, 36]. Par-
enteral paromomycin, however, is not readily
available in Europe, which complicates treatment
options outside endemic regions.

Regarding clinical response, our review highlights
that outcomes for imported leishmaniasis are gen-
erally comparable to those documented for indig-
enous European cases, if diagnosis and treatment
initiation are timely. However, imported cases of-
ten face a higher risk of diagnostic delay, a factor
that may complicate therapeutic management,
compared with indigenous cases, where clinical
suspicion is higher due to endemicity. Further-
more, the therapeutic response in imported cases
is significantly influenced by the infecting species
and potential prior exposures, underscoring that
while the clinical course mirrors indigenous forms,
the path to diagnosis and treatment is often
uniquely challenging for the traveler population
Importantly, therapeutic decisions must consider
regional guidelines, drug availability, patient co-
morbidities, and resistance patterns. Particular
attention is warranted for HIV coinfected and oth-
er immunosuppressed patients, in whom treat-
ment outcomes are more difficult to achieve and
relapse rates are higher [34]. Visceral leishmaniasis
in immunocompromised hosts presents distinct
diagnostic and therapeutic challenges, necessitat-
ing tailored clinical approaches and careful evalu-
ation of established guidelines to prevent compli-
cations and clinical failure [37]. These challenges
underscore the need for individualized, con-
text-specific strategies to ensure both efficacy and
safety.

This review systematically analyzed factors asso-
ciated with imported Leishmania cases in Europe.
A strength was the inclusion of a consistent set of
cases, which provided uniform clinical, epidemio-
logical, and travel data, enabling reliable compar-
isons. However, many studies were excluded due
to incomplete information, limited access, or lan-
guage barriers, making standardization difficult.
Despite these issues, the review provided valuable
insights into surveillance, diagnosis, and risk as-
sessment in non-endemic regions.

The regression analyses reveal the complexity of
modeling traveler classification in imported leish-
maniasis, given the limited cases reported in this
study. Visceral presentation was less common
among tourists, and neither age nor sex was a
strong predictor, which challenges typical travel
medicine assumptions. The lack of association
with age suggests that exposure risk is more be-
haviorally driven than demographically. The mul-
tinomial model, although ambitious, encountered
issues such as quasi-complete separation and bias
from sparse categories, leading to high odds ra-
tios. This highlights the limitations of applying
high-dimensional models to small sample sizes.
Using penalized regression or collapsing catego-
ries could enhance stability. The absence of inter-
action effects between sex and clinical form indi-
cates that disease presentation is similar across
genders among travelers in our findings, aligning
with broader data but requiring cautious interpre-
tation due to the sample structure.

From a public health perspective, the prevalence
of cutaneous leishmaniasis among tourists high-
lights the importance of targeted pre-travel coun-
seling, particularly for those engaging in ecotour-
ism and adventure travel. While PCR is a highly
effective diagnostic tool, its limited availability
remains a challenge primarily in endemic, re-
source-constrained settings; in Europe, PCR is
generally accessible, and underdiagnosis is more
plausibly attributable to limited clinical awareness
or underreporting rather than lack of diagnostic
capacity [6]. These findings reinforce the need for
enhanced surveillance systems that integrate trav-
el history, clinical presentation, and diagnostic
methods. Future research should prioritize pro-
spective data collection, standardized case defini-
tions, and species- and location-specific analyses
to better characterize risks and inform effective
prevention strategies.
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B LIMITATIONS

This review is subject to several limitations that
affect the generalizability and depth of its find-
ings. First, reliance on published case reports and
series introduces selection and publication bias,
tending to overrepresent severe or atypical pres-
entations while underreporting mild or asympto-
matic cases, which are relatively common but sel-
dom documented. This imbalance highlights the
need for more systematic data collection to cap-
ture the full clinical spectrum of disease and im-
prove representativeness in future analyses. Lan-
guage restrictions to English and Spanish may
have excluded relevant data from endemic regions
in Europe, and limited access to full-text articles
further constrained inclusion. The heterogeneity
in diagnostic methods, species identification, and
treatment reporting across studies hindered com-
parative analysis and precluded meta-analytic
synthesis. Additionally, the classification of cases
as imported versus autochthonous was inconsist-
ently defined, often relying solely on patient-re-
ported travel history without molecular confirma-
tion, thereby potentially obscuring local transmis-
sion dynamics. The statistical model applied had
limited power due to the sample size. Although
descriptive trends were observed, no significant
associations were found between age or sex and
the clinical form of the disease. Climate-related in-
sights were derived from secondary literature
without integrating geospatial or environmental
data, limiting the precision of ecological interpre-
tations. Finally, treatment data were inconsistently
reported and lacked standardized outcome meas-
ures, making it challenging to assess therapeutic
efficacy across clinical forms and regions. These
limitations underscore the need for standardized
reporting, multilingual surveillance, and prospec-
tive multicenter studies to strengthen the evidence
base for imported leishmaniasis in Europe.

B CONCLUSIONS

This systematic review identified 127 confirmed
cases of imported leishmaniasis in Europe be-
tween 2000 and 2024, with Germany, Spain, and
Poland reporting the highest numbers. Most cases
are imported from Latin American countries, es-
pecially Costa Rica, Peru, and Brazil. The epidemi-
ological characteristics analyzed revealed that
most imported cases were associated with male

ecotourists, predominantly those aged approxi-
mately 33. Other types of travelers with other pur-
poses, such as immigrants and workers, also stood
out. Regarding the recognized Leishmania species, the
majority were reported as L. braziliensis and L. pana-
mensis (New World species), with most diagnoses
made by PCR, which was among the most com-
monly used methods. Thus, coincidentally, the
most common clinical presentation of Leishmania
was cutaneous leishmaniasis.

These findings highlighted the importance of in-
cluding leishmaniasis in the differential diagnosis
of returning travelers with skin lesions or system-
ic symptoms [29]. Pre-travel counseling, including
strategies to avoid vector-borne diseases, is of ut-
most importance. This is essential, especially for
those practicing ecotourism. There was also a call
to strengthen public health surveillance, diagnos-
tic capacity, and training of health professionals in
non-endemic countries to improve detection and
reduce the disease burden [29].

This review presents new insights into travel med-
icine and infectious disease epidemiology by con-
solidating case-level data spanning 24 years. In ad-
dition, it supports the need to standardize the re-
porting of travel-related infections and to enhance
this type of study by including clinical treatment
and follow-up of travelers to analyze disease evolu-
tion. Ultimately, the successful management of im-
ported leishmaniasis hinges on a diagnostic para-
digm shift: viewing travel-associated skin and sys-
temic lesions not as rare dermatological curiosities,
but as primary indicators for rapid, species-specific
molecular testing. By integrating systematic
risk-stratification into primary care and lowering
the threshold for diagnostic referral, healthcare sys-
tems can transition from reactive, late-stage man-
agement to a proactive approach that ensures time-
ly treatment and prevents further transmission.
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7 due to Leishmania major: A . 2017 Austria South America and Spain 1 case Tourist . . . Mucocutaneous studies, serology, PCR,
. L. ajtmh.16-0809 old male (Leishmania) major . dose of 30 mg/kg body
Case of Mucosal Leishmaniasis and sequencing weioht
in a Traveler &
. . . . Leishmania . . . Liposomal amphotericin
Localized Lymphadenopathy https:/ /doi.org/10.1007/ Spain, Guatemala, Mexico, 25-year- . . 3 . Biopsy, histopathological
8 Due to Leishmanial Infection $15010-001-1080-3 2001 Germany Ecuador, and Peru L case old female Tourist (Lfelshmanzu) Visceral studies, serology, and PCR B (IV) 3mg/kg/d on
infantum days 1-5 and on day 10
Successful Treatment of
Imported Mucosal Leishmania
infantum Leishmaniasis . . . Leishmania
9 With Miltefosine After https.//dm.org/lO.llll/ 2012 Switzerland ltaly, Greece, Spain, 1 case 64-year- Tourist (Leishmania) Mucocutaneous PCR Miltefosine 30-days
Severe Hupokalemia Und j-1708-8305.2011.00572.x Morocco, Egypt old female infant
ypokalemia Under infantum
Meglumine Antimoniate
Treatment
Mean age Cutaneous Pentavalent antimonials
Brazil (n=1), Algeria 37 rg leishmaniasis (n=14), Liposomal
(n=1), Burkina Faso (n=1), years, . (n=12), Histological and amphotericin B (n=8),
] e range: 17- | Immigrants ] . g q
Imported Leishmaniasis: htps:/ /doi.ore/10.1111/ Panama (n=2), Ecuador 50 vears =5 Leishmania (Viannia) Mucocutaneous Giemsa-stained smear Miltefosine (n=3),
1 A Heterogeneous Group of . tps: Ore/ 2009 Spain (n=1), Colombia (n=1), 18 cases years. ) o leishmaniasis examination, culture on Itraconazole (n=2),
: j-1708-8305.2009.00341.x N Male Tourists braziliensis _ . B
Diseases Costa Rica (n=2), Peru (n=12) (n=12) (n=4), and Novy-McNeal-Nicolle ketoconazole (n=1),
(n=1), Morocco (n=1), T - Visceral medium, and PCR Pentoxifyline (n=1),
. Female . . !
French Guiana (n=1) (n=6) leishmaniasis allopurinol (n=1),
- (n=2) immunotherapy (n=1)
Mean age
Unusual Unsatisfacto . 33 years, . . Pentamidine isethionate
Treatment in Two jII’atie:lyts https://doi.org/10.3390/ (e (=l Cloafen s et rang};,e: 26— e Lineony treatment (n=1)
2 . . 2024 Poland the Dominican Republic 2 cases Tourists (n=2) | Leishmania (Viannia) leishmaniasis Microscopy and PCR . L
with Imported Cutaneous tropicalmed9100227 40 years. . Meglumine antimoniate
. . (n=1) panamensis (n=2) ~
Leishmaniasis Male (n=1)
(n=2)
. Mean age . -
Syria (n=2), Greece (n=1), . . Liposomal amphotericin
. . 25 years, Leishmania
s e Belize (n=1), Tunisia (n=1), . . B (n=3), Fluconazole
Clinical findings and . range: (Leishmania)
mana tof i ted Spain (n=1), Unknown 1-78 d . I Cut (n=2), cryotherapy
gement of importe i . . . onovani complex, utaneous g
. . https:/ /doi.org/10.1016/j. . (n=1), Ecuador (n=1), Tourists . ! . . . . (n=2), paromomycin
B cutaneous leishmaniasis: . 2013 Austria . . 14 cases years. Leishmania leishmaniasis Histological and PCR . :
tmaid.2013.03.002 United Arab Emirates (n=14) . . . (n=2), miltefosine
Report of 14 cases from . ] Male (Leishmania) major, (n=14) .
. (n=1), Bolivia (n=1), India- . C (n=1), excision (n=1),
Austria . (n=10), Leishmania (Viannia) .
China (n=1), Morocco- Female vanensis complex photodynamic therapy
Spain (n=1), Morocco (n=1) (n=4) suy P (n=1), none (n=5)
i (.n:2), Bolivia (n=1), Mean . . Liposomal amphotericin
Brazil (n=3), Ecuador age 31.96 Leishmania B (n=15), IFN-gamma
(n=2), French Guiana (n=2), ge oL (Leishmania) Rt gar
years, . . (n=1), Systemic
Guatemala (n=1), Peru Tourists donovani complex, Mucocutaneous . .
(n=3), Afghanistan (n=2) range: (n=21) Leishmania leishmaniasis pentavalent antimonials
) L https://doi.org/10.3201/ o . ! 367 Y . e . Smears, culture, histologic (n=2), ketoconazole
4 Leishmaniasis in Germany . 2003 Germany United Arab Emirates 29 cases Immigrants | (Viannia) braziliensis | (n=25), Visceral . A
€1d0907.030023 . years. . . . . sections, PCR (n=1), Aminosidine
(n=1), Syria (n=2), Turkey (n=4), complex, Leishmania leishmaniasis .
Male . . ointment (n=>5),
(n=2), Egypt (n=2), Kenya Workers (n=4) (Leishmania) (n=4) o
) (n=20), . . . Antibiotic (n=1),
(n=1), Libya (n=1), Angola mexicana, Leishmania g
. . Female . . . Perilesional pentavalent
(n=1), Tunisia (n=1), China (Leishmania) tropica . .
(n=1), Iran (n=1) (n=9) antimonials (n=4)
Mean age:
40 years,
. Bolivia (n=2), Brazil (n=3), range: 17— . .
oAl https://doi.org/10.1111/ Costa Rica (n=7), Ecuador 69 years. Tourists Leishmania (Viannia) Cutaneous Liposomal amphote'ncm
5 New World cutaneous . 2011 Germany 23 cases o] PCR B (n=14), meglumine
. s j-1365-4632.2011.04987 x (n=4), Guyana (n=2), Peru Male (n=23) braziliensis (n=23) . >
leishmaniasis in Germany (n=5), miltefosine (n=3)
(n=4) (n=16),
Female
(n=7)
Mean age:
28.5 years, Tourists Systemic pentavalent
Imported cutaneous Central or South America range: 23— (n=10), Leishmania s }a,m timonl:i)als (n=7)
leishmaniasis: a 13-year https:/ /doi.org/10.5114/ (n=7), Central or South 61 years. Military . PP Cutaneous Biopsy, Giemsa-stained, o
6 experi £ a Polish 4a.2019.82830 2019 Poland Fast Asia (ne . 14 cases _ Leishmania _ Ketoconazole (n=3),
perience of a Polis ada. ! ast Asia (n=4), and Africa Male (n=2), . . . (n=14) PCR . .
. . (Leishmania) major Miltefosine (n=1),
tertiary center (n=3) (n=13), Professionals Cryotherapy (n=3)
Female (n=2) yotherapy th=
(n=1)
Antibody against L.
donovani. Liver biopsy,
Mean age indirect hemagglutination
24.5 years, of L. donovani. Bone
The review of imported L . range: Refugee Leishmania marrow biopsy + . .
7 | visceral leishmaniosis in the PMID: 11396129 2001 RSZE;L SOI(TI‘f_h; (ﬁ;ll)' (gf‘;‘;m dcases | 745 (n=1), (Leishmania) Visceral (n=4) microscopy; indirect L‘posomEI (i‘i‘gh"ter‘cm
Czech Republic P =< Ay = years. | Tourists (n=3) donovani hemagglutination of L. -
Male donovani. Spleen puncture,
(n=4) microscopy, and indirect




